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Standard Specification for
Transferring Digital Neurophysiological Data Between
Independent Computer Systems *

This standard is issued under the fixed designation E 1467; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope industry-standard magnetic tape or digital audio tape (DAT),

1.1 This specification covers transmission of digitally re-With ANSI standard tape labels, employing variable length
corded electrophysiologic waveform data and related textud?locked records (lines) with a maximum block size of 4092
annotations between laboratories or clinics, or between confytes. Individual lines within the blocks would be terminated
puter systems in a given laboratory or clinic. This includes allPy carriage return characters, Code 13 in the American
electroneurophysiology (EN) studies such as electroenceph&fandard Codes for Information Interchange (ASCII). As
lograms (EEG) and magnetoencephalograms (MEG), po|ya_n(_)ther example, for the transmission Qf mo_derate amounts of
somnograms (PSG) and multiple sleep latency tests (MSLTligital waveform data, floppy disks written in MS-DA$)?
evoked potentials (EP) and evoked magnetic fields (EMF)format (or another commonly used directory and file structure)
event-related potentials (ERP), electromyograms (EMG) an#/ould be appropriate; the data would be contained within a
nerve conduction studies (NCS), and many others in either gmglg sequennal_flle on the disk, with lines Wlthln the file
clinical or research environment. Although this specification isdelimited by carriage return (ASCIl 13) or carriage return
concerned primarily with electroneurophysiology, the methoddollowed by linefeed (ASCII 10) characters. An example of
used for encoding waveform and related data would be suitabl@etwork hardware and software suitable for transmission of
for other tests involving waveforms, such as electrocardioWaveform data would be Etherng?) and the TCP/IR(3)
grams (EKG), vascular/intracranial pressure monitoring, oxim-rotocol.

etry, or gastrointestinal motility studies. 1.5 The major topics can be found in the following sections.
1.2 This specification defines a format for waveform data Section
based on Specification E 1238 (d_eveloped_ln cooperation wn@ie’nmc‘alnce and Use 3
HL7 (Health Industry Level 7)), with extensions to support theceneral Approach 3.1
transmission of multichannel time-series waveforms. E?VGIS_ of 'Trlfmem{iﬂog . gg
f e . . f irection of Information Exchange .
1.3 Th|§ specification may.be apph_ed either to tWO-Way o of communication Supported 32
transmission of data over medium- to high-speed data commubescription of Implementation 35
nication networks, or one-way transmission of data by recordgels?getngera};_Cc:ntenEt fg;;ide;am_r;sst o 31
A . . . elation to Specification an anaards .
Ing on and I_ater pla_ybaCk from magnetlc or Optlcal dlgltal Extensions to Specification E 1238 and HL7 Standard Formats 4.2
storage media. It defines the blocked stream of data, called specifying Information Categories in OBR and Q Segments 421
message, which is transmitted over a network connection opecific Cf;‘_’elﬁb'e 'tfr’]eﬂf'f'gfg)'(”SCOded tEm”eS 3-;-;
. . Ximum Fie engtns in egments 2.
recorded on a storage medium. It does not define the hardwa?f'éSsage Acknowledgment (MSA) Segment 424
or software network protocols or storage media formats needegibject Filter and Qualifiers Field in Q Segments 425
for message transmission (for example, see 1SO 8072), or tH(\f;ﬁssaG{e Characteristics and Terminology 3-2 L
. - aracters ..
formats used to store data internally by the sender or receivefy;mens 432
1.4 Recognizing, however, that some standardization imields 433
storage media format and network protocols would help tgelimiters 4.34
t h f data between mouter tems wi ase Sensitivity 4.3.5
promote exchange of data between computer systems With.y (engtns 436
diverse hardware and software, it is suggested that readilyaximum Line Length 4.3.7
available universal media and formats be used, when possib|dot Present and Null Values 438
. L nits of Measure 4.3.9
for data exchange. An example suitable for transmission Of,, types a4
large amounts of digital waveform data would be the use oRddress Data (AD) 441
Coded Entry Data (CE) 4.4.2
Composite ID with Check Digit Data (CK) 4.4.3
Composite Miscellaneous Data (CM) 444
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Composite ID and Name Data (CNA)
Composite Quantity and Units Data (CQ)
Identification String Data (D)

Money Data (MO)

Numeric Data (NM)

Person Name Data (PN)

Reference Pointer Data (RP)

String Data (ST)

Telephone Number Data (TN)

Time Stamp Data (TS)

Text Data (TX)

Segment Types

Message Header Segment (H)
Message Acknowledgment Segment (MSA)
Test/Observation Master Segments (OM1-OM®6)
Patient Identifying Segment (P)

Billing Segments (GT1 and IN1)

Order Segment (OBR)

Result Segment (OBX)

Error Checking Segment (E)

Comment Segment (C)

Request Results Segment (Q)
Scientific Segment (S)

Message Terminator Segment (L)
Overall Message Logical Structure
Test/Observation Identifiers
Descriptions of Fields in Result Segments
Segment Type ID

Result Segment Sequence Number
Value Type

Test/Observation ID

Observation SublD

Observation Value (Result)

Units of Measure

Reference Range

Abnormal/Change Flags

Probability

Nature of Abnormality Testing
Observation Result Status

Date/Time of Last Change in Normals/Units
User-Defined Access Checks
Physiologic Observation Date/Time
Producer ID

Responsible Observer

Result Segments Needed for Waveform Transmission/Display
ELC Category

Defining Actual Electrodes/Transducers
Electrode Number and Name
Electrode Location
Electrode/Transducer Attributes
Electrode Coordinate Number 1
Additional Electrode Coordinates
Standard Electrode Names

Defining Derived Electrodes

Electrode Number and Name
Electrode Location

Derived Electrode/Transducer Type
Electrode 1 Multiplier and Name
Additional Multipliers and Names

MTG Category

Montage Number and Name

Maximum Number of Channels

CHN Category

Channel Number and Name

Electrode 1 and 2 Names

Channel Sensitivity and Units

Channel Calibration Parameters
Channel Sampling Frequency
Minimum and Maximum Data Values
Filter 1

Additional Filters

TIM Category

Time at Start of Epoch

Sampling Interval

Duration of Epoch

Transmitted Data Format

Time from Reference Mark to Start of Epoch
Averaging Method
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445
446
4.4.7
4.4.8
4.4.9
4.4.10
4.4.11
4.4.12
4.4.13
4.4.14
4.4.15

451
4.5.2
453
45.4
455
4.5.6
4.5.7
4.5.8
459
4.5.10
4511
45.12

6.2.10
6.2.11
6.2.12
6.2.13

6.3.1
6.3.2
6.4
6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.4.6
6.4.7
6.4.8
6.5
6.5.5
6.5.6
6.5.7
6.5.8
6.5.9
6.5.10

Identification of Epochs Selected for Averaging
Number of Epochs Averaged

Number of Epochs Rejected

WAV Category

Channel-Multiplexed Decimal Waveform Data Formats
Channel Block Decimal Waveform Data Format
Nonstandard Formats for Waveform Data

Waveform Data Acquired at Differing Sampling Frequencies
Highest Sampling Frequency Method

Multiple Montage Method

Result Segments Used for Annotation of the Waveform Data
DST Category

First Location Identifier

Second Location Identifier

Distance Value

STM Category

Stimulus Status

Stimulus Type and Electrode Names

Stimulus Location Identifier

Stimulus Rate

Stimulus Duration

Stimulus Intensity

Stimulus Intensity Units

Stimulus Frequency or Color

Visual Stimulus Contrast

Visual Stimulus Pattern Type

Visual Stimulus Pattern Element Size or Spatial Period
Size of Visual Field Stimulated

TCM Category

MED Category

DEV Category

SER Category

CNP Category

ANA Category

Analysis Identification

Analysis Parameters

SEL Category

Montage Number

Montage Function

Result Segments Used to Transmit Reports and Interpretation
Null Category

ANT Category

IMP Category

GDT Category

MDT Category

ADT Category

REC Category

Two-way Communication Between Systems
Communication Capabilities

Communication Channels

Electronic Ordering of Tests

Downloading of Equipment Settings

Request (Query) Functions

System Status, Configuration, and Capability Queries
Master Database Search Requests

Requests for Orders

Requests for Equipment Settings

Requests for Results

Remote Control and Status Requests

Error Reporting in Two-Way Communication

2. Referenced Documents
2.1 ASTM Standards:

E 1238 Specification for Transferring Clinical Observations
Between Independent Computer Systdms

2.2 ANSI Standards:

X3.4-1986 Coded Character Sets—American National
Standard Code for Information Interchange (7-Bit AS€II)
X3.50-1986 Representations for U.S. Customary, Sl, and

2 Annual Book of ASTM Standardgol 14.01.

4 Available from American National Standards Institute (ANSI), 11 West 42nd

St., 13th floor, New York, NY 10036.

6.5.11
6.5.12
6.5.13

6.6.3
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Other Units to be Used in Systems with Limited Charactertext reports, interpretations, diagnoses, and recommendations
Seté which are sent back to the ordering physician.

2.3 ISO Standards: 3.1.4 This specification further defines how the general
ISO 2022-1986 Information Processing—ISO 7-Bit andmechanisms for formatting and transmitting these data are to
8-Bit Coded Character Sets—Code Extension Techpe applied specifically for electroneurophysiologic study data.
niques Applications for EKG and other electrophysiologic studies can

ISO 2955-1983 Information Processing—Representation dfe developed using the same general mechanisms.
Sl and Other Units in Systems with Limited Character 32 | evels of Implementation
Sets, 2nd Edition

) . 3.2.1 In order to facilitate the use of this specification over
ISO 4217-1990 Codes for the Representation of Currenci

€3 wide range of applications, various levels of implementation

and Funds are defined. Applications of this specification may range from
ISO 8072-1986 Network Standa?ds. o simple embedded controllers in instrumentation at the most
ISO 8859-1988 Information Processing—8-Bit Single-Bytepgic level, to integrated laboratory information systems at the
Coded Graphic Character Sets higher levels. Simple implementations may evolve into more

ISO 10646-1993 Information Technology—Universal f|ly featured systems as needs arise. Three levels are defined,

Multiple-Octet Coded Character Sets (UCS)—Part I: Ar-5¢cording to the scope and nature of data to be transmitted, as
chitecture and Basic Multilingual Plahe follows:

2.4 Other Standard: 3.2.1.1 Level I-Waveforms Only¢This most basic level of
Health Industry Level 7 Interface Standdtds implementation specifies the mechanism for transmission of
3. Significance and Use digitize_d, _mul@ichannel, timt_a—series_waveforms. A Level |
' transmission includes the information required for proper
3.1 General Approach _ _decoding of the digital waveform data and labeling of chan-
3.1.1 .Th|s specification .deflnes a general and flex‘m%els. It further includes aenvelope formatted in accordance
mechanlsm_for the format'q_ng and transmission of digitizedip Specification E 1238 (or, alternatively, HL7) standard
waveforms in order to facilitate portable exchange betweemessage structure, which provides the information required by
dissimilar computer systems. This mechanism can serve fof geformatting program in a system receiving the transmission.
many different types of physiological signals. This specifica-p | evel | implementation of a receiving system would only
tion also defines how associated identifying and other annota;eeq to recognize those types of data defined as required in
tive textual data can be incorporated into the data stream. Suglpyel |, but it must be designed to accept, without generating
information in digital form provides the complete context g error condition, any additional data included in a transmis-
necessary for interpretation of a test or study performed fogjon produced by a higher level system; the additional infor-
clinical diagnosis or for basic or clinical research purposes. mation which is irrelevant to the Level | receiving system may
3.1.2 Both primary and derived data comprising an electropg ignored or merely logged without interpretation.
physiologic study may be transmitted using this specification. 3.2.1.2 Level ll-Waveforms or Procedure Annotations, or

Primary data includes digitized waveforms for multiple chan:igoth_-l-hiS level may include waveform data, but in addition

nels; channel identifications, sensitivities, filter settings, an specifies the mechanism for embedding in the data transmis-
sampling ffeq“e"‘cy? averaging parameters (for averaged dat fon various identifying, annotative, and interpretive informa-
date and time-of-day labels; electrode or transducer locatio

and attributes; measured distances; stimulation parametefs ;

(when visual, auditory, electrical, or other stimulation is required data elements and their format, as well as optional

per_formed); ca||.brat|o_n d_ata; tecr_m_|ca| Co_mmef?ts before %Hata elements (with provision for site-specific data). Much of
during the study; medications administered; special procedurqﬁe data consists of free format text, such as labels and

performed; and instrument(s) used. This primary data represnnotations which may be displayed on a screen (usually in

sclants e\./tir}[/rtlhlng th?t Wou'? tge tt_radlf[lrtl)naily dwrltten onf PaPel;ssociation with the waveforms) or printed on a report form. A
ajong with tne wavetorms at tne time the Study was performeq. oo | jmplementation need not necessarily handle actual

3.1.3 Derived data includes measured feature or peak Iate'a'lgital waveform data; it may, for example, deal only with the
cies, amplitudes, and other characteristics (which may b, interpretive report for transmission between computers
detec_te_d and gef"?fated by automatic algorithms or by eomprising a hospital information system. All Level Il receiv-
technician or physician scan of the data), or results of comput g systems must, nevertheless, be designed to accept digital
processing of the primary data (for example, spectral t"m"’uyses\kaveform data inc,orporated in a,LeveI I, I, or Il transmission

It also includes the quantitative or qualltat_lve results which ar ithout generating an error condition, even if the waveform
reported to the ordering physician and which may be compare formation is merely ignored

with the laboratory’s normal ranges for these quantities, an 3213 Level lll-Coded InformationLevel IIl has the

same scope of data as Level Il but, in addition, associates
standard alphanumeric codes with several of the textual data

5 Available from International Standards Organization (ISO), 1 Rue de Varembe ; i i Py
Case Postale 56, CH1211, Geneve, Switzeriand. elements. For example, in Level Il implementations, a diag

5 Health Level 7, Mark McDougall, Executive Director, 900 Victors Way, Suite NOStiC impression which ap_plied toa partiCU|ar_5tUdy or pqrtion
122, Ann Arbor, MI 48108. thereof would be transmitted as a text string of arbitrary
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contents; in Level Il implementations, it could alternatively be without any facility for interaction with the receiving system.
transmitted as an alphanumeric code such as an ICD-9-CM 3.5 Description of ImplementatierA full description of a
code (4) which the receiving system would translate into agiven implementation of this specification in a laboratory
defined text string by means of an internal table of diagnosesnstrument or software system will require designation of level
The intent is to create a more structured and standardize@devel 1, 1, or Ill), type of data handled (waveforms or
medical record and thereby facilitate automated machin@nnotations, or both), direction of exchange (transmitter or
processing. For example, codification of the possible responséseceiver), and communications capability (one-way or two-
in a data field would allow a receiving system to makeway message interface) as well as the type(s) of networks or
decisions regarding printing or display, automatic routing, etc.storage media, or both, supported for data transmission or
more easily based on the information contained in the trang-eception. Furthermore, coding schemes for Level Il imple-
mission. Furthermore, the use of alphanumerically coded dataentations must be specified or described. In addition, the
would increase the uniformity of the medical record within anlimitations of the system (for example, minimum and maxi-
institution or laboratory and among different institutions, andmum sampling frequencies for digital waveform data, maxi-
misinterpretation or misapplication of information would not mum numbers of channels and montages, allowed transmission
be as likely as with free text. data formats, etc.) must be specified.

3.2.2 This version of the specification introduces a system Message General Content Considerations

of universal codes (based on CPTH)) for classifying the . e
standard electrophysiologic studies, for grading quantitative or ji ]I-?e_ll_?]tig)r;;gdsﬁ% zt:ilgrclaitslogrilrzn;ﬁi/ szgg dH|0_r71 g;aer:%?ggﬁon
classifying qualitative test results, for specifying anatomlcE 1238. All requirements of Specification E 1238 must be

localizations, and for specifying diagnostic impressions for dhered to by implementations dfis specification, except

electrophysiologic tests (see Appendix X2). These COdegvhere specifically noted herein. Specification E 1238 defines

should be used whenever appropriate by Level | and Il : : .
; X . L ! - ome features (such as data types, information categories, and
implementations, in association with a text description, butS

only Level Il implementations would be required to include acode tables) which are not mentioned in this specification; if

code table and thus be able to translate the alphanumeric coé{a‘y of these features are applicable, they may be used by a

) . : ystem which implementhis specification.
Into a text _descnptpn (or vice ve_rsa) when needeq. 'USte.ad o412 Although the message format defined by Specification
or in addition to, using these universal codes, an institution o

laboratory may use a locally defined coding system, if avaiI-E 1238 is the recommended standard and portable format for

. i DA ' applications which use this specification for transferring elec-
gble. Thg format defined by this _spe0|f|cat|on for those da_t ophysiologic data (including digitized waveforms) between
ltems which may be coded is flexible en_ough that a tr"’ms‘m'tJ'ndependent computer systems, some systems or institutions
ting system may qlways elect to send either an alphanumerwhich already implement the HL7 message protocol may wish
code or a text §tr|ng, or both. If b.Oth were trqnsmltted, for 0 embed their electrophysiologic data instead within an HL7
example, a receiving system of any implementation level coul

imolv display th Ld ved bl | - message. Since Specification E 1238 OBR (order) and OBX
simply display the textual data as received, possibly Ignoring,..q 1y’ segments are essentially identical to the HL7 OBR and

the alphanumeric code; only a Level Il receiving systemppy segments, orders for electrophysiologic studies as well as
would be required to' maintain co_de ta‘?'es and could therefo.rfhe results (observations) from those studies can be transmitted
generate the text string automatically if only an alphanumeriG;ivin an HL7 formatted message instead of a Specification
code were sent. E 1238 formatted message. In this case, the HL7 message types
3.3 Direction of Information Exchange-Some systems will  sych as ACK (general acknowledgment), ORF (observation
be producers of information (also referred to as acquisitiofesult, response to query), ORM (order), ORR (order re-
systems, transmitters or senders, formatters), while some widponse), ORU (observation result, unsolicited), QRY (query),
be consumers of information (display systems, receiversgtc., as well as the HL7 segment types such as EVN (event
deformatters). A given system may be both a producer and g§pe), MSA (message acknowledgment), MSH (message
consumer; an example is a digital machine that had th@eader), NTE (notes and comments), ORC (common order),
capability to transmit the waveform data which it acquired top|D (patient identification), PV1 (patient visit), QRD (query
another computer for signal processing, specialized displayjefinition), QRF (query filter), etc., defined in the HL7
archiving, or reporting, as well as the capability to receive datgjocument are used in place of the Specification E 1238
from another device for vieWing on its display screen Ormessage format and segment types such as H (message
printing on a hardcopy device. header), P (patient identification), E (error checking), C (com-
3.4 Types of Communication Supported further delinea- ment), Q (query), and L (message terminator) described in this
tion of complexity of implementation concerns two-way com- specification.
munication between systems. In a fully integrated hospital 4.1.3 While Specification E 1238 is concerned only with the
information system, for example, a laboratory computer mayransfer of clinical provider and diagnostic service orders and
receive from another computer system an order to perform eesults (observations), HL7 is concerned with all information
test or a request for data; it might be expected to respond teervices within a hospital network (including admission/
such an event, and this specification defines the mechanismsdéscharge/transfer, billing, pharmacy orders, and other func-
implement this capability. On the other hand, a particulartions); the HL7 message structure is correspondingly more
instrument may only be able to output the data it acquirescomplex and general and may involve additional processing
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overhead (for example, all HL7 messages transmitted over theystem mnemonic identifier). The Specification E 1238 and
network must be acknowledged). Although the message anldL7 standards explicitly allow a second subcomponent in
segment formats differ (aside from OBR and OBX segments)these components only when the coding system mnemonic
many of the data fields and their formats are similar betweeindicates local codes99zzz where eachz represents an
the two standards. Thus, in institutions which need to use HL&lIphanumeric character, by, but it is also useful to be able to
for networked communications between most institutionaldelineate specific code tables for other coding systems (for
computer systems, but want to use the simpler Specificatioaxample, to distinguish SNOMEI®) diagnostic codes from
E 1238 format for communications among a limited number ofSNOMED topographic codes).
laboratory computer systems,gatewaysystem which trans- 4.2.3 Maximum Field Lengths in OBX SegmeniEhis
lates HL7-formatted order messages to Specification E 1238pecification increases the maximum length of several OBX
format and Specification E 1238 formatted result messages tegment fields to accommodate the needs of electrophysiologic
HL7 format would be relatively easily implemented. data transmissions. The maximum length of the OBX segment
4.1.4 This specification, like Specification E 1238 and HL7,test/observation ID field is increased from 80 to 590 characters,
defines both the logical content of a data interchange and th@ allow for the long text descriptions of tests, portions of tests,
encoding rules for representing that content in a particuland individual test results which may be needed for electro-
messagelogical contentmeans the specification of the data physiology. The maximum length of the OBX segment units
elements (fields), their logical representation (for example, di€ld is also increased from 20 to 590 characters, to allow for
date is recorded a¥YYYMMDD ), their aggregation into longer units of measure in the coded entry (CE) data format. In
segments, and the aggregation of segments into messag@gdition, this specification allows an alternative format for the
Encoding rulesneans the rules that now specify that message#eference range in the OBX segment that may be used when
be represented as ASCII characters, that fields be identified Bfjere is only one bound, not two.
their position in a segment, and that delimiters separate the data4.2.4 Message Acknowledgment (MSA) Segmelttis
elements within segments. The distinction between logicaspecification defines an additional segment type MSA (mes-
content and encoding rules is important because the two shouage acknowledgment), which may be used in messages sent in
be independent. With the exception of the data and segmengply to another message (in systems that implement two-way
types, Section 4 deals mostly with encoding rule issuescommunication) to identify the original message, specify
subsequent sections deal mostly with logical content. Futurethether the original message was successfully processed or
versions of this specification will make these distinctions morevhether an error was detected, and (in messages responding to
formal to permit the use of alternative encoding rules toa system characteristics query request) to return the system
represent the specification’s logical content. characteristics or capabilities (the response to the query). This
4.2 Extensions to Specification E 1238 and HL7 Standardsegment closely follows the format of the HL7 MSA segment;
Formats—This specification defines several minor extensiondiowever, the last two fields of the HL7 MSA segment are not
to these standards, as described as follows. The use of thegged in this specification because they are not relevant to
extensions in data transmissions is optional; a transmittingPecification E 1238 formatted messages.
system which implements this specification may choose to 4.2.5 Subject Filter and Qualifiers Field in Q Segments
send data in a format which is entirely compatible with This specification uses requestor special field 2 in the request
Specification E 1238 and HL7 standards, but a receiver systenesult (Q) segment as a subject filter and qualifiers field. Its
must be able to accept transmissions that use these extensiateta type is changed from ST (string) to CM (composite
when appropriate, in order to be considered compatible witmiscellaneous) so that it may contain more than one compo-
this specification. nent. The field is used to extend the usage of the Q segment to
4.2.1 Specifying Information Categories in OBR and Q €ncompass a variety of queries other than requests for results.
Segments-This specification extends the order (OBR) seg-The first component of this field is similar to tNghat Subject
ment test/observation identification (ID) field to allow specifi- Filter field in the HL7 Query Definition (QRD) segment, while
cation of an optional information category code after thesubsequentcomponents further qualify the subject of the query.
test/observation ID (separated by a subcomponent delimitefjhis field was set aside by Specification E 1238 for arbitrary
when it is desired to restrict the types of result segments whicHSe by the requesting (querying) system.
will be returned in response to the order request in a two-way 4.3 Message Characteristics and Terminolegy
message transmission system; this would also apply to th8pecification E 1238 and the HL7 encoding rules define a
Specification E 1238 request results (Q) segment testbrmat for message transmission which is compatible with a
observation ID field. Although this capability is currently not wide variety of computers, operating systems, and communi-
explicitly stated in the Specification E 1238 and HL7 stan-cations media.
dards, it is consistent with the usage of information category 4.3.1 Characters—In order to promote interchange of data
codes in test/observation IDs in result (OBX) segments.  among systems using the largest possible variety of architec-
4.2.2 Specific Code Table ldentifiers in Coded Entries tures, operating systems, networks, and storage media, all data
This specification extends the Specification E 1238 and HL7n the message should be limited to a restricted set of ASCII
standards coded entry (CE) format to allow specification of artharacters as defined in ANSI X3.4-1986; specifically, these
optional specific code table identifier as a second subcompanclude ASCII 32 through 126 (space, lower and upper case
nent of the third or sixth components (following the coding letters, digits, and special printing characters), 7 (bell), 9 (tab),
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10 (linefeed), 11 (vertical tab), and 12 (formfeed), with ASCII 10646 standard. An example of the latter method is the 1SO
13 (carriage return) reserved for use as a line terminato2022 standard (which has been adopted in Japan as 092
However, any unprintable characters (ASCII 0 to 31 or 127)in order to mix Kanji and ASCII characters). Either of these
immediately following a carriage return and up to the nextmethods could be used in implementations of this specification
printable character (ASCII 32 through 126) will be ignored byin countries that need to conveniently and compactly represent
the receiver. Thus, for example, either carriage return ocharacters requiring more than eight bits, but until a single such
carriage return followed by linefeed can be used as an end aharacter set achieves the status of a universal world standard,
line sequence. The restriction to the limited subset of 7-biinterchange of data using such multi-byte character sets can
ASCII characters is necessary since some existing operatirtgke place only within particular systems or institutions that
systems and media or networks can only send and receive theagree to communicate in this fashion. When escape sequences
characters, while others may make use of the high-order bit cdire used to switch between different character byte lengths, the
each 8-bit byte or of the non-printable control characters tanulti-byte characters and their surrounding escape sequences
control message flow or for parity and similar data integrityshould be confined to specific data items (most commonly text
checks. fields) in the message; the delimiter characters that separate

4.3.1.1 It is recognized that, in certain contexts, a full 8-bitthese data items should be the usual single-byte (preferably
character set may be necessary or useful. For example, tifebit ASCII) characters.
international community has need of printable characters such 4.3.1.3 In this specificatioralphabeticcharacters refer to
asé or U, which are not within the restricted character selbwer and upper case lettensumericcharacters refer to the
defined in 4.3.1 (such a character may be included in text datdigits 0 to 9 and the decimal point (.); aralphanumeric
by use of the |CsDnnn|Cs escape sequence defined in 4.4.Tharacters refer to lower and upper case letters, digits, period
where nnn is the three-digit decimal code for the desired(.), hyphen (-), slash (/), plus (+), asterisk (*), percent (%),
character, but this method requires six bytes to transmit a singlearentheses (()), and underscore (_); the last ninalptabet
character). ISO 8859 defines one 256 character (8-bit) set thaktendersthat may be used in codes or names to increase
does include all of the needed letters for the Europeameadability, or for special purposes.
languages, and at this time it would be the recommended 4.3.2 Segments-The message consists of a sequential se-
character set for implementations of this specification inries of segments, each of which conveys one aspect of the
countries which use European languages and need to conviessage. Each segment is of a particular type. For example,
niently and compactly represent characters other than thoshere are header segments, order (OBR) segments, result
defined in ANSI X3.4-1986. Also, certain systems may need tqOBX) segments, etc. Paragraph 4.5 lists the allowed types of
transmit waveform data in a nonstandard format for efficiencysegments in a Specification E 1238 message; see the HL7
reasons, and may use the |CsZdddd|Cs escape sequence for tlisument for allowed segment types in an HL7 message. A
purpose with 8-bit characters included in the sequence (fosegment is transmitted as a single line ending in a carriage
example, when transmittinginary data). The restriction on return character or, when necessary, as multiple lines (the first
character set in 4.3.1 may therefore be ignored (that idine beginning the segment, and the subsegaddendaines
arbitrary 8-bit characters may be transmitted) if the transmitcontinuing it, as described in 4.3.7).
ting and receiving systems and the communications media used4.3.3 Fields—A segment consists of one or more fields,
are known to support the full set of character codes, but theeparated from each other by field delimiter characters. Each
transmitting system then runs a risk of not being able to sengle|d defines one attribute of the segment. A field may itself
its data to an alternate receiving system or by means ofontain aggregates of data elements in a hierarchical fashion,
alternate communications media or networks. The use oach separated from the others by an appropriate delimiter
characters other than the restricted set defined in 4.3.1 is thusaracter. Specifically, a field may consist of more than one
to be considered non-portable and nonstandard, and should bgbfield separated by repeat delimiters; a subfield may consist
used primarily for internal communications within a particular of one or more components separated by component delimit-
system or institution. A receiving system which is compatibleers; and a component may consist of one or more subcompo-
with this specification need not be designed to accept charagrents separated by subcomponent delimiters. Each of these
ters other than from the restricted set. data elements has a defined data type (text, numeric, coded

4.3.1.2 For many languages (such as Japanese or Chineseffry, etc.), as described in 4.4.
even 8-bit character codes are not sufficient to represent all of 4.3.4 Delimiters—Within data elements (fields, subfields,
the characters that may be needed, especially in text data, suebmponents, and subcomponents), only printable ASCII char-
as comments and reports. Two possible ways to transmécters (32 through 126) are permitted, and field, repeat,
characters represented by more than eight bitshreo(use a component, and subcomponent delimiters and the escape
fixed number (two or more) bytes to transmit each character igharacter (except when beginning or ending an escape se-
the message (including delimiter characters and line terminatajuence in text data) must be excluded. The sender is respon-
characters), ord) to mix single-byte and multi-byte characters sible for screening all data elements to ensure that they do not
in the same message by using special escape sequencesctmtain those delimiters. The recommended delimiters are:
switch from single-byte mode to multi-byte mode and fromfield delimiter|(vertical bar); repeat delimiter (tilde); com-
multi-byte mode to single-byte mode. An example of theponent delimitef](carat); subcomponent delimité (am-
former method is the UNICODE character sé} ¢r the ISO  persand); and escape charadt€backslash). Although other



filb £ 1467

printable (@, #, $) and special (bell, tab, vertical tab, formfeedwithin a particular system or institution. A receiving system
linefeed) charactemaybe used for delimiters (since the five which is compatible with this specification need not be
delimiter characters are specified in the message header satgsigned to accept lines longer than 220 characters. HL7 does
ment at the start of the transmission), these characters are useat define maximum line lengths and HL7 messages do not use
in the examples in this specification. The alphanumeric charaddenda lines.
acters defined in 4.3.1.3, spaces (blanks), punctuation marks4.3.8 Not Present and Null ValuesAll fields, components,
(%;7'",.?), braces and brackets ([{}]), and the less than (<)and subcomponents are positional. Values which are not
equal (= ), and greater than (>) characters should not be usefresent (omitted if they are the last field, or else specified as
as delimiters because they are likely to appear within datgvo adjacent delimiters) are usually interpreted by the receiv-
elements. ing system as an instruction to use some default or previously
4.3.5 Case Sensitivity-Keywords and code names defined transmitted value for that field, component, or subcomponent.
in this specification arecase insensitivgtheir meaning is If it is desired to set a field, component, or subcomponent
unchanged whether transmitted in upper or lower case). Thexplicitly to a null string, two adjacent double quoté$
case of free-format text, including user-defined electrode(ASCIlI 34, 34) may be used to override any default or
channel, and analysis parameter names, is preserved duripgeexisting values for the field, component, or subcomponent.
transmission; a receiver may or may not treat instances df a receiving system cannot deal with a data item which is not
user-defined names with differing case (for example, FP1 andresent, it may treat it as present but null.

fpl) as the same name. 4.3.9 Units of Measure-The standard representations of
4.3.6 Field Lengths—All fields are variable in length. Fields units of measure are either the Sl unit abbreviations defined by
are terminated by a field delimiter (or by a carriage return if thedlSO 2955-1983 or the U.S. customary unit abbreviations
following line is not an addenda line). This specification defined by ANSI X3.50-1986, supplemented by additional
defines a maximum length for each field, component, ounits used for clinical care given in Specification E 1238,
subcomponent. A transmissiomayinclude fields, components, Tables 26 (ANSI) and 25 (ISO). This specification also defines
or subcomponents which exceed these maximum lengths (dieo special units for electrophysiologyftfa = number of
to transmitter software design or error, or due to a transmissiophases antur = number of turns in a waveform) which may
error such as a lost delimiter), and all receiving systems whiclbve used as if they were part of the ISO units. The two systems
adhere to this specification must accept the extra charactee$ units are identified by coding system mnemonic identifiers
without generating a fatal error. However, a receiver maylSO +and ANS +, respectively, in coded entry fields (see
ignore any characters in a field, component, or subcompone#t4.2). It is necessary to specify which system is used, since
beyond the maximum length; alternatively, to allow moresome abbreviations have different meanings in each system
flexibility and to provide for increases in the maximum lengths(for example, ft= femptotesla inISO +, but ft= foot in
that may be incorporated into future versions of this specifi-ANS +); the default iSO + . Only single case abbreviations
cation, receiving systemsiay be designed to process more are used since all names are case insensitive in this specifica-
characters than the currently specified maxima. tion. New units may be created by prefixing a multiplier to a
4.3.7 Maximum Line Length-Specification E 1238 allows Pasic unit (for example, us= micro + volts). Derived units can
a maximum line length of 220 characters, including thedlso be cre_ated by raising a ba_15|c unit to an_exponentlal power
terminating carriage return. Segments longer than 220 charaPy @Ppending the exponent ("‘gth leading 0. if fractional) to the
ters must be transmitted as multiple lines, using an addendd (fE){ example, uvz=pv I:B microvolts squared, hz-
marker in the first two character positions of lines after the first- = HZ = = 1/hertz, hz0.5= Hz"™ = square root of hertz).
to indicate logical continuation of a field, component, or P€rived units can also be created by multiplying or dividing
subcomponent into the next line. That is, any segment whicfV0 basic units. This is signified by a peri¢d or a slash(/)
would exceed the 220 character maximum line length must bB€Ween units (for example, mvsmillivolts times seconds,
split by inserting a carriage return, @ncharacter, and a field M/S= metres per second). These options may be combined
delimiter(]) in the character stream at appropriate intervals (thVhen necessary; for example, uv2/anicrovolts squared per
break may occur at any point, even in the middle of a field, €1tz (unit of spectral power), uv/hzO-5microvolts per
subfield, component, or subcomponent). This provision jgduare root of hertz (unit of spectral amplitude). Exponentia-
necessary because of the maximum line lengths allowed bYon has precedence over multiplication or division.
some communications networks, media, file systems, and 4.4 Data Types-The following briefly describes most of
operating systems. This restriction on line length may beéhe data types which may be used in fields, components, and
ignored (that is, lines longer than 220 characters may bg&ubcomponents of segments, along with their two character
transmitted) if the transmitting and receiving systems and th&nemonics. Refer to Specification E 1238 or HL7 for detailed
communications media used are known to support longer |ine§3f0rmation about the use and format of all of these data types.
but the transmitting system then runs a risk of not being able to 4.4.1 Address Data (ADB)-This composite data type is used
send its data to an alternate receiving system or by means &t represent postal addresses. An AD type field consists of
alternate communications media or networks. The use of linesix-components, separated by component delimig&sThe
longer than 220 characters within a Specification E 1238irst component is the street address or post office box number.
message is thus to be considered non-portable and nonstarthe second component is the apartment number or other
ard, and should be used primarily for internal communicationsnternal address. The third component is the city. The fourth
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component is the state or province. The fifth component is théext description; such tables are not implemented in lower
zip or postal code. The sixth (optional) component is thelevels.
country name. 4.4.2.3 Nature of Code 4-This component identifies the
4.4.2 Coded Entry Data (CE)-This composite data type is coding system used for Code 1. It consists of a coding system
used to represent most of the computer-interpretable variabl@nemonic identifier (alphanumeric) and an optional specific
data items within a segment. This specification, along with th&ode table identifier (alphanumeric) separated from the coding
Specification E 1238 and HL7 standards, encourages the trang/stem identifier by a subcomponent delimit&) . Examples
mission of diagnostic impressions, anatomic localizationsOf available coding system mnemonic identifiers and corre-
qualitative test results or findings, and similar items as codedPonding specific code table identifiers are given in Table 1;
data, and it requires that test/observation identifiers be trang€fer to Specification E 1238 for a complete list. The default
mitted as coded data. By providing both an alphanumeric codg2ding system and code table depends on the nature of the CE
and the identity of the coding system and code table, the cEormat field. For diagnostic impressions, the defaul®is. For
data type decouples the definition of the message structufdatomic localizations, the default$\M + &TOPO, except

(syntax) from the actual diagnostic/anatomic/observatio her_1 u_sed In a re_sult Segme”.t _transmlttlng an anat(_)mlc
codes (semantics), and allows flexible choice of a codin ocalization (distribution) as an individual test result, for which
system and the us’e of multiple coding systems for differen he default isAS4&DIST . For test/observation IDs, the default

purposes. Finally, the CE data type permits a transmittin S AS4&TEST. For individual qualitative test results or

svstem to send a data item usina locally defined codes i indings, the default iAS4&xxxx, where the specific code
yste . . g locally . . fable identifierxxxx depends on the individual test, which is
addition to or instead of universal (national or international)

codes, provided that the locally defined codes are known to th%ﬁ;[tesrr;nn?g akic,{;zettr?; té(;?;jlt[vlgcg n+ ID (see Appendix X2). For
receiving system. A coded entry (CE) field contains up to six 4.4.2 4 Code 2,—This component contains any secondary

optional components, organized as two triplets. Each triplet . . ; ) i
specifies a code and a coding system, so the complete cod I(g hs:rtérgzrslcccgddee Esed to identify the data item. The format is

entry field can specify two completely separate codes an
y pecify P y Sep 4.4.2.5 Text for Code 2-This component contains a text

i t for th ta item. The f [ - ) . o .
;:(;)I%Cv%_sys ems for the same data item e format is aaescnptmn of the data item identified by Code 2. The format is
<Code 1> [] <Text or description of Code 1> [] <Na- the same as Text for Code 1. . . -

ture of Code 1> [] 4.4.2.6 Nature of Code 2-This component identifies the

< Code 2> [] <Text or description of Code 2> [] <Na- coding system used for Code 2. The format is the same as
ture of Code 2> Nature of Code 1, but the default coding systent is

In most cases, only the first three components are used, and4'4'3 Composite ID with Check Digit Data (CkjThis

often the third component is not present because the defa Kmfozlt;e?gtiotzgies tISS gfsfﬁrég rseupbrcesr?mntoﬂztﬁgtslge;[gltz?.bA
applies. The components of a CE format field are as follows:S yp P P y

, . _“subcomponent delimiter&) . The first (required) subcompo-
4.4.2.1 Code 1—This component contains an alphanumeriCent is an ID number, which should not include special
code that identifies the data item, taken from a generallypsraciers such as hyphens. The second (optional) subcompo-
accepted coding system; in certain cases (specifically, foRent is a check digit (a single digit used to verify the validity
test/_observatlon IDs), this code may consist of_ an alphanumerigs the ID number). The third (optional) subcomponent is a code
portion, followed by a subcomponent delimitg&%) and an \yhich identifies the algorithm used to calculate the check digit;

alphabetic information category code. It is possible for thishe default isSM10 (mod 10), but alternatives such 11
alphanumeric code in a CE format field to be not present, snod 11) can be employed. See Specification E 1238 for
that the data item being transmitted is defined by a teXinformation on how to calculate a mod 10 check digit. The use
description only, but this practice is discouraged. of check digits for patient identifiers is encouraged but not
4.4.2.2 Text for Code 4-This component contains a text required.
description of the data item identified by Code 1. It may be 4.4.4 Composite Miscellaneous Data (CMJThis compos-
used to provide an annotated description of the alphanumeriee data type applies to entire fields of segments, and consists of
code for Level | or Il receiving systems that do not implementdata of arbitrary length, with a defined format, using repeat,
code tables and are, therefore, unable to supply a text descrippmponent, and subcomponent delimiters to separate indi-
tion from the code alone. Also, it can be used to identify andvidual items within the field. It is used in segments that
describe an item that the sender cannot represent with amansmit miscellaneous non-narrative type data (for example,
alphanumeric code from any available coding system, or taéhe digitized waveform data). Each component/subcomponent
provide added specificity or detail to the specified alphanuwithin a CM field has its own data type.
meric code, but, in this case, manual intervention by the 4.4.5 Composite ID and Name Data (CNAJThis compos-
receiving system may be needed to determine the exact natuite data type is used to represent the ID code and name of a
of the data item. In a Level Il implementation of this caregiver (for example, physician). A CNA type field consists
specification, tables of text descriptions of each code in thef three optional components separated by component delim-
available coding systems are part of the receiving system siters ([]). The first component is the alphanumeric car-
that an alphanumeric code sent alone can be expanded to a feljiver ID code, using the coding system specified in the third
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TABLE 1 Mnemonic Identifiers of Coding Systems

Mnemonic Description

All Coding Systems

99zzz or L Locally defined codes (where each z represents an
alphanumeric character); a specific mnemonic zzz may be
used to distinguish between different locally defined coding
systems in use at one site, or the letter L may be used if there
is only one locally defined coding system; also a specific code
table identifier may be used which is unique to each laboratory
or application in a given site (identified by the sending system
ID in the message header).

Diagnostic Impression Coding Systems

19C ICD-9-CM (International classification of diseases, 9th revision,
clinical modification) diagnosis codes.

110 ICD-10 (International classification of diseases, 10th revision)
diagnosis codes.

SNM SNOMED (Systemized Nomenclature of Medicine) diagnosis

codes, one of the seven currently defined axes of SNOMED
(specific code table identifier DIAG).

ICSD ICSD (International Classification of Sleep Disorders) diagnosis
codes.
AS4 Specification E 1467 universal diagnosis codes, defined in

Appendix X2 (specific code table identifiers BAED, DVED,
ECOD, EEGD, EMGD, ERGD, LAED, MAED, MNCD, MRPD,
MSED, NMJD, PSED, SEPD, SNCD, SSED, TSED, and
VEPD).

Anatomic (topographic) Localization Coding Systems

SNM + SNOMED (Systemized Nomenclature of Medicine) topographic
codes, one of the seven currently defined axes of SNOMED,
extended with qualifiers; those most applicable to
electroneurophysiology are listed in Appendix X1 (specific code
table identifier TOPO).

AS4 Specification E 1467 universal anatomic distribution
(localization) codes, defined in Appendix X2 (specific code
table identifier DIST).

Test/Observation ID Coding Systems

AS4 Specification E 1467 universal test/observation ID codes,
defined in Specification E 1238 and in Appendix X2 (specific
code table identifier TEST).

C4 CPT-4 (Physicians’ Current Procedural Terminology, 4th
edition) test codes.

Individual Test Result Coding/Grading Systems

AS4 Specification E 1467 universal test result codes, defined in
Appendix X2 (specific code table identifiers ABUN, ASYM,
COLO, DIST, LOHI, MRPH, PATT, REAC, RELA, RTHM,
SHLO, SMLG, STAG, TMPM, and WAVE).

Units of Measure Coding Systems

1ISO + Extended Sl units standard single case abbreviations.

ANS + Extended U.S. customary units standard single case
abbreviations.

Producer Identifier Coding Systems

MCR Medicare/HCFA's universal producer numbers (unique codes
for each medical facility or laboratory in the United States).

UPIN Medicare HCFA'’s universal physician identification numbers

(unique codes for each physician or health care provider in the
United States).

Drug/Medication Coding Systems

w1 World Health Organization record number codes (six-digit
format); these codes are unigque for each single component and
multicomponent drug.

w2 World Health Organization record number codes (eight-digit
format); these codes add an additional two digits to the W1
codes to identify the salt of single content drugs.

Medical Device Coding Systems

UMD Universal Medical Device Nomenclature System (MDNS)
codes; these codes are unique for each type of biomedical
device, but do not uniquely identify a particular make or model.

used in the first component. Allowed values includ@IN
(Unique Physician Identification No., HCFA’s universal phy-
sician codeq8), the default) or99zzzor L (locally defined
codes, where eachrepresents an alphanumeric character). In
a CNA format field either a code or a name, or both, may be
included.

4.4.6 Composite Quantity and Units Data (C&JThis com-
posite data type is used to represent numeric quantities and
their units. A CQ type field consists of two components
separated by component delimitdrg ). The first compo-
nent is a numeric quantity. The second (optional) component
specifies the units of measurement of the quantity, and consists
of six optional subcomponents separated by subcomponent
delimiters(&) , in a format similar to the CE data type. The first
and fourth subcomponents contain standard abbreviations for
the units of measure using a standard coding system; the
second and fifth subcomponents contain corresponding text
descriptions of the units; and the third and sixth subcompo-
nents contain an identification of the coding system used in the
first (the default isISO +, but ANS +is an alternative) and
fourth (the default isL, local codes) subcomponents. The
coding system mnemonic identifi¢gO + indicates standard
single case abbreviations of Sl units (ISO 2955-1983), while
ANS +indicates standard single case abbreviations of U.S.
customary units (ANSI X3.50-1986) not included in the 1ISO
set; derived units may also be used. Many type CQ fields have
a default unit defined, which is assumed if the entire second
component is omitted.

4.4.7 Identification String Data (ID)}-This data type is used
to represent items for which one choice applies out of a number
of defined options. The particular choice is represented by an
alphanumeric keyword, and the available choices are usually
defined in the relevant sections of this specification. In some
cases, a transmitting system may send a keywotdncluded
among the available options, if this keyword is known to have
some meaning to the receiving system. This allowsafbhoc
extensions to this specification; note, however, that future
versions of this specification may add new keywords that may
preempt the nonstandard meanings attached to the same
keywords by existing applications.

4.4.8 Money Data (MO)-This composite data type is used
to represent monetary quantities and the currency of measure.
An MO type field consists of two components separated by
component delimiters [{ ). The first component is a nu-
meric quantity that specifies the money amount. The second
(optional) component specifies the currency of measure, using
the short ISO codes for currency (ISO 4217-1990). If omitted,
the default currency is dollars in the United States; other
defaults may be assumed by local agreement.

4.4.9 Numeric Data (NM)—This data type is used to repre-
sent quantitative items, which may consist of digits (0-9), an
optional decimal point (.), and an optional preceding plus ( +)

component. The second component is the caregiver name; @ minus (-) sign. Scientific notation (mantissa and exponent)
consists of six optional subcomponents separated by subcori$ not allowed.

ponent delimiterg&) , as follows: last name; first name; middle

4.4.10 Person Name Data (PN} This composite data type

name or initial; name suffix (for example, Jr., or lll); prefix or is used to represent a person’s name, such as a patient name. A
title (for example, Dr., Mr., Ms); and degree (for example, MD, field of type PN consists of six optional components separated
PhD, DDS). The third component identifies the coding systenbby component delimiter§[] ). The first component is the



iy £ 1467

last name. The second component is the first name. The thitoirth date and time are needed for newborns). Within the time
component is the middle name or initial. The fourth componenfield, the seconds and fractional seconds are optional, and
is the name suffix (for example, Jr., or lll). The fifth componentfractional seconds may be of any length (within the total
is a prefix or title (for example, Dr., Mr., Ms). The sixth maximal field length). The local time offset is also optional; it
component is a degree (for example, PhD, DDS, MD). is used only if it is necessary to designate the time zone for the
4.4.11 Reference Pointer Data (RP)This composite data given time value.
type is used to uniquely identify data which is stored on 4.4.15Text Data (TX}-This data type is used for text
another system using a pointer to that data. An RP type fieldtrings of up to 64K characters (where #<1024), with
consists of three components separated by component delinEading spaces preserved and trailing blanks trimmed. In TX
iters ([] ), as follows: fields, repeat delimiter§~) representhard carriage returns
<pointer> [] <application ID> [] <type of data> (that is, they display as a carriage return and linefeed), and two
The first component is a unique key or address assigned ¥peat delimiters in a rof~ ~) represent a new paragraph. A
the system on which the data is stored, and may be used {@ceiving system would word-wrap text between repeat delim-
identify and access the data. The second component specifigérs to fit an arbitrarily sized display window, but start text
the unique name (up to six characters in length) of the systempllowing a repeat delimiter on a new line. The escape
on which the data is stored (like the sender ID and receiver IRharacter(|Cs) may be used within TX format data fields to
fields in the message header segment); these names mustdignal certain special characteristics of portions of the text
unique within a given set of systems which communicate usingjeld. An escape sequenceonsists of the escape character
the E1467 message format. The third component is a codgjlowed by an escape code ID of one character followed by 0
identifying the type of data stored and may be one of they more data characters followed by another occurrence of the
following codes, or another code that has meaning to both thescape character. Allowable escape sequences defined in the
sending and receiving systems (the last of these codes is Nghecification E 1238 and HL7 standards include \H\ (start
defined by Specification E 1238, but is a Specification E 146?1igh|ighting) and \N\ (end highlighting, revert to normal text),

extension): used to delimit a portion of text to be displayed using
S%' = Sca““eg i(;“age ) underlining or reverse video or a similar technique. They also
= scanne ocumen - . . . .
TX = machine-readable  text mclude_ sequences used to transmit dehmlter characters (_wh|ch
FT = formatted text otherwise are not allowed within text fields): \F\ for a field
WV = digitized waveform data delimiter, \S\ for a component delimiter, \T\ for a subcompo-

4.4.12 String Data (SB-This data type is used to represent nent delimiter, \R\ for a repeat delimiter, or \E\ for an escape
items as a simple text string, left justified. String fields arecharacter. The escape sequence \Dnnn\ whareis a three-
limited in |ength (typ|ca||y up to 200 Characters), as opposed t(ﬂlglt decimal number is used to indicate a Special character
TX (text) data, which are virtually unlimited in length. whose ASCII code isinn; this may be used to transmit control

4.4.13 Telephone Number Data (TA)This data type is characters or special characters (such as & or 6) which are
used to represent telephone numbers. A field of type TN is &therwise not allowed in text fields.
string field with a specific format, as follows: 4.4.16 The HL7 standard defines an alternative data type to

iii(@aaa)ppp-nnnnXeeeeBbbbbCcccc TX known as formatted text (FT), which differs from TX in

where iii is an optional long distance access code orthat repeat delimiters are not allowed for formatting, but
international country code(aaa) is an optional area code instead special formatting commands (analogous to word
enclosed in parenthesgmp is a telephone prefix codeynnn  processor directives) enclosed in escape characters (\) may be
is a telephone exchange preceded by a hypXeeeeis an included (see the HL7 document for details); this data type may
optional extension number preceded by the lexteBbbbb is  be used in place of TX in HL7-formatted messages but not in
an optional beeper or pager number preceded by the Bfter messages formatted in accordance with Specification E 1238.
andCccccrepresents arbitrary text comments about the appli- 4.5 Segment TypesTable 2 lists the Specification E 1238
cability of the telephone number, preceded by the leitethe  segment types (plus the MSA segment added by this specifi-
length of each part of the telephone number is variable. Areation), the defined fields of each segment, and their data type,
example of a TN field is: requirement status, and maximum lengths. Only the fields of

1(312)959-0800X4790B43905Cafter 5pm or on Sundays those Specification E 1238 segments of most interest to neu-

4.4.14 Time Stamp Data (TS)This data type is used to rophysiology are listed in Table 2; refer to Specification E 1238
represent a date and optional time, as follows: for a complete list of fields for all segments. The segment types

YYYYMMDDHHMMSS.FF £hhmm and data fields defined by HL7 are not listed in Table 2; refer

where YYYY is the four digit year,MM is the month to the HL7 document for more information. In Table 2, fields
number,DD is the day,HH is the hour (00 to 23) on a 24-h with a requirement status &1 are required to be present in all
clock,MM is the minute SSis the secondfFFis the fractional transmissions. Other fields may not be present under certain
seconds, anchhmm represents the number of hours (andcircumstancesR2 fields are required to be present whenever
minutes, if needed) by which local time is offset from coordi- the value they represent is known to the sender (but they may
nated universal time. The date portion is required; the timenot be present if the information is not known), aR@ fields
portion may not be present if it is not known or relevant (for are required to be presemnlessthe information is not known
example, a birth date alone is sufficient for adult subjects, whildo the sendeor is already known to the receiver (the last option

10
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should be used with great caution). Fields designate®as TABLE 2 Continued
(o_ptllonal) by Spemﬁpauon_ E 1238_are. fllled_ln by the tran:_s-,vmemOnic Fiold Name Type Ro Length,
mitting system only if the information is available and perti- quired max
nent; otherwise, values for such fields are not present. Howsg patient birth date/time Ts R3 2
ever, in order to comply fully with this specification (and p-9 Patient sex ID R3 1
regardless of implementation level), a receiving system shoul@10  Patientrace or ethnic origin ID 40
b ble t t | f Il field d all tt P-11 Patient street address AD 200
e able to accept values for all fields and all segment types;, ot used] o
defined by this specification and by Specification E 1238>-13  Patient telephone number ™ 40
without generating an error condition, although the data fronf-14  Patient attending physician ID  CNA 60
. | field tt be i d | P-15 Producer (diagnostic service) ST 60
optional fields or segment types may be ignored or merely special field 1
logged without further interpretation. Fields not designated ag-16  Producer (diagnostic service) ST 60
R1 R2 R3 or O may, in principle, be assigned to any of these , _ o EZ'Ighzt o 0
_categories by mutuallagreement of the transmitting anq receieig  patient weight co 10
ing systems, according to the needs of the application. If &19  Patient known or suspected CE 200
transmitting system does not know the intended receiver’ diagnoses
. g i . .. - Patient medications ST 200
requirements, it should treat these fields as optional; similarlyp_»; Patient diet ST 200
the mostgeneral receiving systems should not require the22  Requestor (practice) special field 1 ST R2 60

presence of these fields. The following briefly describeg?®  Requestor special field 2 ST R2 60
(hand/foot/ eye dominance)

Specification E 1238 segment types and their fields; refer tg.o4  admission dateftime and discharge TS 53

Specification E 1238 for detailed information on each segment date/timed
: P-25 Patient admission status ID 2
and field type' P-26 Patient location ST 25
P-27 Patient diagnostic classification CE 100
TABLE 2 Synopsis of Specification E 1238 Segments and P-28 Patient religion ID 30
Field Names P-29 Patient marital status ID 2
P-30 Patient isolation status ID 20
. ) P-31 Patient language ST 20
Mnemonic Field Name Type qsii;d Lenr]gt(h‘ P-32 Patien_t confid_entiality_ status ID 20
P-33 Date/time patient registered TS 26
Message Header Segment (H) P-34 Patient death date/time TS 26
H-1 Segment type ID ST R1 3 Guarantor Segment (GT1)
H-2 Delimiter definition ST R1 5 (The GT1 segment fields are defined in Specification E 1238)
H-3 Message control ID ST R1 12 Insurance Segment (IN1)
H-4 Security ST R2 12 (The IN1 segment fields are defined in Specification E 1238)
H-5 Sender ID ST R1 40 Order Segment (OBR)
H-6 Sender street address AD 100 OBR-1  Segment type ID ST R1 3
H-7 Message type CM 7 OBR-2  Order segment sequence number NM R1 4
H-8 Sender telephone number TN 40 OBR-3  Requestor (practice) accession CM R1 75
H-9 Characteristics of sender ST 40 number
H-10 Receiver ID ST R1 40 OBR-4  Producer (diagnostic service) CM R2 75
H-11 Comment or special instructions ST 80 accession number
H-12 Processing 1D ID R1 20 OBR-5 Test/observation ID CE R1 200
H-13 Version ST R1 5 OBR-6  [Not used] 0
H-14 Date/time of message TS R1 26 OBR-7  Requested date/time TS 26
Message Acknowledgment Segment (MSA) OBR-8  Test/observation begin date/time TS R2 26
MSA-1  Segment type ID ST R1 3 OBR-9  Test/observation end date/time TS 26
MSA-2  Acknowledgment code ID R1 2 OBR-10 Specimen collection volume CQ 20
MSA-3  Message control ID ST R1 12 OBR-11 Specimen collector ID CNA 60
MSA-4  Text message CM R2 200 OBR-12 Action code ID R1 1
General Test/Observation Master Segment (OM1) OBR-13 Danger code CM 60
(The OM1 segment fields are defined in Specification E 1238) OBR-14 Relevant clinical information CM 300
Numeric Test/Observation Master Segment (OM2) OBR-15 Date/time of specimen receipt TS 26
(The OM2 segment fields are defined in Specification E 1238) OBR-16 Source of specimen CM 300
Categorical Test/Observation Master Segment (OM3) OBR-17 Ordering physician CNA 60
(The OM3 segment fields are defined in Specification E 1238) OBR-18 Ordering physician telephone TN 40
Test/Observation Master Segment for Observations Requiring Specimens (OM4) number
(The OM4 segment fields are defined in Specification E 1238) OBR-19 Requestor (practice) special field 1 ST R2 60
Test/Observation Master Segment for Observation Batteries (OM5) OBR-20 Requestor (practice) special field 2 ST R2 60
(The OM5 segment fields are defined in Specification E 1238) OBR-21 Producer (diagnostic service) ST 60
Test/Observation Master Segment for Calculated Observations (OM6) special field 1
(The OM6 segment fields are defined in Specification E 1238) OBR-22 Producer (diagnostic service) ST 60
Patient Identifying Segment (P) special field 2
P-1 Segment type ID ST R1 3 OBR-23 Date/time observation reported or TS R2 26
P-2 Patient segment sequence number NM R1 4 status changed
P-3 Requestor (practice) assigned CK R1 16 OBR-24 Producer (diagnostic service) CM 60
patient ID charge
P-4 Producer (diagnostic service) CK R3 16 OBR-25 Producer (diagnostic service) ID 10
assigned patient ID section ID
P-5 Alternative patient ID ST 16 OBR-26 Order result status code ID R2 1
P-6 Patient name PN R3 48 OBR-27 Link to parent result CM 200
P-7 Patient mother's maiden name ST R3 24 OBR-28 Quantity/timing CM R2 200
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Mnemonic Field Name Type Re- Length,
quired max

OBR-29 Send copies to CNA 150

OBR-30 Link to parent order CM R2 150

OBR-31 Transportation mode ID 20

OBR-32 Reason for study CE 300

OBR-33 Principal interpreter of study CNA 60

OBR-34 Assisting interpreter of study CNA 60

OBR-35 Technician identity CNA 60

OBR-36 Transcriptionist identity CNA 60

OBR-37 Date/time scheduled TS 26

Result (Observation) Segment (OBX)

OBX-1  Segment type ID ST R1 3

OBX-2  Result segment sequence number NM R1 10

OBX-3  Value type ID R1 2

OBX-4  Test/observation 1D CE R1 590

OBX-5  Observation sublD ST R2 20

OBX-6  Observation value (result) (variable) R3 64K

OBX-7  Units of measure CE R3 590

OBX-8 Reference range ST R3 60

OBX-9  Abnormal/change flags ID R3 10

OBX-10 Probability NM 5

OBX-11 Nature of abnormal testing ID 5

OBX-12 Observation result status ID R3 2

OBX-13 Date/time of last change in TS R3 26
normals/units

OBX-14 User-defined access checks ST 20

OBX-15 Physiologic observation date/time TS 26
units

OBX-16 Producer ID CE 200

OBX-17 Responsible observer CNA 60

Error Checking Segment (E)

E-1 Segment type ID ST R1 3

E-2 Error checking segment sequence NM R1 4
number

E-3 Error check byte count NM R1 10

E-4 Check code NM R1 3

Comment Segment (C)

C-1 Segment type ID ST R1 3

C-2 Comment segment sequence NM R1 4
number

C-3 Comment source ID R1 8

C-4 Comment text X R1 64K

Request Results Segment (Q)

Q-1 Segment type ID ST R1 3

Q-2 Request results segment sequenceNM R1 6
number

Q-3 Requestor (practice) assigned CK R2 200
patient ID

Q-4 Producer (diagnostic service) CK R2 200
assigned patient ID

Q-5 Test/observation 1D CE R2 200

Q-6 Nature of request time limits ID (¢] 10

Q-7 Beginning request results date/ TS (0] 100
time

Q-8 Ending request results date/time TS (0] 100

Q-9 Requesting physician CNA R2 60

Q-10 Requesting physician telephone TN 40
number

Q-11 Requestor (practice) special field 1 ST 80

Q-12 Requestor special field 2 (subject CM 80
filter and qualifiers)

Scientific Segment (S)

(The S segment fields are defined in Specification E 1238)

Message Terminator Segment (L)

L-1 Segment type 1D ST R1 3

L-2 Message terminator segment NM R1 1
sequence number

L-3 [Not used] 0

L-4 Patient count NM 4

L-5 Line count NM 10

L-6 Batch number ST 12

4.5.1 Message Header Segment {HJhis required seg-
ment is the first segment of any transmission. R1-required

fields include the segment type IBi), the delimiter definition
(field, component, repeat, escape, and subcomponent delimit-
ers, where the field delimiter character immediately follows the
segment type ID| [] ~\& for standard delimiters), a mes-

sage control ID (a text string which uniquely identifies the
message, such as a sequence number), the sender ID (an ID
code and optional name of the sender), the receiver ID (an ID
code and optional name of the receiver; may use the string
ANY if the intended receiver is not known), a processingfD (
for production,T for training, orD for debugging messages),
the version ID which applies to the message format being used
(in the form E.x where E indicates a message using the
electrophysiologic data format described in this specification
andx is a number which identifies the particular version of this
specification; the version numbédf.2 applies to messages
described by this document), and the date and time of the
message. A security field (password or encryption key) is an
R2-required field. Other fields include the sender street ad-
dress, sender telephone number (for voice communications), a
message type (with two components, a type code and an
optional trigger event code which the receiver can use for
message routing; allowed type codes and trigger event codes
are defined by HL7), characteristics of the sender (such as baud
rate or parity), and a comment or special instructions (for
example, could be used to identify special-purpose transmis-
sions or locally defined variations of the standard message
format).

4.5.2 Message Acknowledgment Segment (MSH)is op-
tional segment is used only in a two-way message transmission
system to identify a message returned in response to another
message. When an MSA segment is used, it is always the
second segment of the response message, following the header
(H) segment. R1-required fields include the segment type ID
(MSA), the acknowledgment code, and the message control ID
of the original message (to which this message is a response).
The allowed acknowledgment codes are given in Table 3. Code
AA indicates that the original message was accepted and
processed successfully. CoAE& indicates that it was rejected
due to a syntax or other error. Cod® indicates that it was
rejected, either because the message type (if used), processing
ID, or version in the message header (H) segment was invalid
for the system receiving the message,because of reasons
unrelated to the message content (receiver system down,
internal error, etc.). The text message field is an R2-required
field. It is used when the acknowledgment code wasor AR
to return an error code and optional text error message
(preceded by the strinBRR), which explains the reason for
rejection of the original message (see 9.6). It is also used (with
an acknowledgment code &fA), in messages which respond
to a query for system characteristics or system status, to
contain the system characteristics or capabilities in answer to
the query (see 9.5.10). In the latter case, this field may contain

TABLE 3 Acknowledgment Codes

Code Meaning
AA Application Accept
AE Application Error
AR Application Reject
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more than one component. For compatibility with HL7, MSA patient’s confidentiality status (see Specification E 1238 for
segment fields 5 and 6 are reserved and will not be used byossible values), date/time patient registered (or date/time
future versions of this specification. patient registration data was last changed), and date/time of

4.5.3 Test/Observation Master Segments (OM1-OM6) patient’s death (if applicable).
These six optional segments may be transmitted by a diagnos-4.5.5 Billing Segments (GT1 and INHThese two optional
tic (laboratory) service to itslientsto inform them about the segments may be used in a message used to electronically order
observations and observation batteries or functional procedures electrophysiolgic test to transmit billing information needed
(tests) performed by the diagnostic service (producer). Théy the producer (laboratory). The GT1 segment identifies a
transmission of a message containing test/observation masteerson (guarantor) and the IN1 segment identifies an insurance
segments may be either unsolicited (for example, when theompany and plan that may be billed for the study. Multiple
laboratory adds new observations or changes the formaGT1l or IN1 segments, or both, may be transmitted in a
technique, or interpretation of existing observations or proceeontiguous sequence when multiple guarantors and insurance
dures) or may occur in response to a query sent byclieat  plans apply. These segments apply to all of the orders that
system. See Specification E 1238 for a complete description dbllow until superseded by another set of GT1 and IN1
the OM1-OM6 segments and their formats. segments or a new P (patient identifying) segment. See

4.5.4 Patient Identifying Segment (®)This segment con- Specification E 1238 for detailed information about the format

tains information about an individual patient (subject). R1-and usage of these segments.

required fields include the segment type IB),(a patient 4.5.6 Order Segment (OBR}In a two-way message trans-
segment sequence number (increments from one for eachriission system, this segment (optionally followed by OBX
segment in the message), and a requestor (practice) assigrezhments containing data necessary for proper performance or
patient ID. R2-required fields include two requestor (practice)nterpretation of the order) may be sent from the requestor
defined special fields. For electroneurophysiologic data trangpractice) system to the producer (laboratory) system to elec-
missions, requestor special field one may be used as desiredonically order an electrophysiologic study to be performed on
but requestor special field two should specify the patient handhe subject. This segment (with additional fields supplied) is
foot, and eye dominance (using keywordEFT, RIGHT, later returned to the requestor (now receiver) system followed
BOTH, or UNKNOWN ) as three optional strings separated byby the requested results of the study; in this case or in a
repeat delimiterd~). R3-required fields include a producer one-way message transmission system, this segment acts as a
(diagnostic service) assigned patient ID (may be the same assult header segment. R1-required fields include the segment
the requestor assigned patient ID), patient’'s name, patienttype ID (OBR), an order segment sequence number (incre-
mother’'s maiden name (when required to distinguish betweements from one for each OBR segment following a given P
patients with the same birthdate and last name), patient’s birtekegment), a test/observation ID (a code or text string, or both,
date/time (time required primarily for neonates), and theidentifying the test or tests performed and optionally the
patient’s sex M for male, F for female, orU for unknown).  particular categories of results returned; one or more type CE
Other fields include an alternative patient ID (such as billingsubfields separated by repeat delimiters), an action code
number, account number, or social security number), patient'mdicating the action taken or to be taken with regard to the
race or ethnic originW/ for white, B for black,NA for Native  order (see 9.3.7 for allowed values), and a requestor (practice)
American,O for Oriental,H for Hispanic, orOTH for other),  accession number consisting of two components (same as the
patient’s street address, patient’'s telephone number, patiengsoducer accession number in a one-way message transmis-
attending physician ID (or multiple IDs separated by repeasionsystem); the first component uniquely identifies the order
delimiters), two producer (diagnostic service) defined specialincrements continuously for each new order made from the
fields, patient’s height (default units cm), patient’'s weighttime of system installation) and the second identifies the
(default units kg), patient’s known or suspected diagnoses (agquesting application (constant for any given requestor sys-
a list separated by repeat delimiters; for example, usingem). R2-required fields include a producer (diagnostic service)
ICD-9-CM or SNOMED codes), patient’s medications (as aaccession number with two components, the first of which
list of generic names separated by repeat delimiters), patientisniquely identifies the study performed (increments continu-
diet (for example, time food was last ingested), admissiorously for each new study performed from the time of system
date/time and discharge date/time (two subfields separated byirgstallation) and the second of which identifies the producer
repeat delimiter), patient's admission stat@#(for outpatient, application (constant for any given laboratory system), the
PA for pre-admit,IP for inpatient, olER for emergency room), test/observation begin date/time (the starting date and time of
patient’s location (such as nursing unit and bed), patient'she study), two requestor (practice) defined special fields, the
diagnostic classifications (for example, a list of DRGs in CEdate and time observation reported or status changed (date/time
format separated by repeat delimiters; coding systenof testinterpretation and result reporting or date/time the order
name= DRG), patient’s religion P for protestant,C for  result status changed), the order result status code (see 9.3.10
Catholic,M for Church of Latter Day Saintg, for JudaismH for allowed values), quantity/timing information (with ten
for Hinduism, orA for atheist), patient marital statuM(for  optional components defining quantity, interval, duration, start
married,S for never marriedD for divorced,W for widowed,  date/time, end date/time, priority, condition, text comments,
A for separated) for unknown), patient’s isolation status (see conjunction, and order sequencing; used for ordering repetitive
Specification E 1238 for possible values), patient’'s languagegr timed tests; see Specification E 1238 for details), and a link
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to parent order that is used when a parent order spawnzoducer), and comment text related to the immediately pre-
multiple secondary orders; this last field consists of twoceding patient, order, result, request, or scientific segments. It
components, the first of which identifies the parent order by itsnay be used, for example, to specify additional detail about
requestor accession number (two subcomponents) and tleéectrodes, channels, filters, stimulus paradigms, analysis re-
second of which identifies the parent order by its producesults, etc., which cannot be expressed in the currently defined
accession number (two subcomponents). Other fields includield structure of result (OBX) segments. It is not to be used for
the requested date/time (date and time the test was requested@chnical comments (often technician generated) related to the
ordered), the test/observation end date/time (date and time thhavior of the subject or events during the performance of the
study was completed), danger code (subject-specific hazards édectrophysiologic procedure itself (the TCM category result
laboratory personnel, with two components: an optional alphasegment is used for these comments). The receiving system
numeric code and a text description), relevant clinical infor-usually logs or retains comment segments, along with the
mation (has two components: an optional alphanumeric codgreceding segment to which they apply, for inspection.
and a text description), the ordering physician ID and ordering 4 5 10 Request Results Segment {Qjhis optional seg-
physician telephone number, two producer (diagnostic servicghent is used only in a two-way message transmission system
defined special fields, producer (diagnostic service) charge fQfhen one system wishes to request information from another
the study (has three components: a monetary amount, a billingystem regarding tests and test results, orders, lists of patients
code, and a currency code), the producer (diagnostic Servicg} tests, or system characteristics. The results of the query are
section ID (see Specification E 1238 for all allowed vald&l¥;  yeyyrned in an acknowledgment message sent by the queried
for electroneurophysiology laboratoriesend copies tdist — gystem to the querying system. The format of the acknowledg-
(list of persons who need copies of the study results; multiple, ot message depends on the query (that is, on the particular
subfields separated by repeat delimiters), transportation mogdggits to be returned). Some queries can be answered in the
(PORT for portable studyCART if patient travels by cart, \5a (message acknowledgment) segment alone. Others re-
WHLC if patient travels by wheelchai¥WALK if patient can quire additional segment types, including P (patient), OBR
walk), reason for study (for example, one or mawse-out  (order) and OBX (result) segments. Specific query types
diagnoses separated by repeat delimiters), principal interpretgr | ,qe the following. A request results (Q) segment may be
of study, assisting interpreter of study (for example, resident),saq when a requestor (data receiving) system wishes to
technician identity, tr_anscripti_onist identi_ty, date/time teStrequest, from the producer (laboratory or data sending) system,
schgduled, and other fields Whlch are specimen-related and nQlg its of tests previously ordered and possibly previously
applicable to most neurophysiologic tests. reported. It may also be used to query the producer system
4.5.7 Result Segment (OBX)One or more result segments apout the status of a previously ordered but not yet reported test
containing some or all of the data generated during a study agr individual test result, about the status of active functions
generally transmitted following an order segment (acting as gelated to a test in progress on a system, or about equipment
result header) in a message used to return the results of a stugi¥ttings (such as current montage and channel definitions). The
to the ordering system (or to any system used to review the datgswer to the query is returned in the order result status field of
from the study). One or more result segments containing statugn OBR segment or in one or more OBX segments. A single
or error information in response to a query about an order mayequest results segment may ask for all or some of the results
also be transmitted following an order segment in a messag®r a given test or multiple tests, specified as a list. Alterna-
used to respond to the query. Finally, one or more resulfively, it may request results for all tests performed on a single
segments containing data required for proper performance @fate, a series or range of dates, and for an individual subject,
interpretation of a study (such as equipment settings, fogroups of subjects, or all subjects. In addition, a request results
example, montage and channel definitions) may also be trangegment may be used when one system wishes to request from
mitted following an order segment in a message used t@nother system new or current order information; a patient list
electronically order a study. The fields in the result segment argy patient demographic data, or test/observation master data
explained in detail in Section 5. describing the types of tests that can be performed by the
4.5.8 Error Checking Segment (E)This optional segment laboratory. In this case, the answer to the query may be a
provides for simple error checking within a message. All fieldsmessage containing one or more patient (P), order (OBR), or
are Rl-required and include the segment type(H), error  test/observation master (OM1-OM6) segments. Also, a request
segment sequence number (increments from one for each result segment may be used when one system wishes to request
segment in a message), error check byte count (byte count fgiiformation about the characteristics, operational status, con-
data transmitted since the last error checking segment or thgyuration, or capabilities of another system. The answer to
start of the message, except carriage returns), and a check coslgch a query is returned in the text message field of a message
(exclusive OR of all character codes except carriage returns iacknowledgment (MSA) segment in the response message.
the transmission, expressed as a three-digit decimal numberfinally, a request segment may be used when one system
4.5.9 Comment Segment (SjThis optional segment con- wishes to remotely control a process on another system, or
tains only R1-required fields including the segment type IDcancel a transmission of result data in progress. R1-required
(C), a comment segment sequence number (increments frofields in a request results segment include the segment type 1D
one for each C segment in a message), a comment sour(®) and a request results segment sequence number (incre-
which is eitherP (practice or requestor) dr (laboratory or  ments from one for each Q segment in a message). R2-required
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fields include requestor (practice) assigned patient IDs (mul- TABLE 4 Logical Structure of a Message

tiple entries separated by repeat delimiters), producer (diagvessage header (information about the transmission)

nostic service) assigned patient IDs (multiple entries separatg(pssage acknowledgment  (optional, for two-way communication)
Patient 1 (general information about first patient)

by repeat dellmlters), te_St_/Observatlon IDs (mUIt.Iple entrile.s Guarantor/Insurance 1 (optional billing information for the first patient)
separated by repeat delimiters), and the requesting physiciaGuarantor/insurance 2 (more optional billing information)
ID. Optional (O) fields include the beginning request results ©Order1 (information about the first ordered test)

K L. . i Result 1 (first result segment for first test)
date and time (or several individual dates and times; one or geqyi 2
more entries separated by repeat delimiters) and the ending -

request results date and time (these may be used, for example, - .
Result n, (last result segment for first test)

(second result segment)

when rEqueSting a _brief Segment of electrop_hysiqlogic Wave- order 2 (information about the second ordered test)
form data to specify the starting and ending time of the Result1 (first result segment for second test)
requested segment), and a code indicating the nature of the Result2 (second result segment)
request time limits$ for study date oR for report date). Other
fields include the requesting physician telephone number, and Result n, (last result segment for second test)
two requestor (practice) defined special fields. Requestor
. ' L . ! . (segments for other orders and results)

_speC|aI fle_ld 1 can be u_sed as deswed._ Requestor spe_C|aI field 2rger m (information about the last ordered test)
is a multicomponent field that contains a subject filter and  Result 1 (first result segment for last test)
optional qualifiers (which together define the type of query). ~ Result2 (second result segment)

4.5.11 Scientific Segment (S)This optional segment may
be used to exchange results between laboratory sites concern- Resultny, (last result segment for last test)
. . Patient 2 (general information about second patient)
ing laboratory performance, quality control, or method devel- ~
opment. It is primarily intended for use in clinical chemistry - (all of the structure repeats)
and similar laboratories. Its usage for electrophysiology laboMessage trailer (indicates the end of the overall message)

ratories is undefined.

4.5.12 Message Terminator Segment {tJhis required ,
segment is the last in any message and indicates the logical e% a segment type of the same or higher level. Thus, for
ample, a sequence of result segments (OBX) for one test is

of the message. R1-required fields include the segment type | rminated by the next order (OBR), billing (GT1 or IN1),

(L) and message terminator segment sequence number (always.,. . 2 L
one since there can be only one terminator segment p ratlent identifying (P), SC|ent|f|c_(S), or request results (Q)
f@gment or by a message terminator (L) segment. An order

_message). OFher fields are used to che_ck message integrity & BR) segment or a billing (GT1 or IN1) segment may never
include a patient count (humber of patient segments transmit-

ted in the message), line count (number of lines, that is, numbéfPPear without a preceding patient identifying (P) sc_agment,
Ind a result (OBX) segment may never appear without a

of carriage retms in the message), and a batch numbé) eceding order (OBR) segment. Test/observation master

. . . . .. I

(assigned by the sender to identify the entire transmission; m .

be the same as the message control ID in the header segme .Ml_OMG) segments, _vvhen used_, must _be tr_ansm_|tt_ed at the
start of the message prior to the first patient identifying (P),

4.6 Overall Message Logical Structure request results (Q), or scientific (S) segment; they are often the

4.6.1 Table 4 presents the overall logical structure of enly segments in the message other than the message header
Specification E 1238 message in terms of its componentH) and trailer (L). The comment (C) and error checking (E)
segments arranged in a hierarchical fashion; note that theagments may be inserted at any level and do not terminate the
structure of an HL7 message is similar, although additionakyrrent level.
segment types may be necessary. 4.7 Test/Observation Identifiers

4.6.2 In this logical message structure, segments at the 4.7.1 The test/observation identifiers (same as observation
highest level (level 0) of the hierarchy define the messagéattery or observation identifiers in Specification E 1238/HL7
boundaries (message header and trailer segments). Messagenenclature) are coded entry (CE) data items used to identify
acknowledgment segments (used in response messages sjpecific tests (batteries), individual portions of tests, or indi-
two-way communication systems) follow message headevidual test results (observations) in order segments, request
segments and also occupy level 0 of the hierarchy. Segmentsi@sults segments, and result segments. In order (OBR) and
the first level contain information about individual patientsrequest results (Q) segments (but not in result segments),
(patient identifying segments). Segments at the second levehultiple test/observation identifiers may be supplied to order or
contain information needed for billing (guarantor and insur-request multiple tests or subtests; each test/observation identi-
ance segments). Segments at the third level contain informdier is separated from the others by a repeat delinfitey.
tion about a particular test or study (order segments). Segmen8pecifications E 1467 and E 123884) universal alphanu-
at the fourth level contain individual test results or observationsneric codes (coding systelS4&TEST) are the default for
(result segments). Test/observation master (OM1-OM6), quer€ode 1 in the CE data field, and are based on CPT-4. Other
(Q), and scientific (S) segments, when used, take the place obding systems may be used (such as CPT-4 codes without
patient identifying segments at the first level. A sequence omodifiers, coding systenC4, or local codes defined by a
patient identifying segments, billing segments, order segmentparticular laboratory or institution, coding system L), but the
or result segments at one level is terminated by the appearané&4 coding system is preferred. Specification E 1238 defines
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universal test/observation ID codes for clinical chemistrytic impression could have the identifi®816&IMP using
hematology, microbiology, and similar laboratory results, forAS4 universal codes.

spirometry, ultrasound, chest X-ray, endoscopy, physical exam 4.7.4 The use of an information category code is optional in
and medical history (including neurologic examination andorder segments and in request result segments transmitted in a
history), physiologic measurements, cardiac catheterizatioiWo-way message system to order a test or obtain the results of
coronary angiography, electrocardiography, and other clinica® Previously performed test; its presence in this context implies
tests or procedures. Appendix X2 of this specification defineghat only the result segments with the given information
the AS4 universal test/observation ID codes for various classe§ategory code are to be returned to the requesting system (in
of electroneurophysiologic studies. It may be noted tiht —contrast to the usual situation in which an information category
medical information available for a given subject may peCode is not present, and result segments with all m_formatlon
transmitted in a single message, if desired; thus, one transmi§&t€gory codes are therefore returned). If multiple test/
sion may include intermixed order (OBR), result (OBX), or obseryauon identifiers separated by repeat delimitefsare
request result (Q) segments using test/observation IDs definétf€d in order (OBR) and request results (Q) segments, the

by Specification E 1238 and using test/observation IDs definet phanumeric cpde may not be present before _the ir_1form§1tion
in Appendix X2 of this specification; CPT-4 codes not men-category code in the second and subsequent identifiers if the
, alphanumeric code used in the previous test/observation iden-

tioned in either Specification E 1238 or in Appendix X2 may ! lies. Thi b dt tt o f it
also be used if necessary. CPT-4 codes may be identified eith per applies. 1his may be usedto request ransmission ot resu
segments with a number of different information category

by th? cpdmg system mnemonic |dent|f©¢_1 (which spe_cm- codes. In this context, a subfield which is not present (that is,

cally indicates CPT-4 codes without modifiers)AB4 (which - .

may be used to indicate either modified CPT-4 codes OEWO repegt delimiters in a row) may be usedi to request

o ) ransmission of result segments with no information category

unmodified CPT-4 codes); thuS4 codes are a proper subset code (those which return individual quantitative or qualitative

of AS4 codes. test results). For example, a report, interpretation, diagnostic
4.7.2 The test/observation ID specified in an order (OBR)mpression, all quantitative and qualitative individual test

segment used to order electrophysiologic studies in a two-wapesults, and recommended follow-up tests (but not the digital

message transmission system is often a generic code (Whoggwveform or technical data) could be ordered to be transmitted

scope is determined by local norms and individual laboratorysing the following string of test/observation identifier codes:

practice) or a set of several individual specific or generic codeg58168&GDT~&MDT ~&IMP ~~&REC.

separated by repeat delimiters, to indicate an order for multiple e . )

individual specific tests or any relevant tests within a class of: Descriptions of Fields in Result Segments

related studies (often to be chosen at the discretion of the 5.1 Result (OBX) segments have a format defined by

laboratory according to local custom and the individual need$pecification E 1238 and HL7. The fields contained in result

of the subject). When such garentorder is received by the segments, their data types and maximum lengths, and their

laboratory system, it leads to the generation internally ofusage are defined in 5.2 through 5.18.

multiple child orders; when a response message is returned to 5.2 Segment Type i3-This R1-required field (data type ST,

the ordering computer system containing the study resultgn@ximum length three characters) contains the characters

each individual specific study performed would be transmitted®BX., signifying a result segment containing observations.

as an OBR segment containing a specific test/observation 1D -3 Result Segment Sequence Nurab@H result segments

for that study, followed by many OBX segments containing the/©/lowing a given order (OBR) segment are numbered sequen-

study results including waveform data. For example, one coul§@!ly beginning with one. This R1-required field contains the
order generi€MG studiesby transmitting a message contain- d€cimal sequence number (data type NM, maximum length ten

) . ; ; haracters).
ing an OBR segment with the appropriate test/observation Iy . . . .

; : 5.4 Value Type-This R1-required field (data type ID, maxi-
(9586X usingAS4 universal codes), and the response message .
containing the study results could include three separate OBﬁ}ut?]]eliggglr\}\gt?o?\h\?a:ﬁgig dd(efrggs(s;hi/lgﬁ;agpe or structure
segment; defining a_motor nerve conductlorj study (tes he valid data types are described in this specification (see 4.4),
observation ID code 95900 using AS4/CPT-4 universal codes nd others are described in the Specification E 1238 and HL7
a sensory nerve conduction study (code 95904), and a ore

. . . qandards. Those which are used most often in electrophysi-
extremity EMG (code 95860), together with the correspondlnq)logic study result segments are summarized in Table 5'? Y

OBX (result).sggments (see Appendix X3 fqr a lcompIeFeT 5.5 Test/Observation 1D
example). This is analogous to the example given in Specifi- 5 5 1 This R1-required field contains a test/observation

cation E 1238 of garentorder for Routinesbeing expanded  jyanifier in coded entry (CE) format. The test/observation 1D
into child orders for _urlnaIyS|s, complete blood count, andiyentifies both the general category of study and a more
electrolytes by a particular laboratory computer system. specific type of study or a specific portion of a study, and it
4.7.3 The alphanumeric code in the first and fourth compomay identify also a particular quantitative or qualitative study
nents of the test/observation ID field is often followed by anresult. The test/observation ID field may change in successive
alphabetic information category code; a subcomponent delimresult segments transmitted during the course of the recording
iter (&) is used between the alphanumeric test code and thas different subtests or portions of the study are performed (for
alphabetic information category code. For example, a diagnogexample, awake, sleep, hyperventilation, photic stimulation in
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TABLE 5 Value Types in Result Segments

Value type

Meaning

NM

ST

CE

>

CM

RP

Numeric—single numbers; used for reporting
quantitative results of a study such as velocities,
amplitudes, and latencies.

String—short text string; used for reporting
noncoded nonnumeric results.

Coded entry—coded data, including a code,
description, and coding system identification; used
for reporting qualitative test results (such as peak
morphologies) or grading quantitative test results,
and for reporting anatomic localizations, diagnostic
impressions, medications, devices, special
procedures, and recommended follow-up tests.
Text—arbitrary length text data; used for reporting
technical comments, descriptive reports,
interpretations, and addenda.

Composite miscellaneous—data with a defined
format; used for reporting technical data, waveform
digital data, data derived from analysis of
waveform data; and test status and error data.
Reference Pointer—specifies the address of actual
waveform data on a remote system.

contained in the result segment’s observation value field. Table
6 presents the information category codes and their corre-
sponding value types defined for electrophysiologic study data.

5.5.6 The only time that an information category codeads
present in a result segment is when transmitting single quan-
titative or qualitative test results, such as velocities, latencies,
amplitudes, peak or waveform morphologies, etc. These results
have a value type of NM (numeric) or CE (coded entry).
Numeric results are sent along with their units of measure, the
normal range defined by the laboratory (if applicable), and
abnormal/change flags.

5.5.7 Test/observation IDs in result segments that do not
contain an information category code must fully specify the
particular final test result of type NM or CE which is
transmitted in that segment. Test/observation IDs in result
segments of type TIM, WAV, STM, TCM, MED, and ANA
(and often ANT and IMP as well) should identify the particular
portion of the study to which the results apply. Test/observation
IDs in result segments with information category codes of
ELC, MTG, CHN, DST, and SEL should identify only the

an EEG, or studies on various different muscles in an EMG)study as a whole, because these segments contain data which
When the result segments are all labeled in this fashion, igefine recording conditions that may apply to several different
becomes possible to search automatically for a desired portigfortions of the study. Similarly, test/observation IDs in result
of the recording. The receiving system may even generate asegments with information category codes of CNP, DEV, SER,
index into the recording as result segments are received, tgnd REC (and often GDT, MDT, ADT, ANT, and IMP) should
allow faster random access to the desired portion of the datadentify only the study as a whole, since these segments
The first component is required in all result segments; the othegenerally specify data that applies to all parts of the study.
components need not be present.
5.5.2 The first and fourth components of the test/tion category codes of ERR and STA should identify only the
observation ID consist of an alphanumeric code and, in somstudy as a whole.
cases, an information category code separated from the alpha-5.6 Observation SublB-This R2-required field (data type
numeric code by a subcomponent delimit&j .
5.5.3 The second and fifth components of the testoBX segment following a given OBR segment; it may be
observation ID are text strings describing the test, portion obbsent only if the OBX segment is already uniquely identified
test, or individual quantitative or qualitative study result py its information category code or test/observation ID. If there
identified by the first and fourth components. To save spacere multiple OBX segments (with logically independent data)

Finally, test/observation IDs in result segments with informa-

ST, maximum length 20 characters) uniquely identifies each

the second and fifth components may not be present in resulfaving the same information category code (regardless of
segments in which the first and fourth components are exactly

the same as in the previous result segment; in this case, the text

descriptions can also be assumed to have remained the same ABLE 6 Information Category Codes and Value Types

since the previous result segment. The second and fiftResult Segment Contents Category Value Type
components of the test/observation ID may also not be presei’\iﬂlectrodeddf}‘fir?i.tionddata ’\EALTCG gm
. P H H ontage definition data
if the receiving system is known _to _be a Level lll system whlchChannel definition data CHN oM
can reconstruct the text description from the alphanumerigime stamp and epoch/averaging data TIM cM
codes given in the first and fourth components, or if thewaveform ld(ijgita' datf; WAV CM/TX/RP
transmitting system itself does not know the text description ofiy e o doance daa = o
the alphanumeric code. Technical comments TCM X
5.5.4 The third and sixth components of the test/observatioiedications ?dm'nlstteredd '\D"E\? EE
ID are strings identifying the coding system used in the firsDovee o oo a0 o SER o1
and fourth component. When not present, the default for th@pecial proceduresitesting performed CNP CE
third component isSAS4&TEST (AS4 universal codes, as zate}l_de“‘/ed Ifom an|a|yt§|s of waveform datag\gf gm
. . . . . Auxiliary montage selection
listed in Appendix X2). The d_efault for the sixth component is Quantitative or qualitative single test results . NM/CE
L (local codes). The maximum total length of the test/Anatomic localization ANT CE
observation ID field is 590 characters, which includes 808'39”95t_t'° 'mpfefs'on '(g"DPT %‘f
Scriptive repor!
characters each for components 1 and 4, 200 characters eagB o emion VDoT o
for components 2 and 5, and 12 characters each for comp@sdenda to report ADT T
nents 3 and 6. Recommended follow-up tests REC CE
. . Error code and error message ERR CM
5.5.5 The information category code that usually follows sgye function status STA oM

the alphanumeric code defines the nature and format of the data
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test/observation ID) or having the same test/observation ID  TABLE 7 Abnormal/Change Codes in Result Segments
with information category codes which are not present, they Value Meaning
must be numbered sequentially from one and this number used

L Below low normal
as the observation subID. More than one OBX segment with H Above high normal
the same test/observation ID, information category, and obser- N Selow absoute lr?igh
vation sublD may occur only when transmitting a single result N Normal
in two forms, for example, in numeric and coded entry format. A Abnormal (applies to non-numeric results)
. . . . -- Not present) No ranges defined or normal ranges
5.7 Observation Value (Reswt)This R3-required field, éo n; app|y) 9 ¢
which may contain multiple subfields, components, and sub- U Significant change up since last performance of
components, contains the actual results. The data type of this test .
! K . . . ! D Significant change down since last performance of
field is given in the value type field (field 3) of the result (OBX) test
segment. The format of this field is described in Sections 6 B Better (improvement) since last performance of test
W Worse (deterioration) since last performance of test

through 9 for each category of result segment. The maximum
length of this field is 64K characters.

