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3. Terminology

3.1 receiver—the device that responds to the sender and
accepts the message.

3.2 sender—the device that has a message to send and
initiates the transmission process.

3.3 The parts of a communication between instrument and
computer are identified by the following terms. The parts are
hierarchical and are listed in order of most encompassing first.

3.4 session—a total unit of communication activity, used in
this standard to indicate the events starting with the establish-
ment phase and ending with the termination phase, as de-
scribed In subsequent sections.

3.5 message—a collection of related information on a single
topic, used here to mean all the identity, tests, and comments
sent at one time. When used with Specification E 1394, this
term means a record as defined by Specification E 1394,

3.6 frame—a subdivision of a message, used to allow
periodic communication housekeeping such as error checks
and acknowledgements,

4. Significance and Use

4.1 Nearly all recent major clinical instruments have provi-
sion for connection to a computer system, and in nearly all
laboratories that have implemented a LIMS, there is a need to
e t the laboratory’s high volume automated instruments to
*he _4MS so that results can be transferred automatically. To

:complish this connection, both the instrument and the
computer must have compatible circuits and appropriate soft-
ware, and there must be a proper cable to connect the two
systems.

4.1.1 Without this standard specification, the interface be-
tween each different instrument and each different computer
system is likely to be a different product. This increases the
cost, the chances for compatibility problems, and the difficulty
of specifying and designing a proper system. In addition,
interfaces for every instrument-computer combination may not
be available, forcing expensive and time-consuming custom
development projects.

4.2 This standard specification defines the electrical param-
eters, cabling, data codes, transmission protocol, and error
recovery for the information that passes between the instru-
ment and the laboratory computer. It is expected that future
products from instrument manufacturers and computer system
developers, released after the publication of this specification,
will conform to this specification, .and that will lead to
plug-together compatibility of clinical instruments and com-
puter systems.

5. Physical Layer

5.1 Overview—The mechanical and electrical connection
for serial binary data bit transmission between instrument and
computer system is described in the physical layer. The
te gy is point-to-point, a direct connection between two
g

5.2 Electrical Characteristics—The voltage and impedance
levels for the generator and receiver circuits are-as specified in
the EIA-232-D-1986 standard.

5.2.1 Signal Levels:

52.1.1 For the data interchange circuits, a marking condi-

tion corresponds to a voltage more negative than minus three
volts with respect to signal ground at the interface point. A
spacing condition corresponds to a voltage mor= positive than
plus theee volts with respect to signal ground at the interface
point.
5.2.1.2 Binary state ONE (1) corresponds (o the marking
condition; binary state ZERO (0) comresponds o the spacing
condition,
5.2.1.3 The signal levels conform to the E1A-232-D-1986
standard.
5.2.2 Character Structure:
5.2.2.1 The method of data transmission 15 serial-by-bit
start/stop. The order of the bits in a character 15
(1) One start bit, corresponding to a binary 0,
(2) The data bits of the character, least significant bit
transmitted first, weso"
(3) Parity bit,
(4) Stop bit(s), corresponding to a binary |
5.2.2.2 The time between the stop bit of one character and
the start bit of the next character may be of any duration. The
data interchange circuit is in the marking condition between
characters.
5.2.2.3 Even parity corresponds to a parity bit chosen in
such a way that there are an even number of ONE bits in the
sequence of data bits and parity bit. Odd parity corresponds to
an odd number of ONE bits when formed in the same way.
5.2.2.4 All devices must be capable of sending and receiv-
ing characters consisting of one start bit, eight data bits, no
parity bit, and one stop bit.
5.2.2.5 The default character structure consists of one start
bit, eight data bits, no parity bit, and one stop bit. Eight data bit
character sets are allowed but not specified by this standard.
Other character structures can be used for specialized applica-
tions, for example, seven data bits, odd, even. mark or space
parity, or two stop bits.
5.2.2.6 The character bit sequencing, structure. and parity
sense definitions conform to ANSI standards *3.15-1976 and
X3.16-1976.
5.2.3 Speed:
5.2.3.1 The data transmission rate for instruments shall be at
least one of these baud rates: 1200, 2400, 4800, or 9600 baud.
The preferred rate is 9600 baud and should ne the default

setting of the instrument when more than onz baud rate is
available. The computer system must have the capability forall
four baud rates. .

5.2.3.2 Devices may optionally have the capamlity for other

baud rates such as 300, 19 200, and 38 400 baud for use in
specialized applications.

5.2.4 Interface Connections:

5.2.4.1 The conforming connection speciii=d here defines
the point of interconnection bewween the domain of the
instrument and domain of the computer system (See Fig. | and
Fig. 2.) Within the domain of either device, urny appropriate
connection system may be used, preferably with suitable cable
locking hardware.

§2.4.2 The conforming connection utiliz>
connector. The connector contact assignments

a1 23-position
are listed 1n
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FIG. 1 Connector Strategy for Instrument Computer
Connection—Cable Mounted
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Conforming Extension Cenforming
Connection Cable Connection

FIG. 2 Connector Strategy for Instrument Computer
Connections—Chassis Mounted

Table 1. Connector contacts not listed are unused. The connec-
tor contact assignments conform to the EIA-232-D-1986 stan-

1 for the circuits that are used.

.2.4.3 Contact 1 is the shield connection, it connects to the
instrument’s (the DTE) frame. The shield connection is left
open at the computer (the DCE) to avoid ground loops. There
will be no connections on any other pins. All other pins will be
open circuits,

5.3 Mechanical Characteristics:

5.3.1 Connector:

5.3.1.1 The conforming connector associated with the in-
strument is a commercial type DB-25P (subminiature D male)
style connector. The conforming connector associated with the
computer is a commercial type DB-255 (subminiature D
female) style connector. The connector dimensions must cor-
respond to those given in the E[A-232-D-1986 standard.

5.3.1.2 When the conforming connector of the instraument is
cable mounted, it shall be configured with a locking device
such as No. 4-40 or M-3 thread female screw locking hard-
ware. When the conforming connector of the computer is cable
mounted, it shall be configured with a locking device such as
No. 4-40 or M-3 thread male screw locking hardware. (See Fig.
1)

5.3.1.3 When the conforming connector of either device is
chassis mounted, it shall be configured with devices such as
No. 4-40 or M-3 thread female screw locking hardware. The
mating cable connector shall use devices such as No. 4-40 or
M-3 thread male screw locking hardware. (See Fig. 2.)

TABLE 1 Connector Contact Assignments

Birection
untact No. EIA Circuit Oesenption
Instrument Computer
1 Shield < No Caonnection
2 BA Transmitted Data Cutput Input
3 ge Raceived Data Input Cutput
7 AB Signal Ground

5.3.1.4 When the conforming connector of the instrument is
cable mounted and the conforming connector of the computer
is chassis mounted, then a change in the cable mounted locking
hardware is necessary.

5.3.2 Cable—Any extension cables to connect the instru-
ment to the computer require a female connector on one end to
mate with the instrument and a male connector on the other end
to mate with the computer. Detailed requirements of an
interconnecting cable are undefined but good engineering
practice should be followed in selecting the cable and connec-
tors. Shielded cable and connectors may be necessary to
suppress electromagnetic interface (EMI) Low capacitance
cable may be necessary for long cable lengths or the higher
data rates. Appropriate connector locking hardware should be
used at the conforming connectors.

6. Data Link Layer

6.1 Overview—The data link layer has procedures for limk
connection and release, delimiting and synchronism, sequential
control, error detection, and error recovery

6.1.1 Link connection and release establish which system
sends and which system receives information. Delimiting and
synchronism provide for framing of the data nnd recognition of
frames. Sequence control maintains the sequential order of
information across the connection. Error detection senses
transmission or format errors. Error recovery attempts 1o
recover from detected errors by retransmitting defective frames
or returning the hink to a neutral state from otherwise unrecov-
erable errors.

6.1.2 The data link layer uses a character-anented protoco!
to send messages between directly connzcied systems. (See
ANSI X3.4-1986. Also, see Appendix X1 for the coding of the
ASCI characters.) Some restrictions are placed on the charac-
ters which can appear in the message conte

6.1:3 The datalink mode of operation is une-way transfer of
information with alternate supervision. Information flows in
one direction at-a time. Replies occur after information is sent,
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never at the same time, [t 1s a simplex stop-and-wait protocol.

6.1.4 At times, the two systems are actively operating fo
transfer information. The remainder of the time the data link is
in a neutral state. See the state diagram in Annex Al.

6.1.5 There are three distinct phases in transferring infor-
mation between instrument and computer system. In each
phase, one system directs the operation and is responsible for
continuity of the communication. The three phases assure the
actions of sender and receiver are coordinated. The three
phases are establishment, transfer, and termination.

6.2 Establishment Phase (Link Connection):

6.2.1 The establishment phase determines the direction of
information flow and prepares the receiver to accept informa-
tion.

6.22 The sender notifies the receiver that information is
available. The receiver responds that it is prepared to receive
before information is transmitted.

6.2.3 A system which does not have information to send
normally monitors the data link to detect the establishment
phase. It acts as a receiver, waiting for the other system.

6.2.4 The system with information available initiates the
establishment phase. After the sender determines the data link
is in a neutral state, it transmits the <ENQ> transmission
control character+to the intended receiver. Sender will ignore
a  ponses other than <ACK>, <NAK>, or <ENQ>.

0.2.5 Upon receiving the <ENQ>, the receiver prepares to
receive information. All other characters are ignored. It replies
with the <ACK>transmission control character signifying it is
ready. With this sequence of events, the establishment phase
ends and the transfer phase begins.

6.2.6 A receiver that cannot immediately receive informa-
tion, replies with the <NAK> transmission control character.
Upon receiving <NAK>, the sender must wait at least 10 s
before transmitting another <ENQ=>.

6.2.7 Systems not having the ability to receive information
always respond to an <ENQ> by replying with a <NAK>.
Systems not having the ability to send information never
transmit an <ENQ>.

6.2.7.1 Contention—Should both systems simultaneously
transmit an <ENQ>, the data link 15 in contention. The
instrument system has priorty to transmit information when
contention occurs. Contention is resolved as follows:

(1) Upon receiving a reply of <ENQ> to its transmitted
<ENQ=>, the computer systemn must stop trying to transmit; it
must prepare to receive. When the next <ENQ= is received, it
rephies with an <ACK> or <NAK> depending an its readiness
to receive.

(2) Upon receiving a reply of <ENQ> to us transmitted
<ENQ=>, the instrument must wait at least | 5 before sending
another <ENQ>.

6.3 Transfer Phase— During the transfer phase, the sender
I mits messages to the receiver. The transfer phase contin-
u. ol all messages are sent.

6.3.1 Frames—Messages are sent in frames, each frame
contains a maximum of 247 characters (including frame
overhead). Messages longer than 240 characters are divided
between two or more frames.

6.3.1.1 Muitiple messages are never combined in a single
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frame. Every message must begin in a new frame.

