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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 e

ectrotechnical standardization

The proced
described in

ires used to develop this document and those intended for its further maintenarc

different types of ISO document should be noted. This document was drafted in accordance wit

editorial rul

bs of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws a|

tention to the possibility that the implementation of this document'may involve the y

(a) patent(s|). ISO takes no position concerning the evidence, validity or applicability of any cla

patent righ

in respect thereof. As of the date of publication of this document, ISO had not rec

notice of (a)| patent(s) which may be required to implement this document. However, implementer
cautioned that this may not represent the latest information, whichUmdy be obtained from the p

database av
such patent

Any trade n
constitute a

For an exp
expressions

hilable at www.iso.org/patents. ISO shall not be held responsible for identifying any
rights.

hme used in this document is information given for the convenience of users and doe
1 endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms
related to conformity assessment,as well as information about ISO's adherence t

World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),

WWW.iS0.0r¢§

 /iso /foreword.html.

This docum

ent was prepared by the‘European Committee for Standardization (CEN) (as EN 1064:2

and was adlopted, without modification other than those given below by Technical Comny

ISO/TC 215

— changed

standard" of

the documel

changed

Health informaticst
"this Standard’ or "this technical specification” to "this document” and "the pr
"this versien of the standard" to respectively "the present document” or "this versi

n
t;

any"EN ISO xxxx" references to "ISO xxxx" references;

P are

the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the

h the

se of
imed
pived
S are
htent
br all

S not

and
b the
see

020)
littee

bsent
bn of

changed "section" to "clause” in 5.13.6, NOTE 10 and in Clause E.2;
fixed the corrupted characters in the formula in D.4.8.10;

corrected the wording in Table 8.

This first edition of ISO 41064 cancels and replaces ISO 11073-91064:2009, which has been technically

revised.

iv
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The main changes are as follows:

— Deprecated the possibility to use other than UTF-8 language encoding schemes and deprecated
former Annex A: Encoding of alphanumeric ECG data in a multilingual environment. Now only UTF-
8 encoded text strings are allowed;

— Deprecated the use of beat subtraction and bimodal compression schemes which are no longer
supported. But Section 4, formerly used to store QRS locations to allow beat subtraction for
computing a “residual signal”, is still mentioned in the present document to support decoding and
conversion of legacy SCP-ECG version 1.x and 2.x files into SCP-ECG version V3.0 files;

— Significantly extended the global and per-lead measurements sections. The terminology used
i ' ' ' EEE 11073-
0102 Annotated ECG (aECG) and 11073-10101 Nomenclature (Vital signs) standards’and with the
ifferent recommendations and consensus papers found in the scientific literature;
Extended Section 11 to include two new ECG interpretation and oversedding |data coding
schemes, based on the categorized AHA statement codes and according tothe CDISC| (Controlled
erminology. Clinical Data Interchange Standards Consortium) code;
Introduced Sections 12 to 14 to provide means of storing long=term ECG rhythm data and
rotocol-based ECG recordings, e.g. stress tests and drug trials procédiires;
Introduced Sections 15 to 17 to allow the storage of different sets of per-lead beat or spike
easurements and annotations;
Introduced Section 18 “Additional ECG annotations” t6.provide a solution for stor|ng any type
f manually or automatically produced annotation which has not been stored in a systematic way in
sections 7, 8,10, 11 and 15to 17;
- More details on the main changes can be found-hereafter at the end of the Introdyction and in
Annex H, Revision History.

Any feedback or questions on this document sheuld be directed to the user’s national standards body. A
complete listing of these bodies can be found atwww.iso.org/members.html.
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Introduction

The electrocardiogram (ECG) is a recording of voltage changes transmitted to the body surface by
electrical events in the heart muscle, providing direct evidence of cardiac rhythm and conduction, and
indirect evidence of certain aspects of myocardial anatomy, blood supply and function. During its
propagation to the surface, extracardiac tissues may intervene and influence the ECG morphology.