5.8 Units of Measure-This R3-required field (data type
CE) describes the units in which the result in the previous fieldhis field is required when applicable for all implementation
is expressed. It contains a coded entry in the six-componergVvels. TheN, A, B, and W codes may be used in result
format defined by Specification E 1238 and HL7. The first andsegments with information category code IMP to indicate
fourth components would contain standard abbreviations fowhether the diagnostic impression for this study is normal,
the units of measure using a standard coding system, th@Pnormal, better, or worse, or in result segments that report
second and fifth components could contain correspondingualitative data such as peak or waveform morphologies using
longer text descriptions of the units, and the third and sixth@ coded entry format. The, H, N, A, U, D, B, andW flags
components could contain an identification of the codingMay be used in result segments that report velocities, latencies,
system used in the first (the defauli®0 +, butANS +isan  amplitudes, or other single numeric values. Multiple codes can
alternative) and fourth (the default s, local codes) compo- be specified, separated by repeat delimiters (for example,
nents. The coding system mnemonic identif@® + indicates H~W).
standard single case abbreviations of S| units (ISO 2955-1983), 5.11 Probability—This field (usually considered optional
while ANS +indicates standard single case abbreviations ofor all implementation levels) can be used to report the
U.S. customary units (ANSI X3.50-1986) not included in the Probability of a diagnostic impression (in a result segment with
ISO set; two special units (pha and tur) defined in thisinformation category code IMP) as a decimal number between
specification for electrophysiology may be used as wellzero and one (data type NM, maximum length five characters).
Derived units may also be used as described in 4.3.9. Units of 5-12 Nature of Abnormality TestirgThis field (used only
measure are used only in result segments that return a singfé result segments that return a single numeric result, and
numeric result such as a velocity, latency, or amplitude. Thaisually considered optional for all implementation levels)
maximum length of this field is 590 characters, which includedndicates the kind of normative data employed by the labora-
80 characters each for components 1 and 4, 200 characters ed@fy, using the representations given in Table 8 (data type ID,

for components 2 and 5, and 12 characters each for comp#aximum length five characters). As many of the codes as
nents 3 and 6. apply may be included, separated by component delimiters. For

5.9 Reference RangeThis R3-required field (data type ST, example, normal values based on age, sex, and race would be
maximum length 60 characters) is used only in result segmenf®ded aAIS[IR .
that return a single numeric test result. It contains the °-13 Observation Result Status

laboratory-specific normal range for the result value. This may °-13-1 This R3-required field (data type ID, maximum
be expressed in the forfaw-high (for example, 105.5-125.3). ength two characters) defines the status of the data being
If the lower or upper bounds are negative, they may pdransmitted and determines the action of the receiving system.

preceded by a minus sign (for example, — 12.2—6.5). If thd or this specification, a default valug)(is defined which is
range includes no upper bound, the formbdveis used (.for used when this field is not present. The keyword codes defined
example, >20.5). If the range includes no lower bound, théay the Specification E 1238 and HL7 standards are given in

format<high is used (for example, <14). Table 9.

5.10 Abnormal/Change Flags-This R3-required field (data 5.13.2 Code®, R, or U could be used in result segments

. T ith information category codes ANT, IMP, REC, GDT, MDT,
type ID, maximum length 10) indicates the normalcy status O')(/)Vr ADT, or in segments that do not have an information

the results or changes since the last performance of the test.
The keyword values (defined by Specification E 1238 and

HL7) which are most useful for electrophysiologic study data TABLE 8 Codes for Nature of Abnormality Testing
are given in Table 7. Code Meaning
5.10.1 The < and > flags are used in result segments with A An age-based population was tested

S A sex-based population was tested
R A race-based population was tested
N None of the above (generic normal range)

information category codes of WAV (digital waveform data) to
indicate that one or more digitized data values were outside the
range of the analog-to-digital converter (ADC); in this context,
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TABLE 9 Result Status Codes

5.13.4 CodeD indicates that data previously transmitted in

Note 1—Priority: XDISRPFUC (temporal order in which codes may @ result segment with the same test/observation ID and
replace one another)

information category code and observation subIlD should be
deleted (markedot present For example, if it were necessary

Code Meaning . '
R R — — to remove one or more previously defined channels from a
esult entered, not verified (for example, only technician A 4 X
measured peak latency or amplitude, not physician- montage, a result segment with information category code
o \éeriIieQ) | fod ear . bl fina CHN having the same test/observation ID and observation
reliminary resu t: a verifie early result is available, final B
result not yet obtained (for example, resident. not staff, di- sublD as the Ia}St transmitted CHN category result segment
agnosis) could be sent with a result status codebofind an observation
F Final result (complete and verified) value field containing just one or more channel numbers
S Partial result: some of this result has been entered; but db delimi Wh h . deleti
some is still pending separated by repeat de |m|t.e(rs)._ en changing or deleting
c Corrected: the result changes or corrects previous results a result previously transmitted in an OBX segment with no
‘(’)Vt')t;‘efvag‘ﬁi;essjﬁgse”’at"’“ ID, information category, and information category code (having a value type of NM or CE),
X Test or procedure could not be performed, order canceled the particular result affected is identified by the test/observation
[ Test or procedure scheduled or in progress, results pend- ID code and observation sublID (if needed). For this purpose,
ing - . .
D Deleted: the previously transmitted or default result data of multlple .OBX segments with the same teSt/ObservaFlon ID and
the same test/observation ID, information category, and observation sublD are replaced or deleted as a unit.
observation sublD is deleted (that is, marked not present; 5.14 Date/Time of Last Change in Normals/Urid his
no new result sent) ’ . . .
U Unchanged: the previously transmitted preliminary result R3-reqU|red field (used onIy in result Segments that return a

data of the same test/observation ID, information category,
and observation subID may be taken to be the final, veri-
fied result (which need not therefore be retransmitted in the
result segment)

category code. Codesandl could be used in a result segment
(with an observation value field which is not present) to flag
explicitly ordered subtests (for example, a sleep portion of arf

single numeric result) is not present unless there has been a
recent change in the normal values or units pertaining to data
in the result segment, in which case the date and time (in the
standard date-time format) of the change is encoded (data type
TS, maximum length 26 characters). A change in this date and
time compared to that recorded in the receiving system’s
database could trigger a manual review of the results, for
xample.

EEG) which could not be performed or which have not yet 515 User-Defined Access CheekShis field (usually con-

been performed. Result segments with any of these codéddered optional for all implementation levels) can be used to
would be specially flagged by a receiving system wherspecify a special-purpose code cIaSS|fy|ng the data in the result
displayed or stored. An immediately following comment (C) Segment for the purpose of controlling access to or later

segment could be transmitted to explain the reason foXtbe

| code.

processing of the data. For example, certain result segments
containing waveform data could be flagged using this field by

5.13.3 Code€ andD may be used with any result segment 0ne code which indicates that the data satisfy some criteria
when a change to previous data is intended, and are interpretégetermined by the transmitting system) for printing on a hard

as follows by a receiving system (note that this interpretation i§0PYy device; other result segments could be flagged using this
more specific than that stated in the Specification E 1238 anfield by another code which indicates that the data should be
HL7 standards). Cod€ indicates that data contained in the excluded from special processing such as averaging or fre-
observation value (result) field of the segment so flagged are t@uency spectral analysis (for example, because of excessive
replace previously transmitted data with the same testartifact). A system receiving the data which was aware of these
observation ID and information category code and observatiofiPecial codes could then selectively print, not print, process, or
sublD. If the result field has a value type of CM, then anyignore the data depending on the contents of this field. The uses
components or subcomponents which are not present in tH and possible values for this field are left entirely to an
result sent with theC code indicate that no change should beagreement between the sending and receiving applications that
made in the corresponding components or subcomponents tsf beyond the scope of this specification. The use of this field
the previously transmitted data. This differs from the usualS therefore to be considered non-portable and nonstandard.
processing of a segment with &or not present) status code, 5.16 Physiologic Observation Date/TimeThis field (usu-

in which, if a parameter is not present in a type CM result field ally considered optional for all implementation levels) can be
either an appropriate default value is supplied or the parametersed in result segments that do not have an information
is taken to be the null string. For example, if it were necessargategory code (those used to return a single numeric or coded
to redefine a few of the parameters (such as sensitivity or filteresult) if it is necessary to specify the date/time at which the
settings) of one or more channels while leaving most paramresult was measured. It could be used, for example, to indicate
eters unchanged, a result segment with information categormhe date/time at which a body temperature measurement was
code CHN having the same test/observation ID and observanade, when this is relevant to the interpretation of the study. It
tion sublD as the last transmitted CHN category result segmers$ not to be used to indicate the date/time that characterizes
could be sent with result status co@eand an observation waveform data or other data directly associated with the
value field containing only the channel numbers and paramwaveform data (such as technical comments) since the TIM
eters to be changed. category result segment is used for this purpose, as described in
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6.5.1. It is also not necessary to specify a date/time for resuthe actual waveform data.

segments containing reports and interpretations derived from 6.1.1 ELC category result segments define and name the
analysis of the entire study, since the study beginning andjectrodes or transducers attached to the subject and associate
ending times are specified in the OBR segment (fields OBR-ghem with a physical amplifier input jack or pin number, when
and OBR-9, respectively). applicable. If only standard electrodes are used (for example,
5.17 Producer ID—This field (usually considered optional the standard 10-20 electrodes), no ELC category result seg-
for all implementation levels) may be used to specify thements need be transmitted; in this case, the receiving system
identity of the laboratory at which the data in the resultejther doesn't need to know the electrode or transducer
segment was acquired or generated, using a coded entry (CEjaracteristics, or uses a built-in set of default electrodes. Some
data format. The first and fourth components specify uniquegydies (for example, polysomnograms) use special electrodes
codes for the laboratory. The second and fifth componentgy transducers whose definition is critical for interpretation of
specify text strings identifying the laboratory specified in thethe recording but for which no standards exist; for these
first and fourth components. The third and sixth componentgydies, ELC category result segments should always be sent.
specify the coding system used in the first (the defalteR, 6.1.2 MTG category result segments define a named mon-
Medicare/HCFA's universal provider numbe&)(and fourth tagé kan array of recording channels), while CHN category

ggl?j idse;%l:“ :Z;ér:?d,['ﬁ:t'rg%;i(\)/ (i:r?l gogtees% (#]);npggfun;elft;g'tsmrgsult segments define individual recording channels within a

; P ' gsy Y ... montage. These categories of result segment are required for all
data n the result segment was generated by the transm'mnlﬁwplementation levels. In a Level | implementation, only a
organization. Thus, this field need only be used when the d.atgngle montage is available, and the MTG categc;ry result
originated elsewhere. For example, when an EEG traCIn%egment merely specifies the number of channels. In this case,

pgrf_ormed elsewhere is interpreted k_)y a laboratory gnd thELC (if used) and then CHN category result segments are
original waveform data and annotations are transmitted t%

another party along with the resulting interpretation and repor ansmittedafter the single MTG category result segment,

i HN category result segments refer to electrode or transducer
from that laboratory, the result segments containing waveforni . . . .
: . .~ _names defined in previously transmitted ELC category result
data and annotations would contain the ID of the original

laboratory performing the study in field OBX-16, while this segments (or to default electrode names when ELC category

. . . . result segments are not used). TIM and WAV category result
field would be omitted in segments used to transmit the report

: : segments follow the ELC and the CHN category result
and interpretation.

5.18 Responsible ObserverThis field (usually considered segments. If electrode definitions change later in the recording,
Ny . . .. further ELC category result segments can be transmitted,
optional for all implementation levels) may be used to specify hich then v to anv subsequently transmitted waveform
the individual directly responsible for the data in the result’y eh Then apply y -€d y ;
segment. For waveform data and annotations, this is usually thdeata' Similarly, if channel settings change later in the reC(_)rd-
technician or physician who performed the study. For reportsmg’ furt_her CHN category result segments can be transmitted
interpretations, and analyzed data, this is usually the physicia‘%t any time to specify the new chqnnel deﬁmtpns. )
who interpreted the waveform data and generated the report, 6-1.3 In Level 1l and greater implementations, multiple
Since the information about the principal and assisting interMontages may be available. Montages are identified by a
preter and technician is contained in fields OBR-33, OBR-34nNumber in the range from one i whereN is the maximum
and OBR-35 of the preceding order segment, this field nee§Umber of montages allowed by the transmitting (or data
only be used if different technicians or physicians participatedcduisition) and receiving (or display) systems. It is suggested
in different portions of the study, and it is necessary to associat&'at Systems used for EEG be designed with a mininNiof
the appropriate individual with the appropriate portion of theten-
data. This field uses the composite ID and name (CNA) format 6.1.4 In Level Il and greater implementations, each montage
described in 4.4.5. has associated with it a set of electrode definitions (specified by

o ELC category result segments) and channel definitions (speci-
6. R_esult Segments Needed for Waveform Transmission/  figq by CHN category result segments). The maximum number
Display of each of these is also determined by the transmitting and
6.1 These categories of result segments comprise the minieceiving systems; for EEG systems, it is suggested that at least
mal subset required to define and transmit waveform dat40 electrodes or transducers and 32 channels be permitted.
(Level I implementations). They would allow reconstruction, Whenever a MTG category result segment is received, the
display, and minimal labeling of the waveforms; this is receiving system should respond by selecting that montage’s
analogous to a recording on strip chart paper with onlyelectrode and channel definitions to be currently in effect (for
channel, sensitivity, and filter setting labels. The ELC, MTG,interpreting subsequent waveform data transmissions). The
and CHN categories of result segments together define theumber of channels in the montage (given in the MTG
information required to identify and label the waveform data orcategory result segment) determines the number of data values
analyses made on that data. TIM category result segmenexpected for each time sample in subsequent WAV category
define the time of the start of the epoch of waveform dataesult segments. If the MTG category result segment received
which follows, the sampling interval of the waveform data, thespecifies a montage number which has not yet been used in the
epoch length, the transmitted data format, and waveforncurrent study (that is, since the last OBR segment), an empty
averaging information. WAV category result segments contairset of electrode and channel definitions is selected, which can
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be filled in by subsequently transmitted ELC and CHNIocation, attributes, and up to five coordinates that further
category result segments. If the MTG category result segmerspecify its location and orientation. The optional coordinate
specifies a previously used montage number, the previousigata can be used for creating mapped displays, for source
defined electrode and channel definitions for that montage amipole and other spatial analysis programs, etc. A derived
put into effect. Thus, the order of result segment transmissiorlectrode is a fictitious electrode whose signal is calculated as
used is generally MTG category followed by ELC categorya linear combination (a weighted sum) of the signals at one or
followed by CHN category. more other, previously defined electrodes or transducers. An

6.1.5 A set of electrodes or transducers may also be defineeLC category result segment may be followed by a comment
which arecommon that is, available to all montages. This is (C) segment, if needed, to specify additional detail about the
done by transmitting the ELC category result segments defirelectrodes defined. Each ELC category result segment defines
ing the common electrodgmior to the first transmitted MTG one or more electrodes or transducers, and any number of ELC
category result segment. As for simple one-montage impleeategory result segments may be used. The observation value
mentations, receiving systems may have a default set dfeld of this category of result segment contains one or more
common electrodes (for example, the standard 10-20 osubfields separated by repeat delimitérs). Each subfield
extended 10-20 system scalp electrodes) which can be modiefines one actual or derived electrode, and consists of multiple
fied or added to by any ELC category result segments thatomponents.
precede the first MTG category result segmevibntage- 6.2.1 Defining Actual Electrodes/Transducer$or defin-
specificELC category (and all CHN category) result segmentsng an actual electrode or transducer, a subfield in the ELC
are transmitted after the MTG category result segment to whicbategory result segment consists of up to eight components
they apply. separated by component delimit€dg ). The format of the

6.1.6 At least one MTG category result segment must b&LC category result segment used to define actual electrodes or
transmitted prior to any CHN, ANA, or WAV category result transducers is summarized in Table 10. The individual compo-
segments. Many applications will not require more than onaents are defined as follows:
MTG category result segment, since additions to or changes in 6.2.2 Electrode Number and Name (both required)
channel or electrode definitions can be made at any time (bldentifies the electrode or transducer with a number and name.
CHN or ELC category result segments) within the currentlyThe alphanumeric name follows the number and is separated
selected montage. However, the ability to store and latefrom it by a subcomponent delimitgf&). The maximum
retrieve an entire montage definition may be useful for soméength of an electrode name is eight characters, but names
systems. A set of defined, named montages may also be usedlopnger than four characters should be avoided, if possible,
the receiving (or display) system for purposes in addition tdbecause of space limitations in displays. The na@rsL
interpreting the waveform data received; for example, somahould not be used because it is reserved for use in CHN
systems allow waveform data to be displayed using a montageategory result segments to indicate a calibration signal input.
other than that used to send the data, by means of a montage
reformatting program. Whenever a MTG category result seg- TABLE 10 ELC Category Result Segment Format—Defining

ment is transmitted, it not only selects the montage used for Actual Electrodes
data transmission (either previously defined, or to be defined Components of Result Field Type Length, max
by subsequent ELC and CHN category result segments), bEzcirode Number and Name
also usually causes the receiving system to select that samelectrode number NM 4
montage for other purposes (for example, display or printing),, Ec'frztg‘;dl‘fo';?oen ST 8
However, subsequent S_EL category result segments (describédcation code 1 ST 80
in 7.10) may be transmitted to specify that different montages Text for location code 1 ST 200
should be selected for functions other than data transmissiony 2 of location code 1 -t ot
(for example, dlsplay or prlntlng). Text for location code 2 ST 200
Nature of location code 2 ID 12
ELC Category Electrode/Transducer Attributes
. . Electrode/transducer type ID 8
6.2 Thls'cate.gory of result segmt_ent dejmes electrodes (Or . ierial of eloment 1 D 8
other physiologic data transducers including SQUID magne- biameter of element 1 NM 20
tometers and gradiometers) by a name which may be refer- EP'ffitY’tugntS of e'EFI"entlt Land 2 m 38
. Istance between elemen an
enced in subsequent ELC, CHN, or STM category result y iz of element 2 D 8
segments (which associate the electrodes or transducers withbiameter of element 2 NM 20
specific data channels or define them as being used forEP'ta”W/tUg“tS of e'eTentZt > and 8 m 38
. . Istance petween elemen an
stimulation). Each electrode or transducer has a number ;i of element 3 D b
(unigue within a given montage, and generally the same as thepiameter of element 3 NM 20
physical amplifier input jack or pin number) and a unique Polarity/tuns of element 3 NM 20
alphanumeric name (used in subsequent ELC, CHN, or STM ¢ 0de coordinate Number 1
category result segments to identify the electrode, as well as incoordinate NM 20
displays). Electrodes may be eitlsatualor derived An actual Axis or angle identifier ID 8

. . Electrode Coordinate Number 2
electrode is a physical electrode or a magnetometer or other

transducer connected to an amplifier input, with a given

21



iy £ 1467

6.2.3 Electrode Location (optional}-Specifies a general are used, the topographic location need only specify the
location for the electrode or transducer, which can be furtheposition of the origin of the coordinate system, since the
qualified by specifying electrode coordinates if necessary. Thandividual coordinates specify the exact location of the elec-
electrode location field may not be present, in which case th&odes. For example, the location of the vert&xy(0120) may
value given for the previously defined electrode in the samde used as an origin for all scalp electrodes.

ELC category result segment (if any) is used. No specific 6.2.3.8 Table 11 shows example locations (using qualified
default applies if the location is not present in the first electrodesSNOMED topographic codes) appropriate for defining some of
definition in an ELC category result segment. The electrodehe standard 10-20 system electrodes, plus two surface EMG
location consists of up to six subcomponents separated fromlectrodes used to record from the left triceps brachii muscle,
each other by subcomponent delimitég . The subcompo- two surface EKG electrodes on the chest, and a ground
nents of the electrode location are similar to the coded entrglectrode. This level of specificity is not required; for many
(CE) data type. applications, it is sufficient to identify each 10-20 electrode
6.2.3.1 Location Code 4-An alphanumeric topography Simply as a scalp locatiof{Y0160) without further qualifiers.
code from a generally accepted coding system which identifies 6.2.4 Electrode/Transducer Attributes (optionafDefines
the electrode or transducer location. The SNOMED universaglectrode or transducer attributes. Any or all of these attributes
topography code (extended by use of qualifiers when neceghay not be present, in which case the values given for the
sary) is the default coding system. Other coding systemspreviously defined electrode in the same ELC category result
beside SNOMED, may be used, if available. Appendix X1 listssegment are used. There are no defaults for the first electrode
the SNOMED codes and qualifiers which are most likely to bedefined in an ELC category result segment. The attributes
useful in defining electrode or transducer locations. This tablgonsist of multiple subcomponents separated from each other
may be included in Level Ill implementations of the specifi- by subcomponent delimiter&). These subcomponents are
cation (in data acquisition systems, for example, as a menarranged in groups of four; each group defines the attributes of
from which the technician may select when defining newone of the elements making up the electrode (except that the
electrodes or transducers). In Level | and Il implementationsfirst subcomponent, the electrode/transducer type, applies to all
the code could be directly entered by means of a keyboar@lements). Most electrodes and transducers have only one
(transmitting systems) or displayed without interpretation (re€lement. Multiple contact electrodes (such as concentric needle
ceiving systems), or it may not be present (a less satisfactor§lectrodes) and multiple loop magnetometers (magnetic field
alternative), with the electrode location instead specified in texgradiometers) have multiple elements. The subcomponents
form in the second subcomponent of the location field. defining electrode or transducer attributes are as follows:
6.2.3.2 Text for Location Code-+-A text description of the ~ 6.2.4.1 Electrode/Transducer TypeSpecifies the nature of
topographic location identified by the alphanumeric code in théhe electrode or transducer. Any of the codes given in Table 12
first subcomponent. It may be used to provide an annotate@@y be used, or other codes may be used that have meaning to
description of the code. Also, it may be used to identify aboth the sending and receiving system.
location that cannot be represented with a code or to provide 6-2.4.2Material of Element i-For physical electrodes,
added specificity to the code. In a Level Ill implementation ofspecifies the matenal of which the first element or contact of
this specification, tables of text descriptions of each topothe electrode is composed. For magnetometers and gradiom-
graphic code identified in the previous subcomponent are pafters. this _referg to the material of whlch_the first loop (closest
of the receiving system software so that a standard code seit the subject) is composed. The material may be any of the
alone can be expanded to a full text description on displays or
reports; such tables are not implemented in lower levels.
6.2.3.3 Nature of Location Code -ZIdentifies the coding Electrode

TABLE 11 Example Electrode Location Definitions

Location Identifier

system used for the topographic code in the first subcompas:
nent. Typical values ar®NM + (SNOMED topographic codes Fpl
and associated qualifiers as listed in Appendix X19@rzzor F;
L (locally defined codes, where eazhepresents an alphanu-
meric character). The default 8NM + . (T:33
6.2.3.4 Location Code 2-This subcomponent contains any ¢,
secondary alphanumeric code used to identify the topographit
location. i
6.2.3.5 Text for Location Code-2This subcomponent con- o1
tains a text description of the topographic location identified by°z
location code 2. /T\i
6.2.3.6 Nature of Location Code 2This subcomponent Pgl
identifies the coding system used for location code 2 (theéP:

. MG1
default isL, local codes). EMG2

6.2.3.7 Usage of Locations and CoordinatesVVhen coor- Eig;
dinates arenot specified for electrodes or transducers, thegyp

T-12171-MID&Midline frontonasal suture (nasion)
T-Y0111-LFT-ANT&Left anterior frontal region
T-YO111-LFT-LAT&Left lateral frontal region
T-YO0111-LFT&Left frontal region
T-Y0111-MID&Midline frontal region
T-YO0150-LFT&Left temporal region
T-YO0120-LFT&Left vertex (central) region
T-Y0120-MID&Midline vertex (central) region
T-YO150-LFT-PST&Left posterior temporal region
T-YO0130-LFT&Left parietal region
T-Y0130-MID&Midline parietal region
T-Y0140-LFT&Left occipital region
T-Y0140-MID&Midline occipital region
T-XY105-LFT&Left pinna of ear
T-Y0150-LFT-ANT&Left anterior temporal region
T-23000-LFT&Left nasopharynx

T-10159-LFT&Left sphenoid bone
T-13690-LFT-BEL&Left belly triceps brachii muscle
T-13690-LFT-INS&Left insertion triceps brachii muscle
T-11310-LFT-INF&Left inferior clavicle
T-11310-RGT-INF&Right inferior clavicle
T-10133-RGT&Right mastoid process of temporal bone

location given may be as specific as desired. When coordinates
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TABLE 12 Codes for Types of Electrode or Transducer

Code

Meaning

Electrodes or Special Transducers on or Near Subject

DA
dc
DF

PRS
STR
IMP
IND
FLO
TMP
SND
HRT
OoXY

co2
PHM

Self-adhesive disk electrode

Disk electrode held with collodion

Disk electrode held with paraffin

Disk electrode held with paste

Disk electrode held with suction

Disk electrode held with tape

Electrode mounted in cap

Electrode mounted in rectangular grid or array

Electrode mounted in linear strip

Multicontact wire electrode for depth recording

Thin wire electrode

Hooked wire electrode

Clip-on electrode

Ring electrode

Needle electrode, unspecified

Needle electrode, monopolar

Needle electrode, bipolar

Needle electrode, concentric

Needle electrode, EMG single fiber

Needle electrode, macro EMG

Magnetometer or magnetic field gradiometer (SQUID device)
Accelerometer (motion detector; for example, piezoelectric
crys-

tal)

Pressure transducer (for example, arterial, venous, intracranial,
esophageal)

Strain gage (for example, thoracic, abdominal, or penile)
Impedance measuring device (for example, for impedance
pneu-

mogram)

Inductance measuring device (for example, for inductive
plethys-

mogram)

Flow-pressure transducer (for example, for pneumotachogram)
Thermometer (temperature sensor; for example, thermistor/
thermocouple)

Microphone (sound sensor; for example, laryngeal sound
recorder)

Heart rate monitor (output proportional to average heart rate)
Oximeter (oxygen tension monitor)

Carbon dioxide tension monitor

pH monitor (for example, esophageal)

Signals from Other Devices (for example, used for stimulation)

FLS
VIS

AUD
ELS
SST
RST

TIM

Flash stimulus monitor (for example, strobe light)

Other visual stimulus monitor (for example, pattern reversal
occurrence)

Auditory stimulus monitor (for example, click or tone
occurrence)

Electric stimulus monitor

Somatosensory tester (signals stimulus such as percussion)
Response tester (signals when subject or technician pushes
button)

Time code or time marker

codes in Table 13 or other chemical element symbols or mor
than one of these codes may be concatenated if the material is

an alloy (for exampleAuPt = gold-platinum combination);

also, other codes may be used that have meaning to both t

sending and receiving system.

TABLE 13 Codes for Material for Physical Electrodes

Code Meaning
Ag Silver
AgCl Silver chloride
Au Gold
Cu Copper
Nb Niobium
Pt Platinum
Sn Tin
SS Stainless steel
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6.2.4.3 Diameter of Element-4Specifies the diameter in
centimetres of the first element (contact or loop) of the
electrode or transducer (a fraction, for example, 0.4, may be
used).

6.2.4.4 Polarity/Turns of Element 4+For multicontact
physical electrodes, this specifies whether the first contact is
connected to the amplifier system in such a way that the signal
is added (polarity= + 1) or subtracted (polarity —1). For
example, for the center contact of a concentric needle elec-
trode, polarity=1 would be specified, but for the outer
contact, polarity= —1 would be specified. This is only used
when the concentric electrode is defined, for convenience, as a
single electrode with two elements; it could alternatively be
defined as two electrodes with one element each, in which case
both electrode names would be specified separately in a CHN
category result segment to indicate that one was connected to
the first input and one to the second input of the differential
amplifier. For multiple-loop gradiometers, this subcomponent
specifies the number of turns in the loop. Positive numbers
indicate counterclockwise loop polarity, while negative num-
bers indicate clockwise loop polarity. For example, a second-
order gradiometer would have three loops, the first with
polarity/turns= 1, the second with polarity/turns -2, and
the third with polarity/turns= 1.

6.2.4.5 Distance Between Element 1 and-Eor multicon-
tact physical electrodes, this specifies the distance in centime-
tres (or fractions thereof) between the first and second elec-
trode contacts. For multiple-loop magnetic gradiometers, this
specifies the distance between the planes of the first and second
loops in centimetres (the loops are all assumed to have the
same orientation in space).

6.2.4.6 Material of Element 2-Specifies the material of
which the second element (contact or loop) of the electrode or
transducer is composed. The same codes are used as for
element 1.

6.2.4.7 Diameter of Element-2Specifies the diameter in
centimetres of the second element (contact or loop) of the
electrode or transducer.

6.2.4.8 Polarity/Turns of Element-2-Specifies the polarity
and turns of the second element (contact or loop) of the
electrode or transducer. The usage is the same as for element 1.

6.2.4.9 Distance Between Element 2 and-3his specifies
the distance in centimetres (or fractions thereof) between the
second and third elements (contacts or loops) of the electrode
&r transducer.
6.2.4.10 Material of Element 3-Specifies the material of

I){\gﬂch the third element (contact or loop) of the electrode or

transducer is composed. The same codes are used as for
element 1.

6.2.4.11 Diameter of Element-3-Specifies the diameter in
centimetres of the third element (contact or loop) of the
electrode or transducer.

6.2.4.12 Polarity/Turns of Element-3-Specifies the polarity
and turns of the third element (contact or loop) of the electrode
or transducer. The usage is the same as for element 1.

6.2.4.13 Additional Electrode/Transducer Attributes
Subsequent subcomponents may be used in electrodes or
transducers with more than three elements (contacts or loops)
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to specify, for each element in sequence, the distance between  TABLE 14 Coordinate Axis or Angle Identifier Codes

the previous and current element, the material of the element, Identifier Meaning
the diameter of the element, and the polarity/turns of the IS Axis running inferior to superior
element. Note that if a multiple-loop gradiometer is not S Axis running superior to inferior
composed of loops which all have the same orientation or R e i 'r?gf‘hiot;'?ehf:
otherwise cannot be defined properly by the conventions ML Axis running medial to lateral
defined in 6.2.4.2 through 6.2.4.12, an alternative method is to 'E)'\: QX?S running lateral to medial -
- . B XiS running posterior to anterior
define each loop as a separate transduebc(_rode) with its AP Axis running anterior to posterior
own name, location, attributes, and coordinates, and then PD Axis running from proximal to distal
define aderived electrode which represents the appropriate Bg //:X?S running Ifom gist’;']tto Pm:f(ima'
linear combination (weighted sum) of the signals from each of SD N :322:28 from Sﬁﬂaceotjud;ctﬁ
the separate loops. X X axis (LR for cephalic locations; x = r sin[th]
i ; i cos[ph])
6.2.5 _Electrodf-z C(_)ordm_ate Number _1 (optloqa+)SpQC|f|es v ¥ axis (PA for cephalic locations; y — r sinfth]
a coordinate which identifies the location or orientation of the sin[ph])
electrode or transducer relative to some origin and coordinate z Z axis (IS for cephalic locations; z = r costh])
. R R axis (radial distance from origin; r = SQRT
system. Coordinates are most useful for scalp, subdural, and [ +y2 + 27])
cortical depth electrodes, and possibly other cephalic elec- TH Angle theta wrt z axis (th = Arccos z/t, range
trodes or transducers—Ilocations where arrays of many elec- from O to 180) =
. PH Angle phi wrt x axis (ph = Arctan y/x, range
trodes are generally used. Coordinates may be used for other from 0 to 360)
electrode or transducer locations also (for example, to identify TH2 Orientation angle theta2 with respect to z
different positions along a peripheral nerve or in a muscle). For direction

PH2 Orientation angle phi2 with respect to x direction

multi-contact electrodes, the coordinates refer to the first
contact (closest to the origin of the coordinate system). For
magnetometers or gradiometers, the coordinates refer to t
center point of the first loop (closest to the origin of the

coord!nate systgm). No default or previous values are used fcHorizontally andy vertically, or withy plotted horizontally and
coordinates which are not present. 7 vertically

6.2.5.1 Alinear coordinate is defined along a particular axis, g2 53 For two-dimensional rectangular coordinaiear(d
which has a direction in space and an origin (zero coordinatel, only) used for scalp electrode arrays, the recommended
An angular coordinate is defined with respect to a particulabrigin is the vertex (general locatidhY0120 using SNOMED
coordinate system (set of rectangular axes). When coordinatggdes). For three-dimensional rectangular coordinates and for
are supplied, the general electrode location given previously bypherical coordinates (which may be used for scalp, subdural,
means of a location code specifies tirggin of the coordinate  cortical depth, or other cephalic electrode arrays), the recom-
system, while the axis directions in space are specified with thg,ended origin is the center of the head (general location
coordinates. In general, three coordinates are necessary 10oyp100 using SNOMED codes; for example, defined as the
specify a unique position, but for many purposes only two areenter of a sphere with radius and center coordinates chosen in
needed (that is, if the electrode is assumed to be on the SngCh a way that it passes most near|y through the Sca|p
surface). In addition, for some transducers (for exampleelectrodes). In this context, the spherical (angular) coordinate
magnetometers and gradiometers) and for multi-contact lineajystem allows electrode positions on the scalp surface to be
electrodes, two additional angular coordinates may be used #pecified using only two coordinateph(and th) which are
specify an orientation of the electrode or transducer in spacgdependent of head size, and it also lends itself more readily
(for gradiometers with multiple loops, all loops are assumed tqo dipole localization and other sophisticated processing of
have the same orientation). Each coordinate consists of @aveform data. Either rectangula, §/, 2 or cylindrical ¢, ph,
number specifying a distance in centimetres or an angle ig) coordinate systems (with appropriate choice of origin) may
degrees, and a corresponding axis or angle identifier, separatgé used for electrodes or transducers on the limbs or trunk,
by a subcomponent delimite&(. The allowed axis or angle with the z axis often being equivalent ttS (trunk) or PD
identifiers are given in Table 14. (limb).

6.2.5.2 The coordinate system recommended for all cepha- 6.2.6 Additional Electrode Coordinates (optionah)
lic electrodes or transducers is either rectangwas=(distance  Subsequent components may be used to specify additional
left [-] or right [+], y = distance posterior [-] or anterior coordinates for the electrode or transducer. The format of each
[ +], z = distance inferior [-] or superior [ +]), or spherical ( component is the same as for coordinate number one.
= distance from origin radially outwardh = longitude or 6.2.7 Standard Electrode NamesA system may have pre-
angle measured with respectzaxis,ph = latitudeor angle defined defaults for theommorelectrode set (available to all
of projection inx-y plane measured with respecttaxis). The  montages), which may be supplemented or modified by ELC
orientation anglesh2 andph2 are used for transducers whose category result segments transmitted prior to the first MTG
orientation must be specifiedh = angle measured with category result segment in Level Il and higher implementa-
respect toz direction,ph2 = angle of projection irnx-y plane  tions.
measured with respect t® direction). When the receiving 6.2.7.1 For EMG and NCS studies, where as few as two

%?/stem includes spatial mapping software, these coordinates
can be used to produce a map, generally withplotted
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electrodes may routinely be used, the standard or default 6.2.8 Defining Derived ElectrodesFor defining a derived
electrodes for the common electrode set might be, for examplelectrode, the subfield of the ELC category result segment
the names G1 and G2 (referring to two electrodes used fatonsists of multiple components (up to a predefined limit,
surface recording, or to the two contacts on a bipolar opreferably 35 or more) separated by component delimiters
concentric needle electrode). Systems with multiple recording[] ). The format of the ELC category result segment that
channels could define default electrode names G1, G2, G3, Gdefines a derived electrode is given in Table 16. The individual
etc. components are defined as follows:

6.2.7.2 The electrode names and approximate spherical 6.2.9 Electrode Number and Name (requiredpame as the
coordinates associated with the extended 10-20 system {ifst component used for defining an actual electrode.
electrode nomenclature are listed in Table 15. These electrodes6.2.10 Electrode Location (optional-Same as the second
and coordinates (or, alternatively, the standard 10-20 systemomponent used for defining an actual electrode, but usually
electrodes which are a subset of those listed in Table 15) mightot present for derived electrodes.
be the standard or default electrodes for the common electrode 6.2.11 Derived Electrode/Transducer Type (required)

set for EEG, PSG, MSLT, and EP studies. Consists of the single keywoddERIV to indicate a derived
electrode which is a linear combination of other electrodes.

TABLE 15 Standard Electrodes and Spherical Coordinates 6'2_';]'2 Electrqde 1 MUItlp“er and_ Name (_req'””red_)
— Identifies the first electrode to be included in the linear
Names Electrode Meanings Theta, deg  Phi, deg combination and the multiplier (weight) to be applied. The

Midine Electrodes alphqnumerlc name follows the _muIt|pI|er and is separated

Nz Nasion 1125 90 from it by a subcomponent delimité&) .

Fpz Frontopolar 90 90 6.2.13 Additional Multipliers and Names-Subsequent

AFz Anterior frontal 67.5 90 ts identifv th ltioli d f dditi |

il Frontal 45 90 components iden ify the multipliers and names for additiona

FCz Frontocentral 225 90 electrodes to be included in the linear combination, using the

Cz Central 0 0 same format. An example subfield defining a derived electrode

CPz Centroparietal 225 270 is the foll L

Pz Parietal 45 270 IS the Tollowing:

POz Parieto-occipital 67.5 270 35&A12[|[IDERIV[]0.5&A1[]0.5&A2

I0z Io_ccupna| 1225 ;;8 This defines electrode A12 (electrode number 35) as the

z nion . . . . . .

10 % Parasagittal Electrodes Imear_ combination calculated as 0.5 times Al plus 0.5 times A2

Fpl, Fp2 Frontopolar 920 108, 72 (that is, the average of A1l and A2).

F1, F2 Frontal 52.9 112, 68

FC1, FC2 Frontocentral 334 132.7, 47.3 MTG Category

C1, C2 Central 225 180, 0 . .

CP1, CP2 Centroparietal 334  227.3,312.7 6.3 This category of result segment selects or defines a

211' 222 gizf;ﬁ‘gl ggg g‘s‘g’ ggg named montage and specifies the number of channels in the

20 % Parasagittal Electrodes ' montage. The qbservation value field of a MTG category result

AF3, AF4 Anterior frontal 76.8 118, 62 segment contains two components separated by component

F3, F4 Frontal 64 129.1, 50.9 delimiters ([]). The format of the MTG category result

FC3, FC4 Frontocentral 51.7 151.3, 28.7 . . . . .

c3, ca Central 45 180, 0 segment is summarized in Table 17. The individual compo-

CP3, CP4 Centroparietal 51.7 208.7, 331.3 nents are defined as follows:

P3, P4 Parietal 64 230.9, 309.1 i

PO3. PO Parieto-occipital 768 542 298 '6.3.1 Mo.ntage Number and Nameldentlfles the montage

30 % Parasagittal Electrodes with a unique number and an optional name (used, for

F5, F6 Frontal 769 1369, 43.1 example, in displays). The name, if specified, follows the

E?‘CECG Efr:‘ttr‘;fe“"a' Z; . 123'96 221 number and is separated from it by a subcomponent delimiter

CP5, CP6 Centroparietal 71 202.1, 337.9 (&). It may contain alphanumeric and special characters

P5, P6 Parietal 76.9  223.1,316.9 (except delimiters).

s /f;‘;asag'“‘j‘in'féerfgﬁf:;al o0 126, 54 6.3.2 Maximum Number of ChannelsSpecifies the num-

F7.F8 Frontal 90 144, 36 ber of channels in the montage (that is, the maximum number

FT7, FT8 Frontotemporal 90 162, 18

T3, T4 Temporal (alias T7, T8) 90 180, 0 o

TP7, TP8 Temporoparietal 90 198, 342 TABLE 16 ELC Category Result Segment Format—Defining

T5, T6 Post temporal (alias P7, P8) 90 216, 324 Derived Electrodes

PO7, PO8 Parieto-occipital 90 234, 306 "

50 % Parasagittal Electrodes Components of Result Field Type Length, max

F9, F10 Frontal 103.7 149.4, 30.6 Electrode Number and Name Same format as for defining actual

FT9, FT10 Frontotemporal 108.7 164.3, 15.7 electrode

T9, T10 Temporal 1125 180, 0 Electrode Location Same format as for defining actual

TP9, TP10 Temporoparietal 108.7 195.7, 344.3 electrode

P9, P10 Parietal 103.7 210.6, 329.4 Derived Electrode/Transducer ID 8

Other Electrodes Type

Al, A2 Ears 120 180, 0 Electrode 1 Multiplier and Name

T1, T2 Anterior temporal 106 162, 18 Multiplier NM 20

Pg1, Pg2 Pharyngeal Name ST 8

Sp1l, Sp2 Sphenoidal Electrode 2 Multiplier and Name
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TABLE 17 MTG Category Result Segment Format TABLE 18 CHN Category Result Segment Format
Components of Result Field Type Length, max Components of Result Field Type Length, max

Montage Number and Name Channel Number and Name
Number NM 4 Number NM 4
Name ST 40 Name ST 17

Maximum Number of Channels NM 4 Electrode 1 and 2 Names
Electrode 1 name ST 8
Electrode 2 name ST 8
of data values transmitted at each time sample in subsequeﬂt"g:;ii\itey”s't"’“y and Units " i
WAV category result segments). It may not be present if the units code 1 ST 80
MTG category result segment specifies a previously used Text for units code 1 ST 200
montage number, in which case the number of channels ;2 % ! code 1 o ot
previously associated with that montage number is used. Text for units code 2 ST 200
Nature of units code 2 ID 12
CHN Category Channel Calibration Parameters
. . . Sensitivity correction factor NM 20
6.4 This category qf resul; segment defines a record_lng Boiine NM 20
channel which is associated with one of the values in each time Time skew NM 20
sample in subsequent WAV category result segments. EacH{annel Sampling Frequency NM 20
. . : L . Minimum and Maximum Data Values

channgl has a nqmber (which generally defines its position N Minimum NM 20
a multichannel display) and an optional name (also used in Maximum NM 20
displays). It usually has two associated electrodes (because B'f:e"rt elr ype . 8
the use of d_iﬁ‘erential amplifiers with two inputs)_, although  gijer implementation D 8
when a multiple-element electrode or transducer is connectedFitter low-frequency limit o NM 20
to the channel (for example, a special transducer such as ;i:::z: E\évhfrffg:jgﬁgyrﬁm or second limit m gg
SQU|D magnet_ometer or gradmmeter with muItlpIe coils, OI‘- Filter high-frequency rolloff or second limit NM 20
an electrode with two or more contacts such as a concentricFilter characteristics ID 8
i H ilter order or number of coefficients NM 20
needle type), only one eleptrode name need be specified smc{ilter minimum Stopband attenuation N 5
the polarity and other attributes of each element (contact or rijer maximum passband attenuation NM 20

coil) can be defined in the ELC category result segment. Ailter 2
channel also has an associated sensitivity, calibration param:
eters (sensitivity correction factor and baseline), time skew,

sampling (digitization) frequency, minimum and maximum

values, and any number of filter settings (up to the maximum 6.4.2 Electrode 1 and 2 Namesldentifies the electrodes or
allowed by the sending and receiving systems; this maximurtransducers connected to the channel. The two names refer to
should be at least three). Each CHN category result segmentectrodes defined in the montage (or electrodes common to all
defines one or more channels, and any number of CHNnontages), and are separated by a subcomponent delimiter
category result segments may be used. A CHN category resul&) . The first name is required, but the second may not be
segment may be followed by a comment (C) segment, ipresent if the channel is connected to a special transducer or
needed, to specify additional detail about the channels and theinulti-element electrode or does not represent a differentially
characteristics (for example, amplifiers and filters used, includamplified signal with two inputs. UsinGAL for the first (and

ing detailed analog or digital filter characteristics). The obseronly) electrode name indicates that the channel is connected to
vation value field of this category of result segment contains calibration signal source (which may be further defined by a
one or more subfields separated by repeat delimitejsEach later STM category result segment).

subfield defines one channel, and consists of multiple compo- 6.4.3 Channel Sensitivity and UnitsDefines the channel

nents separated by component delimitefls). The format sensitivity and the units in which it is measured. This compo-
of the CHN category result segment is summarized in Table 181ent consists of up to seven subcomponents, separated from
The individual components are defined as follows: each other by subcomponent delimité®s . The first subcom-

6.4.1 Channel Number and Nameddentifies the channel ponent specifies the sensitivity, while the remaining six sub-
by number and name. The number is required, and must be tomponents are used to specify the units of the sensitivity,
the range from one tt whereN is the number of channels using a format similar to the components of the coded entry
defined in the last MTG category result segment. The name i€CE) data type. If the entire channel sensitivity and units
an optional text string containing alphanumeric characters; it isomponent is not present, the value given for the previously
used in waveform data displays. If this name is not present, théefined channel in the same CHN category result segment is
channel label displayed iselec1>-<elec2>where <elecl> used; for the first defined channel in the segment, the default is
and< elec2> are the names of the two electrodes connected ipt V (microvolt). The subcomponents of the channel sensitiv-
this channel (if only one electrode or transducer is connectedty and units are as follows:
the channel label displayed is the same as the electrode name)6.4.3.1 Sensitivity—Defines the nominal voltage (or other
The maximum length of the channel name is 17 characters, bguantity for transducers other than voltage sensitive) corre-
names longer than 9 characters should be avoided, if possiblgponding to a value of one unit in the waveform data, that is,
because of limited space in displays. the effective resolution of the least significant bit of the ADC,
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and the polarity of the channel. The sensitivity incorporatesligitized values obtained when a zero input signal is connected
both the amplifier gain and the actual ADC resolution. It doego each channel. The default is zero.

not, however, relate to the vertical scaling of a waveform 6 4.4.3 Time Skew-Defines the time difference between the
display (that is, it is a measure of voltage, not voltage per unihominal sampling (digitization) time (which would be the same
distance). A positive sensitivity indicates that a positive num-or all channels) and the actual sampling time of the channel,
ber in the waveform data represents a potential at the firsh seconds (or fractions thereof). This value will differ from
electrode which is more pOSitive than that at the Secon(iero When a” Channe's in the montage are not Samp'ed
electrode. A negative sensitivity indicates that a positivesimultaneously, as occurs in systems which sample successive
number in the waveform data corresponds to a potential at thenannels at regular time intervals. This value may be deter-
first electrode which is more negative than that at the seconghined from a calibration procedure in which an identical
electrode. The convention for many neurophysiologic StUdieﬁme-varying signal is applied to all channels and interchannel
is that positive potentials at the first electrode produqe upwargme differences are estimated, or more commonly it may be
deflections; however, for EEG records the opposite is true. taken from the manufacturer’s specifications for the digitizing
6.4.3.2 Units Code 1-An alphanumeric units deSignation system used. For examp|e, for a System which Samp]es
(for example, uv= microvolt, mv= millivolt, v = volt, or  successive channels at regular time interyatse time skew of
ft = femptotesla) from a designated system of units, such aghannel numbenwould be (-1)t. The actual time of sampling
ISO Standard Sli Unit abbreViationS (the default), or ANSI(d|g|t|Zat|on) of Samp|e numbe'n Of Channe' numban in SUCh
standard U.S. customary unit abbreviations. a system would bR +(m-1)f + (n-1)t, whereR is the
6.4.3.3 Text for Units Code +-An optional text description  reference time at the start of the epoch specified in a TIM
of the units identified by the first subcomponent. It may be use@ategory result segment arfdis the channel sampling fre-
to provide an expanded description of the units abbreviation, afuency { < 1/). The default is zero.
it may be used to identify units that cannot be represented with ¢ 4 5 channel Sampling FrequeneyDefines the sampling

standard abbreviations. o frequency in hertz of the channel (the reciprocal of the time in
6.4.3.4 Nature of Units Code +-An identifier for the  seconds between successive samples). This value may be zero
system of units used in the first subcomponent. Typical valueg, indicate that the channel is not sampled at regular intervals
are I1SO + (Sl units standard abbreviations, the default),pyt rather is sampled sporadically; in this case, digitized values
ANS +(U.S. customary units standard abbreviationsR9zz oy the channel appear in waveform data transmissions only at
or L (locally defined units, where each represents an hose times when the channel is sampled, and are not present at
alphanumeric character). all other times. If the channel sampling frequency is not
6.4.3.5 Units Code 2—-An optional secondary alphanumeric present, the sampling frequency is assumed to be equal to the

units designation from an alternate system of units. ~ reciprocal of the sampling interval specified for all channels in
6.4.3.6 Text for Units Code 2-An optional text description  a subsequent TIM category result segment which defines the
of the secondary units designation in units code 2. start of an epoch of waveform data for the montage that

6.4.3.7 Nature of Units Code 2-An identifier for the includes this channel (note that this assumption differs from
alternate system of units used for units code 2 (the defalltis that applicable to other components of the CHN category result
locally defined units). segment, for which values which are not present are taken to be
6.4.4 Channel Calibration ParametersThis component the same as the corresponding value given for the previously
consists of three optional subcomponents, separated from eadbfined channel). Thus, in applications in which all channels in
other by subcomponent delimite¢&), which define correc- a given montage are sampled at the same frequency, individual
tions to channel sensitivity, baseline, and channel time skewhannel sampling frequencies need not be specified; instead,
which may be derived from a calibration procedure. If any ofthe sampling interval (reciprocal of the sampling frequency)
these subcomponents is not present, the corresponding valte all channels is specified in later TIM category result
given for the previously defined channel in the same CHNsegments. In applications in which channels in a given mon-
category result segment is used; for the first defined channel ilage are sampled at different frequencies, usually the sampling
the segment, the defaults are used as listed in 6.4.4.1 througtervals of individual channels are integral multiples of the
6.4.4.3. The three subcomponents are as follows: sampling interval specified in later TIM category result seg-
6.4.4.1 Sensitivity Correction FacterDefines a correction ments which define the epochs of waveform data, as described
factor for channel sensitivity which may be derived from thein 6.7 (waveform data acquired at differing sampling frequen-
last calibration procedure performed. The actual channel sergies). If this is not the case, thigansmitting system must
sitivity is the nominal channel sensitivity given in the previous convert the digitized data for each channel to effective values
component multiplied by the unitless correction factor. Thefor a single sampling interval applicable to all channels for
default is one. transmission; this practice should be used cautiously to avoid
6.4.4.2 Baseline—Defines the actual channel baseline (thesignificant data distortion.
data value which corresponds to a nominal input signal of 6.4.6 Minimum and Maximum Data ValuesDefines the
zero). The actual baseline may differ from the ideal because ahinimum and maximum data values which can occur in this
a dc offset in the amplifier connected to the ADC. The actuathannel in subsequent WAV category result segments, that is,
baseline values for all channels (which need not be integerdhe range of the ADC (a function of the number of bits in the
may be determined at the time of calibration as the averagADC), and also specifies whether or not nonintegral data
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values may occur in this channel in subsequent WAV categoryen change in amplitude, and one octave representing a factor
result segments. If the minimum and maximum values are botbf two change in frequency). A digital filter, which can have a
integers (or not present), only integral data values may be usadore irregular frequency response curve wifple, is char-

in this channel. If either the minimum or the maximum valueacterized by a maximum attenuation in the passbands (repre-
contains a decimal point, then nonintegral as well as integradenting the amount ofipple in the passbands) and by a
data values may be used in this channel (which may requireninimum attenuation in the stopbands (that is, the attenuation
greater overhead in converting the channel values from decin the stopbands is assumed to be always greater than or equal
mal ASCII to an internal binary representation in the receivingto this value). Between a passband and a stopband, there is a
system). Values outside of the specified range are flagged imansition region, in which the attenuation changes continu-
subsequent WAV category result segments as overflow oously from the minimum stopband value to the maximum
underflow. For am-bit signed ADC, the nominal baselit® = passband value or vice versa. The slope of the frequency
= 0, and the minimumL() and maximum i) values may be response curve in each transition region is defined by giving

calculated as follows: the beginning and ending frequency of the transition band (that
L= _on1 B is, the frequencies adjacent to the passband and adjacent to the
stopband).
H=2""-1 2 6.4.7.2 Filter characteristics for a channel are assumed to

For an unsigned-bit ADC, the minimum value. = 0, and  relate to the sampling interval specified in the TIM category
the nominal baseline valug) and maximum valueH{) may be  result segment that defines the epoch of digitized waveform
calculated from the formulas, data for that channel; as noted in 6.4.5, this sampling interval
may differ from that implied by the actual channel sampling
frequency as defined by the CHN category result segment.
H=2"-1 (4)  Therefore, if decimation filtering following higher frequency

6.4.6.1 The actual signal amplitude(generally, the poten- Sampling or an operation such as ensemble averaging was
tial at electrode number one minus that at electrode numbdierformed, then the filter characteristics are reported as effec-
two) may be calculated from the data vaDe(rangel to H)  tive parameters after transformation from the original sampling
in the WAV category result segment using the actual baselinfequency to the relevant sampling interval for the data as

value B and the nominal sensitivit and actual sensitivity ~fransmitted. _
correction factorC by the formula, 6.4.7.3 The filter 1 parameters consist of up to ten subcom-

A= SQD - B) 5) ponents, separated by subcomponent delimii&js If all of
the filter 1 parameters are not present, all of the values given or

6.4.6.2 The minimum and maximum values are separateglssumed for the primary filter in the previously defined channel
by component delimiter¢&) . If either of the values is not in the same CHN category result segment are useal] ire
present, the corresponding value given for the previouslyot present for the first channel in the segment, no primary
defined channel in the same CHN category result segment ffiter is defined. Ifindividual subcomponents are not present,
used; for the first defined channel in the segment, the defaulowever, then default values are used as described in 6.4.7.4
values are the integers — 1024 (minimum) and 1023 (maxXithrough 6.4.7.13. The ten subcomponents are as follows:
mum). 6.4.7.4 Filter Type (optionah—Defines the filter type. The

6.4.7 Filter 1—Defines the characteristics of the primary codes given in Table 19 are used; the defauBfs
filter for the channel. The filter is specified in terms of its type  6.4.7.5 Filter Implementation (optiona#-Defines the
(high pass, low pass, band pass, or band stop), implementatigiplementation of the filter. The codes given in Table 20 are
(analog or digital), low- and high-frequency limits, order, andysed; the default iBNA.
other characteristics. This specification is based on the ampli- 6.4.7.6 Filter Low-Frequency Limit (optionaf-For analog
tude versus frequency response of the filter and does néilters other than typeLP (HLF), this defines the low-
describe directly the phase response. If it is necessary tRequency limit of the filter in hertz (at 3-dB attenuation). For
specify more detail concerning the filtering process, a commendigital filters of type HP (LLF) or BP, this defines the
(C) segment following the CHN category result segment mayrequency in hertz at which the transition from stopband to
be used (for example, one could specify the actual filtehassband begins (the frequency at which the amplitude is
coefficients or algorithm for a digital filter). attenuated by an amount given by the minimum stopband

6.4.7.1 The frequency response of a filter is characterized byttenuation specified by subcomponent nine). For digital filters
passbands (ranges of frequencies in which the signal is n@j type BS (notch), this defines the frequency in hertz at which

significantly attenuated) and stopbands (ranges of frequencigge transition from passband to stopband begins (the frequency
in which the signal is significantly attenuated). The description

B=2"! 3)

of the filter assumes a maximal gain of one in the passbands TABLE 19 Filter Type Codes

and specifies attenuations on a logarithmic scale with respect &qe Meaning

this Ieve_l as 0 dB. H_Igh' and IOW'frequenCy I|m|t_s for an HP (or LLF) High pass—removes frequencies below low-frequency limit

analog filter are specified at the 3-dB attenuation points (wheop (or HLF) Low pass—removes frequencies above high-frequency limit

the amplitude of a sine wave is attenuated to 70.7 % of it$P Band pass—removes frequencies outside low and high limits

Band stop—removes frequencies between low and high

unattenuated value), and high- and low-frequency rolloffs ar&® limits

specified in decibels per octave (10 dB representing a factor of
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TABLE 20 Filter Implementation Codes default rolloff for analog filters is calculated from the filter
Code Meaning order. The default for digital filters is the value of the previous
ANA Analog filter subcomponent (that is, a very sharp transition is assumed).

FIR Digital filter, finite impulse response type 6.4.7.10 Filter Characteristics (optional-Defines the filter
o g:g:g: per :g{'t?c'ft;'gzu'se response type characteristics. The codes given in Table 21 may be used, or
LAD Digital filter, ladder type another code may be used which has meaning to both the

sending and receiving systems; there is no specific default.
6.4.7.11 Filter Order or Number of Coefficients
at which the amplitude is attenuated by an amount given by theoptional)—For analog filters, this defines the order of the
maximum passband attenuation specified by subcomponefiter. For digital filters, this defines the total number of
ten). This subcomponent is not present for filters of tife  coefficients used in the filter. The default is one.
(HLF). The default is zero. 6.4.7.12 Filter Minimum Stopband Attenuation (optiona)
6.4.7.7 Filter Low-Frequency Rolloff or Second Limit For a digital filter, this defines the minimum attenuation in the
(optional}—For analog filters other than tyde? (HLF), this  stopband, a measure Bpple in the stopband. The attenuation
defines the low-frequency rolloff, that is, the slope of thewithin the entire stopband is greater than or equal to this
logarithmic amplitude versus frequency curve at the low-amount. This subcomponent is not used for analog filters. The
frequency limit of the filter, in decibels per octave. For digital default is 10 dB.
filters of typeHP (LLF) or BP, this defines the frequency in  6.4.7.13Filter Maximum Passband Attenuation
hertz at which the transition from stopband to passband endgptional)—For a digital filter, this defines the maximum
(the frequency at which the amplitude is attenuated by amttenuation in the passband, a measureripple in the
amount given by the maximum passband attenuation specifigshssband. The attenuation within the entire passband is less
by subcomponent ten). For digital filters of tyBS (notch),  than or equal to this amount. This subcomponent is not used for
this defines the frequency in hertz at which the transition fromanalog filters (for which a 3-dB attenuation is always used to
passband to stopband ends (the frequency at which the ampliefine the frequency limits of the passband). The default is 3
tude is attenuated by an amount given by the minimunyp,
stopband attenuation specified by subcomponent nine). This 6.4.8 Additional Filters—Subsequent components may
subcomponent is not present for filters of tyge (HLF). The  specify additional filters for the channel; the format of each is
default rolloff for analog filters is calculated from the filter the same as for Filter 1. il of the parameters defining an
order. The default for digital filters is the value of the previousadditional filter are not present, the values given for the
subcomponent (that is, a very sharp transition is assumed). corresponding filter in the previously defined channel in the
6.4.7.8 Filter High-Frequency Limit (optionaty-For analog  same CHN category result segment are usedillifare not
filters other than typeHP (LLF), this defines the high- present for the first channel in the segment, no additional filter
frequency limit of the filter in hertz (at 3-dB attenuation). For s defined. Ifindividual subcomponents are not present, then
digital filters of type LP (HLF) or BP, this defines the defaults are used as given in 6.4.7.1 through 6.4.7.13.
frequency in hertz at which the transition from passband to 6.4.8.1 An example subfield defining channel 15 as Fp1-F3
stopband begins (the frequency at which the amplitude isvith sensitivity 0.5 pV (microvolts), sensitivity correction
attenuated by an amount given by the maximum passbanfctor 1.1, baseline value 1, time skew 0.00031 s, sampling
attenuation specified by subcomponent ten). For digital filtergrequency 200 Hz, minimum and maximum data values — 2048
of type BS (notch), this defines the frequency in hertz at whichand + 2047, primary bandpass analog filter at 1 Hz (low) and
the transition from stopband to passband begins (the frequengo Hz (high) with 6-dB/octave rolloff, and an analog 60-Hz
at which the amplitude is attenuated by an amount given by thgotch filter (filters from 51 to 67 Hz) with 12-dB/octave rolloff
minimum stopband attenuation specified by subcomponeng as follows:
nine). This subcomponent is not present for filters of tifse
(LLF). The default is infinity (no high-frequency limit). TABLE 21 Filter Characteristics Codes
6.4.7.9 Filter High-Frequency Rolloff or Second Limit coge Meaning

(optional)—For analog filters other than tyge¢P (LLF), this 5o
defines the high-frequency rolloff, that is, the slope of theses
logarithmic amplitude versus frequency curve at the hlghBLA
frequency limit of the filter, in decibels per octave. For digital CHI
filters of typeLP (HLF) or BP, this defines the frequency in cH2
hertz at which the transition from passband to stopband end£M
(the frequency at which the amplitude is attenuated by argas
amount given by the minimum stopband attenuation specifiedam
by subcomponent nine). For digital filters of tyB& (notch),  HAN
this defines the frequency in hertz at which the transition from(ATI

stopband to passband ends (the frequency at which the amplir
tude is attenuated by an amount given by the mammurﬁ"%
passband attenuation specified by subcomponent ten). Th+§K

Bartlett filter
Bessel filter
Blackman filter
Butterworth filter
Chebyshev 1 filter
Chebyshev 2 filter
Comb filter
Cosine taper filter
Elliptic filter
Hamming filter
Hanning filter
Integrating filter
Kaiser filter
Lerner filter
Moving average filter
Ormsby filter
Tukey taper filter

subcomponent is not present for filters of type (LLF ). The
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15[]Fp1&F3[].5&uVv[]1.1&1&.00031[]200[]-2048&2047[] form data at some timafter the waveform data were trans-
BP&&1&6&70&6[|BS&&51&12&67&12 mitted, a TIM category result segment would be transmitted
first to define the starting time and (optionally) the duration of
TIM Category the epoch to which the analysis applied, followed immediately

6.5 This category of result segment defines a time whictpy the ANA category result segment containing the results of
characterizes the start of the epoch of waveform data whickhe analysis.
follows (WAV category result segments), or the start of an 6.5.3 The time which is defined by a TIM category result
epoch in which analysis or feature detection has been pesegment is an absolute time of day, rather than time relative to
formed, the results of which will be transmitted in the nextthe start of the recording, and as such is transmitted as a date
ANA category result segment. It also determines the timeand a time (to facilitate prolonged recordings which continue
which characterizes immediately following STM category through more than one day). The only exception is the special
result segments (defining the start or end of stimulation), TCMsijtuation of downloading equipment settings by transmitting
category result segments (technical comments), or MED catesult (OBX) segments following the order (OBR) segment
egory result segments (medications administered). It alsghat is used to order the study. If time-dependent settings are
defines the sampling interval (the time between successivgownloaded, TIM category result segments may be transmit-
transmitted digitized values for each channel in subsequenéd, but the times that they specify are relative to the start of the
WAV category result segments), the transmission data formajrocedure. For example, a stimulator program may be down-
used, and optional parameters defining the epoch and averagaded by transmitting a series of STM category result seg-
ing method for EP or other types of averaged data. ments to define stimulus types, rates, durations, etc.; TIM

6.5.1 A TIM category result segment must be transmittectategory result segments immediately preceding each STM
prior to any WAV, STM, or ANA category result segments. category result segment may be included to specify the times,
TCM and MED category result segments may precede the firgelative to the start of execution of the stimulator program, at
TIM category result segment, if the comments were recordedvhich each STM category result segment takes effect. An
or medications administered prior to the actual beginning okexample of this usage is a photic stimulation program for EEG
data acquisition. The receiving system should maintain a timetudies, which specifies 1 Hz light flashes for 10 s at time
variable which is initially loaded by the first TIM category 00:00:00, then 5 Hz light flashes for 10 s at time 00:00:15, then
result segment and is rewritten by each subsequent TIN} Hz light flashes for 10 s at time 00:00:30, etc. (providing 5
category result segment. Each WAV category result segmer{ gaps between the end of each stimulus group and the
causes the time variable to be incremented by an amount equgginning of the next).
to the sampling interval multiplied by the number of time 6.5.4 The observation value field of a TIM category result
samples contained in the segment. STM, ANA, TCM, MED, segment contains up to nine components separated by compo-
and other categories of result segment do not affect the timgent delimiterg[] ); its format is summarized in Table 22.
variable. The individual components are defined as follows:

6.5.2 With this arrangement, many applications will not 6.5.5 Time at Start of Epock-This component contains a
require more than one TIM category result segment, since th@ate and time in the standard format described in 4.4.14 (with
time variable is automatically updated as waveform datahe time usually specified in seconds and fractions thereof, with
segments are received. However, if there is a gap in the timg resolution equal to the sampling interval); Table 23 gives
sequence of waveform data (for example, a pause in thgome examples. This component is required, except when the
recording), this should be indicated by the transmission of &M category result segment is used only to download the
new TIM category result segment prior to subsequent wavesampling interval, epoch duration, transmitted data format, and
form data. A change in sampling interval or data format oraveraging information as described in 9.4.4.7. When it is
beginning a new epoch for averaging or sleep stage scoringecessary to specify a time relative to the start of a procedure
purposes would also require a new TIM category resulias was described in 6.5.3) instead of an absolute time, the date
segment. It may also be advantageous to transmit a new TIMortion of the time should be transmitted as 8 zero digits; for
category result segment preceding a new portion of a recordingxample, relative time 00:01:10 becomes 00000000000110.
(for example, when the subject state changes from awake to 6.5.6 Sampling IntervaThis component specifies the time
asleep, or when beginning hyperventilation). Normally, the

time variable increases during a transmission, but a TIM TABLE 22 TIM Category Result Segment Format
category result segment may set it back to a previous time in Components of Result Field Type Length, max
special circumstances. For example, if it is necessary t@ime at Start of Epoch TS 26
transmit both theaw unaveraged data for an EP study and thegigzmgo'fnée”ﬂ m ;g
final average, a TIM category result segment could be transg, qnieq e Format D 8
mitted to define the start time of the data acquisition, followedrime from Reference Mark to Start of Epoch NM 20

by the WAV category result segment(s) containing all of theAveraging Method D 8

|dentificati f Epochs Selected for A i
raw data, followed by another TIM category result segment tog oc mot ry o

reset the time back to the initial start time and define an integer m NM 20
averaged epoch of data, followed by the WAV category result J”mtggf:)f”E sehs Averaded m ;g
segment(s) containing just the final averaged data. Similarly, iﬁumber of Egochs Rejectged NM 20

it were necessary to transmit the results of analysis of wave=
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TABLE 23 Example Time Specifications form data; it is not present when defining an epoch of

Date/Time Interpretation unaveraged data. It specifies the time in seconds from the
19900325153219.135 135 ms past 3:32:19 PM, March 25, 1990 reference point for averaging to the start of the epoch. The
19900802073512-05 7:35:12 AM EST (5 h behind Coordinated reference point is the time at which the stimulus is delivered for

Universal Time), August 2, 1990

19901015134502.925 925 ms past 1:45:02 PM, October 15, 1990 EP or NCS averaging, or the time of the external trigger for

triggered averaging (for example, averaging of movementre-
lated potentials triggered by a signal derived from the onset of

(in seconds) which elapses between samples in the digitized compound muscle action potential recorded by an EMG
waveform data stream for any single channel (assumed to Hgad), or the time marked by a cursor in manual averaging of
the same for all channels in the current montage). For exampl&EG, polysomnogram, or EMG transients (such as spikes), or
a typical value for EEG is 0.005. the time marked by an automatic transient detection routine in
6.5.7 Duration of Epoch—This component specifies the automatic averaging of EEG, polysomnogram, or EMG tran-
duration of the epoch of digitized waveform data which will Sients. A positive number indicates that the averaging epoch
follow, in seconds. The number of samples for each channel i8egins some timefter the reference time. A negative number
the epoch duration divided by the sampling interval. Thisindicates that the averaging epoch begins some tieferethe
component is required when the waveform data represents dgference time (back averaging). In the latter case, the epoch
averaged set (an average of multiple fixed-length epochs), 482y extend beyond the reference time if necessary (back and
for an EP recording. It also may be required when certain typefprward averaging). Zero indicates that the averaging epoch
of ANA (analyzed data) category result segments are used (fd¥€gins at the reference time. _ _
example, for frequency spectral analysis) or for sleep stage 6-5.10 Averaging Methoe-This optional component is
scoring, in order to specify the duration of the epoch on whichsed when defining an epoch of averaged data; it specifies the
the analysis or scoring was performed. It is otherwise optionaffype of averaging performed on the waveform data in the
for example for unaveraged EEG, EMG, or NCS data, since théPoch. Any of the codes given in Table 25 may be used, or
transmitting system may not know the length of the following Other codes may be used that have meaning to both the sending
epoch until after it is transmitted. and receiving system; the defaultAd L . Averaging method
6.5.8 Transmitted Data Format-This component indicates ALT may be used, for example, for averaging evoked potential
the format of the transmitted data in all subsequent WwAydata resulting from alternating polarity auditory stimuli when it
category result segments (until the next TIM category resultS desired to enhance the polarity-dependent waveforms (such
segment). Any of the codes given in Table 24 may be use®S cochlear microphonics); it may also. be used to obtamsae
instead ofLOC, a locally defined code may be used to indicate€Poch that can be compared with thignal epoch resulting
a specific locally defined nonstandard data format which igrom averaging all epochs in the standard fashion. Averaging
known to both the sending and receiving systems. The defauffethod CNT, for example, may be used with =2 to
and preferred value iDEC. Only the DEC, DNC, anddcB generate two.averages simultaneously, with the first, third, etc.,
formats are standard (and portable). Although a particulagPochs forming one average, and the second, fourth, etc.,
transmitter or receiver system need only implement the datfrming the other. Averaging meth@&TM is appropriate when
format(s) required for the type of waveform data it is designednultiple stimulus types are employed for evoked potential
to handle, theDEC and DNC data formats will be the most averaging (for example, aeddball stimulus paradigm in
commonly used, and will be implemented by most receivemvhich unusual stimuli are intermixed randomly among a larger
systems. The most general receiving systems will implemerffumber of usual stimuli and an average is obtained of
all of these standard formats. However, #HEX, BIN, and ~ résponses to unusual stimuli). _
LOC formats are to be used only for nonstandard (and 6.5.11Identification of Epochs Selected for Averaging
non-portable) data transmission, as described in 6.6.3. This optional component is used only when defining an epoch
6.5.9 Time from Reference Mark to Start of Epeefihis of averaged data; it consists of two integer subcomponemts (

value is required when defining an epoch of averaged waveand n) separated by a subcomponent delimi{&) which
identify the particular epochs included in the average for

TABLE 24 Transmitted Data Format Codes averaging method<CNT, STM, and SEL. For averaging

Code Meaning

DEC Decimal standard channel-multiplexed format with TABLE 25 Averaging Method Codes
optional channel numbers in second subcomponent Code Meaning

DNC Decimal standard channel-multiplexed format with no
channel numbers, transmitted in ascending channel ALL All epochs of data are included in the average
number order ALT All epochs of data are included in the average, but

dcB Decimal channel block (unmultiplexed) format, successive epochs are alternately added to and
transmitted in ascending channel number order subtracted from the average

HEX Hexadecimal standard channel-multiplexed format SEL Epochs of data are included in the average only if they
(using \X\ escape sequence), transmitted in ascending satisfy one of a number of different predefined
channel number order selection criteria

BIN Binary standard channel-multiplexed format (using \Z\ CNT Epochs of data are counted and every nth epoch is
escape sequence), transmitted in ascending channel included in the average where nis an integer number
number order STM Epochs of data to be included in the average are

LOC Locally defined (nonstandard) format (using \X\ or \2\) selected according to stimulus type
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method CNT, the epochs selected for averaging are thoseent delimiters([]), where each component contains the
numberedn, m+ n, m+ 2n, etc. (for example? & 5 indicates  waveform data for a single channel. The format of the standard
the second, seventh, twelfth, etc., epochs). For averaginghannel-multiplexed WAV category result segment is summa-
method STM, the epochs selected for averaging are thoseized in Table 26.
evoked by stimulus typen out of a possiblen stimulus types. 6.6.1.1 Each component consists of two subcomponents
The characteristics of each stimulus type are defined in aeparated by subcomponent delimité%3. The first subcom-
subsequent STM category result segment. For averagingonent is the digitized value for a single channel at a single
methodSEL, epochs selected for averaging are those satisfytime; this may be either a signed decimal number (which may
ing criteria numbem out of a set ofn criteria. The actual be nonintegral if a nonintegral minimum or maximum data
criteria may be specified in an immediately following commentvalue was specified in the CHN category result segment which
(C) segment if necessary. defined this channel) or the special symbols < (meaning input
6.5.12 Number of Epochs Averagedrlhis optional value, to ADC was below its range) or > (meaning input to ADC was
used for averaged data, specifies the number of epochs actua#iipove its range). The second subcomponent is the channel
included in the average. The default is one. number to which the digitized value applies. For a channel
6.5.13 Number of Epochs Rejectedlhis optional value, defined in the CHN category result segment with a nonzero
used for averaged data, specifies the number of epodtaswf sampling frequency, if the digitized value (first subcomponent)
data which were acquired but not included in the averagés not present, it is assumed not to have changed since the last
because of artifact or for other reasons. The default is zero. time sample; this may be used to save space when digitized
values for a particular channel remain constant over a number
WAV Category of time points (for example, a slowly varying signal such as
6.6 This category of result segment is used to transmit thgrom an oximeter). However, for a channel defined with a zero
actual waveform data (the digitized values from an ADC orsampling frequency (implying sporadic rather than periodic
other digital data source). An epoch of waveform data for allsampling), if the digitized value is not present, then the channel
channels and at multiple successive times may be transmitteg assumed not to have been resampled since the last time
in a single WAV category result segment (extended wherpoint. If the channel number (second subcomponent) is not
necessary by use of addenda lines if the length exceeds the 2gfesent, then a channel number one greater than that of the
character limit set by Specification E 1238, and provided thaprevious component is assumed; for the first component, a
the length of the observation value field does not exceed thehannel number of one is assumed. If more than one digitized
maximum defined field length for OBX segments, 64K), or invalue for a particular channel is transmitted for a single time
multiple successive WAV category result segments, possiblyoint, then the receiver system should use the last transmitted
with interspersed result segments of other types (for examplesalue for that channel. If a value for a channel number outside
containing annotations or comments). The waveform data maghe range from one tdl (whereN is the number of channels
be transmitted in either channel-multiplexed format (that is, thespecified in the last transmitted MTG category result segment)
values for all channels for the first time sample are transmitteds transmitted, this value should be ignored by the receiver.
then the values for the next time sample, and so on until the 6.6.1.2 It is expected that most implementations will define
requisite number of time samples have been transmitted), or ithannels within a montage in such a way that the digitized
channel block (unmultiplexed) format (that is, the values foryalues for each time sample can be transmitted in ascending
the first channel for multiple time samples are transmitted, theghannel number order beginning with channel one. In this case,
the values for the second channel for the same times, and so @fle second subcomponent (channel number) of each compo-
until all channels have been transmitted). The data may bgent in the WAV category result segment may not be present,
transmitted either using standard decimal encoding or in gince the first channel number defaults to one and each
nonstandard encoding format, as described in 6.6.3. A WAsyccessive channel number defaults to one greater than the last.
category result segment may also be used to transmit only gowever, there may be some instances in which it is advanta-
pointer to the waveform data, rather than the data itself, ageous to transmit the channel values in a different order from
described in 6.6.3. If one or more digitized values anywhere inhat in which the channels are defined (or displayed), or the
the WAV category result segment were out of range of thejigitized values for a particular time point may be sufficiently
ADC, then the entire result segment is flagged by inserting a Sparse (due to the absence of values for a number of channels)

symbol (meaning values below the ADC rangepo> symbol  that less characters are required to transmit a new channel
(meaning values above the range) or both (separated by a

component delimiter) into the abnormal flags field.

6.6.1 Channel-Multiplexed Decimal Waveform Data
Formats—The observation value field of a standard WAV
category result segment (with value type CM) that is use
when the preceding TIM category result segment defining thé&irst Channel Data

TABLE 26 WAV Category Result Segment Format for Channel-
Multiplexed Data

d:omponents of Result Field Type Length, max

™ Digitized value ST 20

epoch of waveform data specifies a data formaD&C or Channel number NM 4
DNC contains one or more subfields separated by repeatcond Channel Data

delimiters(~). Each subfield contains data for multiple chan- Digitized value ST 20

Channel number NM 4

nels in the current montage at a single sample time. The
subfield consists of multiple components separated by compad-=
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number with each transmitted value than would be required to 6.6.2.2 Successive subfields in a WAV category result seg-
transmit the requisite number gdlace-holding component ment used for channel block (unmultiplexed) data transmission
delimiters separating the values which are not present; in theseould contain data for successive channels in ascending
instances the second subcomponent may be used to define ttleannel number order. The first subfield determines the number
channel number as needed. For example, the following twof time samples being transmitted in the WAV category result

result fields in a WAV category result segment are equivalentsegment; each subfield after the first normally contains the

O [Ooo2aennoooononsaennoooooooononssazq- same number of components (same number of time samples) as
4140028 12[11100000-1854 the first. If fewer samples are transmitted in a subsequent
(2) 219&4[]516&12[]332&25[]- subfield, the last transmitted value for that channel is assumed
414[]28[]12[]-1854&36 to be unchanged for the remaining time points (the last value is

6.6.1.3 The second subcomponent (channel number) is n@uplicated to pad the series to the correct length); if more
permitted in WAV category result segments which follow asamples are transmitted in a subsequent subfield, the excess are
TIM category result segment that specifies a data format ofgnored. If a particular channel number in the range from one
DNC; in this situation, digitized values must be transmitted into N (whereN is the number of channels specified in the last
ascending channel number order. To optimize performancesansmitted MTG category result segment) has not been
some receiver systems may use a different program to decodfined by a previous CHN category result segment within the
waveform data wheDNC data format is used than for the current montage, either a series of zero values (one for each
defaultDEC format. time sample) would be transmitted in the subfield correspond-

6.6.1.4 Successive subfields in a WAV category result segng to that channel or the subfield as a whole would not be
ment used for channel-multiplexed data transmission, ibresent; in either case, the channel when displayed should
present, contain data for successive time samples, the tinjgoduce a flat line.

between corresponding channels in each (the sampling inter- g g 3 Nonstandard Formats for Waveform Datdhe entire

val) having been specified in the last transmitted TIM category pcarvation value field in the WAV category result segment

rezuﬁl}tzsecgment.l Block Decimal Wavef Data F h may alternatively contain a data format other than signed
0.2 Lhannel Block Lecimal Yavetorm ata Formarhe decimal, or the observation value field may contain a pointer to
observatlon_ value field of a standard WAV category resL."tthe waveform data on another system, rather than the data
iﬁamer;t (with valulf:. type CMt)c}h?t 1S ufﬁd wher:]thfe precid'nﬂself. The use of data encoding other than signed decimal or of

category result segment defining the epoch of waverorm, pointer value in the observation value field is to be considered

data specifies a data format dtB contains one or more -
) L . non-portable and nonstandard. Any such use would require the
subfields separated by repeat delimit¢rs). Each subfield novf/)ledge of the specific schem)é by both the sendci]ng and

contains data for a single channel in the current montage g ceiving applications, and should be used primarily for

multiple sample times. The subfield consists of mUItlpleinternal communications between networked computers within
components separated by component delimit@r, where

each component contains the waveform data for a sinale tima particular installation. In particular, a receiving system need
P 9 fot be designed to accept data other than in the standard

S?emxgzje).v-\;zs éc;:r;a;rOfrégiIf;inﬁ;itiginung:nt:ﬁgg d(lijr?rp;tl)tl'édecimal formats described in 6.6.1 and 6.6.2, in order to be
27 gory 9 considered compatible with this specification. The primary

6.6.2.1 Each component contains the digitized value for Furpose (.jf this meCha".“.Sm. IS to encourage _evolutlonary

. ) S . . Jhcorporation of this specification into existing designs, where
single channel at a single time; this may be either a signe . ! - .