6.3.1.2 A frame is one of two types, an intermediate frame
or an end frame. Intermediate frames terminate with the
characters <ETB>, checksum, <CR> and <LF>. End frames
terminate with the characters <ETX>, checksum, <CR> and
<LF>. A message containing 240 characters or less (s sent in a
single end frame. Longer messages are sent in intermediate
frames with the last part of the message sent in an end frame.
The frame structure is illustrated as follows:
<STX> FN text <ETB> C1 C2 <CR> <LF> « intermediate
frame
<STX> FN text <ETX> Cl C2 <CR> <LF> « end frame

where:

<STX> = Start of Text transmission control character

FN = single digit Frame Number 0 to 7

text = Data Content of Message

<ETB> = End of Transmission Block transmission control
character

<ETX> = End of Text transmission control character

Cl = most significant character of checksum 0 to 9 and
AtoF

c2 = least significant character of checksum 0 10 9 and
AtoF

<CR> = Carriage Return ASCII character

<LF> = Line Feed ASCII character

6.3.2 Frame Number— The frame number permits the
receiver to distinguish between new and retransmitted frames.
It is a single digit sent immediately after the <STX> character.

6.3.2.1 The frame number is an ASCII digit ranging from 0
to 7. The frame number begins at 1 with the first frame of the
Transfer phase. The frame number is incremented by one for
every new frame transmitted. After 7, the frame number rolls
over to 0, and continues in this fashion. '

6.3.3 Checksurn—The checksum permits the receiver to
detect a defective frame. The checksum is =ncoded as two
characters which are sent after the <ETB> or <ETX> charac-
ter. The checksum is computed by adding the hinary values of
the characters, keeping the least significant eight bits of the
resulL.

6.3.3.1 The checksum is initialized to zero with the <STX>
character. The first character used in computing the checksum
is the frame number, Each character in the message text is
added to the checksum (modulo 256). The computation for the
checksum does not include <STX>, the checksum characters,
or the trailling <CR> and <LF>.

6.3.3.2 The checksum is an integer rej
bits, it can be considered as two groups of fou
of four bits are converted to the ASCII

ented by eight
sits. The groups
characters of the

hexadecimal representation. The two ASCIl characters are
transmitted as the checksum, with the most sienificant charac-
ter first.

6.3.3.3 For example, a checksum of 122 can be represented
as 01111010 in binary or 7A in hexadecimal The checksum is
transmitied as the ASCII character 7 followsd by the character
Al

©6.3:4 Acknowledgments— After a frame is sent, the sender

stops transmitting until a reply is received.

6.3.4.1 The receiver replies to each frame When it is ready
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to receive the next frame, it transmits one of three replies to
acknowledge the last frame. This reply must be transmitied
within the timeout period specified in 6.5.2,

6.3.4.2 A reply of <ACK> signifies the last frame was
received successfully and the receiver is prepared to receive
another frame. The sender must increment the frame number
and either send a new frame or terminate,

6.3.4.3 A reply of <NAK> signifies the last frame was not
successfully received and the receiver is prepared to receive the
frame again.

6.3.4.4 A reply of <EOT> signifies the last frame was
received successfully, the receiver is prepared to receive
another frame, but is a request to the sender to stop transmit-
ting. (See the following section on receiver interrupts.)

6.3.5 Receiver Interrupts—The receiver interrupt is a means
for the receiver to request the sender to stop transmitting
messages as soon as possible.

6.3.5.1 During the transfer phase, if the receiver responds to
a frame with an <EOT> in place of the usual <ACK>, the
sender must interpret this reply as a receiver interrupt request.
The <EOT=> is a positive acknowledgment of the end frame,
signifies the receiver is prepared to receive next frame, and is
a request to the sender to stop transmitting.

5.3.5.2 The sender does not have to stop transmitting after

iving the receiver interrupt request. If the sender chooses to
ignore the <EOT>, the receiver must re-request the interrupt
for the request'to remain valid.

6.3.5.3 If the sender chooses to honor the receiver interrupt
request, it must first enter the termination phase to retarn the
data link to the neutral state. This gives the receiver an
opportunity to-enter the establishment phase and become the
sender. The original sender must not enter the establishment
phase for at least 15 s or until the receiver has sent a message
and remrned the data link to the neutral state.

6.4 Termination Phase (Link Release)—The termination
phase returns the data link to the clear or neutral stte. The
sender notifies the receiver that all messages have been sent.

6.4.1 The sender transmits the <EOT> transmission control
character and then regards the data link to be in a neutral state.
Upon receiving <EQT>, the receiver also regards the data link
to be in the neutral state.

6.5 Error Recovery— Maethods are described which enable
both sender and receiver to recover, in an orderly way, from
errors in data transmission.

6.5.1 Defective Frames— A receiver checks every frame to
suarantee it is valid. A reply of <NAK> is transmitted for
invalid frames. Upon receiving the <NAK>, the sender retrans-
mits the last frame with the same frame number. In this way,
transmission errors are detected and automatically corrected

6.5.1.1 Any characters occurring before the <STX> or
<EOT> or after the end of the block character (the <ETB> or

"TX>) are ignored by the receiver when checking the frame.

irame should be rejected because:

(1) Any character errors are detected (panty error, framing
error, ete.},

(2) The frame checksum does not match the checksum
computed on the received frame,

(3) The frame number is not the same as the last accepted

frame or one number higher (modulo 8).

6.5.1.2 Upon receiving a <NAK>or any character except an
<ACK> or <EOT> (a <NAK> condition). the sender incre-
ments a retransmit counter and retransmits the frame. [ this
counter shows a single frame was sent and not accepted six
times, the sender must abort this message by proceeding 1o the
termination phase. An abort should be extremely rare. but 1t
provides a mechanism to escape from a condition where the
ransfer phase cannot continue.

6.5.2 Timeouts—The sender and receiver borh use timers to
detect loss of coordination between them. The timers provide a
method for recovery if the communication line or the other
device fails to respond.

6.5.2.1 During the establishment phase, the sender sets a
timer when transmitting the <ENQ>. If a reply of an <ACK>,
<NAK>, or <ENQ> is not received within 15 s, a timeout
occurs. After a timeout, the sender enters the termination
phase.

6.5.2.2 During the establishment phase, i the computer (as
receiver) detects contention, it sets a timer. [f an <ENQ> is not
received within 20 s, a timeout occurs. Afier a timeout, the
receiver regards the line to be in the neutral state.

6.5.2.3 During the transfer phase, the sender sets a timer
when transmitting the last character of a frame. If a reply is not
received within 15 s, a timeout occurs. After a timeout, the
sender aborts the message transfer by proceeding to the
termination phase. As with excessive retransmissions of defec-
tive frames, the message must be remembered so it can be
completely repeated.

6.5.2.4 During the transfer phase, the recziver sets a timer
when first entering the transfer phase or when replying to a
frame. If a frame or <EOT> is not received within 30 s, a
timeout occurs. After a timeout, the receiver discards the last
incomplete message and regards the line 1o be in the neutral
state.

6.5.2.5 A receiver must reply to a frame within 15 s or the
sender will timeout. A receiver can delay its reply for up to 15
5 to process the frame or to otherwise go busy. Longer delays
cause the sender to abort the message.

6.5.2.6 Receivers that cannot process messages fast enough
to keep up with a sender may cause messaz buffer overflows
in the sender. A sender can normally store at |zast one complete
message. Storage space for more than one oulgoing message is
desirable but optional.

6.6 Restricted Messuge Characters—The data link protocol
is designed for sending character based mesaage text. Restric-
tions are placed on which characters may appear in the
message text. The restrictions make it simpler for senders and
receivers to recognize replies and frame delimiters. Additional
characters are restricted to avoid interfering with software
controls for devices such as multiplexers

6.6.1 A <LF> character is not permitied to appear in the
message text; it can appear only as the last character of a frame.

6.6.2 None of the ten transmission control characters, the
<L.F> format effector ¢ontrol character, or fourdevice control
characters may appear in message text. The restricted charac-
ters are: <SOH>, <STX>, <ETX>, <EOT>, <ENQ>,
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<ACK>, <DLE>, <NAK>, <§YN>, <ETB>, <LF>, <DC1>,
<DC2>, <DC3>, and <DC4>.

ANNEX
(Mandatory Information)
Al. STATE DIAGRAM

Al.l The state diagram is given in Fig. Al.l.
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FIG. A1.1 State Diagram
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APPENDIX
(Nonmandatory Information)

X1. SEVEN-BIT ASCIl CODE CHARTS

X1.1 Character codes are given in Fig. X1.1 and Fig. X1.2. | bex CHR |

e I ASCII Character
(e CHR | [_ Hefadecimal Chasacter Code

I[_ASCII Gk 00 NUL|10 DLE |20 SP130 0140 @50 F(60 170 p
_Dwimaloc‘”“ Code 01 SOH |11 DCI |21 ! |31 1|41 A|Si 0|61 a7t gq
02 STX (12 DC2 {22 ~ |32 2|42 B|52 R|62 b|72 r

000 NUL|016 DLE 032 SP|048 0064 @(080 P |096 * 112 p 03 ETX |13 DC3 |23 # (33 3|43 C|5 S |63 c|73. s
001 SOH |017 DCL (033 ! (049 1065 A {081 Q097 a[l13 g 04 EOT |14 DC4 (24 $ |34 4[48 D54 T (64 d|T4 t
002 STX |018 DC2 |034 ~ |050 2|066 B|0B2 R|098 b|ll4 05 ENQ|15 NAK([25 % |15 5/45 E|55 U|65 e¢|75 wu
003 ETX 019 DC3 {035 # |05t 3|067 C|083 S (099 c|115 s 06 ACK|16 SYN|[26 & |36 6[4 F|se V|66 f|76 v
004 EOT (020 DC4 |036 $ (052 4|068 D084 T|100 d|116 1t 07 BEL |17 ETB |27 * |37 7|47 G|57 w|67 g|17 w
005 ENQ|021 NAK|037 % |053 5|069 E (085 U |10l e|117 u 08 BS |18 CAN|[28 ( |38 8|48 H|5s8 X |68 h|78 «x
006 ACK|[022 SYN (038 & (054 6(070 F[0B6 V |102 F[1IR v 09 HT [19 EM [29 ) [39 9(490 1|59 Y69 i[79
007 BEL |023 ETB |039 ' |055 7|07t G|087 W|i03 g|119 w OA LF |[1A SUB [2A * [3A :[d4A J |54 Z|6A j|7A z
008 BS |024 CAN|040 ( |056 8[072 H|088 X |104 h|120 «x 0B VT |IB ESC |2B .+ (3B ;|4B K|5B [|6B k|7B |
009 HT (025 EM |04l ) |057 9{073 1 {089 Y |105 i|121 vy OC FF [IC FS [2C , |3C <[4C L|5C ~|6C 1]|7C |
010 LF |026 SUB (042 = |08 :|074 J |090 Z|106 j|122 2 0D CR [ID GS [2D - |3D =[4D M|5D | |6D m|TD |
011 VT 027 ESC (043 + 059 ; [075-K [091 [ (107 k[123 | DE SO |1E RS |2E . |3E >|4E N|SE ~|6E n|TE -~
012 FF |028 FS [044 , [060 <|076 L [092 “\|[108 1 |124 | OF SI |IF US |[2F /|3F ?2|4F O|SF _|6F 0|7F DEL
013 CR |029 GS |045 - [061 =[077 M|093 ] |109 m|125 )
4 50 |030 RS |046 . (062 >|078 N[094 —|110 nl|126 =~ FIG. X1.2 Hexadecimal Character Code

ST {031 US |o047 / [063. 7079 O|095 —|111 o127 DEL

FI1G. X1.1 Decimal Character Ccd.e
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Standard Specification for

An American Malional Standard

Transferring Information Between Clinical Instruments and

Computer Systems'

This standard 1s issued under the fixed designation E 1394; the number immediately following the designation iniicates the vear 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 editonal change since the last revision or reapproval.

