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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The long-term electrocardiography (ECG) examination is widely utilized in the clinical field. This
rule applies for long-term waveform description such as ambulatory ECG, monitoring waveforms, etc.
Recently, EMR, or Electronic Medical Records, became commonly used and it strongly requires long-
term ECG examination for the therapeutic purpose. However, new digitalized data of long-term ECG
recorder cannot be used among different manufacturers scanner. This document intends that MFER
encoded data for long-term ECG is analysed by other scanner and these are also interoperable on EMRs.

This document defines the detailed rules for electrocardiography waveform format that is encoded

accprding to the medical waveform format encoding rules (MFER). In addition to electroea
wavyeform format encoding, there are rules for other waveforms such as standard 12-lead

EC

, etc. that are contained in other MFER documents.

Abgut MFER

Me
are

ical waveforms such as ECG, electroencephalography (EEG), and bloed pressure
widely utilized in clinical areas such as physiological examinations, electronic medig

medlical investigations, research, education, etc. Medical waveforms are used in various co

and
util
mal
son|
oth
vec
MF
and

document types according to the intended diagnostic purpose.‘Fer example, ECG way|
zed extensively in the clinical arena, with resting 12-lead ECGbeing used the most. A d
kes diagnoses using 10 s to 15 s ECG waveform measufements; however, longer p
etimes required to recognize patient heart conditions siich as arrhythmia. Also, therg
er methods using ECG such as Holter ECG, physiologic monitoring ECG, stress ECG, intrac
forcardiography (VCG), EEG with ECG, blood pressure with ECG, sleep polysomnography
LR can describe not only ECG for physiological examinations conducted in intensive carg
operating room acute care contexts, but also EEG, respiration waveform, and pulse.

Implementation: MFER is a specialized.‘Cepresentation for medical waveforms thg
unnecessary coded elements (“tags”) for waveform description. For example, a stands
ECG can be described simply only uSirig a common sampling condition and the lead
making waveform synchronizationand correct lead calculation much easier.

Use with other appropriate standards: it is recommended that MFER only describ
waveforms. Other information can be described using appropriate standards pu
organization including HLY®1, DICOM®?2), and IEEE®3), etc. For example, clinical r¢
include patient demographics, order information, medication, etc. are supported in othef
such as HL7® ClinicallDocument Architecture (CDA); by including references to MFER i
in these documerntsyimplementation for message exchange, networking, database manag
includes waveform information becomes simple and easy.

Fdiography
ECG, stress

waveforms
Al records,
mbinations
pforms are
ardiologist
eriods are
are many
irdiac ECG,
(PSQ), etc.
unit (ICU)

it removes
rd 12-lead
condition,

es medical
blished by
ports that
standards
hformation
ement that

ecification

Separation-between supplier and consumer of medical waveforms: the MFER sp
concentrates on data format instead of paper-based recording. For example, recor
processed by filter, data alignment, and other parameters, so that the ECG waveform c
dlsplayed using an application viewer. However, the ECG recordmgs dlsplayed as ima

led ECG is
n be easily

ges are not

ign goal of

MFER is that a waveform is descrlbed in raw format with as complete as p0551ble recordlng detail.
When the waveform is used, appropriate processing of the data is supported such as filtering, view
alignment, etc. In this way, the medical waveform described in MFER can be used for multiple

purposes.

1) HL7istheregistered trademark of Health Level Seven International. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of the product named.

2)

3)

©IS

DICOM is the registered trademark of the National Electrical Manufacturers Association for its standards
publications relating to digital communications of medical information. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of the product named.

IEEE is a registered trademark of Institute of Electrical and Electronics Engineers, Inc. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
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— Product capabilities are not limited: standards often support only a set of requirements, so
the expansion of product features can be greatly limited. MFER can describe medical waveform
information without constraining the potential features of a product. Also, medical waveform
display must be very flexible, and thus MFER has mechanisms supporting not only a machine-
readable coded system for abstract data, but also human-readable representation.

The MFER specification supports both present and future product implementations. MFER supports the
translation of stored waveform data that was encoded using other standards, enabling harmonization
and interoperability. This capability supports not only existing waveform format standards but can be
extended to support future formats as well.

vi © IS0 2023 - All rights reserved
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Health informatics — Medical waveform format —

Part 3:
Long-term electrocardiography

1 [Scope

Thif document defines the application of medical waveform format encoding rules (MEER)
long-term electrocardiography waveforms measured in physiological laboratories-and }
clinfics. It covers electrocardiography such as bipolar 2, 3-lead, 12-lead that are"nieasured

Lo describe
ealth care
by medical
rompatible

Pir content
pplies. For
[s) applies.

e following

esses:

part action

equiipment such as Holter electrocardiograph and patient physiological monitors that are
with MFER documents encoding rules (see ISO 22077-1).

2 |Normative references

The following documents are referred to in the text in such _amay that some or all of th
conktitutes requirements of this document. For dated references, only the edition cited 3
undated references, the latest edition of the referenced dogument (including any amendmen
[SO|22077-1, Health informatics — Medical waveform format — Part 1: Encoding rules

3 |Terms, definitions and abbreviated’'terms

3.1 Terms and definitions

For|the purposes of this document/the terms and definitions given in ISO 22077-1 and th
applly.