Internal formats are already established, or into time-critical

i i <or> i L . . .
decimal number or the special symbols < or > as described i plications in which the overhead of format conversion, or of

6.6.1.1. Successive components contain successive ti ansmitting waveform data at all within the message format
samples, the time between each (the sampling interval) having_ . g W A ; g
efined by this specification, is unacceptable with current

been specified in the last transmitted TIM category resul .
segment. For a channel defined in the CHN category resu chnology. To indicate that the WAV category result segment

segment with a nonzero sampling frequency, if the digitizecﬁonta'tnhS da;’;]a ené(I)\Ade n agonstgtrlgard forn;at, a(\j/aiue_typt)ﬁ of
value is not present, it is assumed not to have changed since t g ratner than IS used, an € wavelorm data in the

| ; le. H f h | defi ith servation value f_ieId is prec_e_ded_ and followed dscape
ast time sample. However, for a channel defined with a Zerécz,haracters(\), forming a Specification E 1238/HL7 escape

sampling frequency (implying sporadic rather than periodic equence, as described in 6.6.3.1 and 6.6.3.2. To indicate that

sampling), if the digitized value is not present, then the chann . .
pling) g P e WAV category result segment contains a pointer to the

is assumed not to have been resampled since the last tirﬁ )
P waveform data rather than the data itself, a value type of RP

point. rather than CM is used, as described in 6.6.3.3.
6.6.3.1 Hexadecimal Data FormatDigital waveform data
TABLE 27 WAV Category Result Segment Format for Channel in hexadecimal format is identified by the escape sequence
Block Data \Xdddd\, where theéX’ is followed by one or morepairs of
Components of Result Field Type Length, max hexadecimal digits (0, 1, ..., 9, A, ..., F). Consecutive pairs of
First Time Sample Digitized Value ST 20 the hexadecimal digits represent 8-bit binary values which

S d Time S le Digitized Val ST 20 X
econd Time Sample Digiized Yalie together define the data values for one or more channels at one

or more sample times. A common scheme is to send signed
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(two’s complement) 16-bit digitized values as four consecutivdile). Using thispointer, the receiving system may obtain actual
hexadecimal digits (high-order to low-order), using the sameavaveform data from the system namedapplication IDusing
transmission order as in the standard channel-multiplexedetwork protocols or other mechanisms other than the message
decimal format (in ascending channel number order); thischeme defined by Specification E 1238 or HL7. The preceding
hexadecimal format is specified by using the data fortdaX TIM category result segment specifies the format of the data
in the preceding TIM category result segment. Other hexadecitored on the other system, often using a locally defined data
mal formats (with different numbers of hexadecimal digits forformat code. The use of this mechanism requires agreement
each value, different order of transmitted values, etc.) may alsbetween sender and receiver on such issues as the meaning of
be used if necessary; such a scheme is specified by using d4rainter, the means by which the data may be obtained from the
format codeLOC (locally defined) or a locally defined data other system, and the formats of the data stored on the other
format code. The interpretation of the data stream in this casgystem, and is considered beyond the scope of this specifica-
is left entirely to an agreement between the sending antion.
receiving applications that is beyond the scope of this specifi-

cation Waveform Data Acquired at Differing Sampling

Frequencies
6.6.3.2 Binary and Other Data Encoding FormatsDigital . . .
waveform data may be encoded by other means using thg 6.7 This specification may be used to transmit waveform

e ata recorded from various channels with differing samplin
escape sequence \Zzdddd\, where @ids followed by one or frequencies in one of two ways, described as follo?/vs P
more letters, digits, or special characters (including, if neces- 6.7 1 Highest Sampling Ere l'Jenc Methodata ma. be
sary, non-printing characters or delimiters); if an escape ' 9 ping d y y

character (\) must be included in the escape sequence, it mue?COded as if all channels were sampled at a single rate

be transmitted as two consecutive escape character specified in the TIM category result segment) which is in fact

" : ) . ie highest sampling frequency in the set. However, a data
\Z3%(Pa [ W2*Gb\. Since carriage returns may appear in an r&/alue for channels sampled at a lower frequency (which must

escape sequence, such a sequence may not be split by use ot an_" . . : X
a7 an integral submultiple of the highest sampling frequency)
addenda line; the length of the WAV category result segme ould only be transmitted periodically at the appropriate

: 9 YRat channel would not be present. Instead of values being not
use_d, for example, to en_code sar_nple vaIu_es using a h'gh Iﬁresent, the digitized value at the previous sample time may
radix than 16, such as radix-32, radix-64, radix-128, or (if 8—b|tinstead be repeated for each subsequent time point in un-
characters are allow_ed by thg communicationg medium O§amp|ed channels, until new data are available. WhebN@&
network), radlx_—256 tginany). This has the theoretical adyan- data format is used and data for unsampled channels at a given
tage of producmg a smaller message length th_an deC|ma_I YYme point are not present, an efficiency can be realized if the
hexa_demmal encoding. However, the use Of. this mechar_ns%wer frequency channel(s) are the highest numbered chan-
requires agreement between sendgr and receiver on such |SSH%§(S) in the channel list. In the time samples (subfields) for
as the character set used for encodlng, the number of c.haractq:,\r,ﬁich an actual digitized value is not present, both the value(s)
used to represent one Va'!Je’ the binary representations €ihd component delimiter(s) for the lower frequency channel(s)
ployed, etc., and is considered beyond the scope of thigay ot he present if no other data follows them in that
specification. Such nonstandard formats are specified by usingtie|q. An alternative equivalent method of transmitting the
data format code.OC (locally defined) or a locally defined 4ata which is applicable only when tH2EC data format is

data format code in the preceding TIM category result segmentysioved (best used when the number of channels sampled at
However, one common scheme fainary transmission (With 5 given time was small compared to the total number of

networks or media which support 8-bit characters) is specifie@hannels in the montage) is to include only digitized values for
by using the data formaIN. In this scheme, signed (two's nse channels which were sampled, each followed by their
complement) 16-bit digitized values are transmitted as tWQ:nannel number (separated by a subcomponent delimiter).
consecutive 8-bit c_haracters (high—order, then low-order), using g 7.1.1 This mechanism is especially appropriate for data
the same transmission order as in the standard chann&lats in which the majority of channels are sampled at the same
multiplexed decimal format (in ascending channel ”Umbe'highest frequency, with one or a small number of channels
order). sampled at a lower frequency (which must be an integral
6.6.3.3 Reference Pointer Data FormatRather than in- submultiple of the highest sampling frequency). Table 28
cluding the actual epoch of digital waveform data within theshows an example of the digitized values and the times at
observation value field, a pointer to the data epoch on anothevhich they were sampled for three channels, with channel 1
system may be given in the format described in 4.4.11sampled at 100 Hz, channel 2 at 50 Hz, and channel 3 at 25 Hz.
<pointer> [] <application ID> [] <type of data>, 6.7.1.2 In this example, the waveform data for the three
where type of datais WV (meaning waveform data). The channels would be transmitted using DEC (or DNC) data
application ID (up to six characters) names the system ornformat as follows, where the sampling interval specified in a
which the data is stored. Tipwinteris a unique key or address preceding TIM category result segment is 0.01 s:
assigned by that system that may be used to access the data (1&4[]26[]-18~142~153[]20~150~139[]15]]
example, a device name, file name, and byte address within th&5~121~114[]9~109~-98[]4[]-12
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TABLE 28 Example Waveform Data for Channels Sampled at TABLE 29 Example Segment Sequence Required to Transmit
Different Rates Waveform Data
Channel 1 Channel 2 Channel 3 Segment Function
Time Data Time Data Time Data ELC-0 Define all electrodes common to all montages
B MTG-1 Start definition of montage 1 (16 channels maximum)
0.00 134 0.00 26 0.00 18 ELC-1 Define all electrodes unique to montage 1
0.01 142 0.02 20 0.04 -15 ) .
CHN-1 Define channels 1, 2, 3, and 8 in montage 1 (100 Hz rate)
0.02 153 0.04 15 0.08 -12 L )
MTG-2 Start definition of montage 2 (16 channels maximum)
0.03 150 0.06 9 X R
0.04 139 0.08 2 ELC-2 Def!ne all electrodes unique to montage 2
0'05 121 ’ CHN-2 Define channels 4 and 5 in montage 2 (60 Hz rate)
’ MTG-3 Start definition of montage 3 (16 channels maximum)
0.06 114 X -
0.07 109 ELC-3 Def!ne all electrodes unique tq montage 3
0.08 98 CHN-3 Define channels 6, 7, and 11 in montage 3 (40 Hz rate)
. MTG-4 Start definition of montage 4 (16 channels maximum)
ELC-4 Define all electrodes unique to montage 4
CHN-4 Define channels 9, 10, and 14 in montage 4 (10 Hz rate)
Similarly, the waveform data could be transmitted with theQ/'TG 11 ge'ect montage 1 ?gain D11 i 0oL s)
, et starting time of epoch 1, 1st sampling interval (0.01 s
same sampling interval using tiieB data format as follows: .\ 11 Waveform data for epoch 1, montage 1 (channels 1, 2, 3, 8)
134[]142[]153[]150[]139[]121[]114[]109[]98 MTG-2 Select montage 2 again
~26[] []20[] []15[] []9[] []4 ~ TIM-1,2 Set starting time of epoch 1, 2nd sampling interval (0.016667
s)
18[][][][]'15[”]['[]'12 . i . . WAV-1,2 Waveform data for epoch 1, montage 2 (channels 4, 5)
6.7.2 Multiple Montage Method-In situations in which the wmTc-3 Select montage 3 again
Samp“ng frequency of some channels is not an |ntegraT|M -1,3 Set starting time of epoch 1, 3rd sampling interval (0.025 s)
b ltiol fth li f f th th h | WAV-1,3 Waveform data for epoch 1, montage 3 (channels 6, 7, 11)
submuitple o € sampling trequency o € otner channeélsy s 4 Select montage 4 again
epochs of data for each set of channels with differing samplingim-1,4 Set starting time of epoch 1, 4th sampling interval (0.1 s)
frequencies could be sent in separate WAV category resulfAv-14 Waveform data for epoch 1, montage 4 (channels 9, 10, 14)
t h ded b MTG t It t &TG—l Select montage 1 again
segments, each preceded by a ca egofy.rﬁsu segmer! 91-2,1 Set starting time of epoch 2, 1st sampling interval (0.01 s)
select the set of electrode and channel definitions appropriateav-2,1 Waveform data for epoch 2, montage 1 (channels 1, 2, 3, 8)
for the subsequent WAV category result segment) and a TIMATG-2 Select montage 2 again o
g . TIM-2,2 Set starting time of epoch 2, 2nd sampling interval (0.016667
category result segment (to select the sampling interval appro- 9)
priate for the subsequent WAV category result segment and toav-2,2 Waveform data for epoch 2, montage 2 (channels 4, 5)
identify the time corresponding to the beginning of the epoch)MTG-3 Select montage 3 again .

h lectrod d ch | definiti f h t TIM-2,3 Set starting time of epoch 2, 3rd sampling interval (0.025 s)
The electrode and channel definitions for each mon age (ea%vz 3 Waveform data for epoch 2, montage 3 (channels 6, 7, 11)
set of channels sampled at a different rate) would have to betc-4 Select montage 4 again
defined at the start of the recording by sending sets of MTG'M-24 Set starting time of epoch 2, 4th sampling interval (0.1 s)

WAV-2,4 Waveform data for epoch 2, montage 4 (channels 9, 10, 14
followed by ELC and CHN category result segments for eachepeat for all epochs recorded) . ge 4 )

such montage (in Level Il and higher implementations).
6.7.2.1 According to this scheme, a particular transmission
may contain first a MTG category result segment, TIM ,
catggory result segment, and allgof){he WAV cagt]egory resulf - Result Segments Used for Annotation of the Waveform
segments for the entire recording corresponding to one sam- Data
pling frequency, followed by a new MTG category result 7.1 These categories of result segments provide additional
segment, TIM category result segment, and all of the WAvrelevant information for interpretation of the electrophysi-
category result segments for another sampling frequency, etglogic study. They do not specify the structure of the transmit-
Alternatively, the transmission could be segmented into epochi&d data, and so are not required in order to transmit waveforms
of time, with a duration appropriate to the application (for for display, but they provide additional information which may
example, the length of time that could be displayed on onde€ required to interpret the waveform data and draw relevant
screen of a display device or printed on one page of a printeronclusions. These categories of result segments are not used
All of the data required for one epoch would be transmitted asn Level | implementations but are used in Levels Il and
a block, consisting of the MTG category result segment, theyreater.
TIM category result segment, and one or more WAV category
result segments for one sampling frequency, then new MTG, DST Category
TIM, and WAV category result segments for the next sampling 7.2 This category of result segment defines supplemental
frequency, etc. The sequence would repeat for each epoch unsilibject data related to the electrophysiologic procedure, con-
all epochs were transmitted, maintaining the stream-orienteslisting of distance measurements (generally made by a techni-
structure of the transmission. cian) needed for interpretation of the waveform data. Each
6.7.2.2 Table 29 illustrates this method of transmittingDST category result segment can define one or more distances,
waveform data; in this example of a 16-channel recordingand any number of DST category result segments may be used.
system, channels 1, 2, 3, and 8 are sampled at 100 Hz; channdlke distances could be used for constructing potential maps, in
4 and 5 are sampled at 60 Hz; channels 6, 7, and 11 are samplsource (dipole) localization programs, in calculating propaga-
at 40 Hz; channels 9, 10, and 14 are sampled at 10 Hz; anibn velocities, etc. The observation value field of this category
channels 12, 13, 15, and 16 are unused. of result segment contains one or more subfields separated by
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repeat delimiters(~). Each subfield defines one distance

TABLE 31 Examples of Distance Identifiers

measurement and consists of three components separated by Identifier

Meaning

component delimiter§[] ). The format of the DST category T-1014[T-12171

result segment is summarized

in Table 30. The individual components are defined as follows! Y0171-LFTIT-YO171-RGT
7.2.1 First Location Identifie—Identifies the position of the  t.vo120T-10560

first of the two locations between which the distance was

measured. This location identifier has the same format as that-2°600T-10770

used in the ELC category result segment for electrode locar11310-surpT-Y8300

tions. It consists of up to six subcomponents, separated bi11310-LFT-SUP[]T-Y8300-

subcomponent delimitgt(&) . The first and fourth subcompo-_ T-11310-LFT-SUP[T-11310-

nents are alphanumeric location codes, the second and fifthreT-sup

subcomponents are textual representations of the location, aﬁd1%310-LFT-5UPDT-Y8600-

the third and sixth subcomponents specify the coding syste#fxglgo_RGT_LceuT_

External occipital protuberance (inion) to
frontonasal suture (nasion) distance

Left preauricular area to right preauricular area
distance

Vertex (central) region to fifth cervical vertebra
distance

Fifth cervical vertebra to third lumbar vertebra
distance

Superior clavicle” to elbow distance

Left superior clavicle” to left elbow distance

Left superior clavicle” to right superior clavicle®
distance
Left superior clavicle” to left wrist distance

Right distal arm/thigh portion median nerve to

used in the first subcomponent (defa@NM +, qualified  x9180- RGT-LC9
SNOMED location codes) and fourth subcomponent (default

T-Y9100-LFT-ANT[]T-Y9100-
L, local codes).

7.2.2 Second Location Identifierldentifies the position of T-Il_ggsz-sBTEL[]&SSSZ-INS
the second of the two locations between which the distance was
measured, using the same format as the first location. ASuperior clavicle is used to refer to Erb's point.
7.2.3 Distance Value-The measured distance in centime-
tres between the two locations on the subject’s body. used during instrument calibration procedures. In addition, the

7.2.4 Some examples of distance identifiers are given iccurrence of a STM category result segment at a particular
Table 31. time point in the transmitted waveform data segments can be

7.2.5 ltis suggested that, for routine EEG, polysomnogramyised to indicate that the stimulus or calibration signal occurred,
and EP recordings, the inion to nasion and left to rightbegan, or ended at that time. The time can be set, if necessary,
preauricular area distances be recorded by the technician al an immediately preceding TIM category result segment. A
included in DST category result segments, since these numbefd’ M category result segment may be followed immediately by
are routinely measured in placing electrodes according to tha comment (C) segment, if needed, to specify additional detail
10-20 system and are useful in calculating head radius (agbout the stimuli or stimulus paradigms used. When necessary,
proximately, the geometric mean of the inion to nasion distancé single STM category result segment can define more than one
and the left to right preauricular area distance divided by 1.25imultaneously applied stimulus, or more than one STM
), which is needed to convert electrode angular (sphericaljategory result segment can be used in immediate succession

coordinates to rectangular coordinates and interelectrode diéfor example, when continuous masking noise is applied to one
tances. ear and stimulus clicks to the other simultaneously, or when a

stimulus paradigm employs more than one set of stimulus

STM Category characteristics in a train of periodic or quasiperiodic stimuli).

7.3 This category of result segment defines the stimuludultiple stimuli can be defined in a single STM category result
parameters for an EP or NCS recording. It can also be used, #egment either by specifying multiple stimulus characteristics
desired, to define stimulus parameters for photic stimulation ot€ach in a separate subcomponent) within a single train of
other regular stimuli or trains of periodic stimuli delivered stimuli which are all of the same general type and all delivered
during an EEG or similar recording. Furthermore, it can beto the same location, or by specifying multiple separate stimuli

used to indicate the type and amplitude of a calibration signa®r trains of stimuli using separate subfields in the segment, or
both. An individual stimulus type in such a segment may be

referred to in TIM category result segments that define aver-
aging by stimulus type by using a number specifying its ordinal

right distal forearm/leg portion median nerve
distance
Left anterior thigh to left posterior thigh distance

Belly abductor pollicis brevis muscle to insertion
abductor pollicis brevis muscle distance

TABLE 30 DST Category Result Segment Format

Components of Result Field Type Length, max position in the STM category result segment. The order used is:
F"ét ZOCftion Identifier or o0 first subcomponent in first subfield, second subcomponent in
ode . . . . . .
Text for code 1 ST 200 first subfield, last subcom_ponent in first subfield, f|rst.
Nature of code 1 ID 12 subcomponent in second subfield, second subcomponent in
$°dtef2 o2 g 238 second subfield, ..., last subcomponent in last subfield. The
ext 1or code . .

Nature of code 2 D 12 obser_vatlon value field of_ a STM category result segment
Second Location Identifier contains one or more subfields separated by repeat delimiters
Code 1 ST 80 (~). Each subfield defines one stimulus or train of related (but

Text for code 1 ST 200 ilv id ical. f le i ixed sti |

Nature of code 1 D 12 not necessarily identical, for example in a mixed stimulus

Code 2 ST 80 paradigm) stimuli and consists of up to twelve components

Text for code 2 ST 200 separated by component delimitéi@ ). The format of the

Nature of code 2 ID 12 STM | . ized in Table 32. Th
Distance Value NM 20 category result segment is summarized in Table 32. The

individual components are defined as follows:
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TABLE 32 STM Category Result Segment Format segment at a particular time point in the transmitted waveform

Components of Result Field Type Length, max data segments indicates that a single stimulus occurred at that
Stimulus Status D 8 time. It is not always necessary to indicate the time at which
Stimulus Type and Electrode Names stimulation ended by means of a STM category result segment
Stimulus type D 8 with statusEND; for example, the ending time of stimuli used
Cathodal electrode name ST 8 . R ) . .
Anodal electrode name ST 8 in an EP recording is often irrelevant, since only averaged

Stimulus Location Identifier waveform data is usually transmitted, rather than continuous
ot e 1 o oy waveform data as in an EEG recording. Since it is possible to
Nature of code 1 ID 12 use multiple simultaneous stimuli, each of which may begin
Code 2 ST 80 and end independently, all of the relevant components that
o for code 2 ST 200 characterize the stimulus should be repeated in the STM

ature of code 2 ID 12 . i

Stimulus Rate category result segment with &ND status just as they were
Most common stimulus rate NM 20 originally transmitted in the STM category result segment with
L east common stimulus rate NM - a BEGIN _status, o) thaF the particular stimulus which ended

Stimulus Duration can be uniquely determined.

Most common stimulus duration NM 20 7.3.2 Stimulus Type and Electrode Names$his required
Least common stimulus duration NM 20 component specifies the type of_stlmulus and (fO( tiAheC )

Stimulus Intensity the names of the electrodes stimulated. It consists of three
Most common stimulus intensity NM 20 subcomponents separated by subcomponent delinf@¢rsas
Léast common stimulus intensity NM 20 follows: . . .

Stimulus Intensity Units 7.3.2.1 Stimulus Type-A code specifying the type of stimu-
Units code 1 ST 80 lus. The codes given in Table 33 or Table 34, or other codes
Text for units code 1 ST 200 havi . to both th di d P t
Nature of units code 1 D 12 aving meaning to bo e sending and receiving system, may
Units code 2 ST 80 be used. The difference between €D (or ECP) andELC
L@? for l;“its,tcodedZZ ﬁ:T 2(132 stimulus types is in the manner of specifying the stimulus

ature or units coae . . . .

Stimulus Frequency or Color electrode location. WitECD or ECP, a single location may be
Most common stimulus frequency or color NM/ST 20 specified in the following component; withLC, one may (in
) conjunction with an ELC category result segment) specify an
Least common stimulus frequency or color NM/ST 20 | d | . ial. si h ib

Visual Stimulus Contrast electrode name, location, type, material, size, other attributes,
Most common visual stimulus contrast NM 20 and coordinates for both the cathode and anode.

, , 7.3.2.2 Cathodal Electrode NameThis subcomponent is
Least common visual stimulus contrast NM 20 d h th f t b tE&C |t f th

Visual Stimulus Pattern Type used when the first subcomponen . It specifies the
Most common visual stimulus pattern type D 8 name of the cathodal electrode through which the electric
‘ , stimulus is delivered.

Least common visual stimulus pattern type ID 8

Visual Stimulus Pattern Element Size or Spatial 7.3.2.3Anodal Electrode NameThis subcomponent is
Period used when the first subcomponentB&C. It specifies the
Most common pattern element size/spatial period NM 20 name of the anodal electrode through which the electric
Least common pattern element size/spatial NM 20 stimulus is delivered. Both cathodal and anodal electrodes
period must have been previously defined in ELC category result
Size of Visual Field Stimulated NM 20 segments, either in the current montage or in the group of
electrodes common to all montages.
7.3.3 Stimulus Location IdentifierThis optional compo-
7.3.1 Stimulus Status-This optional component may be nent is used to specify the general location to which the
used when a stimulus or train of periodic stimuli lasts for anstimulus was delivered. It is not needed for calibration signals
extended period of time during which digital waveform data is(which are delivered to channels that use the electrode name
accumulated. The stimulus status may be eiBEGIN or  CAL) or when a stimulus type dLC is used (since the ELC
END. The transmission of a STM category result segment withcategory result segments specify electrode locations).
a BEGIN status at a particular time point in the transmitted 7.3.3.1 The stimulus location identifier has the same format
waveform data segments indicates that the stimulus or train ofs that used in the ELC category result segment for electrode
stimuli began at that time. Similarly, the transmission of a STM
category result segment with &ND status at a particular time ~ TABLE 33 Stimulus Type Codes for Somatosensory or NCS
point in the transmitted waveform data segments indicates that Stimuli

the stimulus or train of stimuli ended at that time. It is not Code Meaning
necessary to define the beginning and end of a train of stimuli ~ ECP E'ecéfic stimulus at given location, cathode distal to
. . . . anode
b_y this methOd'_ In some appllcatlons, It may be more conve- ECP Electric stimulus at given location, cathode proximal to
nient to transmit a separate STM category result segment for anode
each stimulus in the train. In the latter case, or for brief, ELC Electric stimulus through specified electrode(s)

.- . . . . MAG Magnetic stimulus at specified location
nonrepetitive stimuli, the stimulus status component is not ssT Somatosensory tester stimulus (percussion hammer)

present; in this case, transmission of each STM category resutt
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TABLE 34 Stimulus Type Codes for VEP/AEP Stimuli and signal in hertz. For stimuli such as visual pattern reversals,
Calibration Signals light or pattern appearance/disappearance, or sinusoidally
Code Meaning modulated pattern or light stimuli, the rate is best defined as the
Visual Stimuli number of complete cycles (white to black to white) completed
FLS Diffuse light flash stimulus _ per second. For a square wave calibration signal, the rate is the
LAD Diffuse light appearance or disappearance stimulus . .
LSM Sinusoidally modulated diffuse light stimulus number of on and off CyCIeS per second. _If t_he stimuli ‘tire
PRVA Pattern reversal stimulus, full field generated pseudo-randomly rather than periodically, the stimu-
PRVLH Pattern reversal stimulus, left half field lus rate refers to their average frequency of occurrence.
PRVRHA Pattern reversal stimulus, right half field . i K .
PRVTHA Pattern reversal stimulus, top half field 7.3.4.1 For mixed stimulus type paradigms employing a
PRVBHA Pattern reversal stimulus, bottom half field common stimulus type and one or more less Commdloam
PRVLTA Pattern reversal stimulus, left top quadrant . . . .
PRVLBA Pattern reversal stimulus, left bottom quadrant stimuli types, this component may consist of tWQ or more
PRVRTA Pattern reversal stimulus, right top quadrant subcomponents separated by subcomponent delim{&rs
/F;R;{fB“St, . Pattern reversal stimulus, right bottom quadrant The first subcomponent specifies the repetition rate or average
uditory Stimuli .
CLKRA Click auditory stimulus, rarefaction polarity frequency of occurrence of _the most comr_non stimulus, the
CLKCO Click auditory stimulus, condensation polarity second subcomponent specifies the repetition rate or average
CLKAL Click auditory stimulus, alternating polarity frequency of occurrence of the next most common stimulus
FCLRA Filtered click stimulus, rarefaction polarity t t
FCLCO Filtered click stimulus, condensation polarity ype, etc. ) ) ) . .
FCLAL Filtered click stimulus, alternating polarity 7.3.5 Stimulus Duratior-This optional component speci-
TONRA Tone auditory stimulus, rarefaction polarity fies the duration of the stimulus or calibration signal in
TONCO Tone auditory stimulus, condensation polarity . . .
TONAL Tone auditory stimulus, alternating polarity seconds, when applicable. For extended stimuli such as pattern
GSWRA Gated sine wave (tone pip), rarefaction polarity reversal visual stimuli, the stimulus duration is one half the
GSWCO Gated sine wave (tone pip), condensation polarity ; i ; ;
GOWAL Gated sine wave (tone pip). alternating polarity cycle period (the reciprocal of the snmulus rate), since each
LOGRA Logon auditory stimulus, rarefaction polarity state of a pattern element (black or white) lasts for one half of
LOGCO Logon augitory stimu:us, c?ndensation Ipolarity a cycle. For square wave calibration pulses, the duration is also
LOGAL Logon auditory stimulus, alternating polarity : :
MISK Continuous masking noise one half the cycle_perl_od (the Ieng_th of anor off perlt_)d). Fo_r
Calibration Signals brief, repeated stimuli (such as light flashes, auditory clicks,
CAL Square wave calibration pulse electric stimuli), the duration of a single stimulus in the train is
SIN Sine wave calibration signal

used, when known. For example, an electric stimulus duration
lng substitute PFL for PRV to mdmate pattern fIa;h stimulus, or PAD for PRV mlght be 0.001. (The start and StOp times of the entire train of

to indicate pattern appearance or disappearance stimulus, or PSM for PRV to . . - .

indicate sinusoidally modulated pattern contrast stimulus. stimuli may be speC|f|ed as alrea_dy described by the use of

STM category result segments with status code8BGIN

locations. It consists of up to six optional subcomponentsf’md END, respectively.)

separated by subcomponent delimitéss . 7.35.1 F_or mixed stimulus type paradigms employing a
The first and fourth subcomponents are alphanumeric locatiof®Mmen stimulus type and one or more less comnoakdigal)
codes, the second and fifth subcomponents are textual repredmuli types, this component may consist of two or more
sentations of the locations indicated by the first and fourtreUPcOmponents separated by subcomponent delim(&ys
subcomponents, and the third and sixth subcomponents specily’€ first subcomponent specifies the duration of the most
the coding system used in the first subcomponent (defauffo™mmon stimulus, the second subcomponent specifies the
SNM +, qualified SNOMED location codes) and the fourth duration of the next most common stimulus type, etc.
subcomponent (default, local codes). A SNOMED location 7.3.6 Stimulus Intensity-This optional component specifies
code may contain additional qualifiers includih§T, RGT,  the intensity (average luminance, sound intensity, voltage, or
or BIL designations when the stimulus is delivered exclusivelyeurrent) of the stimuli or amplitude of the calibration signals in
to the left or right eye, ear, or body or bilaterally; if neither appropriate units (which may be specified in the following
LFT or RGT designations appear (or if the location code is notcomponent).
present), the stimulus is assumed to be bilateral. Example 7.3.6.1 For mixed stimulus type paradigms employing a
SNOMED codes for stimulus location identifiers used forcommon stimulus type and one or more less comnoaiaifal)
VEPs, AEPs, median nerve SEPs, tibial nerve SEPs, and ulnatimuli types, this component may consist of two or more
nerve palmar orthodromic sensory NCS are given in Table 355ubcomponents separated by subcomponent delim(&ys
7.3.4 Stimulus Rate-This optional component specifies the The first subcomponent specifies the intensity of the most
repetition rate of a repeated or periodic stimulus or calibratiorcommon stimulus, the second subcomponent specifies the
intensity of the next most common stimulus type, etc.

TABLE 35 Examples of SNOMED Stimulus Location Codes 7.3.7 Stimulus Intensity Units-This optional component
Code Meaning spemﬁr—;s the ur_uts in which the stlmL_JIus intensity is measured.
T XXO00LFT Left eye It consists of six subcomponents with a format similar to the
T-XY000-RGT Right ear components of the coded entry (CE) data type, as follows:
T-X9180-LFT-LC9 Left distal forearm/leg portion median nerve 7.3.7.1 Units Code 1—-An alphanumeric units designation
T-X9450-BIL-LC9 Bilateral distal forearm/leg portion tibial nerve f I d f . h 1SO
T-X9174-LFT Left ulnar nerve, palmar branch rom a generally accepted system of units, such as

standard Sl unit abbreviations (the default), or ANSI standard
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U.S. customary unit abbreviations. Examples of ISO standardommon stimulus type and one or more less comnoaidifal)

units include cd/m2 (candela per)ror cd/cm?2 (candela per stimuli types, this component may consist of two or more

cn?, also known as stilb) for visual stimuli, or cd.s/m2 subcomponents separated by subcomponent delim(&ys

(candela seconds per?nfor brief (flash) visual stimuli; db, The first subcomponent specifies the frequency or color of the

db(sl), db(hl), db(nhl), db(spl), or db(pespl) for auditory stimuli most common stimulus, the second subcomponent specifies the

(the parentheses around the reference level designation are paigiquency or color of the next most common stimulus type, etc.

of the units; the reference level designations are as follows: 7.3.9 Visual Stimulus ContrastFor visual pattern stimulus

sl = sensory level, hi hearing level, nhi= normal hearing types, this optional component specifies the contrast of the

level; spl= absolute reference sound pressure level of 2(attern, defined as (..~ Lmin)/(Lmax* Lmin), Where L., is

micropascal at 1000 Hz; pespl peak equivalent sound pres- the luminance of the brightest elements of the pattern ang L

sure level); v (volts) or ma (milliamperes) for electric stimuli; is the luminance of the darkest elements.

or uv (microvolts) or mv (millivolts) for calibration signals. 7.3.9.1 For mixed stimulus type paradigms employing a
7.3.7.2 Text for Units Code 4-An optional text description common stimulus type and one or more less comnoolalifall)

of the units identified by the first subcomponent. It may be usedtimuli types, this component may consist of two or more

to provide an expanded description of the units abbreviation, csubcomponents separated by subcomponent delim{&rs

it may be used to identify units that cannot be represented witfthe first subcomponent specifies the contrast of the most

standard abbreviations. common stimulus, the second subcomponent specifies the
7.3.7.3 Nature of Units Code +An identifier for the contrast of the next most common stimulus type, etc.

system of units used in the first subcomponent. Typical values 7.3.10 Visual Stimulus Pattern TypeFor visual pattern

are ISO + (S| units standard abbreviations, the default),stimuli, this optional component specifies the type of pattern

ANS + (U.S. customary units standard abbreviations%mzz  employed. Any of the codes in Table 37 may be used, or other

or L (locally defined units, where each z represents arcodes which have meaning to both the transmitting and the

alphanumeric character). receiving systemCPX indicates any pattern which cannot be
7.3.7.4 Units Code 2-An optional secondary alphanumeric described by one of the other codes; the defautht .

units designation from an alternate system of units. 7.3.10.1 For mixed stimulus type paradigms employing a
7.3.7.5 Text for Units Code 2-An optional text description common stimulus type and one or more less comnoolalifal))

of the secondary units designation in Units Code 2. stimuli types, this component may consist of two or more

7.3.7.6 Nature of Units Code 2-An identifier for the subcomponents separated by subcomponent delimi&rs
alternate system of units used for Units Code 2 (the default i¥he first subcomponent specifies the pattern type of the most
L, locally defined units). common stimulus, the second subcomponent specifies the

7.3.8 Stimulus Frequency or ColerFor electric stimuli, pattern type of the next most common stimulus type, etc.
this component specifies the frequency of the electric currentin 7.3.11 Visual Stimulus Pattern Element Size or Spatial
hertz (zero if dc current used). For auditory tone stimuli, thisPeriod—For visual pattern stimuli, this optional component
component specifies the frequency of the tone in hertz. For singpecifies the size of the pattern elements (angle subtended by
wave calibration signals, this component specifies the freeach at the actual viewing distance, in degrees) or their spatial
quency of the signal in hertz. For visual stimuli, this compo-period (total angle subtended by the pattern at the actual
nent specifies the color of the stimulus. To specify color, aviewing distance in degrees divided by the number of cycles,
single code from Table 36 may be used (or other codes whichars, or elements across the pattern).
have meaning to both the transmitting and the receiving 7.3.11.1 For mixed stimulus type paradigms employing a
system). Alternatively, the mixture of the primary colors RED, common stimulus type and one or more less comnoolalifall)
GREEN, and BLUE used may be specified as a commastimuli types, this component may consist of two or more
separated string of the forrREDrrr ,GRNggg BLUbbb,  subcomponents separated by subcomponent delim{&rs
whererrr (0-999) is the relative amount of red liglyggis the  The first subcomponent specifies the pattern size or spatial
relative amount of green light, arlibbis the relative amount period of the most common stimulus, the second subcompo-
of blue light in the stimulus. The default WHT (equivalent nent specifies the pattern size or spatial period of the next most
to RED100, GRN100 BLU100). common stimulus type, etc.

7.3.8.1 For mixed stimulus type paradigms employing a

TABLE 37 Visual Pattern Stimulus Type Codes

TABLE 36 Visual Stimulus Color Codes

Code Meaning
Code Meaning CHK Checkerboard pattern
WHT White HBG Horizontally oriented bar grating
RED Red pattern
ORG Orange VBG Vertically oriented bar grating pattern
YEL Yellow HSG Horizontally oriented sine wave grating
GRN Green pattern
BLU Blue VSG Vertically oriented sine wave grating
IND Indigo pattern
VIO Violet WMG Windmill grating pattern
MAG Magenta DBD Dart board pattern
CYA Cyan CPX Complex pattern
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7.3.12 Size of Visual Field StimulatedFor visual pattern

TABLE 38 Example Technical Comments in TCM Category

Result Segment

stimulus types, this optional component specifies the size of the

visual field stimulated in degrees, that is, the angle subtendetbbreby means oftion

Meaning

by the entire pattern at the actual viewing distance. Eyes open
Eyes closed

TCM Category

7.4 This category of result segment is used to transmit &upine
technical comment (often recorded by a technician) related tgrone
. y . . Lat recumbent
the subject’s observed behavior or technical aspects of thg
recording. When it precedes the first TIM category resultswalows
segment, the TCM category result segment is assumed @‘lzfes
pertain to observations made or history obtained prior to theqe in sleep
start of the recording. Otherwise, the TCM category resulicoughs
segment is assumed to pertain to and be associated with tl\j\g”d:
digital waveform data at the time determined by the lastyyse
transmitted TIM category result segment, or the time aSap
updated by subsequent WAV category result segments contaiféP—flh awakens
ing waveform data. These comments would best be displaye,gf\,ake
by the receiving system overlaid with the waveforms. (Thisbrowsy
differs from comments in C segments, which are not displayeds'¢e?
. Comatose
with the waveform data but are separately .Iogged.). _ Begin biocal
7.4.1 The text of the technical comment is contained in the
observation value field of the TCM category result segmentgnd_b"’ca'
. egin HV
Any length of text (up to 64K characters) may be included.gng pv
Repeat delimiteré~) are used as line terminators. If multiple Begin photic
paragraphs are included in the comment, they should bg photic
Lo egin med
separated from each other by two repeat delimifers-).

Certain comments which are used frequently during EEG anénd med

Eyes held open
Eyes held closed

Eyes opened by subject

Eyes closed by subject

Eyes held opened

Eyes held closed

Subject lying supine

Subject lying prone

Subject lying in lateral recumbent position

Subject moves

Subject swallows

Subject snores

Subject talks

Subject talks in sleep

Subject coughs

Subject stands up

Subject walks

Noise in recording area

Technician taps subject (to keep awake)
Technician awakens subject deliberately

Call subject (to awaken or keep awake)

Subject awake and alert

Subject drowsy

Subject asleep

Subject comatose (unresponsive and unarousable)
Begin biocalibration section (all channels same in-
put)

End biocalibration section

Beginning of hyperventilation

End of hyperventilation

Beginning of photic stimulation

End of photic stimulation

Begin continuous administration of a medication (a
MED category result segment would define further)
End continuous administration of a medication

Onset of a clinical spell or seizure (other comments
describe the nature of the recorded spell)

End of a clinical spell or seizure

Beginning of a special procedure (the nature of which
is specified after begin, for example, reading, walking,
etc.)

polysomnogram recordings may be transmitted (in English®edm spel

speaking countries) as in Table 38 (these formats are suggestedy spell

not required by this specification). Begin ...
7.4.2 On some data acquisition systems, these standard

comments (except the last two) may be generated automating ... End of a special recording procedure

cally by simply pressing an appropriate key or button during'text’ Text represents words said to subject by technician

the recording; the othdree formatcomments would have to ) Text represents words said by subject

be typed on a keyboard. The advantage of having a single key

generate comments such as eyes open, eyes closed, awake,

drowsy, asleep, comatose, begin HV, begin photic, begiformat of the MED category result segment is summarized in

medication, begin spell, and begin <other special recordindable 39.

condition> is that the same key can also trigger a change in the 7.5.2 The first and fourth components could contain alpha-

test/observation ID (see Appendix X2) in subsequent resufumeric codes for a medication administered during or before

segments to reflect the new recording condition. an electrophysiologic recording. The second and fifth compo-
nents would contain text defining the medication name,

MED Category amount, and route of administration. The third and sixth

7.5 This category of result segment defines a medicatiogomponents would contain an identification of the coding

administered during or before the electrophysiologic studysystem used in the first and fourth components; the default for
When it precedes the first TIM category result segment, théhe first component isW2, the eight-digit World Health

MED category result segment is assumed to pertain to a

medication given prior to the start of the recording. Otherwise,

the MED category result segment is assumed to pertain to &

TABLE 39 MED Category Result Segment Format

R K . . . . Components of Result Field Type Length, max
medication given at the time determined by the last transmitted o1 o o
. ode
TIM category result segment, or the time as updated bﬁext for Code 1 ST 200
subsequent WAV category result segments containing waveature of Code 1
form data. This medication data could then be displayed by the Coding system 1 mnemonic identifier ID 5
.. . . Specific code table 1 identifier ID 7
receiving system as a comment overlaid with the waveformss g, 5 ST 80
similar to TCM category result segments. Text for Code 2 ST 200
7.5.1 The observation value field of this category of result\ature of Code 2 R
. ded trv in th . tf tCodlng system 2 mnemonic identifier ID 5
segment contains a coded entry in the six-component formatg,ecific code table 2 identifier D 7

defined by the Specification E 1238 and HL7 standards. The
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Organization record number drug cod&3, (vhile the default dure or test performed during the electrophysiologic study. In
for the fourth component ik, local codes (several alternative effect, CNP category result segments can be used to summarize
coding systems for medications are defined in Specificatiothe testing that was performed. The observation value field of
E 1238, which may be used if desired). If more than onethis category of result segment contains a coded entry in the
medication is administered at the same time, each medicaticsix-component format defined by the Specification E 1238 and
is transmitted in a separate MED category result segment. HL7 standards. The format of the CNP category result segment
DEV Category is summarizeq in Table 41. _
7.8.1 The first and fourth components would contain alpha-

7.6 This category of result segment defines the instrumemniumeric codes identifying the electrophysiologic studies per-
(device) used to perform the electrophysiologic study. Theormed, the second and fifth components would contain the
observation value field of this category of result segmengorresponding text descriptions of the studies, and the third and
contains a coded entry in the six-component format defined byixth components could contain an identification of the coding
the Specification E 1238 and HL7 standards. The format of thgystem used in the first (the default AS4&TEST, the
DEV category result segment is summarized in Table 40. Theast/observation ID codes defined in Appendix X2) and fourth
first and fourth component could contain alphanumeric codeghe default isL, local codes) components. The intention of
defining the instrument. The second and fifth componentENpP category result segments is to indicate that certain
would contain text defining the instrument's manufacturer,syptests or activation procedures were performed that may not
model number, and software version (if applicable). The thirchave been explicitly ordered. If more than one special proce-
and sixth Components could contain an identification of tthure or test was performed during the Study’ each such

coding system used in the first and fourth components (th@rocedure or test is transmitted in a separate CNP category
default for the third component $MD, the Universal Medical  result segment.

Device Nomenclature Systerh@), which uniquely identifies a
type of medical device but not its make or model, and the ANA Category
default for the sixth component Is, local codes99zzzmay 7.9 This category of result segment is used to transmit the
also be used to identify locally defined codes, where each results of analysis or processing of an epoch of waveform data.
represents an alphanumeric Character). If it is necessary {@is a mu|tipurpose category, which can be thought of as a
specify the serial number of the instrument as well, thisquantitative annotation attached to an epoch of waveform data
information should be transmitted in a SER category resulbr to a single feature of the data. It may be derived manually or
segment immediately following the DEV category result seg+y automated processing using a computer algorithm. Receiver
ment, as described in 7.7. If more than one device was used f@g{stem software may display the ANA results overlaid or side
the study, each device is transmitted in a separate DEVy side with the epoch or feature in the data channel to which
category result segment. they apply. A variety of analyses can be performed on
SER Category waveform data; the ANA category result segment is flexible

. ! ) enough to accommodate many of these.
7.7 This category of result segment defines the serial nUM- 7 ™1 One use of the ANA category result segment is to

ber of the instrument (device) used to perform the electrophysi, 5 or identify a feature in the waveform data. For example,
ologic study (specified in an immediately preceding DEV¢, ppg the feature identified is usually one of the recognized
category result segment). The opservatlon val_ue field of thigp peaks. The ANA category result segment may be generated
category of result segment contains a text string (value tYPgq 4 resylt of an automatic transient or peak detection program,
ST) that. def_lnes the instrument’s serial number. If more than,. 45 5 result of manually selecting a transient or peak. The
one device is used for the study, so that more than one DEY o eq feature is characterized by the channel number in
category result segment is transmitted, each DEV categoryich, it was identified, by the algorithm used for its identifi-

resu:t segment ishfollpvyed by a correspondinghSIE(jR categontation and the class or type of feature identified, and by various
result segment when it is necessary to specify the device seriglyional parameters characterizing the feature, such as one or

numbers. more latencies relative to the start of the epoch, or one or more
CNP Category amplitudes or frequencies associated with the feature. The

7.8 This category of result segment defines a special proc&2Me feature is sometimes detected in more than one channel,

TABLE 40 DEV Category Result Segment Format TABLE 41 CNP Category Result Segment Format
Components of Result Field Type Length, max Components of Result Field Type Length, max

Code 1 ST 80 Code 1 ST 80
Text for Code 1 ST 200 Text for Code 1 ST 200
Nature of Code 1 Nature of Code 1

Coding system 1 mnemonic identifier ID 5 Coding system 1 mnemonic identifier ID 5

Specific code table 1 identifier ID 7 Specific code table 1 identifier ID 7
Code 2 ST 80 Code 2 ST 80
Text for Code 2 ST 200 Text for Code 2 ST 200
Nature of Code 2 Nature of Code 2

Coding system 2 mnemonic identifier ID 5 Coding system 2 mnemonic identifier ID 5

Specific code table 2 identifier ID 7 Specific code table 2 identifier ID 7
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simultaneously or with a small interchannel time difference, TABLE 42 ANA Category Result Segment Format

and this may result in the transmission of multiple ANA cComponents of Result Field Type Length, max

category result segments on some systems. For peaks ARaisis identification

waveform data, the ANA category result segment data may glhan_nﬁl number 'TDM g

H B H H 3 H gorithm name

include IaFenC|es and gmplltudes in mylnple channels, wh|lg Type of analysis or feature D 8

the latencies and amplitudes reported in result segments Witkhalysis Parameter 1

no information category code and with a value type of NM (the Parameter value ST 200

f- | I h h Id - th t |d ” Parameter name ST 8

inal values which would appear in the repor)wo_u generally s code 1 ST 80

be based on just one channel. A second possible use of therext for units code 1 ST 200

ANA category result segment is to transmit results of fre- Nature of units code 1 D 12
. Units code 2 ST 80

quency spectral analysis of an epoch of waveform data. The 1oy for units code 2 ST 200

spectrum data is characterized by the channel number fromNature of units code 2 ID 12

which it was derived, by the algorithm used for the calculationAnalysis Parameter 2
and by various parameters which characterize the spectruré:

The spectral parameters could be organized into named fre-

quency ranges (for example, delta, theta, etc.) or into smallder defaults, in the case of the first channel in an ANA category

frequency bins, and could include data such as power giesult segment) are used. These three subcomponents are

amplitude and phase angles for each bin, or a peak frequendfParated from each other by subcomponent delimi&s
or mean frequency within a given frequency range. 7.9.4.1 Channel Number-Identifies the channel to which

7.9.2 An ANA category result segment applies to the datrihe analysis applies (for example, the channel in which a
I

. : eature was detected). A zero value indicates that the analysis
epoch defined by the last transmitted TIM category resu ) y

4 ) lies simultaneously (within one sampling interval) to all
segment. Usually, an ANA category result segment is transm'téEZnnels y( pling )

ted just before or after its associated waveform data, but it may 7.9.4.2 Algorithm Name-Identifies the method or algo-

occur at any p(_)lnt. n th? epoc_h; if needed, the time of Fithm used for the analysis (for example, the method used for
waveform to which it applies is given as a parameter. Alternaz, . .o detection). One of the standard algorithm names may
tively, an ANA category result segment can be transmitte%

| it diatel ded b TIM | e used, or a nonstandard name may be used if it has meaning
ater, I immediately preceded by a category resulty o the sending and receiving system. If not presdAtN

segment which defines the starting time and duration of th?manual analysis or annotation) is assumed. The standard
epoch to which the analysis applies. If needed, an AN Igorithm names are given in Table 43.

category result segment may be followed by a comment (C) 7 g 4 3Type of Analysis or FeatureFor algorithms that

segment to specify additional detail about the analysis. can perform more than one type of analysis or can detect more

7.9.3 The observation value field of the ANA category resultthan one feature, this subcomponent specifies the type of
segment contains multiple subfields separated by repeat delimranalysis performed or identifies the feature detected. One of the
iters (~). Each subfield defines the results of analysis of oneodes listed in Table 44 may be used, or a name other than
channel and consists of a number of components separated those may be used if it has meaning to both sending and

component delimiterg[]). The format of the ANA cat- receiving systems. No default is used if the type is not present.
egory result segment is summarized in Table 42. The individual

components are defined as follows:
7.9.4 Analysis ldentificatior-ldentifies the analysis per-

TABLE 43 Standard Analysis Algorithm Names
Code Meaning

e . . MAN Manual annotation or feature marking, for example, with cursor
formed _by SpeCIfymg the_ Chann_el on which it was perf(_)rmedAUTO Automated (computer) feature detection algorithm
and optionally the analysis algorithm and type of analysis. Theeak Simple automated peak detection algorithm
channel number is required, but the analysis algorithm and typg<¢ Automated EKG feature identification algorithm

t b ti hich th | . f thC L Automated calibration mark detection/analysis algorithm
may no € present, In wnich case € values given tor gFT Spectral analysis based on Fast Fourier Transform

previous channels in theameANA category result segment

42
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TABLE 44 Analysis Type Codes and Associated Parameter

identified peak.

Names

Code

Meaning

Parameter

Meaning

EEG/Polysomnogram Features (MAN, AUTO Algorithms)
Unidentified featurePKLA

UNF

EPI

SHT
wic
SSS
CMP
BUR
TRI
ZET
LAM
SHW
SPK
MSP

SPW

MSW

SEZ

VWV

SPN

Epileptiform dis-
charge

Sharp transient
Wicket

Small sharp spike
Complex

Burst

Triphasic wave
Zeta wave
Lambda wave
Sharp wave
Spike

Multiple spikes

Spike and wave

Multiple spike and
wave
Seizure

V wave
F wave
Spindle

ONLA

TODR

PKDR

PKAM

As for UNF
As for UNF
As for UNF
As for UNF
As for UNF
As for UNF
As for UNF
As for UNF
As for UNF
As for UNF
As for UNF
As for UNF plus:
NREP
FRQ
SPPKLA
SPONLA
SPTODR
SPPKDR
SPPKAM
WAPKLA
WAONLA
WATODR
WAPKDR
WAPKAM
NREP
FRQ

As for SPW
ONLA

RHYTHM
FRQ

AMP

As for UNF
As for UNF
ONLA
TODR

FRQ

Peak latency (time from
start of epoch to peak) of
feature

Onset latency (time from
start of epoch to onset) of
feature

Total duration (time from
onset to end) of feature
Peak duration or rise time
(time from onset to peak)
of feature

Peak-to-peak amplitude of
feature

Number of repetitions of
spikes

Repetition frequency of
spikes

Peak latency of the first
spike

Onset latency of the first
spike

Total duration of the
spikes

Peak duration of the
spikes

Peak-to-peak amplitude of
spikes

Peak latency of the first
wave

Onset latency of the first
wave

Total duration of the wave
Peak duration of the wave
Peak-to-peak amplitude of
waves

Number of repetitions of
pattern

Repetition frequency of
pattern

Onset latency of the sei-
zure

Rhythmicity of seizure
Average frequency of sei-
zure

Average amplitude of sei-
zure

Onset latency of the
spindle

Total duration of the
spindle

Average frequency of
spindle

TABLE 44 Continued

Code Meaning Parameter Meaning
PKAM Peak-to-peak spindle am-
plitude
KCP K complex As for UNF
PST POST As for UNF
SAW Sawtooth wave As for UNF
FUS Slow fused tran-  As for UNF
sient
EYE Eye movement ar- As for UNF
tifact
REM Rapid eye move- As for UNF
ment
ELC Electrode artifact As for UNF
MUS Muscle (EMG) arti- As for UNF
fact
SWL Swallowing artifact As for UNF
GLS Glossokinetic arti- As for UNF
fact
MOV Movement artifact As for UNF
EKG Electrocardiogram As for UNF
artifact
PUL Pulse artifact As for UNF
SWT Sweat artifact As for UNF
RSP Respiratory artifact As for UNF
SLS Begin new sleep ONLA Onset latency
stage
ARO Arousal from sleep ONLA Onset latency
AWA Awakening from  ONLA Onset latency

sleep

Nerve Conduction Peaks (MAN, PEAK Algorithms)
Cmpd muscle ac- ONLA

CMAP

SNAP

FWAV
AWAV

SIRD

HREF
CREF

SLPD

R1

R2

tion potential

PKLA

TODR

PKDR

PKAM

PBAM

PKAREA
Sensory nerve ac- As for CMAP
tion potential
F-wave As for CMAP
Axon reflex (A- As for CMAP
wave)
Stimulus-induced As for CMAP
rept. discharge
H-reflex As for CMAP
C-reflex (long loop As for CMAP
reflex)
Silent period ONLA

TODR
Blink reflex re- ONLA
sponse 1 PKAM
Blink reflex re- ONLA
sponse 2 PKAM

EMG Potentials (MAN, AUTO Algorithms)

MUP

INS
SFD

EPN
EPS
FIB

Motor unit pote
PKDR

PKAM
PBAM

PKAREA
FRQ

NPHASE
NTURN

Insertion activity
Single fiber dis-

charge

End plate noise
End plate spike

ntial TODR

Peak duration (rise
time)

Peak-to-peak ampli-
tude
Baseline-to-peak am-
plitude

Area under peak
Repetition (firing) fre-
quency

Number of phases
Number of turns

As for MUP

As for MUP

As for MUP
As for MUP

Fibrillation potentialAs for MUP

Onset latency

Peak latency

Total duration

Peak duration (rise time)
Peak-to-peak amplitude

Peak-to-baseline ampli-

tude

Area under peak

Onset latency
Total duration
Onset latency
Peak-to-peak amplitude
Onset latency
Peak-to-peak amplitude

Total duration
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TABLE 44 Continued TABLE 44 Continued
Code Meaning Parameter Meaning Code Meaning Parameter Meaning
POS Positive sharp As for MUP LU (or N22) Lumbar  PKLA, PKAM
wave potential
FAS Fasciculation po- As for MUP TH Thoracic potential PKLA, PKAM
tential cv (or N30) Cervical PKLA, PKAM
MYT Myotonic dischargeAs for MUP potential
AFT After-discharge As for MUP N33 Scalp potential PKLA, PKAM
CRD Complex repetitive As for MUP P37 Scalp potential PKLA, PKAM
discharge N45 Scalp potential PKLA, PKAM
MYK Myokymic dis- As for MUP P58 Scalp potential PKLA, PKAM
charge Generic Nerve SEP Features (MAN, PEAK Algorithms)
NMT Neuromyotonic dis-As for MUP | PKLA, PKAM
charge 1l PKLA, PKAM
CRA Cramp discharge As for MUP n PKLA, PKAM
DOU Doublet As for MUP [\ PKLA, PKAM
TRP Triplet As for MUP \% PKLA, PKAM
MLT Multiplet As for MUP Vi PKLA, PKAM
ITR Iterative discharge As for MUP Electroretinogram Features (MAN, PEAK Algorithms)
VEP Features (MAN, PEAK Algorithms) ERP Early receptor po- PKLA, PKAM
N1 PKLA, PKAM tential
P50 (or P1) PKLA, PKAM A A wave PKLA, PKAM
N75 (or N2) PKLA, PKAM AP Photopic Awave PKLA, PKAM
P75 PKLA, PKAM AS Scotopic Awave PKLA, PKAM
P100 (or P2) PKLA, PKAM B B wave PKLA, PKAM
N105 PKLA, PKAM BP Photopic B wave PKLA, PKAM
P135 PKLA, PKAM BS Scotopic B wave PKLA, PKAM
N145 (or N3) PKLA, PKAM AFP Afterpotential PKLA, PKAM
P175 (or P3) PKLA, PKAM C C wave PKLA, PKAM
P300 PKLA, PKAM Electrocochleogram Features (MAN, PEAK Algorithms)
Brainstem AEP Features (MAN, PEAK Algorithms) CM Cochlear micro-  ONLA, PKAM
| PKLA, PKAM phonic
1l PKLA, PKAM SP Summating poten- ONLA, PKAM
1l PKLA, PKAM tial
\Y PKLA, PKAM NAP Nerve action po- PKLA, PKAM
\Y PKLA, PKAM tential
\Y| PKLA, PKAM Movement-Related Potential Features (MAN, PEAK Algorithms)
Middle Latency AEP Features (MAN, PEAK Algorithms) BP Bereitschaftspo-  ONLA, PKAM
NO PKLA, PKAM tential
PO PKLA, PKAM NS Negative slope ONLA, PKAM
Na PKLA, PKAM N1 1st negative peak PKLA, PKAM
Pa PKLA, PKAM P1 (or PMP) Premo- PKLA, PKAM
Nb PKLA, PKAM tion positivity
Pb PKLA, PKAM N2 2nd negative peak PKLA, PKAM
Long Latency AEP/ERP Features (MAN, PEAK Algorithms) P2 (or RAP) Reaffer- PKLA, PKAM
Nb PKLA, PKAM ente Potentiale
P1 (or Pb) PKLA, PKAM Special-Purpose Channel Features (MAN, AUTO Algorithms)
N1 PKLA, PKAM EMG EMG potential ONLA, TODR, PKAM
P2 PKLA, PKAM ACC Accelerometer sig- ONLA, TODR, PKAM
N2 PKLA, PKAM nal
P300 (or P3) PKLA, PKAM RST Response tester ONLA, TODR
Median/Ulnar Nerve SEP Features (MAN, PEAK Algorithms) (Tech response)
EL (or N5) Elbow PKLA, PKAM RSS Response tester ONLA, TODR
N9 (or P9) Erb’s point PKLA, PKAM (Subject resp.)
N11 (or P11) Cervical PKLA, PKAM SST Somatosensory ONLA, TODR
N13 (or P13) Cervical PKLA, PKAM stimulus
P14 (or N14) Cervical PKLA, PKAM FLS Flash (strobe) ONLA, TODR
N20 Scalp potential PKLA, PKAM stimulus
P27 Scalp potential PKLA, PKAM VIS Other visual stimu- ONLA, TODR
P30 (or N30) Scalp po- PKLA, PKAM lus
tential AUD Auditory stimulus ONLA, TODR
N140 Scalp potential PKLA, PKAM ELS Electric stimulus ~ ONLA, TODR
P190 Scalp potential PKLA, PKAM SYS Systolic blood PKLA Peak latency (to systolic
P300 Scalp potential PKLA, PKAM pressure peak pressure peak)
Peroneal Nerve SEP Features (MAN, PEAK Algorithms) TODR Total duration (be-
LU Lumbar potential PKLA, PKAM tween systolic pres-
THL Low thoracic po- PKLA, PKAM sure peaks)
tential PKDR Peak duration (from
THH High thoracic po- PKLA, PKAM end diastole to sys-
tential tolic peak)
Ccv Cervical potential PKLA, PKAM PKAM Peak amplitude
P27 Scalp potential PKLA, PKAM (systolic-diastolic
N35 Scalp potential PKLA, PKAM pressure difference)
Tibial Nerve SEP Features (MAN, PEAK Algorithms) RAF Respiratory air flow TODR Total duration of flow
PF (or N8) Popliteal  PKLA, PKAM monitor PKAM Peak amplitude of flow

fossa potential
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TABLE 44 Continued

TABLE 44 Continued

Code Meaning Parameter Meaning Code Meaning Parameter Meaning
ONDR Duration of preceding PKFRQ1 Peak frequency in range
apnea one (frequency within
RATE Average respiratory range having highest am-
rate plitude in maximum reso-
RES Respiratory effort As for RAF, effort re- lution spectrum)
monitor places flow MNFRQ1 Mean frequency in range
OXY Oxygen tension ~ TODR, PKAM (of de- one (found by summing
monitor saturation) products of powers and
EPH Esophageal pH TODR, PKAM (of frequencies in each bin of
monitor acidity) maximum resolution spec-
NPT Nocturnal penile  TODR, PKAM (of tu- trum, and dividing by sum
tumescence mescence) of powers)
EKG Features and Intervals (MAN, EKG Algorithms) RANGE2 Name of second fre-
P P wave PKAM, TODR quency range (for ex-
Q Q wave PKAM, TODR ample, beta)
R R wave PKAM, TODR LOFRQ2 Low frequency of range
S S wave PKAM, TODR two
T T wave PKAM, TODR HIFRQ2 High frequency of range
U U wave PKAM, TODR two
QRS QRS interval INTV Total complex duration AMP2 Total amplitude in range
QT QT interval INTV Time from QRS to T two
PR PR interval INTV Time from P to QRS POW2 Total power in range two
ST ST segment eleva- ELEV Elevation of ST segment PKFRQ2 Peak frequency in range
tion two
RR Ventricular interval INTV Interval from QRS to QRS MNFRQ2 Mean frequency in range
RATE Reciprocal of interval two
PP Atrial interval As for RR; interval
from P to P AThis analysis algorithm detects each calibration pulse on and off transition and

Calibration Pulse Analysis (MAN, CAL Algorithms)*

ON Calibration on PKAM Peak amplitude of pulse
pulse
BASE Baseline value (be-
tween calibration
pulses)
LLF Inferred low-frequency
filter setting in effect
OFF Calibration off PKAM Peak amplitude of pulse
pulse
BASE Baseline value (be-
tween calibration
pulses)
LLF Inferred low-frequency

filter setting in effect
Frequency Spectral Analysis (FFT Algorithm)

SPEC® Multi-bin spectrum LOFRQ Lowest frequency in spec-
trum
HIFRQ Highest frequency in
spectrum
NBINS Number of bins in
spectrum; the size of
each bin is (HIFRQ-
LOFRQ)/NBINS
AMP1 Amplitude (square
root of power) in bin
one
POW1 Power in bin one
PHA1 Phase angle (-180 to
180°) in bin one
AMP2 Amplitude in bin two
POW2 Power in bin two
PHA2 Phase angle in bin
two
RANG® Spectrum by fre-  NRANGE Number of frequency
quency ranges ranges
RANGE1 Name of first frequency
range (for example, alpha)
LOFRQ1 Low frequency of range
one
HIFRQ1 High frequency of range
one
AMP1 Total amplitude (square
root of power) in range
one
POW1 Total power in range one
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fits the recorded waveform in each channel by least-squares regression to an
exponential curve, thereby determining the peak amplitudes, baselines, and time
constants. The peak amplitudes can be used to calculate sensitivity correction
factors, the baseline values can be used to correct for dc offsets, and the time
constants can be used to calculate low-frequency filter settings which can be
compared with the nominal settings for each channel.

BThis analysis type generates a multi-bin frequency spectrum, with each of the
contiguous equal size bins having an associated amplitude or power, and optional
phase angle.

CThis analysis type generates amplitude or power, peak frequency, and mean
frequency data for a small number of named frequency ranges, not necessarily of
equal size, possibly overlapping, and not necessarily contiguous.

7.9.5 Analysis Parameters-The remaining optional com-

ponents represent parameters derived from the analysis, feature
detection, or cursoring routine, such as durations, amplitudes,

latencies, times from onset to peak, frequencies, powers, phase
angles, etc. The number of parameters (up to a system-imposed
limit, preferably at least 200) and their nature depend entirely

on the analysis algorithm and type. Each parameter has up to
eight subcomponents separated from each other by subcompo-

nent delimiterg&) .

7.9.5.1 Parameter Value (requireelrThe value of the pa-
rameter (a decimal number or text string).

7.9.5.2 Parameter Name (optional}y The name or identity

of the parameter resulting from waveform analysis. If the name

is not present for theith entry in the parameter list for the
channel, then it is assumed to be the same as that dftthe
entry in the parameter list for thereviouschannel specified in

the same ANA category result segment. If the name is not

present for thenth parameter in thérst channel in the ANA

category result segment, no specific default name is assumed.
The parameter name may be one of the standard names given
in Table 44, or another name may be used which has meaning

to both the sending and receiving systems.
7.9.5.3 Units Code 1 (optionah-An alphanumeric desig-

nation which specifies the units in which the parameter is

measured (such as uv microvolt, mv= millivolt,
ms = millisecond, hz= hertz, uv2= microvolt squared),
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taken from a generally accepted system of units, such as IS®@hen a SEL category result segment is received. Receiver
standard Sl unit abbreviations (the default) or ANSI standardystems that have no montage reformatting capabilities may
U.S. customary unit abbreviations. ignore the SEL category result segment and interpret or display
7.9.5.4 Text for Units Code 1 (optionah}-A text description  the waveform data according to the format indicated in the last
of the units identified by the first subcomponent. It may be usedITG category result segment. Use of the SEL category result
to provide an expanded description of the units abbreviation, asegment is optional; it need only be implemented in those
it may be used to identify units that cannot be represented wittransmitting systems that need the capability of informing the
standard abbreviations. receiving system of a change in auxiliary montages. The
7.9.5.5 Nature of Units Code 1 (optional}An identifier for  receiver system is responsible for verifying that the montages
the system of units used for units code 1. Typical values argequested in a SEL category result segment can in fact be
ISO + (Sl units standard abbreviations, the default),reconstructed by appropriate manipulation of the montage used
ANS + (U.S. customary units standard abbreviations§®#zz  for data transmission; usually, this will only be possible if the
or L (locally defined units, where each represents an data transmission montage uses a single common reference
alphanumeric character). electrode in all or most of the channels, and if the channel
7.9.5.6 Units Code 2 (optionah}-A secondary alphanu- sensitivity and units, sampling frequency, and filters are
meric units designation from an alternate system of units. jdentical for all of the channels that use the common reference
7.9.5.7 Text for Units Code 2 (optionaf)-A text description  electrode. The receiver system remontaging software is also
of the secondary units designation in units code 2. responsible for determining the appropriate algorithm needed
7.9.5.8 Nature of Units Code 2 (optionat}An identifier for  to convert the incoming data montage to the requested mon-
the alternate system of units used for units code 2 (the defaulages for the auxiliary functions.

is L, locally defme_d units). . . 7.10.1 All montages must be defined before use by trans-
7.9.5.9 If the six subcomponents defining units are normitting MTG, ELC, and CHN category result segments as
present, the units for theth entry in the parameter list for_the described in Section 6. The last MTG category result segment
channel are assumed to be. the same as thogg oﬂjhmtry N transmitted selects the montage used for data transmission.
the parameter list for thereviouschannel specified in the same Receiver systems will also usually use this montage initially
ANA category _result_ segment. If_they are not present for the}or all auxiliary functions (waveform display, printing, storage,
nth parameter in thé&rst channel in the ANA category result etc.). When a subsequent SEL category result segment changes

segment, then parameters .deflnmg duratlon_s, Igtenmes, He montages used for particular functions (such as display),
times are expressed as multiples of the sampling interval, ar@h
8

s . . e new montages remain in effect for these functions until
parameters def'”'r!g gmphtqdes are expr.essed as mu!ﬂples her another SEL category result segment specifying one or
the channel sensitivity, while no specific default units are

more of the same functions is received (which affects only the
assumed for other parameters.

7.9.6 Examples of analysis type codes and associated pmontages for the functions specified), or another MTG, ELC,

i hich are likelv to be of general applicabilit 8 cHN category result segment is received (which changes or
rameter ngm_(resb\l/v "14, if thelse Ztandard tg o codespgr:d n;;nymodifies the montage used for all auxiliary functions as well as
are given in 1able 44, ayp S e montage describing the transmitted data). In effect, any new
are used, their meaning should be as indicated in this table.AéHN or ELC category result segments are interpreted as
anquda’HOtgerrgggej ?)rr]]dbnamgstrrgr?gn?iiizsegn';t?eeé;irciiamsn%[ﬁodifications to the currently selected data transmission mon-

y ag pon by g an g sy tage (the one specified in the last transmitted MTG category
tems. Not all of the listed pqrame_ters for a given analysis .OFesuIt segment), and the receiving system will change the
feature type need be determined in any given implementation '

. e . montages used for all auxiliary functions to the current data
of an analysis algorithm; similarly, not all possible parameter T ) .
. - . ransmission montage just as if a new MTG category result
are listed for a given analysis or feature type.

segment had been transmitted. This ensures that the receiving
SEL Category system will not continue to use a previously constructed

7.10 This category of result segment indicates selection diementaging algorithm when the format of the incoming data
particular montages for specific functions in the receivingthanges because of adding, deleting, or modifying channels or
system. Whereas the MTG category result segment selects tgiectrodes. If it is desired to_t_ransmlt a_change affectmg only a
montage that is currently being used for data transmission (th&fontage used for an auxiliary function (such as display),
is, the montage which describes the format of the data iyvithout changlng the current data transmission montage, this
subsequent WAV category result segments), the SEL categof§an be accomplished by first sending a MTG category result
result segment selecixiliary montages (montages used for S€gment to select the montage to be changed, then sending one
other than data transmission). Receiver systems that implemeft more ELC or CHN category result segments to change the
montage reformatting capabilities may (if desired) respond to &gharacteristics of that montage (such as sensitivities, filter
SEL category result segment by enabling reformatting of théettings, etc.), then sending a MTG category result segment to
incoming waveform data to different montages prior to display/eselect the appropriate data transmission montage, then send-
printing, analysis, event detection, storage, etc. (the montagddd & SEL category result segment to reselect the appropriate
used for these purposes may alternatively be selected by ttaaiXiliary montages.
receiver system). If desired, the receiver system may also start 7.10.2 The observation value field of a SEL category result
(or stop) the indicated functions (such as waveform printinglsegment contains one or more subfields separated by repeat
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delimiters ¢-). Each subfield associates one montage with one

TABLE 46 Montage Function Identifiers

Meaning

function, and consists of two components separated by com- Code
ponent delimiters [] ). The format of the SEL category WD
result segment is summarized in Table 45. The individual WPR
components are defined as follows: WS

7.10.3 Montage Number (optional-ldentifies the montage WST

Waveform screen display

Waveform printing

Waveform feature detection (such as spike, seizure)
Waveform analysis (such as frequency spectra)
Waveform data storage (on magnetic or optical media)

to be selected for a particular function by its number; this
montage number must have been defined in a previously

transmitted MTG category result segment. If the montage TABLE 47 Example Segment Sequence Required to Define and

number is not present, the effect is to deselect the montage

Select Auxiliary Montages

previously selected for the particular function without selecting ~ Segment

Function

a new montage. Depending on the receiver system implemeigtc-o
tation, this may either cause the receiving system to revert t§76-1

. . . . ELC-1
using the transmitted data montage (without reformatting) foig, . 1
the specified function, or may tell the receiving system to stopirc-2

the specified function (for example, waveform printing). Ethzz
7.10.4 Montage Function (required)-ldentifies the func- rg.3

tion for which the specified montage will be used by theEeLc-3
receiving system. The allowed functions are listed in Table 46’%'%'“"3
. . . . TG-4

alternatively, other function identifiers may be used that have, 4
meaning to both the sending and receiving system. A receivingHn-4
system need only implement those functions which it needs; P(‘lLIGil
may ignore any other functions used in SEL category resulgEL'_z (WDI)
segments. WAV

7.10.5 Table 47 shows an example of the sequence of MTG , (WD)
CHN, ELC, and SEL category result segments needed to defingay
four montages, select one of these for waveform data trans-
mission, and select the others in turn for waveform display angEL_2 (WPR)
printing. In this particular implementation, selecting or dese-yay
lecting a montage used for printing or display also causes the

receiving system to begin or end that function.

SEL-Null (WDI)

8. Result Segments Used to Transmit Reports and
Interpretation

8.1 The following categories of result segments are used to
transmit the electrophysiologic study results and interpretatiorMTG-4
This may include quantitative and qualitative results, diagnos\-NAV
tic impressions and the anatomic sites to which they apply, a
technical summary or report on the study, an interpretation foPEL-Null

WAV

the ordering physician’s use, an addenda to the report ar\%/AV
interpretation, and recommendations for follow-up tests. These
result segment categories do not contain information needed by

Define all electrodes common to all montages

Start definition of montage 1

Optional—define all electrodes unique to montage 1
Define channels in montage 1 (using common Cz reference)
Start definition of montage 2

Optional—define all electrodes unique to montage 2
Define channels in montage 2 (longitudinal bipolar)

Start definition of montage 3

Optional—define all electrodes unique to montage 3
Define channels in montage 3 (transverse bipolar)

Start definition of montage 4

Optional—define all electrodes unique to montage 4
Define channels in montage 4 (average ear reference)
Select montage 1 for data transmission

Set starting time and sampling interval of epoch 1

Select montage 2 for function WDI (waveform display)
Transmit waveform data for epoch 1 (using montage 1) (data
will be displayed after reformatting to montage 2)

Select montage 3 for function WDI (waveform display)
Transmit more epoch 1 waveform data (using montage 1)
(data will be displayed after reformatting to montage 3)

Select montage 2 for function WPR (waveform printing)
Transmit more epoch 1 waveform data (using montage 1)
(data will be displayed after reformatting to montage 3
and will be printed after reformatting to montage 2)

Deselect montage for function WDI (waveform display)
Transmit more epoch 1 waveform data (using montage 1)
(data will be printed after reformatting to montage 2,

but will no longer be displayed)

Select montage 4 for data transmission
Transmit more epoch 1 waveform data (using montage 4)
(data will be printed in montage 4 without reformatting)

Deselect montage for function WPR (waveform printing), and

PR) + 2 (WDI) select montage 2 for function WDI (waveform display)

Transmit more epoch 1 waveform data (using montage 4)
(data will be displayed after reformatting to montage 2,
but will no longer be printed)

an expert to interpret the waveforms, but can be used for
storage and transmission of complete reports for the medical

record. These categories are not used in Level | implementa- ) ) _ ) _
tions but are used in Levels Il and greater. not contain any information category code is used to transmit

a single numeric or coded entry test result with diagnostic
Null Category significance, such as a velocity, latency, amplitude, frequency,

8.2 In keeping with the usage recommended by the SpecktC. The result is placed in the observation value field of the
fication E 1238 and HL7 standards for reporting quantitative©Sult segment (with a value type of NMnumeric or
and qualitative results from other laboratories (for exampleCE = coded entry); for numeric data the units of the value
clinical chemistry and hematology, echocardiography, electrolSUch as m/s= metre per second, ms millisecond,u

cardiography, spirometry, etc.), a result segment which doe$ = microvolt, hz= hertz, or %= percent), the normal range
defined by the laboratory, and abnormal/change flags may be

transmitted in other fields of the result segment.

TABLE 45 SEL Category Result Segment Format 8.2.1 Result segments of this type are generally transmitted

fﬂomtpone'zts 0; Result Field Tme Lengtzl max after the waveform and technical data for the study (if any) but
ontage Number P . .
Montage Function D 8 before a descriptive report and interpretation. The data con-

tained in these segments may be displayed by the receiving
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system in tabular form, or used to construct graphs or plotsion E 1238 and HL7 standards, separated by regegt
(such as somnograms plotting sleep stage against epoclelimiters. Each coded entry defines one part of the result. The
number, or latency-intensity curves plotting EP peak latencyormat of the null category result segment using CE value type
against stimulus intensity), or they may be stored in a locals summarized in Table 48.

result database (temporarily or permanently) if desired. Seg- 8.2.4 The first and fourth components of each coded entry
ments of this type are most commonly used when transmittingvould contain alphanumeric test result codes. The second and
EP, ERP, or NCS results (peak amplitudes, latencies, moffith components could contain text describing or further
phologies, conduction velocities, and differences of thesegualifying the alphanumeric result codes. The third and sixth
guantities), often instead of a narrative report. They are oftegomponents would contain an identification of the coding
used also for transmitting EMG study results (such as abursystem used in the first and fourth components (for example,
dance or frequency of insertional activity, fibrillations and SNM + &TOPO for SNOMED topographic localization codes
fasciculations, recruitment, motor unit amplitude, motor unitwith qualifiers; AS4&xxxx for AS4 universal codes for test
duration, number of phases or turns in a motor unit, and motofesults, wherexxxxis one of the specific code table identifiers
unit variability) organized by muscle tested. They may be usedor test results listed in Appendix X2; &9zzzor L for locally

also by some laboratories to transmit results of EEG, PSG, ardefined codes, where each represents an alphanumeric
MSLT studies in tabular form (waveforms or sleep events orcharacter). The default used when the third component is not
stages detected and their abundance, amplitude, frequendyesent depends on the particular test result, as identified by the
duration, asymmetry, reactivity, latency, distribution, and othettest/observation ID field; the defaults that apply for the various
characteristics), organized by section of recording (awakefS4universal test/observation IDs for electroneurophysiologic

sleep, photic stimulation, etc.). studies are given in Appendix X2. The default for the sixth
8.2.2 In these result segments, velocity, latency, amplitude‘fOmponent i, local codes.
duration, and other quantitative values may be reported using ANT Category

either numeric or coded entry value type, while peak or
waveform morphologies and other descriptive items are alway e e : ;
e coded anatomic site (localization) which applies to a

coded entries. The coded entry format is used for quantitativ: . . o .
results when grading those results on an absolute (low, moguPseduently transmitted diagnostic impression (IMP) cat-
erate, or high) or relative scale (decreased, normal, or in€9°TY result segment. That is, if a diagnostic impression has an

creased) for diagnostic or classification purposes. A singl(—ﬁ“sso_c?ate(_j site or localization, that site or Iocalization_mus; be

quantitative result may thus be transmitted either as a numb(§|p.('lc'f"9d in an ANT category result segment transmitted just

(value type= NM) or as a grade (value type CE), or two prior to the IMP category result segment.

consecutive result segments with the same test/observation ID8'3'1 The ob_servatlon value field of this category of resu_lt

and observation sublD, the first using value type NM and the€gment contains one or more coded_ entries I the  six-

second CE, may be used. In the latter case, fields 7 to 13 (unit omponent format defined by the Spe_cn_‘lcatlon E 1238 and
;,7 standards, separated by repgaj} delimiters. Each coded

normal range, etc.) of the second segment are not present. ntry defines one anatomic site; when more than one is used
example, a conduction velocity could be sent both as a numeri y ' '

esull (20 ) and o raded reslt (Code- ey 3618l anatonic lcalzaton i eken t be more ey
decreased). The code in the test/observation ID field identifiegOoled Fe)zntr 31 an ANT ca?e orv result .se ment is given in
the particular study performed, the relevant portion of the stud ble 49 y gory 9 9

and the particular peak, waveform, or activity or the particular 8.3.2 The first and fourth components of each coded entry

muscle or nerve and observation to which the value applies . : o . o
; : contain alphanumeric codes defining the site or localization.
and the type of value (velocity, latency, amplitude, etc.)

according to the scheme for test/observation identifiers d rhe second and fifth components could contain text defining
. 9 i . : She localization. The third and sixth components could contain
scribed in Appendix X2. If multiple results with the same

test/observation ID are transmitted (for example, motor NC n identification of the coding system usec_zl for the first an_d
velocities derived from one proximal site but different distal ourth components. The default for t.he thm_j component is
) . : i ) - SNM + &TOPO, SNOMED topographic location codes with
sites, or sleep event frequencies given with two different units
like number per hour and total for the recording), a unique

observation sublD must be used for each result.

8.3 This category of result segment may be used to transmit

TABLE 48 Null Category Result Segment—Format for Coded

8.2.3 In some situations in which coded entries are used (for c — F_Elr;mes = —
example, when transmitting the distribution or anatomic local omponents of resit e yee engm, max
ization of EEG waveforms), a single result segment maﬁ;gefolr Code 1 o oy
contain more than one coded entry, each defining a part of théture of code 1
result (similar to the ANT category result segment). This is Coding system 1 mnemonic identifier ID 5

. . Specific code table 1 identifier ID 7
allowed only when a single result cannot be described by ong 4.~ sT 80
coded entry, not when it is necessary to transmit entirelyrext for Code 2 ST 200
separate results. When value type CE is used, the observatiﬂﬁéﬁ:f gos‘infz o monic identifer o .
value field of the result segment contains one or more coded Specif?c e o table 2 omtifior D 7

entries in the six-component format defined by the Specifica=
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TABLE 49 ANT Category Result Segment Format anatomic localization for the same portion of the recording (for
Components of Result Field Type Length, max example,technically difficultand continuous low-amplitude
Code 1 ST 80 theta activity. A single IMP category result segment can
Text for Code 1 ST 200 include more than one diagnosis, but only when such diagnoses
Nature of Code 1 N are modifiers of or represent different aspects of the same
oding system 1 mnemonic identifier ID 5 . .. . . ..
Specific code table 1 identifier D 7 diagnostic impression, not to report an entirely separate finding
Code 2 ST 80 (for example slightly increased duration motor unit potentials
loxfor Code 2 ST 200 andoccasional fibrillation potentials An IMP category result
Coding system 2 mnemonic identifier D 5 segment can also express the probability of the diagnosis (in
Specific code table 2 identifier ID 7 field 10), if desired. The observation value field of this category

of result segment contains one or more coded entries in the

six-component format defined by the Specification E 1238 and
qualifiers, as in Appendix X1; an alternative AS4&DIST, HL7 standards, separated by repeaj} delimiters. Each coded
AS4 universal codes for specifying anatomic distribution, as inentry defines one of the related diagnoses. The format of each
Appendix X2. The default for the sixth componentLislocal ~ coded entry in an IMP category result segment is given in Table
codes. 51.

8.3.3 Table 50 shows some examples of anatomic localiza- 8.4.1 The first and fourth components of each coded entry
tions for various classes of studies using SNOMEDA®@4  would contain alphanumeric diagnostic codes. The second and
codes. fifth components could contain text defining the diagnosis. The

third and sixth components could contain an identification of
IMP Category the coding system used for the first and fourth components. The

8.4 This category of result segment is used to transmit glefault for the third component I9C (ICD-9-CM diagnostic
coded diagnostic impression for the entire study or for acodes; International Classification of Diseases, Clinical Modi-
portion of the study. Multiple IMP category result segmentsfication); alternatives includ8NM + &DIAG (SNOMED di-
can be used if there are multiple parts to the study which eachgnostic codes)ICSD (ICSD diagnostic codeg11)), or
have an associated diagnosis (for example, one for the awaldS4&xxxx (AS4 universal diagnostic codes), whexexx is
EEG, another for the sleep recording, another for hyperventione of the specific diagnosis code table identifiers for a
lation, etc.). Multiple IMP category result segments can also b@articular class of electroneurophysiologic studies listed in
used if there are separate diagnoses corresponding to separagpendix X2. The default for the sixth componentislocal
anatomic sites or localizations (for example, left frontal, rightcodes.
temporal, etc.); in this case, the site or localization must be 8.4.2 Table 52 shows some examples of diagnostic impres-
specified by an immediately preceding ANT category resulsions for various classes of studies using ICD-9-CMA&4
segment. Multiple IMP category result segments are also usegpdes; note that ICD-9-CM expresses clinical diagnostic inter-
to transmit multiple independent diagnoses with the samgretations, whileAS4 codes describe the findings of the study

only.

TABLE 50 Examples of Anatomic Localizations GDT Category

Code Description 8.5 This category of result segment is used to transmit the
EEC studies (using AS&DIST codes) _ interpreter’s report for the electrophysiologic study. The report
0016 Generalized, maximal right hemisphere .
1300 Left anterior temporal and midtemporal generally desqubes the_ recorded waveforms and other results
3210 Bilateral central and midtemporal of the study in a fashion that would convey a reasonably
7007 ;‘ifetr;ef’:‘c:i’t’;ere maximal frontopolar and frontal and  precise general impression of the study to another expert, but
9200 Independent left and right midtemporal does not provide an_interpretation. Such a narr_ative_ report is
EEG studies (using qualified SNOMED codes, SNM + &TOPO) almost always supplied for EEG and PSG studies, is usually
T-X2060-RGT Right hemisphere _ supplied for EMG studies, and is sometimes supplied for NCS,
T-YO150-LFT-ANT Left anterior temporal region . . .- .
T-YO150-BIL Bilateral temporal region EP, and ERP studles_, (in addmon to the numeric and coded
T-X2570 Hippocampus entry results transmitted in null category result segments,
EMG studies (using qualified SNOMED codes, SNM + &TOPO)
T-13000-MLT-PRX Multiple proximal skeletal muscle
T-14900-MLT Multiple muscle of foot TABLE 51 IMP Category Result Segment Format
T-14700-MLT-DST Multiple distal muscle of leg -
T-X7690-LFT-N5 Left number 5 cervical spine, nerve root Components of Result Field Type Length, max
Motor/sensory NCS (using qualified SNOMED codes, SNM + &TOPO) Code 1 ST 80
T-X9001-MLT-DST Multiple distal nerve Text for Code 1 ST 200
T-X9180-RGT-LC9 Right distal forearm/leg portion median nerve Nature of Code 1
T-X9090-LFT Left brachial plexus Coding system 1 mnemonic identifier ID 5
EP studies (using AS4&DIST codes) Specific code table 1 identifier ID 7
0001 On left Code 2 ST 80
0003 Bilaterally Text for Code 2 ST 200
EP studies (using qualified SNOMED codes, SNM + &TOPO) Nature of Code 2
T-X2050 Brainstem Coding system 2 mnemonic identifier ID 5
T-X8040-LFT Left optic nerve Specific code table 2 identifier ID 7

49



iy £ 1467

TABLE 52 Examples of Diagnostic Impressions

Code Description

EEG studies (using AS4&EEGD codes)

An addenda may be used to report additional information not
specified in the report or interpretation but relevant to the
ordering physician. This category result segment is generally

2 Technically difficult transmitted after the waveform and technical data and the
e Efgguztr{tp'sﬁLﬁ"s'ﬁgrz“:p}’lzg‘s’e complexes report and interpretation. The text of the report addenda is
910218 Continuous low amplitude arrhythmic delta activity contained in the observation value field of the ADT category

EEG Studies (using ICD-9-CM codes, 19C)

result segment. Any length of text (up to 64K characters) may

345.6 Infantile spasms . P : .
0461 Jakob-Creutafeldt disease be mcl_uded. Repeat dehmng(rs) are gsed as line terminators.
EMG Studies (using AS4&EMGD codes) If multiple paragraphs are included in the report, they should
5121 Occasional fibrillation potentials be separated from each other by two repeat delim{ters).
7110 Increased abundance insertional activity
547926 Moderate frequency burst firing myokymic
discharges REC Category

EMG Studies (using ICD-9-CM codes, 19C) 8.8 This category of result segment specifies a recommen-
s '\P"gl‘;trf];g:sﬁi':orders dation for a follow-up test in the future. The observation value
Motor NCS (using AS4&MNCD codes) field of this category of result segment contains a single coded
119 Mell;lfedly decre;lsced CMlAP conduction velocity entry in the six-component format defined by the Specification
613 Mildly increased CMAP latency
723 Increased F-wave latency E 1238 and HL7 standard_s. Th_e format of the REC category
Motor NCS (using ICD-9-CM codes, 19C) result segment is summarized in Table 53.
ggj-g EarPa' ﬂ;m}e' syndrome it oy ul 8.8.1 The first and fourth components would contain an

' oy e nerve: cubliariunnel, tardy uinar alphanumeric code for the recommended test or study, the
Transient VEP Studies (using AS4&VEPD codes) second and fifth components could contain the corresponding
634 M”dt'yli“tﬂe?sletd Plog,fl?eak ipsilateral to text descriptions, and, if desired, the time in days after which

contralateral latency aifrerence . .

731 Increased P100 peak latency the follow-up test should be performed, and the third and sixth

components could contain an identification of the coding
system used for the first and fourth components. The default for
_ ) _ . the third component IAS4&TEST, the AS4 universal test/
which can be displayed in tabular form by the receiving,pgeryation ID codes given in Appendix X2. The default for
system). This category result segment is generally transmittegl gixth component it, local codes. If more than one
after the waveform and technical data for the study. The text ofollow-up study is recommended, each such recommendation

the report is contained in the observation value field of thgq transmitted in a separate REC category result segment.
GDT category result segment. Any length of text (up to 64K

characters) may be included. Repeat delimifersare used as 9. Two-way Communication Between Systems
line terminators. If multiple paragraphs are included in the g 1 communication Capabilities The ~ Specification
report, they should be separated from each other by two repegty 738 and HL7 standards define some capabilities for two-

delimiters(~~). way communication between independent computer systems.
MDT Category Their emphasis is prima_rily on comr_nunicat_io_n between_an
) ) ~order entry/result reporting system in a clinic or hospital
8.6 This category of result segment is used to transmit th@requestoror placer of an order) and a laboratory computer
interpretation of the electrophysiologic study. The interpretasystem producer or filler of the order). They define basic
tion generally specifies the possible or likely implications offynctions, such as electronic order transmission from the
the study, differential diagnosis, and other conclusions in gequestor to the producer and electronic result transmission
fashion that would be meaningful to the ordering physicianfrom the producer to the requestor in response. Specification
who is not necessarily an expert in electrophysiology. Such ag 1238 also provides a request result (query) function by which
interpretation is usually supplied for all electrophysiologic the requestor can ask the producer for the status of previously
studies, although it may not be present for normal studies (foprdered tests or for the results of these tests. The HL7 standard
which a diagnosis ofiormalis transmitted in an IMP category has capabilities for more general query-and-response transac-

result segment) or other studies for which the diagnostigions and also specifies details about message acknowledgment
impression needs no further interpretation. This category result

segment is generally transmitted after the waveform and

. . . X TABLE 53 REC Category Result Segment Format
technical data for the study. The text of the interpretation is Chald °

ical ¢ . . C s of Result Field T Length,

contained in the observation value field of the MDT category: omponents of resut me ype engih, max
Code 1 ST 80

result segment. Any length of text (up to 64K characters) may ;' " . .., or 200

be included. Repeat delimitefs) are used as line terminators.  nature of Code 1
If multiple paragraphs are included in the report, they should Coding system 1 mnemonic identifier ID 5
be separated from each other by two repeat delimiters). Specific code table 1 identifier ID !

Code 2 ST 80
Text for Code 2 ST 200
ADT Category Nature of Code 2

[$2]

Coding system 2 mnemonic identifier ID

8.7 This category of result segment is used to transmit the  gpqcific code table 2 identifier D 7

interpreter’s addenda to the report and interpretation, if needed:
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and error reporting. This specification extends two-way comprocessed. Examples include an acquisition machine that
munication capabilities to include functions required for com-transmits its waveform data in real time to a data storage and
munication of control, waveform, and report data betweerarchival machine or to a real time display machine, or a seizure
cooperating machines within a laboratory and adds a simpldetection machine that receives continuous data in real time
error reporting facility to the Specification E 1238 messagdrom an acquisition machine and transmits segments of data
format. The Specification E 1238 message format is the reaepresenting candidate seizure epochs as these are detected to
ommended standard format for all two-way communicationa data storage machine. These transmissions may be performed
between machines within a given laboratory. The HL7 messagever a separate communication channel from the primary
format, however, is permitted as an alternative for communi€communication channel used for briefer messages; such a
cation between a laboratory computer system and an externebmmunication channel may represent a physically distinct
computer system, such as a hospital or clinic informatiorpathway (such as a serial line) or a separate logical pathway on
system. Since laboratory machines will not in general implethe same network (such as Ethernet). Data transmission of this
ment the HL7 message format,gatewaymachine is often type takes the form of extended messages that begin with a
required when the HL7 format is used by machines outside thbeader (H) segment sent at the time of opening the communi-
laboratory. cation channel, followed by appropriate patient (P) and order

9.2 Communication ChannelsCommunication between (OBR) segments, followed by OBX segments containing
cooperating machines within a laboratory, or between laborawaveform data and annotations, which are sent as they become
tory systems and external computer systems, is assumed &yailable. Eventually (for example, on study completion), this
occur overcommunication channel§or example, communi- transmission is ended by sending a message trailer (L) segment
cation channels, which are assumed to allow bidirectionand closing the communication channel. Exchange of control
information transfer, may be dedicated low- to medium-spee@nd status information between the machines communicating
serial line interfaces using an appropriate software data transféiata in this fashion can go on simultaneously with the
protocol, or they may be functional connections that have beefiansmission of data by using the primary communication
established between machines through a high-speed netwogkannel between the two machines to send brief but complete
interface using appropriate software. messages.

9.2.1 Communication between two machines requires at 9-3 Electronic Ordering of TestsThis specification, in
least one bidirectional communication channel, and many€eping with Specification E 1238 and HL7, provides a means
communications using this specification take the form ofy which an electronic order entry system (which may be part
complete messages sent over this communication channel. Feta hospital information system or a clinical practice computer
example, for machinéd to communicate with machin®,  system) may transmit an order for an electroneurophysiologic
machineA will construct a Specification E 1238 formatted study to a laboratory computer system or device (for example,
message beginning with an H segment and ending with an B digital EEG or EMG machine). Results (which may include
segment and send it to machi® by means of anA-B waveform data and annotations, reports, or both) may be
communication channel. Machir will decode and process returned to the ordering system on completion of the study.
the message, and respond (if necessary) by sending an appWhen a clinical neurophysiology Iaboratory contains multiple
priate message (beginning with an H segment and ending Witﬁevices or computer systems which communicate with each
an L segment) back to machikeby means of the sam&-B other to collectively process an order, this specification also
communication channel. In some cases, communication majrovides a means by which order and result information can be
continue with machind sending another message to machineshared among these communicating devices.

B in response, and so forth. In this scenario, the original 9.3.1 A specific example may illustrate several aspects of
message sent by machideis an unsolicited message, while the electronic order process. A laboratory contains several
the other messages are response messages. The respomageform acquisition units (digital EEG, EMG/NCS, and EP
messages in many cases would be sent within a brief time aftenachines), which transmit data to a central laboratory data
receipt of the message to which they are a response (fatorage, archive, and scheduling system; in addition, several
example, seconds or minutes). In many (but not all) implemenwaveform review systems (with displays, printers, or both) can
tations, responses that take longer than this are instead treatexmteive data from the central laboratory system and display or
as new, unsolicited messages that may initiate another backrint it. Interpretive reports concerning the studies may be
and-forth communication. For example, a message ordering aantered by physicians reviewing the waveform data on the
EP study in three days may eventually (three days later) lead teeview systems, and these are transmitted back to the central
a response in which the results of the study are returned to tHaboratory system for local laboratory storage. An external
original requestor, but the message containing results would bainical order entry system may send electronic orders to the
considered an unsolicited message at that time. Individuatentral laboratory system, which may in turn send final
implementations can decide which messages elicit immediat@terpretive reports to a hospital or clinic-wide laboratory
responses and which do not, but guidelines are presented in thi¥ormation system for storage and archival, or for electronic
specification according to message type. display at terminals in clinic and hospital areas.