1. Scope

1.1 This standard covers the two-way digital transmission of
remote requests and results between clinical instruments and
computer systems. [t is intended to document the common
conventions required for the interchange of clinical results and
patient data between clinical instruments and computer sys-
tems. This standard specifies the message content for transfer-
ring information between a clinical instrument and a computer
system. It enables any two such systems o establish a logical
link for communicating text to send result, request, or demo-
graphic information in a standard and interpretable form. This
standard does not necessarily apply to general analyucal
instruments in an industrial analytical nor research and devel-
opment setting.

1.2 This standard specification is intended to apply to the
structure of messages exchanged between clinical instruments
and computer systems by means of defined communications

rotocols. Low-level communications protocols and data trans-
ier requirements are beyond the scope of this standard. A
separate specification is available from ASTM detailing a
standard for low-level data transfer communications (see
Specification E 1381).

1.3 This standard specifies the conventions for structuring
the content of the message and for representing the data
elements contained within those structures. [t 1s applicable to
all text oriented clinical instrumentation. It has been specifi-
cally created to provide common conventions for interfacing
computers and instrurnents in a clinical setting. [t would also
be applicable to interfacing instruments in clinical practice
settings, such as physicians’ offices, clinics, and satellite
laboratones.

2. Referenced Documents

2.1 ASTM Standards:

E 1238 Specification for Transferring Clinical Observations
Between Independent Computer Systems®

E 1239 Guide for Description of Reservation/Registration-
Admission, Discharge, Transfer (R-ADT) Systems for

" This specification is under the junsdiction of ASTM Communee E3| on
Healthecare Informatics and is the direct responsibdity of Subcommittee E31.13 on
Clinical Laboratory Systems,

Cumrent edition approved Dec. [0. 1997, Published March 1998, Onginally
published as E 1354 = 91, Last previous ediion E 1394 -9,

* Annual Book of ASTM Standards. Vol 14.01.

Copyright @ ASTM, 100 Barr Hatbor Orive, West Conshonocken, PA 19428-2959, Unitad Siates

Automated Patient Care Information Systems?

E 1381 Specification for Low-Level Protocol to Transfer
Messages Between Clinical [ aboratory Instruments and
Computer Systems?

2.2 ANSI Standards:?

X3.30 ANSI Information System Caodes

X3.40 ANSI Information System Codes

X3.43 ANSI Information Sysiems Codes

X3.50 ANSI Information Systems Codes

2.3 ISO Standards:*

ISO 5218 Information Interchange-Representation of Hu-
man Sexes

[SO 2955-93 Information Processing—Representation of
SI and Other Units in Systems with Limited Character
Sets

ISO 8859-1: 1987 Information Processing—8-bit single-
byte coded graphic character seis—Part 1: Latin Alphabet
No. 1

2.3 Other Standards:

EIA/TIA-232-E

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 battery—a group of tests ordered together, for ex-
ample, an admitting battery. The term battery is used in the
document synonomously with the term profile or panel. The
test elements within a battery may be characteristic of a single
physiologic system, for example, liver [unction tests, or many
different physiologic systems. The battery 1s sumply a conven-
tion by which a user can order multiple tests by specifying a
single name.

3.1.2 component field—a single data element or data ele-
ments which express a finer aggrezate or extension of data
elements which precede it. For example, parts of a field or
repeat field entry. As an example. the patient’s name Is
recorded as last name, first name, and middle initial, each of
which is separated by a component delimiter. Components

cannot contain repeat fields.

3.1.3 download—data transmitizd from a computer system
to a clinical instrument.

7 Available from American Mational Standasds Tnstuute, 11 W, 42nd S, 13th
Floor, New Yark, NY 10036.

* Available from Intemational Standards ()
Postale: 56, Cr11221, Geneva 20 Switzerland

sanizatien, | Rue de Varembe, Cise
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3.1.4 field—one specific atiribute of a record which may
contain aggregates of data elements further refining the basic
attribute.

3.1.5 message—a textual body of information consisting of
a header (H) record through a message terminator (L) record.

3.1.6 record—an aggregate of fields describing one aspect
of the complete message.

3.1.7 repeat field—a single data element which expresses a
duplication of the field definiton 1t is repeating. Used for
demographics, requests, orders and the like, where each
element of a repeat field is to be treated as having equal priority
or standing to associated repeat fields.

3.1.8 test—a determination of a single analyte or a combi-
nation of values from other determinations or observations
which constitute a measure of a single system attribute.

3.1.9 upload—data transmitted from a clinical instrument to
a computer system.

4. Significance and Use

4.1 General Information:

4.1.1 This specification provides for two-way transmission
allowing for data-flow in either direction. [t provides for
sending demographic and test information to or from clinical
instruments. This specification has sufficient flexibility to
permit the addition of fields to existing record types or the
creation of new record types to accommodate new test and
reporting methodologies.

4.1.2 This specification is related to Specification E 1238.
Both standards use positional convention to define the structure
of messages that exchange information about clinical test
requests and results. The set of conventions specifies a hierar-
chical set of records in which the records higher in the
hierarchy contain information that is common to all records
lower in the hierarchy and thus avoids redundancy in linking
data together. The positional convention is simple and direct to
implement, requiring only a sequence of strings each having
variable length delimited fields which are positionally speci-
fied.

4.1.3 Specification E 1238 in its entirety, is not appropriate
for use as a clinical instrument to computer system interface.
The conventions of Specificaton E 1238 regarding record
types and the organization of data elements within the records
have been adhered lo as closely as possible to ensure that
common data elements defined there and used within instru-
ments are specified as closely as possible. This facilitates the
use of this specification consistent with Specification E 1238 in
a number of settings. There are three compelling reasons for
developing a separate standard which deviates from Specifica-
tion E 1238,

4.1.3.1 The scope of Spectfication E 1238 is specifically
tarceted to accommodate information transfer between (wo
independent computer systems requiring shared patient demo-
graphic and test result data. Specification E 1238 contains
extensive requirements and limitations, much of which may be
of litle, if any, use by clinical instrument systems. Further,
clinical instruments have test and instrument specific require-
ments outside the scope of Specification E 1238 and, as such,
are not available within the existing Specification E 1238

4.1.3.2 The structure of Specification E 1235 provides great

flexibility in the ordering and reporting of test results and
patient demographics. While this is appropriate for vse by
advanced computer systems of cquivalent rank, Specification
E 1238 clearly falls beyond the technical limitations of many
clinical laboratory instruments. This specification attempts (o
identify, and simplify, all complex data structures and interface
procedures and, where pracucal. restrict multiple procedural
options to single procedures appropriate for the clinical instru-
ment setting, Further, this specification has attempted to assign
a master/slave hierarchy where conflicts may occur, assigning
appropriate responsibility for data processing or reporting
operations to the party (clinical 'nstrument or computer sys-
tem) better able to process a particular task. For example, in all
cases involving the ordering or reporting of tests, the instru-
ment manufacturer is solely responsible for assigning the test
and result ID numbers (see 6.65.1). These reductions in flex-
ibility directly result in increased structure and clarity, which is
deemed more appropriate for ensuring successful interface
implementation within the clinical instrument setting.

4.1.3.3 Specification E 1238 was developed independent of
data protocol and transfer considerations. Specification E 1238
uses maximum field and record lengths. Combined with its
record level checksum and error recovery facilities, Specifica-
tion E 1238 may be implemented without a data protocol layer.
By contrast, this message-content specification has been devel-
oped in cooperative effort with s correlative ASTM low-level
data transfer and protocol specification. While each specifica-
tion (message-content and low-level protocol) is designed to be
independently implemented and maintained, the message-
content specification presumes that a protocol layer exists that
will handle record blocking/dehlocking, error detection and
recovery, and other associated dzta transport tasks. As such, all
protocol level operations and limitations existing in Specifica-
tion E 1238 are not applicable, and therefore not included in
this document.

5. Information Requirements in Clinical Testing

5.1 General Approach:

5.1.1 Messages may contain one or more requests/results
for one or more patients. Tests may be requested as groups of
many individual tests. These groups are referred to as batteries.
Examples of batteries are tests produced on a multichannel
analyzer, such as a CHEMI12, physiological groupings of tests
(such as liver function tests) and Minimum Inhibitory Concen-
tration tests (MIC's) in microbiology testing. The fact that a
series of tests is contained in a battery does not imply that they
are all performed on the same analytic instrument.

5.1.2 Messages consist of a hicrarchy of records of vanous
types. Records at level zero contain information pertaining to
the sender identification and completion of transmission.
Records at level one of the hierurchy contain information about
individual patients. Records at [¢vel two contain information
about test order requests and specimens. Records at level three
contain informaton about test 1

ailts.
5.1.3 Comment records may he inserted at any level i the
fuerarchy. A comment record always relates to the inumnediately

preceding patient, order, resull. scientific or manufacturer
information record. Therefore, 11 4 comment record were o
follow a patient record (level onel, then that comment record
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Using the transmission example as given in 5.2.1 and as
outlined in Fig. 2, the following record recovery examples
would be valid.

Line Failure Occurs At: Requiras Retransmission Of:

A A

B A B

c A B, C

o) A& B, C, D

E A B.C.OE
F A B EF

G AR EFG
H A G H

I A G H, I

J A G, H I J

K AGH 1LY K
L AGHLJ KL
M AGHLM
N A G M, N

(6] AN O

P AN OP

a AN O PO

6. Message Content—General Considerations

6.1 Characrer Codes:

6.1.1 All data shall be represented as eight-bit, single-byte,
coded graphic character values as defined in ISO 8859-1:1987.
The eight-bit values, within the range from 0 to 127 of [SO
8859-1:1987 correspond to the ASCII standard character set.
Values from 0 to 31 are disallowed with the exception of 7
(BEL), 9 (Horizontal tab), L1 (Vertcal tab), and 13 (CR),
where 13 is reserved as a record terminator. Values from 32 o
126 andfrom 128 to 254 are allowed. Values 127 and 255 are
also not allowed. It is the responsibility of the instrument
vendor and computer system vendor to understand the repre-
sentation of any extended or alternate character set being used.
As an example, the numeric value 13.5 would be sent as
four-byte value characters 13.5 or Latin-1(49), Laun-1(51),
Latin-1(46), and Latin-1(53).