[SOJand IEC maintain terminglogy databases for use in standardization at the following add
— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia=available at https://www.electropedia.org/

3.11

recprder

equipment-worn or carried by the patient with the intention of recording and analysing h
potentjals

3.1

scanner

equipment that retrieves ECG waveforms from the heart recorder and analyses, edits the information
received to determine the presence of abnormal heart rhythms and reports

3.1.

3

patient ECG recording event
manual marking of clinical information during ECG recording

Note 1 to entry: There shall be a “patient ECG recording event” switch on the recorder. It can be pushed to mark
and timestamp a clinical event affecting the assessment of the ECG waveform. For example, the patient can have
chest pain, dizziness or palpitation. Pushing a “patient ECG recording event” switch located on the recorder
allows for recording ECG waveforms with the time of occurrence.

©IS
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3.14
dominant

beat

primary heart beat extracted from typical beats for each lead in a period of long-term ECG

Note 1 to entry: The dominant beat is used for measurement and analysis of ECG in the period and easily viewing
the change of ECGs for each period.

Note 2 to entry: In general, it is the typical heart beat excepting extrasystole or drifts of baseline.

3.1.5

average beat

beat waveformrconstructed-fronr theaverage vatue of each temporat pomt i E€Gacrossaombygr of

beats

3.1.6
median bg

at

beat waveform constructed from the median value of each temporal point in ECG across a numbdgr of

beats

3.1.7
leads off
disconnect]

3.2 Abb

CDA
DBMS
DICOM
ECG
EEG
EMR

HL7
ICU

IEEE
MFER
NIBP

ed electrodes

reviated terms

Clinical Document Architecture

Data Base Management system

Digital Imaging and Communication in}Médicine
Electrocardiography

Electroencephalography

Electronic Medical Record

Health Level Seven

Intensive Care Ynit
Institute of Electrical and Electronic Engineers
Medicaliwaveform Format Encoding Rules

Nen-Invasive Blood Pressure

PSG

Sleep Polysomnography

SCP-ECG
Sp0,
VCG
XML

Standard communication protocol — Computer-assisted electrocardiography (ISO 41064)

Saturation of Peripheral Oxygen
Vectorcardiography

Extensible Markup Language

© IS0 2023 - All rights reserved
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4 Encoding format

4.1 Primary description

4.1.1 General

IS0 22077-3:2023(E)

This document provides the encoding of long-term ECG waveforms. It also supports encoding other ECG
waveforms such as ambulatory ECG and real-time physiological monitoring. In addition, along with the
ECG waveform encoding, the encoding of waveform recognition information, measurement information,
interpretation information, etc. is provided, but these are all optional functions and depend on each

impglementation concept. For instance, interpretation codes or measurement values arecddscribed by
other standard including HL7 CDA, XML, and DBMS, etc. with waveforms decoding MEER: However, in

all instances, when implementing a device, apply the requirements as listed in ISO 220[77-1.

In grder to make effective use of this document, a MFER conformance statement-s provided|in Annex A
and sample waveform description are provided in Annex C.

4.142

Sampling attributes

4.1)2.1 General

Sanppling attributes including sampling rate and resolution aré given in Tables 1 to 4.

4.112.2 MWF_IVL (0Bh): Sampling rate

Thip tag indicates the frequency or sampling interval for the medical waveform is sampled ([lable 1).

Table 1<~ Sampling rate

MWEF_IVL l?r?gt?h Default | Encoding range/remarks dD‘ufl:ll:lct?;i:
Sampling rate unit 1 —

1 0Bh |Exponent (10th power) 1 1000 Hz |10-128to+127 Dverride
Mantissa <4 e.g. unsigned 16-bit integer

Thg unit can be frequencyyin hertz, time in seconds or distance in meters (Table 2).

Table 2 — Sampling rate unit

Unit Value Remarks
Frequency Hz 0 Including power
Time interval S 1 —

4.1.2.3 MWF_SEN (0Ch): Sampling resolution

This tag indicates the resolution of least significant bit for ECG waveform sampled (generally, digitized)

(Table 3).
Table 3 — Sampling resolution
Data . Duplicated
MWEF_SEN length Default | Encoding range/remarks definitions
Sampling resolution unit 1 —
12 0Ch |Exponent (10th power) 1 Tasbeli 4 |10 -128 to +127 Override
Mantissa <4 e.g. unsigned 16-bit integer

© IS0 2023 - All rights reserved
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Table 4 — Sampling units

Unit

Value

Default

Remarks

Voltage

Volt

0

0,000 001V

4.1.3 Frame attributes

4.1.3.1 General

A frame is composed of data blocks, channels, and sequences.

4.1.3.2 J’IWF_BLK (04h): Data block length

This tag inflicates the number of data sampled in a block (Table 5).

Table 5 — Data block length

MW|F_BLK Data length Default Remarks Duplicated definition:
04 04h <4 1 — Override
4.1.3.3 MWF_CHN (05h): Number of channels

This tag indicates the number of ECG channels (Table 6). If a previdusly specified channel attribut
reset to the root definition including Default, the number of channels should be specified before €
pf the channel attribute. The number of channels cannot be specified within the definition of

definition
a channel gttribute.