Electrocardiography has been used for many years, and is increasingly used as a key, non-invasive and
low cost method in the diagnosis and early detection of coronary heart disease, which is the leading

cause of mg
were due td
diseases (C
responsible

these 17,9 million CVD deaths occurred before the age of 60. The percentage of premature deaths

CVDs ranges

In 2018, it W
The Mayo Q
[57]. Accor

accounted f¢r $5 122 million in 2018 and is expected to reach $9 738 million by 2027 [58]. The fa
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report and
decision su
hospitals, tg
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rtality worldwide [56]1. Of the 56,9 million global deaths in 2016, 40,5 million (A1
non-communicable diseases (NCDs) and 17,9 million (31 %) were due to cardiovas
VDs). Out of these 17,9 million cardiovascular deaths, ischaemic heart disease
for 9,4 million and strokes were responsible for 5,8 million deaths. More than 3 milli

from 8,8 % in high-income countries to 26 % in low-income countries [56].

ras estimated that, worldwide, approximatively 3 million ECGs arececorded every day
linic, for example, nowadays performs about 240 000 standard ECG recordings per
ling to Research And Markets, the Global Electrocardiography Devices (ECG) M

market include the increasing geriatric population, rising incidences of lifestyle disd
1 advancements in diagnostic ECG devices, and high growth rate in developing countrig

newer electrocardiographs nowadays use .digital recording, interpretation
ion techniques, and there is an increasing number of portable and even wearable (md
that are now used instead of the traditional;ECG cart. These stand-alone, microproc
nes and devices can be connected to each-other, to a host computer, to the internet o
rmation system for reporting, long-termi-storage in the Medical Electronic Record and s
To this end, various manufacturers have used different techniques.

general public interest for users not to be restricted in their options by incompd
itures and services of different systems and devices. ECG processing is increasingly 1
vith various other types—of data processing in health care. This evolution will
e impact on the storagé and communication of ECG data. There are many different
for different purposes ‘(support of patient care, management, drug trials and/or

or measurement-results. Being one of the very first ever developed systems for me
pport, computerized ECG interpretation stretches from departments of cardiolog

generalpractitioners in primary care and health care centres and to home care. In

pcessity for administering thrombolytic agents or to alert cathlabs to prepare for a cora

3 %)
cular
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bn of
from

[41].
year
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ctors
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bile)
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tible
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end-
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life-

acute myocardial infarction, ECGs are now used in ambulances by paramedical personnel to

nary

, with long-distance monitoring whenever possible, and in self-care situations to d|etect

ischemia or

1fe threatening arrhythmias as early as possible [31].

To facilitate the exchange of information between various systems, it was of utmost importance that a
standard communications protocol for computer-aided electrocardiography (SCP-ECG) was established,
as defined in this document. Its aim is to specify a data format for transferring ECG signals, metadata
and reports from any vendor's computerized ECG device to any other's vendor central ECG
management system. The same standard should also allow standardized transfer of digitised ECG data

1 Figures in square brackets refer to the Bibliography.
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and results between various computer and information systems, Electronic Medical Records, and ECG
data repositories.

Under this standard communications protocol (SCP-ECG), the contents and format of the ECG waveform
data, metadata and the measurements from ECG devices of different manufacturers are not expected to
be identical. As a result, the determination of the suitability of a device and/or system for any particular
application remains with the user/purchaser. The following possible uses of ECG records require

special attention:

serial comparison of ECGs and interpretations;

primtout formmatsof EE€Gs;

fnaintaining an audit trail of edits and annotations;

integration into an electronic medical record;

integration into clinical information systems and data repositories.

users are cautioned to make sure that the data contents and“format of the wav
data, measurements, and the interpretive statements meet théir specific needs. If mg
of ECG device and/or ECG management system is interconnetted, the user is also advi
the manufacturers that the data from different systems and ‘devices are compatible wit
vith the user’s needs.

The
meta
type
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elect
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are ¢
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elect
start
does
pote
(L+R
recotl
term
running-par

der to understand this document, the reader needs some basic knowledge of electr]
Focardiography and signal processing.

document not only relates to the conventional recording of the electrocardiogram, i.e. 1
lard 12-lead electrocardiogram and the.vectorcardiogram (VCG), but also to other t

toring and wearable self-care ECG-devices. Initially, the electric connections used for r
were made to the limbs only. These connections to the right arm (RA), left arm (LA)
were introduced by Einthoven.-The electrical variations detected by these electrode
lgebraically combined to~form the bipolar leads I, 1I, and IIl. Lead I, for example
rence between the voltagesof the electrodes placed on the left arm and the right arm.
rocardiographic lead§ (VR, VL, VF and the precordial leads V1 to V6) were introduced
ng in 1933. In these leads, potentials are recorded at one location with respect to a
not vary significantly in electrical activity during cardiac contraction. The “augmente
ntials (aVR, @Vly aVF) are recorded with reference to the average potential of (L+F]

respectively, where R, L and F refer to the RA, LA and LL electrodes. The unipolar ch
ded with reference to the average potential of (RA+RL+LL)/3 which is called the Wil
nal’ \(€T). In vectorcardiography, recordings are made from three mutually ortho|
allel to one of the rectilinear coordinate axes of the body. The axes are the X-axi