Allowed Characters: 7.9, 11, 12, 13, 32-126, 128-254
Disallowed Characters: 0-6, 8, 10, 14-31, 127, 255

6.1.2 Within text data fields, only the Latin-1 characters
32-126 and the undefined characters 128-254 are permitted as
usable characters (excluding those used as delimiter characters
in a particular transmission). Furthermore, all characters used
as delimiters in a particular transmission are excluded from the
permitted range. The sender is responsible for screening all text
data fields to ensure that the text does not contain those
delimiters. Unless otherwise stated, contents of data fields shall
be case sensitive.

6.2 Maximum Field Lengths—This specification assumes
that all fields are variable in length. No storage is allocated
(except for the delimiter) for a null field. When, for example,
ten characters of data are entered within a field, only len
characters will be used, This specificaton does not define a
maximum length for any field or record and relies upon the
receiver’s buffering capabilities, and the logical layer’s trans-
port facilities, to parse information into workable lengths for
transmission and processing purposes. [tis the responsibility of
the instrument vendor and computer system vendor to agree on
any arbitrary field or record truncation that may need to be
imposed. It is recommended that the instrument vendor provide
documentation disclosing any field or record limits that will be
mandated by the clinical instrument.

6.3 Maximum Record Length:

6.4 Delimiters:

6.4.1 Alphanumeric characters should not be used as delim-
iters because they are likely (o appear within field content.
Moreover, some alphabetic characters have special uses as
follows:

H.P.ORC Q3 LM

None imposed.

record type 0's

. Latin-1{48) decimal point (perod)
, Latin-1(44) comma

S,PRC priority codes

L.H <. >N WD B W result codes
C.PEX 10 result status

For the purpose of providing examples, the following

delimiters are used in this specification:
Field delimiter = vertical bar (|) Latin-1 (124)
Repeat delimiter = backslash (\) Latin-1 (98)
Component delimiter = caret (*) Latin-1 {94)
Escape delimiter = ampersand (&) Latin-1 {38)

6.4.2 Record Delimiter—Carriage return (13) shall be the
delimiter for the end of any of the defined record types.

6.4.3 Field Delimiter—A single allowable character as de-
fined in 6.1.1 excluding Laun-1(13) (carmage return), shall
separate adjacent fields. The field delimiter is variable and
defined in the message header. The same delimiter must be
used in all records following a header and preceding a message
terminator record.

6.4.4 Repeat Delimiter—A single allowable character as
defined in 6.1.1 excluding Latin-1(13) and the value for the
field delimiter defined in 6.4.3. The repeat delimiter must be
defined in the message header and is used to separate vanable
numbers of descriptors for fields containing parts of equal
members of the same set.

6.4.5 Component Delimiter—A single allowable character
as defined in 6.1.1 excluding Latin-1(13) and the field and
repeat delimiter values. The component delimiter is used to
separate data elements of fields of a hierarchical or qualifier
nature. For example the street, city, state, zip, etc. of an address
field would be separated by component delimiters.

6.4.6 Escape Delimiter—A single allowable character, as
defined in 6.1.1, excluding Laun-1(13) and the field, repeat,
and component delimiter values. The escape delimiter is used
within text fields to signify special case operations. Applica-
tions of the escape delimiter are optional and may be used or
ignored at the discretion of cither transmitler or receiver.
However, all applications are required to accept the escape
delimiter and use it to correctly parse fields within the record.

6.4.6.1 Use of Escape Delimiter—The escape delimiter may
be used to signal certain special characteristics of portions of a
text field (for example, imbeddzd delimiters, line feed, carriage
return, etc). An escape sequence consists of the escape delim-
iter character followed by a single escape code ID (listed
below), followed by zero or more data characters followed by
another (closing) occurrence of the escape delimiter character.
No escape sequence may contain a nested escape sequence.
The following escape sequences are pre-defined.

&H& start highlighting tex!

EN& narmal text {(end hiabughting)

&F& imbedded field delirmiter character

&5a& imbedded component figld delimiter character

&R& imbedded repeat fiald dalimiter character
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LE& imbedded escape delimiter character
AXhnhhd&  hexadecimal dala

lote |—Any number of hexadecimal digits (0-9, A-F) may follow
(that is, &XA& could equal line feed).

&7ccecd Local (manutacturer defined) escape sequance

Note 2—Any number of legal characters may follow.

6.4.7 Spectfication of Delimiters—The actual delimiters to
be employed in a given transmission shall be specified in the
header message. It is the responsibility of the sender to avoid
the inclusion of any delimiter characters within the feld
contents. The receiving computer will determine what charac-
ters o use by reading the specifications of the header it
recelves. See 6.4.1 for examples of delimiters used for this
document.

6.4.8 Delimiters for Null Values—Fields shall be identified
by their position, obtained by counting field delimiters from the
front of the record. This position-sensitive identification pro-
cedure requires that when the contents of the field are null, its
corresponding field delimiter must be included in the record to
ensure that the {'th field can be found by counting (i~1)
delimiters. Delimiters are not included for trailing null fields;
that is, if the tenth field was the last field containing data, the
record could terminate after the tenth field, and therefore would
contain only nine delimiters.

6.49 Fields of No Concern to the Receiving System—
Transmitted records may include more fields than are required
by a receiving system. When processing a message, the

~eiving system may ignore any field it does not require.

-lds must always be transmitted, however, in the posiuonal
order specified.

6.4.10 Fields with Null Values:

6.4.10.1 A system may transmit a null value for a field
because (/) it does not know the value, (2) it knows the value
is irrelevant to the receiving system, or (J) the value has not
changed since the last transmission, or any combination
thereof. To exemplify case (3), a lab within a ughtly linked
hospital network may never transmut the patient’s birthdate,
sex, or race in the patient record when transmitting the order
and result records to the requesting system, because it knows
that the hospital registry system always broadcasts new or
changed patient data to the receiving system.

6.4.10.2 Because the sending system can use null values to
indicate no change, a null value does not overwrite existing
data in the receiving system. In rare circumstances, for
example, if a system erroneously sent a patient’s birthdate
when the birthdate was actually unknown, the receiving system
should replace its existing value for a field with a null value.

6.4.103 A field containing only a pair of double quotes
(Latin-1(34)) should be treated as an instruction to the receiver
that the existing contents pertaining to that feld definition
should be deleted.

6.5 Data Record Usage Overview—Data shall be ex-
changed in records of different types. Each record is introduced
by field (number one) identifying the record type, and termi-

:d by a carriage return. The following record types are
uilned.

Note 3—The record type [D field shall be case insensitive,

6.5.1 Message Header Record (H)— This record shall con-
tain information about the sender and the receiver, that is, 1t
shall identify the instrument(s) and the computer systems
whose records are being exchanged. [t also defines the field,
repeat field, and component field delimiter characters.

6.5.2 Patient ldentifying Record (P)—This record type con-
tains information about an individual patient

6.5.3 Test Order Record (O)—When sent from the computer
system to the instrument, this record shall represent a test order
and may be followed by one or more result records which
would contain information pertinent 1o the test being ordered.
When sent by the instrument to the computer system, it shall
provide information about the specimen/test request, and may
be followed by result records (at least one record for each test
within the ordered batteries).

6.5.4 Result Record (R)—Each result record shall contain
the results of a single analytic determination.

6.5.5 Comment Record (C)—Comment records shall apply
to any other record except the message trailer record. They may
be free standing messages sent to or from the instrument,
unrelated to a particular patient or test procedure.

6.5.6 Request Information Record (())—This record shall be
used to request information for new tests, for tests previously
ordered, and possibly for tests previously reported. A single
request information record may request demographic informa-
tion, or results for an individual test, multiple test, or all tests
for a single date, a series of dates, or a range of dates, or both,
and for an individual patient, group of patients, individual
specimens, groups of specimens, etc.

6.5.7 Scientific Record (5)—This record shall be used to
exchange results between clinical sites for the purposes of
proficiency testing or method development.

6.5.8 Manufacturer Information Record (M)—This record,
which is similar to the comment record, may be used to send
complex structures where use of the existing record types
would not be appropriate. The fields within this record type are
defined by the manufacturer.

6.6 Common Field Types:

6.6.1 Universal Test [D—This field 15 defined as a four part
field with provisions to further define the test idenufication via
use of component fields. The test ID ficld 1s used to identify a
test or battery name. The four parts which are defined below
are the universal test identifier, the test name, the test identifier
type and the manufacturer defined test code. All test ID parts
must be separated by a component delimiter and are position
dependent. As an example, additional information which may
be included in this field type are instrument D, orgamsm [D
(for sensitivity tests), well number, cup number, location
number, tray number, bar code number, etc. [t is the responsi-
bility of the instrument manufacturer 1o define the data content
of the test ID field. When the test ID is used in the result record,
there must be sufficient information within the test ID field 1o
determine the relationship of the test r=cult to the test, battery
or batteries ordered.

6.6.1.1 Universal Test ID (Part I)— This is the first compo-
nent of the test 1D field. This field is currently unused but
reserved for the application of a univercal test identifier code,
should one system become available {or use at a future time.
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6.6.1.2 Universal Test ID Name (Part 2)—This would be
the test or battery name associated with the universal test ID
code described in 6.6.1.1.

6.6.1.3 Universal Test ID Type (Part 3)—In the case where
multiple national or international coding schemes exist, this
field may be used to determine what coding scheme is
employed in the test ID and test ID name Relds.

6.6.1.4 Manufacturer's or Local Code (Part 4)—This is the
code defined by the manufacturer. Thus code may be a number,
characters, or multiple test designator based on manufacturer
defined delimiters (that is. AK.23.34-B). Extensions or quali-
fiers to this code may be followed by subsequent component
fields which must be defined and documented by the manufac-
turer. For example, this code may represent a three part
identifier such as—Dilution” Diluent” Description.

6.6.2 Dates and Times—In all cases, dates shall be recorded
in the YYYYMMDD format as required by ANSI X3.30.
December 1, 1989 would be represented as 19891201. When
times are transmitted, they shall be represented as HHMMSS,
shall be linked to dates as specified by ANSI X3.43. Date and
tume together shall be specified as up to a fourteen-character
string: YYYYMMDDHHMMSS. _

6.6.2.1 Time Zone—The time zone may be optionally ap-
pended to the date/time field in the format + HHMM
or — HHMM as appropriate. The default time zone is that of the
sender.

6.6.3 Telephone Numbers—Phone numbers shall be re-
corded as free text, which may contain extensions such as area
code, country code, beeper number, hours to call, ete,

6.6.3.1 Multiple Phone Numbers—When multiple tele-
phone numbers apply, they may be included in one field and
separated from each other by repeat delimiters. The first such
entry is considered the primary or the daytime number.