Table 6 — Number“of channels

eis
ach

MWI[F_CHN Data length Default Remarks Duplicated definition:
05 | 05h <4 1 — Override
4.1.3.4 MWF_SEQ (06h): Number of'sequences

This tag indicates the number of sequences (Table 7). If the number of sequences is not designate
depends on the data block length,-the number of channels, and the number of waveform data va

d, it
ues

that are defined for the specified frame.

Table 7 — Number if sequences

MWF_SEQ Data length Default Remarks DuPhc?it:r?sdeﬂm'
06 | 06h <4 Depends on waveform data length — Override

4.1.4 Waveform class

Long-term ECG waveform is grouped based on instruments and purpose, as shown in Table 8.

Table 8 — Waveform class

MWF_WFM Data length Remarks Duplicated definitions
2 — Override
08 08h
Str<32 Waveform encoding —

As a general rule, each type of waveform is described in a separate specification.

© IS0 2023 - All rights reserved
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For types of waveforms (Tables 9 and 10), numbers 1 to 49151 (BFFFh) are reserved. Numbers 49152
to 65535 can be used privately, but it is recommended to add these to the MFER specification rather
than rely on private extensions.

Table 9 — Long-term ECG waveform-1

Major classification Type Value | Waveform descriptions Remarks
Ambulatory ECG
Electrocardiography | ECG_LTERM 2 Long-term ECG
Patient monitoring system ECG
a) [Itis recommended that ECG classified into the type ECG_LTERM is used when it takes gver 30 min

b)

for measurement, because application system such as viewer can have different display
each waveform type.

In addition, extracted waveforms that are used in the long-term ECG are shewn’in Tabl
waveforms shall be extracted after being analysed and edited, and then shall be used fo

Table 10 — Long-term ECG waveform-2

format for

e 10. These
F scanning.

Majjor classification

Value | Waveform descriptions Remarks

Type

El

Extracted waveform fo

beat by long-term ECG

bctrocardiography | ECG_BEAT QRS waveform

Write comment

Average, Median, Domipant beat

one

4.2

4.2

Dat
as s
lim

4.2

Inl
EC(
in a

Data alignment

1 General

h alignment recommended by long-term ECG standard shall be specified. Data alignmen
imple as possible in order to preéverit troubles caused by the complication which can res
tation of interoperability by using complicated format.

2 Data encoding

bng-term ECGs, thezrecorder for recording ECG waveforms, the scanner for analysing 4
waveforms, and:thé EMR for referring waveforms shall be encoded in the most appropr
ccordance with MFER.

data in‘xeal time. The data encoded by the recorder shall be regarded as the original da
ECG)JThis encoding format is defined in view of the risk of sudden disconnection of batte
record media in patient’s daily life. Furthermore, encoding of information including

Lhaoll

2]

I should be
ult in some

nd editing
ate format

Recorderencoding: The recorder encodes ECG waveforms on the assumption that it processes the

Fa (original
ry or other
pacemaker

©IS

Ailea gand oo ol nacifiad
SprtantpacCrc Cv e srar ot arso—Speeeotr

Scanner encoding: In the scanner encoding, information derived from analysing and
long-term ECG data recorded by the recorder shall be added to the original data. Thi

editing the
s encoding

format is defined in view of reading MFER file with the scanner, and the secondary information,

including heart beat code or event strip created by the scanner, shall be encoded in t

his format.

This format also shall be used to output data from the scanner to the host system such as electronic

medical record in accordance with MFER.

02023 - All rights reserved
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4.2.3 Recorder encoding

4.2.3.1 General
In recorder encoding, the following points should be noted:

— Inview of sudden disconnection of battery or other record media, the data recorded by the time of
the disconnection should be kept in order to read data in a proper format.

— Information on patient event or body movement should be in the same way as ECG and respiratory
waveforms, so that every user can read data without any difficulty.

4.2.3.2 ncoding of waveforms

In recorder encoding, waveforms shall be encoded in accordance with MWF WAV (1Eh),"and shall
consist of lead, status and stopper. Figure 1 shows one-minute waveform data, and itis‘an example of
waveform flata recorded using leads called CM5 and NASA. CM5 and NASA are part of the lead showpn in
Tables 21, D.1, and D.2.Examples of status are shown in Table 22.

MWF WAV (1Eh) A
CM5
NASA > One minute waveform
Status
MWEF END (80h) Y

Figure 1 — Encoding 0f waveform

MWF_END|(80h) tag shall be encoded at the end of‘the file as a stopper, see Annex B.
In encoding waveforms, it is practical to us€ a“multiple frame.
Figure 2 sHows the structure of multipleframe configurations.

It is practi¢al to use multiple frameés to encode waveforms. Frames are usually created in the order that
waveformg are generated, and then the frames shall be aligned to create waveforms.

Frame 1 Frame 2 Frame 3

Headqr - 1 Wave body Header - 2 Wave body Header - 3

Figure 2 — Multiple frame configurations

In encoding successive waveforms with multiple frames, waveforms encoded with frames later than
Frame 2 are usually the same with pre-encoded condition or status in Frame 1. For example, the
sampling frequency and waveform code are usually the same. In such case, according to MFER, the
header is frequently omissible.