9.2.2 Some machines need to transmit long segments of 9.3.2 In this system, orders received by the central labora-
data (particularly waveform data and related annotations) in #ory system need to be labeled with unique producer (diagnos-
real timemode; that is, the data are transmitted as acquired dic service) accession numbers for identification purposes. The
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orders (including associated patient and test identification angroducer accession number.
demographic data) then must be distributed as needed to the9.3.6 The producer (diagnostic service) accession number is
individual data acquisition units. This could be accomplishedgenerated internally by the laboratory and uniquely identifies
in several ways. In one scenario, when an order arrives at thie test among all tests performed by that laboratory. Although
central laboratory system, it could be sent immediately as athis number is omitted in the original message containing the
unsolicited transmission to one of the data acquisition units thadrder from an external source, it is included in all copies of the
was selected to process that order; it would then save the ord@BR segment transmitted to cooperating machines working on
and wait for a technician to connect the requested subject artlat order within the laboratory and also in the copy of the
begin the study. In a second possible scheme, the orders couBBR segment returned with the results of the study (as a result
be retained on file by the central laboratory system, and wheheader). Because the producer accession number must be
a data acquisition unit finished the last study it would send ainique for all studies performed by the laboratory, it is
request for new orders to the central laboratory system, whichdvantageous to assign the function of generating these num-
would select an order from its pending file and transmit it to thebers to just one of the machines in the laboratory (in the
data acquisition unit; it would wait for a technician to connectexample given in 9.3.1 through 9.3.3, this could be the central
the requested subject and begin the study. In a third possiblaboratory system).
scenario, the orders could be retained by the central laboratory 9.3.7 The OBR segment also specifies the type of study to
system, and when a new subject had been connected to a déa performed, the ordering physician, and many other details
acquisition unit and the technician specified the type of studybout the order. The requestor special field 1 and requestor
to be performed (for example, EMG or EP), the acquisition unitspecial field 2 may be used as desired by the transmitter of an
would send a request for new orders specifying a particulaorder to identify the order or transmit special instructions; they
patient and test identifier to the central laboratory systemare returned unchanged to the transmitter when the order is
which would select the matching order from its pending fileacknowledged. An action code (required) indicates the type of
and transmit it to the data acquisition unit. order and the action to be taken regarding the order. The codes
9.3.3 Studies for which no previous orders had been rewhich are of most use in clinical neurophysiology laboratories
ceived (for example, emergency cases or subjects who can®e given in Table 54. Not all of these codes need be
without an appointment) could also be accommodated in thesgplemented by a given system. Collemay be used to add
schemes if necessary. In the first and second schemes,agditional studies of a similar type to a previously transmitted
laboratory-generated order would be created at the request efder (for example, to add a BAEP study to a previously
laboratory desk personnel by means of a terminal interface terdered VEP study); if the additional study cannot be accom-
the central laboratory system, and it would be treated like @nodated as an extension to the previously scheduled study,
external order. In the third scheme, when the central laboratorgodeA may be treated ad, and a new study scheduled. Code
system received a request for an order from the data acquisitida is not available to external ordering systems but is reserved
unit and no corresponding pending order existed in the file, ifor internal laboratory use in one of the following circum-
would send an error indication to the data acquisition unitstances: 1) when an order for a generic tegtafent order)
which could then send back a message asking for a nelgads to the generation internally of multipthild orders, all
generated order to be created; this order would be returned it the first of thesehild orders has action codg (see 4.7.2);
the acquisition unit with the specified patient and test identi{2) when the quantity-timing field of the OBR segment
fiers and a unique producer (diagnostic service) accessiospecifies that the test will be repeated at certain intervals for a
number. specified duration, separate orders may be generated internally

9.3.4 The format of a Specification E 1238 message used t@r each repetition of the test, using action c@le all but the
order an electroneurophysiologic test is as follows (see thérst order; @) when a test extends for a prolonged period of
HL7 specification for the format of an HL7 ORM message ime (for example, prolonged EEG monitoring) and the labo-

used to order a test): ratory handles this as multiple successive orders following in
immediate succession (with the end time of each being the start

H Message header segment . L . . X

p Patient identification segment time of the next), action cod8 is used in all but the first order

GTL/IN1 Guarantor and insurance segments (optional billing informa- (for example, a |aborat0ry could generate a new order for each

tion) 24-h period of monitoring, or each time a data file on disk

reaches maximum capacity and a new volume must be

- mounted or selected);4 when a test is performed in a
OBR Order segment

OBX Result segment (optional)

TABLE 54 Order Action Codes
. Code Meaning
L Message terminator segment

A Add the ordered test to an existing order for the same patient.

Cancel previously transmitted order for the test named.

Generated order: the study was initiated by the diagnostic service.

New order to be performed.

Revise order: change previously transmitted order or modify test in
progress (see 9.4).

Schedule the test for a future time.

9.3.5 The OBR segment specifies a requestor (practice)
accession number, which uniquely identifies this order from the
standpoint of the original ordering system. If the order is
generated internally by a laboratory and does not derive from
an external source, this number may be the same as the

TZ200
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laboratory without any external order being received (as for an TABLE 55 Order Result Status Codes

emergency study, or for a subject who comes without an nore 1 priority: ZYXDOSIRPMFC (temporal order in which codes
appointment, or simply because no external electronic ordefay replace one another)

entry system is implemented). CoBemay be used when it is
desired to change some data pertaining to a scheduled but not

ode Meaning

Test complete, new corrected reports replace previously transmitted

yet performed order (such as a change in clinical indication or final reports.

order priority), or to change or send new data (such as F Test complete, all verified final reports available. )
equipment settings) regarding a test in progress. Code e o ealabye tatay, e avatable, oters are st
usually treated as identical to coble since electroneurophysi- P Test complete, only preliminary reborts available, additional or confir-

ologic tests are generally scheduled in advance and not matory reports may be expected. _ _
performed |mmed|ately upon orderlng. R ;vzizf:;plete, primary (waveform) data available, reports are still
9.3.8 An OBR segment in a message used to order a test | Testin progress but incomplete.
may optionally be followed by one or more result (OBX) S gerzte fcrziglt:/leegg :gtt y:ttgfr?:gmed
segments. The characteristic that distinguishes a message usedy g .4er deleted (’canceled)y by requestor.
to order a test from other messages containing OBR segments x  Request cannot be performed.
is not the presence or absence of OBX segments, but rather the Y  No order on record for this test.
order result status code field in the OBR segment, which is not Paffent not known to system.
present in an original order message, but is always present in
other messages concerning an order (see 9.3.10). The optional
OBX segments following the OBR segment in a messsage usedlatus code field must be present in all OBR segments other
to order a test may be used for several purpostsThe than OBR segments used to order a new test, to download
original orderer may transmit OBX segments containing pa€quipment settings, to change a previously transmitted order,
tient data (such as body temperature), which is necessary or to modify a test in progress; this includes OBR segments in
pertinent for the interpretation of the test being ordered (suclerder acknowledgment messages and OBR segments in mes-
as an EEG recording for cerebral death evaluatio?).The sages which transmit results spontaneously or in response to a
original orderer may specify the CPT-4 modifier - 26 in thequery. This allows a message containing a new or revised order
test/observation ID field of the OBR segment, indicatingto be distinguished from a message acknowledging an order or
interpretation of an outside study, and may then transmit th&ansmitting results.
entire study (waveform data and annotations) in OBX seg- 9.3.12 When an order message, a cancel or revise order
ments to the laboratory for review8)(OBX segments may be request, or a query or other request concerning an order or a
used when downloading equipment settings, as described Igst ordered causes an order status cod,of, or Z to be
9.4. returned, further information about the error in the form of one
9.3.9 Although Specification E 1238 does not require thaPr more implementation-dependent error codes and optional
an order message be acknowledged, generally it is goo@fror messages may be transmitted in an ERR category result
practice to do so. The format of the acknowledgment messag@BX) segment following the OBR segment (this mechanism
is as follows (see the HL7 specification for the format of anis specific to order- or study-related error reporting and allows

HL7 OBR message used to acknowledge an order): an error message to be associated with the specific order or
H Message header segment study to which it applies; see 9.6 for a discussion of non-order-
MSA Message acknowledgment related error reporting). The observation value field of this
P Patient identification segment category of result segment contains one or more subfields
OBR Order segment limi h fiel .
OBX Result segment (optional ERR category with error information separ.ate'd by repeat de ImItEFS)( Each subfield contains one

if error indication, and consists of two components separated by

needed) component delimiters[{ ). The format of the ERR category

L Message terminator segment

_ result segment is summarized in Table 56. The first component
9.3.10 The OBR segment in the acknowledgment messagg an alphanumeric error code, and the second (optional)
may contain additional fields that were not present in thecomponent is a text error message. The ERR category result

original order. These include the assigned producer (diagnostiseagment error codes and messages are not defined by this
service) accession number, the order result status code, tRgecification.

date/time scheduled or the test/observation begin date/time, theg.3.13 The following is an example of an order message and

technician identity, etc. The order result status codes which ae corresponding acknowledgment. In this examgléR>

of most use in clinical neurophysiology laboratories are givenndicates a carriage return character. This example includes

in Table 55. orders for an EEG study on one subject, a visual evoked
9.3.11 Not all of the codes listed in Table 55 need to bepotential study on another subject, and EMG studies (generic

implemented by a given system. Codg®©, X are likely to be

used to acknowledge an original order; cofesX, Y, Z may

be used to acknowledge a request to cancel or revise an order; ___ABLE 56 ERR Category Result Segment Format

all of the codes may be used in messages which respond fgmponents of Result Field Type  Length, max
tat ts (queries); and co@es, M, P, R, | may be ~ Sro>o% o 20
status reques (qU | )1 ’ 1 ’ 1 y Text Error Message ST 200

used when transmitting results of the study. The order resuft
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code 9586X) on a third subject. These three orders werand 2314 on system EMG for the third), as well as order result
entered at 09:52:16, 13:25:46, and 15:16:49, respectively, ostatus codes d® (test scheduled) and the date/times scheduled
March 23, 1990, were assigned requestor accession numbers(07:45:00, 09:15:00, and 08:15:00, respectively, on March 24,
5678, 5683, and 5692 on the NEURO system, and were sent 1990). The results are eventually returned to the requestor in
a batch from the Sunnyville Neurologic Clinic computer the message given in Appendix X3. The use of the message

system (NEURO) to the Sunnyville Neurophysiology Labtype and trigger event code fieldRM [] 001 for the
computer system (NEULAB) at 15:30:05 on March 23, 1990.grder, ORR [ 002 for the response) is optional in a

The acknowledgment message transmitted from NEULAB togecification E 1238 message header segment. The use of the
NEURO at 15:30:46 on March 23, 1990 is also given. Th'ssecurity field B4X96ABE59YW) is also optional.

message echoes the three orders, but the OBR segments
contain, in addition, the producer accession numbers (1234 on
system EEG for the first order, 1235 on EEG for the second,

Order message (requests three studies on three subjects):

H| [] ~\&|62378|34X96ABE59YW|NEURO (Sunnyville Neurologic Clinic)|[<CR>
AJ102 W Main Street [] Mail Stop 22A [] Sunnyville [] IN [] 66666|ORM [] 001|(555)444-2222|<CR>
A|INEULAB (Sunnyville Neurophysiology Lab)|Example|P|E.2|19900323153005<CR>
P|1]4567890&1&M10]|4567890&1&M10|3-777-222|Doe [] John [] Q [] Jr [] Mr|Deere|19300202| <CR>
AIM|W/|511 Third Avenue [] Apt 2 [ Hometown [] IN [] 66667 [445-  1111Cday ~445-2222Cevening<CR>
A|32975 [] Smith&John&P&II1&Dr&MD [] UPIN]||160 [] cm|60 [] kg|401.9 [] Hypertension [] I9C|<CR>
A|Propranolol ~Diazepam|Last meal 12 hrs agol||Right|19900214|IP|Psych||C|<CR>
A|M|BP|English|PSY|19900214<CR>
OBR|1|5678 [ NEURO||95816 [] EEG recording||19900323095216|[||N| [] dementia|<CR>
A| [] 60 year old male with 3 month hx of myoclonus, cognitive decline, and memory<CR>
Alloss|[|32975 [] Smith&John&P&I11&Dr&MD|444-3555]|[||||EN]|||[[WHLC<CR>
P|2]4321098&M10[4321098&8&M10||Harvey [ Jane [] J [] [] Mrs||19600123|F|W|214 First <CR>
A|Street [] Apt. 315 [] Hometown [] IN [] 66667||445-3333Cday  ~445-4444Cevening|<CR>
A|53927 [] Jones&Thomas&L&&Dr&MD||[142 [] cm|55 [] kg||||Right||OP|Neuro]||M]|[|<CR>
AJ19900323<CR>
OBR|1|5683 [] NEUROQ]|92280 [] Visual evoked potential study| |19900323132546|||||<CR>
AIN]| [] 30 year old female with 2 week hx of blurred vision in right eye. <CR>
A|Rule out multiple sclerosis.|||53927 [] Jones&Thomas&L&&Dr&MD|444-3666|<CR>
AllllNEN<CR>
P|3|3321123&6&M10]|3321123&6&M10||Newton [] Isaac [] M [] [] Mr||19530810|M|W|<CR>
A|567 Center Street [] [] Pleasantville [] IN [] 66661||441-6666Cday  ~441-7777Cevening|<CR>
A|42678 [] Welby&Marcus&L&&Dr&MD [] UPIN]||153 [] cm|74 [] kg]||||Right ~Right||OP|<CR>
A|Neuro||[M[|[|19900320<CR>
OBR|1[5692 [| NEURO||9586X [| EMG studies||1990032315151649||||N]| [] 36 year old <CR>
Almale with 6 month hx of tingling and pain in thumb, index, and middle <CR>
Alfinger of right hand. Rule out carpal tunnel syndrome.|||<CR>
A|42678 [ Welby&Marcus&L&&Dr&MD|444-2323|||||[|EN<CR>
L|1]|3]|28|62378<CR>

Acknowledgment (echoes 3 OBR segments with status Sand time scheduled):
H| [ ~\&|19183|34X96ABE59YW|NEULAB (Sunnyville Neurophysiology Lab)|<CR>
A]102 W Main Street [] Mail Stop 29B [] Sunnyville [] IN [] 66666|ORR [] 002|(555)444-3333|<CR>
AJINEURO (Sunnyville Neurologic Clinic)|[Example|P|E.2|19900323153046<CR>
MSA|AA|62378<CR>
P|1]4567890&1&M10]|4567890&1&M10|3-777-222|Doe [] John [] Q [] Jr [] Mr|Deere|19300202|<CR>
AIM|W/|511 Third Avenue [] Apt 2 [ Hometown [] IN [] 66667 [445-  1111Cday ~445-2222Cevening<CR>
A]|32975 [] Smith&John&P&I11&Dr&MD [] UPINJ||160 [] cm|60 [] kg|401.9 [] Hypertension [] I9C|<CR>
A|Propranolol ~Diazepam|Last meal 12 hrs ago||Right 19900214|IP|Psych||C|<CR>
A|M|BP|English|PSY|19900214<CR>
OBR|1|5678 [ NEURO|1234 [] EEG|95816 [] EEG recording|R|19900323095216|[|[N|<CR>
Al [l dementia] [] 60 year old male with 3 month hx of myoclonus, cognitive <CR>
Aldecline, and memory loss|||32975 [] Smith&John&P&I1&Dr&MD|444-3555|||||EN|<CR>
AJISI|[[[WHLC]|[|[|19900324074500<CR>
P|2|4321098&8&M10[4321098&8&M10||Harvey [] Jane [] J [ [] Mrs||19600123|F|W|214 First <CR>
A|Street [] Apt. 315 [] Hometown [] IN [] 66667||445-3333Cday  ~445-4444Cevening <CR>
A|53927 [] Jones&Thomas&L&&Dr&MD|||142 [] cm|55 [] kg|||||Right||OP|Neuro|||M]|||<CR>
A|19900323<CR>
OBR|1|5683 [] NEURO|1235 [] EEG|92280 [] Visual evoked potential study||<CR>
A|19900323132546||[|N]| [] 30 year old female with 2 week hx of <CR>
Alblurred vision in right eye. Rule out multiple sclerosis.|||<CR>
A|53927 [] Jones&Thomas&L&&Dr&MD|444-3666|||[|[|EN|S|[|[]]][[19900324091500<CR>
P|3|3321123&6&M10]|3321123&6&M10||Newton [] Isaac [| M [] [] Mr||19530810|M|W|<CR>
A|567 Center Street [] [] Pleasantville [] IN [] 66661| |[441-6666Cday  ~441-7777Cevening|<CR>
A|42678 [] Welby&Marcus&L&&Dr&MD [] UPIN|||153 [] cm|74 [] kg]||||Right ~Right||OP|<CR>
A|Neuro|[|M[[||19900320<CR>
OBR|1|5692 [ NEURO|2314 [ EMG|9586X [] EMG studies||19900323151649]|[||N||[<CR>
Al [] 36 year old male with 6 month hx of tingling and pain in thumb, index, <CR>
Aland middle finger of right hand. Rule out carpal tunnel syndrome.|||42678 [] <CR>
A|Welby&Marcus&L&&Dr&MD|444-2323|||[|[|EN|S]II1]]]]19900324081500<CR>
L|1//3|30]19183<CR>
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9.4 Downloading of Equipment Settingshis specification  the order result status code should be omitted (not present). The
provides a means by which a higher-level machine within 2OBX segments following the OBR segment contain the equip-
laboratory (such as an EEG data acquisition station) maynent settings to be modified or other information needed to
transmit equipment settings to a lower-level machine (such asemotely control the instrument.

an intelligent multichannel amplifier) while sending it an order 9.4.4 The OBX segments that follow the OBR segment
instructing it to prepare for a particular study. Examples of thisjetermine the action taken by the receiver. The most com-
downloading process include sending montage, channel, anflonly used categories of OBX segments are given in 9.4.4.1
electrode data, measured distances, or a stimulation prografirough 9.4.4.7. An instrument need not implement the capa-
(for example, for photic stimulation). Communication of pjjity to accept all (or any) types of downloaded equipment
equipment settings or other control information may also oCCUEettings. Similarly, an instrument need not implement the
while a study is in progress. For exe_lmple, one machine Wlthlr&apabi”ty to accept all (or any) types of equipment setting
the laboratory (such as an EEG review station) may be able tgogification or remote control requests. This standard merely
remotely control the operation of another machine (such as apecifies the mechanism by which downloading or remote

EEG data acquisition station) while a stud is in progresscontrol may be accomplished in systems or installations that
Downloading and other remote control operations are acCoNkeed these facilities.

plished by sending a message from one machine to another.
This section describes the use of the OBR and OBX segment

to accomplish one type of remote control. Other remote contro ata during a study, MTG, ELC, CHN, and optionally SEL
operations which use the Q segment are described in 9.5.202ategory OBX segménts ar,e usea. Zerol or more ELC category
_ 9.4.1 The format of a Specification E 1238 message used gy segments are first transmitted to define the common
initiate an electrophysiologic test and download equipmengacirode set if necessary (see 6.1.5). Then, one or more MTG
settings, or to modify or remotely control the settings of angateq0ry OBX segments are transmitted (one for each montage
instrument while a test is in progress, is as follows: to be downloaded), each followed by zero or more ELC

9.4.4.1 To download montage data (electrode or channel
efinitions, or both) at the start of a study or to modify montage

H Message header segment category OBX segments (defining electrodes for that montage)

P Patient identification segment d CHN OBX defini

GT1/IN1 Guarantor and insurance segments (optional billing infor- and zero or more Category segments ( e !nmg
mation) channels). If a MTG category OBX segment that specifies a

previously defined montage number is transmitted, the previ-
. ously defined electrode and channel definitions for that mon-
OBR Order segment tage are put into effect. This is especially useful when
OBX Result segment modifying montage data during a study. SEL category result
' segments may also be transmitted after the montages have been
. defined, to specify that certain montages are to be selected for
L Message terminator segment particular functions such as waveform display or printing.

9.4.2 When used to initiate a new electrophysiologic test 9.4.4.2 To download measured distances at the start of a
and download equipment settings, the OBR segment contairstudy or during a study, one or more DST category OBX
all of the information needed to initiate (order) the test assegments are used. These DST category OBX segments may
described in 9.3. In fact, the OBR segment may be a modifiethen be incorporated into a later message containing test results
copy of the OBR segment transmitted to the laboratory from arfincluding a message containing waveform data transmitted in
external computer system when electronically ordering the testeal time) or may be used to calculate derived numeric
Since the message used for downloading equipment settingsgsiantities such as conduction velocities.
intended to be used primarily between electrophysiologic 9.4.4.3 To download a stimulation program at the start of a
instruments within a particular laboratory, it is not necessary tatudy or during a study, STM and TIM category OBX segments
duplicate the fields of the original OBR segment that contairare used. Each TIM category OBX segment observation value
information (such as clinical data) which is not relevant to thefield contains a single component that specifies the time
receiving instrument. However, all R1-required fields in the(relative to the start of the stimulation program) at which a
OBR segment must be present. The order action code (Tabigimulus is delivered, begins, or ends; the TIM category OBX
54) should beN (new order) oG (new generated order), and segment is followed by one or more STM category OBX
the order result status code (Table 55) should be omitted (n&egments defining the stimulus (or stimuli) which are deliv-
present). The OBX segments following the OBR segmentred, begin, or end at that time. It is not necessary to transmit
contain the equipment settings to be downloaded. a TIM category OBX segment before a STM category OBX

9.4.3 When used to modify or remotely control settings orsegment when downloading only stimulus information (such as
other aspects of processing for an electrophysiologic test imtensity or duration) to an instrument during initiation of a
progress, the OBR segment may also be a modified copy of th&udy (for example, if the times at which the stimuli were to be
OBR segment used originally to initiate the test. As fordelivered were predetermined, or defined later by the receiving
downloading, it may not be necessary to duplicate the fields ohstrument). Also, if a STM category OBX segment is trans-
the original OBR segment that contain unnecessary informamitted without a preceding TIM category OBX segment after
tion, but all R1-required fields in the OBR segment must bean OBR segment with action cod® an instrument receiving
present. The order action code must®drevise order), and the message may interpret this as a command to deliver, begin,
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or end the specified stimulus at the time the message igbservation value field contains a single component that
received. specifies the actual date and time of medication administration.

9.4.4.4 To download technical comments concerning obser- 9 4.4.6 To transmit information about analyses performed
vations made or history obtained at the start of a study, one gin epochs of waveform data while a study is in progress, one
more TCM category OBX segments are sent in a messagg more ANA category OBX segments are sent in a message
following an OBR segment with action cod¢ or G. These  following an OBR segment with action cod@ These ANA
TCM category OBX segments may then be incorporated into gategory OBX segments may then be incorporated into a later
later message containing test results, preceding the waveforfessage containing test results (including a message contain-
data for the study. Also, to transmit a technical commening waveform data transmitted in real time) merged with the
concerning the study or the subject’s behavior while the studyppropriate waveform data. In some implementations, they
is in progress, one or more TCM category OBX segments arghay also be interpreted as an instruction to display analysis
sent in a message following an OBR segment with action codgesyits along side the waveform data for the benefit of the
R. These TCM category OBX segments may then be incorpoechnician running the test. If the analysis pertains to an epoch
rated into a later message containing test results (including gther than the current one, the ANA category OBX segment
message pontaining Wav_eform data transmitted in _real tim%ay be preceded by a TIM category OBX segment that defines
merged with the appropriate waveform data. If a time othekhe starting date/time and duration of the epoch to which the
than the current time applies to the technical comments, thSnaIysis applies.
TCM category OBX segments may be preceded by a TIM g 4 4 7 19 gownload sampling intervals, epoch durations,

category OBX segment whos.e. observation value f'eld.comamﬁansmitted data formats, or averaging parameters at the start of
a single component that specifies the actual date and time of t'?:lestudy or to modify these parameters during a study, one or

technical comment. more TIM category OBX segments containing the appropriate

t9t.;1.4.52 Tto dfownlct)a(;j information abOLI\‘/tlEnSedintions %\’Be)r(‘data are transmitted in a message following an OBR segment
at the start of a study, one or more category with an appropriate action codeN( G, or R). The first

segments are sent in a message following an OBR segme%m onent of the observation value field of these TIM cat-
with action codeN or G. These MED category OBX segments egor?/ OBX segments is omitted

may then be incorporated into a later message containing tes A .
y P g g 9.4.5 A message used to order or initiate an electrophysi-

results, preceding the waveform data for the study. Also, toI ic test and d load . t setti
transmit information about medications given while a study jgologic test and download equipment SENgs, or a message
sed to modify or remotely control settings for a study in

in progress, one or more MED category OBX segments ard ; A
N prog gory g rogress, should be acknowledged using the format specified in

sent in a message following an OBR segment with action cod . .
R. These MED category OBX segments may then be incorpo: 'g'i'o-rhe OBRdsggThent orkder r:asdult stattus codes descr(ljbed n
rated into a later message containing test results (including .f : ?re use thm € acfnowg grl'.‘de” mes?age, an lerror
message containing waveform data transmitted in real timef!rormation (|_n € case of an invaiid request or unimpie-
ented function) may be returned as described in 9.3.12.

merged with the appropriate waveform data. In some imple- )
mentations, they may also be interpreted as an instruction to 9-4.6 The following are examples of download request
the technician to administer the specified medication to thénessages and the corresponding acknowledgment messages. In
subject. If the administration of the medication occurs at a iméhese examples;CR> indicates a carriage return character.
other than the current time, the MED category OBX segment 9.4.6.1 Example of a request to initiate an EEG study,
may be preceded by a TIM category OBX segment whose specifying montage channel information:

Order message (requests a study and specifies channels in montage 1):
H| [] ~\&|53424||EEGSL1|||||[EEGAL||P| E.2|19920723122542<CR>
P|1|4567890&1&M10|4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [ NEURO|1234 [] EEGS1|95816 [] EEG recording]|||[|IN] [] dementia|<CR>
A| [] 62 year old male with 3 month hx of myoclonus, cognitive decline, and <CR>
Almemory loss|||32975 [] Smith&John&P&I11&Dr&MD|444-3555<CR>
OBX|1|CM|95816&MTG [] EEG recording|1|1&LR-21.1 (A1/2) [] 21<CR>
OBX|2|CM|95816&CHN [] EEG recording|1|1 [] Fp1&Av [] 0.5&uv [] 1.032&0 [] [] -2048&2047 [ <CR>
A|BP&ANA&1&6&7086 ~2 [| Fp2&AV[] [] 1.015&0 ~3 [ F3&AV [] [] 0.983&0 ~4 [| F4&AV [] [ <CR>
A]1.005&0 ~5 [] C3&Av [] [] 0.964&1 ~6 [] C4&Av [] [] 0.993&0 ~7 [ P3[J Av[] []0.989&0 ~8[] P4&Av [] [] <CR>
AJ1.013&0~9 [] O1&AV [] [] 1.106&0 ~10[] O2&Av [] [] 0.992&2 ~11 [] F7&Av [] [| <CR>
A|0.987&0~12 [| F8&AV [] [] 1.002&0 ~13 [] T3&AV [] [] 1.076&-1 ~14 [] T4&AV [] [] <CR>
A]1.112&0~15[] T5&AvV [] []0.988&0 ~16 [] T6&AvV [] [] 1.087&0 ~17 [] Fpz&Av [] [] <CR>
A|0.992&0~18 [[ Fz [ Av [] []1.135&0 ~19[] Cz&Av [] [] 0.988&0 ~20 [ Pz&AV [] [] <CR>
A]1.103&0 ~21 [] Oz&Av [] [] 0.998&0<CR>
L|1]|1]15|53424<CR>

Acknowledgment (echoes OBR segment with statusl):

H| [ ~\&|22789||EEGAL|||||EEGS1||P|E.2|19920723122657<CR>
MSA|AA|53424<CR>
P|1|4567890&1&M10|4567890&1&M10||Doe [] John [ Q [] Jr [| Mr|Deere|19300202|M<CR>
OBR|1|5678 [| NEURO|1234 [| EEGS1|95816 [| EEG recording]||19920723122606]|||N|<CR>
A| [] dementia| [] 62 year old male with 3 month hx of myoclonus, cognitive <CR>
Aldecline, and memory loss|||32975 [] Smith&John&P&l11&Dr&MD|444-3555]|||||||[<CR>
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AN O Sullivan&Joyce&D&&Ms<CR>
L|1/|1|8]|22789<CR>

9.4.6.2 Example of a request to initiate an EEG studythe start of the program:
downloading a stimulus program; the stimulus program speci-
fies flash visual stimulation to both eyes at rates 3 Hz from 0
to 10 s, 10 Hz from 15 to 25 s, and 20 Hz from 30 to 40 s after

Order message (requests a study and specifies stimulus program):
H| [] ~\&|53425||EEGSL1|||||[EEGAL||P|E.2|19920723122542<CR>
P|1]4567890&1&M10|4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [| NEURO|1234 [] EEGS1|95816 [] EEG recording]||||||[N<CR>
OBX]|1|CM|95816.31&TIM [] EEG recording, during photic stimulation|1|<CR>
A|00000000000000.000<CR>
OBX|2|CM|95816.31&STM [] EEG recording, during photic stimulation|1|<CR>
A|BEGIN [] FLS [] T-XX000-BIL&bilateral eye [] 3 [] 0.00001 [] 22 [] cd.s/m2 [| WHT<CR>
OBX|3|CM|95816.31&TIM [] EEG recording, during photic stimulation|2|<CR>
A|00000000000010.000<CR>
OBX|4|CM|95816.31&STM [] EEG recording, during photic stimulation|2|<CR>
A|END [] FLS [] T-XX000-BIL&bilateral eye [] 3 [] 0.00001 [] 22 [] cd.s/m2 [| WHT<CR>
OBX|5|CM|95816.31&TIM [] EEG recording, during photic stimulation|3|<CR>
A]00000000000015.000<CR>
OBX|6|CM|95816.31&STM [] EEG recording, during photic stimulation|3|<CR>
A|BEGIN [] FLS [] T-XX000-BIL&bilateral eye [] 10 [] 0.00001 [] 22 [] cd.s/m2 [ WHT<CR>
OBX|7|CM|95816.31&TIM [] EEG recording, during photic stimulation|4|<CR>
A]00000000000025.000<CR>
OBX|8|CM|95816.31&STM [] EEG recording, during photic stimulation|4|<CR>
AJEND [] FLS [] T-XX000-BlIL&bilateral eye [] 10 [] 0.00001 [] 22 [] cd.s/m2 [] WHT<CR>
OBX|9|CM|95816.31&TIM [] EEG recording, during photic stimulation|5|<CR>
A|00000000000030.000<CR>
OBX]|10|CM|95816.31&STM [] EEG recording, during photic stimulation|5|<CR>
A|BEGIN [] FLS [] T-XX000-BlIL&bilateral eye [| 20 [] 0.00001 [] 22 [] cd.s/m2 [| WHT<CR>
OBX|11|CM|95816.31&TIM [] EEG recording, during photic stimulation|6|<CR>
A|00000000000040.000<CR>
OBX|12|CM|95816.31&STM [] EEG recording, during photic stimulation|6|<CR>
A|END [] FLS [] T-XX000-BIL&bilateral eye [] 20 [] 0.00001 [] 22 [] cd.s/m2 [ WHT<CR>
L|1/|1|28|53425<CR>

Acknowledgment (echoes OBR segment with status I):

H| [] ~\& 22790||[EEGAL|||||EEGS1||P|E.2|19920723122654<CR>
MSA|AA|53425<CR>
P|1|4567890&1&M10[4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [ NEURO|1234 [| EEGS1|95816 [] EEG recording]|||19920723122606||||N|<CR>
AllIINININ<CR>
L|1]|1]6]22790<CR>

9.4.6.3 Example of a request to add a technical comment to
the waveform data during an EEG study in progress; the
system receiving the request is unable to comply:

Revise order message (specifies technical comment to be added):
H| [] ~\&|53426||EEGS1|||||EEGAL||P|E.2|19920723122702<CR>
P|1|4567890&1&M10]4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [ NEURO|1234 [ EEGS1|95816 [] EEG recording]||||||R<CR>
OBX]|1|TX|95816.0101&TCM|1|Moves<CR>
L|1]|1]|5|53426<CR>

Acknowledgment (echoes OBR segment with status X):

H| [ ~\&|22791||EEGAL|||||EEGS1||P|E.2|19920723122715<CR>

MSA|AA|53426<CR>
P|1]45678908&1&M10|4567890&1&M10||Doe [] John [ Q [] Jr [] Mr|Deere|19300202|M<CR>
OBRY1|5678 [] NEURO|1234 [| EEGS1|95816 [] EEG recording]||||IR]I[]]]]1]I/[X<CR>

OBX|1|CM|95816&ERR [] EEG recording|1|993 [] Requested remote control operation<CR> Alis not available on this system<CR>
L|1]|1|7|22791<CR>

9.5 Request (Query) FunctionsThis specification, in 9.5.1 In addition, this specification extends the request or
keeping with Specification E 1238 and HL7, provides a meansjuery capabilities of Specification E 1238 to include various
by which one system may request the status of or results frorfunctions necessary for communication of control, waveform,
a previously ordered test from another system. Bukicited and report data between cooperating machines within a labo-
transmission of results is an alternative to ansolicited ratory.
transmission of results. 9.5.2 The format of a Specification E 1238 message used to
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make a request or query is as follows (see the HL7 specifica-TABLE 57 Request Types, Subject Filter Codes, and Qualifiers

tion for the format of an HL7 QRY message used to make a subject

Request Type Qualifer 1 Qualifier 2 Qualifier 3

query): Filter Code
H Message header segment System Status, Configuration, and Capability Queries
Q Request results segment STI System time
L Message terminator segment SID SystemID
SAV System availability

9.5.3 The Specification E 1238 Q segment specifies one ¢iN
more requestor assigned patient IDs (field 3) and one or morsgg\'\;'
producer assigned patient IDs (field 4; may be the same as fiekibp
3) as a means of identifying particular patients. It also specifie§RR
one or more test/observation IDs in field 5 as a means of,,
identifying particular tests to which the query applies. Forpro
queries that do not involve a specific test and patient, thesg™R
fields may not be present or they may contain the keyworg,p
ALL when results for all patients or all tests are desired.  Dem

9.5.4 The Q segment also may specify the requesting_,
physician in field 9 and the requesting physician telephon@rn
number in field 10. These fields may not be present if the
requesting physician is not known or not relevant. '\S"TT,ST

9.5.5 The Q segment optionally specifies the beginning and
ending request results date/time in fields 7 and 8, and the natuﬁé‘;'
of request time limits in field 6. A single date/time is encodedgg,
in field 7. Arange of date/times is encoded in field 7 (beginningcAN
request results date/time) and field 8 (ending request resulgsrA
date/time). A series of individual date/times are encoded imgec
field 7, separated by repeat delimiters. Field 6 indicate®Au
whether the date/times in fields 7 and 8 refer to the date/timeZ.

System functions
com.ID

System communications
System storage devices dev.ID
System display devices dev.ID

Last error code/message
Data types
Data limits
Data formats .
Data sample frequencies
Master Database Search Requests
Test/observation master data
Patient demographics
Requests for Orders
Get orders acc.num
Generate new order
Requests for Equipment Settings

Get montage mtg.num  dat.typ

Get stimulus program
Requests for Results

All results acc.num  seg.num

Reports only acc.num  seg.num

Waveform data block acc.num  seg.num

Cancel result message acc.num ...
Remote Control and Status Requests

Remote function status func.ID
Begin remote function func.ID d/c.ID file.ID
Pause remote function func.ID
Resume remote function func.ID seg.num

End remote function func.ID

of the start of the studies (field%6 S) or to the date/times of
the reports as encoded in OBR segment field 23 (fietd F8).
The date/times in fields 7 and 8 may be used when it is desireg
to restrict the results returned in response to a query to specif{ﬁ
dates and times; if no beginning date/time is present, th
queried system should assume that results going back as
into the past as is possible are desired, and if no endin
date/time is present, that results up to the present time a
desired.

device or a communication channel identifier, depending on
e specific function involved. Furthermoracc.numrepre-

ents a producer (diagnostic service) accession number (as
@5ed in OBR segment field 4), which uniquely identifies the
fbst or order to which the request applies. Of the two compo-
'fents in OBR segment field 4, only the first component (the
laboratory assigned study number) is used in the query request,

~9.5.6 This specification permits field 12 (requestor speciakiyce the second component (the producer application identi-
field 2) of the Q segment to serve the function of the HL7fier) is known by context. Alsantg.nunrepresents a montage

specification QRD segmenthat subject filtefield. It specifies

number (as given in a MTG category result segmedtd},typ

the nature of the query being made (that is, the type ofs 5 keyword specifying the type and level of detail of montage

information required to satisfy the request).

data, andseg.nunrepresents a result (OBX) segment sequence

9.5.7 Requestor special field 2 (subject filter and qualifiershumber (field 2 in an OBX segment). Finalfije.ID represents
of the Q segment is a multicomponent field. The first compo= file identifier, an alphanumeric string that has meaning to
nent (the subject filter code) determines the type of request @joth the sending and receiving system and which identifies a
query. The subsequent components of this field are optiongjarticular data file on a device on the system to whom the
qualifiers to the subject filter code. The number and meaning ghessage is addressed. The communication channel, device,
these components depend on the choice of subject filter codgnd file identifiers may or may not be the actimérnal names
Table 57 lists the available request types, the appropriatgsed by the target system; for example, in some implementa-

subject filter codes, and the optional qualifiers for each.

tions the specified identifiers may be modified for internal use

9.5.8 In Table 57,com.ID represents a communication (for example, by concatenation with a patient ID to make them
channel identifier, an alphanumeric string that has meaning tanique or by appending directory pathnames to file names).
both the sending and the receiving system and which identifies 9.5.9 Also in Table 57func.ID identifies a particular func-

a particular communication channel by which the two systemsion that can be or is being performed by the system to whom
may exchange messages. Alstev.ID represents a device the message is addressed. Table 58 shows a list of identifiers
identifier, an alphanumeric string that has meaning to both théor functions that may commonly be performed by systems in
sending and receiving system and which identifies a particulaa clinical neurophysiology laboratory; alternatively, other func-
device (disk, tape, printer, or display) on the system to whomion identifiers may be used which have meaning to both the

the message is addressed. In additae,ID represents either
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TABLE 58 System Function Identifiers messagejueries be implemented in most two-way communi-
Identifier Function cation implementations.
WAC Waveform data acquisition 9.5.10.1 A number of the system queries (suclsgstem
wgk mgg:m :fiﬁfnngd'sp'ay communicationssystem storage devigeand system display
WDE Waveform feature detection (such as spike, seizure) quICE$ return 'mplementat|0n'd6pendent mformatlor_l (that_ IS,
WAN Waveform analysis (such as frequency spectra) information which depends on the hardware configuration,
WTM Waveform data real-time transmission (to another system) Operating system and communication software of the queried
WRC Waveform data real-time reception (from another system) t Th ’ t . hould th f v b dif
WST Waveform data storage (short-term) Sys em)- ese SYS em qu?“e.s S O.U ereiore only be U.Se . I
WAR Waveform data archival (long-term) necessary for a given application, since use of these queries is,
‘éngE ‘F’e":"grff”gn‘i?;gi“'e"a' (from storage or archive) in general, non-portable and nonstandard. Since system queries
RDI Regon Screen display do not return data specific to individual patients or orders, the
RPR Report printing patient ID and test/observation ID fields in the query segment
ii; ggggg slorage ((f::g”tﬁm) are not present, and the beginning and ending date/time fields
RRE Report retrieval (from storage or archive) are not present for these queries.
g';'\;j Elat"int Qefpograr;h'? data storage 9.5.10.2 When a message containing a system status, con-
ORNA Order aceession number sssignment figuration, or capability query is received by the destination
omDA Test/observation master data storage system, it responds by sending a message back to the request-
MTGA Montage/channel/electrode definition storage ing system. The format of a Specification E 1238 guery

“This function may be listed in the response to a SFN (system functions) query, response message is as follows (see the HL7 specification for
but may not be referenced in a BEG, PAU, RSM, END, or STA request. the format of an HL7 general acknowledgment ACK message

includes both digitized waveform data itself and aII.reIatedﬁfse'rgr,::)eg:ﬁ:ﬁbvﬁgggggrf;:gmristg&n;ec (m‘)igu:;:g:, ?ragagg-
annotations (such as technical comments, stimulation dat%’ility query):
analysis data, etc.) other than the final reports that are gener- 'Messa o header seament
ated later on revie_w of the_ waveforms ar_1d which may be sen@SA Message acknow,ed%mem segment
back to the ordering servic&eport dataincludes the latter L Message terminator segment
reports. The distinction between waveform data and reports is . . .
necessary because some systems may be capable only 019 .5.10.3f_T|r&e ?nksjw;far t(f) tt::e Slusiry IS cont?lr]rehd '? ltlhe text
handling reports, while others may only handle waveform dataaneesscsrﬁ)gees ':ﬁe v(a:ﬁous )t 0 s %f S stesn(:gst?aetzé qui:s Ogﬁ]'g%he
Thus, for example, a system that could print both waveformOI ta which is ret d typth y or | q . h of
data and reports would show bdtPR andRPR as available ata which 1S returned to the requestor in response 1o each o
functions. However, in some implementations (as agreed upovi1ese types. _
by the two communicating systems), some of thaveform 9.5.19.4 TheSTI (system timerequest return; the cutrent
only functions WDI, WPR, WTM, WRC, WST, WAR, clock time (in TS da;a format, generally with fracno_ngl
WRE) may be used to indicate display, printing, transmissionS€conds included). This request may be used to facilitate
reception, storage, archival, or retrieval of both waveform angynchronization of clocks in multiple systems. For example,
report data as a single unit. TIEEM function indicates that ©On€ System could be used asmaster clock, while other
the system stores locally or has access to a patient demograp/S¥Stems would query it and set their clocks accordingly. It may
data base and can respond toD&M request. TheORD also be used me_rely.as are you thereuery, to determine if
function indicates that the system provides an electronidh® System queried is able to respond.
ordering function and can send orders for tests to other 9.5.10.5 TheSID (system identificatignrequest returns an
systems, or respond to @RD request. TheORN function  identification of the queried system as a composite field with
indicates that the system receives or generates new orders fép to five components, separated by component delimiters
tests and assigns unique producer (diagnostic service) accdd] ). The first component is the manufacturer company
sion numbers to the orders or tests and can respond@Ran  hame. The second component is the manufacturer-assigned
request. TheOMD function indicates that the system storesproduct name. The third component is the model number. The
locally or has access to test/observation master data and cgurth component is the software version number. The fifth
respond to aOMD request. ThéTG function indicates that component is the serial number. The format and length of each
the system stores locally or has access to a collection gfomponent are implementation-dependent. Only as many com-
predefined montages for general use (with electrode angonents as are known and relevant need be returned.
channel definitions) and can respond td1aG request that 9.5.10.6 TheSAV (system availability request returns an
specifiesALL in the patient ID field. indication of the availability of the queried system for perform-
9.5.10 System Status, Configuration, and Capabilitying electroneurophysiologic tests. Possible answers Rare
Queries—These queries are used to obtain information abouready),B (busy), orO (off line). R indicates that the system is
another system. A system that implements two-way communiready to begin a new test. For a system that can only perform
cation need only implement those system queries which arene test at a timeB indicates that it is currently performing a
needed for communication among cooperating systems in f@st. For a system that can perform more than one test
laboratory; however, it is suggested that at least dhigtem concurrently (for example, a system which can acquire EEG
time, system ID system availability and last error code/ data from up to four subjectsR indicates that the system is
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currently performing as many concurrent tests as it is able. TABLE 60 Network/Serial Line Type Codes
indicates that the system is able to receive and respond t0  code Meaning
messages but is currently not able to perform tests. Network Type Codes

9.5.10.7 ThesFN (system functionsequest returns a list of ENET Ethernet
all functions which may be performed by the queried system? =T ?(;(Iigitring
The possible system function identifiers are given in Table 58spp, Fiber distributed data interface
although other identifiers may also be used which have _ Serial Line Codes
meaning to both the querying and queried system. Whef{>) DA RS2 e
multiple function identifiers are returned, they are separated byiopm Dial-up (modem) line
repeat delimiters). Other Communication Type Codes

1488 IEEE 488 (IEEE general purpose instrumentation bus)

9.5.10.8 TheSCM (system communicationsequest has a EEE MIB (IEEE medical instrumentation bus)

single optional qualifier, which is a communication channel
identifier. This identifier may b&LL (the default) to indicate
that the queried system should return a list of all availablef

communication channels and their characteristics, or it maﬁr three communication channels callaET1, NET2, and

specify a particular communication channel whose characte SE-&s}eAugeesT%A? nl?lrtng SZ?rl:]lgs?&er?éuﬂgidﬂ:gt rejﬁgﬁgi;ﬂ:
istics are to be returned. When multiple communication chan:; 9 y P 9

nels are returned as a list, they are separated from each other@ thelcomm:cmlcatlon cha_nnet_l Ina latt_]B'EG lrequgsi. An .
repeat delimiters~). Each communication channel in the list l?l9a6mpRez32 OCthcl)mmumca_\ |on9600c banr:je RSZ??Za 1S
(or the single communication channel requested by nami%\é [ I (noparity, aud,

: ial line, calledCOM1).
consists of a set of three components, separated by compon 55.10.9 TheSDV (system storage deviderequest has a

delimiters ([] ). The first component is either a communi- indl tional lifier. which i device identifier. Thi
cation protocol (for network communication channels) or a>ng'e optional quatilier, ch IS a device aentmer. S

parity and baud rate designation (for serial line communicatiOtJ1dentlfler may beALL (the_ default) to !ndlcate that the qgerled
channels). Examples of these are given in Table 59; altern system should return a list of all available storage devices and

tively, other communication protocol or parity/baud rate code he|_r characteristics, or it may specify a particular storage
which have meaning to the sending and receiving system ma evice whose characteristics are to be returned. When multiple

be used. The second component is a code designating the ty té)rage devices are retqmgd as a list, they are se_pargted from
of network or serial line used. Examples are given in Table 60 _ach other by repeat del|m|te_rsX. Each storage device in t_he
alternatively, other codes which have meaning to the sendin st (or the single storage device requested by name) consists of

and receiving system may be used. The third component is th set of five components, separated by component delimiters

communication channel identifier (a name which identifies th )- The first component is a device type. Examples of

particular communication channel); the allowed values aréjev'Ce type codes are given in Table 61; alternatively, other

implementation-dependent. In some implementations, genen%evICe type codes which have meaning to the sending and

communcaton charneldenifers may be used o specy 5T YT MY be st T Ssene comperenL e
particular class of communication channels, of which mor P 9

e, . !
than one is available; for exampET may be a generic name dewce_), the aIIowgd values are |mp_Iem.entat_pn—dependent. In
some implementations, generic device identifiers may be used

TABLE 59 Protocol and Parity/Baud Rate Codes to spe_C|fy a particular class of devices, of Whlch more than one
is available; for exampld)D may be a generic name for three
Network Protocol . . .
Code Meaning storage devices callebD1, DD2 and DD3. A generic hame
should be returned in response t&BYV request only if it is

TCP TCP/IP (Transmission control protocol/Internet protocol)
DNET DECnet (Digital Equipment Corporation network protocol)
SNA Systems Network Architecture (IBM network protocol) .
oSl Open Systems Interconnection (ISO network protocol) TABLE 61 Device Type Codes
X25 X.25 Protocol (ANSI protocol for wide area networks) Code Meaning
IPX IPX/SPX (Internetwork packet exchange/Sequenced packet -
exchange protocol by Novell, Inc.) ~ Storage Devices
. HD Hard disk drive
Parity/Baud Rate Codes F50 5-in. floppy disk drive
ey ey woewy RS 53 e
DT DAT (digital audio tape) drive
E3 03 N3 300 M16 1600-bpi industry-standard magnetic tape drive
E;i 8;2 m;i 242188 M62 6250-bpi industry-standard magnetic tape drive
CT Cassette tape drive
E48 048 N48 4800 HT Helical scan tape drive
E96 096 N96 9600 VT Video tape drive
E192 0192 N192 19200 Printer/Display Devices
E384 0384 N384 38400 CD Color screen display
E576 0576 N576 57600 MD Monochrome screen display
E768 oves N768 76800 FP Continuous form printer
E1152 ons2 N1152 115200 MP Monochrome sheet printer
CP Color sheet printer
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permissible to use that generic name for the storage device successful completion of the query request.

a laterBEG request. The third component is a storage device 9.5.10.12 ThéTY (data type}request returns a list of the
status code; this may e (device ready)Q (device off line), types of result data which may be handled by the queried
or B (device busy—used for devices that cannot be shared argystem. The possible result data types are given in Table 62.
which are currently in use). The fourth (optional) component isWhen multiple result data types are returned, they are sepa-
the available storage space on the device, in the fornated by repeat delimiters~). WAVE, ANNO, and RPRT
<number><units>, where <number> is a positive number refer to common groupings of information categories of result
with an optional decimal fraction, andunits> is a single segments. For example, a Level | implementation of this
letter: B for bytes, K for kilo (1024) bytes,M for mega specification would handle only typ&/AVE data, a Level Il
(1048576) bytes, o6 for giga (1073741824) bytes. The fifth implementation might handle tyd®AVE , ANNO, andRPRT
(optional) component is the total storage space on the devicdata, and a hospital result inquiry system might handle only
in the same format. An example of storage device data itype RPRT data. CODE and TEXT refer to the way coded

OD[]DO2[]R[]1.445G [] 2G (optical disk entry results (such as ANT, IMP, REC, and type CE null
drive calledDO2, ready, available space 1.445 gigabytes, totacategory results) are treate@EXT by itself indicates that
space 2 gigabytes). codes are ignored (receiver systems) or not transmitted (trans-

9.5.10.10 TheSPD (system printer/display devidesquest mitter systems)CODE by itself indicates that text descriptions
has a single optional qualifier, which is a device identifier. This2f codes are not required but, when absent, may be automati-
identifier may beALL (the default) to indicate that the queried c@lly generated from the code (receiver systems), and are not
system should return a list of all available printer/displaytransm'tted unless no equivalent code exists (for transmitter

devices and their characteristics, or it may specify a particulafyStems). If bothTEXT and CODE are returned, the system

printer/display device whose characteristics are to be returneduéried will automatically generate text descriptions, if absent,

When multiple printer/display devices are returned as a list rom codes (receiver systems), but will transmit both codes and

they are separated from each other by repeat delimite}s ( text, even when they are eq_uivalent (transmittgr systems).
Each printer/display device in the list (or the single printer/EX@mples of result d?ta.type lists returned by this query are:
display device requested by name) consists of a set of thre AVE ~TEXT (Level 1); WAVE ~ANNO ~RPRT~TEXT

components, separated by component delimitg}y.(The ‘Q(NEJEI AII\Il)lil o V\F/QAIQ/RETN TIEA)\('\'II'NoggggzL;\C/:e(I)IEI)II)E or
first t is a device type. E les of device t N N e o
IS component 1S & device fype. =xamples ot Cevice typ 9.5.10.13 ThédLM (data limit9 request returns the various

codes are given in Table 61; alternatively, other device type | tation-determined . limits of th ied
codes which have meaning to the sending and receiving syste\’i’i‘p ementation-geterminéd maximum imits of the querie
stem as a composite field with up to seven components,

may be used. The second component is a device identifier ted b t delimit The first
name which identifies the particular printer/display device); the eparated by component delimiterf§ §. The first compo-

allowed values are implementation-dependent. In some implélent is the maximum number of channels allowed in waveform

mentations, generic device identifiers may be used to specify%ata' The secand component is the maximum number of

particular class of devices, of which more than one is availablel ONta9es which may be defined. The third component is the

for example,PRN may be a generic name for two printers g?;qrgl;rgn{] gr?r?ee rm?afxierlr?ucrtrzondueritfg; c?fnglenrwen;?sg\?v.hlmen:guritaz
calledPRN1andPRN2. A generic name should be returned in 7~ . P ; ) 1ay
i o defined for any physical electrode. The fifth component is the
response to &PD request only if it is permissible to use that X . .
; ; . o maximum number of electrodes which may contribute to any
generic name for the printer/display device in a laB#G

request. The third component is a printer/display device statu%erived electrode. The sixth component is the maximum
code; this may b& (device ready)O (device off line), orB umber of filters which may be defined for any single channel.

(device busy—used for devices that cannot be shared a@e seventh component is the maximum number of analysis

which are currently in use). An example of printer/display rameters which may be used. Only as many of these
device data isMP [[LPT1[JR (monochrome sheet components as are known and relevant need be returned. Each

i component is a positive decimal integer.
printer calledLPT1, ready). 9.5.10.14 TheDFO (data format$ request returns a list of

9.5.10.11 TheERR (last error code/messagyeequest may  the formats of waveform data which may be handled by the
be used when a transmitting system needs to receive a repeat

transmission of the last error message which (as described in

9.6) may be sent by a receiving system in response to a TABLE 62 Result Data Type Codes

message which cannot be processed because of a syntax or  Code Meaning
unrecoverable transmission error. The error message sent in ‘Result Information Categories A .
response to the erroneous message and the one sent in response WAVE Digital waveform data and associated labels (information
. X categories described in Section 6)
to the ERR query have identical formats. The error data ANNO Annotations attached to digital waveform data and other
returned consists of the text striltRR followed by an error grima_rg' (ééta ;Or ihe S;;ldy (information categories
. . escribed in Section

_COde and optlonal adqltlonal error message (e_xplanatory teXt) RPRT Report data (information categories described in Section
in the text message field of an MSA segment in the response 8)
message. The acknowledgment code (field 2) of the MSA Result Coding ,

t tainAA (a lication acce t) rather thaAE CODE Alphanumeric codes are used in coded entry data
segment contal pp p TEXT Text descriptions are used in coded entry data

(application error) as in the original error message, indicating
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queried system. The possible waveform data formats are giveoy component delimiters[{ ) to indicate a range (lowest

in Table 24, although other formats may also be used whiclfrequency of range, then highest frequency). When multiple

have meaning to both the querying and queried system. Whestata sampling frequencies are returned, they are separated by

multiple waveform data formats are returned, they are sepaepeat delimiters ). An example is 25~50~

rated by repeat delimiters-(). 100 [] 200~500, which indicates that sampling frequencies
9.5.10.15 TheDFR (data sample frequencigsequest re- of 25 Hz, 50 Hz, 100 to 200 Hz, and 500 Hz are allowed.

turns a list of the sampling frequencies for waveform data 9.5.11 The following are examples of query messages and

which may be handled by the queried system. Each item in ththe corresponding responses. In these exampgleR> indi-

list may consist of a single frequency in hertz (a positivecates a carriage return character.

decimal integer, or zero to indicate sporadic sampling, as 9.5.11.1 Example of a system identification query:

described in 6.4.5), or it may be a pair of frequencies separated

Query (requests system identification):

H| [ ~\&|32356||EEGS1 (EEG storage system)|||||[EEGAL (EEG data acquisition)|<CR>
A||P|E.2|19920723122514<CR>
QIL[IINNIISID<CR>
L|1]|0]4|32356<CR>

Response (returns system identification):
H| [ ~\&|12396||[EEGA1 (EEG data acquisition)|||||EEGS1 (EEG storage system)||[<CR>
A|P|E.2|19920723122542<CR>
MSA|AA|32356|Acme EEG [] Blazer [] BL-34 [] 4.5 [] 10334572<CR>
L|1]|0]4]|12396<CR>

9.5.11.2 Example of a system communications query:

Query (requests characteristics of communication channel NET5):
H| [1 ~\&|32357||EEGSL1 (EEG storage system)|||||[EEGR1 (EEG review system)|<CR>
A||P|E.2]|19920723123119<CR>
QIL/IINNISCM [] NET5<CR>
L|1/|0]4|32357<CR>

Response (returns characteristics of NET5):

H| [] ~\&|18244||EEGRL1 (EEG review system)|||||[EEGS1 (EEG storage system)||P|[<CR>
A|E.2|19920723123148<CR>
MSA|AA|32357|TCP [] ENET [ NET5<CR>
L|1]|0]4|18244<CR>

9.5.11.3 Example of a data sample frequencies query:

Query (requests available data sample frequencies):

H| ] ~\&|12397||EEGAL|||||EEGRL1||P|E.2|19920723135736<CR>

QIL|III1I[[|]DFR<CR>

L|1]|0[3]12397<CR>

Response (returns available data sample frequencies):

H| [] ~\&|18245||EEGR1|||||EEGAL]||P|E.2|19920723135805<CR>

MSA|AA|12397|200 ~400~1000<CR>

L|1]|0|3]18245<CR>

9.5.11.4 Example of a system storage devices query:

Query (requests characteristics of storage device D2):
H| [ ~\&|32358||EEGSL1||||[NEURO||P|E.2|19920723141545<CR>
QILI|IIINISDY [| D2<CR>
L|1//0]3|32358<CR>

Response (returns characteristics of D2):

H| [ ~\&|47234||NEURO|||||EEGS1||P|E.2|19920723141557<CR>
MSA|AA|32358|0D [] D2 [] R [] 1.445G [] 2G<CR>
L|1]/0]3]47234<CR>
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9.5.12 Master Database Search RequesiBhese queries message containing a@MD request is received by the
are used to obtain detailed test/observation (OMD) or patiendlestination system, it responds by sending a message back to
demographic@EM) information from a database stored on (or the requesting system which contains one or more OM1, OM2,
accessible from) another system, or to obtain a list of patient§M3, OM4, OM5, or OM6 (test/observation master) segments
(DEM) currently known to another system. It is expected thaidescribing the tests or observations performed by the labora-
only some systems that implement two-way communicatiofory. When a message containin@EM request is received by
will respond to these requests with complete test or patienfe destination system, it responds by sending a message back

demographic data (for example, only certain designated sygp the requesting system which contains one or more P (patient
tems which act as database servers or as gateway maCh'”esidQntifying) segments.

database servers). Other machines which cooperate in perform- .
ing electroneurophysiologic tests may wish to implement only 9.5.12.2 The f(_)rmat of a Specification E 1238 query re-
the DEM query in a limited fashion (returning only a list of sponse message is as follows (see the HL7 specification for the

patients whose tests are in progress or whose data are on fif@'mat of an HL7 ADT-type message of immediate, record-

but omitting all other demographic information). oriented response type which can be sent in responsBiha
9.5.12.1 In theOMD request, the test/observation ID field fequest):
of the Q segment contains the identifier of the test o Message header segment

A . . . Message acknowledgment segment
observation about which data are deSIQned' the keyb@btd OMx or P Test/observation master or patient identifying segment 1

(which is the default if not present) indicates that data are@mwxor P Test/observation master or patient identifying segment 2
needed concerning all tests or observations that the laboratory

can perform. The patient ID fields are omitted for this request.

In the DEM request, the patient ID fields of the Q segment Message terminator segment

identify the particular patient whose demographic data are .
desired; the keywordLL (which is the default if not present) 9.5.13 The f(_)llowmg are examples of query messages and
indicates that demographic data on all known patients aré'€ corresponding responses. In these examgle®> indi-
needed. The test/observation ID field is omitted for thisCates a carriage return character.

request. Since database search requests do not return dat®.5.13.1 Example of a patient list query:

specific to particular dates or times, the beginning and ending

date/time fields are not present for these queries. When a

Query (requests list of patients known to system EEGS1):

H| [] ~\&|92645||EEGR1 (EEG review system)|||||[EEGS1 (EEG storage system)|<CR>
A||P|E.2|19920723122514<CR>
QILIALLIIINIIDEM<CR>
L|1]|0]4|92645<CR>

Response (returns list of patients known to system EEGS1):
H| [] ~\&|53285||EEGS1 (EEG storage system)|||||EEGR1 (EEG review system)|<CR>
A||P|E.2|19920723122542<CR>
MSA|AA|92645<CR>
P|1|4567890&1&M10|4567890&1&M10||Doe [] John [ Q ] Jr [] Mr<CR>
P|2|4321098&8&M10[4321098&8&M10||Harvey [ Jane [] J [] [] Mrs<CR>
L|1]2|6|53285<CR>

9.5.13.2 Example of a patient demographic data query:

Query (requests demographic data on patient with ID 4567890):
H| [| ~\&|37463||[EEGS1|||||[NEURO||P|E.2|19920723141545<CR>
Q|1]4567890|4567890|||||[[DEM<CR>
L|1]|0|3|37463<CR>

Response (returns demographic data on patient 4567890):

H| [] ~\&|67487||NEURO|||||[EEGS1||P|E.2|19920723141557<CR>
MSA|AA|37463<CR>
P|1|4567890&81&M10[456789081&M10|3-777- 222|Doe [] John [] Q [] Jr [] Mr|Deere|19300202|<CR>
AIM|W/|511 Third Avenue [] Apt 2 [ Hometown [] IN [] 66667||445-  1111Cday ~445-2222Cevening<CR>
A]|32975 [] Smith&John&P&I1&Dr&MD [] UPIN|||160 [] cm|60 [] kg|401.9 [] Hypertension [] I9C|<CR>
A|Propranolol ~Diazepam|Last meal 12 hrs ago||Right 19920714|IP|Psych||C|<CR>
A|M|BP|English|PSY|19920714<CR>
L|1]/1/8]67487<CR>

9.5.14 Requests for OrdersTheget orders(ORD) request  single patient or for all patients and for a single test or for all
is used when a system wishes to obtain new orders fotests may be requested. Tienerate new ordgflORN) request
electroneurologic tests (for example, when it has completeis used when a system wishes to initiate a study on a patient for
processing a previous order, or when an operator specifies thahich no order has been received and needs to obtain a unique
a subject has arrived and is ready for testing). Orders for @roducer accession number for the generated order from
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another system. ThORN request is only used in Specification included to indicate that the order message is in response to an
E 1238 format messages, since HL7 provides another mech®RD or ORN request message). Each group of OBR segments
nism usingSN (send filler number) in the order control field of defines the orders for that particular patient identified by the
the ORC (common order) segment (see the HL7 specificationpreceding P segment. F&RD requests, previously entered
See 9.3.1 through 9.3.3 for some examples of the use of theseders will be returned; if no orders are available for the
requests. These requests need only be implemented in thospecified patient or test or if the specified patient is not known
systems that need to solicit the transmission of new ordergp the system, only one OBR segment is transmitted in
they are not needed in systems that rely on unsolicited ordeesponse, having zero requestor and producer accession num-
messages alone. For tleRD and ORN requests, the patient bers, an action code @, and an order result status codeYof

ID fields of the Q segment identify the patient for whom anor Z. The ORD request has a single optional qualifier, which
order is needed; for th©RD (but not ORN) request, the may be the producer (filler) accession number of a particular
keyword ALL (which is the default if not present) indicates order, or which may be the keywoldAST (used to request the
that orders for all patients are needed. Also, the test/observatidatest order on file),NEXT (used to request the oldest

ID field of the Q segment contains the identifier of the test forscheduled or pending order on file or the next order in
which an order is needed; for ti@RD (but notORN) request, sequence), oALL (the default, used to request all scheduled or
the keywordALL (which is the default if not present) indicates pending orders on file). FE@DRN requests, a newly generated
that orders for all tests are needed. If only orders placed on arder will be returned, containing a unique producer accession
particular date and time or a range of dates and times aneumber and an action code & (generated order); no
required in 8ORD request, the beginning and ending date/timequalifiers may be used.

fields may be included to specify the desired dates and times. 9.5.15 The following are examples of order request mes-
When a message containing@RD request is received by the sages and the corresponding responses and acknowledgments.
destination system, it responds by sending a message back|ipthese examplessCR> indicates a carriage return character.
the requesting system which contains one or more P segments,g 5.15.1 Example of a®RD request:

each followed by a group of one or more OBR segments, in the

format described in 9.3.4 (except that an MSA segment is also

Query (requests next scheduled order on patient with ID 4567890):
H| [| ~\&|22626||[EEGAL|||||EEGS1||P|E.2|19920723122514<CR>
Q|1]4567890|4567890|ALL||||[||ORD [] NEXT<CR>
L|1]|0]|3|22626<CR>

Response (returns next scheduled order on patient 4567890):

H| [] ~\&|53286||EEGSL1|||||[EEGAL||P|E.2|19920723122542<CR>
MSA|AA|22626<CR>
P|1]4567890]4567890||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1[5678 [| NEURO|1234 [| EEGS1]|95816 [| EEG recording||19920722095216]||||N|[<CR>
A|] [] dementia| [] 62 year old male with 3 month hx of myoclonus, cognitive decline,<CR>
Aland memory loss|||32975 [] Smith&John&P&!I&Dr&MD|444-3555||[|[|[EN|<CR>
A|S|II[]WHLC]|[]]119920723120000<CR>
L|1][1|8|53286<CR>

Acknowledgment (echoes OBR segment with status changed to 1):
H| [] ~\&|22627||EEGAL|||||[EEGS1||P|E.2|19920723122606<CR>
MSA|AA|53286<CR>
P|1]4567890]4567890||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1/5678 [| NEURO|1234 [| EEGS1|95816 [| EEG recording||19920722095216|<CR>
A|19920723122606||||N| [] dementia| [] 62 year old male with 3 month hx of <CR>
A]myoclonus, cognitive decline, and memory loss|||32975 [] Smith&John&P&Il1&Dr&<CR>
A|MD|444-3555||[[[IIENJI[|IIIWHLC]||| [] Sullivan&Joyce&D&&Ms<CR>
L|1][1|8]|22627<CR>

9.5.15.2 Example of a®RN request:

Query (requests generation of new order for patient 4321098, test 92280):
H| [ ~\&|22628||EEGA1 (EEG data acquisition)|||||EEGS1 (EEG storage system)|<CR>
A||P|E.2|19920723132647<CR>
Q|1]4321098&8&M10]4321098&8&M10]|92280 [] Visual evoked potential study]||||[<CR>
A||ORN<CR>
L|1]|0]5]|22628<CR>

Response (returns generated order for patient 4321098, test 92280):
H| [ ~\&|53287||EEGS1 (EEG storage system)|||||EEGA1 (EEG data acquisition)|<CR>
A||P|E.2]|19920723132658<CR>
MSA|AA|22628<CR>
P|1]4321098&8&M10|4321098&8&M10<CR>
OBR|1|1235 [ EEGS1|1235 [ EEGS1|92280 [] Visual evoked potential study||[<CR>
AJ19920723132658|||[|G||[I|I|I[IIIENJO<CR>
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L|1[]1]7]53287<CR>
Acknowledgment (echoes P and OBR segments with additional information):

H| [] ~\&|22629||EEGA1 (EEG data acquisition)|||||EEGS1 (EEG storage system)|<CR>

A||P|E.2|19920723132715<CR>

MSA|AA|53287<CR>

P|1]4321098&8&M10|4321098&8&M10||Harvey [] Jane [] J [] [] Mrs||19600123|F<CR>

OBR|1]1235 [| EEGS1|1235 [| EEGS1]92280 [] Visual evoked potential study||<CR>

A]19920723132658|19920723132715||||G|| [] 32 year old female with 2 week hx <CR>

Alof blurred vision in right eye. Rule out multiple sclerosis.[||[|||||[|[<CR>

AIEN]ININI [ Quinlan&Daniel&S&&Mr<CR>

L|1]|1|9]22629<CR>

9.5.16 Requests for Equipment SettirgShese requests are qualifier is a keyword (data type D) which may be one of the
used to obtain data from a machine that is used for waveformaalues listed in Table 63. ThEAM code indicates that only
data acquisition, storage, or display concerning the storeTG category result segments are returned. Ei€ code
montages or stimulator programs on that machine. For exndicates that MTG and ELC category result segments are
ample, this may be used byl@wer levelmachine (such as an returned (first the ELC segments defining the common elec-
intelligent amplifier) to request settings to be used for wavetrode set, if any, then a series of MTG segments each followed
form data processing fromtaigher levelmachine (such as an by a set of ELC segments); however, if montage zero is
EEG data acquisition unit), or by ligher levelmachine to  specified in the second qualifier, only the common ELC
obtain the current settings in use bjower levelmachine. The category result segments are returned. CHN code indicates
MTG request asks for stored montage, channel, and electrodeat MTG and CHN category result segments are returned. The
data, while theSTM request asks for stored stimulator program SEL qualifier indicates that MTG and SEL category result
data. TheMTG request also may be used to obtain a list ofsegments are returned (with the MTG category result segments
available montages or a specific montage’s channel and elegPecifying the montage names and number of channels, and the
trode definitions from a system that contains a database GfEL category result segments specifying the functions as-
stored montages for general use (not related to a specific stugjgned to particular montages in the queried system). If the
in progress). Only systems that are concerned with waveforrfueried system does not implement auxiliary montage selec-
data need implement these requests, and only those requel@ns. the SEL qualifier has the same result as the\M
needed for the particular application need be implementedludlifier. TheALL qualifier indicates that MTG, ELC, CHN,
These requests may be used either to obtain the curre@fd (if implemented) SEL category result segments are re-

equipment settings in use for a particular specified study that i&/"€d- B
in progress (useful for machines which may be involved_ 9-5-16.2 For theSTM request, no qualifiers may be used.

simultaneously in more than one study on more than ond '€ STM request causes STM and TIM category result
patient at a time), or they may be used to obtain the curre egments to be returned. TIM category result segments define

equipment settings on the target machine regardless of wheth * t;]mef (rellfatlve to thebsta_rt of the dstlmﬁlllem%r}'\;jlrogrtam) at
or not a study is in progress (for example, when queryin ich stimuli occur (or begin or end), while category

settings of an intelligent amplifier). The patient ID fields of the esult segments define the characteristics of the stimuli or trains

. ) ! . of stimuli.
Q segment identify a particular patient for whom data are 9.5.16.3 When a message containing a request for equip-

desired; alternatively, the keywoAl L (which is the default if . . . L .
o : . ment settings is received by the destination system, it responds
not specified) may be used when a particular patient need ngt

be identified (for example, when the target machine does ng y sending a message back to the requesting system. The
. s . Tesponse message to a request for equipment settings addressed
allow more than one simultaneous study, or when it is desire b a machine on which no study is currently in progress
:)Oarrt?é[liavrep;;?erﬁg rKI(; gtat%ist:;/gf:;ﬂtﬁ,sneiSnﬁséffgf?;éoéﬁnc'“di”g a request for stored montages for general use) will
L N i . contain a dummy patient identifying segment specifying a zero
segment contains the identifier of the test for which data ar yp fying seg pecifying

o . o . %atient ID field and a null patient name fieltl)( and a dummy
desired; alternatively, the keywoAl L (which is the default if order (OBR) segment specifying zero requestor and producer

not pre_sent)_ may be used when a particular StUdY or test neeglcossion number fields and action c@elégenerated order)
not_be identified (for example, whenMiTG request is used to_ and an appropriate test/observation ID for the type of equip-
retneve montages f'or general use for all supported studiegy, . settings requested (for example, 9581X ugig codes
instead of for a particular study). for generic EEG study stimulator programs, or 95900 using

9.5.16.1 For theMTG request, two qualifiers may option- AS4 codes for motor NCS montages). In response to a request
ally be used. The first qualifier specifies a particular montage

number (as used in a MTG category result segment) whose TABLE 63 Montage Data Type Codes

data are desired; for retrieving electrode definitions, a zerd0 coge Meaning

Vall_'le may be used to SpeCIfy the common electro_de set _(thomM Montage definitions (number, name, and number channels)
defined by ELC category result segments transmitted prior teLc Montage and electrode definitions

the first MTG category result segment). If omitted, data for allcHN Montage and channel definitions

Montage definitions and auxiliary montage selections

op e SEL
montages are returned. The second qualifier specifies the typg Montage, channel, and electrode definitions

and level of detail of montage data which is desired. This
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for stored montages for general use that specffids for the  oBx  Result segment 1 (MTG/CHN/ELC/SEL category
test/observation ID, multiple dummy OBR segments and fso;'\’;"TG't_T'M(SETR’\gcatfg‘”y for
associated OBX segments may be returned (one for each tesiy + oprona categon)

type for which there are stored montages). However, the

response message to a request for eq_wpmen'g settings \_/vh|_ch (Possible additional OBRIOBX

apply to a particular patient and study will contain appropriate segments groups)

patient identifying and order (OBR) segments. The format of & Message terminator segment

Specification E _123.8 query response message is as follows (seeg 5 17 The following are examples of query messages and
the HL7 specification for the format of an HL7 ORF-type the corresponding responses. In these example&> indi-

query response message): cates a carriage return character.

Result segment 2

H Message header segment i
MSA Message acknowledgment segment 95171 Example of a montage query:
P Patient identifying segment (identifies patient being tested, if

any)
OBR Order segment (identifies the order for the test in progress, if

any)

Query (requests names of all stored EEG montages for general use):

H| [] ~\&|22788||[EEGA1 (EEG data acquisition)|||||EEGS1 (EEG storage system)|<CR>
A||P|E.2]|19920723132647<CR>
QI1|ALL|ALL|9581X [] EEG studies||||[|[IMTG [] [] NAM<CR>
L|1]|0]4]|22788<CR>

Response (returns names of all stored EEG montages for general use):
H| [ ~\&|53423||[EEGS1 (EEG storage system)|||||EEGA1 (EEG data acquisition)|<CR>
A||P|E.2|19920723132658<CR>
MSA|AA|22788<CR>
P|1]0[0]|""<CR>
OBR]1|0]0]|9581X [] EEG studiesl||||[||GI|IIIIIIF<CR>
OBX|1|CM|9581X&MTG [] EEG studies|1|1&LR-21.1 (A1/2) [] 21<CR>
OBX|2|CM|9581X&MTG [] EEG studies|2|2&LB-21.1 [| 21<CR>
OBX|3|CM|9581X&MTG [] EEG studies|3|3&TB-21.1 [] 21<CR>
OBX|4|CM|9581X&MTG [] EEG studies|4|4&LR-16.1 (A1/2) [] 16<CR>
OBX|5|CM|9581X&MTG [] EEG studies|5|5&LB-16.1 [| 16<CR>
OBX|6|CM|9581X&MTG [] EEG studies|6|6&TB-16.1 [] 16<CR>
L|1]]1]12]|53423<CR>

9.5.17.2 Another example of a montage query:

Query (requests channels in montage 1 for patient 4567890):

H| [] ~\&|22789||EEGAL|||||EEGS1||P|E.2|19920723122514<CR>
Q|1]|4567890&1&M10|4567890&1&M10|95816 [] EEG recording]||[||[MTG [] 1 [] CHN<CR>
L|1]/0]3]22789<CR>

Response (returns montage 1 channels for patient 4567890, order 1234):
H| ] ~\&|53424|[EEGSL1|||||[EEGAL||P|E.2|19920723122542<CR>
MSA|AA|22789<CR>
P|1]4567890&1&M10]|4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [ NEURO|1234 [ EEGS1|95816 [] EEG recording||19920723095216|<CR>
A|19920723122506||||N| [] dementia| [] 62 year old male with 3 month hx of <CR>
Almyoclonus, cognitive decline, and memory loss|||32975 [] Smith&John&P&II1&Dr&<CR>
A|MD|444-3555[|[|[[|ENJI||||]WHLC]||| [] Sullivan&Joyce&D&&Ms<CR>
OBX|1|CM|95816&MTG [] EEG recording|1|1&LR- 21.1 (A1/2) [| 21<CR>
OBX|2|CM|95816&CHN [] EEG recording|1|1 [] Fp1&Av [] 0.5&uv [] 1.032&0 [] [] -2048&2047 [] <CR>
A|BP&ANA&1&6&7086 ~2 [| Fp2&Av [] [] 1.015&0 ~3 [] F3&Av [] [] 0.98380 ~4 [] F4&AV [] [] <CR>
AJ1.00580 ~5 [] C3&AV [] [] 0.964&1 ~6 [] C4&AV [] [] 0.99380 ~7 [ P3 [J Av[] [] 0.989&0 ~8 [] P4&AV [] [ <CR>
AJ1.013&0~9 [ O1&Av [] [] 1.106&0 ~10[] O2&Av [] [] 0.992&2 ~11[] F7&Av [] [] <CR>
A|0.9878&0~12 [| F8&AV [] [] 1.002&0 ~13 [] T3&AV [] [] 1.076&-1 ~14 [] T4&AvV [] [] <CR>
AJ1.112&0 ~15 [] T5&AV [] [] 0.988&0 ~16 [ T6&AV [] [] 1.087&0 ~17 [| Fpz&Av [] [] <CR>
AJ0.992&0~18 [[Fz [JAv[] [] 1.135&0 ~19 [] Cz&Av [] [] 0.988&0 ~20 [] Pz&Av [] [] <CR>
A|1.10380~21 [] Oz&Av [] [] 0.998&0<CR>
L|1]]1]17|53424<CR>

9.5.17.3 Example of a stimulus program query; the stimulus80 to 40 s after the start of the program:
program specifies flash visual stimulation to both eyes at rates
3 Hz from 0 to 10 s, 10 Hz from 15 to 25 s, and 20 Hz from
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Query (requests current stimulus program for patient with 1D 4567890):
H| [ ~\&|53425||EEGS1|||||EEGAL||P|E.2|19920723122514<CR>
Q|1]4567890&1&M10|4567890&1&M10|95816 [] EEG recording]||||||[STM<CR>
L|1]0[3|53425<CR>

Response (returns stimulus program for patient 4567890, order 1234):
H| [ ~\&|22790||[EEGAL|||||EEGS1||P|E.2|19920723122542<CR>
MSA|AA|53425<CR>
P|1|4567890&1&M10|4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [| NEURO|1234 [] EEGS1|95816 [] EEG recording||19920723095216|<CR>
A|19920723122506|||N]| [] dementia| [] 62 year old male with 3 month hx of <CR>
Almyoclonus, cognitive decline, and memory loss|||32975 [] Smith&John&P&III&Dr&<CR>
A|MD|444-3555]||[|[|EN[I[|[I]IWHLCI||| [] Sullivan&Joyce&D&&Ms<CR>
OBX|1|CM 95816.31&TIM [] EEG recording, during photic stimulation|1|<CR>
A|00000000000000.000<CR>
OBX|2|CM|95816.31&STM [] EEG recording, during photic stimulation|1|<CR>
A|BEGIN [] FLS [] T-XX000-BlL&bilateral eye [] 3 [] 0.00001 [] 22 [] cd.s/m2 [| WHT<CR>
OBX|3|CM|95816.31&TIM [] EEG recording, during photic stimulation|2|<CR>
A|00000000000010.000<CR>
OBX|4|CM|95816.31&STM [] EEG recording, during photic stimulation|2|<CR>
AJEND [] FLS [] T-XX000-BIL&bilateral eye [] 3 [] 0.00001 [] 22 [] cd.s/m2 [ WHT<CR>
OBX|5|CM|95816.31&TIM [] EEG recording, during photic stimulation|3|<CR>
A]00000000000015.000<CR>
OBX|6|CM|95816.31&STM [] EEG recording, during photic stimulation|3|<CR>
A|BEGIN [] FLS [] T-XX000-BIL&bilateral eye [] 10 [] 0.00001 [] 22 [] cd.s/m2 [ WHT<CR>
OBX|7|CM|95816.31&TIM [] EEG recording, during photic stimulation|4|<CR>
A|00000000000025.000<CR>
OBX|8|CM|95816.31&STM [] EEG recording, during photic stimulation|4|<CR>
AJEND [] FLS [] T-XX000-BlIL&bilateral eye [] 10 [] 0.00001 [] 22 [] cd.s/m2 [] WHT<CR>
OBX|9|CM|95816.31&TIM [] EEG recording, during photic stimulation|5|<CR>
A|00000000000030.000<CR>
OBX|10|CM|95816.31&STM [] EEG recording, during photic stimulation|5|<CR>
A|BEGIN [] FLS [] T-XX000-BlIL&bilateral eye [| 20 [] 0.00001 [] 22 [] cd.s/m2 [| WHT<CR>
OBX|11|CM|95816.31&TIM [] EEG recording, during photic stimulation|6|<CR>
A]00000000000040.000<CR>
OBX|12|CM|95816.31&STM [] EEG recording, during photic stimulation|6|<CR>
A|END [] FLS [] T-XX000-BIL&bilateral eye [] 20 [] 0.00001 [] 22 [] cd.s/m2 [] WHT<CR>
L|1]|2|32|22790<CR>

9.5.18 Requests for ResultsThese requests are used to by patient, by patient group, etc.) or to maintain data on file for
obtain results of a completed study (waveform or report datamultiple tests and multiple patients. The most complete query
or both) from another system, or to obtain status informatiorfunctions would generally be implemented on one or more
about an incomplete or in-progress order. These incRIES, systems designed to support result inquiry, while other systems
REP, and RBL requests. All of these requests lead to amay only implement rudimentary result inquiry functions, if
response message sent over the same communication chanary. In these requests, the patient ID fields of the Q segment
as that used to make the request; this differs from the real-timielentify the particular patient or patients (specified as a list,
data transmit and receive requests described in 9.5.20, whideparated by repeat delimiters) whose data are desired; the
usually use a separate communication channel. Thé\ keyword ALL indicates that data for all patients on file are
request allows a result transmission initiated bRES, REP, desired. Also, the test/observation ID field of the Q segment
or RBL request to be canceled while in progress. contains the identifier of the test or tests (specified as a list,

9.5.18.1 TheRESrequest (which is the default subject filter Separated by repeat delimiters) for which data are desired; the
code when none is specified in a query) will return all availablekeywordALL indicates that data for all tests performed on the
result data for a completed study, or will return only the statugatient(s) are desired. The beginning request results and ending
of an incomplete or in-progress order. TREP request is request results date/time fields of the Q segment may be used
similar, but returns only reports, not waveform data andto limit the results returned to those studies performed (field
annotations (that is, the kind of data which is handled by & = S) or reported (field 6= R) within the specified time
hospital or clinic result inquiry system and which has meaningange, for requests which use the keywadd. in the patient
to the original ordering physician, as opposed to data which i$D or test/observation ID fields.
required for interpretation of the study). Generally, report data 9.5.18.2 TheRBL request asks for a block of waveform
includes the information categories described in Section 8lata and related annotations occurring within a time window
although other categories may be included in some implemer{epoch) defined by a starting and an ending time, specified in
tations (such as CNP). A singRES or REP request may ask the beginning request results and ending request results date/
for all or some of the results for a given test or multiple teststime fields of the Q segment, which are both required fields for
specified as a list. Alternatively, it may request results for allthis request. This request should specify a single patient ID and
tests performed on a single date or a series or range of datessingle test/observation ID, not a list or the keywaid_ . It
and for an individual patient, groups of patients, or all patientsmay be used, for example, by waveform data review systems
However, this specification does not require all systems to béhat need to obtain a single screen or page worth of waveform
able to respond to all types of queries (by date, by date rangelata at one time for display purposes. The data returned
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normally includes the montage, electrode, and channel definspecified, the producer accession number of the specific test
tions in effect at the beginning of the epoch or time windowdesired should also be specified in the first qualifier to ensure
(MTG, ELC, and CHN category result segments), plus anythat the correct set of results are returned in the case of multiple
changes to these definitions that occurred during the epoctests on file for a given patient. The message containing the
The data also includes a TIM category result segment thaequested results will contain the OBR segment for the order
defines the start and duration of the requested epoch, tHacting as a result header), followed by OBX segments
sampling interval of the waveform data for the epoch, the dat®eginning at or before the requested segment, with their
format, and averaging parameters (if the data was averaged, feriginal segment numbers retained (rather than renumbering
example, for evoked potentials) followed by one or more WAVthem from 1).

category result segments containing waveform data. If the 9.5.18.4 While transmission of lengthy results initiated by a
specified time window spans more than one epoch of waveRES, REP, or RBL request is in progress,GAN request may
form data (more than one block of data not contiguous in timepe transmitted to abort the result transmission immediately or
or if the sampling interval, data format, or averaging param-+o cancel transmission of some requested results that have not
eters change during the time window, the queried systeryet been transmitted. ThEAN request does not affect real-
should respond by transmitting multiple epochs of data, eactime waveform data transmission initiated byB&G request
preceded by a TIM category result segment, until data for thésee 9.5.20). If a result data transmission is aborted, it can only
entire requested time window had been transmitted. In addie restarted by retransmittingRES, REP, or RBL request.

tion, the data may include annotation result segments such &®r the CAN request, the patient ID fields of the Q segment
STM, TCM, MED, or ANA category result segments that apply identify the particular patient or patients, the test/observation
to the specified epoch (time window). Thus, the data returnetP field of the Q segment contains the identifier of the test or
by theRBL request can serve as a self-contained definition ofests, and the beginning request results and ending request
the specified epoch of data. For efficiency reasons, not all ofesults date/time fields of the Q segment specify the time range
this data may be transmitted in practice. For example, &fthe re;ults yvhose transmission i; to be canceled; these fields
waveform data review system may pagingthrough a long May be identical to those in the originRES, REP, or RBL

EEG or PSG recording, one screen or page at a time, and figquest which requestgd_ the result transmission (causing trans-
would be inefficient to return all montage, electrode, andmission of all of the originally requested results to be aborted
channel definitions each time a new screen or page of data {imediately), or they may specify a subset of the originally
transmitted, since these can be retained by the review systefigduested results; in the latter case, those results requested to
In this circumstance, the mechanism described in 4.7.4 dfe canceled will be eliminated from the result transmission if
including information category codes following the test/ th€y have not yet been transmitted, but the in-progress trans-
observation ID in the Q segment can be used to limit the datgssion of other requested results will continue. TBAN
returned to certain categories, such as TIM, WAV, ANA, STM, request has a single optional qualifier, which is the _producer
TCM, and MED. However, the transmitting system in this case?CCesSIon numper of the test.whose_ resqlt transmission should
would probably still send MTG, CHN, or ELC category result be canceled; it is u_sgd to uniquely |dent|fy _the par_tlcular test
segments if the montage, channel, or electrode definitionorder) of the specified type on the specified patient whose

changed in the requested epoch compared to the last epoﬁqa,sult transmission should be canceled. When omitted, trans-
transmitted. mission of results for all tests of the specified type on the

9.5.18.3 TheRES, REP, and RBL requests have two specified patient are canceled. When it is specified QA&

. o ) o - request should specify a single patient ID and a single
optional qualifiers. The first qualifier specifies the prOducertest/observation ID, not a list or the keywold L .

accession number of the test whose results are desired; it IS .
9.5.18.5 When a message containing a request for results

used to uniquely identify a particular test (order); when . > L )
omitted, results for all tests of the specified type on the(RES’ REP, orRBL) is received by the destination system, it

specified patient will be returned. When it is specified, theresponds by sending a message back to the requesting system.

: : : . The format of a Specification E 1238 query response message
::(sqtl;oe;e?\r/‘;tlijtlj?w ISDpi((:)IIya ﬁ‘stst;:]?rllz k%?/t\:\cla&tdill_D T?}r(]adseacoilg gleis as follows (see the HL7 specification for the format of an

qualifier specifies the particular result (OBX) segment se-HI‘7 ORF-type query response message):

quence number (field 2 of the OBX segment) with which resul Message header segment

L . . e SA Message acknowledgment segment
transmission is to commence. This qualifier is only used whep First patient identifying segment
an error occurred during result transmission (or when transeBR First order segment for first patient

L o OBX Result segment 1
mission was canceled byGAN request) and it is necessary to j.% Result segment 2

restart transmission from a particular result segment rather than
restarting from the beginning (OBX segment number 1). Not

all implementations are able to restart transmission exactly,. Second order segment for first patient

from the specified OBX segment sequence number; if necessx Result segment 1

sary, the system receiving the result request can begin retran@8x Result segment 2

mission at an OBX segment prior to the requested segment,

and the requestor can ignore any OBX segments that it has (more order and result segments)
already received. When an OBX segment sequence numberfs Second patient identifying segment
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patients performed on March 24, 1990 between 08:00 and
09:45; the response to this query could be the example message
. (all of the structure repeats) . . . . .
L Message terminator segment given in Appendix X3, with the (optional) message type and
trigger event code in the message header changed from

9.5.19 The following are examples of request result mesORU [[RO1 to ORF[JR02 and an MSA (message
sages and the corresponding responses. In these examplasknowledgment) segment added after the H segment:
<CR> indicates a carriage return character.