6.6.4 Fixed Measurements and Units—When a field con-
tains a specific observation, for example, patient's weight,
patient’s height, or collection volume, the default units of
measurement for that observation are specified in the feld
definition. When the observaton is measured in the default
units, the units need not be transmitted. [f the measure is
recorded in units different from the default, for example, if the
weight is measured in pounds rather than kilograms, the
measurement units must be transmitted. In this case the units
are transmitted in the same field as the measurement. The units
follow the measure and are separated from it by a component
delimiter, for example, 1007 [b. Units should be expressed in
ISO standard abbreviations in accordance with SO 2955,

6.6.5 Addresses—An address occupies a single field in a
record. The address may be comprised of five components
(street address, city, state, zip, or postal code, and country
code) separated by component delimiters so that the receiving
party can break them into separate fields as needed. An exam
ple would be 52 Hilton Street #B42° Chicago™ [L° 60305 USA.
The country need only be transmitted when it cannot be
assumed from the context. The components of this field are
position dependent.

6.6.6 Provider and User ID's—Physician’s and other care
givers’ codes may be transmitted as internal code numbers, as
full names, or both, as mutually agreed upon between the

sender and the receiver. When both the name and ID number
are sent, ID numbers should come first and be separated from
the name by a component delimuter. Each companent of the
name is also separated by a component delimiter. The order of
the components of the name shall be (1) last name, (2) first
name, (3) middle initial or name, (4) suffix, for example, Ir,
Sr., etc., and (3) title, for example. Dr, Mr., etc. Thus, if Dr.
John G. Jones, Jr. had an identifier of 401-0, his number and
name would be transmitted as 401-0" JONES"JOHN"G"JR
"DR. When necessary, more than one [D may be sent within
one field. Multiple IDs in one field are separated by repeat
delimiters.

6.6.7 Record Sequence Number—This is a required field
used in record types that may occur multiple times within a
single message. The number used defines the " th occurrence of
the associated record type at a particular hierarchical level and
is reset to one whenever a record of a greater hierarchical
significance (lower number) is transmitted or if the same record
is used at a different hierarchical lcvel (for example, comment
records).

6.7 Examples of Basic Record I'vpes—The following ex-
amples are given for a set of transmitted results for a given
patient. These will show how the ¢mployment of the conven-
tions defined lead to a valid messaze. In these examples the
first two fields of each line (record) of the message body
contain the record type and the integer record sequence number
(excepting the header record). Carriage return is indicated by
<CR>. To simplify the example, all the components of each
record have not been included. Ellipses (...) are used to indicate
fields that are left out and comments are enclosed in square
brackets. Record hierarchical levels are shown by indentation.

Note 4—You may wish to study the record definitions outlined in
Section 7 before reviewing the samples shown in Figs. 3-11. Trailing
fields, unused, may or may not have fzld delimiters transmitted. Both
cases should be handled by the receiving parser.

7. Message Header Record

7.1 General—The header shall contain identifiers of both
the sender and the receiver, The message header is a level zero
record and must be followed at some point by a message
terminator record before ending the session or transmitting

H|\ &<CR>
P|1<CR>
O] || "Atr<crs
R[1]]0.356<CR>
P |2] <CR>
Q||| az<cr>
RI1]|1.672<CR>
P|Pé<Cr>
O[] H12<cR>
R|1 | |0.402<CR>
L|1<cr>
Note 1—This sample is not recommnded for implementation.

Note 2—Direction: instrument Lo computer system,
FIG. 3 Minimal Implementation (Mo Patient ID or Specimen (D)
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H|\ " &<CR>
Pl1<CR>
0]1]927529| | TAI\T T TA2<CR>
R|1|™""a1]0.295[[]]]]]|19890327132247<CR>
R|2| ""a2]0.312)|]]|}]]19890327132248<CR>
PlZ!d‘.R) :
0[1]927533 | "7 TA3\ T A4<CR>
RI1]777a3]0.921 | ||| ]| [ 19890327132422<CR>
R|2| " "a4)1.097] ]| ]]]]119890317132423<CR>
L] 1<CR>

FIG. 4 No Patient ID; Specimen ID and Multiple Results Shown

another header record. This record type must always be the first
record in a transmission,

7.1.1 Record Type ID—The character H identifies the record
as a message header record.

7.1.2 Delimiter Definition—The five Latin-1 characters that
immediately follow the H (the header ID) define the delimiters
to be used throughout the subsequent records of the message.
The second character in the header record is the field delimiter,
the third character is the repeat delimiter, the fourth character
is the component delimiter, and the fifth is the escape character.
A field delimiter follows these characters to separate them from
subsequent fields. Another way to view this is that the first field
contains H and the second field contains the repeat, component
and escape delimiters. Using the example delimiters, the first
six characters in the header record would appear as follows:
H]V &

7.1.3 Message Control ID—This is a unique number or
other ID that uniquely identifies the transmission for use in
network systems that have defined acknowledgment protocols
that are outside of the scope of this specification. Note that this
is the third field.

7.1.4 Access Password—This 15 a level security/access
password as mutually agreed upon by the sender and receiver.
If this security check fails, the transmission will be aborted and
the sender will be netified of an access violation.

7.1.5 Sender Name or [D—The purpose of this field 15 to
define the manufacturer/instrument(s) specific to this line.
Using repeat and/or component delimiters this field may reflect
software or firmware revisions, multiple instrument available
on the line, ete.

7.1.6 Sender Street Address—This text value shall contain
the street address of the sender as specified in 6.6.5.

7.1.7 Reserved Field—Thus field is currently unused but
reserved for future vse.

7.1.8 Sender Telephone: Number—This feld identifies a
telephione number for voice communication with the sender as
specified in 6.6.3.

7.1.9 Characteristics of Sender—This lield contains any
characteristics of the sender such as, panty, checksums, op-
tional protocols, etc. necessary for establishing a communica-
tion link with the sender.

7.1.10 Receiver [D—This text value includes the name or
other ID of the receiver. [1s purpase is verification that the
transmuission 1s indeed for the receiver,

1.1.11 Comment or Special Instructions—This text field
shall contain any comments or special instructions relaung 1o
the subsequent records 1o be transmitted.

-1

7.1.12 Processing ID—Indicaies how this message is to be
processed:

P-Production: Treat message as =r aclive message lo be completed ac-
cording 10 standard processing.

T-Training: Message i1s initiated oy 2
fect on the system,

D-Debugging: Message is initiated '0r the purpose of a debugging pro-
gram.,

Q-Quality Control: Message 15 iniiaied for the purpese of iransmitting
quality control/guality assurance or regulaiory data.

rrainer and should not have an af-

7.1.13 Version No.—This value 1dentifies the version level
of the specification. This value is currently E 1394-97,

7.1.14 Date and Time of Messace—This field contains the
date and time that the message wos generated using the format
specified in 6.6.2.

8. Patient Information Record

8.1 General—Each line of the patient record shall begin
with a record type and end with 2 carriage return.

8.1.1 Record Type—The character P identifies the record as
a patient record.

8.1.2 Sequence Number—TFor the first patient transmitted, |
shall be entered, for the second, 2, .. until the last as defined in
6.6.7.

8.1.3 Practice Assigned Patien: |D—This identifier shall be
the unigue ID assigned and used by the practice to identify the
patient and his/her results upon return of the results of testing.

8.1.4 Laboratory Assigned Parient ID—This identifier shall
be the unique processing number assigned to the patient by the
laboratory.

8.1.5 Patient |[D No. 3—This field shall be optionally used
for additional, universal or manufacturer defined identifiers
(such as Social Security Account No.), as arranged between
transmitter and receiver.

8.1.6 Patient Name—The patient’s name shall be presented
in the following format: last name, first name, middle name or
initial, suffix, and tide, and each of these components shall be
separated by a compenent delimiter as described in 6.6.6.

8.1.7 Mother's Maiden Name—The optional mother’s
maiden name may be required 1o disunguish between patients
with the same birthdate and last name when registry files are
very large. This name shall be presented as the mother's
maiden surname, for example, Thompson.

8.1.8 Birthdate—The birthdate shall be presented in the
standard format specified i 6.6.2

8.1.9 Patient Sex—This field shall be represented by M, F,
or U.

8.1.10 Patient Race-Ethnic Crigin—The following ex-
amples may be used:

W-white

B-black

O-asian/pacific islanizr

MNA~native americin aaskan native
H-Hizganic
Full text names ol other athnic groups may also be entered, Note that

multiple answers are penmissitie

8.1.11 Patient Address—This 1ext value shall record the
street address of the patient's mailing address as defined in
6.6.5.

8.1.12 Reserved Field—This
£%pansion.

==parated by a component delimiter.

2ld 1s reserved for future
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H[\*&||P SWD|Harper Labs|2937 Southwestern Avanue*Buffalo®NY*73205](319 412-9722|||P|1354-97]198903 [4<CR>
0|1/*032989325 | *032989327| ALL|||l|||l0<CR>
L|1[N<CR>

FIG. § Request from Analyzer for Test Selections on Specimens 032989325-032989327

HI\" &) PSWD|Harper Labs|2937 Southwestern Avenue’Buffalo®NYA73205||319 412-9722)||P|1394-97|1989031 4<CR>
#|1]2734 123|304~ 874587 | BLAKE " LINDSEY ANNM1SS<CR>
0}1]032989325|| " " "BUN|R<CR>
0|2|032989325| | """ 1SE|R<CR>
0|3]032989325| |~ THOL\ ™" GLU|R<CR>
P|2|2462|158|287-17-2791 |POKL ALLEN M. <CR>
0[1]032989326|| " "LIVER\™ " "GLU|$<CR>
P[3]1583]250|151-37-6926 |SIMPSON ALBERT ™ ~"MR<CR>
0|1]032989327| | " "CHEM12\" " "LIVER |R<CR>
L|1]|F<CR>

FIG. 6 Response from Computer System for Previous Request

H[\"&||PSWD|Harper Labs|2937 Southwestern AvenueBulfaioNY*73205(319 412-9722](||P|1394-97|1386031 4<CR>
P|1]2734|123|306-87-L587 | BLAKE LINDSEY ANN MISS<CR>
c|1|L|Notify 1DC If tests positive|GeCcR>

0]1]032989325| | "BUN|R<CR>
R|1] " BUN|B.T1<CR>
Cl1|1|TGP "Test Growth Positive|P<CR>
€j2]1|eotomy count >10,000|P<CR>
0(2|032989325|| " 1SE|R<CR>
RIT|™T7ISE™NA| 139 |mEq/L<CR>
R|2]™TTISETK|4.2|mEq/L<CR>
R|3|77TISETCL| 111 [mEq/L<CR>