4.2.3.3 Encoding format for pacemaker spike and patient event

Pacemaker spike and patient event shall be encoded by data type MWF_DTP (0Ah) “16-bit status”, as
shown in Tables 11 and 12.

6 © IS0 2023 - All rights reserved
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Table 11 — Waveform information (status)

MWF_DTP Data length Default Remarks Duplicated definitions
10 0Ah 1 — — Override

Table 12 — Definition of data type

Value Data type
4 16-bit status

P 1 - £ - 1 1.1 | | L P VR P Ry iy 1 - Toll 1.2
dCENTaKeTr NMIToT ITatiolr siTalr pe encoaeca Witir ro0-01T SLAdLUS, d5 SITUWITIIT 1dUIC 1 0.

Table 13 — Definition of status

1p 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit Information Value
0 Pacing 0: none 1: Pacing
1 Reserved —
2 Ventricular pacing 0: none 1: ¥entricular pacing
3 Atrial pacing 0: none %Atrial pacing
4 Reserved —
5 Low battery O«none 1: Battery changing
6 Leads off 0: none 1: Electrode disconnection
7 Radio field strength 0: none 1: Out of range
8 Patient ECG recording eyent 1 0: none 1: patient ECG recording event 1
9 Patient ECG recording event 2 0: none 1: patient ECG recording event 2
10-12 Body position 000: none
001: Standing/Seating
010: Supine
011: Right lateral decubitus
100: Left lateral decubitus
101: Prone
110: Reserved
111: Reserved
13 Reserved —
14 Reserved —
15 Reserved —

Patient ECG recording event 1 is defined on the assumption that the recorder event key is held down
in long-term ECGs. In the patient monitoring system, this corresponds with the “nurse call” in the
transmitter. Patient ECG recording event 2 can be used as medical information. Its practical use should
be defined by each user.

4.2.3.4 Encoding of event information

Said “event information” includes every information except waveform information. Patient event is
defined as “Status” in 4.2.3.3 of this rule. Value of body movement, blood pressure, and SpO, shall be
encoded as patient event.

©1S0 2023 - All rights reserved 7


https://standardsiso.com/api/?name=1e3364a431f316dd738f922a01f290bd

IS0 22077-3:2023(E)

Table 14 — Reference pointer

MWF_RPT Data length Default Remarks Duplicated definitions
Data type 1 — .
69 45h - — Possible
Reference pointer Str <256 URL

Table 15 — Data type

Data type Value
External data 0
MFER data 1

Event inforymation shall be encoded using the reference pointer MWF_RPT (45h) in a number ©f formats,
as shown in Tables 14 and 15. This tag indicates an external file pointer represented as @ hyperlink.
Some exanjples are shown below:

a) MWF_EVT (41h)

Figure 3 illustrates the encoding of patient event in event information by using/the reference pointer
MWF_RPT| (45h). MWF_END (80h) should be used to encode not only, waveforms but also eyent
informatiop.

Using MWF_EVT (41h), patient event shall be defined as character stfing, as shown in Table 16.

File name : HolterECG.mwf

Datddype: 1

MWF_RPT (45h
- (45h) Reference pointer file://PatEvt.mwf

MWF WAV (1Eh)
CM5
NASA
CM5
NASA
MEVF END (80h) End tag

Figure 3 — Definition of event

Table 16 — Event

Data . Duplicated
MWEF_EVT length Encoding range/remarks definitions
Waveform recognition 2 .
point code
Starting time (point) 4 Number of data values acquired |Multiple definitions
65 41h . . :
] at the sampling interval defined |available
Duration 4 in the root definition
Event information Str < 256 —

b) MWF._VAL (42h)

8 © IS0 2023 - All rights reserved
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Figure 4 illustrates the encoding of patient event in event information by using the reference pointer
MWF_RPT (45h). MWF_END (80h) should be used to encode not only waveforms but also event
information.

This rule only applies to irregular measurements such as non-invasive blood pressure (NIBP). By using
MWF_VAL (42h), NIBP shall be defined as measurement value, as shown in Table 17.

File name: HolterECG.mwf

Data type: 1
MWF_RPT(45h)
Reference pointer file://NIBP_data.mwf

MWF WAV (1Eh)

CM5

NASA

CM5

NASA

MWF END (80h) End tag

File name: NIBP_data.mwf

MWEF VAL (42h) Encoding NIBP as MWF_VAL

Encoding of measurement

Encoding of time point and measurement value
value

MWF END (80h) End tag

Figure 4 — Definition of measurement value

Table 17 — Measurement value

Data . Dupligated
MWF_VAL length Encoding range/remarks definitions
Value code 2 —
. . Number of data values sampled is : e
66 42h Time point 4 encoded. Mul_tlple definitions
available
Value is encoded with a character
Value Str< 32 string with unit (“*”)

4.2.4 Scanner encoding

4.2.4.1 General

The scanner encoding format after analysing and editing shall be specified.

©1S0 2023 - All rights reserved 9
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4.2.4.2 Encoding of MFER interpretation code and beat annotation

Interpretation code and beat annotation shall be encoded with the event tag, as shown in Table 18.