9.5.19.1 Example of a request for results of all studies on all

H| [] ~\&|62784|34X96ABE59YW|NEURO (Sunnyville Neurologic Clinic)|[<CR>

AJ102 W Main Street [] Mail Stop 22A [] Sunnyville [] IN [] 66666]|(555)444-2222|<CR>
A|INEULAB (Sunnyville Neurophysiology Lab)|Example|P|E.2|19900324101205<CR>
QI1|ALL|ALL|ALL|S|199003240800|199003240945|32975 [] Smith&John&P&II1&Dr&MD <CR>
A]|444-3555<CR>

L|1]|0|6|62784<CR>

9.5.19.2 Example of a request for a block of waveform data
for an EEG study from time 08:25:40 to time 08:25:50 on
March 24, 1990:

Query (requests waveform data block for patient 4567890):

H| [ ~\&|46372||EEGR1|||||EEGS1||P|E.2]|19900324100134<CR>
Q|1]|45677890&1&M10|4567890&1&M10]|95816||19900324082540|19900324082550||||RBL<CR>
L|1]|0|3|46372<CR>

Response (returns waveform data and annotations in specified time range):
H| [ ~\&|53424||EEGSL1]||||[EEGR1||P|E.2]|19900324100135<CR>
MSA|AA|46372<CR>
P|1|4567890&1&M10[4567890&1&M10<CR>
OBR|1|5678 [| NEURO|1234 [| EEG|95816(||19900324081216|||IN/|II[III[IIR<CR>
OBX|1|CM|95816&MTG|1|1&LR-21.1 (A1/2) [| 21<CR>
OBX|2|CM|95816&ELC|1|1&Fp1 [] T-Y0100&head [| DP&AU&O.6 [] 90&TH [] <CR>
A|108&PH ~2&Fp2 [] [] [] 90&TH [] 72&PH ~3&F3[] [] [] 64&TH [] 129.1&PH ~4&F4[] [] [] 64&TH [] <CR>
Al50.9&PH ~5&C3[] [] [] 45&TH [] 180&PH ~6&C4[] [] [] 45&TH [] 0&PH ~7&P3 ] [] [] 64&TH [] <CR>
A|230.9&PH~8&P4 [] [] [] 64&TH []309.1&PH ~9&O01 [] [] [] 90&TH [] 252&PH ~10&02 ] [] [] <CR>
A|90&TH [] 288&PH ~11&F7 [] [] [] 90&TH [] 144&PH ~12&F8[] [] [] 90&TH [ 36&PH ~<CR>
A|13&T3[] [] [] 90&TH [] 180&PH ~14&T4[] [ [] 90&TH [ 0&PH ~15&T5[] [] [] 90&TH [] 216&PH ~<CR>
AJ16&T6 [] [] [] 90&TH [] 324&PH ~17&Fpz[] [] [] 90&TH [] 90&PH ~18&Fz [] [] [ 45&TH [] <CR>
A|90&PH~19&Cz [] [] [] 0&TH [] 0&PH ~20&Pz [] [] [] 45&TH [] 270&PH ~21&0z[] [] [] 90&TH [] <CR>
A|270&PH~22&A1[] [] [] 120&TH [] 180&PH ~23&A2[] [] [] 120&TH [] 0&PH ~24&Av [] [] DERIV [[<CR>
AJ0.5&A1 [] 0.5&A2<CR>
OBX|3|CM|95816&CHN|1|1 [] Fp1&Av [] 0.5&uv [] 1.032&0 [] [] -2048&2047 [] <CR>

AIBPEANA&I&6&T0&6 ~2 [| Fp2&AV [] []1.015&0 ~3 [] F3&AV [] [ 0.983&0 ~4 [| FA&AV ] [] <CR>
Al1.00580 ~5 [] C3&Av [] []0.964&1 ~6 [] C4&Av [] []0.993&0 ~7 []P3 [JAv[] []0.989&0 ~8 [] P4&Av[] [] <CR>
Al1.0138&0~9 [ O1&Av [] [] 1.106&0 ~10 [] O2&Av [] [] 0.992&2 ~11 [| F7&Av [] [] <CR>

Al0.987&0~12 [| F8&AV [] [] 1.002&0 ~13 [| T3&AV [] [] 1.076&1 ~14 [| T4&Av [] [] <CR>

Al1.11280~15 [] T5&Av [] [] 0.988&0 ~16 [] T6&AV [] [] 1.087&0 ~17 [ Fpz&Av [] [] <CR>

AJ0.9928&0~18 [| Fz [J Av[] [ 1.135&0 ~19[] Cz&Av[] [] 0.988&0 ~20 [] Pz&Av [] [] <CR>

Al1.103&0~21 [] Oz&AV [] [] 0.998&0<CR>

OBX|4|CM|95816.2101&TIM|1|19900324082540.000 [] 0.005 [] 10.000 [] DNC<CR>
OBX|5|CM|95816.2101&WAV|1]298 [] 12 [] -13 [] -263 [] -1023 [] -335 [] -78 [] 432 [] 1024 [] 886 [] <CR>

. (more WAV and TCM category result segments for 10-s epoch)
L|1]|11|2315|53424<CR>

9.5.19.3 Example of a request for reports only for a VEP
study:

Query (requests reports for VEP study 1235 for patient with ID 4321098):
H| [] ~\&|62785||NEURO]|||[INEULAB||P|E.2|19900325091543<CR>
Q|1]4321098&8&M10]4321098&8&M10]|92280 [] Visual evoked potential study]||||||<CR>
A|REP [] 1235<CR>
L|1]|0]4|62785<CR>

Response (returns VEP study reports for patient 4321098, order 1235):

H [] ~\&|22791||NEULAB]||[|[NEURO]|P|E.2|19900325091612<CR>
MSA|AA|62785<CR>
P|1]4321098&8&M10|4321098&8&M10||Harvey [] Jane [] J [] [] Mrs||19600123|F|W|214 First <CR>
A|Street [] Apt. 315 [] Hometown [] IN [] 66667||445-3333Cday  ~445-4444Cevening |[<CR>
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A|53927 [] Jones&Thomas&L&&Dr&MD]||142 [] cm|55 [] kg||[|Right]|OP|Neuro]|||[<CR>
A|M[[||19900323<CR>

OBR|1|5683 [] NEURO|1235 [] EEG|92280 [] Visual evoked potential study||<CR>
A]19900323132546|19900324093532|19900324093858][|N|| [] 30 year old female with<CR>
Al 2 week hx of blurred vision in right eye. Rule out multiple sclerosis.|<CR>

A|97235 [] Berger&Hans&&&Dr|27593 [] Jones&Mary&S&&Dr&MD| [] Quinlan&Daniel&S<CR>
A|&&Mr| [] Quincy&Susan&R&&Ms<CR>

OBX|1|NM|92280.0111000110 [] Visual evoked potential study, full field <CR>
Alcheckerboard pattern reversal stimuli to left eye: sample number 1 <CR>
Alstimulus rate||1.05|hz|1.05-1.05|N<CR>

OBX|2|NM|92280.0112000110 [] Visual evoked potential study, full field <CR>
Alcheckerboard pattern reversal stimuli to right eye: sample number 1 <CR>
Alstimulus rate||1.05|hz|1.05-1.05|N<CR>

OBX|3|NM|92280.0111000170 [] Visual evoked potential study, full field <CR>
Alcheckerboard pattern reversal stimuli to left eye: sample number 1 <CR>

Alvisual pattern element size||0.5|deg|0.5-0.5|N<CR>

OBX]|4|NM|92280.0112000170 [] Visual evoked potential study, full field <CR>
Alcheckerboard pattern reversal stimuli to right eye: sample number 1 <CR>

Alvisual pattern element size||0.5|deg|0.5-0.5|N<CR>

OBX|5|NM|92280.0111000180 [] Visual evoked potential study, full field <CR>
Alcheckerboard pattern reversal stimuli to left eye: sample number 1 <CR>

Alvisual field size||15|deg|15-15|N<CR>

OBX]|6|NM|92280.0112000180 [] Visual evoked potential study, full field <CR>
Alcheckerboard pattern reversal stimuli to right eye: sample number 1 <CR>

Alvisual field size||15|deg|15-15|N<CR>

OBX]|7|NM|92280.0111000121 [] Visual evoked potential study, full field <CR>
Alcheckerboard pattern reversal stimuli to left eye: sample number 1 N75 <CR>
Alpeak latency||84.0|ms|55-96|N||A [] S<CR>

. (other null category OBX segments with results of study)

OBX|39|TX|92280.0&GDT [] Visual evoked potential study|1| The subject’'s <CR>
Alvisual acuity was 20/20 OD and 20/20 OS with corrective lenses. Pupils <CR>
Alwere symmetric, visual fields intact by confrontation testing, and <CR>

Alsubject was able to fixate well. ~~ Pattern reversal visual evoked <CR>
Alpotentials were obtained using a stimulus rate of 2.1 Hz and a total <CR>

Alfield size of 15 degrees using both standard 30 ' check size and large 60 ' <CR>
Alcheck size, for each eye separately, recording referentially from vertex, <CR>
Aloccipital, and inion electrodes (left ear reference), and recording from <CR>

Ala bipolar vertex-occipital derivation. 100 epochs were averaged. The <CR>

A|N75, P100, and N145 peaks were well formed and had normal latencies and <CR>
Almorphologies at the occipital and inion sites.<CR>

OBX]40|TX|92280.0&MDT|1| The pattern reversal visual evoked potentials are <CR>
Alnormal bilaterally. This does not exclude the possibility of <CR>

Aldemyelinating disease.<CR>

OBX|41|CE|92280.0&ANT|1/3 [] Bilaterally [| AS4&DIST<CR>
OBX|42|CE|92280.0&IMP|1|1 [ Normal AS4&VEPDI||N<CR>

L|1]]1]135|22791<CR>

9.5.19.4 Example of a request to cancel a previous request
(example 1) for results of all studies on all patients performed
on March 24, 1990 between 08:00 and 09:45:

H| [] ~\&|62785|34X96ABE59YW|NEURO (Sunnyville Neurologic Clinic)|<CR>

AJ102 W Main Street [] Mail Stop 22A [] Sunnyville [] IN [] 66666]|(555)444-2222|<CR>
A|INEULAB (Sunnyville Neurophysiology Lab)|Example|P|E.2|19900324101222<CR>
QI1|ALL|ALL|ALL|S|199003240800|199003240945|32975 [] Smith&John&P&II1&Dr&MD <CR>
A||444-3555||CAN<CR>

L|1]|0|6|62785<CR>

9.5.20 Remote Control and Status Requesfhese re- used to resume a temporarily suspended active function or to
quests are used to begiBEG), pause PAU), resume RSM), request retransmission of real-time data. HiD request is
or terminate END) a function on a remote system, and to used to terminate an active function, closing associated data
obtain the current statusSTA) of a function on a remote files or communication channels. If an active function encoun-
system. Current status is returned with all of these requests, &srs an error condition (such as storage device full), the remote
an indication of success or failure of the remote controlsystem may suspend that function; &mA request could then
operation. TheBEG request is used to initiate on the remote be used to determine that the function had encountered an error
machine a particular available function which is not currentlyand find out the nature of the error, after whicR8M request
active. ThePAU request is used to temporarily suspend ancould resume the function (if the error is recoverable), or an
active function on the remote machine. TREM request is END request could terminate it.
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9.5.20.1 The functions that can potentially be controlled omqualifier is required foBEG, PAU, RSM, andEND requests,
a remote machine are listed in Table 58 (system functiorbut is optional forSTA requests; if not specified, the status of
identifiers); other function identifiers may be used which haveall available functions on the remote system (related to the
meaning to the sending and receiving system. However, apecified patient and study) are returned. The second and third
given system generally will perform only a few of these optional qualifiers are applicable fBEG requests that initiate
functions, and only a subset of the functions it performs will becertain functions. For th&/DIl, WPR, RDI, and RPR func-
available for remote control. For example, functions such asions, the second qualifier specifies the printer/display device
report generation are generally initiated locally and cannot béor waveform data or reports. For th&ST, WAR, WRE,
remotely controlled. Functions that are commonly imple-RST, RAR, andRRE functions, the second qualifier specifies
mented on networked systems designed for waveform acquihe storage device for waveform data or reports, and the third
sition or waveform storage are the real-time waveform datayualifier specifies the file identifier. For tM¥/TM and WRC
transmission \WTM) or reception \WRC) functions. The functions, the second qualifier specifies the communication
WTM function usually means that the remote machine transehannel on which waveform data should be transmitted or
mits waveform data as acquired or processed in real time to theceived. If the device or file ID or the communication channel
requesting system. TH&RC function usually means that the are omitted, the remote system supplies appropriate values
remote machine receives waveform data as it becomes avaivhich may be determined from the other information in the
able in real time from the requesting system. However, thesgequest (such as the patient ID and test/observation ID). The
functions may also be used to transmit or receive previouslgupplied values are then returned as status information as
acquired and stored waveform data at rates exceeding thfescribed in 9.5.20.7. The requesting system may first query
acquisition rate (faster thareal time using a communication the remote system using tf8DV, SPD, or SCM queries to
channel other than the primary communication channel. Theptain the identifiers of available storage devices, display
rate of transmission is determined by the transmitting systendevices, or communication channels on the remote system
and the communication channel, and it is assumed that therior to transmitting theBEG request. The fourth and subse-
receiving system can process, display, or store the data as fagiient optional qualifiers in thBEG request may be used to
as itis sent (although the receiver d@hUse andReSuMe the  pass additional data to the remote system concerning the
data transmission function on the remote system, if necessanyinction to be initiated; the use of these qualifiers is not defined
using remote control requests sent over the primary commtpy this specification, and is therefore considered to be non-
nication channel). An implementation may allow remote con-standard and non-portable.
trol of the WTM function, but only local control of th&VRC 9.5.20.4 The second optional qualifier is also applicable to
function. Initiating real-time transmission of waveform datapgy requests which specify th&TM function. For this
from machineB to machineA is then done under the control of fnction, the second qualifier specifies the particular result
machineA, which sends 8EGin WTM request to machinB  (ogx) segment sequence number with which real-time wave-
and also initiates &VRC function locally. The opposite can ¢qrm data transmission is to be resumed. This qualifier is only
also be implemented (when the intended receiver is the remofgse 4 when an error occurred during real-time data transmission
machine). If it is necessary to begin, end, pause, or resumg,q it is necessary to resume transmission from a particular
several functions on a remote machine simultaneously, mulse\iously transmitted result segment rather than resuming
tiple requests (multiple Q segments) may be transmitted in ¢t the segment at which transmission had been suspended. If
single message. For example, it is possibIBEGin aWRC  \yay category result segments are among those retransmitted,
function and aVPR function on a remote machine, then start j; is the responsibility of the receiving system to keep track of
gendmg data in real-tlmg for remote printing. Transfer of a datgy,o appropriate time, sampling interval, and transmitted data
file from a remote archival system to a local machine coultigmat applicable to these segments (or else, to request that
similarly be done bBEGinning aWRE function and aVTM yransmission be restarted with the TIM category result segment
function on the remote machine, then storing the data receiveg the start of an epoch). Not all implementations are able to
on a local device. restart transmission exactly from the specified OBX segment

9.5.20.2 The remote control and status requests musfequence number; if necessary, the transmitting system can
specify a particular patient and study to which the requespegin retransmission at an OBX segment prior to the requested
applies. The patient ID fields of the Q segment identify a singlesegment, and the receiver can ignore any OBX segments which
patient, and the test/observation ID field of the Q segmeng has already received. RSM request specifying an OBX
contains an identifier of the single test or study affected. Th&egment sequence number can be transmitted even if a previ-
beginning request results and ending request results date/ting@s PAU request had not been performed; in this case, the
fields of the Q segment are not used for these requests. Theg@nsmitter first suspends the current transmission, and then
requests always affect an in-progress or completed (as opposgimediately resumes transmission at or before the specified
to scheduled but not yet begun) study of the specified type o®BX segment sequence number. The resulting data transmis-
the specified patient; if no study is currently in progress or nGsion will contain a sudden backward jump in OBX segment
waveform data or reports are available, an error status isequence numbers which can be detected and appropriately
returned. handled by the receiver. THRSM request cannot specify an

9.5.20.3 These requests may use one or more qualifiers. Ti@BX segment sequence number larger than that of the last
first qualifier specifies the system function identifier. Thistransmitted result segment.
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9.5.20.5 When a message containing®A, BEG, PAU, TABLE 64 STA Category Result Segment Format
RSM, or END request is received by the destination system, itcomponents of Result Field Type Length, max
responds by sending a message back to the requesting systeffiem Function Identifier D 8
This message acknowledges the request and indicates whettf@rent Function Status Code ID 8

dditional Data 1 ST 200
the request was performed, what the current status of thg, .. ° =% > e 500

referenced remote function is, and what errors occurred during
processing of the request, if any. Separate response messages
are sent for each request, even if more than one request is

transmitted in a single message. The format of a Specification TABLE 65 System Function Status Codes

E 1238 response message is as follows (see the HL7 specifi-  Code Meaning

cation for the format of an HL7 ORF-type response message): A Function is currently active

H Message header segment B Function is beginning (start-up in progress)

MSA Message acknowledgment segment C Function is completing (termination in progress)

P Patient identifying segment E Function has been paused due to an error condition

OBR Order segment (identifies the original order and returns status I Function is idle and available for remote BEG request
data) N Funct!on idle but not available for remote BEG request

OBX Result segment (optional; ERR category with error code and P Function has been paused due to a PAU request
message)

OBX Result segment (STA category with active function status data)

L Message terminator segment

certain system functions. For thgDIl, WPR, RDI, andRPR

9.5.20.6 If an error occurred in processing the request or afiinctions, the third component is the current printer/display
error was encountered previously by the function specified ijevice for waveform data or reports. For tiéST, WAR,
the request, an ERR category result (OBX) segment may b@/RE, RST, RAR, andRRE functions, the third component is
transmitted following the OBR segment which contains anthe current storage device for waveform data or reports, and the
implementation-dependent error code (first component) angburth component identifies the file being used to store wave-
optional error message (second component), which majorm data or reports. For th&/ TM and WRC functions, the
specify the cause or nature of the error (see 9.3.12). Thhird component identifies the communication channel on
occurrence of an error may also be flagged by the use of one gfhich waveform data are being transmitted or received.
the order result status codes in the OBR segmeéntfdf  Additional data may also be returned for some functions by
unknown patienty for unknown order; oX for request cannot some systems; the meaning of these additional data is
be performed). For example, if BEG request is sent to a jmplementation-dependent, and use of additional data is there-
remote system specifying the WAC function, and the remotgore considered nonstandard and non-portable. The device, file,
system is not capable of performing this function, a status codgnd communication channel identifiers contained in the active
of X is returned in the OBR segment, and a following ERRfunction status field are system- and implementation-dependent
category OBX segment could contain the error code 952 anglata, as described in 9.5.8. Further information about a given

the error messageaveform data acquisition not available on device or communication channel may be obtained when
this systemOr, if an error occurred in waveform real-time data needed by transmitting aSDV, SPD, or SCM query as

transmission, eéSTA request specifying th&VTM function  described in 9.5.10.
could return a message containing an ERR category OBX 9.520.8 Besides returning a response message over the
segment with an error code of 997 and an error messag@sual communication channel for inter-system messages, a
real-time waveform data transmission paused due to networBeG request specifying th&/TM function causes waveform
failure; system error code X23B data to be transmitted in real time from the remote system to
9.5.20.7 The OBR segment in the response message tlse requesting system, generally using a separate communica-
followed by an STA category OBX segment containing statugion channel. The waveform data are transmitted in the form of
information. The observation value field of this category ofa Specification E 1238 message; however, the message header,
result segment contains one or more subfields separated Ipatient identifying, and order segments are transmitted imme-
repeat delimiters{). Each subfield defines one active function diately, and subsequent result segments containing waveform
status response; however, more than one active function statdata and annotations are transmitted as they become available
response may be returned only 8TA requests that do not in real time; when the transmission ends (for example, because
specify a single system function identifier as the first qualifier;of an END request), the final result segments are transmitted
for STA and other requests which do specify a single functionfollowed by a message terminator segment. If transmission is
only the status of that function is returned. Each subfieldpaused (for example, byRAU request), transmission of result
consists of two or more components separated by componesggments stops temporarily, and when transmission is resumed
delimiters ([] ). The format of the STA category result  (for example, by &SM request), transmission continues with
segment is summarized in Table 64. The first component is thiéhe next result segment; no additional message terminator/
system function identifier (given in Table 58) which specifiesheader segments are sent. A similar procedure is used when a
the function whose status is being returned. The seconckal time receiveWWRC) request is initiated; after obtaining the
component is the current function status code (given in Tablacknowledgment message from the remote system, the re-
65). The third and subsequent components contain additiongjuestor begins sending a message to the receiver, including
data concerning the system function; they are supplied only foresult segments as they become available, and the message
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continues until no further data are available, at which time asequence number in the second qualifier to ask the transmitter
message terminator segment is sent and the receiver terminates retransmit result segments beginning at or before the
the receive function. Depending on available lower-levelspecified sequence number. TRSM request need not be
communication protocol error detection capabilities, messaggsreceded by #@AU request in this case.

sent in real time may wish to periodically include E (error
checking) segments.

9.5.20.9 If an error is detected by the transmitting system,
during real-time transmission, transmission may be tempowmsa
rarily suspended until RSM request is received or the error is
corrected, as appropriate. If an error is detected by théBR
receiving system during real-time data transmissioi®Ad 0BX
request may be sent to the transmitter, if appropriate, t&BX
terminate transmission until the error condition is corrected. If
the transmitter learns that some transmitted data were lost, it
may repeat the transmission of some previously transmitted
result segments, using a result status cod€ ¢€orrected) in
the OBX segments retransmitted; the receiver will recognize
this and respond by substituting the new result segments for the

9.5.20.10 The format of a message used for real-time
waveform data transmission is as follows:

Message header segment

Message acknowledgment segment (if receiver initiates transfer
by means of BEG)

Patient identifying segment

Order segment (identifies the original order for the test)

Result segment 1

Result segment 2

(segments are transmitted in real-time as data becomes avail-
able; the

transmission may be suspended and resumed anywhere in the
message)

Message terminator segment (sent when transmission is com-
pleted)

previously transmitted segments. If WAV category result seg- i
ments are among those retransmitted, a corrected TIM category 9-2-21 The following are examples of control and status

result segment must also be transmitted prior to the WAV equest messages and the corresponding responses. In these

category result segments to specify the time, sampling fre€X@mples<CR> indicates a carriage return character.

quency, and data format at the start of the retransmitted 9.5.21.1 Example of twBEG requests asking that a remote
waveform data. Furthermore, if the montage or channelfystem prepare to receive real-time waveform data on commu-
electrode definitions had changed in the period of time spannegcation channeNET2, and store it on an optical disk, device
by the retransmitted segments, the appropriate MTG, CHNPOZ; after receiving the expected response messages, the
and ELC category result segments should be retransmitted f&dquesting system may start transmitting a message containing
establish the correct settings for the retransmitted waveforrfeal-time waveform data on communication charEIT2 to

data. If the receiver detects that data was lost or garbled, it maijie remote system:

send aRSM request specifying a particular result segment

Request (initiates real-time data reception and waveform storage):

H| [] ~\&|25642||EEGAL|||||EEGS1||P|E.2|19920723122732<CR>
Q|1]4567890&1&M10[4567890&1&M10|95816 [] EEG recording]||||||<CR>
A|BEG [] WRC [] NET2<CR>
Q|1]4567890&1&M10]4567890&1&M10|95816 [| EEG recording|||||[|BEG [] WST [] DO2<CR>
L|1]|0]5]|25642<CR>

Response Number 1 (returns status of function WRCfor order 1234):
H| [] ~\&|53433||EEGS1|||||EEGA1L||P|E.2|19920723122742<CR>
MSA|AA|25642<CR>
P|1]4567890&1&M10[456789081&M10||Doe [] John [] Q [] Ir [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [ NEURO|1234 [| EEGS1|95816 [] EEG recording]||19920723122606|||N|||<CR>
Allllitmn<cr>
OBX|1|CM|95816&STA [ EEG recording|1|WRC [] A [| NET2<CR>
L|1]|1|7|53433<CR>

Response Number 2 (returns status of function WSTfor order 1234):
H| 1 ~\&|53434||EEGSL1|||||[EEGAL||P|E.2|19920723122747<CR>
MSA|AA|25642<CR>
P|1]4567890&1&M10|4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [] NEURO|1234 [| EEGS1|95816 [] EEG recording]||19920723122606]|||N|||<CR>
AlllllINN<CRr>
OBX|1|CM|95816&STA [] EEG recording|1|WST [] A [] DO2 [] FILE1234<CR>
L|1]|1]7|53434<CR>

9.5.21.2 Example of &TA request asking for status of all
system functions for a specific test in progress:

Query (requests status for EEG recording for patient 4567890):
H| [] ~\&|53436||EEGS1|||||EEGAL||P|E.2|19920723124211<CR>
Q|1]4567890&1&M10]4567890&1&M10|95816 [| EEG recording]||||||STA<CR>
L|1]|0]|3|53436<CR>
Response (returns status of functions WAC, WPR, WDE, WTM,andWST):
H| [| ~\&|25645||[EEGAL|||||EEGS1||P|E.2|19920723124218<CR>
MSA|AA|53436<CR>
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P|1]4567890&1&M10]4567890&1&M10||Doe [] John [] Q [] Jr [] Mr|Deere|19300202|M<CR>
OBR|1|5678 [] NEURO|1234 [| EEGS1|95816 [| EEG recording||19920723122606(]||N|||[<CR>
AlllINI<CR>

OBX|1|CM|95816&STA [] EEG recording|1|WAC [] A
AIWTM [] A ] NET2 ~WST [ A ] C [| DAT1234<CR>
L|1]|1|8|25645<CR>

~WPR ] A[] LPT1 ~WDE [] A~<CR>

9.5.21.3 Example of a&END request asking that a remote mission YVTM ), and waveform data storag@/ST):

system terminate waveform data acquisiti&MAC); implic-
itly, this request also terminates associated functions such as
waveform detection WDE), real-time waveform data trans-

Request (terminates waveform data acquisition for EEG recording):

HI [ ~\&|53449||EEGS1|||||EEGAL||P|E.2]19920723124853<CR>
Q|1]4567890&1&M10|4567890&1&M10|95816 [| EEG recording]||||||[END [] WAC<CR>
L|1/|0|3|53449<CR>

Response (returns status of function WAC):

H| ] ~\&|25654||EEGAL|||||[EEGS1|P|E.2|19920723124912<CR>
MSA|AA|53449<CR>

P|1]4567890&1&M10]4567890&1&M10||Doe [] John [] Q [] Jr [| Mr|Deere|19300202|M<CR>
OBR|1|5678 [] NEURO|1234 [| EEGS1|95816 [| EEG recording||19920723122606(|||N|||<CR>
Alllll<cr>

OBX|1|CM|95816&STA [] EEG recording|1|WAC [] C<CR>

L|1]|1|7|25654<CR>

9.6 Error Reporting in Two-way CommunicatiedThis

TABLE 66 Error Codes and Messages

specification extends Specification E 1238 and HL7 capabili- code

Message

ties by providing certain error reporting facilities. When a o1
system receives a message containing an error, it responds withoo2
a new message that acknowledges the received message an@ﬁi
indicates the nature of the error. 005

9.6.1 Errors may be reported in several types of segments in 500
the acknowledgment message. Errors involving the processing oos
of an order are reported in the OBR segment order result status 909
code field (see 9.3.10) and, if necessary, in an ERR category oig
result segment (see 9.3.12). Errors returned by a request oroi2
guery that concerns an order or an ordered test are also reportecgﬁ
in this manner (see 9.5.20.6, for example). Errors returned by ;5
other requests or queries (such as system status queries andié
master database search requests) or errors involving messag(%lg
or segment syntax violations (including syntax-only errors in  gig
OBR segments) are reported in the text message field of an 020
MSA segment in the acknowledgment message. The sameggg
error report may also be explicitly requested by use oBR& 023
query facility (see 9.5.10.11). 024
9.6.2 The error report returned in the MSA segment text 3zg;
message field consists of the string ERR, followed by an error 302
code (alphanumeric value) followed by a space and an optional 3%
error message. Certain error codes are defined by this specifi-
cation; these are listed in Table 66. An implementation need not 401
use any or all of these error codes; however, if a receiver does jgg
check for and report these errors, it should use the error codes a11
listed in Table 66. In addition, implementation-specific error 412
codes may be used which have meaning to both the sending 42;
and receiving system. Codes 000 to 499 are reserved (message23

Missing message header segment

Missing message trailer segment

Unrecognized segment: [segID], [seq#]

Segment not allowed in this context: [segID], [seq#]

Invalid character in message: [segID], [seqg#], [fld#]

Invalid delimiter in field: [segID], [seq#], [fld#]

Invalid escape sequence in field: [seglID], [seq#], [fld#]

Invalid field format or data type: [segID], [seq#], [fld#]
Repetition not allowed in field: [segID], [seq#], [fld#]

Field too long: [seglD], [seq#], [fld#]

Component too long: [seglD], [seq#], [fld#], [cmp#]
Subcomponent too long: [segID], [seq#], [fld#], [cmp#], [sub#]
Invalid data for CK-type field: [segID], [seq#], [fld#]

Invalid data for ID-type field: [segID], [seq#], [fld#]

Invalid data for NM-type field: [segID], [seq#], [fld#]

Invalid data for TN-type field: [segID], [seq#], [fld#]

Invalid data for TS-type field: [segID], [seq#], [fld#]

Too many fields in segment: [segID], [seq#], [fld#]

Too many components: [seglD], [seq#], [fld#], [cmp#]

Too many subcomponents: [segID], [seq#], [fld#], [cmp#], [sub#]
Required field absent: [segID], [seq#], [fld#]

Required component absent: [segID], [seq#], [fld#], [cmp#]
Required subcomponent absent: [segID], [seq#], [fld#], [cmp#], [sub#]
Segment sequence number out of sequence: [segID], [seq#]

Unknown test/observation ID code: [segID], [seq#], [fld#], [cmp#]
Unknown information category: [segID], [seq#], [fld#], [cmp#], [sub#]
Absent/out of sequence observation sublID: [segID], [seq#], [fld#]
Probability not in range 0 to 1: [segID], [seq#], [fld#]

Security field incorrect: [segID], [fld#]

Unsupported message version ID: [segID], [fld#]
Unsupported processing ID: [seglD], [fld#]

Error check byte count incorrect: [seglD], [seq#], [fld#]
Error check code incorrect: [seglD], [seq#], [fld#]
Patient count incorrect: [seglD], [seq#], [fld#]

Line count incorrect: [seglD], [seq#], [fld#]

Batch number incorrect: [seglD], [seq#], [fld#]

and general segment format errors 000—099; P segment errors
100-199; OBR segment syntax errors 200—-299; OBX segment

syntax errors 300-399; other segment errors 400-499); thereshen the error message is composed: [segID] indicates a
fore, implementation-specific codes must be in the rangesegment identifier (field 1), [seq#] indicates a segment se-
500-999. In Table 66, text in square brackets indicates guence number (field 2), [fld#] indicates a field number,

variable field, for which the appropriate value is substitutedcmp#] indicates a component number, and [sub#] indicates a
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subcomponent number.

APPENDIXES

(Nonmandatory Information)

10. Keywords

X1. SNOMED TOPOGRAPHY CODES FOR NEUROPHYSIOLOGY

X1.1 SNOMED (Systemized Nomenclature of Medicine) istopographic code which areot part of the actual text descrip-
a set of universal codes which may be used to standardiz@n of the topographic location.

medical terminology. The SNOMED topography field is one of

the seven currently defined axes of SNOMED. These codes X1.6 Basic SNOMED Topographic Codedhe codes
provide a detailed and structured nomenclature for those partisted in X1.6.1 through X1.6.9 define the basic SNOMED
of the body whose identification might reasonably be neededodes for topographic locations.

for the coding and retrieval of diagnostic and other medical x1.6.1 Cephalic Locations—General

data in a medical database.

X1.2 The following is a list of those SNOMED topographic +.ygo0
location codes which are most likely to be used in electro-T-vo100

neurophysiology. These codes may be used to identify a@g%
electrode or transducer location, to define locations on the.ygi3g

subject between which distances are measured, to specify thieo14o

location of a stimulus delivered to the subject, or toidentify theggigg

anatomic site (localization) which applies to a result ori.ygi7;
diagnosis. Although only a subset of the SNOMED codes forr-Y0200

body regions, bones, brain regions, nerves, and muscles aJt ggég

given in X1.6 and following, any of the topography field codes.ygago
listed in the SNOMED handbook may be used in any of ther-voaio

above contexts. The coding system described in this append :Ygﬁg

represents extended SNOMED topographic location codegyosso
with optional qualifiers (coding system mnemonic identifier T-Yo4s0
T-YO4

SNM +, specific code table identifi@fOPO). Lo

X1.3 SNOMED codes do not provide enough specificity to" ¥ %

Code

Meaning

Head and neck [NOS]

Head [NOS]

Frontal region

Vertex (central) region

Parietal region

Occipital region

Temporal region

Scalp [NOS; extracranial electrode/transducer locations]
Preauricular area [10-20 reference point]
Face [NOS]

Chin

Cheek [NOS]

Cranial cavity [NOS; general intracranial locations]
Supratentorial region of cranial cavity
Anterior fossa of cranial cavity

Middle fossa of cranial cavity
Infratentorial region of cranial cavity
Posterior fossa of cranial cavity

Orbital region [NOS]

Periorbital region

Neck [NOS]

uniquely identify the region or body part by such designations X1.6.2 Cephalic Locations—Brain Structures and Special
as left versus right, anterior versus posterior, medial versuSense Organs:

lateral, or proximal versus distal, nor do they uniquely identify Code

individual stimulation and recording sites along a nerve or
P h . -X1400
individual members of a class (such as a particular cerwca,'}_><1420
nerve). For this reason, the SNOMED codes for electroneuror-x1430
physiologic studies may be extended by appending one or morgx1440
g . . -X1450
qualifiers to the basic code (separated from the basic code ag_ 1600
from each other by hyphens). The text corresponding to all of

the qualifiers is concatenated in the order given, and this i§X1650

prefixed to the text corresponding to the basic code to give th;:{;gggg
complete text description of the topographic location. T-X2060
T-X2200

X1.4 Insome instances, basic SNOMED topographic code%x2210
do exist whichare qualified by such designations. In these I*2220
instances, it is preferable for consistency to use the unqualifieglx2232

or general SNOMED topographic code instead, adding thé-x2240

qualifiers in subsequent positions as would usually be done.}22>

For example, using the SNOMED codBY0100 (head) T.x2270

together with the qualifieL FT (left), that T-X2280
is T-YO100-LFT (left head), is preferable to using Lo
the SNOMED codd-Y0102 (head, left side) with no qualifier. T.x2310

T-X2320
X1.5 In the following, NOS indicaterot otherwise speci- T-x2330

fied Text in square brackets indicates comments on thé-X2340
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Meaning

Subdural space [NOS; subdural electrode locations]
Subdural space, frontal region

Subdural space, temporal region

Subdural space, parietal region

Subdural space, occipital region

Cerebral ventricle [NOS; intracranial pressure transducer
location]

Lateral ventricle

Cerebral cortex [cortical depth electrode locations]
Brainstem

Cerebral hemisphere [NOS]

Frontal lobe [NOS]

Cortex of frontal lobe

White matter of frontal lobe

Superior frontal gyrus

Marginal gyrus

Middle frontal gyrus

Inferior frontal gyrus

Precentral gyrus

Paracentral lobule

Gyrus rectus

Orbital gyrus

Parietal lobe [NOS]

Cortex of parietal lobe

White matter of parietal lobe

Postcentral gyrus

Superior parietal lobule
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T-X2350 Inferior parietal lobule T-62000 Esophagus [NOS; temperature, pH, or pressure monitor lo-
T-X2360 Precuneus cation]
T-X2400 Occipital lobe [NOS] T-68000 Rectum [temperature or pressure monitor]
T-X2410 Cortex of occipital lobe T-76000 Penis [nocturnal penile tumescence strain gage location]
T-X2420 White matter of occipital lobe X . .
T-X2430 Area striata (visual cortex) X1.6.5 Noncephalic Locations—General:
T-X2440 Calcarine fissure Code Meaning
T-X2450 Cuneus
T-X2460 Lingual gyrus T-Y1000 Trunk [NOS]
T-X2470 Lateral occipital gyrus T-Y1100 Back [NOS]
T-X2480 Superior occipital gyrus T-Y1200 Scapular region of back
T-X2490 Inferior occipital gyrus T-Y1300 Lumbar region
T-X2500 Temporal lobe [NOS] T-Y1400 Sacrococcygeal region
T-X2510 Cortex of temporal lobe T-Y1500 Hip [NOS]
T-X2520 White matter of temporal lobe T-Y1600 Buttock [NOS]
T-X2530 Superior temporal gyrus T-Y1700 Perineum [NOS]
T-X2540 Middle temporal gyrus T-Y1800 Extremity [NOS]
T-X2550 Inferior temporal gyrus T-Y2100 Thorax [NOS]
T-X2560 Occipitotemporal gyrus T-Y2400 Diaphragm [NOS]
T-x2570 Hippocampus T-Y4100 Abdomen [NOS]
T-X2573 Dentate gyrus T-Y4300 Abdominal wall [NOS]
T-X2580 Hippocampal gyrus T-Y6000 Pelvis [NOS]
T-X2590 Uncus of hippocampus T-Y7000 Inguinal region (groin) [NOS]
T-X2610 Insula [NOS] T-Y8000 Upper extremity [NOS]
T-X2620 Cortex of insula T-Y8100 Axilla [NOS]
T-X2630 White matter of insula T-Y8200 Upper arm [NOS]
T-X2660 Gyrus longus T-Y8300 Elbow [NOS]
T-X2880 Optic radiation T-Y8400 Antecubital region
T-X2890 Auditory radiation T-Y8500 Forearm [NOS]
T-X4230 Thalamus, posterolateral ventral nucleus T-Y8600 Wrist [NOS]
T-X4240 Thalamus, posteromedial ventral nucleus T-Y8700 Hand [NOS]
T-X4380 Lateral geniculate body T-Y8800 Finger [NOS]
T-X4390 Medial geniculate body 7-Y8810 Thumb [NOS]
T-X5100 Midbrain [NOS] T-Y8820 Index finger [NOS]
T-X5150 Corpora quadrigemina, inferior colliculus T-Y8830 Middle finger [NOS]
T-X5271 Medial lemniscus T-Y8840 Ring finger [NOS]
T-X5272 Lateral lemniscus T-Y8850 Little finger [NOS]
T-X5400 Pons [NOS] T-Y9000 Lower extremity [NOS]
T-X7000 Medulla oblongata [NOS] T-Y9100 Thigh [NOS]
T-XX000 Eye [NOS; visual stimuli location] T-Y9200 Knee [NOS]
T-XX200 Cornea [corneal electrode location] T-Y9300 Popliteal region
T-XX813 Lateral canthus [eye movement electrode location] T-Y9400 Leg [NOS]
T-XY000 Ear [NOS; auditory stimuli location] T-Y9500 Ankle [NOS]
T-XY105 Pinna of ear [ear electrode location] T-Y9600 Heel
T-XY200 External auditory canal [NOS] T-Y9700 Foot [NOS]
T-XY320 Tympanic membrane [NOS; tympanic electrode location] T-Y9800 Toe [NOS]
. i T-Y9810 Great toe [NOS]
X1.6.3 Cephalic Locations—Bones Of Skull: T-Y9820 Second toe [NOS]
Code Meaning T-Y9830 Third toe [NOS]
T-Y9840 Fourth toe [NOS]
T-10101 Skull [NOS; epidural electrode locations] T-Y9850 Fifth toe [NOS]
T-10107 Foramen ovale cranii [foramen ovale electrode location] : : B .
T-10110 Frontal bone [NOS] X1.6.6 Noncephalic Locations—Specific Bones:
T-10120 Parietal bone [NOS] Code Meaning
T-10130 Temporal bone [NOS]
T-10133 Mastoid process of temporal bone [common ground elec- T-10520 Atlas [NOS]
trode location] T-10530 Axis [NOS]
T-10140 Occipital bone [NOS] T-10540 Third cervical vertebra
T-10147 External occipital protuberance (inion) [10-20 reference T-10550 Fourth cervical vertebra
point] T-10560 Fifth cervical vertebra
T-10156 Ethmoid bone [NOS; ethmoidal electrode location] T-10570 Sixth cervical vertebra
T-10159 Sphenoid bone [NOS; sphenoidal electrode location] T-10580 Seventh cervical vertebra
T-12171 Frontonasal suture (nasion) [10-20 reference point] T-10610 First thoracic vertebra
T-10620 Second thoracic vertebra
X1.6.4 Miscellaneous Locations: T-10630 Third thoracic vertebra
. T-10640 Fourth thoracic vertebra
Code Meaning T-10650 Fifth thoracic vertebra
T-10660 Sixth thoracic vertebra
T-21000 Nose [NOS] ) ) ) ) T-10670 Seventh thoracic vertebra
T-21310 Naris (nostril) [respiratory air flow monitor location] T-10680 Eighth thoracic vertebra
T-23000 Nasopharynx [NOS; pharyngeal electrode location] T-10690 Ninth thoracic vertebra
T-32200 Right atrium [intracardiac pressure transducer location] T-10700 Tenth thoracic vertebra
T-44800 IPerip_he]ral pulmonary arteries [wedge pressure transducer T-10710 Eleventh thoracic vertebra
ocation .
T-47300 Radial artery [arterial pressure transducer location] ¥1g;§8 -lg\il:tlflt:rrﬁgzrra\ilacrt\é?rt: bra
T-48610 Superior vena cava [venous pressure transducer location] T-10760 Second lumbar vertebra
T-51000 Mouth [NOS; respiratory air flow monitor location] T-10770 Third lumbar vertebra
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T-10780 Fourth lumbar vertebra
T-10790 Fifth lumbar vertebra
T-10800 Sacrum [NOS]
T-10801 First sacral vertebra
T-10802 Second sacral vertebra
T-10803 Third sacral vertebra
T-10804 Fourth sacral vertebra
T-10805 Fifth sacral vertebra
T-10830 Coccyx [NOS]

T-11310 Clavicle [NOS; Erb’s point electrode location]
T-11339 lliac crest
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T-X9001
T-X9031
T-X9081
T-X9090
T-X9130
T-X9140
T-X9142
T-X9160
T-X9170
T-X9172
T-X9174
T-X9177

X1.6.7 Noncephalic Locations—Spinal Cord and Nerve 1-x9180

Roots:

Code Meaning
T-X7410 Spinal cord [NOS]
T-X7430 Spinal cord, posterior horn [NOS]
T-X7460 Spinal cord, anterior horn [NOS]
T-X7480 Spinal cord, posterior column [NOS]
T-X7490 Spinal cord, lateral column [NOS]
T-X7493 Lateral corticospinal tract
T-X7500 Spinal cord, anterior column
T-X7560 Spinal nerve root [NOS]
T-X7561 Dorsal spinal nerve root
T-X7562 Ventral spinal nerve root
T-X7600 Cervical spinal cord [NOS]
T-X7620 Cervical spinal cord, posterior horn
T-X7640 Cervical spinal cord, ventral horn
T-X7660 Cervical spinal cord, posterior column
T-X7670 Cervical spinal cord, lateral column
T-X7680 Cervical spinal cord, ventral column
T-X7690 Cervical spine, nerve root
T-X7700 Thoracic spinal cord [NOS]
T-X7720 Thoracic spinal cord, posterior horn
T-X7740 Thoracic spinal cord, ventral horn
T-X7760 Thoracic spinal cord, posterior column
T-X7770 Thoracic spinal cord, lateral column
T-X7780 Thoracic spinal cord, ventral column
T-X7790 Thoracic spine, nerve root
T-X7800 Lumbar spinal cord
T-X7810 Sacral spinal cord
T-X7830 Lumbosacral spinal cord, posterior horn
T-X7850 Lumbosacral spinal cord, ventral horn
T-X7870 Lumbosacral spinal cord, posterior column
T-X7880 Lumbosacral spinal cord, lateral column
T-X7890 Lumbosacral spinal cord, ventral column
T-X7891 Lumbosacral spinal cord [NOS]
T-X7892 Lumbosacral spinal cord, nerve root
T-X7900 Cauda equina
T-X7910 Spinal nerve of cauda equina [NOS]
T-X7920 Conus medullaris

X1.6.8 Locations Near Peripheral Nerves:

Code Meaning
T-X8000 Cranial nerve [NOS]
T-X8040 Optic nerve [NOS]
T-X8070 Oculomotor nerve [NOS]
T-X8110 Trochlear nerve [NOS]
T-X8130 Abducens nerve [NOS]
T-X8150 Trigeminal nerve [NOS]
T-X8210 Ophthalmic nerve
T-X8242 Supraorbital nerve
T-X8260 Maxillary nerve
T-X8320 Infraorbital nerve
T-X8330 Mandibular nerve
T-X8410 Facial nerve [NOS]
T-X8500 Acoustic nerve [NOS]
T-X8530 Cochlear nerve
T-X8550 Vestibular nerve
T-X8570 Glossopharyngeal nerve [NOS]
T-X8640 Vagus nerve [NOS]
T-X8800 Accessory nerve, cranial portion
T-X8810 Accessory nerve, spinal portion
T-X8820 Hypoglossal nerve [NOS]
T-X9000 Spinal nerve [NOS]
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T-X9185
T-X9188
T-X9190
T-X9197
T-X9200
T-X9210
T-X9230
T-X9300
T-X9320
T-X9325
T-X9330
T-X9340
T-X9360
T-X9370
T-X9380
T-X9383
T-X9400
T-X9410
T-X9440
T-X9450
T-X9470
T-X9483
T-X9486
T-X9490
T-X9500
T-X9510
T-X9550

Nerve [NOS]

Cervical nerve [NOS]

Phrenic nerve

Brachial plexus [NOS]

Long thoracic nerve

Musculocutaneous nerve

Lateral antebrachial cutaneous nerve

Medial antebrachial cutaneous nerve

Ulnar nerve [NOS]

Ulnar nerve, dorsal branch

Ulnar nerve, palmar branch [palm stimulation]
Ulnar nerve, proper digital palmar nerves [digit stimulation]
Median nerve [NOS]

Median nerve, palmar branch [palm stimulation]
Median nerve, proper digital palmar nerves [digit stimulation]
Radial nerve [NOS]

Radial nerve, superficial branch
Suprascapular nerve

Axillary nerve

Thoracic nerve [NOS]

Lumbar nerve [NOS]

Lumbar plexus

lliohypogastric nerve

Lumbosacral plexus

llioinguinal nerve

Lateral femoral cutaneous nerve

Obturator nerve [NOS]

Femoral nerve

Saphenous nerve

Sacral nerve [NOS]

Sacral plexus

Sciatic nerve

Tibial nerve [NOS]

Sural nerve

Medial plantar nerve

Lateral plantar nerves

Common peroneal nerve

Deep peroneal (fibular) nerve

Superficial peroneal nerve

Pudendal nerve

X1.6.9 Locations Near Or In Muscles:

Code

T-13000
T-13100
T-13101
T-13130
T-13142
T-13150
T-13151
T-13152
T-13153
T-13154
T-13155
T-13156
T-13157
T-13158
T-13159
T-13160
T-13162
T-13170
T-13180
T-13190
T-13200
T-13210
T-13220
T-13230
T-13243
T-13250
T-13260
T-13270
T-13280
T-13281
T-13282
T-13290
T-13300

Meaning

Skeletal muscle [NOS]

Muscle of head [NOS]

Splenius capitis muscle

Longus capitis muscle
Occipitofrontalis muscle, frontal belly
Facial muscle [NOS]

Depressor anguli oris muscle
Risorius muscle

Zygomaticus major muscle
Zygomaticus minor muscle
Levator labii superioris muscle
Levator labii superioris alaeque nasi muscle
Depressor labii inferioris muscle
Levator anguli oris muscle
Buccinator muscle

Orbicularis oculi muscle [NOS]
Orbicularis oculi muscle, orbital part
Extrinsic ocular muscle [NOS]
Superior rectus muscle

Inferior rectus muscle

Medial rectus muscle

Lateral rectus muscle

Superior oblique muscle

Inferior oblique muscle
Posterior auricularis muscle
Mentalis muscle

Masseter muscle

Temporal muscle

Pterygoid muscle [NOS]

Lateral pterygoid muscle

Medial pterygoid muscle
Orbicularis oris muscle

Muscle of neck [NOS]



T-13301
T-13310
T-13330
T-13331
T-13332
T-13350
T-Y2400

T-13480
T-13490
T-13492
T-13497
T-13510
T-13520
T-13600
T-13610
T-13620
T-13630
T-13640
T-13650
T-13660
T-13670
T-13680
T-13690
T-13691
T-13692
T-13693
T-13710
T-13720
T-13740
T-13750
T-13760
T-13770
T-13781
T-13784
T-13790
T-13810
T-13820
T-13831
T-13832
T-13840
T-13842
T-13850
T-13860
T-13870
T-13881
T-13882
T-13890
T-13911
T-13912
T-13913
T-13920
T-13930
T-13940
T-13950
T-13960
T-13970
T-13981
T-13982
T-14000
T-14010
T-14020
T-14050
T-14051
T-14052
T-14053
T-14061
T-14062
T-14063
T-14064
T-14065
T-14070
T-14071
T-14072
T-14073
T-14090
T-14091
T-14100

Splenius cervicis muscle
Sternocleidomastoid muscle
Digastric muscle

Digastric muscle, anterior belly
Digastric muscle, posterior belly

Mylohyoid muscle [submental EMG electrodes]
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Diaphragm [NOS; SNOMED lists as a topographic region,

not a muscle]

Platysma muscle

Laryngeal muscle [NOS]
Cricothyroid muscle

Thyroarytenoid muscle

Intrinsic lingual muscle [NOS]
Genioglossus muscle

Muscle of upper extremity [NOS]
Supraspinatus muscle

Infraspinatus muscle

Teres minor muscle

Teres major muscle

Subscapularis muscle

Deltoid muscle

Biceps brachii muscle

Brachialis muscle

Triceps brachii muscle

Triceps brachii muscle, long head
Triceps brachii muscle, lateral head
Triceps brachii muscle, medial head
Coracobrachialis muscle

Anconeus muscle

Pronator teres muscle

Flexor carpi radialis muscle
Palmaris longus muscle

Flexor carpi ulnaris muscle

Flexor digitorum superficialis muscle
Flexor digitorum profundus muscle
Flexor pollicis longus muscle
Pronator quadratus muscle
Brachioradialis muscle

Extensor carpi radialis longus muscle
Extensor carpi radialis brevis muscle
Extensor digitorum muscle

Extensor digiti minimi muscle
Extensor carpi ulnaris muscle [NOS]
Supinator muscle

Palmaris brevis muscle

Abductor pollicis longus muscle
Abductor pollicis brevis muscle
Flexor pollicis brevis muscle
Extensor pollicis brevis muscle
Extensor pollicis longus muscle
Extensor indicis muscle

Opponens pollicis muscle

Adductor pollicis muscle

Abductor digiti minimi muscle of hand
Flexor digiti minimi brevis muscle of hand
Opponens digiti minimi muscle of hand
Lumbrical muscles of hand

Dorsal interosseous muscles of hand
Palmar interosseous muscles of hand
Muscle of trunk [NOS]

Splenius muscle of trunk

Erector spinae muscle

Spinalis muscle [NOS]

Spinalis thoracis muscle

Spinalis cervicis muscle

Spinalis capitis muscle

Semispinalis muscle [NOS]
Semispinalis thoracis muscle
Semispinalis cervicis muscle
Semispinalis capitis muscle
Multifidus muscles

Interspinalis muscles [NOS]
Interspinalis cervicis muscles
Interspinalis thoracis muscles
Interspinalis lumborum muscles
Muscle of back [NOS]

Muscle of lower back [NOS]

Muscle of thorax [NOS]
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T-14110
T-14120
T-14130
T-14140
T-14160
T-14170
T-14171
T-14172
T-14173
T-14174
T-14180
T-14190
T-14200
T-14220
T-14230
T-14250
T-14260
T-14270
T-14300
T-14313
T-14320
T-14330
T-14332
T-14400
T-14410
T-14420
T-14430
T-14440
T-14450
T-14451
T-14460
T-14470
T-14480
T-14490
T-14510
T-14520
T-14530
T-14540
T-14550
T-14560
T-14570
T-14580
T-14610
T-14620
T-14630
T-14631
T-14632
T-14640
T-14650
T-14700
T-14710
T-14720
T-14730
T-14731
T-14732
T-14740
T-14750
T-14760
T-14770
T-14780
T-14781
T-14790
T-14791
T-14810
T-14811
T-14812
T-14820
T-14900
T-14910
T-14920
T-14930
T-14940
T-14950
T-14960
T-14970
T-14980
T-14990

Pectoralis major muscle [NOS]
Pectoralis minor muscle
Subclavius muscle

Serratus anterior muscle
Intercostal muscle [NOS]

Muscle of upper back [NOS]
Trapezius muscle

Latissimus dorsi muscle
Rhomboid major muscle
Rhomboid minor muscle

Levator scapulae muscle

Serratus posterior muscle [NOS]
Muscle of abdomen [NOS]
Obliquus externus abdominis muscle
Obliquus internus abdominis muscle
Transversus abdominis muscle
Rectus abdominis muscle
Quadratus lumborum muscle
Muscle of perineum [NOS]
Puborectalis muscle

Coccygeus muscle

Sphincter ani muscle [NOS]
Sphincter ani externus muscle [NOS]
Muscle of hip and thigh [NOS]
lliopsoas muscle [NOS]

Obturator muscle [NOS]

Gluteus maximus muscle

Gluteus medius muscle

Gluteus minimus muscle

Tensor fasciae latae muscle
Piriform muscle

Gemellus muscle [NOS]
Quadratus femoris muscle
Sartorius muscle

Adductor brevis muscle

Adductor longus muscle

Adductor magnus muscle

Gracilis muscle

Quadriceps femoris muscle
Rectus femoris muscle

Vastus lateralis muscle

Vastus medialis muscle

Pectineus muscle

Vastus intermedius muscle

Biceps femoris muscle

Biceps femoris muscle, long head
Biceps femoris muscle, short head
Semimembranosus muscle
Semitendinosus muscle

Muscle of leg [NOS]

Popliteal muscle

Triceps surae muscle
Gastrocnemius muscle
Gastrocnemius muscle, lateral head
Gastrocnemius muscle, medial head
Soleus muscle

Plantaris muscle

Tibialis anterior muscle

Tibialis posterior muscle

Extensor digitorum longus muscle
Extensor digitorum brevis muscle
Extensor hallucis longus muscle
Extensor hallucis brevis muscle
Peroneus muscle [NOS]

Peroneus longus muscle
Peroneus brevis muscle

Flexor digitorum longus muscle
Muscle of foot [NOS]

Abductor digiti minimi muscle of foot
Quadratus plantae muscle
Lumbricales pedis muscles

Flexor hallucis brevis muscle
Adductor hallucis muscle

Flexor digiti minimi brevis muscle of foot
Interosseous plantares muscles
Interosseous dorsales muscles
Abductor hallucis muscle
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X1.7 Qualifiers for SNOMED Topographic Codedhe  plexus or very proximal portion of the nerve (for example, the
codes listed in Table X1.1 are used to qualify the basicsupraclavicular area for motor NCS on median nerve, or the
SNOMED topographic location codes. They may be appendetlimbar spine for motor NCS on tibial nerve). Location quali-
to the basic code in any order, and are separated from the bagiers LC4through LC9 denote sites along nerves in the
code and from each other by hyphéh characters. extremities. Proximal arm often refers to the axilla, and

. ) _ proximal thigh to the groin. Distal arm often refers to the

X1.8 ThelC1 to LCY qualifiers (used with topographic gjho, distal thigh to the knee, distal forearm to the wrist, and
codes for nerves) represent conventional stimulation and regista| leg to the ankle. Nerve location qualifiers for palm/sole
cording sites  for nerve condl_Jcnon _stud|es (NCS).ang digit sites are not needed since separate SNOMED codes
LClrepresents a CNS site associated with the nerve (fogyist for the palmar/plantar and digital nerves. The notations
example, contralateral motor cortex for motor NCS on mec“araroximal, intermediate, and distal have different meanings for
nerve).LC2 represents a nerve root site (for example, C8 rooyifferent nerves (for example, for common peroneal nerve/
for motor NCS on ulnar nerve).C3 represents a site near the gyensor digitorum brevis motor NCS, the usual proximal leg

site would be distal to the head of the fibula and the distal leg

TABLE X1.1 SNOMED Topographic Location Qualifiers site would be at the ankle; for sural nerve sensory NCS, the

Qualifier Meaning proximal, intermediate, and distal leg sites could all be in the
LFT Left lower calf above the ankle at three equally spaced points along
ReT o the nerve). For simplicity of implementation, the text associ-
BIL Bilateral ated with theLC4 to LC9 qualifiers applies to nerves in either
ANT Anterior the upper or lower extremity; if desired, a more complex
cor gﬁ;ﬁ:g’; implementation could be designed to select appropriate text for
INF Inferior such a qualifier based on whether it was used with a base
MED Medial SNOMED topographic code for an upper or a lower extremity
b Lateral nerve (for example,LC9 would be interpreted aglistal
INT Intermediate forearm portionwhen applied to the median nerve, butiéstal
Bg; gf;' leg portionwhen applied to the common peroneal nerve).

EEE Sgﬁ; r[f(';'ﬁ'msde] X1.9 TheN## qualifiers N1, N2, N3, etc.) are used when
INS Insertion [of muscle] the topographic location code in the first subcomponent must
tg; gcl\ft Czﬂ?;,ct[ig?f,e[?\jeqewe] be further qualified because multiple such body parts or regions
Lo3 Dl portion [of nerve] exist (for example, SNOMED cod&X9031, cervical nerve,
Lca Proximal arm/thigh portion [of nerve] can be qualified by theN5 qualifier, to indicate the fifth
tgg '[f)‘lt;;frzfﬁtilg;m’;ghr't?:nP[z;“:;\g nerve] cervical nerve; SNOMED cod§_—X7560,_ spinal nerve root,
Lo7 Proximal forearm/leg portion [of nerve] may be qualified by th&21 qualifier, to indicate the twenty-
LC8 Intermediate forearm/leg portion [of nerve] first spinal nerve root, that is the first lumbar root). When it is
LC9 Distal forearm/leg portion [of nerve] desired to explicitly indicate multiple body parts or regions (for
N## Number ## [## is a one- or two-digit number, 1 to 99] . . .
MLT Multiple exa(rjnple, multiple cervical nerves), the qualifdLT may be
used.

X2. SPECIFICATION E1467 CODING SYSTEMS FOR NEUROPHYSIOLOGY

X2.1 The following are descriptions of several alphanu-physiologic study. These include a set of codes which may be
meric coding systems designed for use in electroneurophysitsed to specify the distribution (anatomic site) of waveforms or
ology. These coding systems apply to electroencephalogramictivities seen in some electroneurophysiologic studies; these
(EEG) and magnetoencephalogram (MEG) studies, polysoneodes are an alternative to other universal coding schemes for
nogram (PSG) and multiple sleep latency test (MSLT) studiesanatomic localizations, such as SNOMED topographic codes.
nerve conduction studies (NCS), electromyogram (EMG) studAnother set of codes (the test/observation ID codes) may be
ies, and evoked potential (EP), event-related potential (ERPLsed to identify specific electroneurophysiologic tests or stud-
and evoked magnetic field (EMF) studies. The various codinges or specific test results, or both. Finally, alphanumeric codes
systems described in this appendix all represent Specificatiofre described for expressing diagnostic impressions that apply
E 1467 universal codes (coding system mnemonic identifiefo electroneurophysiologic studies; these codes convey the
AS4), but each has its own specific code table identifier asalient features of the study, and represent an alternative or
described in this appendix. addition to the local coding schemes for diagnoses used in

X2.1.1 One set of alphanumeric codes defined in thignany electroneurophysiology laboratories and to universal
appendix may be used to code individual qualitative test result§oding schemes for clinical diagnoses such as ICD-9-CM or
or to grade individual quantitative test results (referred to adCSD.
coded entry or CE type results) that pertain to an electroneuro- X2.1.2 The codes are constructed in such a way as to be
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translatable into a unique text description of the test result, test Universal Test/Observation ID Codes

identifier, distribution or anatomic site, or diagnostic impres- ) . ) )
sion. This system of alphanumeric codes lends itself to X2.2 The test/observation ID codes described in this
computerized database applications in that automatic search@gPendix may be used to specify a specific test to be performed
for particular categories may be performed easily. Codes dpy a laboratory or to specify a particular test for which results
portions of codes with generic meanings are listed as [unspe@€ needed. They may also be used to identify specific tests and
ifed], and codes or portions of codes listed as [reserved] arlest results in a qatabase. The specific code table identifier for
reserved for future use. In displays and reports, the texie test/observation ID codesTEST.

associated with such codes or portions of codes is the null X2.2.1 Except for the body temperature codes defined in
string (unless edited as described in X2.1.3). In general, text iX2.7; the universal test/observation ID codes are based on five
square brackets indicates comments in this specification whicgharacter CPT-4 codes, with an optional two character modifier
arenot part of the actual text description of a code. appended (following a hyphen). For example, the CPT-4 code

X2.1.3 The standard coding systems described in this ap95816 indicates a routine EEG; the code 95816-26 indicates
pendix are not intended to satisfy the needs of all laboratorie®2utine EEG interpretation only (that is, interpretation of a
for all clinical and research-oriented studies. However, theyPréViously performed EEG). However, since CPT-4 codes do

should be general enough to cover the practices of most clinical°t .provide enough_ spe.cificity to 'uni_quely identi_fy lests,
studies in most laboratories. It is suggested that implementzﬁomons of tests, and individual quanytatlve and qualitative test
tions of this coding system should allow each laboratory tgesults, these C_odes e_xtend the ba3|_c CPT-4 co_d_es for electro-
customize the text descriptions associated with the Codegeurophysmloglc studies by a_ppendmg an additional code of
according to local usage. That is, as long as the gener p to eleven characters (following a period) to the CPT-4 code.

meaning of the code is not changed significantly, its associate he first four or five characters following the period identify a

text used in display and report generation may be altered. Fcprortiqn of the study with particular rec'ordin'g (or stiml.JI'ating)
some tests (such as evoked potentials), the methodology diffefs nditions; the nex_t four chargct_ers identify a specific data

o ; ) . . sample (epoch or trial) or a statistical measure calculated from
significantly in various laboratories so that customization of the

text descriptions (for example, the names of the EP peaks) m multiple data samples; the last one to three characters identify

. - & individual test result. When a CPT-4 modifier as well as an
be necessary in most cases. If it is necessary to add one or MAl& cnsion code is required, the modifier is given first; for

codes for tests, test results, or diagnoses not currently mcludee ample, the code 95816-26.0101 refers to the portion of an

in the standard coding systems, it is recommended that ne : . S . ) .
codes or portions of codes be defined usahghabeticchar- \élvl:jg\?v :kiewgacg;ﬂggclgigg interpreted in which the subject

acters to distinguish them from the mostiymericdigits used X2.2.2 The four character codes in Table X2.1 may be used
in the current standard. Future versions of this specificatio part of the test/observation ID code for all classes of
may use alphabetic characters in codes in a way that coul lectroneurophysiologic studies to identify a particular data

preemp'g th? nonstgndard meanings aftached to them by eX'§télmple (epoch or trial) or a statistical measure calculated from
ing applications; using the letters at the end of the alphabet f%ultiple data samples

user-defined codes would minimize the chance of preemption X223 In Table X2.1. code 0000 is used when it is not

by future specific_ations. a ?Xamp'e’ suppose t_hat a Iabo_ratorﬁ(ecessary to identify a particular data sample. Codes 0001 to
uses the following peaks in tibial SEP studies: popliteal.gg44 (ysed to identify individual samples) may or may not be
lumbar, cervical, N33, P38, N46, P58 (single peaks); popliteals| o ed by additional characters specifying an individual test

lumbar, Iumbar-cerwcal, cerV|caI-P.38, Iumbar—P.38 (;ets Ofesult; when they are, they indicate the data sample to which
peaks). Th|s_ laboratory could redefine the peak identifiers sg,q individual result applies. Codes 9902 to 9999 identify
that 3= cervical peak4 = P38 peak5 = N46 peak6 = P58 jnqjyiqual statistical measures and are always followed by
peak 7 = lumbar-cervical peak 8 = cervical-P38 peak qgitional characters specifying an individual test result to
9 = lumbar-P38 peaksince these meanings are quite similar,yich the statistical measure applies (for example, alpha
to the standard meanings) and add new identifiers M33  4¢4jyity frequency in an EEG, or motor unit duration in an

peak and Z= popliteal-lumbar peak Finally, laboratories g\Gy. Codes 9906 and 9907 are used to identify, for example,
which now have or want to develop their own local coding

system as an alternative to the coding systems described in this

appendix may certainly do so: these local coding systems may TABLE X2.1 Sample Number and Statistical Measure Codes

be similar to or may differ substantially from the standardccde Description
coding systems. However, the primary disadvantage of loc&lo0o [Unspfcified]b

: : : H H : : #it Sample number ####
coding system§, their lack of unlve'rsall'Fy, is a con3|dera_t|0 001 Number of samples
when exchanging electroneurophysiologic data between differoo? Mean
ent laboratories or institutions. Finally, it should be noted tha99gi ’\S/lt_a'ﬁdafd deviation of

. . . Inimum

many Iaboratorle_s may no_t wish to code diagnoses or te§€05 Maximum
results at all, but instead will use free-format text description®gos Lower bound of
in their reports and databases; these laboratories need g7 Upper bound of

Fraction of samples with abnormal

implement either the coding systems described in this append§§8§_9999 [Reserved]

or a local coding system for diagnoses and test results.
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the lower and upper bounds of a 95 % confidence interval foand state of eye closure, a specific sample (epoch) number
the result. Code 9908 represents the fraction of samples fqwhen needed), and individual quantitative or qualitative test
which the measured value was outside of the normal limits foresults pertaining to the recording. Complete codes of the form
the laboratory; this fraction may be expressed as a unitles85ttt.ssccnnnnwwyvare used to fully identify an individual test
number or as a percentage (unit$o). Code 9901 specifies result. Hereftt is a three character test identifisgis a two
the number of data samples used to calculate the statisticaharacter section of recording identifieg is a two character
measures specified by codes 9902 to 9999; it is never followestate of consciousness/eye closure identifignn is a four
by additional characters specifying an individual test result. character epoch numbenw is a two character waveform/
X2.2.4 When a CPT-4 code with an added extension code iactivity or special parameter identifier, ands a one character
used when ordering tests, the intention is that only thevalue identifier. Less complete (less selective) codes of the
indicated subtest or portion of the study need be performed, dorm 95ttt.ssccnnnror 95ttt.ssccare used to identify sections
that only data from the indicated subtest or portion of the studwf the recording and states of consciousness (and specific
or individual quantitative or qualitative test result need beepochs, if needed). For example, codes of the fBAtit.sscc
supplied. When a CPT-4 code with an added extension code isay be used to specify the type and portion of a study to which
used to label certain results of a study such as a textual repashe of the EEG diagnostic codes (coding systBEBGD)
or interpretation, the implication is that the report or otherdescribed in X2.11.2 applied. Unqualified CPT-4 codes of the
result so labeled pertains to the indicated subset or portion dbrm 95ttt are used to refer to the entire recording.
the total study. A CPT-4 code with an added extension code X2.3.1 CPT-4 Codes for EEG and Related StudicEhese

may also be used to identify an individual quantitative or_. . : . i
qualitative test result; in this situation, the extension code musffve character code@5ttt) identify basic types of electroen

. : X N ! cephalogram (EEG), polysomnogram (PSG), multiple slee
uniquely identify the individual result of the study (which may Iatgncy %ests gMSL'I)') me}J/ItipIe c%annel( surf;ce eIeF():tromyo!O
be associated with certain normal values for the laboratory). Tg am recordings (SE,MG) and related studies. Code 95805

accomplish this, the extension codes in the test/observation | ] .

. Lo e ) SLT) may also be used for maintenance of wakefulness tests

associated with individual test results contain more characte o . . .
WT) and similar procedures used to investigate excessive

and are more selective than those which identify a portion of Yaytime sleepiness. Polysomnography (codes 95808 and
study, which in turn contain more characters and are mor55810) is distinguished from sleep studies (code 95807) by the

selective than those which identify an entire test or study. . . . :
X2.2.5 When a less selective test/observation ID code tha{PCIUS'on of sleep staging (see CPT-4). Code 9581X is a

. - . X . rgeneric EEG laboratory test code, which may be used to order
identifies an entire study (for example, one with no extensio . :

; . ) L wake or sleep EEG recordings or recordings for cerebral death
code) is used when ordering tests, the intention is that aIfrgvaluation with or without physical or pharmacologic activa-
subtests or portions of the study that are indicated for th ! pny P 9

- o . Sion techniques, performed in the laboratory or as portable
clinical situation or normally performed in that laboratory recordings, according to the clinical indications and local

should be performed, or that all available data from the stud d X
should be supplied. When a generic test/observation 1D Codﬁorms. Code 9580X s a generic sleep laboratory test code,

. o : ) which may be used to order sleep studies, polysomnograms,
that identifies an entire class of studies (for example, COd'R/ISLTs or MWTs, according to the clinical indications and
9581X which may be used to indicate a variety of individual ' '

S X 4 I local norms. Code 95999 (unlisted neurological or neuromus-
EEG stu_dles) is used _vvh_en ordering tests,_the intention Is thac(t)ulardiagnostic procedure) has been assigned for surface EMG
all studies that are indicated for the clinical situation or

. SEMG) recordings, usually with multiple channels. The codes
normally performed in that laboratory should be performed, Orl(isted in Table X2.2 may also be used for magnetoencephalo-

that a}l available data from a_tII studies performed should be rams (MEG) which do not have their own set of CPT-4 codes
supplied. When a less selective test/observation ID code th fined

identifies an entire study is used to label certain results of a ) ) .
study such as a report or diagnosis, the implication is that the *X2-3.2 EEG Section of Recording IdentifiersThe two
report or other result so labeled applies to the entire study ang!@racter codegss) in Table X2.3 identify a portion of an
not to a particular subtest or portion thereof. When a generi€EG/MEG, PSG/MSLT, or SEMG recording. Code 93 is used
test/observation ID code that identifies an entire class of studid® identify a biocalibration recording during which all channels
is used to label results such as a report or diagnosis, th¥€ré connected to the same physiologic signal; codes 91 and
implication is that the result so labeled applies to all studie$2 aré used to identify a calibration recording during which all
actually performed and not to one particular study or portionc_hannels received a square wave or sinusoidal calibration
thereof. Paragraphs X2.3 through X2.7 define test/observatior{9na!-
ID codes for the various classes of electroneurophysiologic X2.3.3 EEG State of Consciousness/Eye Closure
studies. Identifiers—These two character codes) identify the state of
consciousness of the subject or the type of seizure or other
X2.3 Test/Observation ID Codes for EEG and Relatedobserved activity which the subject manifests, as well as the
Studies—The test/observation ID codes for EEG and relatedstate of opening/closure of the subject's eyes during an
studies are constructed by adding extension codes defined FEG/MEG, PSG/MSLT, or SEMG recording. These codes may
X2.3.2 through X2.3.6 to CPT-4 codes, to identify portions ofbe used if the clinical state of the subject is known and
the study during which specific procedures were performed ancklevant, or code 00 may be used if it is not necessary to
during which the subject had a particular state of consciousnespecify the subject’s state. Codes 10 to 49 (seizure types) take
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TABLE X2.2 CPT-4 Codes for EEG and Related Studies cance in the EEG/MEG, PSG/MSLT, or SEMG recording.
Code Description Alternatively, when followed by a zero, they identify sleep or
9580X Sleep studies cardiorespiratory parameters.

95805 Multiple sleep latency test X2.3.5.1 EEG  Waveform/Activity IdentifiersThe
95807 Sleep recording without staging e . e . . . .
95808 Polysomnogram, recording 13 sleep parameters wgveform/actlwty identifiers wh|ch are gsed in ponjqnctlon
95810 Polysomnogram, recording 4 or more sleep with a subsequent nonzero value identifier are given in Table
parameters X2.5; a value of 00 is used to refer to the recording as a whole.
9581X EEG studies . . K
95816 EEG recording X2.3.5.2 EEG Special Parameter IdentifiersThe special
gggg Zoﬂib'e EdEGI fecoEfgi(gg g parameter identifiers which are used with a subsequent value
wake and sleep recording . Iy . . . .
95821 Portable awake and sleep EEG recording identifier of zero to |dent|fy_a spgmal sleep or cardlova§cular
95822 Sleep EEG recording parameter monitored are given in Table X2.6, along with the
95823 EEt_G rt?COfding with physical/pharmacologic usual grading or coding system used for each coded entry result
activation
95824 EEG recording for cerebral death evaluation (CE)‘
95826 EEG recording with intracranial electrodes X2.3.5.3 The parameters listed in Table X2.6 other than
poacsl %"bg'glztt:]'fep EEG recording sleep stagandheart rhythmmay be specified as coded entries
95829 Electrocorticogram recording at surgery (CE)_, when itis desweq to gr_ade them by using the appropna’ge
95950 24-h 8-channel EEG monitoring grading system described in X2.10.2, or as actual numeric
e [25‘52(;2?;5’;“&" EEG/video monitoring values and their units, or both. Theart rhythmand sleep
95953 24-h 16-channel (or more) portable EEG monitoring stageparameters can only be specified as coded entries, using
95955 EEG recording during nonintracranial surgery the appropriate coding systems described in X2.9.2 and X2.9.3,
95956 fjé%lefr'ycha““e' (or more) EEG monitoring by respectively. Examples of numeric results which may be given
95958 EEG recording during Wada test for the other parameters and their appropriate units are as
95961 Injtiallhc;ur EEG monitoring during cortical follows. Respiratory air flowcan be measured by various
stimulation . H H .
95062 Additional hour EEG monitoring during cortical devices (units= 'I/mln, for example)Ventilatory effprlr:an also
stimulation be measured in various ways, such as an intraesophageal
95999 Surface EMG recording pressure monitor; units pal (pascal) or mm(hg)Oxygen

AThis code has been deleted in the current CPT-4; while it should still be saturationcan be measured by an oximeter (urit86). Heart
accepted by receiver systems that conform to this specification, it may be treated i A 1 ; ;
as equivalent to code 95807, 95808, or 95810, and transmitter systems are rate I.S measured by an EKG momtormg device (um:tir_nm_
encouraged to use the latter codes instead. or min-1).Blood pressurean be measured by an arterial line

BThis code has been deleted in the current CPT-4; while it should still be pressure transducer or by cuff; un#spal or mm(hg)_lntrac-
accepted by receiver systems that conform to this specification, it may be treated ; .
as equivalent to code 95950, 95951, 95953, or 95956, and transmitter systems are rar_ual pressurecan be measured by a pressure tranSducer'
encouraged to use the latter codes instead. units= pal or mm(hg).

X2.3.6 EEG Value Identifiers-These one-character codes
priority over codes 01 to 09 (states of consciousness). The) identify particular characteristics of the EEG/MEG, PSG/
codes in Table X2.4 may be used; alternatively, codes 51 to 9YISLT, or SEMG waveforms, activities, or events described in
may be used, which are the same as codes 01 to 49 except tRd-3.5.1. An individual quantlltatlve or qualltatlve. EEG _test
eyes openeplaceseyes closedh the text description. result (other thar_1 the_ special sleep and pardlgresplratory

X2.3.4 EEG Epoch NumbetThis four character code parametgrs described in X2.3._5._2) may be identified by t.he
(nnnn) identifies a particular epoch (data sample) within aqomblnatlon of a Wavefor_m/actlwty and a value ((_:hara_lqtens-
section of an EEG/MEG, PSG/MSLT, or SEMG recording, ortic), for examplez_ilpha activity amplltude_)The value |dent|f|_er
specifies a type of statistical measure which was derived frorf®des are given in Table X2.7, along with the usual grading or
observations on multiple epochs. For example, in EEG/MEG0dINg system (described in X2.9 and X2.10) used for each
recordings, this code could be used to identify an epoch upoficded entry result (CE).
which Spectra| ana|y5is was performed and, in Conjunction X2.3.6.1 The parameters listed in Table X2.7 other than
with the waveform/activity and value identifier characterswaveform characteristicanddistributionmay be specified as
which follow, to identify the individual frequency and ampli- coded entries (CE), when it is desired to grade them by using
tude values which apply to that epoch or specify statisticathe appropriate grading system described in X2.10, or as actual
measures for the frequency and amplitude values. In PS@umeric values and their units (estimated from visual inspec-
MSLT recordings, this code could be used to identify an epoctiion or determined by computer processing), or both. The
upon which sleep stage scoring was performed and, along wityaveform characteristicanddistribution parameters can only
the waveform/activity and value identifier characters whichbe specified as coded entries, using the appropriate coding
follow, to identify the characteristics of the specific sleepsystems described in X2.9 or (for tlstribution parameter)
activity seen in that epoch. The codes in Table X2.1 are usedhe SNOMED topographic coding system. Examples of nu-

X2.3.5 EEG Waveform/Activity or Special Parameter meric results which may be given for the other parameters and
Identifiers—These two character codésw), when followed  their appropriate units are as follows:
by a non-zero one character value identifier, are used to X2.3.6.2 Abundance(also known agjuantity) refers to the
identify particular waveforms or activities of cerebral or fraction of the entire recording time occupied by the specified
noncerebral origin or particular events of diagnostic signifi-waveforms, activity, events, or sleep/wake stage. It may be a
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TABLE X2.3 EEG Section of Recording Identifiers

Code Description Code Description

00 [Unspecified] 41 While listening to music

01 With standard conditions 42 While listening to speech

02 Before surgical resection 43 While listening to pure tones

03 During surgical resection 44-49 [Reserved]

04 After surgical resection 50 During unspecified somatosensory stimulation

05 Before artery clamping 51 During percussion stimulation

06 During artery clamping 52 During passive joint movement

07 After artery clamping 53 During active joint movement

08 After sleep deprivation 54 During involuntary movement

09 [Reserved] 55 During electrical stimulation

10 During administration of unspecified medication 56 During painful stimulation

11 During administration of sedative/hypnotic 57-59 [Reserved]

12 During administration of anticonvulsant 60 During unspecified mental stimulation

13 During administration of convulsant 61 While performing mental arithmetic

14 During administration of neuromuscular 62 While answering questions

blocking agent

15 During administration of barbiturate anesthetic 63 While counting

16 During administration of narcotic anesthetic 64-69 [Reserved]

17 During administration of gaseous anesthetic 70 During unspecified stimulation
18-19 [Reserved] 71 During olfactory stimulation

20 During unspecified respiratory procedure 72 During gustatory stimulation

21 During hyperventilation 73-79 [Reserved]

22 During continuous positive airway pressure 80 During unspecified special testing

23 During mechanical ventilation 81 During response testing
24-29 [Reserved] 82 During startle testing

30 During unspecified visual stimulation 83 During alerting procedure

31 During photic stimulation 84 While standing

32 While looking at pattern 85 While walking

33 While looking at picture 86-89 [Reserved]

34 While reading 90 During unspecified calibration procedure

35 While viewing TV or CRT screen 91 During square wave calibration
36-38 [Reserved] 92 During sine wave calibration

39 With room lights off 93 During biocalibration

40 During unspecified auditory stimulation 94-99 [Reserved]

unitless number in the range from 0 to 1, or a percentagéhe larger of the left or right sided amplitude. It may be
(units = %) in the range from 0 to 100. For waveforms, bursts,expressed as a unitless number (range from 0 to 1) or as a
or events which are non-overlapping, abundance is equal tpercentage (units %).

repetition rate (frequency) times average duration.

X2.3.6.7 Reactivity refers to the change in amplitude of the

X2.3.6.3 Amplitude may refer to the peak-to-peak ampli- activity or waveform in response to some stimulus or state

tude (that is, voltage or magnetic field strength) of a particulachange (such as eye opening). It may be calculated as the
activity or waveform or all activity in a given sleep/wake stagedifference between the old and new amplitude divided by the
determined by visual inspection (unitssuv or mv for EEG, old amplitude. It may be expressed as a unitless number (range
ft = femptotesla for MEG) or, when used to report spectralfrom 0 to 1) or as a percent (units %).

analysis results, to the calculated power (uritav2/hz or X2.3.6.8 Latencyrefers to the elapsed time from some
mv2/hz) or square root of power (unitsuv/hz0.5 or mv/ reference point (such as the start of the recording, or the
hz0.5) in a particular frequency band (alpha, beta, etc.), sledpeginning of sleep) to the occurrence or onset of the activity,
stage, or epoch. waveform, sleep stage, or event (unitss, min, or hr).

X2.3.6.4 Frequency for waveform/activity codes 10 to 21 ~ X2.3.6.9 Any results in X2.3.6.3 through X2.3.6.8 may
and other rhythmic activities, refers to the frequency of theapply to a single epoch (which may be specified, if necessary,
rhythm (units= hz), derived from visual inspection or spectral in the epoch number portion of the test/observation ID code) or
analysis (for example, peak or mean frequency in a particulamay be a statistical measure (mean, minimum, maximum,
frequency band or of all activity). For other waveform/activity standard deviation, etc.) calculated from multiple epochs.
identifiers describing transient waveforms, bursts, events, or X2.3.7 Examples of Test/Observation ID Codes for EEG
sleep/wake stages, it refers to the repetition rate or occurren@nd Related StudiesThis scheme for classifying EEG and
rate of the phenomenon (uniteshz, /min, /hr, or /d) or to the related tests does not imply that any or all of the combinations
total number of occurrences of the phenomenon during thef the codes in X2.3.1 through X2.3.6 define values that are
recording (unitless). useful or need be reported for any given study in any

X2.3.6.5 Duration refers to the time from onset to end of laboratory. However, the scheme is general enough to cover the
the waveform, activity, event, or sleep/wake stage (unites,  practices of most laboratories, and an alphabetic character for
s, min, or hr). each type of identifier may be used to represent categories

X2.3.6.6 Asymmetryis usually calculated as the difference which are not otherwise representable in this scheme.
in amplitude of the activity or waveforms between homologous X2.3.8 Table X2.8 and Table X2.9 present some examples
regions on the left and on the right side of the head, divided byf test/observation ID codes for EEG and PSG studies,
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TABLE X2.4 EEG State of Consciousness/Eye Closure Identifiers

muscles tested (and specific samples of activity, if needed).

Code Description Unqualified CPT-4 codes of the forttitt are used to refer to
00 [Unspecified] the entire study. For example, codes of the fdtttt may be
01 While awake with eyes closed used to specify the type of study to which an EMG diagnostic
02 While drowsy with eyes closed P ; ; B
03 While asleep with eyes closed code (coding systerBEMGD) described in X2.11.3 applied.
gg m!:e 'e;?afgicdwit_?heyes CITsedd X2.4.1 CPT-4 Codes for EMG and Related Studiebhe
lle obtunaed with eyes close: - . . . . .
06 While stuporous with eyes closed five character codeftttt) listed in Table X2.10 identify basic
07 While comatose with eyes closed types of EMG and single fiber EMG studies. Code 9586X is a
83 [thne U“g?f general anesthesia with eyes closed generic EMG laboratory test code which can be used to order
eserve . . . .
10 During unspecified aura with eyes closed motor, sensory, or special nerve conduction studies, or combi-
11 During somatosensory aura with eyes closed nation thereof, together with appropriate standard, single fiber,
12 During visual aura with eyes closed or special EMG studies chosen according to the clinical
13 During olfactory/gustatory aura with eyes closed indicati dl |
14 During vertiginous aura with eyes closed Indications and local norms. .
15 During abdominal aura with eyes closed X2.4.2 EMG Muscle Identifiers-These four character
16 During autonomic aura with eyes closed codes(mmmm) identify the specific muscle recorded from.
17 During psychic aura with eyes closed . . .p .
18-19 [Reserved] The first character of the four character code identifies the side
20 During unspecified partial seizure with eyes closed (left or right) and general location of the muscle recorded from,
21 Dur!ng unspecified fopal motor seizure with eyes closed as in Table X2.11.
22 During focal myoclonic seizure with eyes closed L.
23 During focal clonic seizure with eyes closed X2.4.2.1 The remaining three characters of the four charac-
3451 gur?ng Ioca: tfiniq seizure Wittlheyes leisedd ter code are derived from the last three characters of the
uring tocal atonic seizure with eyes close: H
26 During complex partial seizure without automatisms with SNOMED toperapth Coqu13###(mUSC|eS of head’ neCk’
eyes closed mouth, and upper extremity) and14### (muscles of trunk,
27 [::uring complex partial seizure with automatisms with eyes perineum, and lower extremity)_ The three characters 000
indicate an unspecified muscle. The diaphragm is represente
28 ([:RO:seerved] d t K fied le. Th K d .h ted
29 During partial seizure with secondary generalization with as 0400 (Ieft dlaphragm) or 2400 (I’Ight dlaphragm).
eves closed o X2.4.3 EMG Sample NumbetThis four character code
30 During unspecified generalized seizure with eyes closed K e . .
31 During unspecified generalized motor seizure with eyes (nn.nn) identifies a parfucu!ar Sample .Qf muscle electrical
closed ' o . activity made at one site in the specific muscle tested, or
32 During generalized myoclonic seizure with eyes closed specifies a type of statistical measure which was derived from
33 During generalized clonic seizure with eyes closed i . R . R i .
34 During generalized tonic seizure with eyes closed observations at m_u_ltlp_le sm_e_s. For example_, in cp_ruunc'uon with
35 During generalized atonic seizure with eyes closed the waveform/activity identifiers and value identifier characters
36 During generalized tonic-clonic seizure with eyes closed which follow, these four characters could identify the particular
37 During absence seizure with eyes closed . . L. i . .
38 During atypical absence seizure with eyes closed motor unit to which individual motor unit potential amplitude
39 [Reserved] _ or duration values apply, or specify statistical measures (such
a0 puring unspecified cincal event with eyes closed as mean amplitude or duration) based on all of the motor units
uring unobserved epileptic seizure with eyes closed X . . .
42 During unspecified epileptic seizure with eyes closed seen at different sites. The codes described in Table X2.1 are
43 During nonpsychogenic nonepileptic event with eyes closed used.
44 During psychogenic nonepileptic event with eyes closed . Lo
4549 [Reserved] X2.4.4 Standard EMG Waveform/Activity Identifier§he

respectively, and indicate in the comments how the codin
system may be used to represent various commonly calculat

sleep parameters.

two character codegsvw) in Table X2.12, which are used with
CPT-4 codes other than 95872 (single fiber EMG), identify

garticular waveforms, iterative discharges, or activities ob-

aerved during needle examination of a muscle; code 00 must be
used with CPT-4 code 95872 (single fiber EMG).
X2.4.5 EMG Value ldentifiers-These one character codes

X2.4 Test/Observation ID Codes for EMG and Related(v) identify particular characteristics of EMG waveforms,

Studies—The test/observation ID codes for EMG (needleactivities, iterative discharges, or single fiber discharges. An
examination of individual muscles) and related studies aréndividual quantitative or qualitative EMG test result is iden-
constructed by adding extension codes defined in X2.4.%fied by the combination of a waveform/activity and a value
through X2.4.5 to CPT-4 codes, to identify specific musclegcharacteristic), for examplenotor unit potentials amplitude
studied, a specific sample number (when needed), and indiFhe meaning of these codes depends on the particular EMG
vidual quantitative or qualitative test results pertaining to thestudy specified by the CPT-4 code.

study. Complete codes of the fortttt. nmmmnnnnwwy are X2.4.5.1 Standard EMG Value IdentifiersThe value iden-
used to fully identify an individual test result. Hett#ttt is a tifiers which may be used with CPT-4 codes other than 95872
five character test identifiemmmm is a four character muscle (single fiber EMG) and with a nonzero waveform/activity
identifier,nnnn is a four character sample numbey is atwo  identifier to identify particular characteristics of the EMG
character waveform/activity identifier, ands a one character waveforms, iterative discharges, or activities are given in Table
value identifier. Less complete (less selective) codes of th&2.13, along with the usual grading or coding system (de-
form ttttt. mmmmnnnn or ttttt.mmmm are used to identify scribed in X2.9 and X2.10) used for each coded entry result
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TABLE X2.5 EEG Waveform/Activity Identifiers

Code Description Code Description

00 Recording
Sleep and Wake Stage Identifiers

Periodic and Quasiperiodic Cerebral Activity Identifiers®

01 Unstageable activity 50 Unspecified periodic cerebral activity
02 Stage W (wake) activity 51 Quasiperiodic triphasic waves
03 REM sleep activity 52 Periodic triphasic waves
04 REM-spindle sleep activity 53 Periodic epileptiform discharges
05 Stage | sleep activity 54 Periodic complexes
06 Stage Il sleep activity 55 Quasiperiodic sharp waves
07 Stage Il sleep activity 56 Periodic sharp waves
08 Stage IV sleep activity 57 Periodic suppressions
09 Alpha-delta sleep activity 58 Periodic bursts with suppression
59 [Reserved]

Background and Slow Wave Activity Identifiers®

Eye-related Activity Identifiers©

10 Background activity 60 Unspecified eye movements
11 Beta activity 61 Eye blinks

12 Alpha activity 62 Nystagmoid eye movements
13 Mu activity 63 Slow eye movements

14 Theta activity 64 Fast irregular eye movements
15 Bisynchronous theta activity 65 Rapid eye movements

16 Delta activity 66 Photic driving activity

17 Bisynchronous delta activity 67 Photomyogenic activity

18 Arrhythmic delta activity 68 Photoparoxysmal activity

19 Slow fused transients 69 Electroretinogram

1A Intermittent rhythmic delta activity
Sleep Activity and Event Identifiers®

Myogenic Noncerebral Activity Identifiers®

20 Sleep activity 70 Unspecified myogenic activity

21 Sleep spindles 71 Palatal myoclonus

22 V waves 72 Myokymia

23 F waves 73 Facial synkinesis

24 K complexes 74 Hemifacial spasms

25 Positive occipital sharp transients (POSTS) 75 Extraocular muscle activity

26 Saw tooth waves 76 Tremor activity

27 Sleep stage shifts 7 Myoclonic activity

28 Arousals 78 Periodic movements of sleep

29 Awakenings 79 Periodic movements of sleep with arousals

Sharp Appearing or Epileptiform Activity Identifiers”

Artifactual Activity Identifiers®

30 Unspecified epileptiform discharges 80 Unspecified artifacts

31 Sharp transients 81 Electrode/instrumental artifacts

32 Wickets 82 Movement artifacts

33 Small sharp spikes 83 Sweat or galvanic skin artifacts

34 Zeta waves 84 Pulse artifacts

35 Triphasic waves 85 EKG artifacts

36 Phantom spike and wave activity 86 Respiratory artifacts

37 14 and 6 Hz positive bursts 87 Glossokinetic artifacts

38 Lambda waves 88 Swallowing/chewing/sucking artifacts
39 Rhythmic theta of drowsiness 89 External interference artifacts

3A Subclinical rhythmic electrographic discharge of adults

Epileptic or Potentially Epileptogenic Activity Identifiers

Special Respiratory and Cardiovascular Event Identifiers

40 Unspecified ictal discharges 90 Unspecified cardiorespiratory events

41 Sharp waves 91 Apneas or hypopneas with ventilatory effort

42 Spikes 92 Apneas or hypopneas with little or no ventilatory effort
43 Multiple spikes 93 Oxygen desaturations

44 Spike and wave complexes 94 Sinus dysrhythmias

45 Multiple spike and wave complexes 95 Supraventricular dysrhythmias

46 Atypical spike and wave complexes 96 Ventricular dysrhythmias or asystoles

a7 Sharp and slow wave complexes 97 Systolic hypotensive episodes

48 Rhythmic sharp waves 98 Diastolic hypotensive episodes

49 Multiple independent spikes and asynchronous slow 99 [Reserved]

(hypsarrhythmia)

APeriodic epileptiform discharges may refer to PLEDS as well as nonlateralized periodic discharges. Periodic suppressions refer to recordings with background activity
of higher amplitude punctuated by relatively brief periods of suppression [for example, tracé alternant]; the values of duration, abundance, etc., describe characteristics
of the suppressions. Periodic bursts with suppression refer to recordings with generally suppressed background activity punctuated by relatively brief bursts of higher
amplitude activity [for example, burst suppression or tracé discontinu]; the values of duration, abundance, etc., describe characteristics of the bursts.