0]3|032989325| | *""HOL |R<CR>

R|1]™""HDL|70.29<CR>
0]4|032989325| | ""GLU|R<CR>

RI1|T 7T GLU|92.98<CR>

c|1]|1|Reading is Suspect|l<CR>
P|2|2662| 158287~ 17-2791 |POHL ALLEN M, <CR>

0]1]032989326| | " LIVER|S<CR>

R|1]| " LIVERTAST |29<CR>

R|2]™ 7 LIVERTALT|S0<CR>

R[3| " TLIVER TBILI|7.9<CR>

R|4| TTLIVERGGT | 29<CR>

0[2|032989326| | " "oLU|S<CR>
R[1[ "GLU|91.5<CR>
P13]1583|250(151-37-6925 | SIMPSON " ALBERT ™ MR<CR>
0]1|032989327| |LIVER |R<CR>
R{1]777asT|2B<CR> [Test 1D field Implicitly Relates to LIVER order ]
R{2| "TALT|49<CR>
R3] TBILL]7.3<CR>
R|4| " GGT|27T<CR>
0]2|032989327| |CHEM12 |R<CR>
R| 1|77 CHEM127ALB-G|28<CR> [Test 10 field Explicitly Relates to CHEM1Z order ]
R|2| " CHEM12 BUM |49<CR>
R|3| " CHEM12 CA|T7.3<CR>
R|4|™""CHEM12 CHOL |27<CR>
R|5|"7TCHEM127CREAT |4 .2<CR>
7|6| " TCHEM12 PHOS|12+<CR>
R|T| " CHEM12  GLUHK |9.7<CR>
R|8| 7 CHEM12 NA|13B.7<CR>
2|97 CHEMIZTX| 111, 3<CR>
R]10]"TTCHEMI2 L 6. 7<CR>
RI11]| " TCHEM12 UA|7.3<CR>
RI12]|7 7 CHEMI2Z TR |9.2<CR>
L] 1<CR>

FIG. 7 Results from Given Ordered Test Selections Shown in Various Formats

8.1.13 Patient Telephone Number—Patient’s telephone  agreed upon between the sender and the receiver. Identifiers or
number formatted as defined in 6.6.3. names, or both, should be separated by component delimiters
8.1.14 Attending Physician [D—This field shall identily the as specified in 6.6.6. Multiple physician names (for example,
physician(s) caring for the patient as either names or codes, as ordering physician, atiending physician, referring physician)
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HIW&||PSWO|Harper Labs|2837 Southwestem AvenuerBuffalo®NY* 732051318 412-9722||||P|1394-97|198%0314<CR >

a]1]032989326] |ALL <CR>
L!1<CR>

FIG. 8 Request from Computer System to Instrument for Previously Run Results

HiV&||PSWD|Harper Labs|2937 Southwestern Avenue*Butfalo*NY*73205(|318 412-9722/[||P|1394-37]19820314<C >

P|1|2662| 158|287 17-2791 |POKL ALLEN M. <CR>

0[1]032989324 | " LIVER|S<CR>
2[1]77TAST|29<CR>
R[2| 7 TALT|S0<CR>
R|3]7TUTRILL|T.9<CR>
R|&|™77GGT|29<CR>

0]2|032989326( | GLU|S<CR>
R]1]77T 6L |91 5<CR>

L|1]FetR>

FIG. 9 Reply to Result Request

Hiv&||Password1{Micro[||[[LSIT][P|1394-94| 1983050107 4500<CR>

P|1]/52483291 |Smith* Jahn| Samuels| 19600401 IMIW]4526 C Street* Fresno*CA*92304||(402)782-
3424X242|542°0r.Brown|||72%n.|175Mb.||Penicillin]| 19890428)1P|Ward1 ||| CIM{WSP||ER|PC*Prompt Care<CR>

0]1]5762401||***8C"BloodCullure* POSCOMBO|R|1 9890501 1530| 168805020700)]|456* F arnsworth|N|||-
198005021 130|BLBlood|1 23~ Dr. Wirthi||[|{[instrument# 1| ER|N<CR>

RI1|***Crg#|51*Strep Species|||N<CR>
R|2|***Bio|BH+*Beta Hemolytic|||N<CR>

L1<CR>

FIG. 10 Microbiology Order and Result-Download of Demographics and Order

H|\&||Passward 1 [Microt |||||LS11]|P|1 394-94{19890501074500<CR>
P|1]|52483291<CR>
of1|s762°01||"~"sc""poscomso| | || |1 1111}sL||(]11{]]|F<cr>

R{1]™ " ORG#|103 Group D Entero<Ca>
R|2| T TAMTMIC|>16<CR>
R{3| " TAMTINTERP1|++<CR>
R{4| " "AMDOSAGET|PO 250-500 mg O&h<CR>
R|S| " AM DOSAGE 1 COSTCOOE |325<CR>
R]6|™TTAMTINTERPZ | +++<CR>
R|T| " AMDOSAGE2|1V 1.0-2.0 gm Q&h<CR>
RI8| ~TPTMIC|<0.25<CR>
R|S| "7 7P INTERP1 |++<CR>
RI10|™" "P DOSAGEY |PO 250-500 mg Qbh<CR>
RI11| " P DOSAGE1 COSTCOOE |$25<CR>
RI12{77 7P  INTERPZ|+++<CR>
R|13}"""P DOSAGE2|IM 0.9-1.2 MIL U 06-12h=<CR>

R|90| ""BIOTYPE|102-34021<CR>
Li1<CR=

FIG. 11 Microbiology Order and Result-Upload of Finalized
Results

shall be separated by repeat delimiters.

8.1.15 Special Field /—An optional text field for vendor
use (each laboratory can use this differently).

8.1.16 Special Field 2—An optional text field for vendor
use.

8.1.17 Patient Height—(Default in cms.) An optional nu-
meric field containing the patient’s height. The default units are
centimetres. [f measured in terms of another unit, the units
should also be transmitted as specified in 6.6.4.

8.1.18 Patient Weight—An optional numeric field contain-

7 the patient’s weight. The default units are kilograms. If

2asured in terms of another unit, for example, pounds, the
unit name shall also be ransmitted as specified in 6.6.4. Height
and weight information is not currently required by all labo-

ratories but is of value in estimating normative values based
upon body surface area.

8.1.19 Patient’s Known or Suspected Diagnosis—This
value should be entered either as an ICD-2 code or as free text.
If multiple diagnoses are recorded, they shall be separated by
repeat delimiters.

8.1.20 Patient Active Medications—Or those suspected, in
overdose situations. The generic name shall be used. This field
is of use in interpretation of clinical results.

8.1.21 Patient's Diet—This optional field in free text should
be used to indicate such conditions that affect results of testing,
such as 16 hr fast (for triglycerides), no red meat (for hemocult
lesting).

8.1.22 Practice Field No. ]—A text field for use by the
practice, the optional transmutted text will be returned with the
results.

8.1.23 Practice Field No. 2—Same a5 8.1.22.

8.1.24 Admission and Discharge Dares—These values shall
be represented as specified in 6.1. The discharge date, when
included, follows the admission date and 1s separated from it
by a repeat delimiter.

8.1.25 Admission Status—This value shall be represented
by the following mimmal list or by =«lensions agreed upon
between the sender and receiver: OP (outpatient), PA (pre-
admit), IP (inpatient), ER (emergency room).

8.1.26 Location—This text value shall reflect the general
clinic location or nursing unit, or ward or bed or both of the
patient in terms agreed upon by the sender and receiver.

8.1.27 Nature of Alternative Dingnostic Code and
Classifiers—This field relates to 8.1.28. It identifies the class of
code or classifiers that are transmitted, for example, DRGs, or
in the future, AVG's (ambulatory visitation groups), elc.

8.128 Aliernative Diagnostic Code and Classification—
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Alternative diagnostic codes and classifications, for example,
DRG codes, can be included in this field. The nature of the
diagnostic code is identified in 8.1.27. If multiple codes are
included, they should be separated by repeat delimiters. [ndi-
vidual codes can be followed by optional test descriptors (when
the latter are present) and must be separated by component
delimiters.

8.1.29 Patient Religion—When needed, thus value shall
include the patient’s religion. Codes or names may be sent as
agreed upon between the sender and the receiver. Full names of
religions may also be sent as required. A list of sample
religious codes follows:

Protestant

Catholic

Church of the Latter Day Saints (Mormon)
Jewish

Lutheran

Hindu

o i e

8.1.30 Marital Status—When required, this value shall
indicate the marital status of the patient as follows:

M marred

S single

(8] divorced
W widowed
A separated

8.1.31 Isolation Status—Isolation codes indicale precau-
tions that must be applied to protect the patient or staff against
infection. The following are suggested codes for common
precaution. Multiple precautions can be listed when separated
by repeat delimiters. Full text precautions may also be sent.

ARP antibiotic resistance precautions
BP biood and needle precautions
ENP enteric precautions

NP precautions for neutropenic patient
PWP precautions for pregnant women
Al respiratory isclation

SE secretion/excretion precautions

Si strict isolation

WSP wound and skin precautions

8.1.32 Language—The wvalue of this field indicates the
patient’s primary language. This may be needed when the
patient is not fluent in the local language.

8.1.33 Hospital Service—This value indicates the hospital
service currently assigned to the patient. Both code and text
may be sent when separated by a component delimiter as in
6.6.6.

8.1.34 Hospital Institution—This value indicates the hospi-
tal institution currently assigned to the patient. Both code and
text may be sent when separated by a component delimiter as
in 6.6.6.

8.1.35 Dosage Category—This value indicates the patient
dosage group. For example, A—~ADULT, P1-PEDIATRIC (1-6
months), P2-PEDIATRIC (6 months—3 years), etc. Subcompo-
nents of this field may be used to define dosage subgroups.

9. Test Order Record

9.1 General—The test order record defines the attnbutes of
a particular request for a clinical instrument's services and
contains all specimen intormauon. An order record will be
generated by the computer sysiem 10 request a given test,
battery, or set of tests. The information in an order record will
usually apply 1o a single specimen. However, there 15 nol

necessarily a one-to-one relationship between specimen and
tests ordered. Different test batteries will usually be ordered
within different order records even when they can be per-
formed on a single specimen. In (his case, the specimen
information is duplicated in each of the order records that
employ that specimen.

9.2 Multipie Orders—More than one test or test battery may
be ordered on a single order record by using repeat delimiters
between the individual tests ordered in that record. However, in
such cases, all other attributes stored within the order record
must be the same for all the tests ordered within that record.
Thus, if one wishes to order one test as a STAT or immediate
test and another as a routine test. (wo separate order records
would be required. In the case that a test battery requires more
than one specimen, such as is true {or creatinine clearances,
information about each of the test specimens may be included
in the single order record identifying multiple specimens using
the repeat delimiter within the specimen ID field.

9.2.1 Although multiple tests or (=st batteries can be on a
single order record, when reporting the results, the instrument
shall produce a separate order record for each unique battery,
copying the appropriate specimen information from the origi-
nal order record into each of the new order records.

9.2.2 Inthe event that a test battery cannot be performed, for
example, because of hemolysis, the order record will be
returned to the computer system with the report type indicator
X to indicate that it was not done. In this case, no result records
will be transmitted.

9.2.3 When test analyses are successfully performed, the
message returned to the computer system will include the order
record followed by result records for cach separate observation
requested by that order. The number of such result records will
depend upon the number of individual measurements per-
formed in the analysis. Four test result records would follow
the order record for an electrolytes test. Twelve result records
will follow the order record for an SMA12.