Table 18 — Encoding of interpretations

Data
length

Duplicated

MWF_EVT definitions

Encoding range/remarks

65 41

2
4

Interpretation code

Starting time (point) Number of data values acquired
atthesamphingimtervatdefimed

in the root definition

Muttiptedefimitiony
available

Duration time 4

Interpretation informa-

. Str < 256
tion

Interpreta

ion code format shall be defined in Table 19:

Table 19 — Interpretation code format

16 15

14 2

=

131211 ]10] 9| 8| 7] 6] 54 | 3

0 0

0 |Interpretation code Possibilit

Interpretaf
Each possi
0: Und
1: In c4
2: Susy

3: Stro

4243 1

When the

ion code shall consist of a number starting with 4224. See Table 20.
hility bit code means as follows:

psignated (No need to be defined or specified)

1se the possibility of the applicable finding is;unlikely

icious

ngly suspicious

hterpretation

applicable interpretatign;is encoded throughout the whole frame, the definition shal

made in t

e
informati%:
starting ti

4244 [

The time W
shall notb

root definition regien."Both starting time and duration shall not be used when the ey
is not used. In thie,case that event information is used, “0 (zero)” shall be used for |
e and duration¢

eat-to-beatwaveform classification

hen therelevant heart beat is observed shall be designated as starting time, and the dura
e used: In the case that event information is used, “0 (zero)” shall be used for the duration.

4.2.4.5 Waveform classification in the given period

be

ent
oth

fion

Relevant regional time shall be designated by using the starting time and duration in order to encode
abnormal waveforms, for example, atrial fibrillation.

4.2.4.6 Simultaneous encoding of event code and event information

Event code and event information shall be used simultaneously. Alternatively, event code = 0 and event
information shall be encoded. See the example below.

For example, Event information is encoded with “interpretation text“code system (manufacturer
name)”abbreviation or code” (in case of encoding plurality of event information, use “&”). In encoding

10
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with MFER code MWF_ECGL_VE_ISO (4496) and adding event information defined in SCP-ECG, the
event information is encoded as follows:

ventricular premature complex"SCP-ECG*VPC

Table 20 — Interpretation code

Reference ID CODE Interpretation (English)
DEC HEX

MWF_ECG_UNDFD 4224 1080 |Unclassified
MWF_ECGL_NOR_BEAT 4228 1084 |Normal beat
MWF_ECGL_WPW _BEAT 4232 1088 |Wolff-Parkinson-White syndrome type bpat
MWF_ECGL_BBB_BEAT 4236 108C |Bundle branch block beat
MWF_ECGL_JUC_BEAT 4240 1090 |Junctional beat
MWF_ECGL_SUP_BEAT 4244 1094 Supraventricular beat
MWF_ECGL_SBBB_BEAT 4248 1098 Supraventricular beat with Bundle branch Block
MWF_ECGL_SWPW_BEAT 4252 109C |Supraventricularbeat with WPW
MWF_ECGL_AVC_BEAT 4256 10A0 |Aberrant Ventricular Conduction
MWF_ECGL_VENT_BEAT 4260 10A4 |Ventricular beat
MWF_ECGL_FUS_BEAT 4264 10A8 |Fusionbeat
MWF_ECGL_VENTESP_BEAT 4268 10AC |Ventricular escape beat
MWF_ECGL_IDORHM_BEAT 4272 10B0 |Idioventricular rhythm
MWF_ECGL_UNDFD_BEAT 4276 10B4.~{Undefined beat
MWF_ECGL_UNDFD_L_BEAT 4280 10B8 |Learning beat
MWF_ECGL_UNDFD_C_BEAT 4284 10BC |Calibration beat
MWF_ECGL_A_PACE_BEAT 4288 10C0 |Atrial paced beat
MWF_ECGL_V_PACE_BEAT 4292 10C4 |Ventricular paced beat
MWF_ECGL_D_PACE_BEAT 4296 10C8 Dual paced beat
MWF_ECGLPAC_F_BEAT 4300 10CC  |Paced fusion beat
MWF_ECGL_ART_1_BEAT 4304 10D0 |Artefact
MWF_ECGL_ART_2_BEAT 4308 10D4 |Artefact
MWEF_ECGL_BRADY 4480 1180 |Bradycardia
MWF_ECGL_TACHY 4484 1184 | Tachycardia
MWF_ECGL_PAUSE 4488 1188 |Pause
MWF_ECGL_PROLONG 4492 118C |Prolong
MWF_ECGE-VE_ISO 4496 1190 |VE Isolated
MWF_ECGL_VE_COU 4500 1194 |VE Couplet
MWE-ECGI, VE_RUN 4504 1198 VE Run
MWF_ECGL_VT 4508 119C Ventricular Tachycardia
MWF_ECGL_RONT 4512 11A0 [RonT
MWF_ECGL_VENT_BIGE 4516 11A4 |Ventricular Bigeminy
MWF_ECGL_VENT_TRI 4520 11A8 |Ventricular Trigeminy
MWF_ECGL_SVE_ISO 4524 11AC |SVE Isolated
MWF_ECGL_SVE_COU 4528 11B0  |SVE Couplet
MWF_ECGL_SVE_RUN 4532 11B4 |SVE Run
MWF_ECGL_PARO_S_TACHY 4536 11B8 |Paroxysmal Supraventricular Tachycardia
MWF_ECGL_SUP_BIGE 4540 11BC  |Supraventricular Bigeminy
MWF_ECGL_SUP_TRI 4544 11C0 Supraventricular Trigeminy