BArrhythmic is the same as polymorphic. Intermittent rhythmic delta activity (IRDA) may be used to represent activity with frontal (FIRDA), occipital (OIRDA), or temporal
(TIRDA) predominance.

CRapid eye movements can include REMs of sleep and rapid blinks or eye movements, such as eye flutter, during wakefulness.

Psleep stage shifts, arousals, and awakenings are detected sleep events, not activities. POSTS also refers to cone-shaped or O waves.

EThese may be seen in EEG or EMG/accelerometer channels.

FUnspecified epileptiform discharges refer to otherwise unclassified sharp waveforms or paroxysmal activity. Small sharp spikes are also known as benign sporadic sleep
spikes or benign epileptiform transients of sleep. Phantom spike and wave is also known as 6 Hz spike and wave. Lambda waves also include slow lambdas of youth or
shut-eye waves. Rhythmic theta of drowsiness may be used to represent activity with temporal (RMTD) or other localization.

CInstrumental artifacts include electrode, electrostatic, channel sway, etc.; external interference artifacts include line frequency and others.

HUnspecified ictal discharges refer to otherwise unclassified seizure activity. Multiple spikes are equivalent to polyspikes. Sharp and slow wave complexes are equivalent
to slow spike and wave complexes. Rhythmic sharp waves may be used to describe an ictal or pseudoictal discharge.
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TABLE X2.8 Example Test/Observation ID Codes for EEG and

Related Studies

Code CE Description
Sleep Parameter Identifiers Code Description
00 [Unspecified] 95816.00000000004 EEG recording: recording duration [that is, total
01 STAG Sleep stage recording time in minutes]
02-89 [Reserved] 95816.0101 EEG recording, with standard conditions while
Respiratory and Cardiovascular Parameter Identifiers awake with eyes closed
90 LOHI Unspecified cardiorespiratory 95816.01010000102 EEG recording, with standard conditions while
parameter awake with eyes closed: background activity
91 LOHI Respiratory air flow amplitude
92 LOHI Ventilatory effort 95816.01010000441 EEG recording, with standard conditions while
93 LOHI Oxygen saturation awake with eyes closed: spike and wave complexes
94 LOHI Atrial heart rate abundance
95 LOHI Ventricular heart rate 95816.01010000950 EEG recording, with standard conditions while
96 RTHM Heart rhythm awake with eyes closed: ventricular heart rate
97 LOHI Systolic blood pressure 95816.01019901 EEG recording, with standard conditions while
98 LOHI Diastolic blood pressure awake with eyes closed: number of samples [that
99 LOHI Intracranial pressure is, number of epochs]
95816.01019902123 EEG recording, with standard conditions while
awake with eyes closed: mean alpha activity
- frequency
TABLE X2.7 EEG Value Identifiers 95816.01019903123 EEG recording, with standard conditions while
Code CE Description awake with eyes closed: standard deviation of
alpha activity frequency
1 ABUN Abundance 95816.31010000662 EEG recording, during photic stimulation while
2 LOHI Amplitude awake with eyes closed: photic driving activity
3 LOHI Frequency amplitude
4 SHLO Duration 95816.3151 EEG recording, during photic stimulation while
5 ASYM Asymmetry awake with eyes open
6 REAC Reactivity 95816.61010000126 EEG recording, while performing mental arithmetic
7 SHLO Latency while awake with eyes closed: alpha activity
8 WAVE Waveform characteristics reactivity
9 DIST Distribution 95817.9100 Portable EEG recording, during square wave
calibration
95819.01019902122 Awake and sleep EEG recording, with standard

conditions while awake with eyes closed: mean
alpha activity amplitude

Awake and sleep EEG recording, after sleep
deprivation while asleep with eyes closed: sharp
and slow wave complexes abundance
Electrocorticogram recording at surgery, before
surgical resection

(CE). The grading system used for codes one to eight depends

on the preceding two character waveform/activity code; &.g.q 0g030000471
relative grading systenRELA) is used for characteristics of

potentials under voluntary control (graded according to what is

normal for the particular muscle), while an absolute or relative’®32%-0200

grading systemL(OHI , SHLO, SMLG, or ABUN) is used for  95951.0137 24-h combined EEG/video monitoring, with standard
other waveforms/activities except insertional activity abun- conditions during absence seizure with eyes closed
95951.01370000444 24-h combined EEG/video monitoring, with standard

dance, which uses relative grading.
X2.4.5.2 The parameters listed in Table X2.13 other than
firing patternmay be specified as coded entries (CE), when it
is desired to grade them by using the appropriate grading
system described in X2.10, or as actual numeric values andischarge (units= hz or /min). Duration refers to the time
their units, or both. Thdiring pattern parameter can only be from onset to end of the waveform or discharge (uritms or
specified as a coded entry, using the appropriate coding systesi. Complexityrefers to the number of phases (unitpha) or
described in X2.9.5 Examples of numeric results which may béurns (units= tur) in the waveform.
given for the other parameters and their appropriate units are asX2.4.5.4 Variability refers to the change in shape or size of
follows: the waveform or discharge over multiple consecutive firings
X2.4.5.3 Abundancerefers to the fraction of the entire and can be expressed as the standard deviation of the amplitude
recording time occupied by the specified waveforms, dis{units=uv or mv) or area (unitss uv.ms or mv.ms) in
charges, or activity. It may be a unitless number in the rangenultiple firings.Rise timerefers to the time from onset to peak
from O to 1, or a percentage (units%) in the range from 0 to  of the waveform, discharge, or activity (unitsus or ms).
100. For waveforms or discharges which are non-overlappingRecruitment(used instead of frequency for potentials under
abundance is equal to repetition rate (frequency) times averag®luntary control) can be expressed as the number of units
duration. For potentials under voluntary control, abundance ifiring divided by the firing frequency of the fastest unit
replaced by activation, the ability to cause voluntary firing,(units= /hz; used in situations of decreased motor unit avail-
which may range from 0, indicating no units under voluntaryability) or the number of units firing divided by the force
control, to 1 (100 when units %), indicating normal or generated by the muscle (units/g; used in situations of
complete activation.Amplitude refers to the peak-to-peak decreased force generatiampid recruitment. When so de-
amplitude of a particular waveform, discharge, or activityfined,decreasedecruitment values indicate a reduced pool of
(units= uv or mv), while area refers to the area under the motor units, whileincreasedvalues indicate an increased
waveform or discharge (units uv.ms or mv.ms)Frequency number of units firing relative to strength of contraction.
refers to the repetition or occurrence rate of the waveform or X2.4.5.5 Numeric results may apply to a single site (which

conditions during absence seizure with eyes closed:
spike and wave complexes duration
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TABLE X2.9 Example Test/Observation ID Codes for PSG and TABLE X2.10 CPT-4 Codes for EMG and Related Studies

Related Studies Code

Description
Code Description 9586X EMG studies
95805.01000000057 Multiple sleep latency test, with standard conditions: 51785 Anal or urethral sphincter EMG
stage | sleep activity latency [begin record to onset 92265 Extraocular muscle EMG
sleep] 95858 EMG during edrophonium test
95808.00000000004 Polysomnogram, recording 1-3 sleep parameters, 95860 One extremity EMG with related paraspinals
recording duration [lights out time] 95861 Two extremity EMG with related paraspinals
95808.01030000004 Polysomnogram, recording 1-3 sleep parameters, with 95863 Three extremity EMG with related paraspinals
standard conditions while asleep with eyes closed: 95864 Four extremity EMG with related paraspinals
recording duration [sleep time] 95867 Unilateral cranial nerve supplied muscle EMG
95808.01030000031 Polysomnogram, recording 1-3 sleep parameters, with 95868 Bilateral cranial nerve supplied muscle EMG
standard conditions while asleep with eyes closed: 95869 Limited EMG of specific muscles
REM sleep activity abundance [fraction (unitless) or 95872 Single fiber EMG
percent (units = %) of REM sleep recorded in REM 95875 Ischemic limb exercise EMG

sleep periods = REM sleep efficiency]
Polysomnogram, recording 1-3 sleep parameters, with
standard conditions while asleep with eyes closed: . .
REM sleep activity frequency [may mean: 1-frequency TABLE X2.11 EMG and Related Study Muscle Site Identifiers
of background activity during REM periods Code
(units = hz); 2-number REM periods per hour
(units = /hr); or 3-total number REM periods

95808.01030000033

Description

Muscles of Head, Neck, Mouth, and Upper Extremity (T-13xxx)

(unitless)] 0 Recording from left
95808.01030000034 Polysomnogram, recording 1-3 sleep parameters, with 2 Recording from right

standard conditions while asleep with eyes closed: Muscles of Trunk, Perineum, and Lower Extremity (T-14xxx)

REM sleep activity duration [time from beginning to 1 Recording from left

end of REM sleep] 3 Recording from right
95808.01030000037 Polysomnogram, recording 1-3 sleep parameters, with 4-9 [Reserved]

standard conditions while asleep with eyes closed:
REM sleep activity latency [time from sleep onset to
first REM period]

Polysomnogram, recording 1-3 sleep parameters, with TABLE X2.12 Standard EMG Waveform/Activity Identifiers

95808.01030000201

standard conditions while asleep with eyes closed: Code Description
sleep activity abundance[fraction (unitless) or % —
(units = %) time asleep = sleep efficiency] 00 [Unspecified] )
95808.01030000204 Polysomnogram, recording 1-3 sleep parameters, with 01 Unspecified potentials under voluntary
standard conditions while asleep with eyes closed: control )
sleep activity duration [total duration of all epochs 02 Motor unit potentials
sleep activity (all stages)] 03 Doublets
95808.01030000273 Polysomnogram, recording 1-3 sleep parameters, with 04 Triplets
standard conditions while asleep with eyes closed: 05 Multiplets
sleep stage shifts frequency [number of shifts in sleep 06-09 [Reselrved] B
stage (units = /hr or unitless)] 10 Insertional activity
95808.01030000293 Polysomnogram, recording 1-3 sleep parameters, with 1 End plate noise
standard conditions while asleep with eyes closed: 12 End plate spikes
awakenings frequency [number of waking episodes 13-19 [Reserv_e_d] ) ) _
after sleep onset (units = /hr or unitless)) 20 Unspecified iterative discharges
95808.01030000923 Polysomnogram, recording 1-3 sleep parameters, with 21 Fibrillation potentials
standard conditions while asleep with eyes closed: 22 Positive sharp waves
apneas or hypopneas with little or no ventilatory effort 23 Fasciculation potentials
frequency [central apnex index] 24 Myotonic discharges
95808.01030134010 Polysomnogram, recording 1-3 sleep parameters, with 25 Complex repetitive discharges
standard conditions while asleep with eyes closed: 26 Myokymic discharges
sample number 134 sleep stage 27 Neuromyotonic discharges
28 Cramp discharges
29 After-discharges
30-99 [Reserved]

may be identified, if necessary, in the sample number portion of
the test/observation ID) or may be a statistical measure (mean,

minimum, maximum, standard deviation, etc.) derived fromor both. Examples of numeric results which may be given and
multiple sites. their appropriate units are as follows:

X2.4.5.6 Single Fiber EMG Value IdentifiersThe value X2.4.5.8 Jitter refers to the variation in timing between
identifiers which may be used with CPT-4 code 95872 (singlepairs of single fiber discharges and may be calculated as a
fiber EMG) and a waveform/activity identifier of 00 to identify mean consecutive difference (unitsus or ms). Thédraction of
particular characteristics of the single fiber discharges ardischarges with blockingnay be a unitless number or a
given in Table X2.14, along with the usual grading or codingpercentage (units %). Number of discharges per sitepre-
system (described in X2.9 and X2.10) used for each codedents the number of discharges which were sampled to calcu-
entry result (CE). late the jitter and the blocking parameters (codes 1 through 3).

X2.4.5.7 The parameters listed in Table X2.14 may beFiber densityrefers to the number of single fiber potentials in
specified as coded entries (CE), when it is desired to grade motor unit (unitless)Duration refers to the time from the
them by using the appropriate grading system described ifirst to last single fiber potential in a motor unit (unitsus or
X2.10, or as actual numeric values and their units (estimateths).Interspike intervals calculated as the duration divided by
from visual inspection or determined by computer processing)}the fiber density (units= us or ms).
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TABLE X2.15 Example Test/Observation ID Codes for EMG and

Related Studies

Code CE Description
Any Waveforms or Activity Code Description
0 RELA [Unspecified] 95860.0882 One extremity EMG with related paraspinals, recording
9 PATT Firing pattern from left abductor pollicis brevis muscle
Potentials under Voluntary Control (waveform/activity codes 01-09) 95860.08820000025 One extremity EMG with related paraspinals, recording
1 RELA Activation from left abductor pollicis brevis muscle: motor unit
2 RELA Amplitude potentials duration
3 RELA Area 95860.08820000101 One extremity EMG with related paraspinals, recording
4 RELA Recruitment from left abductor pollicis brevis muscle: insertional
5 RELA Duration activity abundance
6 RELA Complexity 95861.26600005 Two extremity EMG with related paraspinals, recording
7 RELA Variability from right deltoid muscle: sample number 5
8 RELA Rise time 95861.26600005021 Two extremity EMG with related paraspinals, recording
Other Waveforms or Activity (\:‘vaveform/activity codes 10-99) from right deltoid muscle: sample number 5 motor unit

1 Abundance potentials activation
2 LOHI Amplitude 95863.17319903025 Three extremity EMG with related paraspinals,
3 LOHI Area recording from left gastrocnemius muscle, lateral head:
4 LOHI Frequency standard deviation of motor unit potentials duration
5 SHLO Duration 95864.34109902026 Four extremity EMG with related paraspinals,
6 SMLG Complexity recording from right iliopsoas muscle: mean motor unit
7 SMLG Variability potentials complexity
8 SHLO Rise time 95867.02909901 Unilateral cranial nerve supplied muscle EMG,
AUse RELA for insertional activity (code 10) and ABUN for others. ::;?;Ijg;g from left orbicularis oris muscle: number of
95867.02909908026 Unilateral cranial nerve supplied muscle EMG,
TABLE X2.14 Single Fiber EMG Value Identifiers recording from left orbicularis oris muscle: fraction of
samples with abnormal motor unit potentials
Code CE Description complexity
0 RELA [Unspecified] 95869.04000000211 Limited EMG of specific muscles, recording from left
1 RELA Jitter diaphragm: fibrillation potentials abundance
2 RELA Fraction of discharges with blocking 95872.08409902001 Single fiber EMG, recording from left extensor
3 ABUN Blocking digitorum muscle: mean jitter
4 RELA Number of discharges per site 95872.08409902002 Single fiber EMG, recording from left extensor
5 RELA Fiber density digitorum muscle: mean fraction of discharges with
6 RELA Duration blocking _
7 RELA Interspike interval 95872.08409908003 Single fiber EMG, recording from left extensor
8.9 [Reserved] digitorum muscle: fraction of samples with abnormal

blocking

X2.4.5.9 Any of the numeric results in X2.4.5.8 may apply ) ) .
to a single sample or site (which may be identified, ifStudles—The test/observation ID codes for nerve conduction

necessary, in the sample number portion of the test/observatichUdies (NCS) and related studies are constructed by adding
extension codes defined in X2.5.2 through X2.5.12 to CPT-4

ID code) or may be a statistical measure (mean, minimum; _ _ P . !
maximum, standard deviation, etc.) calculated from multiple®des; to identify specific stimulus types and stimulating and

sites. Theblockingparameter, when it applies to a single Site,recording sites and the specific nerves studied, a specific
gp PP g -&ample (trial) number (when needed), and individual quantita-

tive or qualitative test results pertaining to the study. Complete
odes of the form959tt.ddddpnnnnwv are used to fully
ntify an individual test result. Her#, is a two character test
identifier,dddd is a four character distal site (muscle or nerve)

(as opposed tdéraction of discharges with blockingand can
be specified either as numeric data (with a value of 0 meanin
absent, 1 meaning present or recorded) or as a coded entry w

similar meanings ABUN coding system, codes 0 or 1). . . . . g o .
However, when used with statistical measure code 99 identifier, p is a one character proxmal site identifiannn is
(mean), this parameter specifies the fraction (unitless) oft four character trial numbew is a one character waveform
percent (units= %) of sites exhibiting some amount of block- identifier, andv is a one character value identifier. Less
ing. complete (less selective) c_odes_ of the f(_ﬁﬁQ'Ft.ddddpnnnn
X2.4.6 Examples of Test/Observation ID Codes for EMGor_959tt..ddddp are use_d to |_dent|fy specnjc; stimulus types and
and Related StudiesThis scheme for classifying EMG and stimulating and recording sites and specific nerves studied (and

related tests does not imply that any or all of the combinationSPECific trials, if needed). Unqualified CPT-4 codes of the form
of the codes in X2.4.1 through X2.4.5.6 define values that arg>ott refer to the entire study. For example, codes of the form
useful or need be reported for any given study in any 29t may specify the type of study to which one of the NCS
laboratory. However, the scheme is general enough to cover tfd related study diagnostic codes (coding systsheCD,
practices of most laboratories, and an alphabetic character foNCD, or NMJD) descnbe_d in X2.11.4 apphed. When more
each type of identifier may be used to represent categoridd@n one type of NCS is performed simultaneously (for
which are not otherwise representable in this scheme. Tabfe<@mPple, stimulating median nerve and recording simulta-

X2.15 presents some examples of test/observation ID codes f8fCUSly the motor response from the abductor pollicis brevis
EMG and related studies. muscle and the antidromic sensory response from the proper

digital palmar nerves), more than one test/observation ID code
X2.5 Test/Observation ID Codes for NCS and Relatedcould be used to identify each type of NCS and each individual
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test result, even though separate stimulations were not per- TABLE X2.17 Motor NCS Stimulus Type and Site Identifiers
formed; in contexts where only a single test/observation 1D Code Description

was allowed, it would be necessary to select the one MOShuscles of Head, Neck, Mouth, and Upper Extremity (T-13xxx)
descriptive test/observation ID. 0 With electric stimulation, recording from left

i 2 With electric stimulation, recording from right
X2.5.1 CPT-4 Codes for NCS and Related Studi@hese 4 With magnetic stimulation, recording from left
five character code@59tt) identify types of NCS and related g }/\R/ith magdr]etic stimulation, recording from right
. . . eserve
st_udles. Table X2._16 lists the appllca_\ble _CPT—4 codes, along, . Trunk, Perineum, and Lower Extremity (T-14xxx)
with the usual coding systems (described in X2.11.4) used for 1 With electric stimulation, recording from left
diagnostic impressions related to these studies (Diagnosis). Wtz electric'stiniulatlion, recordir;g frf;m riglh;t
- H ith magnetic stimulation, recording from le
C_ode 95935 has _been redefined to include long loop reflex/ With magnetic stimulation recording from right
silent period studies; F-reflexes may be part of motor NCS [Reserved]
(code 95900) or F-reflex studies (code 95935), according to
local custom. Code 95937 includes periodic paralysis studies.
Also, code 9590X is a generic NCS test code which may be

O ~NOTWw

TABLE X2.18 NCS Proximal Nerve Site Identifiers

used to order motor, sensory, or special NCS chosen according Code Description
to clinical indications and local norms. 0 [Unspecified]

X2.5.2 Motor NCS Recording Site IdentifiersThese four 1 At associated CNS site
character code¢dddd) are used with CPT-4 codes 95900, 2 At associated ;g)‘(’jsrgi‘;;s”e
95935, and 95937 for motor NCS and related studies to 4 At proximal arm or thigh site
identify the specific muscle recorded from and the type of 5 At intermediate arm or thigh site
stimuli (electric or magnetic) used to stimulate the motor ° " g'rzt;'nj‘;ﬂ()‘;;;?ghof'lfg e
nerve. The first character of the four character code identifies 8 At intermediate forearm or leg site
the type of stimuli employed, the side of stimulation, and the 9 At distal forearm or leg site

general location of the muscle recorded from. The codes in
Table X2.17 may be used for this first character.

X2.5.2.1 The remaining three characters of the four charact N€ notations proximal, intermediate, and distal have different

ter code are derived from the last three characters of thE'

SNOMED topographic codeB13###(muscles of head, neck,
mouth, and upper extremity) and14### (muscles of trunk,
perineum, and lower extremity). The particular motor nerv

stimulated can be inferred from the muscle recorded from. Th&" N o .
Haerves in either the upper or lower extremity; if desired, a more

gomplex implementation could be designed to select appropri-

diaphragm is coded by the three characters 400 with
preceding 0, 2, 4, or 6.
X2.5.3 Motor NCS Stimulation Site IdentifiersThese one

character codefp) are used with CPT-4 codes 95900, 95935,

and 95937 for motor NCS and related studies to identify the
specific stimulation site along the motor nerve. Codes 1 and Y

may be used for all nerves, while codes 3 to 9 are used t
denote sites along nerves in the extremities, as listed in Tab
X2.18. A typical CNS stimulation site would be the contralat-

eral motor cortex (stimulated in surgery or transcranially). A
typical stimulation site near the brachial plexus would be Erbd

point (supraclavicular area); a typical stimulation site near th
lumbar plexus or cauda equina would be over the lumbar spin
Proximal arm often refers to the axilla, and proximal thigh to
the groin. Distal arm often refers to the elbow, distal thigh to
the knee, distal forearm to the wrist, and distal leg to the ankl

TABLE X2.16 CPT-4 Codes for NCS and Related Studies

Code Diagnosis Description

9590X Nerve conduction studies

95900 MNCD Motor nerve conduction study

95904 SNCD Sensory nerve conduction study

95933 SNCD Orbicularis oculi (blink) reflex study

95935 MNCD H or F or long loop reflex/silent period
study

95937 NMJD Neuromuscular junction or periodic

paralysis study
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eanings for different nerves (for example, for common
peroneal nerve/extensor digitorum brevis muscle NCS, the
usual proximal leg site would be distal to the head of the fibula
and the distal leg site would be at the ankle). For simplicity of
implementation, the text associated with codes 4 to 9 applies to

ate text for a stimulation site identifier based on whether it was
used with a recording site identifier of an upper or lower
extremity (for example, code 9 would meandistal forearm
ite when used with the median nerve, kaitdistal leg site
hen applied to a common peroneal nerve recording).
X2.5.4 Motor NCS Trial Numbe#This four character code
nnn) identifies a particular trial in a motor NCS study with
a given nerve and stimulation/recording sites, or specifies a
type of statistical measure which was derived from multiple
rials. For example, several stimulations could be performed; in
onjunction with the value identifier character which follows,
hese four characters could identify the trial to which individual
amplitude or latency values apply, or specify statistical mea-
sures (such as mean amplitude or latency) based on all trials.
For neuromuscular junction or periodic paralysis testing, mul-
tiple stimuli are used; the results of each can be identified by
the trial number. The codes described in Table X2.1 are used.
X2.5.5 Motor NCS Waveform IdentifiersThese one char-
acter code$w) identify particular waveforms or portions of the
recorded responses to motor nerve stimulation. The meaning of
these codes depends on the type of motor NCS, as identified by
the CPT-4 code. When the waveform identifier is zero, the
following character is interpreted as a stimulus characteristic
identifier instead of a motor NCS value identifier; as described
in X2.5.12.
X2.5.5.1 Standard Motor NCS Waveform IdentifierShe
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waveform identifiers which may be used with CPT-4 code  TABLE X2.20 Neuromuscular Junction Testing Waveform

95900 (motor NCS) or code 9593% (or F or long loop |dentifiers
reflex/silent period study) to identify particular waveforms or Code Description
portions of recorded responses are given in Table X2.19. For 1 CMAP without exercise after single stimulus
H-reflex studies, CMAP (compound muscle action potential) 2 CMAP without exercise after repetitive slow-rate stimuli
’ 3 CMAP without exercise after repetitive fast-rate stimuli
refer_s to the M-wave, and codes 1 and 3 are used. For F-rgﬂex 4 CMAP with exercise after single stimulus
studies, codes 1 and 2 are used. For long loop reflex/silent 5 CMAP with exercise after repetitive slow-rate stimuli
period studies. codes 4 and 5 are used 6 CMAP with exercise after repetitive fast-rate stimuli
’ . ’ . 7 CMAP after exercise after single stimulus

X2:5-5-2 Neuromuscula}r Jl.JnCtIOH . Testing Waveform 8 CMAP after exercise after repetitive slow-rate stimuli
Identifiers—The waveform identifiers which may be used with 9 CMAP after exercise after repetitive fast-rate stimuli
CPT-4 code 95937 (neuromuscular junction or periodic paraly-
sis testing) to identify particular types of recorded responses 3
are given in Table X2.20. Hers|ow raterefers to a repetitive TABLE X2.21 Motor ’\(‘:is Vat'ue_ 't‘,’e”“f'ers for Waveform
train of stimuli delivered at a rate of a few hertz, wHist rate araclonisnes
refers to larger rates. Theith exercisevalues refer to the Code Description
results obtained during or immediately after a period of 2 ﬁmp'itude

. . . . : : rea

exercise (or tetanic s_tlmulatlon), wh|_kaa‘ter exermseval_ues > Motor unit number
refer to results obtained a longer time after exercise. For 3 Latency
periodic paralysis testing, only codes 1, 4, and 7 are used since ‘51 i'\Ufalt_itoz .
trains of repetitive stimuli are usually not used. . o e e

X2.5.6 Motor NCS Value IdentifiersThese one character 7 Ipsilateral to contralateral latency difference
codes(v) identify particular characteristics of waveforms or 8 Ipsilateral reference nerve latency difference

9 Conduction velocity

portions of the recorded responses to motor nerve stimulation-
An individual quantitative or qualitative NCS test result is
identified by the combination of a one character waveform
identifier and a one character value identifier, for exampledf CMAP amplitude with the specified stimulation site to that
CMAP amplitude The value identifiers which may be used With a more distal stimulation site, but when used with other
following a nonzero waveform identifier to identify a particular waveform identifiers (such as F-wave or H-reflex), it may refer
waveform characteristic are given in Table X2.21. to the ratio of the specified waveform amplitude to the M-wave
X2.5.6.1 The parameters in Table X2.21 may be specified aéMAP) amplitude at one stimulation site; also, for neuromus-
coded entries (CE), when it is desired to grade the degree @ular junction or periodic paralysis testing, it may instead refer
abnormality by using the relative grading system for quantitato the ratio of the amplitude of the CMAP under particular test
tive results RELA ) described in X2.10.1, or as actual numeric conditions to the baseline or reference CMAP amplitude (for
values and their units, or both. Examples of numeric result§xample, the amplitude of the response to the first stimulus in
which may be given and their appropriate units are as follows2 train). Area ratio (unitless, or units= %) is similar but
Amplitudemay refer to the peak-to-peak or baseline-to-peal@pplies to area rather than amplitude measuremkasitateral

amplitude of a waveform (units mv or uv), as appropriate. to contralateral latency differenceay represent the absolute
Area refers to the total area under the waveformValue of the difference between the latency of the waveform

(units= mv.ms or uv.ms)Motor unit number(unitless), used recorded when stimulating the specified nerve and its contralat-
only with a CMAP waveform identifier, represents an estimate€ral counterpart at a corresponding site (uritms). Ipsilat-

of the number of motor units, obtained for example by dividingeral reference nerve latency differenceay represent the
the maximum CMAP amplitude by the average increment irdifference between the latency of the waveform recorded when
CMAP amplitude observed with small increases in the intenstimulating the specified nerve and another ipsilateral reference
sity of minimal stimuli. Latency may refer to the onset or peaknerve at a corresponding site (unitsms); for example, the
latency of the waveform, as appropriate, from the time of theulnar nerve may be theferenceor the median nerve, and vice

stimulus (units= ms). Duration refers to the time from onset to Versa, so that ulnar-to-median latency differences are repre-
end of the waveform or the silent period (unitsms). sented. For F-waves, ipsilateral reference nerve latency differ-

X2.5.6.2 Amplitude ratio (unitless, or units= %), when ence may alternatively represent the difference between the
used with the CMAP waveform identifier, represents the raticactual and the estimated (from measured distances) F-wave
latency. Conduction velocityused primarily with a CMAP
waveform identifier, represents a propagation velocity between
the specified site and a more distal site (uriten/s); it may be

TABLE X2.19 Motor NCS Waveform Identifiers

Code Description calculated from the latency difference between the CMAP

L CMAP recorded with the specified stimulation site and that recorded
2 F-wave . . . . . .
3 H-reflex with a more distal stimulation site and the distance between
4 C (long loop) reflex sites, or from the CMAP latency and the distance from the
2 i"em P‘f*lind stimulating to the recording site.

70 Reserved] X2.5.6.3 The specific meanings of results identified by any

of these codes is laboratory and study dependent, and is
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reflected in the specific normal values associated with thée identified in a single test/observation ID code; however,
numeric results. For example, the particular distal site chosemultiple separate test/observation ID codes can be used when
for amplitude or area comparisons and velocity calculation andiecessary to identify the individual test results at multiple
the methods used to measure latency and calculate velocitgcording sites, even when the data for all of these sites were
may differ between laboratories and may vary depending owrollected simultaneously during one stimulation. The exact site
the study being performed. indicated by any of these codes depends on the particular nerve
X2.5.6.4 Any of the numeric results in X2.5.6.1 and studied (for example, for sural nerve antidromic conductions,
X2.5.6.2 may apply to a single sample or trial (which may bethe proximal, intermediate, and distal leg sites could all be in
identified, if necessary, in the sample number portion of thehe lower calf above the ankle at three equally spaced points
test/observation ID code) or may be a statistical measuralong the nerve).
(mean, minimum, maximum, standard deviation, etc.) calcu- X2.5.9 Sensory NCS Trial NumbefThis four character
lated from multiple samples (multiple trials). A single trial, for code (nnnn) identifies a particular trial in a sensory NCS or
example, may be one response within a train of repetitivéblink reflex study with a particular nerve and stimulation/
stimuli (for neuromuscular junction testing) or an individual recording sites, or specifies a statistical measure which was
response obtained over the course of a prolonged observatiaierived from multiple trials. For example, several stimulations
period (for periodic paralysis testing). could be performed; in conjunction with the value identifier
X2.5.7 Sensory NCS Distal Site IdentifierShese four character which follows, these four characters could identify
character code@lddd) are used with CPT-4 codes 95904 andthe trial to which individual amplitude or latency values apply,
95933 for sensory nerve conduction and blink reflex studies tor specify statistical measures (such as mean amplitude or
identify the specific sensory nerve tested, including the specifitatency) based on all trials. Whemaveformsresulting from
distal branch stimulated (for orthodromic conductions onseveral stimulations are averaged before amplitude and latency
spinal or cranial nerves) or the specific distal branch recordedalues are determined, the averaged waveforms represent only
from (for antidromic conductions on spinal nerves) and thea singletrial. The codes described in Table X2.1 are used.
direction of conduction (orthodromic or antidromic) and type X2.5.10 Sensory NCS Waveform Identifier$he one char-
of stimulation (electric or magnetic) used. The first character oficter codeqw) in Table X2.23 are used with CPT-4 code
the four character code identifies the direction and type 085904 (sensory NCS) or code 95933 (blink reflex studies) to
stimuli employed, the side of stimulation, and whether a spinaldentify particular waveforms in recorded responses to sensory
or a cranial nerve was stimulated; the codes in Table X2.22 ameerve stimulation. When the waveform identifier is zero, the
used. following character is interpreted as a stimulus characteristic
X2.5.7.1 The remaining three characters of the four charaddentifier instead of a sensory NCS value identifier, as de-
ter code are derived from the last three characters of thecribed in X2.5.12.
SNOMED topographic code3-X9### (spinal nerves) and X2.5.11 Sensory NCS Value IdentifiersThese one charac-
T-X8### (cranial nerves). The three characters 000 are used ter codegv) identify particular characteristics of waveforms or
represent an unspecified sensory nerve. portions of the recorded responses to sensory nerve stimula-
X2.5.8 Sensory NCS Proximal Site Identifier§hese one tion. An individual quantitative or qualitative NCS test result is
character codegp) are used with CPT-4 code 95904 for identified by the combination of a one character waveform
sensory nerve conduction studies to identify the specifiédentifier and a one character value identifier, for example
proximal recording site (for orthodromic conduction) or the SNAP amplitudeThe value identifiers which may be used
specific proximal stimulation site (for antidromic conduction) following a nonzero waveform identifier to identify a particular
along the sensory nerve. The same proximal site identifierasaveform characteristic are given in Table X2.24.
given in Table X2.18 for motor NCS are also used for sensory X2.5.11.1 The parameters in Table X2.24 may be specified
NCS (although CNS stimulation is usually not employed foras coded entries (CE), when it is desired to grade the degree of
sensory studies). Code 0 is used for blink reflex testing (CPT-&bnormality by using the relative grading system for quantita-
Code 95933) which uses a predetermined recording site. Codi&ve results RELA) described in X2.10.1 or as actual numeric
0 may also be used for orthodromic sensory NCS usingalues and their units, or both. Examples of numeric results
multiple simultaneous recording sites, since only one site cawhich may be given and their appropriate units are as follows.
Amplitudemay refer to the peak-to-peak or baseline-to-peak

TABLE X2.22 Sensory NCS Stimulus Type and Site Identifiers amplitude of a waveform (units uv), as appropriateArea

Code Description refers to the total area under the waveform (umitav.ms).
Stimulagon of Spinal N;{rves (I]-Xd9###) I it electic stimulation of ef Peakandonset latencyefers to the latency from the time of
Recording orthodromically, with electric stimulation of le ; ;

1 With electric stimulation, recording antidromically from left the stimulus (Unlt? ms) tothe peak or onset of the waveform.

2 Recording orthodromically, with electric stimulation of right

3 With electric stimulation, recording antidromically from right TABLE X2.23 Sensory NCS Waveform Identifiers

4 Recording orthodromically, with magnetic stimulation of left Code Description

5 With magnetic stimulation, recording antidromically from left

6 Recording orthodromically, with magnetic stimulation of right 1 SNAP

7 With magnetic stimulation, recording antidromically from right 2 R1
Stimulation of Cranial Nerves (T-X8###) 3 R2

8 Recording with stimulation of left 4 Contralateral R2

9 Recording with stimulation of right 5-9 [Reserved]
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TABLE X2.24 Sensory NCS Value Identifiers for Waveform TABLE X2.25 NCS Stimulus Characteristics Identifiers
Characteristics Code CE Description
Code Description 0 [Unspecified]
0 Amplitude 1 LOHI Stimulus rate
1 Area 2 SHLO Stimulus duration
2 Peak latency 3 LOHI Stimulus intensity
3 Onset latency 4-9 [Reserved]
4 Duration
5 Amplitude ratio
6 Area ratio . .
7 Ipsilateral to contralateral latency difference X2.5.12.1 The parameters listed in Table X2.25 may all be
8 Ipsilateral reference nerve latency difference specified as coded entries (CE) when it is desired to grade them
9 Conduction velocity

by using the appropriate grading system described in X2.10.2,
or as actual numeric values and their units, or both. Examples
) i of numeric results that may be given for these parameters and
Duration refers to the time from onset to end of the waveformneaiy appropriate units are as follows.

(units = ms). Amplitude ratio(unitless, or units= %), when X2.5.12.2 Stimulus ratespecifies the repetition rate of the
used with the SNAP (sensory nerve action potential) wavefornimyus (units= hz). Stimulus duratiorspecifies the duration
identifier, may represent the ratio of SNAP amplitude at theyf each stimulus (units: us or ms) Stimulus intensitgpecifies
specified site to that at a more distal siteea ratio (unitless,  the intensity (for example, voltage or current or magnetic field

or units= %) is similar but applies to area rather than gyrength integral) of each stimulus (unitsv, ma, or a.s/
amplitude measurementipsilateral to contralateral latency | = ampere-seconds per metre).

difference,for the SNAP and R1 waveform identifiers, may x2 5123 Any of these numeric results applies to a single

represent the absolute value of the difference between theymple or trial (which may be identified, if necessary, in the
latency of the waveform recorded from the specified nerve andample number portion of the test/observation 1D code). Each
its contralateral counterpart at a corresponding  Sitgja| may be performed with a different value of one or more of
(units= ms); when used with the R2 waveform identifier, it {he stimulus parameters.

may instead represent the absolute value of the difference x> 5 13 Example Test/Observation ID Codes for NCS and
between the latency of the ipsilateral R2 peak and the conre|ated Studies This scheme for classifying NCS and related
tralateral R2 peak, both obtained when stimulating the samgsts does not imply that any or all of the combinations of the
side. Ipsilateral reference nerve latency differendey the  coges in X2.5.1 through X2.5.12 define values that are useful
SNAP waveform identifier, may represent the difference_t_)ebr need be reported for any given study in any laboratory.
tween the latency of the SNAP recorded from the specifiedjowever, the scheme is general enough to cover the practices
nerve and another ipsilateral reference nerve at a correspondigg most laboratories, and an alphabetic character for each type
site (units= ms); for example, the ulnar nerve may be the uf jgentifier may be used to represent categories which are not
referencefor the median nerve, giving ulnar-to-median latency ginerwise representable in this scheme. Table X2.26 has

differences. For the R2 waveform identifier, ipsilateral refer-eyample test/observation ID codes for NCS and related studies.
ence nerve latency difference may alternatively represent the

R1 to R2 waveform latency differenc€onduction velocity, X2.6 Test/Observation ID Codes for EP and Related
used primarily with the SNAP waveform identifier, representsStudies—The test/observation ID codes for EP (evoked poten-
a propagation velocity between the specified site and a morgals) and EMF (evoked magnetic fields), ERP ( event-related
distal site (units= m/s); it may be calculated from the latency potentials), MRP (movement-related potentials), and related
difference between the SNAP at the specified site and that atsiudies are constructed by adding extension codes defined in
more distal site and the distance between sites, or from th¥2.6.1 through X2.6.13 to CPT-4 codes to identify the type of
SNAP latency and the distance from stimulating to recordingeP/EMF or ERP/MRP study, specific stimulation sites and
site. conditions, a specific sample (trial) number (when needed), and
X2.5.11.2 The specific meanings of results identified by anyindividual quantitative or qualitative test results pertaining to
of these codes is laboratory and study dependent, and the study. Complete codes of the fotttt.ksssnnnnpv are
reflected in the specific normal values transmitted with theused to fully identify an individual test result. Het#t is a four
numeric results. Any of these numeric results may apply to aharacter test identifiek is a one character identifier of the
single trial (which may be identified, if necessary, in the sampleéind of EP studysssis a three character stimulation site and
number portion of the test/observation ID code) or may be aondition identifiernnnn is a four character trial numbaeg,is
statistical measure (mean, minimum, maximum, standard dex one character peak or harmonic identifier, ants a one
viation, etc.) derived from multiple trials. character value identifier. Less complete (less selective) codes
X2.5.12 NCS Stimulus Characteristics Identifier§he  of the form 9tttt.ksssnnnn or 9tttt.ksss are used to identify
NCS stimulus characteristics identifiers, which are used insteagnly the specific kind of study and the specific stimulation sites
of a motor or sensory NCS value identifier when the precedingnd conditions (and specific trials, if needed). Minimal codes
waveform identifier is zero to identify a particular stimulus of the form9tttt.k are used to refer to an entire study of the
characteristic used during performance of the NCS, are givespecified kind, or to specify the study to which an EP and
in Table X2.25, along with the usual grading system (describedelated study diagnostic code (coding systes&D, ERGD,
in X2.10.2) used for each coded entry (CE) result. VEPD, DVED, ECOD, BAED, MAED, LAED, SEPD,
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TABLE X2.26 Example Test/Observation ID Codes for NCS and

Related Studies

TABLE X2.27 Qualified CPT-4 Codes for EP and Related Studies

Code Diagnosis Description

Code Description 9592X Evoked potential studies

95900.28829 Motor nerve conduction study, with electric stimulation, 92275.0 ERGD Electroretinogram study
recording from right abductor pollicis brevis muscle, at 92275.5 SSED Steady-state electroretinogram study
distal forearm or leg site 92275.1-4,6-9 [Reserved]

95900.37816000019 Motor nerve conduction study, with electric stimulation, 92280.0 VEPD Visual evoked potential study
recording from right extensor digitorum brevis muscle, at 92280.1 VEPD Visual event-related potential study
distal arm or thigh site: CMAP conduction velocity 92280.2 DVED Diffuse light visual evoked potential

95904.01859 Sensory nerve conduction study, recording study
orthodromically, with electric stimulation of left median 92280.3 DVED Diffuse light visual event-related
nerve, palmar branch, at distal forearm or leg site potential study

95904.01859000012 Sensory nerve conduction study, recording 92280.4 [Reserved]
orthodromically, with electric stimulation of left median 92280.5 SSED Steady-state visual evoked potential
nerve, palmar branch, at distal forearm or leg site: SNAP study
peak latency 92280.6 SSED [Reserved]

95904.31886000015 Sensory nerve conduction study, with electric stimulation, 92280.7 SSED Steady-state diffuse light visual evoked
recording antidromically from right median nerve, proper potential study
digital palmar nerves, at distal arm or thigh site: SNAP 92280.8-9 SSED [Reserved]
amplitude ratio 92584.0 ECOD Electrocochleogram study

95933 Orbicularis oculi (blink) reflex study 92584.5 SSED Steady-state electrocochleogram study

95933.82420000023 Orbicularis oculi (blink) reflex study, recording with 92584.1-4,6-9 [Reserved]
stimulation of left supraorbital nerve: R1 onset latency 92585.0 BAED Brainstem auditory evoked potential

95935.17406000033 H or F or long loop reflex/silent period study, with electric study
stimulation, recording from left soleus muscle, at distal 92585.1 MAED Middle-latency auditory evoked
arm or thigh site: H-reflex latency potential study

95935.28829000053 H or F or long loop reflex/silent period study, with electric 92585.2 LAED Long-latency auditory evoked potential
stimulation, recording from right abductor pollicis brevis study
muscle, at distal forearm or leg site: silent period latency 92585.3 LAED Long-latency auditory event-related

95937.28829000110 Neuromuscular junction or periodic paralysis study, with potential study
electric stimulation, recording from right abductor pollicis 92285.4 [Reserved]
brevis muscle, at distal forearm or leg site: sample number 92585.5 SSED Steady-state short-latency auditory
1 CMAP without exercise after single stimulus amplitude evoked potential study

95937.28829000201 Neuromuscular junction or periodic paralysis study, with 92585.6 SSED Steady-state middle-latency auditory
electric stimulation, recording from right abductor pollicis evoked potential study
brevis muscle, at distal forearm or leg site: sample number 92585.7 SSED Steady-state long-latency auditory
2 stimulus rate evoked potential study

95937.28829990250 Neuromuscular junction or periodic paralysis study, with 92585.8-9 SSED [Reserved]
electric stimulation, recording from right abductor pollicis 95925.0 A Somatosensory evoked potential study
brevis muscle, at distal forearm or leg site: mean CMAP 95925.1 A Somatosensory event-related potential
with exercise after repetitive slow-rate stimuli amplitude study

95925.2-3 [Reserved]

95925.4 MRPD Movement-related potential study

95925.5 SSED Steady-state somatosensory evoked
MSED, PSED, TSED, or MRPD) described in X2.11.5 potential study

95925.6-9 SSED [Reserved]

applies. Unqualified CPT-4 codes of the fotitt are used to — A
order generic classes of EP studies (electroretinogram, vis:uelg[’“’lgnoStIC code tables for SEPs depend on the nerve tested:
. i ED [for median/ulnar nerve SEPs]
evoked potential, electrocochleogram, auditory evoked poterbsep ffor peroneal nerve SEPSs]
tial, or somatosensory evoked potential/movement-related pGSED f[for tibial nerve SEPs]
- R . [ . FEPD [for other nerve SEPSs]
tential) chosen according to the clinical indications and loca

norms. Code 9592X is a generic EP laboratory test code which

can be used to order any class of evoked potentials chos§g|ated to visual stimuli (CPT-4 codes 92275 and 92280), three
according to the clinical indications and local norms. character stimulation condition identifiegsss)are used, with
X2.6.1 Qualified CPT-4 Codes for EP and Related the first character specifying a portion of the visual field, the
Studies—These seven character cod@#tt.k) identify basic  second character specifying the pattern used (if any), and the
kinds of EP or ERP/MRP studies; the same code may also biird character specifying a stimulus type and specific eye
used for EMF studies, since specific CPT-4 codes for thesstimulated.
studies are not defined. Codes wiktlin the range from zero to X2.6.2.1 VEP Visual Field Identifiers-These one character
four are used for transient EPs or ERPs; codes Wwith the  codes identify a visual field area to which stimuli are presented;
range from five to nine are used for steady-state EPs. Fdhe codes in Table X2.28 are used.
example, a common steady-state short-latency AEP is the X2.6.2.2 VEP Stimulus Pattern IdentifiersThese one char-
frequency following AEP, and a common steady-state middleacter codes identify the type of stimulus pattern employed.
latency AEP is the 40 Hz AEP. Table X2.27 lists the applicableCode 0 may be used for diffuse light VEPs; for other VEPs, the
codes, along with the usual coding systems (described inodes in Table X2.29 may be used.
X2.11.5) used for diagnostic impressions for these studies X2.6.2.3 VEP Stimulus Type and Side IdentifierShese
(Diagnosis) note that CPT-4 code 95925 is used for MRPs aone character codes identify the type of stimulus employed
well as SEPs. (that is, its temporal characteristics) and the particular eye
X2.6.2 VEP Stimulation Condition IdentifiersFor visual  stimulated. The codes in Table X2.30 may be used; codes 1 to
evoked potentials (VEP), electroretinograms (ERG), and ERP3 may be used for appearance and disappearance stimuli types
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TABLE X2.28 VEP Visual Field Identifiers Table X2.32, click refers to unfiltered clicks.

Code Description X2.6.3.3 AEP Stimulus Side ldentifiersThese one charac-
0 [Unspecified] ter codes identify the particular ear to which the auditory
1 Full field stimulus is delivered. The codes in Table X2.33 may be used.
2 'F-;i’gh?i';lff";'gl ’ X2.6.4 SEP Stimulation Site and Type IdentifierSor so-
4 Top half field matosensory evoked potentials (SEP) and ERPs related to
5 Bottom half field somatosensory stimuli (qualified CPT-4 codes 95925.0,
o et L"Oﬁtg;ag[f;'grg‘;'tdﬁel ’ 95925.1, and 95925.5), three character stimulation type and
8 Right top quadrant field site (sensory nerve or dermatome) identifigsss)are used,
9 Right bottom guadrant field with the first character specifying the type of stimuli (electric

or other) and the side of stimulation and whether a spinal or a
cranial nerve was stimulated, and the second and third charac-

TABLE X2.29 VEP Stimulus Pattern Identifiers ters specifying the particular sensory nerve or dermatomal

Code Description region stimulated.
0 [Unspecified] X2.6.4.1 SEP Stimulus Type and Side IdentifiefBhese
: Egﬁggigﬁj‘glzﬁfé%af rating pattern one character codes identify the type of stimuli employed, the
3 Vertically oriented bar grating pattern side of stimulation, and whether a spinal or a cranial nerve was
4 Horizontally oriented sine wave grating pattem stimulated. The codes in Table X2.34 may be used; Codes 3 to
: ‘ﬁ:&cni::{;g‘zgge‘;:gnwe grating pattern 5 may be used for magnetic or other nonelectric stimulation
7 Dart board pattern (for example, percussion, touch, or vibration).
8 Complex pattern X2.6.4.2 SEP Nerve Identifiers- These two character codes
o [Reserved] identify the specific sensory nerve stimulated. The two char-

acters that identify a specific nerve are derived from the
hundreds and tens digits of the five character SNOMED

TABLE X2.30 VEP Stimulus T d Side Identifi . .
TS ype and o Cener topographic code3-X9### (spinal nerves) off-X8### (cra-

Code _ Description nial nerves); the units digit is ignored. Table X2.35 summarizes
o [F:’er:feprz;'lfft‘iﬂm” o left eye the codes used for the most commonly performed SEPs; note
2 Reversal stimuli to right eye thgt ceryica}, thoracic: _Iumbar, and sacral nerves refer to
3 Reversal stimuli to both eyes stimulation in the specified dermatome; the two characters 00
4 Sinusoidally modulated stimuli to left eye are used to mean an unspecified nerve
5 Sinusoidally modulated stimuli to right eye . .

6 Sinusoidally modulated stimuli to both eyes X2.6.5 MRP_ Site of Movemgnt Identifierd~or movement-

7 Flash stimuli to left eye related potentials (MRPs, which are ERPs related to motor
8 Flash stimuli to right eye events; qualified CPT-4 code 95925.4), three character site of
9 Flash stimuli to both eyes

movement identifier{sss)are used, with the first character
specifying the side and general location of the movement
(for example, for diffuse light VEPS) as well as reversal stimuli(upper or lower extremity, or head and neck), and the second
types (for patterns). and third characters specifying the specific location of the
X2.6.3 AEP Stimulation Condition IdentifiersFor audi- ~ movement.
tory evoked potentials (AEP), electrocochleograms (ECoG), X2.6.5.1 MRP Movement Side and Region Identifiers
and ERPs related to auditory stimuli (CPT-4 codes 92584 andhese one character codes identify the side on which move-
92585), three character stimulation condition identifigsss) ment occurred, and whether the movement was in the upper
are used, with the first character specifying the polarity of theextremity, lower extremity, or head and neck. The codes in
stimuli, the second character specifying the type of auditorylable X2.36 may be used.
stimuli employed, and the third character specifying the X2.6.5.2 MRP Movement Location IdentifiersThese two
particular ear stimulated. character codes specify the location of a movement. The two
X2.6.3.1 AEP Stimulus Polarity ldentifiersThese one characters that identify the body part moved are derived from
character codes identify the stimulus polarity. In Table X2.31the hundreds and tens digits of the five character SNOMED
alternating polarity refers to recordings in which the responsd¢opographic codesT-Y8### (upper extremity), T-YO###

to sounds alternating in polarity are averaged together. (lower extremity), orT-YO### (head/neck); the units digit is
X2.6.3.2 AEP Stimulus Type IdentifiersThese one charac-
ter codes identify the stimulus type (waveform) employed. In TABLE X2.32 AEP Stimulus Type Identifiers
TABLE X2.31 AEP Stimulus Polarity Identifiers Code Description
— 0 [Unspecified]
Code Description 1 Click stimuli
0 [Unspecified] 2 Filtered click stimuli
1 Rarefaction polarity 3 Tone stimuli
2 Condensation polarity 4 Gated sine wave stimuli
3 Alternating polarity 5 Logon stimuli
4-9 [Reserved] 6-9 [Reserved]
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TABLE X2.33 AEP Stimulus Side Identifiers

TABLE X2.36 MRP Movement Side and Region Identifiers

Code Description Code Description
0 [Unspecified] Movements of Upper Extremities (T-Y8###)
1 To left ear 0 Movement of left
2 To right ear 1 Movement of right
3 To both ears 2 Movement of bilateral
4-9 [Reserved] Movements of Lower Extremities (T-Y9###)

3
4
5

Movement of left
Movement of right
Movement of bilateral

TABLE X2.34 SEP Stimulus Type and Side Identifiers

Code

Description

Stimulation of Spinal Nerves (T-X9###)

g wNEO

Electric stimulation of left

Electric stimulation of right
Electric stimulation of bilateral
Nonelectric stimulation of left
Nonelectric stimulation of right
Nonelectric stimulation of bilateral

Stimulation of Cranial Nerves (T-X8###)

6 Stimulation of left
7 Stimulation of right
8 Stimulation of bilateral
9 [Reserved]
TABLE X2.35 SEP Nerve Identifiers
Code Description
Spinal Nerves
03 Cervical nerve
14 Musculocutaneous/lateral antebrachial
cutaneous nerve
16 Medial antebrachial cutaneous nerve
17 Ulnar nerve
18 Median nerve
19 Radial nerve
23 Thoracic nerve
30 Lumbar nerve
36 Lateral femoral cutaneous nerve
38 Femoral/saphenous nerve
40 Sacral nerve
45 Tibial nerve
a7 Sural nerve
48 Plantar nerves
49 Common peroneal nerve
51 Superficial peroneal nerve
55 Pudendal nerve
Cranial Nerves
15 Trigeminal nerve
21 Ophthalmic nerve
26 Maxillary nerve
33 Mandibular nerve

Movements of Head and Neck (T-YO###)
Movement of left
Movement of right
Movement of bilateral
[Reserved]

© oo ~NO®

averaged waveforms from one EP recording (using one set of
stimuli) represent only gingletrial in this context. The codes
described in Table X2.1 are used.

X2.6.7 Steady-state EP Harmonic IdentifierShese one
character codefp), used for steady-state EP recordings (test/
observation ID codes with first character after the period of 5
to 9), identify particular harmonics (or sets of harmonics) in the
evoked response. The fundamental has a frequency equal to
that of the stimulus, the second harmonic has a frequency twice
that of the stimulus, etc. The codes given in Table X2.37 are
used.

X2.6.8 Transient VEP Peak IdentifiersThese one charac-
ter codes(p), used for transient electroretinograms (ERGs,
qualified CPT-4 code 92275.0) and transient VEPs and ERPs
related to visual stimulation (qualified CPT-4 codes 92280.0,
92280.1, 92280.2, and 92280.3), identify particular peaks (or
sets of peaks) in the evoked response. Some laboratories may
name these peaks differently. Nomenclature varies for the
negative and positive peaks of the transient ERG and VEP to
diffuse light stimuli. For recording contralateral to a stimulated
left or right half field, the polarities/timings of the peaks may
differ (for example, P75 instead of N75, N105 instead of P100,
P135 instead of N145). The codes in Table X2.38 may be used.

X2.6.9 Transient AEP Peak IdentifiersThese one charac-
ter codeqp), used for transient electrocochleograms (ECoGs,
qualified CPT-4 code 92584.0) and transient AEPs and ERPs
related to auditory stimuli (qualified CPT-4 codes 92585.0 for
BAEPs, 92585.1 for MLAEPs, and 92585.2 or 92585.3 for
LLAEPs or auditory ERPS), identify specific peaks in the
evoked response. The codes in Table X2.39 are usecq

ignored. The two characters 00 indicate an unspecified bod§'€ans microphonic); some laboratories name these peaks

part.

X2.6.6 EP Trial Number—This four character cod@gnnn)

differently; P300 and P3 are the same.
X2.6.10 Transient SEP Peak IdentifiersThese one char-

identifies a particular trial in an EP or related study with a@cter codesp), used for transient SEPs and ERPs related to

particular stimulation site and conditions, or specifies a type of
statistical measure which was derived from multiple trials.
Several EP recordings could be performed with different
stimulus rate, duration, intensity, contrast or tone frequency,
size of visual field, or size of pattern elements; in conjunction
with the peak and value identifiers which follow, these four
characters could identify the particular trial to which individual
amplitude or latency values apply, or specify statistical mea-
sures (such as mean amplitude or latency) based on all of the
trials. Abscissa and ordinate values for a latency-intensity
curve could be associated in this fashion, for example. The

TABLE X2.37 Steady-state EP Harmonic Identifiers

Code Description

[Unspecified]

Fundamental

Second harmonic

Third harmonic

Fourth harmonic

Fifth harmonic

Sixth harmonic
Fundamental-second harmonic
Fundamental-third harmonic
Fundamental-fourth harmonic
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TABLE X2.38 Transient ERG and VEP Peak Identifiers stimulation of other peripheral nerves, but the scheme in Table
Code ERGs Patterned VEPs  Diffuse Light VEPs ~ X2.40 can be used as a guide for nonstandard SEP studies.
0 [Unspecified] [Unspecified] [Unspecified] X2.6.11 MRP Peak Identifiers-These one character codes
1 Early receptor P50 peak N1 peak (p) used for MRPs (qualified CPT-4 code 95925.4) identify
potential ; ; _ _
5 A wave N75 peak P1 peak p_artlcular peaks (or sets of peaks) in movement-related poten
3 B wave P100 peak N2 peak tials. The codes in Table X2.41 may be used.
4 C wave N145 peak P2 peak X2.6.11.1 In Table X2.41 the Bereitschaftspotential and
0 {ﬁgzgxgg} S 22:‘; N Eg:'; negative slope latencies are measured at onset rather than peak
7 A wave-B wave N75-P100 peak  P1-N2 peak since the Bereitschaftspotential/negative slope complex has a
8 B wave-C wave P100-N145 peak  N2-P2 peak linear ramp configuration terminating in the N1 peak. Some
9 A wave-C wave N75-N145 peak P1-P2 peak

laboratories may name these peaks differently or choose
different peaks for measurement. The P1 peak is probably
equivalent to the premotion positivity, and the P2 peak is
probably equivalent to the Reafferente Potentiale.

TABLE X2.39 Transient ECoG and AEP Peak Identifiers

Code FCoGs BAEPS MLAEPS LLAEPS X2.6.12 EP Value Identifiers-These one character codes
0 [Unspecified] [Uzzzfd' [ngs]e”' [ngg]ec" (v) identify particular characteristics of EP peaks or harmonics.
1 Cochlear Peak | NO peak Nb peak An individual quantitative or qualitative EP test result is

microphonic identified by the combination of a one character peak or
2 gﬁﬂ;ﬁ% peact w ﬁ‘;’;‘li " ‘;‘Z:i harmonic and a one character characteristic, for exarRiie0
potential peak latencyHowever, when the value (characteristic) identi-
4 [Reserved] Peak IV Pa peak P2 peak fier is zero, the peak or harmonic identifier instead specifies a
> S;Q’fngfg‘;gk Peak V Nb peak N2 peak particular stimulus characteristic as described in X2.6.13. The
6  [Reserved] Peak VI Pb peak P300 peak nonzero value identifiers which may be used following a peak
7 Cochlear micro- Peak I-III NO-Na peak  Nb-N1 peak or harmonic identifier to identify a particular peak or harmonic
Sotontial - characteristic are given in Table X2.42, along with the usual
8  Summating Peak lll-V Na-Nb peak  N1-N2 peak grading or coding system (described in X2.9.6 and X2.10.1)
ggtt;’:]“a'(;?eerx; used for each coded entry (CE) result.
9 Cochler;r micro- Peak |-V NO-Nb peak  Nb-N2 peak X2.6.12.1 The parameters listed in Table X2.42 other than
nerve action morphologymay be specified as coded entries (CE), when it is
potential desired to grade them by using the appropriate grading system

described in X2.10.1 or as actual numeric values and their

units, or both. Thenorphologyparameter can only be specified
somatosensory stimulation (qualified CPT-4 codes 95925.0 arak a coded entry, using the appropriate coding system described
95925.1), identify particular peaks (or sets of peaks) in then X2.9.6. Morphology represents the shape of the specified
evoked response. The SEP peak names depend on the nepaak. Examples of numeric results which may be given for the
tested; those for commonly tested nerves (median or ulnagther parameters and their appropriate units are as follows.
peroneal, or tibial) are given in Table X2.40, as well as generic X2.6.12.2 Latency (for transient EPs or ERPS) represents
names for other nerves. the time from the stimulus or event to the peak or onset of the

X2.6.10.1 In Table X2.40 popliteab64plit) peak refers to specified peak (units ms). Phase (for steady-state EPS)

the peak of the sensory nerve action potential recorded fromepresents the phase lag of the specified harmonic from the
popliteal fossa. Lumbafymb) peak refers to the peak recorded stimulus (units= deg or rad)Amplituderepresents the peak-
from lumbar spine. Low and high thoracith¢r) peak refersto  to-peak or zero-to-peak amplitude of the specified peak or
the peak recorded from the low thoracic spine and the higlharmonic (units= uv or mv). Ipsilateral to contralateral
thoracic (or, in some laboratories, the cervical) spine, respedatency differencedfor transient EPs or ERPS; unitsms) or
tively. Some laboratories may name these SEP peaks diffephase differencefor steady-state EPs; unitsdeg or rad)
ently. Nomenclature varies for the major peaks of the SEP fromepresents the absolute value of the difference between the

latency of the peak (or phase of the harmonic) recorded when

TABLE X2.40 Transient SEP Peak Identifiers
Code Median/Ulnar Peroneal SEPs Tibial SEPs Other SEPs

TABLE X2.41 MRP Peak Identifiers

SEPs Code Meaning
0 [Unspecified]  [Unspecified] [Unspecified] [Unspecified] 0 [Unspecified]
1 N9 peak Lumbar peak Popliteal peak Peak | 1 Bereitschaftspotential
2 N11 peak Low thoracic peak Lumbar peak Peak Il 2 Negative slope
3 N13 peak High thoracic peak Thoracic peak Peak IlI 3 N1 peak
4 N20 peak P27 peak P37 peak Peak IV 4 P1 peak
5 P30 peak N35 peak N45 peak Peak V 5 N2 peak
6 P300 peak P300 peak P300 peak P300 peak 6 P2 peak
7 N9-N13 peak Lumb-hi thor peak Poplit-thor peak Peak I-llI 7 Bereitschaftspotential-N1 peak
8 N13-N20 peak Hithor-P27 peak Thor-P37 peak  Peak IlI-IV 8 N1-N2 peak
9 N9-N20 peak Lumbar-P27 peak Poplit-P37 peak Peak I-IV 9 Bereitschaftspotential-N2 peak
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TABLE X2.42 EP Value Identifiers for Peak/Harmonic TABLE X2.43 EP Stimulus Characteristics Identifiers
Characteristics Code CE Description
Code CE Description All EPs
All EPs 0 [Unspecified]
2 RELA Amplitude 1 LOHI Stimulus rate
3 MRPH Morphology 2 SHLO Stimulus duration
5 RELA Ipsilateral to contralateral amplitude ratio 3 LOHI Stimulus intensity
6 [Reserved] 4 ABUN Stimulus abundance
8 RELA Amplitude ratio 9 [Reserved]
9 [Reserved] VEPs
Transient EPs 5 COLO Visual stimulus color
1 RELA Latency 6 LOHI Visual stimulus contrast
4 RELA Ipsilateral to contralateral latency 7 SMLG Visual pattern element size
difference 8 SMLG Visual field size
7 RELA Latency difference AEPs
Steady-state EPs 5 LOHI Auditory stimulus frequency
1 RELA Phase
4 RELA Ipsilateral to contralateral phase
difference . . o . .
7 RELA Phase difference (white to black to white) per unit timeStimulus duration

specifies the duration of each stimulus (uritals, ms, or s);
for extended stimuli such as pattern reversal, this is one half the
stimulating the specified side and its contralateral counterpartycle period (the duration of each state of a pattern element).
Ipsilateral to contralateral amplitude ratiqunitless) repre- Stimulus intensity specifies the intensity (for example, lumi-
sents the ratio of the amplitudes of the peak or harmonimance, sound intensity, voltage, or current) of each stimulus;
recorded when stimulating the specified side and its contralatinits = cd/m2, cd/cm2, cd.s/m2, db, db(sl), db(hl), db(nhl),
eral counterpart. These value identifiers (codes 1 to 6) are usetb(spl), db(pespl), v, or maStimulus abundancéused for
following the peak/harmonic identifier codes which identify a mixed stimulus paradigms employing a common stimulus type
single peak or harmonic. and one or more less common oddball stimuli types, the
X2.6.12.3 Latency differencgfor transient EPs or ERPs) or evoked responses from which are separately averaged and
phase differencéfor steady-state EPs) represents the differencanalyzed, for example, auditory tones with two or more
(second minus first) between the latencies of the two specifiedifferent tone frequencies) specifies the fraction (unitless) or
peaks (units= ms) or the difference between the phases of thepercentage (units %) represented by this particular stimulus
two specified harmonics (units deg or rad)Amplitude ratio among all the stimuli presenteduditory stimulus frequency
(unitless) represents the ratio (second divided by first) of thepecifies the frequency of the tone (unitdhz). Visual stimulus
amplitudes of the two specified peaks or harmonics. Theseolor specifies the color of the light used as a nine character
value identifiers (codes 7 to 9) are used following the peaktoded integer of the formrrgggbbb, whererrr (000-999) is
harmonic identifier codes which identifwo peaks or harmon- the relative amount of red lighgggg is the relative amount of
ics. green light, andbb is the relative amount of blue light in the
X2.6.12.4 Any of the numeric results in X2.6.12.2 and stimulus. Color may alternatively be specified qualitatively as
X2.6.12.3 may apply to a single sample or trial (which may bea coded entry using coding system COLW@sual stimulus
identified, if necessary, in the sample number portion of thecontrastspecifies the contrast of the visual pattern (unitless),
test/observation ID code) or may be a statistical measurdefined as (lhax— Lmin)/(Lmaxt Lmin)» Where L., is the
(mean, minimum, maximum, standard deviation, etc.) calculuminance of the brightest elements of the pattern apg Is
lated from multiple samples (multiple trials). the luminance of the darkest elemenissual pattern element
X2.6.13 EP Stimulus Characteristics ldentifiersThe  size specifies the size or spatial period (inverse of spatial
stimulus characteristics identifiers which are used instead of iequency) of the pattern elements (angle subtended by each at
peak/harmonic identifier when the subsequent value identifiesictual viewing distance; units deg or rad).Visual field size
character is zero to identify a particular stimulus characteristispecifies the size of the visual field stimulated (angle subtended
used during performance of the EP/EMF or ERP/MRP ardyy the entire pattern at viewing distance; unitgleg or rad).
given in Table X2.43, along with the usual grading system X2.6.13.3 Any of the numeric results stated in X2.6.13.2
(described in X2.10.2 and X2.10.3) used for each coded entrgpplies to a single sample or trial (which is an average of many
(CE) resuilt. individual evoked responses, and which may be identified, if
X2.6.13.1 The parameters listed in Table X2.43 may all benecessary, in the sample number portion of the test/observation
specified as coded entries (CE), when it is desired to grad¥ code). Each trial may be performed with a different value of
them by using the appropriate grading system described ione or more of the stimulus parameters, or may represent the
X2.10.2 and X2.10.3, or as actual numeric values and theiaverage of the responses to a different stimulus type in a mixed
units, or both. Examples of numeric results which may bestimulus paradigm.
given for these parameters and their appropriate units are asX2.6.14 Examples of Test/Observation ID Codes for EPs
follows. and Related StudiesThis scheme for classifying EPs and
X2.6.13.2 Stimulus ratespecifies the repetition rate of the related tests does not imply that any or all of the combinations
stimulus (units= hz); for pattern reversal or appearance/of the codes in X2.6.1 through X2.6.13 define values that are
disappearance stimuli, this is the number of complete cycleaseful or need be reported for any given study in any
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laboratory. However, the scheme is general enough to cover th@ABLE X2.45 Test/Observation ID Codes for Body Temperature

practices of most laboratories, and an alphabetic character for Measurements
each type of identifier may be used to represent categories Code CE Description
which are not otherwise representable in this scheme. Table 1000.1 TMPM Temperature method
X2.44 presents some examples of test/observation 1D codes for 1000.2 LOHI Oral temperature

. 1000.3 LOHI Rectal temperature
EP and related studies. 1000.4 LOHI Axillary temperature

. 1000.5 LOHI Other temperature
X2.7 Test/Observation ID Codes for Body Temperature 1000.6 A Other temperature source

Measurements-The test/observation ID codes for bOdy temM-  AThe default code table used is SNM + and the default specific code table
perature measurements are identical to those defined in Spedientifier is TOPO.

fication E 1238. They are constructed by adding a one-

character extension code to the root cd@@0 (which is not a
CPT-4 code, but a construct@&®4 code for a test for which no
CPT-4 code exists). Complete codes thus have the 18/09.t

temperature methodnd other temperature sourcgay all be
specified as coded entries (CE) when it is desired to grade them

wheretis a one-character temperature identifier. These tes y using the appropriate grading system described in X2.10 or

observation ID codes may be used when temperature measu S actual numeric values and their units, or both. tBepera-
y P ; tire methodparameter, which specifies the type of instrument
ments are made as part of any of the electroneurophysiolog

. sed for the temperature measurement, can only be specified as
studies. Temperature measurements are most commonly made

; coded entry, using thEMPM coding system described in
as part of NCS and some EMG and EP StUd'eS’ but may be 2.9.8. Theother temperature sourgearameter, which speci-
relevance to some EEG and related studies as well (fo]ri

example, recordings for determining cerebral death). The cod es the body location for temperature measurements specified
Pie, 9 9 . Ebsy code 1000.5dther temperaturg also can only be specified

listed in Table X2.45 may be used. For each result that may b : . :

. : X s a coded entry, using SNOMED topographic location codes
spec!f!ed asa coded entry (CE), this table also lists the d'afal\mith qualifiers %Appegdix X1). Exzfmglesp would include
specific code table identifier. T-51000 (mouth), T-Y8100 (axilla), T-68000 (rectum),

X2.7.1 The parameters listed in Table X2.45 other thanr-14980-N1 (number 1 interosseous dorsales muscles), and
T-Y9700-LFT (left foot). Oral temperature rectal tempera-

TABLE X2.44 Example Le;‘;zzsgxzfg‘ ID Codes for EP and ture, axillary temperature and other temperaturerepresent
— temperature measurements at the corresponding body locations
Code Description (units = cel unless otherwise specified).
92275.0107 Electroretinogram study, full field flash stimuli to left
eye . . Universal Codes for Test Results and Anatomic
92275.51540002 Steady-state electroretinogram study, full field . .
vertically oriented sine wave grating pattern Localizations
sinusoidally modulated stimuli to left eye: sample
6228002210003 numblerZ e st left i feld X2.8 The testresult (including anatomic localization) codes
.0221 4 Visual evoked potential study, left half fie ; ; : 7 g
horizontally oriented bar grating pattemn reversal descnbeql in X2.9 may be _used to specify a specific qualltatlye
stimuli to left eye: P100 peak ipsilateral to result which may be associated with one of the test/observation
62250.2008000041 qur;tralellte:]al Iatenlcy diLfe(rjence o study fiash ID codes described in X2.2 through X2.7. This includes
. iffuse light visual evoked potential study, flas H H H B B H
stimuli to right eye: P2 peak latency distributions (anatomic Iocallzatlor?s)., heallr.t rhythms, sleep/
92280.5154000211 Steady-state visual evoked potential study, full field wake stages, waveform characteristics, firing patterns, mor-
V?mca!g/ ﬁ“emzd ls'tnz Wf}ve Is_liatllnﬁflt pattern | phologies, colors, and temperature methods. Test result codes
sinusolidaally modulated stimull to left eye: sample - H
number 2 fundamental phase (see X2.10) may also be used to grade quantitative results
92280.7004000210 Steady-state diffuse light visual evoked potential associated with a particular test/observation ID code, either on
study, sinusoidally modulated stimuli to left eye: an absolute scale or relative to the normal or expected values
sample number 2 stimulus rate f he lab t Most of the test It d inal
92584.0312000051 Electrocochleogram study, alternating polarity click or the labora ory. 0st 0 € 1est result codes are singie
stimuli to right ear: nerve action potential peak characters; the heart rhythm codes are two characters, and the
latency . _ _ distribution (anatomic localization) codes are four characters.
92585.0111000030 Brainstem auditory evoked potential study, rarefaction i
polarity click stimuli to left ear: stimulus intensity _Each_ (_)f the c_:las_ses of test result codes has a specific code table
92585.0111000098 Brainstem auditory evoked potential study, rarefaction identifier which is specified as follows.
polarity click stimuli to left ear: peak 1-V amplitude
ratio ot
92585.1 Middle-latency auditory evoked potential study X2.9 Test Result Codes fOI‘. Qu,a“tatlve ResulBhe
92585.2043000231 Long-latency auditory evoked potential study, gated classes of test result codes described in X2.9.1 through X2.9.8
sine wave stimuli to both ears: sample number 2 N1 are used to represent qualitative results of electroneurophysi-
peak latency ologic studies
92585.3043000240 Long-latency auditory event-related potential study, g '
gatte?d Sline Wbavedstimuli to both ears: sample number X2.9.1 Distribution or Anatomic Localization (DIST)
stimulus abundance e .
95925.0118000097 Somatosensory evoked potential study, electric (_:QdeS_These four character codes _(Sp.eCIf.IC code tabl_e Id_en'
stimulation of right median nerve: N9-N20 peak tifier DIST) are used to specify the distribution (anatomic site
latency difference _ or localization) on the head of waveforms or activities seen in
95925.4083000013 Movement-related potential study, movement of left

some electrophysiologic studies, particularly EEG/MEG, PSG,

middle finger: Bereitschaftspotential morphology | g N
and EP studies employing cephalic electrodes. They may be
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used to specify results for EEG and related studies test/TABLE X2.48 Examples of Anatomic Localizations for EEG and

observation ID codes having a value identifier of 9 (distribu-

EP Studies

tion). They may also be used to specify anatomic localizations

Code

Description

associated with EEG, EP, and related study diagnostic impreseG waveforms or Activities

sions. Other universal coding systems such as SNOMED
topographic location codes may alternatively be used for these
purposes when desired, and for specifying anatomic localiza-
tions for EMG, NCS, and related studies. These codes are more
suited to briefly characterize the distribution of EEG wave-
forms and activities, however. Generalized and regional
waveform/activity distributions may be represented by use of a
single code in the range from 0000-0999 chosen from Table
X2.46. Table X2.46 also includes codes to represent single
electrodes, which may be used when a waveform/activity (or a
parameter derived from waveform analysis) applies to a single
electrode location.

X2.9.1.1 Alternatively, codes representing focal waveforms
or activities may be constructed by summing one code from the
first group in Table X2.47 and one or more codes (as many as
apply) from the second group. The corresponding text descrip-
tion for the resulting code is constructed by concatenating the
individual text descriptions, usingnd to link the different

descriptions from the second group. Table X2.48 presents sonfé St

0004 In midline

0016 Generalized, maximal right hemisphere

0018 Generalized, maximal posterior head region

1030 Left central and parietal

1300 Left anterior temporal and midtemporal

2200 Right midtemporal

2307 Right frontopolar and frontal and lateral frontal and anterior
temporal and midtemporal

3106 Bilateral frontal and lateral frontal and anterior temporal

3210 Bilateral central and midtemporal

4010 Midline central

4012 Midline frontal and central

5002 Generalized, maximal left frontal

5460 Generalized, maximal left parietal and occipital and posterior
temporal

6012 Generalized, maximal right frontal and central

6030 Generalized, maximal right central and parietal

7007 Left hemisphere, maximal frontopolar and frontal and lateral
frontal

7060 Left hemisphere, maximal parietal and occipital

8060 Right hemisphere, maximal parietal and occipital

8200 Right hemisphere, maximal midtemporal

9200 Independent left and right midtemporal

9210 Independent left and right central and midtemporal

dies

S ! o 0001  On left

examples of distributions (anatomic localizations) for EEG and o002 on right
EP studies. 0003 Bilaterally

X2.9.2 Heart Rhythm (RTHM) CodesThese two character
codes (specific code table identifi@THM ) are used to
specify specific cardiac rhythms identified in channels used tQ TABLE X2.49 Heart Rhythm Codes
record the EKG in an EEG or related study (test/observation ID Code Description
code special parameter identifier 96, heart rhythm). The codes 00 [Unspecified]
given in Table X2.49 are used. oS gfgﬂg'i‘)’r;’?;f;?;';e’ rhythm

X293 Sleep and Wake Stage (STAG) C(—)dé-ﬁese one 03 Normal sinus rhythm
character codes (specific code table identii@AG) are used 04 Sinus arrhythmia
to specify a wake/sleep stage assigned to a particular portion or o Sus tachyeardia

. trial premature contractions
epoch of an EEG or related study (test/observation ID code 07 Atrial tachycardia
special parameter identifier 01, sleep stage). In Table X2.50, 08 Atrial flutter
: ; : : 09 Atrial fibrillation
unstageablas used when the epoch is too contaminated with 10 Junctional complexes
. . 11 Junctional escape rhythm
TABLE X2.47 Focal Anatomic Localization Codes 12 Junctional tachycardia
Code Description 13 Veptricular premature contractions .
14 Paired ventricular premature contractions

Group 1 Codes (select one only) 15 Bigeminy
1000 L‘_aft 16 Trigeminy
2000 R_Ight 17 Ventricular escape rhythm
3000 Bilateral 18 Ventricular tachycardia
4000 Midline 19 Ventricular fibrillation
5000 Generalized, maximal left 20 Ventricular asystole
6000 Generalized, maximal right 21-99 [Reserved)]
7000 Left hemisphere, maximal
8000 Right hemisphere, maximal
9000 Independent left and right
A000 Independent eft and right hemisphere, maximl movement or other artifacts to be reliably stage&M-spindle
BOO0O Independent left and right hemisphere, maximal sleep refers to epochs with mixed features of REM and stage Il

right

Group 2 Codes (select any number)

0001 Frontopolar

0002 Frontal

0004 Lateral frontal
0010 Central

0020 Parietal

0040 Occipital

0100 Anterior temporal
0200 Midtemporal

0400 Posterior temporal

99

(spindle) sleep; andlpha-delta sleepefers to stage 11l or IV
sleep in which alpha and delta activity coexist.

X2.9.4 Waveform Characteristics (WAVE) CodeShese
one character codes (specific code table ident¥ié&VE )
specify additional characteristics of waveforms or activity seen
in an EEG or related study (test/observation ID code value
identifier 8, waveform characteristic)ipolar refers to wave-
forms which have different polarities in different head regions
(for example, a tangential dipole$ubclinical discharge with



TABLE X2.50 Sleep and Wake Stage Codes

qih E1

467

TABLE X2.52 Firing Pattern Codes

Code Description Code Description
0 [Unspecified] 0 [Unspecified]
1 Unstageable 1 Incrementing frequency
2 Stage W (wake) 2 Decrementing frequency
3 REM sleep 3 Irregular
4 REM-spindle sleep 4 Regular
5 Stage | sleep 5 Waxing and waning
6 Stage Il sleep 6 Continuous
7 Stage Il sleep 7 Burst firing
8 Stage IV sleep 8 Stable
9 Alpha-delta sleep 9 Unstable

repetitive may prefix descriptions of waveforms or

(such as sharp waves) that have an ictal appearance but are not

activity

TABLE X2.53 Peak Morphology Codes

considered to be seizureSubclinical seizure discharge with

repetitivemay prefix descriptions of waveforms in an
graphic (larval) seizureClinical seizure discharge with

electro-
repeti-

tive may prefix descriptions of waveforms during a clinical

seizure. The codes in Table X2.51 are used.

X2.9.5 Firing Pattern (PATT) Codes-These one character
codes (specific code table identifleATT) are used to specify
the firing pattern of waveforms or activity seen in an EMG

study (test/observation ID code standard EMG value identifier

9, firing pattern). In Table X2.52regular refers to activity
firing at a constant ratérregular to activity whose firing rate
keeps changingstableto activity which maintains the same
firing pattern over a long period of time, anthstableto

activity which does not.

X2.9.6 Peak Morphology (MRPH) CodesThese one char-
acter codes (specific code table identifi®dRPH) are used to

Code Description

[Unspecified]
Normal
Unrecognizable
Fused

W or M shape
Asymmetric
[Reserved]

gaprWNRFEO

6-9

TABLE X2.54 Visual Stimulus Color Codes

Code Description

o

White
Red
Orange
Yellow
Green
Blue
Indigo
Violet

specify morphology of peaks in EP and related studies. In
Table X2.53,fusedmeans that the peak cannot be separated

©oOo~NOOJTAWNR

Magenta
Cyan

from the next peakW or M shapeameans that it appears to be
double, andhisymmetrieneans that it has a skewed appearance.

X2.9.7 Visual Stimulus Color (COLO) CodesThe one

character codes in Table X2.54 (specific code table identifier

COLO) specify the color used for a visual stimulus.
X2.9.8 Temperature Method (TMPM) Codedghe

character codes in Table X2.55 (specific code table identifier
TMPM ) specify the type of instrument or method used for a

body temperature measurement.

TABLE X2.55 Temperature Method Codes

Code Description

one

X2.10 Test Result Codes for Quantitative Resuihe
classes of test result codes described here are used to grade
quantitative results of electroneurophysiologic studies; they
may be used in addition to or instead of specifying an actual X2.10.1 Relative Grading System (RELA) for Quantitative

numeric value.

TABLE X2.51 Waveform Characteristics Codes

[Unspecified]
Glass thermometer
Digital probe

Color strip

Infrared sensor
Needle probe
Thermistor
Thermocouple
[Reserved]

~No Ok~ WNEO

Code Description

[Unspecified]

Asynchronous

Synchronous

Bisynchronous

Positive polarity

Negative polarity

Dipolar

Subclinical discharge with repetitive
Subclinical seizure discharge with
repetitive

Clinical seizure discharge with
repetitive

O~NO UL WNEO

©

100

Results—These one character codes (specific code table iden-
tifier RELA) specify the degree and direction of abnormality
of numeric values in comparison to normal values for the
laboratory. This corresponds to a4-¢-)to 4+ (+ + + +)
grading system. The text description for the codes given in
Table X2.56 is prefixed to that of the value to which they apply
to give a complete text description (for exampiecreased
complexity.