9.2.4 Test batteries that require multiple specimens for their
performance would similarly be followed by a series of result
records corresponding to the number of individual measure-
ments obtained. The manufacturer must ensure that the test ID
field within each result record contains sufficient information to
relate the individual test measurements to the specific tests,
batteries and specimens ordered.

9.2.5 Microbiological culture results are different. A new
order record should be created for cach panel of antimicrobial
sensitivilies, although multiple battenes/panels may be ordered
on a single order record if desired. The series of antimicrobial
sensitivities for any single sensitivity analysis will be reported

- as separate result records, one for each result element or

10

combination of elements (antimicrobie, MIC, interpretation,
etc.). Thus, the antimicrobial sensiivity appears logically very
much like an extended SMAL2 result with separate result
records for each separate result {rom each antibiotic tested.
Once again, the test [D field within the result records must
contain sufficient information to relate the individual test
measurements with the appropriate antibiotic test and battery
ordered.

9.3 General Applications—The crder record may be used in
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four different circumstances:

03.1 It is sent by the computer system [0 request a

dcular set of instrument tests.

9.3.2 Tuis transmutted back to the computer system as part of
the results. If the ordered instrument analyses can be com-
pleted, the instrument sends back the order record along with
the result records according to the hierarchy described in this
specification. If results cannot be produced, for example,
because the specimen is hemolyzed, the lab transmits the order
with an appropriate report type (see 3.4.26) to indicate this
problem, but no result records are transmitted.

9.3.3 The order record is transmitted back to the computer
system in response to a request information query. In this case,
it has the same form as in 9.3.2.

9.3.4 The instrument is requesting demographic or tests-
ordered information from the computer system.

9.4 Field Definitions—The order record is comprised of the
following fields:

9.4.1 Record Type ID—The character assigned to the order
record shall be O.

9.4.2 Sequence Number—This field shall be represented as
described in 6.6.7.

9.43 Specimen ID—This text field shall represent a unique
identifier for the specimen assigned by the computer system
and returned by the instrument. If the specimen has multiple
components further identifying cultures denved from it, these
component identifiers will follow the specimen ID and be

rarated by component delimiters. For example, the specimen
- may contain the specimen number followed by the isolate
number, well or cup number (for example, 10435A° 01" 64).

9.4.4 Instrument Specimen ID—This text field shall repre-
sent a unique identifier assigned by the instrument, if different
from the computer system identifier, and returned with results
for use in referring to any results.

9.4.5 Universal Test ID—This field shall use universal test
[D as descnbed in 6.6.1.

9.4.6 Prioriry—Test priority codes are as follows:

S-stat

A-as s0on as possible
A-routine

C-callback
P-precperative

It mare than one prionty code apolies, they must be separated by repeat delim-
iters.

9.4.7 Requested/Ordered Date and Time—The contents of
this field shall be represented as specified in 6.6.2 and will
denote the date and time the test order should be considered
ordered. Usually this will be the date and tme the order was
recorded. This 15 the date and time against which the priorities
should be considered. If the ordenng service wants the test
performed at a specified time in the future, for example, a test
10 be drawn two days in the future at 8 pm, the future date and
tme should be recorded here. Note that the message header
data and the future date and nme should be recorded here.
"irther, note that the message header record date and time (see

o.14) indicates the time the order was transmitied to or from
the instrument.

9.4.8 Specimen Collection Date and Time—This field shall

represent the actual time the specimen was collected or
obtained.

9.4.9 Collection End Time—This nield shall contain the end
date and tme of a umed specimen collection, such as 24-h
urine collection. The value shall be specified according to
6.6.2.

9.4.10 Collection Volume—This value shall represent the
total volume of specimens such as urine or other bulk collec-
tions when only aliquot is sent to the instrument. The default
unit of measure is millilitres. When units are explicitly repre-
sented, they should be separated from the numeric value by a
component delimiter, for example, 300 ~ 2. Units should follow
the conventions given in 6.6.4.

9.4.11 Collector ID—This field shall identify the person and
facility which collected the specimen. [f there are questions
relating to circumstances surrounding the specimen collection,
this person will be contacted.

9.4.12 Action Code—This field shall indicate the action to
be taken with respect to the specimens that accompany or
precede this request. The following codes shall be used:

C—cancel request for the batiery or tests namad

A-add the requested lests or batlenes to the ewsting specsmen with the pa-
tient and specimen identifiers and date-time given in this record

N—new requests accompanying a new Specimen

P-pending specimen

L-reserved

X—specimen or test already in process.

O-treat specimen as a Q/C test specimen.

9.4.13 Danger Code—This field representing either test or a
code shall indicate any special hazardl associated with the
specimen, for example, a hepatitis patient, suspected anthrax.

9.4.14 Relevant Clinical Informarion—Additional informa-
tion about the specimen would be provided here and used to
report information such as amount of inspired O, for blood
gasses, point in menstrual cycle for cervical pap tests or other
conditions that influence test interpretations.

9.4.15 Date/Time Specimen Recewed—Ths optional field
shall contain the actual log-in time recorded in the laboratory.
The convention specified in 6.6.2 shall be used.

9.4.16 Specimen Descriptor—This field may contain two
separate elements, specimen type and specimen source as
defined in 9.4.16.1 and 9.4.16.2. The components must be
separated by component delimiters.

0.4.16.1 Specimen Type—Samples of specimen culture
Lypes or sources would be blood, urine, serum, hair, wound,
biopsy, sputum, etc.

9.4.16.2 Specimen Source—This is always the second com-
ponent of the specimen descriptor field and is used specifically
lo determine the specimen source body site (for example, left
arm, left hand, right lung).

9.4.17 Ordering Physician—This field shall contain the
name of the ordering physician in the format outlined in 6.6.6.

9.4.18 Physician's Telephone Number—This field shall
contain the telephone number of the requesting physician and
will be used in responding to callback orders and for critically
abnormal results. Uses the format given in 6.6.3.

0.4 19 User Field No. |—Text seat by the requestor should
be returned by the sender along with (he response.

9.4.20 Users Field No. 2—Similar 10 9.4.19.

9.4.21 Laboratory Field No. I—An optional field definable
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for any use by the laboratory.

9.4.22 Laboratory Field No. 2—Similar to 9.4.21.

9.4.23 Date/Time Results Reported or Last Modified—This
field is used to indicate the date and time the results for the
order are composed into a report. or into this message or when
a status as defined in 9.4.26 or 10.1.9 is entered or changed.
When the computer system queries the instrument for untrans-
mitted results, the information in this field may be used to
control processing on the communications link. Usually, the
ordering service would only want those results for which the
reporting date and time is greater than the date and time the
inquiring system last received results. Dates and times should
be recorded as specified in 6.6.2.

9.4.24 Instrument Charge to Computer System—This field
contains the billing charge or accounting reference by this
instrument for tests performed.

9.4.25 Instrument Section [D—This identifier may denote
the section of the instrument where the test was performed. In
the case where multiple instruments are on a single line or a
test was moved from one instrument to another, this field will
show which instrument or section of an instrument performed
the test.

9.4.26 Report Types—The following codes shall be used:

order record; user asking thal analysis be performed
correction of previously transmitted results
preliminary results

final results

order cannot be done, order cancelled

in instrument pending

no order on record for this test (in response to
query)

no record of this patient (in response to query)
response to query (this record i1s a response to a
request-information query)

9.4.27 Reserved Field—This field is unused but reserved for
future expansion.

9.4.28 Location or Ward of Specimen Collection—This field
defines the ward of specimen collection if different from the
patient ward.

9.4.29 Nosocomial Infection Flag—This field is used for
epidemiological reporting purposes and will show whether the
organism identified 1s the result of a nosocomial (hospital
acquired) infection.

9.4.30 Specimen Service—In cases where an individual
service may apply to the specimen collected, and the service is
different from the patient record service, this field may be used
to define the specific service responsible for such collection.

9.431 Specimen [nstitution—In cases where the specimen
may have been collected in an institution, and the institution 1s
different from the patient record institution, this field may be
used to record the institution of specimen collection.

<= XTMUNO
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10. Result Record

10.1 General—The result record shall include the following
fields:

10.1.1 Record Type ID—Coded as R.

10.1.2 Sequence Number—Shall be assigned as described in
667!

10.1.3 Universal Test [D—This
test [Ds described in 6.6.1.

10.1.4 Data or Measurement

field shall use the universal

Value—Whether numernic,

text, or coded values, the data shall be recorded in ASCII text
notation. If the data result contains qualifying elements of
equal stature, these should be separated by component delim-
iters. This applies strictly to results of identical nature (that is,
this field may not contain implied sub-values). Use of compo-
nents within this field should be avoided whenever possible.

10.1.4.1 Multiple results or valucs, observed, calculated or
implied, for a single test order (for cxample, MIC or interpre-
tation codes from a single antibiotic sensitivity test) must be
reported in separate result records with each result definition
defined uniquely by the test ID fcld as given in 10.1.3.
Correspondingly, the test [D field (10.1.3) must be sufficiently
descriptive to determine the placement of the data value with
reference to the original test order record and to other result
records associated with said test order record.

10.1.5 Units—The abbreviation of units for numeric results
shall appear here. ISO standard abbreviations in accordance
with [SO 2955 should be employed when available, for
example, use mg rather than milligrams. Units can be reported
in upper or lower case.

10.1.6 Reference Ranges:

10.1.6.1 This value shall be reported in the following
sample format: (lower limit to upper limit; example: 3.5 to
4.5). The range definition can be included by text description.
See 10.1.6.2. If a toxic substance, then the upper limit of the
range identifies the toxic limit. If the substance being measured
is a drug, the lower limits identify the lower therapeutic bounds
and the upper limits represent the upper therapeutic bounds
above which toxic side effects are common.

10.1.6.2 A result may have multiple ranges, for example, an
observation may have a physiologic and a therapeutic range,
for example, serum magnesium is being used to treat eclamp-
sia. When multiple ranges are sent. they shall be separated by
repeat delimiters. Each range can also have a text description.
The text description follows immediaiely after the range and is
separated from it by a component delimiter. Most results will
only have one normal range transmitted.

10.1.7 Result Abnormal Flags—This field shall indicate the
normalcy status of the result. The characters for representing
significant changes either up or down or abnormal values shall
be:

L-below low normal

H-above high normal

LL—below panic narmal

HH-above panic high

<=below absolute low, that is ofl low scale on an instrument
>—above absolute high, that is off high scale on an instrument
N-normal

A-abnormal

L-significant change up

D-significant change down

B—better, use when direction nol ~=lavant or not defined
W-worse, use when direction not relevant or not defined

When the instrument can discern the normal status of a
textual report, such as microbiolouic culture, these should be
reported as N when normal and A when abnormal.

10.1.8 Nature of Abnormaliry Testing—The kind of normal
esting performed shall use the following representation: A,
denotes that an age based population was tested, S, sex-based
population, and R, a race based population. As many of the
codes as apply shall be included. For example, if sex, age, and
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race normals were tested, an (A\S\R) would be transmitted. N
i~ slies that generic normal range was applied to all patient
.imens.
10.1.9 Result Status—The following codes shall be used.