© IS0 2023 - All rights reserved
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Table 20 (continued)
Reference ID CODE Interpretation (English)
DEC HEX
MWF_ECGL__A_FIB 4548 11C4  |Atrial Fibrillation
MWF_ECGL_A_FLUTTER 4552 11C8  |Atrial Flutter
MWF_ECGL_A_F_F 4556 11CC  |Atrial Flutter/Fibrillation
MWF_ECGL_ST_ELE 4560 11D0  |ST Elevation
MWF_ECGL_ST_DEP 4564 11D4 |ST Depression
MWF_ECGIf_CAP_FAIL 4568 11D8 |Capture Failure
MWF_ECGIf_UNDER_SENS 4572 11DC  |Under Sensing
MWF_ECGI_OVER_SENS 4576 11E0  |Over Sensing

4.3 Lead name

Lead namg means the waveform code used in long-term ECGs, as shown in Table 2. This code shalll be
used in 12tlead ECG and/or Vector lead ECG. As the lead code is encoded by,a‘\number between 0 pnd
127, extra fattention would be required in the case of conforming with other'rules such as SCP-ECG.
Lead code |later than 4160 is defined in the long-term ECG standard, as Shown in Table 22. For more

detailed lead name other than the definition in the long-term ECG standard, see Annex D.

Table 21 — Lead name-1

Code Lead Code Lead

1 [ — —

2 II — —

3 \A0 — —

4 V2 — —

5 V3 — —

6 V4 — —

7 V5 — —

8 V6 — —

9 \'"% — —

10 b — —

11 V3R 61 I11

12 V4R 62 aVR

13 V5R 63 aVL

14 V6R 64 aVF

15 V7R 65 -aVR 2

16 X 66 V8

17 67 V9

18 Z 68 V8R

19 CC5 69 VIR

20 CM5 70 D (Nehb Dosal)

— — 71 A (Nehb Anterior)

31 NASA 72 ] (Nehb Inferior)
a -aVRlead shall not be encoded according to MFER. The users (viewer) should make a calculation to derive
-aVR when required.
b  Although V2R (10) is defined in other rules such as SCP-ECG, the definition shall not be used in MFER.

12
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Table 21 (continued)

Code Lead Code Lead
32 CB4 — —
33 CB5 — —
34 CB6 — —

-aVR when required.

a -aVRlead shall not be encoded according to MFER. The users (viewer) should make a calculation to derive

b  Although V2R (10) is defined in other rules such as SCP-ECG, the definition shall not be used in MFER.

Table 22 — Lead name-2

Code

Lead

Remarks

4160 Status

In case status including body position is encoded

4161 Body position

In case body position is encoded as.successive wafeforms

4162 Body movement

4163 Respiratory

(s

In case method for respiratory measurement is n
specified (including snoxing)

160 Impedance respiratory waveform —

143 Blood pressure

In case method for:NIBP measurement is not specjfied

175 Sp0, —
4166 ECG1
4167 ECG2
These&hall be used in case lead name is not definjte
4168 ECG3
4169 ECG4

4.4] Lead calculation

Recent electrocardiographs frequerntly adopt systems to record limb leads by Leads [ and II only. In
such event, Leads III, aVR, aVL, and aVF shall be found by calculation. Derivation shall be pefformed by

the[following operation, as showirin

Tables 23, 24, and 25:

In jmplementing lead caléulation, thorough consideration shall be given to aspects such as A/D
confersion method, phase deviation or electrode disconnection, and care should be practiced to prevent

occprrence of arithmetie¢ waveform distortion.

Table’23 — Lead calculation operation table (derivation from leads I and II)

=

pad name

Arithmetic operation

Computation (right hand potential R; left hand potential L;
and left foot potential F)

111

-1

11 = F-L = (F-R)- (L-R), where Il = F-R, = L-R

avR —TFI0/Z aVR = R-(LFF)/Z= ((R-LJF(R-FJ}/Z
avL [-11/2 aVL = L-(R+F)/2 = {(L-R)+(L-F)}/2 = (I-1I) /2 = I-11/2
avVF n-1/2 aVF = F-(R+L)/2 = {(F-R)+(F-L)}/2 = (1I+I1)/2 = 1I-1/2
-aVR Inverted aVR

© IS0 2023 - All rights reserved
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Table 24 — Lead calculation operation table (derivation from leads I and III)

Lead name Calculation formula Calculation (rigl;tnl:lalne(;tpfgg?;)t(i)i‘lerl}t;il:lf; ;1and potential L;
11 I+ 1 Il = F-R = (F-L)+ (L-R), where IIl = F-L, [ = L-R
aVR -1-111/2 aVR = R-(L+F)/2 = {(R-L)+(R-F)}/2 = {-I-(111+])}/2 = -1-111/2
avL (I-1my/2 aVL = L-(R+F)/2 = {(L-R)+(L-F)}/2 = (I-11)/2
aVF Im+1/2 aVF = F-(R+L)/2 = {(F-R)+(F-L)}/2 = {(III+)+111}/2 = 111+1/2
-aVR Inverted aVR