X2.10.2 Absolute/Relative Grading Systems for Quantita-
tive Results-These one character codes (specific code table
identifiersLOHI , SHLO, andSMLG) are used to characterize
a numeric value either on a three grade absolute scale (no
reference to normal values) or on a three grade scale relative to
normal values for the laboratory, as needed. The relative grades
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TABLE X2.56 Relative Grading System for Quantitative Results

TABLE X2.46 Generalized and Regional Anatomic

Localization Codes

Code Description

0 Very markedly decreased Code Description

1 Markedly decreased 0000 [Unspecified]

2 Decreased 0001 On left

3 Mildly decreased 0002 On right

4 Normal 0003 Bilaterally

5 Abnormal 0004 In midline

6 Mildly increased 0005 Proximally

7 Increased 0006 Distally

8 Markedly increased 0007 Medially

9 Very markedly increased 0008 Laterally
0009 [Reserved]
0010 Generalized
0011 Left hemisphere
0012 Right hemisphere
0013 Anterior head region

(. : 0014 Posterior head region
correspond to the 3 ( ) to 3+ ( At ) gradmg syStem0015 Generalized, maximal left hemisphere

used by some laboratories. The text description associated witlie
these codes may be prefixed to the text description of the valu@?’
to which they apply to give a complete text description of thego19
value (for examplelow amplitudg. The three code tables gggg
available LOHI , SHLO, andSMLG) differ only in the text g2
descriptions associated with the absolute grad€sdl (low- 0023

. . . 0024
moderate-high) codes are applicable to amplitudes, frequery,s
cies, and similar value§HLO (short-medium-long) codes are 0026
applicable to durations, latencies, and similar values; anagg
SMLG (small-medium-large) codes are applicable to com-0029

plexities, variabilities, and similar values. The codes given inggigzggig
Table X2.57 are used.
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
TABLE X2.57 Absolute/Relative Grading Systems for 882; 0064
Quantitative Results 0066
Code LOHI Description SHLO Description SMLG Description 882;
0 Low Short Small 0069-0099
1 Markedly decreased Markedly decreased Markedly decreased 0100
2 Decreased Decreased Decreased 0101
3 Mildly decreased Mildly decreased Mildly decreased 0102
4 Normal Normal Normal 0103
5 Moderate Medium Medium 0104
6 Mildly increased Mildly increased Mildly increased 0105
7 Increased Increased Increased 0106
8 Markedly increased Markedly increased Markedly increased 0107
9 High Long Large 0108

Generalized, maximal right hemisphere
Generalized, maximal anterior head region
Generalized, maximal posterior head region
Multifocal

In left hemisphere cortical surface leads

In left frontal cortical surface leads

In left parietal cortical surface leads

In left occipital cortical surface leads

In left temporal cortical surface leads

In right hemisphere cortical surface leads
In right frontal cortical surface leads

In right parietal cortical surface leads

In right occipital cortical surface leads

In right temporal cortical surface leads
[same as 0020-0029 except depth instead of surface leads]
[same as 0020-0029 except surface and depth instead of
surface leads]

Left hemisphere, maximal anterior head region

Left hemisphere, maximal posterior head region

Right hemisphere, maximal anterior head region

Right hemisphere, maximal posterior head region
Anterior head region, maximal left

Anterior head region, maximal right

Anterior head region, maximal in midline

Posterior head region, maximal left

Posterior head region, maximal right

Posterior head region, maximal in midline

Independent left and right hemisphere

[Reserved]

Independent left and right, maximal left hemisphere
Independent left and right, maximal right hemisphere
Independent left and right, maximal anterior head region
Independent left and right, maximal posterior head region
[Reserved]

Nz electrode

Fpz electrode

AFz electrode

Fz electrode

FCz electrode

Cz electrode

CPz electrode

Pz electrode

POz electrode

101
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Code Description Code Description
0109 Oz electrode 0207 P10 electrode
0110 1z electrode 0208-0212 [Reserved]
0111 Fpl electrode 0213 F11 electrode
0112 [Reserved] 0214 FT11 electrode
0113 F1 electrode 0215 T11 electrode
0114 FC1 electrode 0216 TP11 electrode
0115 C1 electrode 0217 P11 electrode
0116 CP1 electrode 0218-0222 [Reserved]
0117 P1 electrode 0223 F12 electrode
0118 [Reserved] 0224 FT12 electrode
0119 01 electrode 0225 T12 electrode
0120 [Reserved] 0226 TP12 electrode
0121 Fp2 electrode 0227 P12 electrode
0122 [Reserved] 0228-0249 [Reserved]
0123 F2 electrode 0250 Al electrode
0124 FC2 electrode 0251 A2 electrode
0125 C2 electrode 0252 T1 electrode
0126 CP2 electrode 0253 T2 electrode
0127 P2 electrode 0254 Pg1l electrode
0128 [Reserved] 0255 Pg2 electrode
0129 02 electrode 0256 Sp1 electrode
0130-0131 [Reserved] 0257 Sp2 electrode
0132 AF3 electrode 0258-0999 [Reserved]
0133 F3 electrode |
0134 FC3 electrode X2.10.2.1 As an example, amplitudes of abnormal wave-
8132 Eﬁ;'ef"""?, forms seen in EEG and related studies may be classifiemhas
o137 poo oechade if under 30p Vimoderatif in range from 30 to 60 WV, ankiigh
0138 PO3 electrode if over 60 pV. Amplitudes of normal background activity might
0139-0141  [Reserved] be graded differently, for exampléow if under 10 pV,
0142 AF4 electrode i . .
0143 F4 electrode moderatef in range from 10 to 60 pV, andighif over 60 pV.
0144 FC4 electrode X2.10.3 Grading System for Abundance (ABUNJhese
0145 C4 electrode one character codes (specific code table identKBUN) are
0146 CP4 electrode . e
0147 P4 electrode used to characterize the abundance of waveforms, activities,
0148 PO4 electrode events, or stimuli on an absolute scaRecordeds a generic
0149-0152  [Reserved] code which indicates that the activity was seen during the test
0153 F5 electrode . . .
0154 FC5 electrode but does not otherwise specify its abundan&bsentcorre-
0155 C5 electrode sponds to an abundance of 0 &éntinuougo an abundance of
8123 ggil‘:ﬁfxge 100 %. The codes given in Table X2.58 are used.
0158-0162  [Reserved] X2.10.4 Grading System for Asymmetry (AS¥Mjhe one
0163 F6 electrode character codes in Table X2.59 (specific code table identifier
0164 FC6 electrode ASYM) specify the asymmetry of waveforms in an EEG or
0165 C6 electrode . . g
0166 CP6 electrode related study (test/observation ID value identifier 5, asymme-
0167 P6 electrode try). The direction of asymmetry (decreased or increased)
0168-0171  [Reserved] refers to the region identified by the distribution parameter; the
0172 AF7 electrode . .
0173 £7 electrode degree is mild (<25 %), moderate (25 to 50 %), marked (50 to
0174 FT7 electrode 75 %), or very marked (75 to 100 %).
81;2 37”93'39;';‘;‘;0‘19 X2.10.5 Grading System for Reactivity (REASYhese one
0177 P7 (T5) electrode character codes (specific code table identiR&AC) are used
0178 PO7 electrode to characterize the reactivity of activities or events seen in an
ours-owsr [Resewed] EEG or related study (test/observation ID value identifier 6,
0183 F8 electrode reactivity). Paradoxically reactivaneans that the amplitude of
0184 FT8 electrode the activity changed oppositely to what was expected in
0185 T8 (T4) electrode
0186 TP8 electrode X
0187 P8 (T6) electrode TABLE X2.58 Grading System for Abundance
0188 POB8 electrode Code Description
0189-0192 [Reserved]
0193 F9 electrode 0 Absent
0194 FT9 electrode 1 Recorded
0195 T9 electrode 2 Possible
0196 TP9 electrode 3 Very rare
0197 P9 electrode 4 Rare
0198-0202  [Reserved] 5 Occasional
0203 F10 electrode 6 Frequent
0204 FT10 electrode 7 Very frequent
0205 T10 electrode 8 Nearly continuous
0206 TP10 electrode 9 Continuous
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TABLE X2.59 Grading System for Asymmetry TABLE X2.61 Special Diagnostic Codes for All
Electroneurophysiologic Study Types

Code Description
0 Very markedly asymmetric (decreased) Code Description
1 Markedly asymmetric (decreased) 0 Abnormal
2 Moderately asymmetric (decreased) 1 Normal
3 Mildly asymmetric (decreased) 2 Technically difficult
4 Symmetric 3 Technically unsatisfactory
5 Asymmetric 4 Not completed
6 Mildly asymmetric (increased) 5 Unsuccessful or inconclusive
7 Moderately asymmetric (increased) 6 Not attempted
8 Markedly asymmetric (increased) 7 No change
9 Very markedly asymmetric (increased) 8 No activation
9 [Reserved]

response to the stimulus. The codes given in Table X2.60 areertain frequently encountered diagnoses for any type of
used. electroneurophysiologic study. In Table X2.6technically

difficult indicates that the study or portion thereof was inter-
pretable but had technical difficulties; it may be used in

X2.11 The diagnostic impression codes described ifFonjunction with other diagnoseSechnically unsatisfactory

X2.11.1 through X2.11.5 may be used to convey the salien'{]dica.tes t_hat the study or portiqn thergof had such severe
features of the electroneurophysiologic study by summarizingeChnlcal difficulties that no othe_r diagnosis can be_ reacN_ed.
the type, direction, and degree of abnormality of the variou hapgemay be used for a p_ort|on of a study during which a
quantitative study results and the type of abnormality of theCIInlcal spglloccurreq, to indicate that no change was seen in
various qualitative study results. Any number of codes can béhe recordingNo activationmay b_e applied to a portion of a
applied to a given study or to any portion of a study to fully Study such as a sleep recording when no new abnormal

s , ; henomena are seen.
characterize its major features. For example, portions of af . . .
EEG study may include a sleep recording, a recording durin X2.11.2 Diagnostic Coding System for EEG and Related

photic stimulation, hyperventilation, or other activation tech- tudies (EEGD)-These four or more character codes (specific

nique. The test/observation ID codes described in X2.5 througﬁooIe table idehntifieEEGD)d?_re constructed by prefixing ?jne
X2.7 can identify the portion of a study to which the diagnostic®” MOre two character modifiers (as many as are required) to a

impressions apply. Also, one or more diagnostic impressiong'vO character EEG.W‘%VG“O”T." activi.ty. identifier. In many cases,
can be associated with a particular anatomic localizatio?™ @ Single modifier is required, giving a four character code;

identified by one of the distribution or localization codes sometimes, two or more are needed, giving six, eight, or more
character codes.

described in X2.9.1. The diagnostic impression codes de X2.11.2.1 Each two character modifier describes one char-

scribed herein are probably most useful for EEG and EP tie of th ified f o h
studies, since diagnostic classifications for these tend to pacteristic of the specified wavetorm, activity, or event, such as

closely related to observations and are less often related 5 abundance.,_amplltude, fre_qugncy (f_or smusmdal wave-
clinical interpretations and clinical diagnoses than are th orms) or repetition rate (for perlod|c'nonsmus.0|dal wgveforms
diagnostic classifications of EMG, NCS, and related studies?r ever1|ts]2t, du(rjathnr,]tas%mmetry (dtl_ffg[rer][ce 'P arr;_phtude; ?e-
However, for all types of electroneurophysiologic studies, it €N €t and right si es), reaciivity to s MUl or state
may be useful to summarize the key features of the study foghanges, latency (from the start of the recording or portion

computerized databases and similar applications by use of tﬁgerer:)f, such 33 s:egp), ar;]d wavgform (:fharexlcteristics d(su%h as
codes described here, in addition to summarizing the clinicapynchrony and polarity). The EEG waveform/activity identifi-

implications of the study by use of clinically oriented diagnos-erS to which the modifiers apply are those described in Table

tic coding systems such as ICD-9-CM or local coding system 2.5 as part of the test/observation ID. _codes for_ EEG and
developed by the laboratory. related studies. The two character modifiers consist of a one

i i ) character test result code and a one character value identifier.
X2.11.1 Special Diagnostic Codes for All Electroneuro- ggc qiye identifiers described in Table X2.7 are used (except
physiologic Study TypesThe special one character codes ¢, gistribution, which is not specified as part of the diagnostic
given in Table X2.61 are included in all of the following ;qge  although a distribution or anatomic localization may be
specific code tables for diagnoses and may be used to expregSsqciated with one or more diagnostic codes). The test result

codes described in X2.9 and X2.10 (coding syste&xB&JN,

Universal Codes for Diagnostic Impressions

TABLE X2.60 Grading System for Reactivity LOHI, SHLO, ASYM, REAC, WAVE) are used.

Code Description X2.11.2.2 A separate diagnostic code must be used to
0 Abnormally reactive describe each waveform or activity of diagnostic significance.
; glf_"ﬁﬁd“’e . The text description for the diagnostic code is constructed by
5 Moderataly reactive prefixing the descriptions for each of the modifiers (including
4 Very reactive the value identifier text such asmplitudeor frequencywhen
2 ggmﬂ%cﬁfcggmve needed) to the description of the waveform or activity. Table
79 [Reserved] Y X2.dG_2 gives examples of diagnostic codes for EEG and related

studies.
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TABLE X2.62 Example Diagnostic Codes for EEG and Related

X2.11.3.2 A separate diagnostic code must be used to

Studies describe each waveform or activity of diagnostic significance.
Code Description The corresponding text description for the diagnostic code is
0110  Absent background activity [that is, electrocerebral inactivity] constructed by prefixing the concatenated text descriptions for
1108 Recorded stage IV sleep activity each of the modifiers (including the value identifier text
1169 Recorded electroretinogram . . . .
1173 Recorded facial synkinesis activationor abundance, a_mplltud_e, area, fre_quermyecrmt-
1703 Markedly decreased latency REM sleep activity [for example, ment, duration, complexity, variabilityor rise time when
sleep-onset REM] - coding systemsRELA, LOHI, SHLO, or SMLG are em-
2312 Decreased frequency alpha activity .. ..
2510 Moderately asymmetric (decreased) background activity ployed) to the '[EXI. deSCI.’IptIOH of the Waveform or aCtN't)/-
2612 Slightly reactive alpha activity - X2.11.3.3 For single fiber EMG studies, each two character
3509 Mildly asymmetric (decreased) alpha-delta sleep activity modifier describes one characteristic of the single fiber dis-
3520 Mildly asymmetric (decreased) sleep activity K . L g .. .
3521 Mildly asymmetric (decreased) sleep spindles Charges of dl?gﬂOSth ;lgnlflcancg, such as ]'tte.r, fract|on. of
4146 Rare atypical spike and wave complexes discharges with blocking, blocking present, fiber density,
5182 Occasional wickets N duration, and interspike interval. The two character modifiers
5137 Occasional 14 and 6 Hz positive bursts .
5158 Occasional periodic bursts with suppression [for example, burst COI’]SIS_t of :'?l_Oﬂe pharac_:ter test result dee and aone (_:hara_Cter
suppression] value identifier. Single fiber EMG value identifiers described in
6128 Frequentarousals X2.4.5.6 (except fonumber of discharges per sjtare used.
6133 Frequent small sharp spikes . R .
6143 Frequent multiple spikes The test result codes described in X2.10.1 and X2.10.3(coding
6147 Frequent sharp and slow wave complexes ) systemRELA for jitter, fraction of discharges with blocking,
gig; Eeq”e”t periodic suppressions [for example, trace alternant] fiber density, duration, and interspike interval, akBUN for
requent apneas or hypopneas with little or no ventilatory effort X . .o
7152 Very frequent periodic triphasic waves blocking) are used. The corresponding text descriptions for
7179 Very frequent periodic movements of sleep with arousals each of the modifiers (including the value identifier tgtter,
13 pocerately asymmetic (ncreased) mu activity fraction of discharges with blocking, blocking, fiber density,
arkedly increased amplitude mu activity . . . .
9848 Clinical seizure discharge with repetitive rhythmic sharp waves duration andinterspike interval are concatenated to construct
Ziggig Sccasione;l'lzng dulfati(;)nsxygeg desaturstions N the complete text description for the diagnostic code. Table
requent high-amplitude bisynchronous theta activity H -
910218 Continuous low-amplitude arrhythmic delta activity X2.63 presents _Some examples of dlagnostlc codes for EMG
915353  Continuous moderate frequency periodic epileptiform discharges and related studies.
[for example, PLEDS]
919218 Continuous high-amplitude arrhythmic delta activity ; ;
91920354  Continuous high-amplitude low-frequency periodic complexes TABLE X2.63  Bxample Dlagns(;ztclj(i:egodes for EMG and Related
[for example, SSPE]
Code Description

Standard EMG Studies

X2.11.3 Diagnostic Coding System for EMG and Related 0221 Low-amplitude fibrillation potentials ‘
Studies (EMGD)—These four or more character codes (spe— 1202 Markedly decreased amplitude motor unit potentials
o . e L 2110 Decreased abundance insertional activity
cific code table identifieEMGD) are constructed by prefixing 2402  Decreased recruitment motor unit potentials
one or more two character modifiers (as many as are required) 3102 Mildly decreased activation motor unit potentials
to a two character EMG waveform/activity identifier (for Jao> pare mutlets . .
. . . . ormal duration motor unit potentials
standard EMG studies) or to the stri@g(for single fiber EMG 5121  Occasional fibrillation potentials
studies). In many cases, only a single modifier is required, 5225 Moderate-amplitude complex repetitive discharges
i . ; s 6202 Mildly increased amplitude motor unit potentials
giving a four charagter co_de, gometlmes, two or more modifiers 710 Increased abundance insertional activity
may be needed, giving six, eight, or more character codes. 7602 Increased complexity motor unit potentials
X2.11.3.1 For standard EMG studies, each two character 2‘113421 lh\lﬂealilydlcontinuousc;nyotonic discharges "
e . : ot s arkedly increased recruitment motor unit potentials
modlfl_e_r descr!bes one chargc_:terlstlc of the spgcnﬁed waveform o0 oie dly increased variability motor unit potentials
or activity of diagnostic significance, such as its abundance or 9125  continuous complex repetitive discharges
activation, amplitude, area, frequency or recruitment, duration, 9502 Very markedly increased duration motor unit potentials

complexity (number of phases or turns), variability, rise time, 526~ Long duration myokymic discharges

o . e 419223  Rare high-amplitude fasciculation potentials
and flrlng pattern (SUCh as regularlty and Stablhty). The EMG 547926  Moderate-frequency burst firing myokymic discharges
waveform/activity identifiers to which the modifiers apply are 2?2‘9‘;‘11 \éVaxing ftmd Wlfmi?g T;ligth-ffequte”gylmyolonic discharges
. . . requent regular tioriflation potentials
those described in Table X2.12 as part of the test/observation 19556 Frequent long duration myokymic discharges
ID codes for EMG studies. The two character modifiers consist 919925  Continuous unstable complex repetitive discharges

of a one character test result code and a one character valggle F'beof E'V'GA stud'esl y
identifier. Standard EMG value identifiers described in X2.9 sent blocking

1300 Recorded blocking
and X2.10 are used. The test result codes described previously 3500  Mildly decreased fiber density
(coding systenRELA for characteristics of potentials under 4700 Normal interspike interval _ _
luntary control and insertional activity abundanc®HI for 6200 Mildly increased fraction of discharges with blocking

voluntary - y ’ 7100 Increased jitter
other waveforms amplitude, area, or frequenS¥LO for 7300 Very frequent blocking
other waveforms duration or rise tim&MLG for other 7700 Increased interspike interval

f lexity or variabilityABUN for other wave- 8600 - Markedly increased duration
waverorms comp y s 757600 Increased fiber density increased duration

forms abundance, an@ATT for firing pattern) are used.
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X2.11.4 Diagnostic Coding Systems for NCS and Related X2.11.5 Diagnostic Coding Systems for EP and Related
Studies—These three character codes (specific code tabl8tudies—These three character codes (specific code table
identifiersMNCD for motor NCS,NMJD for neuromuscular identifiers SSED for all steady-state EPERGD for ERGs,
junction/periodic paralysis studies, BNCD for sensory NCS) VEPD for pattern VEPsDVED for diffuse light VEPSECOD
specify the degree and direction of abnormality of one of thdfor ECoGs,BAED for BAEPs,MAED for MLAEPSs, LAED
result values for the NCS or related study. The codes consist dér LLAEPs, SEPDfor generic SEPIVISED for median/ulnar
a one character test result code, a one character wavefor8BEPs,PSED for peroneal SEPSTSED for tibial SEPs, and
identifier, and a one character value identifier. The standarMRPD for MRPs) specify the degree and direction of abnor-
NCS and related study waveform (Table X2.19, Table X2.20mality of one of the result values of the EP. The codes consist
and Table X2.23) and value identifiers (Table X2.21 and Tablef a one character test result code, a one character peak or
X2.24) are used in conjunction with the test result codesharmonic identifier, and a one character value identifier. The
described in Table X2.56 (coding systdRELA). The corre- EP peak/harmonic (Tables X2.37-X2.41) and value identifiers
sponding text description for the diagnostic code is constructe(iTable X2.42) and test result codes described in X2.9and X2.10
by concatenating the text description for the result code to thécoding system&ELA or MRPH) are used. The text descrip-
text descriptions of the waveform and value identifiers (fortion for the diagnostic code is constructed by concatenating the
example, decreased CMAP amplitujleTable X2.64 gives text for the result code, peak/harmonic, and value identifiers
examples of diagnostic codes for NCS and related studies. (for example,increased N9 peak latencyTable X2.65 gives

example EP diagnostic codes.

TABLE X2.64 Example Diagnostic Codes for NCS and Related

TABLE X2.65 Example Diagnostic Codes for EP and Related

Studies Studies
Code Description Code Description
Motor NCS (MNCD) Steady-state EPs of any Modality (SSED)
010 Very markedly decreased CMAP amplitude 7 Increased fundamental-second harmonic phase difference
119 Markedly decreased CMAP conduction velocity ERGs (ERGD)
212 Decreased CMAP motor unit number 122 Markedly decreased A wave amplitude
254 Decreased silent period duration Pattern VEPs (VEPD)
315 Mildly decreased CMAP amplitude ratio 731 Increased P100 peak latency
417 Normal CMAP ipsilateral to contralateral latency difference Diffuse Light VEPs (DVED)
543 Abnormal C (long loop) reflex latency 841 Markedly increased P2 peak latency
613 Mildly increased CMAP latency ECoGs (ECOD)
723 Increased F-wave latency 012 Very markedly decreased cochlear microphonic amplitude
733 Increased H-reflex latency BAEPs (BAED)
Neuromuscular Junction/Periodic Paralysis Studies (NMJD) 997 Very markedly increased peak |-V latency difference
220 Decreased CMAP without exercise after repetitive slow-rate MLAEPs (MAED)
stimuli amplitude 734 Increased Na peak ipsilateral to contralateral latency difference
351 Mildly decreased CMAP with exercise after repetitive slow-rate LLAEPs (LAED)
stimuli area 761 Increased P300 peak latency
770 Increased CMAP after exercise after single stimulus amplitude Median/ulnar Nerve SEPs (MSED)
Sensory NCS (SNCD) 897 Markedly increased N9—N20 peak latency difference
010 Very markedly decreased SNAP amplitude Peroneal Nerve SEPs (PSED)
119 Markedly decreased SNAP conduction velocity 142 Markedly decreased P27 peak amplitude
417 Normal SNAP ipsilateral to contralateral latency difference Tibial Nerve SEPs (TSED)
612 Mildly increased SNAP peak latency 543 Asymmetric P37 peak morphology
643 Mildly increased contralateral R2 onset latency Other Nerve SEPs (SEPD)
723 Increased R1 onset latency 741 Increased peak IV latency
837 Markedly increased R2 ipsilateral to contralateral latency MRPs (MRPD)
difference 213 Unrecognizable Bereitschaftspotential morphology

X3. EXAMPLE MESSAGE FOR NEUROPHYSIOLOGICAL DATA

X3.1 This appendix gives an example message in Specifieontains calibration data for each channel. During the EEG
cation E 1238 format (Figs. X3.1-X3.25) which contains therecording, each occurrence of a sharp wave in the recording
results of an EEG study performed on one subject, a combineeads to an ANA category result segment that contains the peak
motor and sensory nerve conduction study and EMG oratency, total duration, peak duration (rise time), and amplitude
another subject, and a visual evoked potential study on a thirdf the sharp wave. During photic stimulation, each single light
subject. flash leads to an ANA category result segment that contains the

] ] onset latency of the detected flash signal (monitored in channel

X3.2 The EEG example illustrates a variety of segmentyne). The beginning and end of each calibration sequence is

types and result segment categories, and demonstratesjgjicated by STM category result segments. The beginning and

number of features of the ANA and STM category resulteng of each train of photic stimuli at a given frequency is
segments, including their use in calibration, sharp wave detegpgicated by STM category result segments.

tion, and photic stimulation. During calibration, each calibra-
tion pulse leads to an ANA category result segment which X3.3 These uses of the ANA and STM segment in a routine
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H|* ~\&|19264|34X96ABE59YW | NEULAB (Sunnyville Neurophysiology Lab)| <CR>

A|102 W Main Street*Mail Stop 29B“Sunnyville*IN“66666]| ORU“RO1 | (555)444-3333| <CR>

A| |NEURO (Sunnyville Neurologic Clinic)| Example|P|E.2|19900324101215<CR>
P|1|4567890&1&M10|4567890&18M10]3-777-222 | Doe*John*Q*Jr*Mr | Deere| 19300202} < CR>
A|M|W|511 Third Avenue*Apt 2*Hometown*IN*66667 | | 445-1111Cday ~ 445-2222Cevening <CR>
A||32975Smith&John&P&II&Dr&MD*UPIN| | | 160*cm|60*kg|401.9*Hypertension*I9C| < CR>
A|Propranolol ~ Diazepam | Last meal 12 hrs ago| |Right| 19900214|1P|Psych| |C| <CR>
A|M|BP|English|PSY| 19900214 < CR >

OBR|1|5678*NEURO| 1234“EEG|95816"EEG recording| | 19900323095216| <CR>
A]19900324081216| 19900324085142 | | | N| “dementia| “60 year old male with 3 month hx <CR>

A |of myoclonus, cognitive decline, and memory loss| | | 32975*Smith&John&P&IN&Dr&MD | <CR>
A|444-3555] | | | 119900324101017|214.50|EN|F| | | | |WHLC| |97235"Berger&Hans&&&Dr| < CR>
A]27593*Jones&Mary&S&&Dr&MD | “Sullivan&Joyce&D&&Ms | “Quincy&Susan&R&&Ms < CR >
OBX|1|CM|95816&DSTEEG recording| 1| T-10147& < CR>

A|external occipital protuberance (inion)*T-12171&frontonasal suture (nasion)*36.5 ~ <CR>
A|T-Y0171-LFT&left preauricular area*T-Y0171-RGT&right preauricular area”37 <CR>
OBX|2|CM|95816&MTG|1|1&LR-21.1 (A1/2)*21 <CR>

OBX|3|CM|95816&ELC| 1] 1&Fp1*T-Y0100&head*"DP&Au&0.6*90&TH*108&PH ~ < CR>
A|2&Fp2***90&TH*72&PH ~ 3&F3***64&TH"129.1&PH ~ 4&F4*““64&TH" < CR>
A|50.9&PH ~ 5&C3***45& TH*180&PH ~ 6&C4"**45&TH"0&PH ~ 7&P3"**64&TH" < CR>
A]230.9&PH ~ 8&P4*“*64&TH*309.1&PH ~ 9&01***90&TH*252&PH ~ 10&02*** <CR >
A|90&TH*288&PH ~ 11&F7*“*90&TH"144&PH ~ 12&F8"“*90&TH"36&PH ~ < CR>
A|13&T3***90&TH*180&PH ~ 14&T4***90&TH*0&PH ~ 15&T5***90&TH"*216&PH ~ < CR>
A} 16&T6***90&TH*324&PH ~ 17&Fpz***90&TH*90&PH ~ 18&Fz"“*45&TH" <CR>

A|90&PH ~ 19&Cz***0&TH*0&PH ~ 20&Pz***45&TH*270&PH ~ 21&0z***90&TH" < CR >
A|270&PH ~22&A1***120&TH*180&PH ~ 23&A2"**120&TH"0&PH ~ 24&Av**DERIV* < CR>
A}0.5&A170.5&A2<CR>
OBX|4|CM|95816&CHN|1|1*CAL*0.5&uv"***-2048&2047“BP&ANA&1&6&70&6 ~ < CR>
A|2*CAL ~3*CAL ~4"CAL ~5"CAL ~6"CAL ~7*CAL ~8*CAL ~9*CAL ~ 10°CAL ~ <CR>
A|11*"CAL ~ 12*CAL ~ 13*CAL ~ 14*CAL ~ 15*CAL ~ 16"CAL ~ 17°CAL ~ 18"CAL ~ <CR>
A|19°CAL ~20“CAL ~21*CAL<CR>

OBX|5|CM|95816.9100&TIM"EEG recording, during square wave calibration|1| <CR>
A|19900324081216.130°0.005**DNC < CR> _

OBX|6|CM|95816.9100&STM| 1| BEGIN“CAL**0.5*1°50.0"uv<CR >
OBX|7|CM|95816.9100&WAV|1/0*0*0%0*1*0"0*0*0*2*0°0*-1"0*0"0"0"0" < CR>

Al~~mmr v v~~~ 103°102*98*101°9799°99+101°111°101°99*100* <CR >
A|1077111°99°109°99*114°99*110*100 ~ 100"99°95°98°9396"96"98" < CR >

A|*0%0*2*0*0*-10%0*0"0"0"0"0"0 < CR >
OBX|8|CM|95816.9100&ANA | 1| 1&CAL&ON*51.6&PKAM&uv*0&BASE” <CR >
A|1.12&LLF&hz ~2*50.7500.92 ~ 3°49.15"0"1.03 ~ 450.25°0"0.94 ~ <CR>
A15%48.2°1*1.10 ~ 649.65"0"1.04 ~ 7°49.45°0"0.96 ~ 8°50.65"0" < CR >

FIG. X3.1 Example Message for Neurophysiological Data

EEG are examples, which do not necessarily represent recorBEGIN and END STM category result segment before and
mended usage. An alternative method of marking the time oéfter each train of flashes.

occurrence of photic stimuli, which does not require the use of

a separate channel for a marker and does not require an ANAX3.4 The EEG example also illustrates the use of null
algorithm for detection, is to transmit a separate STM categorgategory result segments to transmit individual characteristics
result segment at the time of each light flash, instead of af waveforms seen in the EEG, such as their abundance,
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A|0.99 ~9%55.30"1.06 ~ 10"49.6*2*1.00 ~ 1149.35°0"0.97 ~ 12 < CR>
A|50.17071.01~13%53.8%-1"1.12 ~ 14*55.6"00.91 ~ 15°49.4"°0" < CR >
A|0.89~16"54.35°0"1.08 ~ 17°49.6"0*1.03 ~ 18*56.75°0°0.94 ~ 19* <CR >
A|49.470"1.01 ~20"55.1570"1.08 ~21749.970"0.96 <CR >
OBX|9|CM|95816.9100&WAV|2{0*0~0*0*1*0*0*0*0*2*0"0*-10*0*0*0*0" < CR >

A|-97*-99*-100"-109*-111*-99*-109-99*-114*-99*-110"-100 ~ -100* <CR >

A|0%0*0*2*0*0"-1%0*0"0"0"0"0"0 < CR >

OBX|10{CM|95816.9100&ANA | 2| 1&CAL&OFF*51.6&PKAM&uv“0&BASE” < CR>
A|1.12&LLF&hz ~2*50.75°0*0.92 ~ 349.15%0"1.03 ~ 4*50.25°0"0.94 ~ <CR>
A|5°48.2*1°1.10 ~6"49.65°0*1.04 ~ 7°49.45°0"0.96 ~ 8*50.65°0" <CR >

A|0.99 ~9%55.3°0%1.06 ~ 1049.6*2*1.00 ~ 11°49.35%0%0.97 ~ 12* < CR >
A|50.170%1.01 ~ 1353.8*-1°1.12 ~ 14*55.6070.91 ~ 15°49.4"0* <CR >

A|0.89 ~16*54.35%0*1.08 ~ 17°49.6*01.03 ~ 18*56.75°070.94 ~ 19* < CR >
A]49.4%0%1.01 ~20"55.15%0*1.08 ~21°49.90"0.96 < CR >

OBX|17|CM|95816.9100&STM |2 | END*CAL**0.5*1*50.0*uv < CR>
OBX|18|CM|95816&CHN“EEG recording|2|1*Fp1&02°0.5&uv*1.032&0°-2048&2047* < CR >
A|BP&ANA&1&6&70&6 ~2*Fp1&02-°1.015&0 ~3“Fp1&02°40.983&0 ~ 4*Fp1&02** < CR>
A|1.005&0~5"Fp1&02°°0.964&1 ~ 6" Fp1&02°*0.993&0 ~ 7*Fp1&02““ < CR >

A|0.989&0 ~ 8"Fp1&02°°1.013&0 ~9*Fp1&02°°1.106&0 ~ 10" Fp1&02*“ < CR >

A]0.992&2 ~ 11*Fp1&02°+0.987&0 ~ 12°Fp1&02“*1.002&0 ~ 13“Fp1&02** < CR >
A|1.076&-1~ 14"Fp1&02°“1.112&0 ~ 15*Fp1&02-“0.988&0 ~ 16" Fp1&02“* < CR >
A|1.087&0~ 17*Fp1&02°°0.992&0 ~ 18“Fp1&02°*1.135&0 ~ 19°Fp1&02*“ < CR >
A]0.988&0~20"Fp1&02°*1.103&0~21*Fp1&02*°0.998&0 < CR>
OBX|19|CM|95816.9301&TIM*EEG recording, during biocalibration while awake with <CR>
Aleyes closed|2]19900324081226.815"0.005*“DNC < CR>

OBX|20|TX|95816.9301&TCM | 1 |Begin biocal <CR >

OBX|21|TX|95816.9301&TCM|2| Awake<CR>

OBX|22|TX]95816.9301&TCM |3 |Eyes closed <CR >
OBX|23|CM|95816.9301&WAV|6|1237123°1237123*123°123*1237123*123* < CR >
A|1237123*123%123123*123123%123°123*123123*123 ~ 110°110*110* < CR >
A|110%110*110*110%110*110°110*1107110*110°110*110°110*110°110* <CR >
A|110*110%110~9797%97°97°9749797*97*97*97497°97°97°97°97°97* < CR >

A|21*21‘21*21‘21‘21*21*21*21 <CR>
OBX|24|CM|95816&CHN"EEG recording|3|1"Fpl&Av*0.5&uv*1.032&0"*-2048&2047* < CR >
FIG. X3.2 (continued)

amplitude, frequency, etc. In the example, these characteristics X3.5 The motor and sensory nerve conduction studies and
were obtained by visual inspection and not by computeEMG examination example illustrates how, in a two-way
processing. The use of null category result segments in EE@essage transmission system, a single OBR segment could
reporting is optional, but may be helpful in organizing datahave been transmitted to order gen€fiRlG studiesusing a
concerning EEGs for long-term storage (for example, in aest/observation ID of 9586X. The laboratory system then
database). generated three separate OBR segments (acting as result header
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A|BP&ANA&1&6&70&6 ~2*Fp2&Av**1.015&0 ~ 3“F3&Av**0.983&0 ~ 4" F4&Av** < CR>
A|1.005&0 ~ 5°C3&Av**0.964&1 ~ 6*C4&AV**0.993&0 ~ 7*P3&Av**0.989&0 ~ 8" P4&Av** < CR >
A|1.013&0~9*01&Av**1.106&0 ~ 10*02&Av**0.992&2 ~ 11*F7&Av** < CR >

A|0.987&0~ 12"F8&Av**1.002&0 ~ 13*T3&Av**1.076&-1 ~ 14" T4&Av** < CR>

A|1.112&0~ 15*T5&Av**0.988&0 ~ 16" T6&Av**1.087&0 ~ 17*“Fpz&Av** < CR>

A0.992&0 ~ 18*Fz&Av**1.135&0 ~ 19*Cz&Av**0.988&0 ~ 20*Pz&Av** < CR >
A|1.103&0~21"0z&Av**0.998&0 < CR >

OBX|25|CM|95816.0101&TIM"EEG recording, with standard conditions while awake with <CR>
A|eyes closed|3]19900324081237.525°0.005*“DNC < CR>

OBX|26]TX|95816.0101&TCM|4| Awake < CR>

OBX|27|TX|95816.0101&TCM|5|Eyes closed < CR>
OBX|28|CM|95816.0101&WAV|7|39°543*-104*23°418*-35°260"864"-920* < CR >
A|450780"460*-48088*670"202*-90*-540"60"10*-680 ~ 601*36"-204* < CR>
A|605°440*-20*170*340"-424*-40"-30"28*380"-850*320"760*700* < CR >

A|-60°68°78%630 ~-280°120°90*-74284"382*-96"-445"864"118* < CR>
A|-642794"27*89*178"-683*58"-173-53664"510 ~-78°155"780790* < CR>

OBX|35|CM|95816&CHNEEG recording|4|1*Fp1&Av*0.5&uv*1.032&0**-2048&2047* < CR>
A|BP&ANA&1&6&15&6 ~2*Fp2&Av**1.015&0 ~ 3*F3&Av**0.983&0 ~ 4" F4&Av** <CR >
A|1.005&0~5"C3&AVv**0.964&1 ~ 6" C4&AV**0.993&0 ~ 7*P3&Av**0.989&0 ~ 8" P4&Av** < CR>
A]1.013&0~9°01&AVv**1.106&0 ~ 10°02&Av**0.992&2 ~ 11“F7&Av** < CR >

A|0.987&0 ~ 12°F8&Av**1.002&0 ~ 13°T3&Av**1.076&-1 ~ 14" T4&Av** <CR >

A|1.112&0~ 15*T5&Av**0.988&0 ~ 16“T6&Av**1.087&0 ~ 17*Fpz&Av** < CR >

A10.992&0 ~ 18*Fz&Av**1.135&0 ~ 19*Cz&Av**0.988&0 ~ 20" Pz&Av** < CR>
A{1.103&0~21"0z&Av**0.998&0< CR >

OBX|36|CM|95816.0101&WAV“EEG recording, with standard conditions while awake < CR>

Al with eyes closed|14|56695°550*239°781*-874*144*2*333* < CR >

OBX|56|CM|95816.0101&ANA | 6| 1&AUTO&SHW*142.355&PKLA&s* < CR >
A|32&TODR*13&PKDR*62&PKAM ~2°142.355*34°1459 ~ 3°142.355*33* < CR>
A|12%55~5*142.355*3114"50 ~ 7*142.355*33°12*39 ~ 11°142.355*33* < CR>
A|13%57~17*142.355*33"14"60 ~ 18*142.355*32*13*53 ~ 19*142.355* < CR>
A|34%14"47<CR>
OBX|57|CM|95816.0101&WAV|34]199*-361°-932°857°551°-715°293* < CR>
A|-77724"31*-198"369*-200"-52*256"770*-1974253*-991*-26*423 <CR >
OBX|58|CM|95816.0101&ANA | 7| 4&AUTO&SHW*142.360&PKLA&s* < CR>
A|31&TODR*14&PKDR*52&PKAM ~ 6*142.360°30 1244 ~ 8°142.360"32* < CR>
A|11*35~9%142.360"33*13*24 ~ 10*142.360"34* 1416 ~ 12*142.360* <CR >
Al31712748 ~ 13°142.360"33"13"53 ~ 14*142.360*32°13*39 ~ 15* < CR>
A|142.360"3314"42 ~ 16*142.360"31*12*30 ~ 20"142.360"34*15*37 ~ <CR>
Al217142.36032*12*21 < CR>

FIG. X3.3 (continued)

segments) on returning the results, one each for testhterpretation, it would also be possible to omit these from all
observation ID 95900 (motor NCS), 95904 (sensory NCS), antut the last study and then transmit a comprehensive report and
95860 (one extremity EMG with related paraspinals); fieldsinterpretation covering all three studies, using the generic
from the originally transmitted OBR segment would be dupli-test/observation ID 9586X to label the result segments contain-
cated into each of the returned OBR segments. Although in thifyg the report.

example each of these three studies has its own report and
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OBX|59|CM|95816.0101& WAV | 35|-2624-36542-275°106*-13°552*-316* < CR >
A|59*42*778*85%-294-165*24-19277-242*-103*-290*671 < CR >
OBX|60|TX|95816.0101&TCM|6|Jerk < CR>

OBX|61|CM|95816.0101&WAV | 36| -367%21*445*-982*-201370°908*192* < CR >

OBX261|CM|95816.2101&TIM“EEG recording, during hyperventilation while awake with < CR>
Aleyes closed|4|19900324082538.3150.005*“DNC < CR >
OBX|[262|TX|95816.2101&TCM|40|Begin HV<CR>

OBX|263|TX}95816.2101&TCM | 41| Awake < CR>

OBX|264|TX|95816.2101&TCM|42|Eyes closed < CR>
OBX|265|CM|95816.2101&WAV|137|-303°12*1039*-99°107"35%-296*135* < CR >

OBX|309|CM|95816&ELC*EEG recording|2|25&Strobe*“FLS < CR>
OBX|310|CM|95816&CHN|4|1*Strobe&""|| ||| |{C<CR>

OBX|311|CM|95816.3101 &TIM*EEG recording, during photic stimulation while awake <CR>
A|with eyes closed|5]19900324084048.620"0.005**DNC < CR>
OBX|312|TX|95816.3101&TCM |49 |Begin photic < CR >

OBX|313{TX|95816.3101&TCM|50| Awake < CR >

OBX|314|TX|95816.3101&TCM|51|Eyes closed < CR>

OBX|315|CM|95816.3101&STM |3 | BEGIN“FLS“T-XX000-BIL&bilateral eye*1-0.00001* <CR >
A|22%cd.s/m2*“WHT < CR>

OBX|316|CM|95816.3101& WAV 160|292*-16*593*-254*344*-132* < CR>

A|-619244*803-13*2*196 < CR >
OBX|317|CM|95816.3101&ANA |98 | I&AUTO&FLS*1.215&ONLA&s < CR >
OBX|318|CM|95816.3101&WAV | 161 | 129230*295"-178*-33145*264* < CR >

0OBX|2934|CM|95816&CHN"EEG recording|5|1*CAL"0.5&uv***-2048&2047* < CR >
A|BP&ANA&1&6&70&6~2*CAL ~3*CAL ~4*"CAL ~5*CAL~6"CAL ~7“CAL ~8“CAL~ <CR>
A|9*CAL~10"CAL~11"CAL ~ 12*CAL ~ 13"CAL ~ 14"CAL ~ 15"CAL ~ 16*"CAL ~ <CR>
A|17*CAL ~ 18*CAL ~ 19"CAL ~20*CAL ~21"CAL<CR>
OBX|2935|CM|95816.9100&TIM“EEG recording, during square wave calibration|6| <CR>
A]19900324085120.670*0.005*“DNC < CR>
OBX|2936|CM|95816.9100&STM | 40| BEGIN*CAL**0.5*1°50.0"uv< CR >
OBX]2937|CM|95816.9100&WAV|1629]0%0%0*0*1*070*0*0"2*0*0"*-1"0*0" < CR>
A0V 00~~~ ~ ~~r e m e s e e~ e e s e s~ s~~~ ~ <CR>
Al~~ s m e~ 103#102°98%101%97*99*99*101°111*101*99*100* < CR>
FIG. X3.4 (continued)

X3.6 The motor nerve conduction study example illustratesare transmitted, whereas in practice it may be sufficient to
the use of STM category result segments to specify the electricansmit only the final trial (after the CMAP amplitude has
stimuli used, and ANA category result segments to measurplateaued) for each stimulation and recording site. Tihal
CMAP amplitudes and latencies; each ANA category resultesults reported in result (OBX) segments without any infor-
segment was generated in response to manually positioningraation category code include only distal latency and proximal
cursor over the CMAP. In this example, all stimulation trials amplitude, as well as some calculated quantities such as

109



iy £ 1467
A]107*111499*109*99*114°99"110*100 ~ 100*99*95°98*93*96°96°98* < CR >

A|0%070720%0*-17070"0"0"0"0"0 < CR >

OBX|2938|CM|95816.9100&ANA | 1527 1&CAL&ON*51.6&PKAM&uv*0&BASE* < CR >
A|1.12&LLF&hz ~2*50.75%0%0.92 ~ 3°49.150*1.03 ~ 4*50.25°0°0.94 ~ <CR>
A|5%48.2°1°1.10~6"49.65°0"1.04 ~ 7°49.45°0"0.96 ~ 8°50.65°0" < CR>

A]0.99~9755.370%1.06 ~ 10°49.62*1.00 ~ 11"49.35%00.97 ~ 12* < CR >

A|50.170°1.01 ~13%53.8%-1"1.12 ~ 14*55.6"0"0.91 ~ 15°49.4°0* < CR >
A|0.89~16"54.35°0"1.08 ~ 17°49.6"0"1.03 ~ 1856.75°00.94 ~ 19* < CR>

A|49.470"1.01 ~20"55.15°0"1.08 ~21749.970"0.96 < CR>
OBX|2939|CM|95816.9100&WAV|1630{0*0°0°0"1°0%0*0*0*2*0*0*-1"0"0" < CR >
Al0700N00 N0~~~ ~ ~ e e e~~~ e~~~ <CR>
Almmrrr e e e~ 103%-102*-98*-101"-95°-99%-994-101*-111* <CR >
A|-97%-99-100*-109*-111*-99*-109-99*-114*-99*-110*-100 ~ -100* < CR >

A|0%0%2*0*0*-100*0*0*0"0"0*0 < CR >

OBX|2940|CM|95816.9100&ANA | 1528 | 1&CAL&OFF*51.6&PKAM&uv-0&BASE* < CR>
A|1.12&LLF&hz ~2*50.75°0°0.92 ~ 3*49.15%0*1.03 ~ 4*50.25°0°0.94 ~ < CR >
A|5°48.2°1%1.10 ~ 6°49.65°0°1.04 ~ 7°49.45°0"0.96 ~ 8*50.65°0* < CR >

A]0.99 ~9455.340"1.06 ~ 1049.6*2*1.00 ~ 11°49.35°0°0.97 ~ 12 < CR >

A|[50.1%0%1.01 ~ 13*53.8*-1*1.12 ~ 14*55.6"0°0.91 ~ 15°49.4*0* < CR>

A]0.89 ~ 16*54.350"1.08 ~ 17°49.6*0*1.03 ~ 18*56.75°0°0.94 ~ 19* < CR>

A]49.4°0%1.01 ~20*55.15°0*1.08 ~ 21°49.9*0*0.96 < CR>

OBX|2947|CM|95816.9100&STM | 41| END*CAL**0.5*1%50.0*uv < CR >

OBX|2948| CM|95816&CHN*EEG recording| 6] 1*CAL*0.5&uv***-2048&2047* < CR>
A|BP&ANA&1&6&15&6 ~2*CAL ~3*CAL ~4"CAL ~5*CAL ~6"CAL ~7"CAL ~8“CAL ~ <CR>
A|9*°CAL ~10"CAL ~ 11*CAL ~ 12*CAL ~ 13*CAL ~ 14*CAL ~ 15*CAL ~ 16*"CAL ~ <CR>
A|17*CAL ~ 18*CAL ~ 19°CAL ~20*CAL ~21"CAL<CR>

OBX|2949|CM | 95816.9100&TIM“EEG recording, during square wave calibration|7| <CR>
A|19900324085130.9250.005*“DNC < CR >

OBX|2950| CM|95816.9100&STM | 42| BEGIN*CAL**0.5*150.0%uv < CR>
OBX|2951|CM|95816.9100&WAV|1634|0*0*0*0*1°0*0*0*0*2*0*0*-1*0*0" < CR>

Al0%0%0"0" 00~ ~ ~ ~ ~ ~ e s e e e r e e r ~ e~ ——— <CR>
Almmmmm e e o~ 1034102*98410197499*99°101*111*101°99*100* < CR >
A|107*111%99*109*99*114799*110*100 ~ 100°99°95"98°93°96"96"98" < CR >

FIG. X3.5 (continued)

conduction velocity; the proximal latency and distal amplitudesranges). The sensory nerve conduction study example uses
are not reported. This illustrates the principle that any numbeSTM and ANA category result segments for similar purposes;
of measurements and annotations may be attached to tlitealso illustrates how averaged waveform data (from four
waveform data using ANA category result segments, while aonsecutive stimuli) may be transmitted.

laboratory need only report a small number of values of

diagnostic significance (along with the associated normal X3.7 The EMG example illustrates how ANA category
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A}0%0*0*2*0"0*-1*0*0"0*0"0"0"0 < CR >

OBX]2952|CM|95816.9100&ANA | 1532 | 1&CAL&ON*51.6&PKAM&uv*0&BASE* < CR >
A|1.12&LLF&hz ~250.75°0%0.92 ~ 349.15%0"1.03 ~ 4°50.25°070.94 ~ <CR>
A|5%48.2*1°1.10~6"49.65°0"1.04 ~ 7°49.45°0"0.96 ~ 8°50.65°0" < CR >

A10.99 ~9%55.3*0*1.06 ~ 10°49.6"2*1.00 ~ 11749.35%0%0.97 ~ 12" <CR >
A|50.1°0%1.01~13*53.8*-1"1.12 ~ 14755.6°0"0.91 ~ 15"49.4°0" < CR >

A]0.89 ~16"54.350*1.08 ~ 17°49.6"0"1.03 ~ 18*56.75°00.94 ~ 19" <CR >

A]49.4%0*1.01 ~20"55.15%0*1.08 ~21°49.9%0"0.96 <CR >
OBX|2953|{CM|95816.9100&WAV|1635/0%0*0*0*1*0*0°0*0*2*0"0*-1*0"0* < CR >

A0 000~~~ ~~ e — e~ ——————~ <CR>
A~ v v r v~~~ 103*-102*-98*-101*-954-99%-994-101*-111* <CR >
A|-97%-99%-100*-109*-111*-99*-109*-99*-114*-99*-110"-100 ~-100" < CR >

A|0%0*2*0*0*-1%0*0*0*0"0"0"0"0 < CR>

OBX|2954|CM|95816.9100&ANA | 1533 ] 1&CAL&OFF*51.6&PKAM&uv*0&BASE” < CR>
A|1.12&LLF&hz ~2*50.75%0*0.92 ~ 349.15°0"1.03 ~450.250%0.94 ~ <CR >
A|5%48.2%1°1.10 ~6"49.65°0*1.04 ~ 7°49.45°0"0.96 ~ 8"50.65°0* < CR>

A|0.99 ~9%55.3%0"1.06 ~ 10°49.6"2*1.00 ~ 11°49.35%0"0.97 ~ 12" <CR >

A|50.1%0*1.01 ~ 13*53.8*-1*1.12 ~ 14°55.600.91 ~ 15%49.4"0* <CR >
A|0.89~16"54.35°0"1.08 ~ 17°49.6"0"1.03 ~ 18°56.75°070.94 ~ 19" < CR >

A|49.4%071.01 ~20*55.15%0"1.08 ~21°49.9%0*0.96 <CR >

OBX|2961|CM|95816.9100&STM |43 | END*CAL**0.5*1*50.0"uv < CR >
OBX|2962|NM|95816.01010000141“EEG recording, with standard conditions while awake <CR>
A|with eyes closed: theta activity abundance| | 100| % <CR>
OBX|2963 | NM|95816.01010000142*“EEG recording, with standard conditions while awake <CR>
A|with eyes closed: theta activity amplitude| | 15|uv<CR>
OBX | 2964 | NM|95816.01010000143“EEG recording, with standard conditions while awake <CR>
A|with eyes closed: theta activity frequency| |S|hz<CR>
OBX|2965| CE|95816.01010000145*EEG recording, with standard conditions while awake <CR>
A|with eyes closed: theta activity asymmetry| |4”"symmetric< CR>
OBX|2966|CE|95816.01010000146"EEG recording, with standard conditions while awake <CR>
A|with eyes closed: theta activity reactivity| | 2”slightly reactive <CR >
OBX|2967|CE|95816.01010000149*EEG recording, with standard conditions while awake <CR>
A|with eyes closed: theta activity distribution| | 0010"generalized <CR>
OBX 2968 | NM|95816.01010000561“EEG recording, with standard conditions while awake <CR>
A|with eyes closed: periodic sharp waves abundance||70| % <CR>
OBX 2969 | NM|95816.01010000562“EEG recording, with standard conditions while awake <CR>
A|with eyes closed: periodic sharp waves amplitude| | 100{uv<CR>
OBX|2970| NM|95816.01010000563“EEG recording, with standard conditions while awake <CR>
A|with eyes closed: periodic sharp waves frequency||1.5|hz<CR>

FIG. X3.6 (continued)

result segments can be used to transmit measured charactegralitative final results (grades of abnormality) may be re-
tics of multiple motor unit potentials (amplitudes, durations,ported for each muscle.

firing frequencies, number of phases, and number of turns).

Quantitative results of this type may be averaged and reported X3.8 The VEP example illustrates the use of STM and
in result (OBX) segments without any information category ANA category result segments in defining EP stimulus param-
code as thénal results of the study, or, as in this example, only eters and in measuring peak amplitudes and latencies; each
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OBX|2971|NM|95816.01010000564“EEG recording, with standard conditions while awake <CR>

A|with eyes closed: periodic sharp waves duration||0.2]s<CR>

OBX|2972|CE|95816.01010000565°EEG recording, with standard conditions while awake <CR>

A|with eyes closed: periodic sharp waves asymmetry| | 4“symmetric < CR>

OBX 2973 | CE|95816.01010000569“EEG recording, with standard conditions while awake <CR>

A|]with eyes closed: periodic sharp waves distribution| |0017*generalized, < CR>

A|maximal anterior head region< CR>

OBX|2974|TX|95816&GDT“EEG recording|1| The background during wakefulness < CR>

A | contained poorly formed, symmetric theta activity of average amplitude 15 uv <CR>

Aland average frequency 5 Hz in a generalized distribution, which showed little <CR>

A |reactivity to eye opening or alerting procedures. The major feature of the <CR>

A|recording was the presence of intermittent, symmetric periodic sharp <CR>

A|waves in a generalized distribution, maximal anteriorly, with a duration of <CR>

A|about 0.2 sec and an amplitude of about 100 microvolts, repeating at a <CR>

A |frequency of about 1.5 per second. These were present during about 70% of the <CR>

Alrecording. They were often accompanied by visible myoclonic jerks. Sometimes, <CR>

Aljerks could be elicited by loud sounds or by touching the-subject. ~ ~ <CR>

A| Hyperventilation was performed with poor effort, and produced no change in <CR>

A|the background. Photic stimulation elicited little evidence of a driving response. <CR>

OBX|2975|TX|95816&MDT|1| The present recording shows nonspecific generalized <CR>

A|irregularities of cerebral function consisting of slowing of the background, as <CR>

A|seen on the previous EEG performed 2/15/90. In addition, there are now <CR>

A|periodic generalized sharp waves of the type seen in Creutzfeldt-Jakob disease, <CR>

Alor in certain types of metabolic disorders such as post-anoxic encephalopathy, <CR>

Al hypothyroidism, or baclofen or lithium intoxication. These were correlated with <CR>

A|the subject’s myoclonic jerks at times. ~ ~ If clinically indicated, a follow-up <CR>

A]examination in 1 month could be used for further evaluation. <CR>

OBX|2976|CE|95816&DEV | 1| “Grass model 8 (21 channels) with PC-based computer < CR >

OBX|2977|ST|95816&SER | 1024567 < CR>

OBX|2978| CE|95816&CNP| 1]95816.2100“EEG recording, during hyperventilation < CR >

OBX|2979|CE|95816&CNP|2]95816.3100"EEG recording, during photic stimulation < CR>

OBX|2980|CE|95816&ANT | 1] 0017*Generalized, maximal anterior head region® < CR>

A|AS4&DIST<CR>

OBX|2981|CE|95816&IMP|1|7156*Very frequent periodic sharp waves* <CR>

A|AS4&EEGD| | |A~W<CR>

OBX|2982|CE|95816&ANT|2|0010*Generalized*AS4&DIST < CR >

OBX 2983 | CE|95816&IMP|2|910214*Continuous low-amplitude theta activity* <CR>

A|AS4&EEGD|||A~W<CR>

OBX 2984 | CE|95816.2100&IMP“EEG recording, during hyperventilation|3| <CR>

A|8*No activation”AS4&EEGD < CR >

OBX|2985|CE|95816.3100&IMP*EEG recording, during photic stimulation|4| <CR>

A|8*No activation”AS4&EEGD < CR >

0OBX|2986| CE|95816&REC“EEG recording|1|95816*EEG recording: 30 days < CR>

P|2]3321123&6&M10{3321123&6&M10| | Newton*Isaac*M*“Mr| | 19530810|M|W| <CR>

A|567 Center Street**Pleasantville*IN*66661 | | 441-6666Cday ~ 441-7777Cevening| <CR>
FIG. X3.7 (continued)

ANA category result segment was generated in response tand N145 peaks in only one of the channels; amplitude values
manually positioning a cursor over one of the EP peaks in tware not reported. Although latencies for all three VEP peaks
of the recording channels and measuring latency and ampland for both normal and large check size are transmitted in this
tude. Thefinal results reported in result (OBX) segments example, many laboratories would report fewer results (for
without any information category code include some stimulusexample, only the left and right P100 latencies and the
parameters and latencies and morphologies for the N75, P10ter-eye difference for one check size).
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A|42678*Welby&Marcus&L&&Dr&MD*UPIN| | | 153%cm|74”kg]| | | | |Right ~Right| | <CR>
A|OP|Neuro| | |M| | | | 19900320 < CR>

OBR|1|5692“NEURO|2314“EMG|95900*Motor nerve conduction study} | <CR>
A|19900323151649] 19900324083012 | 19900324084128]| | | N| | “36 year old male with 6 <CR>
A|month hx of tingling and pain in thumb, index, and middle finger of right hand. Rule <CR>
A|out carpal tunnel syndrome. | | | 42678*Welby&Marcus&L&&Dr&MD{444-2323| | | | <CR >
A|]19900324101118] |[EN|F| ||| | | |27384*Samson&George& T&&Dr&MD | 56372* < CR >

A | Smith&Benjamin&S&&Dr&MD | “Kirk&Bonnie&P&&Ms | “Quincy&Susan&R&&Ms < CR >
OBX| 1|CM|95900&MTG"Motor nerve conduction study|1|1*1 <CR>
OBX|2|CM|95900&ELC]| 1| 1&G1*T-13882-RGT-BEL&right belly abductor pollicis brevis <CR>
A|muscle*DT&Sn&0.4 ~ 2&G2*T-13882-RGT-INS&right insertion abductor pollicis brevis <CR>
A|lmuscle<CR>

OBX|3|CM|95900&CHN | 1|1°G1&G2*5.0&uv***-2048&2047“BP&ANA&1&6&7000&6 < CR >
OBX|4|CM|95900.288290001&TIM*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

A|forearm or leg site: sample number 1}1]19900324083022.7105*0.0001°0.040"DNC < CR >
OBX|5|CM|95900.288290001&STM| 1| *ECD*T-X9180-RGT-LC9&right distal <CR>
A|forearm/leg portion median nerve**0.0001°10"ma<CR>
OBX|6|CM|95900.288290001&WAV|1|1~6~21~36~65~81~61~50~42~ <CR>

A|31~10~1~-11~46~-18~1~0~ ~ ~ ~ ~ =~~~ e~ e e e <CR>
Al ~~~4~15~24~35~45~53~ ~52~ ~ <CR>
Al mmmm e e e <CR>

OBX|7|CM|95900.288290002&TIM*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

A|forearm or leg site: sample number 2|2|19900324083025.1230°0.0001*0.040°"DNC < CR>
OBX | 8| CM|95900.288290002&STM | 2| “ECD*T-X9180-RGT-LC9&right distal <CR>
A|forearm/leg portion median nerve**0.0001°20*ma<CR>
OBX|9|CM|95900.288290002&WAV|2|1~11~42~72~134~163~123 ~103 ~84 ~ <CR>

A|62~21~2~ 21~ 93~ -3T Lm0~~~ e~~~ e <CR>
A| ~ ~ ~ 44~ 152 ~247 ~353 ~ 459 ~ 533 ~ 532 ~ ~533 ~ ~ <CR>
Al1~0nm =~ mmm e e <CR>

OBX| 10| CM|95900.288290003& TIM*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>
A|forearm or leg site: sample number 3|3|19900324083027.6625°0.0001°0.040°DNC < CR>
OBX| 11|CM|95900.288290003&STM | 3| “ECD*T-X9180-RGT-LC9&right distal <CR>
A |forearm/leg portion median nerve**0.0001*30*ma< CR >
OBX|12|CM|95900.288290003&WAV 3|3~ 18 ~63 ~ 108 ~ 195 ~243 ~ 183 ~ 150 ~ 126 ~ <CR>
A|93~30~3~-33~-138~-54~3~0~ v~~~ ~ v~~~ m~m i~~~ o~~~ <CR>
A| ~ ~ ~86~274~486~739~951 ~ 1062 ~ 1064 ~ 1065 ~ 1067 ~ 1066 ~ <CR>

FIG. X3.8 (continued)

X3.9 In the example message transmission (Fig. X3.1)fields are not split across line boundaries when possible. In
<CR>indicates an ASCII carriage return character (ASCII 13).actuality, only lines longer than 220 characters are required by
Also, for readability, the line length in this example is limited this specification to be split, and segments may be split at any
to about 60 characters, and any segments longer than this daeation, even within a component or subcomponent.
continued in subsequent lines by using addenda (A) markers.

In this example, individual components or subcomponents of X3.10 The following is a detailed explanation of each of
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All~0~~~ s v v e e e e e e - <CR>

OBX| 13| CM|95900.288290004&TIM “Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

Al|forearm or leg site: sample number 4|4|19900324083030.0372*0.0001°0.040"DNC < CR >
OBX| 14| CM|95900.288290004&STM | 4| “ECD*T-X9180-RGT-LC9&right distal <CR>
A|forearm/leg portion median nerve*“0.000140*ma< CR>
OBX|15|CM|95900.288290004& WAV |4|4 ~24 ~ 84 ~ 144 ~260 ~ 324 ~244 ~200 ~ 168 ~ <CR>
Al124~40~4~44~-184~- T2 ~4~(Q~~~~ ~ ~ ~ ~ e v~~~ <CR>
Al ~~ ~86~274~486~739~951 ~ 1062 ~ 1064 ~ 1065 ~ 1067 ~ 1066 ~ <CR>

All~0~~ r e s r s s e~ <CR>
OBX]16|CM|95900.288290004&ANA | 1| 1&MAN&CMAP*4.07&ONLA&ms* < CR >
A|5.33&PKAM&mv < CR>

OBX|17|CM|95900.288260001&TIM*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

Alarm or thigh site: sample number 1|5} 19900324083122.7105°0.00010.040*"DNC < CR >
OBX|18|CM|95900.288260001&STM|5| “ECD*T-X9180-RGT-LC6&right distal <CR>
Aarm/thigh portion median nerve**0.0001*10*ma<CR >

OBX|19|CM|95900.288260001&WAV|5|1 ~5~3~2~1~0~~~~~~ ~ ~ ~ ~ ~ ~<CR>
A~ e e e e~ <CR>
Al~ e s e s~~~ —————~ <CR>

Al ~~4~15~24~35~45~53~~52~ ~<CR>

All~0~~~~mmmmr e s s s s~~~ -~ <CR>
OBX|20|CM|95900.288260002&TIM*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

Alarm or thigh site: sample number 2|6 19900324083125.2158*0.00010.040*"DNC <CR >
OBX|21|CM|95900.288260002&STM| 6| “ECD*T-X9180-RGT-LC6&right distal <CR>

Al arm/thigh portion median nerve**0.0001*20"ma< CR >
OBX|{22|CM|95900.288260002&WAV|6|2~10~6~4~2~0~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~<CR>
N R e e e e e <CR>

Al ~~20~75~128~187~194~196~ ~195~ ~ <CR>

All~0~~~r v r s~~~ <CR>
OBX|23|CM|95900.288260003&TIM“Motor nerve conduction study, with electric <CR>
FIG. X3.9 (continued)

the segments contained in the example message: type (type codéORU indicating unsolicited observation result
X3.10.1 Header (H) SegmentSpecifies the delimiters Message and trigger event coR®1 indicating unsolicited
(I 1 ~\&), a message control ID which uniquely identifies ~ transmission of requested observations; use of this field is

this message among all messages transmitted by this sendtirely optional in a Specification E 1238 message), receiver
(19264), a security field or password (34X96ABE59YW), ID and name, comment text (Example), processing B (
sender ID and name, address, and telephone number, messageproduction), specification versioft2), and date and time
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A |stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

A|arm or thigh site: sample number 37| 1990032408083127.84620.0001°0.040"DNC < CR>
OBX|24|CM|95900.288260003&STM | 7| “ECD*T-X9180-RGT-LC6&right distal <CR>

A arm/thigh portion median nerve**0.0001*30*ma<CR> -

OBX|25|CM|95900.288260003&WAV|7|3~15~9~6~3~0~~~~~ ~ ~ ~ ~ ~ ~ ~<CR>
Al e e e e e e e~ <CR>
Al m e e e e e e e~ —————~ <CR>

Al ~ ~86~274~486~739~951 ~ 1062 ~ 1064 ~ 1065 ~ 1067 ~ 1066 ~ <CR>

All~0~~~ v~ <CR>

OBX 26| CM|95900.288260004&TIM*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

A|arm or thigh site: sample number 4|8{19900324083130.1873°0.0001°0.040°DNC < CR>
OBX|27|CM]95900.288260004&STM | 8 | “ECD*T-X9180-RGT-LC6&right distal < CR>
Alarm/thigh portion median nerve**0.0001°40"ma< CR>

OBX 28| CM|95900.288260004&WAV |8|4~20~12~8~4~0~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ <CR>
Al ~ e e e <CR>
Al mm m e e e e e <CR>

A| ~ ~86~274~486~739~951 ~ 1062 ~ 1064 ~ 1065 ~ 1067 ~ 1066 ~ <CR>

Allm0~ mm e e e e~~~ <CR>
OBX|29]CM|95900.288260004&ANA | 2| I&MAN&CMAP*9.92&0ONLA&ms* < CR >
A|5.21&PKAM&mv < CR>

OBX|30|CM|95900&DST“Motor nerve conduction study| 1| T-X9180-RGT-LC6&right < CR>
A|distal arm/thigh portion median nerve*T-X9180-RGT-LC9&right distal forearm/leg < CR>
A|portion median nerve*30.4<CR>

OBX|31]|CM|95900&ELC |2 | 1&G1*T-13940-RGT-BEL&right belly abductor digiti minimi <CR>
A|muscle of hand*"DT&Sn&0.4 ~2&G2*T-13940-RGT-INS&right insertion abductor digiti <CR>
A|minimi muscle of hand < CR>

OBX|32|CM|95900.294090001&TIM*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor digiti minimi muscle of hand, at distal <CR>
Al|forearm or leg site: sample number 1]9]19900324083422.7105°0.0001*0.040°"DNC < CR>
OBX|33|CM|95900.294090001&STM |9 | “ECD*T-X9170-RGT-LC9&right distal <CR>

A |forearm/leg portion ulnar nerve**0.0001*10"ma< CR >
OBX|34|CM|95900.294090001&WAV|9|1~6~21~36~65~81~61~50~42~ <CR>
A|31~10~1~-11~46~-18~1~0~ ~~~ ~ ~ ~ ~ ~ v v e~~~ <CR>
Al4~15~24~35~45~53~ ~52~ ~<CR>

OBX|44|CM|95900.294090004&ANA | 3| 1&EMAN&CMAP*3.41&ONLA&ms* < CR>
FIG. X3.10 (continued)

of transmission (March 24, 1990 at 10:12:15). birth date (February 2, 1930), sek], race W), address,
X3.10.2 Patient ID (P) SegmentContains a sequence daytime and nighttime telephone numbers, primary physician
number (1), requestor-assigned and producer-assigned patigmmbvider ID (UPIN) and name, height (160 cm), weight (60
ID numbers (both 4567890, with mod 10 check digit 1), kg), known diagnoses (using ICD-9-CM codes), current medi-
alternative patient ID (Social Security Number 3-777-222),cations, dietary information, handedness (right), admission
patient name (John Doe) and mother’s maiden name (Deerejate (Feb 14, 1990), statu( = inpatient), location or ward
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date (Feb 14, 1990).
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A|10.81&PKAM&mv < CR>

OBX| 45| CM|95900.294060001&TIM“Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor digiti minimi muscle of hand, at distal <CR>

Alarm or thigh site: sample number 1]13{19900324083502.8362°0.0001°0.040"DNC < CR >

OBX 46| CM|95900.294060001&STM | 13| “ECD*T-X9170-RGT-LC6&right distal <CR>
A|arm/thigh portion ulnar nerve**0.0001*10*"ma<CR>

OBX|47|CM|95900.294060001&WAV |[13|1~5~3~2~1~0~~~~~~~ ~ ~ ~ ~<CR>

Y R it R et e <CR>

A} ~4~15~24~35~45~53~~52~ ~<CR>

OBX|60|CM|95900.294060005&ANA | 4| 1&ZMAN&CMAP*9.72&ONLA&ms* < CR >

A|10.32&PKAM&mv < CR>

OBX|61|CM|95900&DST*Motor nerve conduction study|2|T-X9170-RGT-LC6&right < CR>

A|distal arm/thigh portion ulnar nerve*T-X9170-RGT-LC9&right distal forearm/leg < CR>

A|portion ulnar nerve*32.5<CR>

OBX| 62| CE|1000.1*Temperature method | | 2*Digital probe < CR>

OBX|63|NM| 1000.5*Other temperature| | 36.2| CEL|35.5-38.|N<CR>

OBX | 64| CE| 1000.6*Other temperature source| | T-14890-RGT-N1* <CR>

A|Right number 1 interosseous dorsales muscles <CR>

OBX| 65| NM|95900.28826000010*Motor nerve conduction study, with electric <CR>

A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

Alarm or thigh site: CMAP amplitude||5.21|mv|3.8-21.4| N<CR>

OBX | 66| NM|95900.28826000019*Motor nerve conduction study, with electric <CR>

A |stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

Alarm or thigh site: CMAP conduction velocity| | 52.0|m/s| >49|N<CR>

OBX|67|NM|95900.28826000015*Motor nerve conduction study, with electric <CR>

A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

A|arm or thigh site: CMAP amplitude ratio| |97.7| % |60-100| N < CR>

OBX | 68| NM|95900.28829000013*Motor nerve conduction study, with electric <CR>

A|stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

Alforearm or leg site: CMAP latency| |4.07|ms|2.3-4.6|N<CR>

OBX 69| NM|95900.28829000018*Motor nerve conduction study, with electric <CR>

A |stimulation, recording from right abductor pollicis brevis muscle, at distal <CR>

A|forearm or leg site: CMAP ipsilateral reference nerve latency difference| | <CR>

A|0.66|ms| <1.8|N<CR>

OBX|70|NM|95900.29406000010*Motor nerve conduction study, with electric <CR>

A|stimulation, recording from right abductor digiti minimi muscle of hand, at distal <CR>

Alarm or thigh site: CMAP amplitude| |10.81|mv|6.3-16.0|[ N<CR>

OBX|71]|NM|95900.29406000019"Motor nerve conduction study, with electric <CR>

Al stimulation, recording from right abductor digiti minimi muscle of hand, at distal <CR>

Alarm or thigh site: CMAP conduction velocity| |51.5|m/s| >S51|N<CR>

OBX|72|NM|95900.29406000015"Motor nerve conduction study, with electric <CR>
FIG. X3.11 (continued)
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NEURO, indicating the 5678th order generated by the neuro-
= blood and needle precautions), language (English), confiogic clinic computer system), producer-assigned accession
dentiality statusRSY = psychiatry patient), and registration number (1234 [] EEG, indicating the 1234th order pro-
cessed by the EEG laboratory computer system), test/
X3.10.3 Order (OBR) SegmenrtContains a sequence num- observation ID (95816 routine EEG), date and time re-
ber (1), requestor-assigned accession number (5678 [] quested (March 23, 1990 at 09:52:16), date and time study
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A|stimulation, recording from right abductor digiti minimi muscle of hand, at distal <CR>
Alarm or thigh site: CMAP amplitude ratio| |95.5| % | 80-100|N< CR>
OBX |73 | NM|95900.29409000013“Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor digiti minimi muscle of hand, at distal <CR>
A|forearm or leg site: CMAP latency| |3.41|ms|2.0-3.5|N<CR>
OBX| 74| NM|95900.29409000018*Motor nerve conduction study, with electric <CR>
A|stimulation, recording from right abductor digiti minimi muscle of hand, at distal <CR>
A|forearm or leg site: CMAP ipsilateral reference nerve latency difference| | <CR>
A|-0.66|ms| <2.0|N<CR>
OBX| 75| TX|95900&GDT*Motor nerve conduction study|1| Right median nerve <CR>
A|conductions were obtained, stimulating at the wrist and elbow, and <CR>
Al|recording from the abductor pollicis brevis muscle. Right ulnar nerve <CR>
A]conductions were obtained, stimulating at the wrist and elbow, and <CR>
A|recording from the abductor digiti minimi muscle. CMAPs obtained <CR>
A|had normal amplitudes and distal latencies, and the calculated conduction < CR>
Alvelocities were within normal limits. The median-ulnar distal latency < CR>
A|difference was also within normal limits. < CR>
OBX|76|TX|95900&MDT|1| Normal right median and ulnar motor nerve conductions. < CR>
OBX|77|CE|95900&DEV | 1| “Nicolet Viking < CR>
OBX|78|ST|95900&SER|1]132546 < CR>
OBX|79|CE|95900&ANT| 1| T-X9170-RGT*Right ulnar nerve*"SNM+&TOPO~ < CR>
A|T-X9180-RGT“Right median nerve*SNM +&TOPO < CR >
OBX| 80| CE|95900&IMP|1|1*Normal“AS4&MNCD| | IN<CR>
OBR|2|5692*“NEURO|2315°“EMG |95904“Sensory nerve conduction study| < CR>
A|119900323151649]19900324084212| 19900324084754| | | G| | “36 year old male with 6 <CR>
A|month hx of tingling and pain in thumb, index, and middle finger of right hand. <CR>
A|Rule out carpal tunnél syndrome.| | |42678“Welby&Marcus&L&&Dr&MD |444-2323| ||| <CR>
A|[]19900324101120| |EN|F]| || |5692&NEURQO*2314&EMG| | | 27384 Samson&George&T < CR >
A| &&Dr&MD | 56372 Smith&Benjamin&S&&Dr&MD | “Kirk&Bonnie&P&&Ms| < CR >
A|*Quincy&Susan&R&&Ms < CR >
OBX|1|CM|95904&MTG"Sensory nerve conduction study|1]1*2<CR>
OBX|2|CM|95904&ELC| 1} 1&G1*T-X9180-RGT-LC9&right distal forearm/leg portion < CR>
A|median nerve*DT&Sn&0.4"0&PD ~ 2&G2°T-9180-RGT-LC9&right distal forearm/leg < CR>
A|portion median nerve®*-3.5&PD ~ 3&G3“T-X9180-RGT-LC6&right distal arm/thigh <CR>
A|portion median nerve”ES&Sn&0.5*0&PD ~ 4&G4*T-9180-RGT-LC6&right distal <CR>
Alarm/thigh portion median nerve**-3.5&PD < CR>
OBX|3|CM|95904&CHN|1|1°G1&G2°0.5&uv***-2048&2047* < CR>
A|BP&ANA&32&6&3200&6 ~2°G3&G4 < CR>
OBX|4|CM|95904.218500001&TIM*Sensory nerve conduction study, recording < CR>
Alorthodromically, with electric stimulation of right median nerve, palmar branch: < CR>
A|sample number 1}1]19900324084218.4837°0.0001*0.040*"DNC < CR>
OBX|5|CM|95904.218500001&STM| 1| “ECP*T-X9185-RGT&right median nerve, palmar < CR>
A|branch**0.0001°10*ma< CR>
OBX|6|CM|95904.218500001&WAV|1|1°0~65~215~81~11~-110~-14~0~ <CR>
Al ~~~~ e~~~ 2~-12~15~80~45~15~-2~-12~-8~-2~0~ <CR>

FIG. X3.12 (continued)

began (March 24, 1990 at 08:12:16), date and time study endesibction EN = electroneurophysiology), order stats € fi-
(March 24, 1990 at 08:51:42), action cod¢ (= new order), nal results), transportation mod&HLC = wheelchair),
potential hazards to laboratory personnel (dementia), clinicgbrincipal physician interpreting study, assisting interpreter or
information, ordering physician’s ID, name, and telephoneresident, technician performing study, and report transcription-
number, date and time results of study reported (March 24ist. The physicians’ names are preceded by a provider ID
1990 at 10:10:17), producer charge (214.50 dollars), producerumber (assumed here to be a UPIN number), separated from
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Al m e <CR>
A|*-1~"4~"6~"4~*1~"8~"12~"22~"31~ <CR>
A|A4O~A31~A22~A12~A8~A_1~A_4~A_6~A_4~A_1~AO~<CR>

OBX| 13| CM|95904.218500004&TIM"Sensory nerve conduction study, recording <CR>
A|orthodromically, with electric stimulation of right median nerve, palmar branch: <CR>

A|sample number 4|4|19900324084231.6571°0.0001°0.040"DNC*0*ALL**4"0<CR>

OBX| 14| CM|95904.218500004&STM | 4| BEGIN*ECP*T-X9185-RGT&right median nerve, <CR>
A |palmar branch”*0.50.0001*30*ma<CR>

OBX]15|CM|95904.218500004& WAV |4|1°0~260 ~ 860 ~ 244 ~ 44 ~ 440 ~-56 ~0 ~ <CR>
Al~~~~ e~~~ 8~-48~60~320~180~60~-8~-48~-32~-8~0~ <CR>

Al m e~ e o <CR>
A|*4~"-16~"-24~*-16~"4~"32~"48 ~“88 ~"124 ~ <CR>

A[*160~*124 ~*88 ~ 48 ~*32 ~“4 ~*-16 ~ *-24 ~ *-16 ~ *4 ~ *0 ~ <CR>

Almm e e e e~ <CR>

OBX|16|CM|95904.218500004&ANA | 1| 1&MAN&SNAP*1.80& ONLA&ms* < CR >
A|160&PKAM&uv*2.16&PKLA&mMs ~2°6.95°80 < CR >

OBX| 17| CM|95904&DST"Sensory nerve conduction study | 1| T-X9180-RGT-LC6&right <CR>
A|distal arm/thigh portion median nerve*T-X9180-RGT-LC9&right distal forearm/leg <CR>
A|portion median nerve*30.2 <CR>
OBX|18|CM|95904&ELC|2|1&G1*T-X9170-RGT-LC9&right distal forearm/leg portion <CR>
A|ulnar nerve*DT&Sn&0.4*0&PD ~ 2&G2*T-9170-RGT-LC9&right distal forearm/leg < CR>
A|portion ulnar nerve**-3.5&PD ~ 3&G3*T-X9170-RGT-LC6&right distal arm/thigh <CR>
A|portion ulnar nerve*ES&Sn&0.5*0&PD ~ 4&G4*T-9170-RGT-LC6&right distal <CR>
A|arm/thigh portion ulnar nerve**-3.5&PD <CR>
OBX|19|CM|95904.217400001&TIM"Sensory nerve conduction study, recording <CR>
A|orthodromically, with electric stimulation of right ulnar nerve, palmar branch: <CR>
A|sample number 1|5|19900324084357.37280.00010.040°"DNC < CR>
OBX|20|CM|95904.217400001&STM | 5| “ECP"T-X9174-RGT&right ulnar nerve, palmar <CR>
Albranch**0.0001°10"ma<CR>
OBX|21|CM|95904.217400001&WAV|5|1*0~65~215~81~11~-110~-14~0~ <CR>

Al ~~~~~~~~- 2~-12~15~80~45~15~-2~-12~-8~-2~0~ ~ ~<CR>

Al*1~"4~"6~"4~*1~"8~"12~"22~"31~ <CR>
Al*40~"31~"22~"12~"8~"*-1~"4~"6~"4~"-1~"0~ <CR>

OBX|31|CM|95904.217400005&TIM“Sensory nerve conduction study, recording <CR>
A|orthodromically, with electric stimulation of right ulnar nerve, palmar branch: <CR>
FIG. X3.13 (continued)

the name by a component delimitef] ). The technician two distance measurements, the inion to nasion distance (36.5
and transcriptionist names, hazards to laboratory personnadm) and the left-to-right preauricular point distance (37 cm).
and clinical information are also preceded by a component X3.10.5 MTG Category Result (OBX) Segment
delimiter to allow a similar alphanumeric code to be given Defines montage number 1, montage ndrRe21.1 (A1/2),
before the component delimiter if desired. containing 21 data channels.

X3.10.4 DST Category Result (OBX) Segmei@tontains X3.10.6 ELC Category Result (OBX) SegmetiDefines
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A |sample number 5|9|19900324084410.9362*0.0001°0.040°"DNC*0*ALL**4*0 < CR>
OBX|32|CM|95904.217400005&STM | 9| BEGIN*ECP“T-X9174-RGT&right ulnar nerve, <CR>
A|palmar branch*0.50.0001*40"ma< CR>

OBX|33|CM|95904.217400005& WAV |9]1°0 ~ 260 ~ 860 ~ 244 ~ 44 ~ 440 ~-56 ~0~ < CR>
A~~~ ~~~~ ~- 8§~-48~60~320~180~60~-8~-48~-32~-8~0~ ~ ~ <CR>

Al e e e e e e~ <CR>
A|*4~*16~*24~*-16~*4~*32 ~*48 ~ “88 ~ *124 ~< CR>

A|*160~°124 ~*88 ~“48 ~*32 ~* 4 ~*-16~*-24 ~*-16 ~“-4 ~“0~ <CR>

Al~~~ s o~ <CR>
OBX|34|CM|95904.217400004&ANA | 2| 1&KMAN&SNAP*1.60&ONLA&ms* < CR>
A|140&PKAM&uv*1.92&PKLA&ms ~246.93*70< CR >
OBX|35|CM|95904&DST*Sensory nerve conduction study | 1| T-X9170-RGT-LC6&right < CR>
A|distal arm/thigh portion ulnar nerve*T-X9170-RGT-LC9&right distal forearm/leg <CR>
Alportion ulnar nerve*32.8 <CR>
OBX|36| CE| 1000.1*Temperature method | | 2*Digital probe < CR >
OBX|37[NM| 1000.5*Other temperature| | 35.8| CEL|35.5-38.|N<CR>
OBX|38|CE| 1000.6"Other temperature source| | T-14890-RGT-N1* < CR>
A|Right number 1 interosseous dorsales muscles < CR >
OBX|39|NM|95904.21856000019*Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right median nerve, palmar branch, at distal <CR>
Alarm or thigh site: SNAP conduction velocity| | 58.6|m/s| >56| N<CR>
OBX|40| NM|95904.21856000015*Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right median nerve, palmar branch, at distal < CR>
A|arm or thigh site: SNAP amplitude ratio| |50.0{ % | 10-100| N<CR >
OBX|41|NM|95904.21859000010*Sensory nerve conduction study, recording orthodromically, < CR >
A} with electric stimulation of right median nerve, palmar branch, at distal <CR>
A|forearm or leg site: SNAP amplitude||160|uv] >50|N<CR>
OBX|42|NM|95904.21859000012*Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right median nerve, palmar branch, at distal <CR>
A|forearm or leg site: SNAP peak latency| |2.16|ms|1.5-2.2|N<CR>
OBX|43|NM|95904.21859000018"Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right median nerve, palmar branch, at distal < CR>
A|forearm or leg site: SNAP ipsilateral reference nerve latency difference| | < CR>
Al0.24|ms| <0.2|H<CR>
OBX|44|NM|95904.21746000019 Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right ulnar nerve, palmar branch, at distal <CR>
Alarm or thigh site: SNAP conduction velocity| |61.5|m/s| >55|N<CR>
OBX| 45| NM|95904.21746000015"Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right ulnar nerve, palmar branch, at distal <CR>
A|arm or thigh site: SNAP amplitude ratio| |50.0| % | 10-100|N< CR>
OBX 46| NM|95904.21749000010"Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right ulnar nerve, palmar branch, at distal <CR>

FIG. X3.14 (continued)

actual electrodes 1 to 23 and derived electrode 24 associatedtual electrode. The derived electrode, Av, is defined as the
with montage 1. The electrode location (origin of coordinateaverage of and A2.

system),T-Y0100 (center of head), and the electrode attributes X3.10.7 CHN Category Result (OBX) Segmetidefines
(disks with paste, gold, 0.6 cm) are specified only for electrodéhe 21 data channels by number and specifies that all channels
number 1, but apply to all electrodes. An electrode numbenreceive calibration signal input€AL ). The channel sensitiv-
name, and theta and phi angular coordinates are given for eadly (0.5 pV), minimum and maximum data values (2048 to
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A|forearm or leg site: SNAP amplitude| | 140|uv| > 15|N<CR>
OBX|47|NM|95904.21749000012*Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right ulnar nerve, palmar branch, at distal <CR>

A|forearm or leg site: SNAP peak latency||1.92|ms|1.5-2.2|N<CR>

OBX | 48| NM|95904.21749000018" Sensory nerve conduction study, recording orthodromically, < CR >
A| with electric stimulation of right ulnar nerve, palmar branch, at distal <CR>

A|forearm or leg site: SNAP ipsilateral reference nerve latency difference} | < CR>

A|-0.24|ms| <0.3]N<CR>

OBX|49|TX|95904&GDT"Sensory nerve conduction study|1| Right median nerve <CR>
A|conductions were obtained, stimulating at the palm, and recording from the <CR>

A|wrist and elbow. Right ulnar nerve conductions were obtained, stimulating at <CR>

A|the palm, and recording from the wrist and elbow. SNAPs obtained had normal <CR>

A amplitudes and distal latencies, and the calculated conduction velocities were < CR>

A|within normal limits. However, the median-ulnar distal latency difference was increased. < CR>
OBX|50|TX|95904&MDT|1| Abnormal right median sensory nerve conduction, <CR>
Aindicative of a mild right median neuropathy at the wrist (carpal tunnel syndrome). <CR>
OBX|51|CE|95904&DEV | 1| “Nicolet Viking < CR>

OBX|52|ST|95904&SER | 1|132546 <CR>

OBX|53|CE|95904&ANT| 1| T-X9180-RGT-LC9"Right distal forearm/leg portion median < CR>
A|nerve*SNM+&TOPO < CR >

OBX|54|CE|95904&IMP| 1|618*Mildly increased SNAP ipsilateral reference nerve <CR>

A |latency difference*AS4&SNCD|||A<CR>

OBX|55|CE|95904&IMP|2|354.0"Carpal tunnel syndrome*19C| | |A<CR>
OBR|3|5692*NEURQ|2316"EMG|95860*One extremity EMG with related paraspinals| <CR>
A119900323151649]19900324085008 | 19900324090548] | | G| | “36 year old male with 6 <CR>
A|month hx of tingling and pain in thumb, index, and middle finger of right hand. Rule <CR>
Alout carpal tunnel syndrome. | | |42678*Welby&Marcus&L&&Dr&MD |444-2323| ||| <CR>
A]]19900324101122| |EN|F| || |5692&NEURO*2314&EMG]| | | 27384*Samson&George&T < CR >
A | &&Dr&MD | 56372* Smith&Benjamin&S&&Dr&MD | “Kirk&Bonnie&P&&Ms | < CR >
A|”Quincy&Susan&R&&Ms < CR >

OBX|1]|CM|95860&MTG"One extremity EMG with related paraspinals|1}{1*1 <CR>
OBX|2|CM|95860&ELC| 1| 1&NDL*T-13882-RGT&right abductor pollicis brevis < CR>
A|muscle*NC&Pt&0.0258 1&&SS&0.05&-1 < CR >

OBX|3|CM|95860&CHN| 1| 1*NDL*1.0&uv***-2048&2047“BP&ANA&32&6&16000&6 < CR >
OBX|4|CM|95860.28820001&TIM*One extremity EMG with related paraspinals, < CR>
Alrecording from right abductor pollicis brevis muscle: sample number 1/1| <CR>
A]19900324085025.3825*0.0005*“DNC < CR>

OBX|5/CM|95860.28820001&TCM | 1|Insertional activity sample < CR>
OBX|6|CM|95860.28820001&WAV|1]39~543 ~-104 ~23 ~418 ~-35~260~ 864 ~-920~ <CR>
A|450 ~80~460~-480~ 88 ~ 670 ~202 ~-90 ~ -540 ~ 60 ~ 10 ~ -680 ~ 601 ~36 ~-204 ~ <CR>
A|605~440~-20~170~340 ~-424 ~ 40 ~-30~28 ~ 380 ~ -850 ~ 320 ~ 760 ~ 700 ~ <CR>

A|634~82~-24~108~20~-883 <CR>
FIG. X3.15 (continued)

2047), and filter settings (analog, passes 1 to 70 Hz witlregisters are employed making digitization effectively simul-
6-dB/octave rolloff) are specified only for channel 1, but applytaneous). No sampling frequencies are specified.

to all channels. A default sensitivity correction factor of 1.0, a X3.10.8 TIM Category Result (OBX) SegmerDefines the
default channel baseline value of 0, and a default time skew ddtart of the first epoch at a time 130 ms past 8:12:16 on March
0 are assumed for each channel (that is, all channels a4, 1990, as well as specifying the sampling interval (0.005 s)
sampled and digitized simultaneously, or sample-and-holéind transmitted data formaDRNC, indicating decimal data
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OBX|7|CM|95860.28820002&TIM“One extremity EMG with related paraspinals, <CR>
A|recording from right abductor pollicis brevis muscle: sample number 2|2} <CR>
A|19900324085029.4630*0.0005*“DNC < CR >

OBX|8|CM|95860.28820002&TCM | 2 | Spontaneous activity sample < CR >
OBX|9|CM|95860.28820002& WAV |2|39 ~ 543 ~-104 ~23 ~ 418 ~-35 ~ 260 ~ 864 ~-920 ~ <CR>
A|[450~80~460~-480~ 88 ~ 670 ~202 ~-90 ~-540 ~ 60 ~ 10 ~ -680 ~ 601 ~ 36 ~ 204 ~ <CR>
A|605~440~-20~ 170 ~340 ~ 424 ~ 40 ~-30~28 ~ 380 ~-850~320~ 760 ~ 700 ~ <CR>

A|634~82~-24~108~20~-883<CR>

OBX|10|CM|95860.28820003&TIM"*One extremity EMG with related paraspinals, < CR>
A|recording from right abductor pollicis brevis muscle: sample number 3|3| <CR>
A|19900324085036.4835*0.0005*“DNC < CR>

OBX|11|CM|95860.28820003&TCM | 3| Voluntary activity sample <CR>
OBX|12|CM|95860.28820003&WAV |3{39 ~ 543 ~-104 ~23 ~ 418 ~ -35 ~260 ~ 864 ~-920 ~ <CR>
A|450~ 80 ~460~ 480~ 88 ~670~202 ~-90 ~-540 ~ 60 ~ 10 ~ 680 ~ 601 ~36 ~-204 ~ <CR>
A|605~440~-20~170~340~-424~-40~-30~28~380~-850~320~760~700~ <CR>

A|634~82 ~-24 ~ 108 ~20 ~-883 <CR >

OBX| 13| CM|95860.28820003&ANA | 1| 1&MAN&MUP*10.4&TODR&ms* < CR>
A|0.4&PKDR&ms*0.38&PKAM&mv*7&FRQ&hz*3&NPHASE*15&NTURN < CR>

OBX | 14|CM|95860.28820003&WAV | 4|39 ~ 543 ~ -104 ~ 23 ~ 418 ~ -35 ~ 260 ~ 864 ~ -920 ~ <CR>
A 450 ~ 80 ~ 460 ~ 480 ~ 88 ~ 670 ~ 202 ~ -90 ~ -540 ~ 60 ~ 10 ~ 680 ~ 601 ~ 36 ~ 204 ~ < CR>

A| 605 ~ 440 ~ 20 ~ 170 ~ 340 ~ -424 ~ -40 ~ -30 ~ 28 ~ 380 ~ -850 ~ 320 ~ 760 ~ 700 ~ < CR >

A|634~82~-24~108 ~20~-883 <CR>

OBX|15|CM|95860.28820003&ANA | 2| 1& MAN&MUP*10.8&TODR&ms* < CR >
A|0.4&PKDR&ms*0.42&PKAM&mv*8&FRQ&hz*3&NPHASE*17&NTURN < CR>
OBX|16|CM|95860.28820003&WAV |5]|39 ~ 543 ~-104 ~23 ~418 ~ -35~260 ~ 864 ~ -920~ <CR>
A|450 ~ 80 ~ 460 ~-480 ~ 88 ~ 670 ~ 202 ~ -90 ~ -540 ~ 60 ~ 10 ~ -680 ~ 601 ~ 36 ~ -204 ~ <CR>
A|605 ~ 440 ~-20~ 170 ~ 340 ~ 424 ~ 40 ~ -30 ~ 28 ~ 380 ~ -850 ~ 320 ~ 760 ~ 700 ~ <CR >

OBX|24|CM|95860&ELC"One extremity EMG with related paraspinals|2|1&NDL*<CR>
A|T-13981-RGT-N1&right number 1 dorsal interosseous muscles of hand* < CR>
A|NC&Pt&0.025&1&&SS&0.05&-1 < CR >
OBX|25|CM|95860.29810001&TIM*One extremity EMG with related paraspinals, < CR>
Alrecording from right dorsal interosseous muscles of hand: <CR>
A|sample number 1|6|19900324085119.3820%0.0005**DNC < CR>

FIG. X3.16 (continued)

with no channel numbers). The test/observation ID in field 4 ofHz, with 1-s duration of each phas@N or OFF), and 50-uV

this and subsequent result segments is 95816.9100 rather thamplitude.