C—correction of previously transmitted results

P—prefiminary resulls

F={inal resulis

X—order cannot be done

I-in instrument, resulls pending

S-partial results

M=this result is a MIC level

R=this result was previously transmited

N=this result record contains necassary information to run a

new order
Note 5—For example, when ordering a sensitivity, the computer

system may download a result record comtaining the organism type, or
species, identified in a previous test.

Q—this result is a response to an cutstanding query
V—operator vernfied/approved resull
W-—Warning: Validity is questionable

10.1.10 Date of Change in Instrument Normative Values or
Units—This field shall remain empty if there are no relevant
normals or units. Otherwise, it shall be represented as in 6.6.2.
A change in this data from that recorded in the receiving
system'’s dictionary indicates a need for manual review of the
results to detect whether they can be considered the same as
preceding ones.

10.1.11 Operator Identification—The first component iden-
tifies the instrument operator who performed the test. The
second component identifies the verifier for the test.

10.1.12 Date/Time Test Started—Date and time the instru-

_nt started the test results being reported. Date and umes
should be reported as specified in 6.6.2.

10.1.13 Date/Time Test Completed—Date and time the in-
strument completed the test results being reported. Date and
times should be reported as specified in 6.6.2.

10.1.14 Instrument identification—Identifies the instrument
or section of instrument that performed this particular mea-
surement.

11. Comment Record

11.1 General—Comment records may be inserted anywhere
except after the message termunator record. Each comment
record shall apply to the first non-comment record preceding it.
The comment record shall include the following fields:

11.1.1 Record Type ID—This record type shall be denoted
by C.

11.1.2 Sequence Number—As defined in 6.6.7.

11.1.3 Comment Source—Comment ongination point:

P practice
1 computer system
| clinical instrument system

11.1.4 Comment Text—Where comment codes/mnemuonics
are used, the code should be sent first, followed, if desired, by
the comment text and separated by a component delimiter as
given in 6.6.6.

11.1.5 Comment Type—The following codes may be used to

alify comment record types:

genenc/tres lext comment
test pame commeant
positive 15t comment

U —HD

'specimen collect or ordered date (e

M negative test commenl
I instrument flag(s) comment

12. Request Information Record

12.1 General—The request information record is used by
either clinical instrument or computer system to remotely
request information from the reciprocal system.

Note 6—Only one request record may be outstanding at a ume. the
recewver of a request record must terminate the request, when finished, by
means of the message terminator record, or the sender must cancel the
request before sending a second logical request.

The request record shall include the following fields:

12.1.1 Record Type |D—coded as ()

12.1.2 Sequence Number—as given in 6.6.7.

12.1.3 Starting Range ID Number

12.1.3.1 This field may contain three or more components to
define a range of patients/specimens/manufacturers selection
critenia. The first component is the computer system patient [D
No. The second component is the computer system specimen
ID No. Any further components are manufacturer defined and
for use in request sub-result information (that is, an individual
isolate/battery for a specimen number). These components are
position dependent. A list of sample [Ds could be requested by
the use of the repeat delimiter to separate [Ds.

12.1.3.2 When ALL is entered, and the computer system is
sending the request record, it is taken 10 mean all specimen
results ordered by the inquiring system. [f the instrument is
generating the request record, then it is taken to mean all
demographics and tests being ordered should be sent to the
instrument at this ume. The request is then interpreted for that
identified subset of specimens as further modified by the test
specifications and date ranges as described below.

12.1.3.3 This specification does not address how long data
1s to be retained by an instrument, nor does it require that the
instrument provide the search services implied by some of the
field contents. The appropriate response for a request for results
is simply the return of a subset of results that are currently in
storage and can be practically retricved.

12.1.4 Ending Range ID Number—Similar to 12.1.3. If a
single result or specimen demographic or test order is being
requested then thus field may be lelt blank.

12.1.5 Universal Test [D—As described in 6.6.1. This field
may alternatively contain multiple codes separated by repeat
delimiters, or the field may contain the text ALL, which
signifies a request for all results on all tests or batteries for the
patients/specimens/tests defined in 12.1.3 and 12.1.4 and
within the dates described in 12.1.6 and 12.1.7.

12.1.6 Nature of Request Time Linits—Specify whether the
date and time limits specified in 12.1 7 and 12.1.8 refer to the
5.4.8) or test date (see
9.4.23): S indicates the specimen collect date; R indicates the
result test date. If nothing is entered, the date critena are
assumed to be the result test date.

12.1.7 Beginning Request Results Date and Time—This
field shall represent either a beginminz (oldest) date and time
for which results are being requested or a single date and time.
The field may contain a single dute and time or multiple
individual dates and times separated by repeat delimiters. Each
date and time shall be represented as specified in 6.6.2.
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12.1.7.1 If no date and tume is included, the instrument
should assume that the computer system wants results going as
far into the past as 1s possible and consistent with the criteria
specified in other fields.

12.1.8 Ending Request Results Date and Time—This field,
if not null, specifies the ending or latest (or most recent) date
and time for which results are being requested. Date and time
shall be represented as in 6.6.2.

12.1.9 Reguesting Physician Name—This field identifies
the individual physician requesting the results. The identity of
the requesting physician is recorded as specified in 6.6.6.

12.1.10 Requesting Physician Telephone Number—As
specified in 6.6.3.

12.1.11 User Field No. |—User defined field.

12.1.12 User Field No. 2—User defined field.

12.1.13 Reguest Information Status Codes—The following
codes shall be used:

C—correction of previously transmitied resulls
P—preliminary results

F—final resulls

X—results cannat be done, request cancelled
l—request results pending

S—reqguest partial/unfinalized resulls
M—result is a MIC level

F—Ihis result was previously transmitted

A—abort/cancel last request criteria (allows a new reguest la
follow)

N—requesting new or edited resulls only
O—requesting test orders and demographics only (no results)
D—requesting demographics anly (for example, patient record)

13. Message Terminator Record

13.1 General—This is the last record in the message. A
header record may be transmitted after this record signifying
the start of a second message.

13.1.1 Record Type [ID—Coded as L.

13.1.2 Sequence Number—As described in 6.6.7. (For this
record type, the value of this field should always be 1.)

13.1.3 Termination Code—Provides explanation of end of
session.

Nil, N—normal tarmination

T—sender aborted

A—receiver requested abon
E—unknown syslem arror

Q—error in last request for intormation

l—no information available from last query
F—last request for information processed

Note 7—F, 1, or Q will terminate a request and allow processing of a
new request record.

14. Scientific Record

14.1 General—The scientific record exchanges the test data
on clinical laboratory/instrument performance, quality assur-
ance, or method development. It contains information in
addition to the analyte measures found in the result record,
although there are common elements in the two records.

14.1.1 Record Type |D—This field shall be identified by the
character S.

14.1.2 Sequence Number—The scquence number shall be
assigned as described in 6.6.7.

14.1.3 Analytical Method—This 1cxt field shall conform to
Appendix I of Elevitch and Boroviczeny.

14.1.4 [nstrumentation—This text lield shall be represented
by an [D composed of the manufacturer and instrument codes
connected by a dash (Latin-1(45)). T'hese codes shall conform
to Appendix [ of Elevitch and Boroviczeny.

14.1.5 Reagents—This text field shall include a list of
constituent reagent codes, separated by subfield ID. These
codes shall conform to the scheme of The American Chemical
Society.

14.1.6 Units of Measure—The units of measure shall be
represented as specified in 10.1.5.

14.1.7 Quality Control—Specifications to be developed.

14.1.8 Specimen Descriptor—This field shall use the con-
vention described in 9.4.16.

14.1.9 Reserved Field—Reserved for future expansion.

14.1.10 Container—Specifications (o be developed.

14.1.11 Specimen ID—This text field shall represent a
unique specimen identifier assigned by the originator and
returned by the receiving instrument.

14.1.12 Analyte—Specifications (0 be developed.

14.1.13 Result—This numeric field shall represent the de-
termined value of the analyte.

14.1.14 Result Units—This field shall be represented as
described in 10.1.5. ]

14.1.15 Collection Date and Time—This field shall be
represented in accordance with 6.6.2.

14.1.16 Result Date and Time—This field shall be repre-
sented in accordance with 6.6.2.

14.1.17 Analytical Preprocessing Steps—This text field
shall contain the description of any preprocessing steps.

14.1.18 Patient Diagnosis—This hcld shall be represented
as IDC-9-CM codes.

14.1.19 Patient Birthdate—This <hould be represented as
specified in 8.1.8.

14.1.20 Patient Sex—This field shall be represented in
accordance with 8.1.9.

14.1.21 Patient Race—This should be represented in accor-
dance with 8.1.10.

15. Manufacturer Information Record

5.1 General—This record is provided solely for custom
use by the instrument or computer svstem manufacturer. [t has
no inherent hierarchical level and mav be inserted at any point
except immediately following a message terminator record. It
is recommended that this record 1ype not be implemented
unless all other possibilities have heen exhausted. This record
shall include the following:

15.1.1 Record type ID—Coded s M.

13.1.2 Sequence Number—As defined in 6.6.7.
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APPENDIX
(Nonmandatory Information)

X1. COMPARISON OF SPECIFICATIONS E 1235 AND E 1394

X1.1 Table X1.1 shows the major differences in require- required in Specificaton E 1238 are required in this specifica-
ments between Specifications E 1238 and E 1394. Other modi- tion. It is the responsibility of the user of this standard to
fications and additions have been made. Not all of the fields ~ compare the requirements of these two specifications and the

changes that have been incorporated since the last issue.

TABLE X1.1 Requirement Comparison Between Specifications E 1238 and E 1394

Requirement E 1238 E 1394

Addenda record Yes {see 5.2 and 6.5.9) No

Maximum record length Yas (see 6.2 and Table 1) No

Maximum field length Yes (see 6.2 and Table 1} Na

Error check record Yes (s8e 5.3) no

Extended character set No Yes (see 6.1)

Latin-1(10) linefeed Yes (see 6.1.1) No

Record Type M No Yes (see 6.4)

Repeat delimiter & Yes (see 6.4.4)

Component delimiter 2 ‘Yes (see 6.4.5)

Escape delimiter Mo Yes (see 6.4.6

Linked results Yes (see 3.4.27) No

Multiple specimen orders Yes (see 9.4.29) No

Universal Test 1D d-pant (see 6.6.1) 4-par® (see 6.6.1)

Time lields HHMM (see 5.6.2.1) HHMMSS with oplional lime zone [see B.6.2)
Aesult record representation® Multiple parts permitted (see 10.1.4.2) Single analytic result value (see 10.1.4)
Manufacturer's or local code No

‘Yes—must be defined and documented by
manufacturer (see 6.6.1.4)
Source of specimen Specimen type and location (see 9.4.16) Specimen descriptor (see 9.4 18}

“*1n Specification E 1238, this delimiter is referred to as a subfield delimiter.

% In Specification £ 1238, this delimiter is referred 1o as a sub-subfield delimiter.
“ Manufacturer-defined test code added.

2 This record was modified and renamed in Specification E 1394,
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