W

eform data,
re than one
sed to verify
h each other

ocardiology,

he so-called
ypes of ECG

as Holter ECG, physiologic monitoring ECG, stress ECG, intracardiac ECG, home care ECG

pcording the
and left leg
connections
records the
'he unipolar
much later,
level which
d” limb lead
, (R+F) and
pst leads are
son “central
oonal leads,
5 going right

to left; - OTIT O 0 Wige 0 back .

d stress ECG

recordings, the limb electrodes are placed on the torso to reduce limb movement artefacts. The same
electrode positions apply to some Holter, emergency and home care recordings, both to limit movement
artefacts and undressing.

In some research centres, so-called body surface maps are obtained by placing many (from 24 to 124 or
even more) closely spaced electrodes around the torso. This document has not been designed to handle
exchange of such recordings, although future extensions could be made to this end. The standard has
also not been designed to exchange specialized recordings of intracardiac potentials (electrograms)
recorded in the EP (Electrophysiology) laboratories or by cardiac implantable electronic devices (CIED),
viz pacemakers, implantable cardioverter-defibrillators (ICDs) and cardiac resynchronization therapy
(CRT) devices, although it could also be used to this intent.
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ECG computer processing can be reduced to 3 principal stages:

1) data acquisition, encoding, transmission and storage;

2) pattern recognition and feature extraction, i.e. ECG measurement;

3) diagnostic classification.

In each of these stages there are important needs for standardization and quality assurance testing. The

scope of this document is confined to the first of these three stages. Quality assurance of ECG
measurement and diagnostic classification have been addressed by the CSE Working Party (see [32]

and [44] to
quality assu

The various
protocol are

The selectid
messages ar
Bluetooth, T

The main g
semantics 3
promote the

50]) and to some extent by IEC 60601-2-25:20112 [4]. The latter also addresses the iss
Fance testing of the signal acquisition hardware and filtering.

defined in Clause 5 of this document.

n and definition of ECG specific high-level syntaxes and query languages for trans

CP/IP, FTP, USB, Filesystem, HL7, etc., are beyond the scope of this.decument.

pal of the SCP-ECG standard is to address ECG data and reldted metadata structy
nd syntax, with the objective of facilitating interoperability and thus to support]
exchange of the relevant information for ECG diagnosis. Indeed, as recommended b

ACC/AHA/
comparing

}f
tracings should be compared with available previous tracings."The accuracy of some diagnoses m

considerably
a storage fo
of a current
between EC
each recordi

The binary
allow for ar
footprint co
anytime [31
but also wh
(protection

The present
provide me3
processing

harmonization with other standards in health informatics. The main changes are summarized here;

P-ASIM task force: “Electrocardiogram readers should understand the importan
current tracing to previous tracings in order to,make correct diagnoses. All abng

y enhanced by reviewing previous tracings.” [33]. It is thus of utmost importance to pr
‘mat enabling any device or computer program performing the analysis and interpret
ECG to perform a reliable re-analysis of the previous ECGs. For assessing serial chg
[ measurements it is necessary that thé measurements are computed in the same wz:
ng in order to avoid any bias.

efficient encoding, an encapsulation of all ECG-related parameters, and a small me
mpliant with mHealth scenarios for an early detection of cardiac diseases, anywhere
], [39]. These features,not only provide an advantage in data transmission and arch

hgainst changes).

version of €the”SCP-ECG standard has been significantly amended, with the objecti
ns to support the storage and interchange of almost all existing ECG recording moda
esultsy-annotations and diagnoses, as well as precisely defined metadata enabling

r
d data between devices or between devices and hosts or host-to-hasts, using for ex::lfnple

ue of

data sections that can be transmitted by means of the standard ECG comimunications

of

ring,
and
y the
e of
rmal
hy be
vide
htion
nges
ly on

encoding of ECG data within SCP-ECG and the included content self-control capabillities

mory
and
ving,

en the data need totbeencrypted (for protecting the data and the confidentiality), or signed

e to
ities,
v the
fter.

The ECG da

[3 and related metadata addressed in this document are now striuctured into 18 sec

ions.