the generic 95816, to indicate square wave calibration data. X3.10.10 WAV Category Result (OBX) Segmei@ontains
X3.10.9 STM Category Result (OBX) Segmeiefines the the digital waveform data for the 21 channels at each time point

beginning of a square-wave calibration signal repeating at 0.8uring the firstON calibration pulse. The data values for each
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OBX |26|CM |95860.29810001&TCM | 6| Insertional activity sample < CR>
OBX |27|CM |95860.29810001&WAV | 13|39 ~ 543 ~-104 <23 ~ 418 ~ 35 ~ 260 ~ 864 ~ 920 ~ <CR>
A|450 ~ 80 ~ 460 ~ 480 ~ 88 ~ 670 ~ 202 ~ -90 ~ -540 ~ 60 ~ 10 ~ -680 ~ 601 ~ 36 ~ -204 ~ <CR>

A| 605 ~ 440 ~ -20 ~ 170 ~ 340 ~ 424 ~ -40 ~ -30 ~ 28 ~ 380 ~ -850 ~ 320 ~ 760 ~ 700 ~ <CR>

OBX|66|CE|95860.28820000101"One extremity EMG with related paraspinals, <CR>

A|recording from right abductor pollicis brevis muscle: insertional activity <CR>

A|abundance| | 6*mildly increased < CR>

OBX|67}CE|95860.28820000211"One extremity EMG with related paraspinals, <CR>

A|recording from right abductor pollicis brevis muscle: fibrillation potentials <CR>

A|abundance| | 3*very rare <CR>

OBX 68| CE|95860.28820000231*One extremity EMG with related paraspinals, <CR>

A|recording from right abductor pollicis brevis muscle: fasciculation potentials <CR>

A|abundance| | 0*absent < CR >

OBX| 69| CE|95860.28820000021*One extremity EMG with related paraspinals, <CR>

A|recording from right abductor pollicis brevis muscle: motor unit potentials <CR>

A|activation| |4*normal < CR>

OBX| 70| CE|95860.28820000022“One extremity EMG with related paraspinals, <CR>

A|recording from right abductor pollicis brevis muscle: motor unit potentials <CR>

A |amplitude| | 6*mildly increased < CR>

OBX| 71| CE|95860.28820000025*One extremity EMG with related paraspinals, <CR>

Alrecording from right abductor pollicis brevis muscle: motor unit potentials < CR>

Alduration| |4*normal <CR>

OBX| 72| CE|95860.28820000026"0One extremity EMG with related paraspinals, <CR>

A]recording from right abductor pollicis brevis muscle: motor unit potentials <CR>

A|complexity| | 6*mildly increased < CR>

OBX|73|CE|95860.28820000027*One extremity EMG with related paraspinals, <CR>

A|recording from right abductor pollicis brevis muscle: motor unit potentials <CR>

A|variability | | 4*normal <CR >

OBX|74| CE|95860.28820000024"One extremity EMG with related paraspinals, <CR>

A|recording from right abductor pollicis brevis muscle: motor unit potentials <CR>

A|recruitment| |4*normal < CR>

OBX|75|CE|95860.29810000101"One extremity EMG with related paraspinals, <CR>

A|recording from right dorsal interosseous muscles of hand: insertional activity <CR>

A|abundance| |4“normal < CR>

OBX|76|CE|95860.29810000211"One extremity EMG with related paraspinals, <CR>

A|recording from right dorsal interosseous muscles of hand: fibrillation potentials <CR>

A|abundance| |0*absent < CR>

OBX| 77| CE|95860.29810000231"One extremity EMG with related paraspinals, <CR>

A|recording from right dorsal interosseous muscles of hand: fasciculation potentials <CR>

A]abundance| |0*absent < CR>

OBX 78| CE|95860.29810000021"One extremity EMG with related paraspinals, <CR>

Alrecording from right dorsal interosseous muscles of hand: motor unit potentials <CR>
FIG. X3.17 (continued)

of the 21 channels are transmitted first at the first time pointthe calibration signal. Data for successive time points occurs
these data (reflecting the baseline values for each channel) dext.

not change for multiple successive time points, so that they X3.10.11 ANA Category Result (OBX) Segmefihdicates
need not be retransmitted (hence, there is a string of multipla calibration routine QAL) detected anON signal in all
repeat delimiters without intervening data). The subsequerthannels. The calibration signal waveform for each channel
data values reflect the beginning of the first ON transition ofwas fit to an exponential decay curve, and the values of peak
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A activation| |4*normal < CR >
OBX|79|CE|95860.29810000022*One extremity EMG with related paraspinals, < CR>
Alrecording from right dorsal interosseous muscles of hand: motor unit potentials <CR>
A|amplitude| [4“normal <CR >
OBX| 80| CE|95860.29810000025*One extremity EMG with related paraspinals, <CR>
A]recording from right dorsal interosseous muscles of hand: motor unit potentials < CR>
A|duration| |4*normal < CR>
OBX| 81| CE|95860.29810000026"One extremity EMG with related paraspinals, <CR>
Alrecording from right dorsal interosseous muscles of hand: motor unit potentials <CR>
A|complexity| | 4“normal < CR >
OBX| 82| CE|95860.29810000027"One extremity EMG with related paraspinals, <CR>
A|recording from right dorsal interosseous muscles of hand: motor unit potentials <CR>
Alvariability| | 4*normal <CR >
OBX| 83| CE|95860.29810000024"One extremity EMG with related paraspinals, <CR>
A|recording from right dorsal interosseous muscles of hand: motor unit potentials <CR>
A|recruitment| |4*normal <CR >
OBX | 84| CE|95860.27500000101*One extremity EMG with related paraspinals, <CR>
Al|recording from right flexor carpi radialis muscle: insertional activity <CR>
Aabundance| |4*normal < CR>
OBX | 85| CE|95860.27500000211*One extremity EMG with related paraspinals, <CR>
Alrecording from right flexor carpi radialis muscle: fibrillation potentials < CR>
A|abundance| |0*absent <CR >
OBX| 86| CE|95860.27500000231"One extremity EMG with related paraspinals, <CR>
Alrecording from right flexor carpi radialis muscle: fasciculation potentials < CR>
A|abundance| |0*absent < CR >
OBX| 87| CE|95860.27500000021One extremity EMG with related paraspinals, <CR>
Alrecording from right flexor carpi radialis muscle: motor unit potentials <CR>
Alactivation| |4*normal < CR >
OBX| 88| CE|95860.27500000022“One extremity EMG with related paraspinals, <CR>
A|recording from right flexor carpi radialis muscle: motor unit potentials <CR>
A|amplitude| |4*normal < CR>
OBX | 89| CE|95860.27500000025"One extremity EMG with related paraspinals, < CR>
Alrecording from right flexor carpi radialis muscle: motor unit potentials <CR>
Alduration| |4*normal < CR>
OBX90| CE|95860.27500000026"One extremity EMG with related paraspinals, < CR>
Alrecording from right flexor carpi radialis muscle: motor unit potentials <CR>
A|complexity| |4*normal < CR>
OBX|91|CE|95860.27500000027*One extremity EMG with related paraspinals, <CR>
A|recording from right flexor carpi radialis muscle: motor unit potentials <CR>
A|variability | | 4*normal < CR>
OBX92|CE|95860.27500000024"One extremity EMG with related paraspinals, <CR>
A|recording from right flexor carpi radialis muscle: motor unit potentials <CR>
A|recruitment| | 4*normal < CR >
OBX|93|CE|95860.23000000101"One extremity EMG with related paraspinals, <CR>
Alrecording from right muscle of neck: insertional activity <CR>

FIG. X3.18 (continued)

pulse amplitude FKAM) in microvolts, channel baseline calibration signal amplitude and 1-Hz low-frequency filter
(BASE), and the low-frequency filter cut-oftLF ) in hertz are  setting.

given. The analysis algorithm and type code and the units and X3.10.12 WAV Category Result (OBX) Segmei@ontains
names associated with the three parameters are specified othe digital waveform data for the 21 channels at each time point
for channel 1, but apply to all channels. The calculatedduring the firstOFF calibration pulse. The data values (again
amplitudes and frequencies are near the expected 50-pMéflecting the channel baseline values) for each of the 21
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A|abundance| |4*normal < CR >
OBX 94| CE|95860.23000000211"One extremity EMG with related paraspinals, <CR>
Al|recording from right muscle of neck: fibrillation potentials < CR>
Alabundance| |0*absent < CR>
OBX 95| CE|95860.23000000231*One extremity EMG with related paraspinals, < CR>
‘Alrecording from right muscle of neck: fasciculation potentials < CR>
Al abundance| |0*absent <CR >
OBX 96| CE|95860.08820000101*One extremity EMG with related paraspinals, < CR>
A|recording from left abductor pollicis brevis muscle: insertional activity <CR>
Alabundance| |4*normal < CR>
OBX|97| CE|95860.08820000211"One extremity EMG with related paraspinals, < CR>
A|recording from left abductor pollicis brevis muscle: fibrillation potentials < CR>
A]abundance| |0*absent <CR >
OBX 98| CE|95860.08820000231*One extremity EMG with related paraspinals, <CR>
A|recording from left abductor pollicis brevis muscle: fasciculation potentials < CR>
A|abundance| | 0*absent < CR >
OBX 99| CE|95860.08820000021“One extremity EMG with related paraspinals, <CR>
A|recording from left abductor pollicis brevis muscle: motor unit potentials < CR>
A activation| | 4*normal < CR >
OBX|100| CE|95860.08820000022One extremity EMG with related paraspinals, <CR>
A|recording from left abductor pollicis brevis muscle: motor unit potentials <CR>
A|amplitude| |4*normal <CR>
OBX| 101 | CE|95860.08820000025*One extremity EMG with related paraspinals, <CR>
Alrecording from left abductor pollicis brevis muscle: motor unit potentials <CR>
Alduration| |4*normal < CR>
OBX| 102 | CE|95860.08820000026"One extremity EMG with related paraspinals, <CR>
A|recording from left abductor pollicis brevis muscle: motor unit potentials <CR>
A|complexity| | 4*normal < CR>
OBX|103| CE|95860.08820000027"One extremity EMG with related paraspinals, <CR>
A|recording from left abductor pollicis brevis muscle: motor unit potentials <CR>
Al|variability | | 4*normal <CR>
OBX | 104 | CE|95860.08820000024"One extremity EMG with related paraspinals, <CR>
Al|recording from left abductor pollicis brevis muscle: motor unit potentials < CR >
Al|recruitment| | 4*normal < CR>
OBX|105|TX|95860&GDT"One extremity EMG with related paraspinals|1| EMG <CR>
A|examination of the right abductor pollicis brevis muscle demonstrated mildly < CR>
A]increased insertional activity and very rare fibrillation potentials, and < CR>
A |motor unit potentials had mildly increased amplitude and were somewhat polyphasic. <CR>
A|EMG examination of the right first dorsal interosseous, flexor carpi radialis, < CR>
A|and paraspinal neck muscles, and EMG examination of the left abductor pollicis < CR>
A|brevis muscle, were normal. <CR >
OBX|106|TX|95860&MDT|1| Abnormal EMG of right thenar muscle, indicative of <CR>
A|mild chronic denervation. There is no evidence of a right cervical radiculopathy, <CR>
Aland the changes seen would be consistent with a right median neuropathy at the wrist <CR>
A|(carpal tunnel syndrome). <CR>

FIG. X3.19 (continued)

channels are transmitted first at the first time point, and do na calibration routine QAL ) detected anOFF signal in all
change for multiple successive time points. The subsequerhannels. The calibration signal waveform for each channel
data values reflect the beginning of the first OFF transition ofvas fit to an exponential decay curve, and the values of peak
the calibration signal. Data for successive time points occurpulse amplitude FRKAM) in microvolts, channel baseline
next. (BASE), and the low-frequency filter cut-oft.LF ) in hertz are
X3.10.13 ANA Category Result (OBX) Segmesihdicates given. Subsequent WAV and ANA segments occur at this point
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OBX|107| CE|95860&DEV | 1| “Nicolét Viking < CR >

OBX | 108|ST|95860&SER | 1] 132546 < CR>

OBX|109|CE|95860&ANT| 1| T-X9180-RGT-LC9“Right distal forearm/leg portion <CR>
A|median nerve*SNM + &TOPO < CR>

OBX|110|CE|95860&IMP| 1}6110*Mildly increased abundance insertional activity” <CR>
A|AS4&EMGD| | |A<CR>

OBX|111|CE|95860&IMP|2|3121*Very rare fibrillation potentials*AS4&EMGD| | |A<CR>
OBX|112|CE|95860&IMP|3|626602*Mildly increased amplitude mildly increased <CR>
A|complexity motor unit potentials*"AS4&EMGD| | |A<CR>

OBX|113|CE|95860&IMP | 4|354.0*Carpal tunnel syndrome*I9C| || A<CR>
P|3]4321098&8&M10]4321098&8&M10| | Harvey*Jane*J**Mrs| | 19600123 |F|W| < CR>
A|214 First Street*Apt. 315*Hometown*IN*66667 | | 445-3333Cday ~ 445-4444Cevening| <CR >
A]53927*Jones&Thomas&L&&Dr&MD| | | 142*cm|55kg| | | | | Right| | OP|Neuro| | | <CR>
A|M||]]19900323 <CR>

OBR|1|5683*NEURO| 1235*EEG|92280"Visual evoked potential study| <CR>
A||19900323132546 | 19900324093532| 19900324093858| | | N| | “30year old female with 2 <CR>
A|week hx of blurred vision in right eye. Rule out multiple sclerosis. | | | <CR>
A|53927*Jones&Thomas&L&&Dr&MD |444-3666 | | | |19900324101203| |[EN|F|]||]]|| <CR>
A|97235*Berger&Hans&&&Dr | 27593 “Jones&Mary&S&&Dr&MD | < CR>

A ] *Quinlan&Daniel&S&&Mr | “Quincy&Susan&R&&Ms < CR >
OBX|1|CM|92280.0&DST"Visual evoked potential study|1|T-10147& <CR>

A|external occipital protuberance (inion)*T-12171&frontonasal suture (nasion)*36 ~ <CR>
A|T-Y0171-LFT&left preauricular area*T-Y0171-RGT&right preauricular area®36.5 <CR>
OBX|2|CM|92280.0&MTG|1|1&Std VEP montage”4 <CR>
OBX|3|CM|92280.0&ELC|1|1&Cz*T-Y0100&head"DC&Sn&0.4"0&TH"0&PH ~ <CR>
A|2&0z***90&TH*270&PH ~ 3&I1z***112.5& TH*270&PH ~ 4&A1°**120&TH" <CR >
A|180&PH < CR>

OBX|4|CM|92280.0&CHN| 1| 1°Cz&A10.05&uv"**-2048&2047* <CR >
A|BP&ANA&1&6&100&6 ~20z&A1 ~3*1z&A1 ~4"0z&Cz < CR >
OBX|5|CE|92280.0&MED| 1| “Diazepam 5 mg PO<CR>
OBX|6|CM|92280.01110001&TIM*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 1|1] <CR>
A]19900324093532.7105"0.0005*0.250"DNC"0*ALL**100"0< CR >
OBX|7|TX]|92280.01110001&TCM | 1|Left eye, std check size< CR>
OBX|8|CM|92280.01110001&STM| 1| BEGIN“PRV“T-XX000-LFT&left eye”1.0570.47619" < CR >
A]170%cd/m2*WHT*0.33*CHK"0.5*15<CR >

OBX|9|CM|92280.01110001&WAV | 1]39*543*-104*23 ~ 418"-35"260"864 ~-92°5* <CR>
A|80*460 ~ -1480*88°670*202 ~ -90*-54060"10 ~ -680°601°36"-204 ~ 605" < CR>
A|440%-20"170 ~ 340" 424"-40"-30 ~ 28*380"-850"320 ~ 760"900"-60"68 ~ <CR>
A|78%630*-1280*120 ~ 90"-7°984"382 ~ -96"-1445°864"118 ~ -642°94"27" <CR >

A |89 ~178*-683*58*-173 ~-53"664"510"-78 ~ 155*1780°90"-343 ~ 999°52* < CR>

A|634°82 ~1320*-12°134"-1331 < CR>
FIG. X3.20 (continued)

as a result of subsequent calibration pulses. second electrode inputs (all use Fp1l as the first input and O2 as
X3.10.14 STM Category Result (OBX) Segmeiefines the second input). The channel sensitivity (0.5 uV), minimum
the end of the calibration signal repeating at 0.5 Hz, with 1-sand maximum data values (-2048 to 2047), and filter settings
duration of each phase, and 50-uV amplitude. (analog, passes 1 to 70 Hz with 6-dB/octave rolloff) are
X3.10.15 CHN Category Result (OBX) Segmeridefines  specified only for channel 1, but apply to all channels. The
the 21 data channels for biocalibration by number and first andensitivity correction factors and channel baseline values
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OBX|10|CM|92280.01110001&ANA | 1| 2&MAN&N75*84&PKLA&ms*3.8&PKAM&uv ~ < CR >
Al4782°5.2<CR>

OBX|11]CM]|92280.01110001&ANA |2|2&MAN&P100*108&PKLA&ms* < CR >
A|4.0&PKAM&uv ~4*108"5.66 <CR>

OBX|12{CM|92280.01110001&ANA |3|2&MAN&N145*137&PKLA&ms* <CR >
A|2.6&PKAM&uv ~4*137°3.12<CR>

OBX|13|CM|92280.01120001&TIM"Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 1{2| <CR>
A|19900324093624.1250*0.0005°0.250“DNC”0"ALL**100"1 <CR >
OBX|14]TX]92280.01120001&TCM|2|Right eye, std check size< CR>
OBX|15|CM|92280.01120001&STM |2 | BEGIN“PRV*T-XX000-RGT&right eye*1.05* <CR >
A|0.47619*170*cd/m2*WHT*0.33*CHK*0.5*15<CR >

OBX|16|CM|92280.01120001& WAV |2]39*5434-10"23 ~ 418*-35"260"864 ~ -92*4* < CR >

A| 807460 ~-1480"88°670*202 ~ -90*-540*60"*10 ~ -680"601*36"-204 ~ 605* <CR >
A|440*-20"170 ~ 340*-424*-40"-30 ~ 28*380*-850"320 ~ 760°900"-60"68 ~ <CR>
A|78%630*-1280"120 ~ 90*-7"984"382 ~ -96"-1445"864"118 ~ -642"94*27* < CR >
A|89~178*-683"58*-173 ~-53°664"510*-78 ~ 155*1780°90"-343 ~999°52* < CR>

A|634782 ~1320*-12*134*-1331 <CR >

OBX|17{CM|92280.01120001&ANA | 4|2&MAN&N75*77.5&PKLA&ms* < CR >
A|3.2&PKAM&uv ~4*76"4.2<CR>

OBX|18|CM|92280.01120001&ANA |5|2&MAN&P100"101&PKLA&ms* <CR >
A|2.5&PKAM&uv ~4*103*4.58 <CR >

OBX|19|CM|92280.01120001&ANA | 6|2&MAN&N145°126&PKLA&ms” < CR>
A|3.1&PKAM&uv ~4*131°4.93 <CR>

OBX|20|CM|92280.01110002&TIM"Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 2|3| <CR>
A|19900324093715.2405*0.0005*0.250*DNC*0*ALL**100"0 < CR >
OBX|21]TX]|92280.01110002&TCM |3 |Left eye, large check size< CR>
OBX|22|CM|92280.01110002&STM |3 | BEGIN*PRV*T-XX000-LFT&left eye*1.05* <CR >
A]0.47619°170*cd/m2*WHT*0.33*CHK*1.0*15<CR >
OBX|23|CM|92280.01110002&WAV |3|39°543"-104"23 ~ 418*-35°260"864 ~-92* <CR >
A|450%80"460 ~-1480"88°670202 ~ -90"-54060"10 ~ -680*60136*-204 ~ <CR>
A|605°440*-20*170 ~ 340*-424"-40*-30 ~ 28*380"*-850*320 ~ 760"900" < CR >

A|-60"68 ~78630*-1280"120 ~ 90*-7984*382 ~ -96*-1445°864"118 ~ <CR>
A|-642°94"27°89 ~ 178*-683*58*-173 ~ -53°664"510*-78 ~ 155°1780790" < CR >

A|634°82 ~1320"-12*134*-1331 <CR>
OBX|24|CM|92280.01110002&ANA | 7| 2&MAN&N75*82&PKLA&ms*4.2&PKAM&uv ~ <CR>
A|4780"5.9<CR>
OBX|25|CM|92280.01110002&ANA | 8|2&MAN&P100”106&PKLA&ms* < CR >
FIG. X3.21 (continued)

derived from the average of the analyses of square-wave X3.10.16 TIM Category Result (OBX) SegmerDefines
calibration data are given for each channel individually. Timethe start of the second epoch at a time 815 ms past 8:12:26 on
skews for all channels are assumed to be zero. No samplingarch 24, 1990, as well as specifying the sampling interval
frequencies are specified. The test/observation ID in field 4 0f0.005 s) and transmitted data formaDNC). The test/

this segment is 95816 rather than 95816.9301, since a channgservation ID in field 4 of this and subsequent result segments
change applies to all subsequent portions of the recording.
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A|5.2&PKAMé&uv ~4°106"6.23 < CR>

OBX|26|CM|92280.01110002&ANA | 9| 2&MAN&N145~134&PKLA&ms* < CR >
A|3.4&PKAM&uv ~4*135*3.93<CR>

OBX|27|CM|92280.01120002&TIM*Visual evoked potential study, full field checkerboard <CR>
Alpattern reversal stimuli to right eye: sample number 2|4| <CR>
A{19900324093802.5805*0.0005°0.250"DNC*0*ALL*“*100"1 <CR >
OBX|28|TX|92280.01120002&TCM | 4| Right eye, large check size < CR>
OBX|29|CM|92280.01120002&STM | 4| BEGIN*PRV“T-XX000-RGT&right eye*1.05* < CR>
A]0.47619*170%cd/m2*WHT*0.33*CHK"*1.0"15< CR >

OBX|30|{CM|92280.01120002& WAV |4|39*543*-10"23 ~ 418*-35*260"864 ~ -92“0* < CR>
A|80%460 ~-1480"88"670"202 ~ -90*-540"60"10 ~ -680°601°36*-204 ~ 605* < CR>
A|440%-20"170 ~ 340*-424"-40*-30 ~ 28*380"-850*320 ~ 760"900*-60"68 ~ <CR>
A|787630%-1280"120 ~ 90*-77984°382 ~ -96"-1445°864"118 ~ 6429427 < CR>

A|89 ~178%-68358*-173 ~ -537664"510"-78 ~ 155*1780"90"-343 ~ 999*52* <CR >

A|634782 ~1320"-12*134*-1331<CR>
OBX|31|CM|92280.01120002&ANA | 10| 2&MAN&N75*75&PKLA&ms* < CR >
A|4.1&PKAM&uv ~4*73.5°4.9<CR>
OBX|32|CM|92280.01120002&ANA | 11 |2&MAN&P100*99&PKLA&ms* < CR >
A|3.5&PKAM&uv ~4*101*5.21 <CR>
OBX|33|CM|92280.01120002&ANA | 12| 2&MAN&N145*124&PKLA&ms* < CR >
A|4&PKAM&uv ~4*123*5,78 <CR>
OBX|34|NM|92280.0111000110*Visual evoked potential study, full field checkerboard < CR>
A |pattern reversal stimuli to left eye: sample number 1 stimulus rate| | 1.05|hz|1.05-1.05{N<CR>
OBX|35|NM|92280.0112000110*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 1 stimulus rate| |1.05{hz|1.05-1.05|N<CR>
OBX|36|NM|92280.0111000170*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 1 visual pattern element size| | <CR>
A]0.5|deg|0.5-0.5|N<CR>
OBX|37|NM|92280.0112000170*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 1 visual pattern element size| | <CR>
A|0.5|deg|0.5-0.5|N<CR>
OBX|38|NM|92280.0111000180*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 1 visual field size||15|deg|15-15|N<CR>
OBX|39|NM|92280.0112000180"Visual evoked potential study, full field checkerboard < CR>
A|pattern reversal stimuli to right eye: sample number 1 visual field size| | 15|deg|15-15|N<CR>
OBX|40|NM|92280.0111000121*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 1 N75 peak latency| | <CR>
A|84.0|ms|55-96|N| |A*S<CR>
OBX|41|NM|92280.0112000121*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 1 N75 peak latency| | <CR>
A|77.5/ms|55-96|N||A*S<CR>
OBX|42|CE|92280.0111000123*Visual evoked potential study, full field checkerboard <CR>

FIG. X3.22 (continued)

is 95816.9301 to indicate biocalibration data while awake withduring the biocalibration.

eyes closed. X3.10.19 CHN Category Result (OBX) Segmeridefines
X3.10.17 TCM Category Result (OBX) SegmentSontain  the 21 data channels for routine recording by number and first

the technical commentsegin biocal, awakeandeyes closed and second electrode inputs (all use Av as the second input).
X3.10.18 WAV Category Result (OBX) Segmeitontains  The channel sensitivity (0.5 pV), minimum and maximum data

the digital waveform data for the 21 channels at each time pointalues (-2048 to 2047), and filter settings (analog, passes 1 to
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A|pattern reversal stimuli to left eye: sample number 1 N75 peak morphology| | <CR>

A|1*Normal*AS4&MRPH| | [N<CR>

OBX|43|CE|92280.0112000123"Visual evoked potential study, full field checkerboard <CR>

A |pattern reversal stimuli to right eye: sample number 1 N75 peak morphology| | <CR>

A|1"Normal*AS4&MRPH| | [IN<CR>

OBX|44|NM|92280.0111000131*Visual evoked potential study, full field checkerboard <CR>

A |pattern reversal stimuli to left eye: sample number 1 P100 peak latency| | <CR>

A|108.0|{ms|78-120|N| |A*"S<CR>

OBX|45|NM|92280.0112000131*Visual evoked potential study, full field checkerboard <CR>

A|pattern reversal stimuli to right eye: sample number 1 P100 peak latency| | <CR>

A|101.0|ms|78-120|N||A*S<CR>

OBX|46|NM|92280.0111000134*Visual evoked potential study, full field checkerboard <CR>

A|pattern reversal stimuli to left eye: sample number 1 P100 peak ipsilateral to <CR>

A|contralateral latency difference|}7.0|ms| <10|N|]A*S<CR>

OBX|47|CE|92280.0111000133"Visual evoked potential study, full field checkerboard < CR>

A|pattern reversal stimuli to left eye: sample number 1 P100 peak morphology| | < CR>

A|1*Normal*AS4&MRPH| | IN<CR>

OBX 48| CE|92280.0112000133"Visual evoked potential study, full field checkerboard <CR>

A|pattern reversal stimuli to right eye: sample number 1 P100 peak morphology| | <CR>

A|1*Normal*AS4&MRPH| | IN<CR>

OBX|49|NM|92280.0111000141*Visual evoked potential study, full field checkerboard <CR>

A|pattern reversal stimuli to left eye: sample number 1 N145 peak latency| | <CR>

Al137.0|ms|124-170|N| |A"S<CR>

OBX|50|NM|92280.0112000141*Visual evoked potential study, full field checkerboard <CR>

A|pattern reversal stimuli to right eye: sample number 1 N145 peak latency| | <CR>

A]126.0|/ms|124-170|N| | A*S<CR>

OBX|51|CE|92280.0111000143*Visual evoked potential study, full field checkerboard <CR>

A|pattern reversal stimuli to left eye: sample number 1 N145 peak morphology|| <CR>

A} 1*Normal*AS4&MRPH | | IN<CR>

OBX|52|CE|92280.0112000143*Visual evoked potential study, full field checkerboard < CR>

A|pattern reversal stimuli to right eye: sample number 1 N145 peak morphology|| <CR>

A|1*Normal*AS4&MRPH| | IN<CR>

OBX|53|NM|92280.0111000210*Visual evoked potential study, full field checkerboard <CR>

A |pattern reversal stimuli to left eye: sample number 2 stimulus rate| | 1.05|hz|1.05-1.05|N<CR>

OBX|54|NM|92280.0112000210"Visual evoked potential study, full field checkerboard < CR>

A |pattern reversal stimuli to right eye: sample number 2 stimulus rate|}1.05/hz|1.05-1.05|N<CR>

OBX|55|NM|92280.0111000270"Visual evoked potential study, full field checkerboard < CR>

A|pattern reversal stimuli to left eye: sample number 2 visual pattern element size| | <CR>

A|1.0|deg|0.5-0.5|H<CR>

OBX|56|NM|92280.0112000270"Visual evoked potential study, full field checkerboard < CR>

A pattern reversal stimuli to right eye: sample number 2 visual pattern element size| | <CR>

A|1.0|deg|0.5-0.5|H<CR>

OBX|57|NM|92280.0111000280"Visual evoked potential study, full field checkerboard <CR>

A |pattern reversal stimuli to left eye: sample number 2 visual field size| | 15|deg|15-15|N<CR>

OBX|58| NM|92280.0112000280*Visual evoked potential study, full field checkerboard < CR>
FIG. X3.23 (continued)

70 Hz with 6-dB/octave rolloff) are specified only for channel the start of the third epoch at a time 525 ms past 8:12:37 on

1, but apply to all channels. The sensitivity correction factordMarch 24, 1990, as well as specifying the sampling interval

and channel baseline values are given for each channé0.005 s) and transmitted data formdDNC). The test/

individually; time skews are assumed to be zero. No samplingbservation ID in field 4 of this and subsequent result segments

frequencies are specified. is 95816.0101 to indicate standard conditions while awake
X3.10.20 TIM Category Result (OBX) SegmerbDefines  with eyes closed.
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A|pattern reversal stimuli to right eye: sample number 2 visual field size| | 15|deg| 15-15 INKCR>
OBX |59|NM|92280.0111000221*Visual evoked potential study, full field checkerboard < CR>
A|pattern reversal stimuli to left eye: sample number 2 N75 peak latency| | <CR>
A|82.0|ms|53-94|N||A“S<CR>
OBX|60|NM92280.0112000221*Visual evoked potential study, full field checkerboard <CR>
A | pattern reversal stimuli to right eye: sample number 2 N75 peak latency| | <CR>
A}75.0|ms|53-94|N| |A*S<CR>
OBX|61|CE|92280.0111000223"Visual evoked potential study, full field checkerboard <CR>
A |pattern reversal stimuli to left eye: sample number 2 N75 peak morphology| | <CR>
A|1*Normal*AS4&MRPH| | IN<CR>
OBX|62|CE|92280.0112000223"Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 2 N75 peak morphology| | <CR>
A|1*Normal*AS4&MRPH| | IN<CR>
OBX|63|NM|92280.0111000231*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 2 P100 peak latency| | <CR>
A|106.0{ms|76-119|N| |A*S<CR>
OBX | 64| NM|92280.0112000231*Visual evoked potential study, full field checkerboard < CR>
A|pattern reversal stimuli to right eye: sample number 2 P100 peak latency| | <CR>
A|99.0|ms|76-119|N| |A"S<CR>
OBX|65|NM|92280.0111000234*Visual evoked potential study, full field checkerboard <CR>
A |pattern reversal stimuli to left eye: sample number 2 P100 peak ipsilateral to <CR>
A|contralateral latency difference||7.0|ms| <10|N||A*S<CR>
OBX | 66| CE|92280.0111000233*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 2 P100 peak morphology| | <CR>
A|1*Normal*AS4&MRPH| | [IN<CR>
OBX|67| CE|92280.0112000233*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 2 P100 peak morphology|| <CR>
A|1*Normal*AS4&MRPH| | IN<CR>
OBX | 68| NM|92280.0111000241*Visual evoked potential study, full field checkerboard <CR>
A pattern reversal stimuli to left eye: sample number 2 N145 peak latency| | <CR>
A|134.0|ms|122-167{N| |A"S<CR>
OBX |69 |NM|92280.0112000241*Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 2 N145 peak latency| | <CR>
A|124.0|/ms|122-167|N| |A*S<CR>
OBX| 70| CE|92280.0111000243Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to left eye: sample number 2 N145 peak morphology| | <CR>
A|1“Normal*AS4&MRPH| | IN<CR>
OBX|71|CE|92280.0112000243"Visual evoked potential study, full field checkerboard <CR>
A|pattern reversal stimuli to right eye: sample number 2 N145 peak morphology| | <CR>
A|1*Normal*AS4&MRPH| | IN<CR>
OBX|72|TX|92280.0&GDT"Visual evoked potential study|1| The subject’s visual acuity <CR>
A|was 20/20 OD and 20/20 OS with corrective lenses. Pupils were symmetric, visual <CR>
A|fields intact by confrontation testing, and subject was able to fixate well. ~ ~ <CR>
A| Pattern reversal visual evoked potentials were obtained using a stimulus <CR>
A|rate of 2.1 Hz and a total field size of 15 degrees using both standard 30’ check <CR>

FIG. X3.24 (continued)

X3.10.21 TCM Category Result (OBX) SegmeniSontain  Redefines the 21 data channels by number and electrode inputs;
the technical commen@wakeandeyes closed. the sensitivity of 0.5u V, minimum and maximum data values

X3.10.22 WAV Category Result (OBX) Segmei@@ontains  (-2048 and 2047), and new filter settings (analog, passes 1 to
the digital waveform data for the 21 channels at each timel5 Hz with 6-dB/octave rolloff) are specified only for channel
point. Other WAV category result segments follow. 1, but apply to all channels. The sensitivity correction factors

X3.10.23 CHN Category Result (OBX) Segment and channel baseline values derived from calibration data are
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Alsize and large 60° check size, for each eye separately, recording referentially from <CR>
A|vertex, occipital, and inion electrodes (left ear reference), and recording from a <CR>
A|bipolar vertex-occipital derivation. 100 epochs were averaged. The N75, P100, and <CR>
A|N145 peaks were well formed and had normal latencies and morphologies at the < CR>
Aloccipital and inion sites. <CR>
OBX|73|TX|92280.0&MDT|1| The pattern reversal visual evoked potentials are normal <CR>
A |bilaterally. This does not exclude the possibility of demyelinating disease. < CR>
OBX|74|CE|92280.0&DEV| 1| “Nicolet Compact 4<CR>
OBX|75|ST|92280.0&SER | 1}003465 < CR>
OBX|76|CE|92280.0&ANT | 1|3*Bilaterally*AS4&DIST < CR >
OBX|77|CE|92280.0&IMP|1|1*Normal*AS4&VEPD| | [ N< CR>
L|1]]3]|819723|19264<CR>

FIG. X3.25 (continued)

again given for each channel individually; time skews arethe beginning of the hyperventilation section of the recording.

assumed to be zero. No sampling frequencies are specified. X3.10.32 TCM Category Result (OBX) SegmeritSontain
X3.10.24 WAV Category Result (OBX) Segmeiiontains  the technical commentbegin HV, awakeandeyes closed

further waveform data for the 21 channels. Other WAV X3.10.33 WAV Category Result (OBX) Segmei@ontains

category result segments follow at this point. additional waveform data. Further result (OBX) segments of
X3.10.25 ANA Category Result (OBX) Segmedindicates categories WAV, TCM, and ANA also occur at this point as the

a computer AUTO) detected sharp wav&HW) in channels  hyperventilation recording continues.

1,2,3,5,7,11,17, 18, and 19 at peak laterieI(A ) 142.355 X3.10.34 ELC Category Result (OBX) Segmesidefines a

s after the start of the epoch defined by the last TIM categormew electrode number 25 in montage one, with the name

result segment. The total duratiof§YDR) and peak durations Strobeand typeFLS (flash signal monitor).

or rise times PKDR) in units of the sampling interval (0.005  X3.10.35 CHN Category Result (OBX) Segmefthanges

s), and the peak-to-peak amplitudd8K@AM ) in units of  the definition of channel 1 from that given in the CHN category

channel sensitivity (0.5 pV) of the sharp wave in each channalesult segment with observation subID 4, specifying input 1 to

are included. The analysis algorithm and type code and thbe from electrod&trobeand input 2 to be open (the null string

units and names associated with the four parameters af®). Because of theC (change) code in field 12, only those

specified only for channel 1, but apply to all channels. channel attributes specified in the segment are changed;
X3.10.26 WAV Category Result (OBX) Segmei@ontains  unspecified attributes (sensitivity, sensitivity correction factor,
waveform data at one additional time point. channel baseline value, sampling frequencies, minimum and

X3.10.27 ANA Category Result (OBX) Segmenhdicates maximum values, filter settings) are left alone, not set to their
a computer AUTO) detected sharp wav&HW) in channels  default values (the channel name is still not present and will
4,6, 8,9, 10, 12, 13, 14, 15, 16, 20, and 21 at peak latenctherefore be displayed &trobg.

(PKLA) 142.360 s after the start of the epoch (that is, one X3.10.36 TIM Category Result (OBX) SegmerbDefines
sampling interval after the last ANA category result segment)the start of a new epoch at time 620 ms past 8:40:48 on March
The total durations TODR), peak durationsRKDR), and 24, 1990. The test/observation ID at this point changes to
peak-to-peak amplitude®KAM ) of the sharp wave in each 95816.3101 indicating photic stimulation while awake with
channel are included. The analysis algorithm and type code arg)es closed.

the units and names associated with the four parameters areX3.10.37 TCM Category Result (OBX) SegmeniSontain

specified only for channel 4, but apply to all channels. the technical commentsegin photic, awakeandeyes closed
X3.10.28 WAV Category Result (OBX) Segmei@ontains X3.10.38 STM Category Result (OBX) Segmeimefines
waveform data at one additional time point. the start of photic stimulationHLS) applied to the eyes

X3.10.29 TCM Category Result (OBX) Segmerontains  bilaterally (T-XX000-BIL) at a frequency of 1 Hz, with
a technical commenjerk, indicating an observed myoclonic duration 10 ps, and intensity 22 Candela&immite light).
jerk. X3.10.39 WAV Category Result (OBX) Segmet@ontains
X3.10.30 WAV Category Result (OBX) Segmei@ontains  additional waveform data.
additional waveform data. Further result (OBX) segments of X3.10.40 ANA Category Result (OBX) Segmesindicates
categories WAV, TCM, and ANA also occur at this point as thea computer AUTO) detection of a flash signalFLS) in
EEG recording continues. channel 1 (the flash signal monitor channel), 1.2160HNI(A)
X3.10.31 TIM Category Result (OBX) SegmerDefines after the start of the epoch defined by the last TIM category
the start of a new epoch at time 315 ms past 8:25:38 on Marctesult segment.
24, 1990. This segment was transmitted because the EEGX3.10.41 WAV Category Result (OBX) Segmei@ontains
recording had been temporarily suspended while instructionadditional waveform data. Further WAV, STM, TCM, and ANA
for hyperventilation were being given and to indicate (bycategory result (OBX) segments occur at this point (including
means of a test/observation ID code in field 4 of 95816.2101pne STM category result segment to define the start and end of
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each train of flash stimuli, and one ANA category result X3.10.53 WAV Category Result (OBX) Segmei@tontains

segment for each individual strobe detected). the digital waveform data for the 21 channels at each time point
X3.10.42 CHN Category Result (OBX) Segmeridefines  during the firstON calibration pulse.

the 21 data channels by number and specifies that all channelsX3.10.54 ANA Category Result (OBX) Segmefindicates

receive calibration signal input€AL ). The channel sensitiv- a calibration routine CAL) detected anON signal in all

ity (0.5 pV), minimum and maximum data values (-2048 tochannels. The values of peak pulse amplituBdAM ) in

2047), and filter settings (analog, passes 1 to 70 Hz withmicrovolts, channel baselinBASE), and low-frequency filter

6-dB/octave rolloff) are specified only for channel 1, but applycut-off (LLF) in hertz are given.

to all channels. A default sensitivity correction factor of 1.0, a X3.10.55 WAV Category Result (OBX) Segmeitontains

default channel baseline value of 0, and a default time skew ahe digital waveform data for the 21 channels at each time point

0 are assumed for each channel. No sampling frequencies adering the firstOFF calibration pulse.

specified. X3.10.56 ANA Category Result (OBX) Segmeshdicates
X3.10.43 TIM Category Result (OBX) SegmerDefines a calibration routine CAL) detected anOFF signal in all

the start of a new epoch at a time 670 ms past 8:51:20 oohannels. The values of peak pulse amplitudRKAM ),

March 24, 1990. The test/observation ID in field 4 of this andchannel baselineBASE), and low-frequency filter cut-off

subsequent result segments is 95816.9100 to indicate squdieLF) are given. Subsequent WAV and ANA category result

wave calibration data. segments occur next as a result of further calibration pulses.
X3.10.44 STM Category Result (OBX) Segmeiefines X3.10.57 STM Category Result (OBX) Segmeiidefines

the beginning of a square-wave calibration signal repeating ahe end of the calibration signal repeating at 0.5 Hz, with 1-s

0.5 Hz, with 1-s duration of each phaseN or OFF), and  duration of each phase, and 50-uV amplitude.

50-puV amplitude. X3.10.58 Null Category Result (OBX) SegmentBirst de-
X3.10.45 WAV Category Result (OBX) Segmei@tontains  fine the abundance (100 %), amplitude (15 pV), frequency (5

the digital waveform data for the 21 channels at each time poinitiz), asymmetry (symmetric), reactivity (slightly reactive), and

during the firstON calibration pulse. distribution (generalized) of the theta activity in the back-
X3.10.46 ANA Category Result (OBX) Segmetihdicates  ground; then define the abundance (70 %), amplitude (100 pV),

a calibration routine GAL) detected anON signal in all ~ frequency (1.5 Hz), duration (0.2 s), asymmetry (symmetric),

channels. The calibration signal waveform for each channeind distribution (generalized, maximal anterior head region) of

was fit to an exponential decay curve, and the values of peatke periodic sharp waves in the recording. These values are

pulse amplitude FKAM) in microvolts, channel baseline derived from visual inspection of the EEG.

(BASE), and low-frequency filter cut-offLLF ) in hertz are X3.10.59 GDT Category Result (OBX) Segmerontains

given. The analysis algorithm and type code, and the units anithe EEG descriptive report (two paragraphs).

names associated with the two parameters are specified onlyX3.10.60 MDT Category Result (OBX) SegmefEontains

for channel 1, but apply to all channels. the EEG interpretation (two paragraphs).
X3.10.47 WAV Category Result (OBX) Segmei@tontains X3.10.61 DEV Category Result (OBX) Segmedtentifies

the digital waveform data for the 21 channels at each time pointhe device used for the recording as a text description (with no

during the firstOFF calibration pulse. preceding alphanumeric code).
X3.10.48 ANA Category Result (OBX) Segmethdicates X3.10.62 SER Category Result (OBX) Segmetdentifies

a calibration routine QAL) detected anOFF signal in all  the serial number of the device used for the recording.

channels. The values of peak pulse amplituB4<AM ) in X3.10.63 CNP Category Result (OBX) SegmentSontain

microvolts, channel baselinBASE), and low-frequency filter the special procedures performed during the recording

cut-off (LLF ) in hertz are given for each channel. Subsequent95816.2100= hyperventilation, 95816.3108 photic stimu-

WAV and ANA category result segments occur at this point agation).

a result of subsequent calibration pulses. X3.10.64 ANT and IMP Category Result (OBX) Segments
X3.10.49 STM Category Result (OBX) Segmeiefines Contain the diagnostic impressions for the study and their

the end of the calibration signal repeating at 0.5 Hz, with 1-docalizations using théS4 diagnosis and distribution coding

duration of each phase, and 50-pV amplitude. systems AS4&EEGD and AS4&DIST). The EEG localiza-
X3.10.50 CHN Category Result (OBX) Segment tions and impressions afgeneralized, maximal anterior head

Redefines the 21 data channels by number and specifies that edgion: Very frequent periodic sharp wavasad Generalized:

channels receive calibration signal inpu®AL ). The channel Continuous low-amplitude theta activitthese diagnoses are

settings are the same except for the filter (analog, passes 1 to flagged by theA (abnormal) andW (worse) flags. The

Hz with 6-dB/octave rolloff). diagnoses for hyperventilation (95816.2100) and photic stimu-
X3.10.51 TIM Category Result (OBX) SegmerbDefines lation (95816.3100) arblo activation

the start of a new epoch at a time 925 ms past 8:51:30 on X3.10.65 REC Category Result (OBX) Segmei8tates a

March 24, 1990. recommendation for a follow-up study (958%6routine EEG
X3.10.52 STM Category Result (OBX) Segmeiefines recording) in 30 days.

the beginning of a square-wave calibration signal repeating at X3.10.66 Patient ID (P) SegmertContains a sequence

0.5 Hz, with 1-s duration of each phaseN or OFF), and  number (2), requestor- and producer-assigned patient ID num-

50-uV amplitude. bers (both 3321123 with mod 10 check digit 6), subject name,
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birth date (August 10, 1953), seM{, race W), address, duration 0.1 ms, intensity 10 mA.

daytime and nighttime telephone numbers, primary physician X3.10.73 WAV Category Result (OBX) Segmei@ontains

ID number (UPIN) and name, height (153 cm), weight (74 kg),the digital waveform data for the first epoch at each time point
hand and foot dominance (both right), stat@P( = outpa-  (total 400 points in the 40-ms epoch), separated by repeat
tient), location or registration (Neuro), marital statéé)(and  delimiters(~); when the same value would occur more than
registration date (March 20, 1990). once in a row, it need not be repeated.

X3.10.67 Order (OBR) SegmentContains a sequence  X3.10.74 TIM Category Result (OBX) SegmerDefines
number (1), requestor-assigned accession number (5692 [] the start of the second data epoch at a time 123.0 ms past
NEURO, indicating the 5692nd order generated by the neurog:30:25 on March 24, 1990, as well as the sampling interval
logic clinic computer system), producer-assigned accessioind epoch length and transmitted data formrNC). The
number (2314 [ EMG, indicating the 2314th order pro- test/observation ID in field 4 of this and subsequent result
cessed by the EMG laboratory computer system), testéegmentsis 95900.288290002 to indicate that this is the second
observation ID (95906- motor nerve conduction study), date trial for the same stimulation and recording sites.
and time requested (March 23, 1990 at 15:16:49), date and time 3 10,75 STM Category Result (OBX) SegmeiRefines
study began (March 24, 1990 at 08:30:12), date and time studye second stimulus parameters, which are the same as before
ended (March 24, 1990 at 08:41:28), action cole € new except for intensity 20 mA.

order), clinical information, ordering physician’s ID, name, X3.10.76 WAV Category Result (OBX) Segmes@ontains

and telephone number, date and time results of study report H iqital f for th h at h ti
(March 24, 1990 at 10:11:18), producer secti&N( = elec- ‘?poe;n?glta waveform data for the second epoch at each time

troneurophysiology), order status (= final results), principal X3.10.77 TIM Category Result (OBX) Seg ofines

physician performing study, assisting physician or resident . . .
o g ; TSR he start of the third data epoch at a time 662.5 ms past 8:30:27
technician assisting with study, and report transcriptionist. Thé)n March 24, 1990. The test/observation 1D now is

physicians’ names are preceded by a provider ID numbe o . .
separated from the name by a component delinifé). 95900.288290003 to indicate the third trial. .
The technician and transcriptionist names and clinical infor- X3.10.78 STM Category Result (OBX) Segmeimefines

mation are also preceded by a component delimiter in order tf'€ third stimulus parameters, which are the same as before
allow a similar alphanumeric code to be given before thefXCept for intensity 30 mA.

component delimiter if desired. X3.10.79 WAV Category Result (OBX) Segmet@ontains
X3.10.68 MTG Category Result (OBX) Segmeddefines the digital waveform data for the third epoch at each time
montage number 1, containing one data channel. point.

X3.10.69 ELC Category Result (OBX) Segmeridefines X3.10.80 TIM Category Result (OBX) Segmerbefines
two actual electrodes, G1 and G2. Both electrode location€ start of the fourth data epoch at a time 37.2 ms past 8:30:30
(belly and insertion of abductor pollicis brevis muscle) are®@n March 24, 1990. The test/observation ID now is
given, and the electrode attributes (disks held with tape, tin, 0.89900.288290004 to indicate the fourth trial.
cm) are specified only for electrode G1, but apply to G2 as X3.10.81 STM Category Result (OBX) Segmeiefines
well. the fourth stimulus parameters, which are the same as before
X3.10.70 CHN Category Result (OBX) Segmeridefines ~ €xcept for intensity 40 mA.
the single data channel by number and first and second X3.10.82 WAV Category Result (OBX) Segmei@ontains
electrode inputs (G1 and G2). The channel sensitivity (5.0 uVv)the digital waveform data for the fourth epoch at each time
minimum and maximum values (-2048 to 2047), and filterpoint. The CMAP here is unchanged from that at the last
settings (analog, passes 1 to 7000 Hz with 6-dB/octave rolloffptimulus intensity (trial 3).
are specified. The default sensitivity correction factor (1.0), X3.10.83 ANA Category Result (OBX) Segmetindicates
channel baseline value (0), and time skew (0) are assumed. Nomanually MAN) marked CMAP in channel 1 with onset
sampling frequency is specified. latency ONLA) 4.07 ms after the stimulus (which occurred at
X3.10.71 TIM Category Result (OBX) Segmerbefines the start of the epoch defined by the last TIM category result
the start of the first data epoch at a time 710.5 ms past 8:30:28egment). The amplitudé’KAM ) of the CMAP is 5.33 mV.
on March 24, 1990, as well as specifying the sampling interval X3.10.84 TIM Category Result (OBX) SegmerbDefines
(0.0001 s) and the epoch length (0.040 s) and transmitted dathe start of the first data epoch at a time 710.5 ms past 8:31:22
format ONC). Averaging is not used for this epoch. The on March 24, 1990, as well as specifying the sampling interval
test/observation ID in field 4 of this and subsequent resul{0.0001 s) and the epoch length (0.040 s) and transmitted data
segments is 95900.288290001 rather than the generic 95900,frmat (ONC). The test/observation ID in field 4 of this and
indicate that this portion of the study involves electric stimu-subsequent result segments is 95900.288260001, to indicate
lation at the wrist recording from the right abductor pollicis that this portion of the study involves electric stimulation
brevis muscle, and that this is the first trial for these stimulatiorabove the elbow recording from the right abductor pollicis
and recording sites. brevis muscle, and that this is the first trial for these stimulation
X3.10.72 STM Category Result (OBX) Segmeidefines and recording sites.
the first stimulus parameters: electric with cathode distal X3.10.85 STM Category Result (OBX) Segmeiefines
(ECD), right median nerve at wristT{X9180-RGT-LC9), the first stimulus parameters: electric with cathode distal
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(ECD), right median nerve above elbowl-K9180-RGT-  format ONC). The test/observation ID in field 4 of this and
LC6), duration 0.1 ms, intensity 10 mA. subsequent result segments is 95900.294090001, to indicate
X3.10.86 WAV Category Result (OBX) Segmeiiontains that this portion of the study involves electric stimulation at the

the digital waveform data for the first epoch at each time pointwrist recording from the right abductor digiti minimi muscle,

X3.10.87 TIM Category Result (OBX) Segmerbefines and that this is the first trial for these stimulation and recording
the start of the second data epoch at a time 215.8 ms paStes.

8:31:25 on March 24, 1990. The test/observation ID in field 4 X3.10.100 STM Category Result (OBX) Segmeiiefines

of this and subsequent result segments is 95900.288260002ttwe first stimulus parameters: electric with cathode distal
indicate that this is the second trial for the same stimulation an(ECD), right ulnar nerve at wristltX9170-RGT-LC9), dura-
recording sites. tion 0.1 ms, intensity 10 mA.

X3.10.88 STM Category Result (OBX) Segmemefines X3.10.101 WAV Category Result (OBX) Segment
the second stimulus parameters, which are the same as befdCentains the digital waveform data for the first epoch at each
except for intensity 20 mA. time point. Other TIM, STM, and WAV category result

X3.10.89 WAV Category Result (OBX) Segmei@iontains  segments follow at this point for three other trials at this
the digital waveform data for the second epoch at each timstimulation site.
point. X3.10.102 ANA Category Result (OBX) Segment

X3.10.90 TIM Category Result (OBX) SegmerbDefines Indicates a manuallyMAN) marked CMAP in channel 1 with
the start of the third data epoch at a time 846.2 ms past 8:31:2Mset latency QNLA) 3.41 ms after the stimulus (which
on March 24, 1990. The test/observation ID now isoccurred at the start of the epoch defined by the last TIM
95900.288260003 to indicate the third trial. category result segment). The amplitudeKAM ) of the

X3.10.91]STM Category Result (OBX) Segmeridefines CMAP is 10.81 mV.
the third stimulus parameters, which are the same as before X3.10.103 TIM Category Result (OBX) SegmerbDefines
except for intensity 30 mA. the start of the first data epoch at a time 836.2 ms past 8:35:02

X3.10.92 WAV Category Result (OBX) Segmei@ontains  on March 24, 1990. The test/observation ID in field 4 of this
the digital waveform data for the third epoch at each timeand subsequent result segments is 95900.294060001, to indi-
point. cate that this portion of the study involves electric stimulation

X3.10.93 TIM Category Result (OBX) Segmenbefines above the elbow recording from the right abductor digiti
the start of the fourth data epoch at a time 187.3 ms pagninimi muscle, and that this is the first trial for these
8:31:30 on March 24, 1990. The test/observation ID now isstimulation and recording sites.

95900.288260004 to indicate the fourth trial. X3.10.104 STM Category Result (OBX) Segmeiiefines

X3.10.94 STM Category Result (OBX) Segmeiefines the first stimulus parameters: electric with cathode distal
the fourth stimulus parameters, which are the same as befof&CD), right ulnar nerve above elbowWw{X9170-RGT-LC6),
except for intensity 40 mA. duration 0.1 ms, intensity 10 mA.

X3.10.95 WAV Category Result (OBX) Segmei@tontains X3.10.105 WAV Category Result (OBX) Segment
the digital waveform data for the fourth epoch at each timeContains the digital waveform data for the first epoch at each
point. The CMAP here is unchanged from that at the lastime point. Other TIM, STM, and WAV category result
stimulus intensity (trial 3). segments follow at this point for four other trials at this

X3.10.96 ANA Category Result (OBX) Segmedhdicates ~ stimulation site.

a manually MAN) marked CMAP in channel 1 with onset X3.10.106 ANA Category Result (OBX) Segment
latency ONLA) 9.92 ms after the stimulus (which occurred at Indicates a manuallyMAN ) marked CMAP in channel 1 with
the start of the epoch defined by the last TIM category resulonset latency @QNLA) 9.72 ms after the stimulus (which
segment). The amplitudéKAM ) of the CMAP is 5.21 mV.  occurred at the start of the epoch defined by the last TIM

X3.10.97 DST Category Result (OBX) Segmet@iontains  category result segment). The amplitudeKAM) of the
the measured distance between the two stimulation sites alofigMAP is 10.32 mV.
the right median nerve (wrist to elbow, 30.4 cm). The test/ X3.10.107 DST Category Result (OBX) Segmei@ontains
observation ID in this segment is 95900, since the distancéhe measured distance between the two stimulation sites along
value is not applicable to a single trial or site. the right ulnar nerve (wrist to elbow, 32.5 cm). The test/

X3.10.98 ELC Category Result (OBX) SegmetRedefines observation ID in this segment is 95900, since the distance
two actual electrodes, G1 and G2. Both electrode locationgalue is not applicable to a single trial or site.

(belly and insertion of abductor digiti minimi muscle) are X3.10.108 Null Category Result (OBX) SegmentEach of

given, and the electrode attributes (disks held with tape, tin, 0.the result segments with no information category code contains
cm) are specified only for electrode G1, but apply to G2 asne numeric (NM) or coded (CE) value to be reported to the
well. The CHN category result segment previously givenordering physician. The method of body temperature measure-
remains in effect. ment, temperature value, units, normal range, and normalcy

X3.10.99 TIM Category Result (OBX) SegmenrDefines status flagl = normal), and the temperature measurement
the start of the first data epoch at a time 710.5 ms past 8:34:2@cation (over the right first dorsal interosseous muscle) are
on March 24, 1990, as well as specifying the sampling intervafirst reported. The CMAP amplitude for the proximal stimula-
(0.0001 s) and the epoch length (0.040 s) and transmitted dat@n site, conduction velocity from the proximal to distal sites,
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ratio of CMAP amplitudes for the proximal to distal sites, andthe two data channels by number and first and second electrode
the CMAP latency for the distal site are reported for both thenputs. The channel sensitivity (0.5 pV), minimum and maxi-
median and ulnar nerves, and the median-ulnar distal latenapum values (-2048 to 2047), and filter settings (analog, passes
difference (and its opposite, the ulnar-median distal latency2 to 3200 Hz with 6-dB/octave rolloff) are specified for the
difference) are also reported. The units and normal ranges afiest channel only, but apply to the second channel as well. The
also reported, as well as a normalcy status fg= normal).  default sensitivity correction factor (1.0), channel baseline

X3.10.109 GDT Category Result (OBX) Segment value (0), and time skew (0) are assumed for both channels. No
Contains the motor nerve conduction study descriptive reporgsampling frequencies are specified.

X3.10.110 MDT Category Result (OBX) Segment X3.10.118 TIM Category Result (OBX) SegmerDefines
Contains the motor nerve conduction study interpretation. the start of the first data epoch at a time 483.7 ms past 8:42:18
X3.10.111 DEV Category Result (OBX) Segment on March 24,1990, as well as specifying the sampling interval
Identifies the device used for the study as a text descriptiofP-0001 s) and the epoch length (0.040 s) and transmitted data

only. format ONC). Averaging is not used for this epoch. The
X3.10.112 SER Category Result (OBX) Segmetdentifies ~ test/observation ID in field 4 of this and subsequent result

X3.10.113ANT and IMP Category Result (OBX) indicate that this portion of the study involves electric stimu-

Segments-Contain the diagnostic impression for the study!ation of the right median nerve at the palm; a recording site is
(Norma)) and its localization Right ulnar nerveand Right not spec_lfled in the test/qbservatlor! ID, since recording from
median nervg using the AS4 diagnosis coding system POth wrist and elbow is done simultaneously. The test/
(AS4&MNCD) and SNOMED topographic localization codes ol?serva_tlon I_D also indicates that this is the first trial for this
(SNM + &TOPO), respectively. stimulation site. _
X3.10.114 Order (OBR) SegmentContains a sequence X3:10.119STM Category Result (OBX) Segmeimefines
number (2), requestor-assigned accession number (5692 [] the first .stlmulus _parameters: electric with cathode proximal
NEURO, the same as in the previous OBR segment), producef=CP), right median nerve palmar brancfi-X9185-RGT),
assigned accession number (2315 [ EMG, indicating the duration 0.1 ms, intensity 10 mA.
2315th order processed by the EMG laboratory computer X3.10.120 WAV Category Result (OBX) Segment
system), test/observation ID (959684sensory nerve conduc- Contains the digital waveform data for the first epoch for two
tion study), date and time requested (March 20, 1990 aghannels ateach time point (total 400 time points in the 40- ms
15:16:49), date and time study began (March 24, 1990 aepoch). At the first time point, values for both channel 1 (1) and
08:42:12), date and time study ended (March 24, 1990 aghannel 2 (0) are given; at subsequent time points, the value for
08:47:54), action coded = generated order), clinical infor- channel 2 does not change and is not present (first three lines
mation, ordering physician’s ID, name, and telephone numbeghowing stimulus artifact and response at wrist), then the
date and time results of study reported (March 24, 1990 afesponse for channel 1 does not change and is not present,
10:11:20), producer sectiofEll = electroneurophysiology), although a component delimitéf] ) is necessary to mark
order status B = final results), parent order requestor- its place (fourth and fifth lines showing response at elbow).
assigned accession number (5692&NEURO) and producefdditional TIM, STM, and WAV segments occur next defining
assigned accession number (2314&EMG) to link this segmeritvo additional stimulus trials (epochs) before a plateau in the
to the parent order (that is, the first order), principal physicianoSNAP amplitude is reached.
performing study, assisting physician or resident, technician X3.10.121TIM Category Result (OBX) SegmerbDefines
assisting with study, and report transcriptionist. The physithe start of the fourth data epoch at a time 657.1 ms past
cians’ names are preceded by a provider ID number, separat&#2:31 on March 24, 1990, as well as the sampling interval
from the name by a component delimitg]] ). The techni- and epoch length and transmitted data fornaNC); this
cian and transcriptionist names and the clinical information arepoch is defined as containing averaged data for four separate
also preceded by a component delimiter in order to allow sstimuli (including ALL stimuli in the average, and with the
similar alphanumeric code to be given before the componergpoch for averaging beginning at the time of the stimulus). The

delimiter if desired. test/observation ID now is 95904.218500004 to indicate that
X3.10.115 MTG Category Result (OBX) Segmerdefines  these four stimuli and responses averaged together represent
montage number 1, containing two data channels. the fourth trial for this stimulation site.

X3.10.116 ELC Category Result (OBX) Segmetibefines X3.10.122 STM Category Result (OBX) Segmeiidefines
four actual electrodes, G1 to G4. Their locations (right mediarihe fourth (and subsequent) stimulus parameters, which are the
nerve at wrist for G1 and G2, right median nerve above elbovsame as before except for intensity 30 mBEGIN indicates
for G3 and G4) are given, and the electrode attributes (eleghat a train of stimuli with a repetition rate of 0.5 Hz are used
trodes held with tape, tin, 0.4 cm for G1 and G2; electrodegbecause four data samples are averaged in this trial).
mounted in a strip, tin, 0.5 cm for G3 and G4) are specified as X3.10.123 WAV Category Result (OBX) Segment
well. Coordinates along a proximal-distaP) axis (0 Contains the averaged digital waveform data for the fourth
and - 3.5 cm) for each electrode pair are also given, indicatingpoch at each time point.
that the electrodes in each pair are 3.5 cm apart. X3.10.124 ANA Category Result (OBX) Segment
X3.10.117 CHN Category Result (OBX) Segme+idefines  Indicates a manuallyMAN ) marked SNAP in channels 1 and
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2 with onset latenciesQNLA) of 1.80 ms and 6.95 ms, four stimuli and responses averaged together represent the fifth
respectively, after the stimulus. The amplitude&KAM ) of the trial for this stimulation site.

SNAP in channels 1 and 2 are 160 puV and 80 pV. The peak X3.10.131 STM Category Result (OBX) Segmeiefines
latency PKLA ) of the SNAP in channel 1 (but not channel 2) the fifth (and subsequent) stimulus parameters, which are the
is also recorded (2.16 ms). same as before except for intensity 40 nBEGIN indicates

X3.10.125 DST Category Result (OBX) Segmer@iontains  that a train of stimuli with a repetition rate of 0.5 Hz are used
the measured distance between the two recording sites alofigecause four data samples are averaged in this trial).
the right median nerve (wrist to elbow, 30.2 cm). The test/ X3.10.132 WAV Category Result (OBX) Segment
observation ID in this segment is 95904, since the distanc€ontains the averaged digital waveform data for the fifth epoch
value is not applicable to a single trial or site. at each time point.

X3.10.126 ELC Category Result (OBX) Segment X3.10.133 ANA Category Result (OBX) Segment
Redefines four actual electrodes, G1 to G4. Their locationgndicates a manuallyMAN ) marked SNAP in channels 1 and
(right ulnar nerve at wrist for G1 and G2, right ulnar nerve2 with onset latenciesQNLA) of 1.60 ms and 6.93 ms,
above elbow for G3 and G4) are given, and the electrodeespectively, after the stimulus. The amplitudesAM ) of the
attributes (electrodes held with tape, tin, 0.4 cm for G1 and G2SNAP in channels 1 and 2 are 140 pV and 70 pV. The peak
electrodes mounted in a strip, tin, 0.5 cm for G3 and G4) ardatency PKLA) of the SNAP in channel 1 (but not channel 2)
specified as well. Coordinates along a proximal-disD) is also recorded (1.92 ms).
axis (0 and — 3.5 cm) for each electrode pair are also given, X3.10.134 DST Category Result (OBX) Segmei@ontains
indicating that the electrodes in the strip are 3.5 cm apart. Théhe measured distance between the two recording sites along
CHN category result segment previously given remains irthe right ulnar nerve (wrist to elbow, 32.8 cm). The test/
effect. observation ID in this segment is 95904, since the distance

X3.10.127 TIM Category Result (OBX) Segmerbefines  value is not applicable to a single trial or site.
the start of the first data epoch at a time 372.8 ms past 8:43:57 X3.10.135 Null Category Result (OBX) SegmentEach of
on March 24, 1990 as well as specifying the sampling intervathe result segments with no information category code contains
(0.0001 s) and the epoch length (0.040 s) and transmitted datane numeric (NM) or coded (CE) value to be reported to the
format (DNC). Averaging is not used for this epoch. The ordering physician. The method of body temperature measure-
test/observation ID in field 4 of this and subsequent resultment, temperature value, units, normal range, and normalcy
segments is 95904.217400001 to indicate that this portion ddtatus flag ' = normal), and the temperature measurement
the study involves electric stimulation of the right ulnar nervelocation (over the right first dorsal interosseous muscle) are
at the palm; a recording site is not specified in the testfirst reported. The conduction velocity from the proximal to
observation ID, since recording from both wrist and elbow isdistal recording sites, ratio of SNAP amplitudes for the
done simultaneously. The test/observation ID also indicateproximal to distal sites, the SNAP amplitude at the distal site,
that this is the first trial for this stimulation site. and the SNAP peak latency for the distal site are reported for

X3.10.128 STM Category Result (OBX) Segmeidefines  both the median and ulnar nerves, and the median-ulnar distal
the first stimulus parameters: electric with cathode proximalatency difference (and its opposite, the ulnar-median distal
(ECP), right ulnar nerve palmar branchT-K9174-RGT), latency difference) are also reported. The units and normal
duration 0.1 ms, intensity 10 mA. ranges are also reported, as well as a normalcy statusNlag (

X3.10.129 WAV Category Result (OBX) Segment = normal,H = high).

Contains the digital waveform data for the first epoch for two X3.10.136 GDT Category Result (OBX) Segment
channels at each time point (total 400 time points in the 40- m&ontains the sensory nerve conduction study descriptive re-
epoch). At the first time point, values for both channel 1 (1) andort.

channel 2 (0) are given; at subsequent time points, the value for X3.10.137 MDT Category Result (OBX) Segment
channel 2 does not change and is not present (first three linégontains the sensory nerve conduction study interpretation.
showing stimulus artifact and response at wrist), then the X3.10.138 DEV Category Result (OBX) Segment
response for channel 1 does not change and is not presefdentifies the device used for the study as a text description
although a component delimit¢f] ) is necessary to mark only.

its place (fourth and fifth lines showing response at elbow). X3.10.139 SER Category Result (OBX) Segment
Additional TIM, STM, and WAV segments occur next defining Identifies the serial number of the device used for the study.
three additional stimulus trials (epochs) until a plateau in the X3.10.140 ANT and IMP Category Result (OBX)
SNAP amplitude is reached. Segments-Contain the diagnostic impression for the study

X3.10.130 TIM Category Result (OBX) SegmenDefines  (Mildly increased SNAP ipsilateral reference nerve latency
the start of the fifth data epoch at a time 936.2 ms past 8:44:1@ifferencé and its localizationRight distal forearm/leg portion
on March 24, 1990, as well as the sampling interval and epochedian nerveusing AS4 diagnosis codesAS4&SNCD) and
length and transmitted data formabNC); this epoch is SNOMED topographic location codeSNIM + &TOPO), re-
defined as containing averaged data for four separate stimupectively. A second IMP category result segment contains a
(including ALL stimuli in the average, and with the epoch for clinical diagnosis using ICD-9-CM codesgfpal tunnel syn-
averaging beginning at the time of the stimulus). The testdromeg. These IMP category result segments also contain the
observation ID now is 95904.217400005 to indicate that thesetatus flagA, abnormal.
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X3.10.141 Order (OBR) SegmertContains a sequence interval (0.0005 s) and transmitted data formBNC). The
number (3), requestor-assigned accession number (5692 [] test/observation ID in field 4 of this and subsequent result
NEURO, the same as in the previous two segments is 95860.28820002 to indicate that this is the second
OBR segments), producer-assigned accession numbsample for this recording site.

(2316 [] EMG, indicating the 2316th order processed by the X3.10.149 TCM Category Result (OBX) Segment
EMG laboratory computer system), test/observation IDContains the technical commespontaneous activity sample.
(95860= one extremity EMG with related paraspinals), date X3.10.150 WAV Category Result (OBX) Segment
and time requested (March 23, 1990 at 15:16:49), date and tim€ontains the digital waveform data for the second sample at
study began (March 24, 1990 at 08:50:08), date and time studyach time point, separated by repeat delimiter.

ended (March 24, 1990 at 09:05:48), action coGe € gen- X3.10.151 TIM Category Result (OBX) SegmerbDefines
erated order), clinical information, ordering physician’s ID, the start of the third data epoch at a time 483.5 ms past 8:50:36
name, and telephone number, date and time results of stugy march 24, 1990, as well as specifying the sampling interval
reported (March 24, 1990 at 10:11:22), producer sectitM ( (0.0005 s) and transmitted data formd@NC). The test/

= electroneurophysiology), order status (= final results), gpservation ID in field 4 of this and subsequent result segments
parent order requestor-assigned accession numbe§ 95860.28820003 to indicate that this is the third sample for
(5692&NEURO) and producer-assigned accession numbepjs recording site.

(2314&EMG) to link this segment to the parent order (thatis, x3 10.152 TCM Category Result (OBX) Segment

the first order), principal physician performing study, assistingcgntains the technical commewbluntary activity sample.

physician or resident, technician assisting with study, and X3.10.153 WAV Category Result (OBX) Segment

report transcriptionist. The physicians’ names are preceded B, ntains some digital waveform data for the third sample at
a provider ID number, separated from the name by a compg

- . o) e €ach time point, separated by repeat delimiters
nent delimiter ([]). The technician and transcriptionist X3.10.154 ANA Category Result (OBX) Seg t
names and the clinical information are also preceded by dicétes: a manuallyMAN) marked motor unit potential
component delimiter in order to allow a similar alphanumeric(MUP) in channel 1. The total durationTODR), peak
code to be given before the component delimiter if desired. ) '

i duration or rise time FKDR), peak-to-peak amplitude
X3.10.142 MTG Category Result (OBX) Segmetdefines (PKAM), firing frequency FRQ), number of phases

montage number 1, containing one data channel. (NPHASE), and number of turnsNTURN) of the motor unit
X3.10.143ELC Category Result (OBX) Segmefidefines  potential are given.

one actual electrode, NDL, with two elements. The electrode x3 109.155 WAV Category Result (OBX) Segment
location (right abductor pollicis brevis muscle) and the elec-cgontains more digital waveform data for the third sample at
trode attributes for each of the two elements (concentri¢ach time point.

needle; platinum core, stainless steel shaft, diameters 0.025 andx3_10_156 ANA Category Result (OBX) Segment

0.05 cm, polarities 1 and - 1) are specified as well. Indicates another manuallylaN ) marked motor unit poten-
X3.10.144 CHN Category Result (OBX) Segmesdefineés  tia] (MUP) in channel 1. The total duratiolTQDR), peak

one data channel and a single electrode (NDL) input. Thejyration or rise time RKDR), peak-to-peak amplitude

channel sensitivity (1.0 uV), minimum and maximum valuesipkam ), firing frequency FRQ), number of phases

(-2048 to 2047), and filter settings (analog, passes 32 to 160QRpHASE), and number of turnsNTURN) of the motor unit

Hz with 6-dB/octave rolloff) are specified. The default sensi-notential are given.

tiVity correction factor (10), channel baseline value (0), andp X3.10.157 WAV Category Result (OBX) Segment

time skew (0) are assumed. No sampling frequency is SpeCtontains more digital waveform data for the third sample at

fied. each time point. Further WAV and ANA category result
X3.10.145TIM Category Result (OBX) SegmerDefines  segments occur at this time, representing additional motor unit

the start of the first data epoch at a time 382.5 ms past 8:50:25tentials.

on March 24, 1990, as W_eII as specifying the sampling interval y3 10,158 ELC Category Result (OBX) Segmerefines
(0.0005 s) and transmitted data form@NC). The test  gpe actual electrode, NDL, with two elements as before, but

observation ID in field 4 of this and subsequent result segmentity 4 |ocation of the right first dorsal interosseous muscle of
is 95860.28820001 rather than the generic 95860, to indicaigye hand. The test/observation ID in field 4 of this segment is
that this portion of the study involves recording from the right, generic 95860 since the segment may apply to various
abductor pollicis brevis muscle. The test/observation 1D als%amples. The last defined channel setting remains in effect.
indicates that this is the first sample for this recording site. X3.10.159 TIM Category Result (OBX) Segmerbefines
X3.10.146 TCM Category Result (OBX) Segment the start of the first data epoch at a time 382.0 ms past 8:51:19
Contains the technical commeinsertional activity sample. on March 24, 1990, as well as specifying the sampling interval
X3.10.147 WAV Category Result (OBX) Segment (0.0005 s) and transmitted data formd@NC). The test/
Contains the digital waveform data for the first sample at eacldbservation ID in field 4 of this and subsequent result segments
time point, separated by repeat delimitérs). is 95860.29810001 rather than the generic 95860, to indicate
X3.10.148 TIM Category Result (OBX) SegmerdDefines  that this portion of the study involves recording from the right
the start of the second data epoch at a time 463.0 ms padobrsal interosseous muscle. The test/observation ID also indi-
8:50:29 on March 24, 1990, as well as specifying the samplingates that this is the first sample for this recording site.
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X3.10.160 TCM Category Result (OBX) Segment study began (March 24, 1990 at 09:35:32), date and time study
Contains the technical commeinisertional activity sample. ended (March 24, 1990 at 09:38:58), action code £ new

X3.10.161 WAV Category Result (OBX) Segment order), clinical information, ordering physician’'s ID, name,
Contains the digital waveform data for the first sample at eacland telephone number, date and time results of study reported
time point, separated by repeat delimit¢rs). Further result (March 24, 1990 at 10:12:03), producer secti@N( = elec-
segments of various categories occur here, containing wavéoneurophysiology), order status (= final results), principal
form data and analysis results for other samples at thighysician interpreting study, assisting interpreter or resident,
recording site and data for other recording sites. technician performing study, and report transcriptionist. The

X3.10.162 Null Category Result (OBX) Segmenigach of ~ Physicians’ names are preceded by a provider ID number,
the result segments with no information category code containgeparated from the name by a component delinif¢).
one value to be reported to the ordering physician. The valueshe technician and transcriptionist names and the clinical
include, for each of the five muscles examined, the insertiondnformation are also preceded by a component delimiter in
activity, fibrillation potentials, fasciculation potentials, and order to allow a similar alphanumeric code to be given before
motor unit potentials activation, amplitude, duration, complex-the component delimiter if desired.
ity (number of phases/turns), variability, and recruitment. In X3.10.170 DST Category Result (OBX) Segmetiiontains
this example, coded entry (CE) values are given (that is, thedavo distance measurements, the inion to nasion distance (36
guantities are graded on a relative or absolute scale using tiggn) and the left-to-right preauricular point distance (36.5 cm).
AS4 relative grading system or the grading system for abun- X3.10.171 MTG Category Result (OBX) Segmerbefines
dance); alternatively, actual quantitative (NM) results couldmontage number 1, montage na®iel VEP montagecontain-

have been transmitted if desired. ing four data channels.

X3.10.163 GDT Category Result (OBX) Segment X3.10.172 ELC Category Result (OBX) Segmeribefines
Contains the EMG descriptive report. actual electrodes 1 to 4. The electrode location (origin of
X3.10.164 MDT Category Result (OBX) Segment coordinate system)l-Y0100 (center of head), and the elec-
Contains the EMG interpretation. trode attributes (disks with collodion, tin, 0.4 cm) are specified

X3.10.165 DEV Category Result (OBX) Segment only for electrode number 1, but apply to all electrodes. An
Identifies the device used for the study as a text descriptioglectrode number, name, and theta and phi angular coordinates
only. are given for each actual electrode.

X3.10.166 SER Category Result (OBX) Segment X3.10.173 CHN Category Result (OBX) Segmetibefines
Identifies the serial number of the device used for the study.the four data channels by number and first and second electrode
X3.10.167 ANT and IMP Category Result (OBX) inpu.ts. The channel sensitivity (0.05 pV), minimum and
Segments-Contain the three descriptive diagnostic impres-maximum values (-2048 to 2047), and filter settings (analog,
sions for the studynildly increased abundance insertional Passes 1 to 100 Hz with 6-dB/octave rolloff) are specified only
activity, very rare fibrillation potentials mildly increased for channel 1, but apply to all channels. The default sensitivity
amplitude mildly increased complexity motor unit potenjials correction factor (1.0), channel baseline value (0), and time
usingAS4 diagnostic codesAS4&EMGD), and a localization ~ Skew (0) are assumed for all channels. No sampling frequen-

(muscles innervated by thRight distal forearm/leg portion ~Ci€s are specified.
median nerve using SNOMED topographic location codes X3.10.174 MED Category Result (OBX) Segment
(SNM + &TOPO). Another IMP category result segment con- Indicates that the medication diazepam 5 mg PO was admin-
tains a clinical diagnosiscérpal tunnel syndromjeusing istered prior to the start of the study; only a text description
ICD-9-CM codes I9C). These IMP category result segments (with no alphanumeric code) is given.
also contain the status flag, abnormal. X3.10.175TIM Category Result (OBX) Segmerbefines
X3.10.168 Patient ID (P) SegmestContains a sequence the start of the first data epoch at a time 710.5 ms past 9:35:32
number (3), requestor- and producer-assigned patient ID nun®n March 24, 1990, as well as specifying the sampling interval
bers (both 4321098 with mod 10 check digit 8), subject name(0.0005 s), the epoch length (0.250 s), the transmitted data
birth date (January 23, 1960), sek)( race (V), address, format ©NC), the time from stimulus to start of epoch (0), the
daytime and nighttime telephone numbers, primary physicia@veraging methodALL epochs), the number of epochs aver-
ID number and name, height (142 cm), weight (55 kg),aged (100), and the number of epochs rejected due to artifact
handedness (right), statuOR = outpatient), location or (0). The test/observation ID in field 4 of this and subsequent
registration (Neuro), marital statu{, and registration date result segments is 92280.01110001 rather than 92280.0, to
(March 23, 1990). indicate that this portion of the study uses full field checker-

X3.10.169 Order (OBR) SegmentContains a sequence board pattern reversal stimuli to left eye and is the first trial for
number (1), requestor-assigned accession numbéhese stimulation conditions.
(5683 [ NEURO, indicating the 5683rd order generated by ~ X3.10.176 TCM Category Result (OBX) Segment
the neurologic clinic computer system), producer-assigne@ontains the technical commeleft eye, std check size.
accession number (1235 [] EEG, indicating the 1235th or- X3.10.177 STM Category Result (OBX) Segmeimefines
der processed by the EEG laboratory computer systemjhe beginning of stimulation and the stimulus parameters for
test/observation 1D (92286 visual evoked potential), date the visual evoked potential: pattern reversal (PRV), left eye
and time requested (March 23, 1990 at 13:25:46), date and tim@-XX000-LFT), full-cycle reversal rate 1.05 Hz, duration of
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one pattern state 0.47619 s, intensity 170 &lAwhite light,  each channel are included.
contrast ratio 0.33, checkerboard pattern, check size 0.5° (30 X3.10.187 ANA Category Result (OBX) Segment
min), size of visual field 15°. Indicates a manuallyMAN) marked P100 peak in channels 2

X3.10.178 WAV Category Result (OBX) Segment and 4 at peak latencieRKLA) 101 and 103 ms, respectively,
Contains the averaged digital waveform data for the fourafter the start of the epoch defined by the last TIM category
channels at each time point in the 250-ms epoch (total 50@esult segment. The amplitudeBAM ) of the P100 peaks in
points). each channel are included.

X3.10.179 ANA Category Result (OBX) Segment X3.10.188 ANA Category Result (OBX) Segment
Indicates a manuallyMAN ) marked N75 peak in channels 2 Indicates a manuallyMAN ) marked N145 peak in channels 2
and 4 at peak latencie®KLA ) 84 and 82 ms, respectively, and 4 at peak latenciePKLA) 126 and 131 ms, respectively,
after the start of the epoch defined by the last TIM categonafter the start of the epoch defined by the last TIM category
result segment. The amplitudedBKAM ) of the N75 peaks in result segment. The amplitudd3KAM ) of the N145 peaks in
each channel are included. The analysis algorithm and typeach channel are included.
code and the units and names associated with the two param-X3.10.189 TIM Category Result (OBX) SegmerbDefines
eters are specified only for channel 2, but apply to channel 4 ake start of the third data epoch at a time 240.5 ms past 9:37:15
well. on March 24, 1990, as well as specifying the sampling interval

X3.10.180 ANA Category Result (OBX) Segment (0.0005 s), the epoch length (0.250 s), the transmitted data
Indicates a manuallyMAN ) marked P100 peak in channels 2 format ONC), the time from stimulus to start of epoch (0), the
and 4 at peak latencyPKLA) 108 ms after the start of the averaging methodALL epochs), the number of epochs aver-
epoch defined by the last TIM category result segment. Thaged (100), and the number of epochs rejected due to artifact
amplitudes PKAM ) of the P100 peaks in each channel are(0). The test/observation ID in field 4 of this and subsequent
included. result segments is 92280.01110002, to indicate that this portion

X3.10.181 ANA Category Result (OBX) Segment ofthe study uses full field checkerboard pattern reversal stimuli
Indicates a manuallyAN ) marked N145 peak in channels 2 to left eye and is the second trial for these stimulation
and 4 at peak latencyPKLA) 137 ms after the start of the conditions.
epoch defined by the last TIM category result segment. The X3.10.190 TCM Category Result (OBX) Segment
amplitudes PKAM ) of the N145 peaks in each channel are Contains the technical commeleft eye, large check size.
included. X3.10.191 STM Category Result (OBX) Segmeimefines

X3.10.182 TIM Category Result (OBX) Segmerbefines the beginning of stimulation and the stimulus parameters for
the start of the second data epoch at a time 125.0 ms patite visual evoked potential: pattern reverdaRy), left eye
9:36:24 on March 24, 1990, as well as specifying the samplingT-XX000-LFT), full-cycle reversal rate 1.05 Hz, duration of
interval (0.0005 s), the epoch length (0.250 s), the transmittedne pattern state 0.47619 s, intensity 170 &liwvhite light,
data format DNC), the time from stimulus to start of epoch contrast ratio 0.33, checkerboard pattern, check size 1.0° (60
(0), the averaging method[L epochs), the number of epochs min), size of visual field 15°.
averaged (100), and the number of epochs rejected due t0X3.10.192 WAV Category Result (OBX) Segment
artifact (1). The test/observation ID in field 4 of this and Contains the averaged digital waveform data for the four
subsequent result segments is 92280.01120001, to indicate ttetannels at each time point in the 250-ms epoch (total 500
this portion of the study uses full field checkerboard patterrpoints).
reversal stimuli to right eye and is the first trial for these X3.10.193 ANA Category Result (OBX) Segment

stimulation conditions. Indicates a manuallyMAN ) marked N75 peak in channels 2
X3.10.183 TCM Category Result (OBX) Segment and 4 at peak latenciePKLA) 82 and 80 ms, respectively,
Contains the technical commernight eye, std check size. after the start of the epoch defined by the last TIM category

X3.10.184 STM Category Result (OBX) Segmeiefines result segment. The amplitudeBKAM ) of the N75 peaks in
the beginning of stimulation and the stimulus parameters foeach channel are included.
the visual evoked potential: pattern reverdaRY), right eye X3.10.194 ANA Category Result (OBX) Segment
(T-XX000-RGT), full-cycle reversal rate 1.05 Hz, duration of Indicates a manuallyMAN ) marked P100 peak in channels 2
one pattern state 0.47619 s, intensity 170 &diwhite light, and 4 at peak latencyPKLA ) 106 ms after the start of the
contrast ratio 0.33, checkerboard pattern, check size 0.5° (38poch defined by the last TIM category result segment. The
min), size of visual field 15°. amplitudes PKAM ) of the P100 peaks in each channel are
X3.10.185 WAV Category Result (OBX) Segment included.
Contains the averaged digital waveform data for the four X3.10.195ANA Category Result (OBX) Segment
channels at each time point in the 250-ms epoch (total 50hdicates a manuallyMAN ) marked N145 peak in channels 2
points). and 4 at peak latenciePKLA ) 134 and 135 ms, respectively,
X3.10.186 ANA Category Result (OBX) Segment after the start of the epoch defined by the last TIM category
Indicates a manuallyMAN) marked N75 peak in channels 2 result segment. The amplitudeB{AM ) of the N145 peaks in
and 4 at peak latencie®PKLA ) 77.5 and 76 ms, respectively, e€ach channel are included.
after the start of the epoch defined by the last TIM category X3.10.196 TIM Category Result (OBX) SegmerDefines
result segment. The amplitudeBKAM ) of the N75 peaks in  the start of the fourth data epoch at a time 580.5 ms past
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9:38:02 on March 24, 1990, as well as specifying the samplingesult segment. The amplitudd3AM ) of the N145 peaks in
interval (0.0005 s), the epoch length (0.250 s), the transmittedach channel are included.

data format DNC), the time from stimulus to start of epoch  x3.10.203 Null Category Result (OBX) SegmentEach of
(0), the averaging method( L epochs), the number of epochs the result segments with no information category code contains
averaged (100), and the number of epochs rejected due fhe numeric (NM) or coded entry (CE) value to be reported to
artifact (1). The test/observation ID in field 4 of this and i ordering physician. The stimulus rate, visual pattern ele-
subsequent result segments is 92280.01120002, to indicate that i size and visual field size for each eye stimulated and for
this portion of the study uses full field checkerboard pattern, oy, of the two trials (number one using a standard check size
re.ver?all stimulidt_q right eye and is the second trial for theseand number two using a large check size) are reported. Also’
stimulation conditions. the N75, P100, and N145 peak latencies and morphologies il’,l
Cgﬁallr?s 1,;:; ;re(é:\]/lmc(;?éi%:)é]y enlgRriséj)lfe E;S;()Chgcel?;f:t channel 2 for each eye stimulated, and the absolute left-right
X3.10.198 STM Category Result (OB,X) Segme@efineé P100 peak latency differences, are reported for each of the two
T Frials. Morphologies are reported as coded entry (CE) values

the beginning of stimulation and the stimulus parameters for . )
the visual evoked potential: pattern reverdaRy), right eye using theAS4 coding system AS4&MRPH). The normal

(T-XX000-RGT), full-cycle reversal rate 1.05 Hz, duration of 'a"9¢s are also reported for numeric values, as well as a
one pattern state 0.47619 s, intensity 170 GdAwhite light, qormalcy status flagN = normal,H = high) and an |nd|ca—_ .
contrast ratio 0.33, checkerboard pattern, check size 1.0° (60 that age and sex based controls were used in determining
min), size of visual field 15°. normal values for latencies.

X3.10.199 WAV Category Result (OBX) Segment  X3.10.204GDT Category Result (OBX) Segment
Contains the averaged digital waveform data for the foulContains the VEP descriptive report.
channels at each time point in the 250-ms epoch (total 500 X3.10.205MDT Category Result (OBX) Segment
points). Contains the VEP interpretation.

X3.10.200 ANA Category Result (OBX) Segmeat  x3 10206 DEV Category Result (OBX) Statement
Indicates a manuallyMAN) marked N75 peak in channels 2 |qengifies the device used for the recording as a text description
and 4 at peak latenciePKLA ) 75 and 73.5 ms, respectively, 4
after the start of the epoch defined by the last TIM category X3.10.207 SER Category Result (OBX) Segment

It t. Th litudeBKAM ) of the N75 ks i i . .
;ZSCL:] cshea({:]nmngpare iﬁc?g(;z:iu KAM) of the peaxs in Identifies the serial number of the device used for the record-

X3.10.201 ANA Category Result (OBX) Segment Ing.

Indicates a manuallyMAN ) marked P100 peak in channels 2 X3.10.208 ANT and IMP Category Result (OBX)
and 4 at peak latencie®KLA ) 99 and 101 ms, respectively, Segments-Contain the diagnostic impression for the study and
after the start of the epoch defined by the last TIM categorjts localization Normal, Bilaterally using AS4 diagnosis
result segment. The amplitudeRBKAM ) of the P100 peaks in codes AS4&VEPD) andAS4 |ocalization (distribution) codes
each channel are included. (AS4&DIST), respectively.

X3.10.202 ANA Category Result (OBX) Segment X3.10.209 Message Trailer (L) Segment (Sequence Number
Indicates a manuallyMAN ) marked N145 peak in channels 2 1) —Marks the end of the transmission, and specifies the
and 4 at peak latenciePKLA) 124 and 123 ms, respectively, number of patient segments (3) and the total number of lines
after the start of the epoch defined by the last TIM category819723) in the message and a batch number (19264) which

here is the same as the message control ID in the message
header segment.
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