Table 25 — Lead calculation operation table (derivation from leads II and III)

Lead name Calculation formula Calculation (rigl;tnl:iall‘le (;tpfg:)?:)t(i)at‘lgt;ilaelf;‘;l and potential L;
I I+ 1 [ =L-R = (F-R)- (F-L), where Il = F-R, Il = F-L
aVR -1-111/2 aVR = R-(L+F)/2 = {(R-L)+(R-F)}/2 = {- (II-1I1)~11}/2 = -11+111/2
avL (I-11)/2 aVL = L-(R+F)/2 = {(L-R)+(L-F)}/2 = {(II-11IJ 3111}/2 = -111+11/2
avF I +1/2 aVF = F-(R+L)/2 = {(F-R)+(F-L)}/2 = (1I+H}/2
-aVR Inverted aVR

Sampled E(G data for all leads shall be completely synchronized.

4.5 Filtdr information

4.5.1 Gelneral

When filtef information is described in MFER, it is~classified in two cases: filter-processed data

non-filteref use information.

4.5.2 Daescription of filter-processed data

and

Description is made on the filter information processed for the data described by MFER, as showh in

Tables 26 qnd 27.

Table 26 — Filter information

MWF-ELT Data length Duplicated definitions
17 11h Str < 256 Possible
Table 27 — Filter description example

Filter fupction | Abbreviation Example Meaning
Filter information Hum filter (not specified) is used. More spe-
onl None Hum filter ON cific information shall be provided by adding

y power supply frequency information.

. . _ Characteristics unspecified 0,05 Hz low fre-
High pass filter HPF HPF = 0,05 quency cutoff (high-pass) filter is used.
Low pass filter LPF LPF = 150”"second order |Butterworth second characteristics150 Hz

p Butterworth filter high frequency cutoff (low-pass) filter is used.

Band elimination _enA . 50 Hz ham filter is used.
filter BEF BEF = 50" Hum filter Cutoff characteristics uncertain.

In ECG, high-pass (low frequency cutoff) filter is frequently described by the time constant, but in MFER,
it is recommended to describe it by frequency. For example, the low frequency cutoff filter, which has
the primary Butterworth characteristics shown by frequently used CR, is described by the following:

14
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By High-pass Filter = 1/wT, the lower cutoff frequency of time constant of 3 s is described by 1/(2m x
3 s) approximately 0,05 Hz.

4.5.3 Description of filter use information

In this case, MFER ECG data has not been subject to filter processing, and the fact that a specific filter is
used is stipulated only. For example, this information can be used to indicate that the ECG was measured
by an electrocardiograph, printed on recording paper underwent the relevant filter processing, and can
be utilized for diagnosis.

© IS0 2023 - All rights reserved 15
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Annex A
(informative)

MFER conformance statement

Each implementer should prov1de a spec1f1cat10n sheet of their MFER waveform format using the
conforman

: = = - the
extension capabllltles of the MFER descrlptlon are used an addltlonal sheet with these optipnal
extensions|should also be provided. (]9

Table A.1 — Conformance statement template /\/\fb
MFER specification | Frame / A\hﬁb i

Manufacturer Date i 2
Producer - (Bodel

Author Edited date K%
Waveform title |Specification | $\\
Preamble Endianity -De_fault Qg endian) ¢Big endian eLittle

endiapy
Version . Character | NS
Sampling at Sampling rate Unit Expon'eﬁ(\) Mantissa
tributes Sampling resolution | Unit Ex@%’nt Mantissa
Data type |[|eDefaulte() |NULL eNot used :\Q\ N |Offset value |eNotusede()
Frame number | |Block | A’%hannel | Sequence |
Channel N§. |Lead or Waveform |Condition \O Remarks
&N
o
pa R
>
Ve
Q&
of
N4
‘?V

EaN

Note

16 © IS0 2023 - All rights reserved
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Annex B
(informative)

Waveform encoding

With long -term ECG recorder it is 1mp0531b1e to know exactly when the measurement is finished.

There
1 miin) to prevent users from readmg data 1mproperly by MWF END (80h) When they add i
As MWF_END (80h) indicates that there is no other MFER encoding after MWR_END\(80
shopld written at the end of the file.

Figiire B.1 shows one-minute waveform data, and it is an example of waveform data reco
leads called CM5 and NASA.

7 (e.g. every
formation.
h), this tag

rded using

© IS0 2023 - All rights reserved
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MWF WAV(1Eh)

CM5

NASA

Status

MWF END (80h)

U

One minute waveform

One minute later

MWF WAV(1Eh)

CM5

NASA

Status

MWF END (80h)

CM5

NASA

Status

MWF END(80h)

U

MWF WAV(1Eh)

CM5

NASA

Status

MWEB WAV(1Eh)

CM5

NASA

One minute waveform

Next one minute waveform

After processing

< Overwrite MWF_WAV/(1Eh) at the end

Status

MWF END (80h)

Figure B.1 — Encoding of waveform

The data updating shall be made in the order shown below in encoding by the recorder:

1.
2.

18

additionally encode waveform data;

encode MWF_END(80h);
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3. encode new waveform data to MWF_END(80h) that indicates an ending point of the last data.

MWF_WAVE(1Eh) shall be written for every predetermined time. In such event, as data such as sampling
or sequence encoded in the first place shall remain, the ECG data are recognized as a successive
waveform.

©1S0 2023 - All rights reserved 19
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Annex C
(informative)

Example of waveform encoding

The table below shows examples of the encoding of two-channel long-term ECG with status information

it T

blocks (1 Hlock is 30 s), and sampling frequency is 125 Hz. The body movement should be encodéd for

every second.

According [to the example of waveform coding, tags should be outputted in the order following in

Table C.1..

Table C.1 — Example of waveform coding
Code
Tag name Tag No Length Data Descriptions
(HEX) (DEC) (HEX)

1 MWYF_PRE 40 32 4d 46 52 20 MFR
4c6f6e 67 20 54 65 726420 45| Long-term ECG
43 47 00 00 00 00 06,00 00 00
0000000000 00:00

MWYF_BLE 01 1 01 Little endian
MWFE_TXC 03 6 555446 2d38°00 Character encoding schem¢ is
UTF-8

4 MWEKF_MAN |17 53 4e 6968 6f 6e 4b 6f 68 64 65 6e |Information on manufacturef or
5524143 2d 33313033 5e 56 |model name
65722030312d303620505e
3331303330303030303230
303530373135303200

5 MWEF WFM |08 1 02 Waveform type = Long-term ECG

6 MWF_TIM 85 11 Year d7 07 2007/01/23 13:31:00,0,0
Month 01
Day 17
Hour 0d
Minute 1f
Second 00
Milli-second {00 00
Micro-second (00 00

7 MWF_AGE 83 7 Years 16 Age =22 yearsold
Days fe 1f Age by day = 8 190 days old
Birth date [Y] |c007 Birth date = 1984/11/23
Birth date[M] |Ob
Birth date[D] |17

8 MWF_PNM (81 42 4d 6172 6b20536d69 746800 |Mark Smith

9 MWF_PID 82 11 3131323337303030353100(ID=1123700051

10 MWF_SEX 84 1 01 Gender = Male

20 © IS0 2023 - All rights reserved
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Code
Tag name Tag No Length Data Descriptions
(HEX) (DEC) (HEX)
11 |MWF_SEN Oc Measure 00 Electrical potential = 5 micro V 5
Exponent part |fa x10-0V
Data 0500
12 MWF_IVL 0b Measure 01 Interval = 8 milli-second
Exponent part |fd BXT0SeT,
Data 0800
13 MWF_BLK 04 a6 0e 0000 Block length,= 30 s
3 750 samples
Sampling interval x Reqording time
14 MWF_DTP Oa 00 Datatype
16-bit signed integer
15| |[MWF_CHN 05 04 The number of channg¢l = 4
— ECG1
— ECG2
— Status informatiqn
— Body movement information
16 | |[MWF_SEQ 06 01 00,0000 The number of sequer]ce = 1
17| |MWF_ATT 3f00 MW-E_LDN 09 Waveform type = ECGJL
Length 02
Data 46 10
18 MWEF_ATT 3f01 MWF_LDN 09 Waveform type = ECGR
Length 02
Data 47 10
19 MWF_ATT 3f02 MWF_LDN 09 Waveform type = statjis
Length 02
Data 4010
MWF_DTP O0a Data type = 16-bit stafus
Length 01
Data 04

© IS0 2023 - All rights reserved
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Table C.1 (continued)

Code
Tag name Tag No Length Data Descriptions
(HEX) (DEC) (HEX)
20 |MWF_ATT 3f03 21 MWF_LDN 09 Waveform type = body move-
Length 02 ment
Data 4210
MWF_IVL 0Ob Interval = 1 000 milliseconds
Length 4 TO00 X t0>3ec..
Data Measure |01
Exponent|fd
part
Data E8
03
00
00
MWF_BLK 04 Block length =30 s
Length 02 30 samples
Data 1e 00 Sampling interval x Recording tfme
MWF_DTP Oa Data type = 16-bit unsigped
Length 01 integer
Data 01
21 |MWEKF WAV |1le 84 000058 20 Data length shall be designdted
as 4 bytes.
Data length = 22 560 bytes
Waveform in- | ECG1 XX XX XX XX .... |3 750 samples x 2 (byte)
formation ECG2 XX XX XX XX ... |3 750 samples x 2 (byte)
Status XX XX XX XX .... |3 750 samples x 2 (byte)
Body move- XX XX XX XX .... |30 samples x 2 (byte)
ment
22 |MWEK WAV |1le 84 00005820 Data length shall be designdted
as 4 bytes.
Data length = 22 560 bytes
Waveform in- | ECG1 XX XX XX XX ... |3 750 samples x 2 (byte)
formation ECG2 XX XX XX XX .... |3 750 samples x 2 (byte)
Status XX XX XX XX .... |3 750 samples x 2 (byte)
Body move- XX XX XX XX .... |30 samples x 2 (byte)
ment
22 © IS0 2023 - All rights reserved
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