Sections 0 to 11 already existed in the previous versions of SCP-ECG and, although they have been
significantly updated, they remain almost backwards compatible with SCP-ECG V1.x and V2.x, except for
other than UTF-8 text strings encoding and beat subtraction or bimodal compression schemes which
are no longer supported. Starting with SCP-ECG V3.0, only lossless compression (difference and
Huffman encoding) of the long-term rhythm data (section 6) and of the reference beat type 0 data
(section 5) are now allowed. In addition, to simplify encoding, the present document recommends to
store all ECG signal data uncompressed as a series of fixed length, signed integers and to reserve

2 Impacted by IEC/CD 80601-2-86 under development
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difference data calculation and Huffman encoding for mobile and/or wearable devices, when they are
intended to be used in poorly served areas with limited wireless connectivity such as GPRS, where
significant lossless data reduction strategies are still of importance. Converting legacy SCP-ECG V1.x and
V2.x files into SCP-ECG V3.0 compliant files would thus only require to convert non UTF-8 text strings
into UTF-8 and to store ECG signal data, if any, uncompressed. Sections 12 to 18, which are new, have
been introduced to support the storage of continuous, long-term ECG recordings, of selected sequences
of stress tests, drug trials and protocol-based ECG recordings, and the related metadata, measurements
and annotations

All over the document, emphasis has been put on cross-referencing and providing a semantic mapping
between the terminology and the methodologies used in SCP-ECG and the ISO/IEEE 11073-10102

Annd

the ambiguities and inaccuracies of some of these other than SCP-ECG standards.

In s

confi
medEal needs, and two new tags have been introduced, respectively aimed at describin

Card
accol

Secti
signd
deco

The g
and
and
meas

All m
perfa
thosg

phys
Secti
three
and

dCCoOl
[30].

The 1
SCP-
the A

tated ECG (aECG) [9] and 11073-10101 Nomenclature (Vital signs) [8] standards an

ection 1, SCP-ECG Drugs coding (Tag 10), Medical History codes (Tagh32) an
uration Codes (Tag 33) have been significantly updated to take account-6f the evo

ac Devices (Tag 36, based on the NASPE/BPEG coding systems [28];[29]) and at speq
ding to the WHO Anatomical Therapeutic Chemical Classification System (ATC code [4

bn 4, formerly used to store QRS locations to allow beat subtraction for computing
1”, has been deprecated. But Section 4 is still mentioned.in the present document
ling and conversion of legacy SCP-ECG version 1.x and 2%files into SCP-ECG version V:

rlobal and per-lead measurements sections have been.significantly extended. The termi
he measurements and annotations provided haverbéen harmonized with the aECG
with the different recommendations and consensus papers (viz the need for intro

rmed and of serving as a reference forscientific work. Manufacturers using method
recommended in SCP-ECG Version-3.0 are requested to specify the method they are
cian's guide.

bn 11, which aims to contain, the most recent interpretation and overreading data,
different coding schemes (in addition to free text): (1) according to the Universal State

ding to the CDISC (Controlled Terminology. Clinical Data Interchange Standards Consa

hree different eading schemes may coexist, i.e. an interpretive statement encoded accq
ECG Universal Statement Codes and Coding Rules may concomitantly also be encoded
HA andyey the CDISC code specifications.

Emp
defi

nedin Annex A with the AHA and CDISC statement codes and specifications, and with g

hasis has also been put on extending and harmonizing the SCP-ECG Universal State

urements describing the early repolarization-patterns) found in the scientific literaturg.

Coding Rules defined in_Annex B: (2) based on the categorized AHA statement codes

on levering

Electrode
ution of the
g Implanted
ifying drugs
B], Tag 37).

a “residual

to support
.0 files.

nology used
tandard [9]
ducing new

easurements have been precisely defined;with the aim of unifying the way ECG measurements are

5 other than
using in the

now allows
ment Codes

[21]; (3)

rtium) code

rding to the
hccording to

ment Codes

ECG [9] and

DICOM 197,

Starting with version V3.0, in addition to the short duration resting ECG (section 6) and the
corresponding type O reference beat (section 5), the standard now provides means of storing long-term
ECG rhythm data in section 12, e.g. up to 40 days continuous recording of 3-Lead ECG signals sampled at
200 samples/sec with a 16 bit resolution, in section 14 several selected short to medium duration ECG
sequences, and, in section 13, the related metadata and reference beats (or pointers to selected
reference beats). These two additional sections have been included to support protocol-based ECG
recordings, viz stress tests and drug trials procedures.

The format of section 12 is very similar to the ISHNE format [26]. In order to preserve random access to
the record’s segments, no compression or encoding is allowed in this section.

© IS0 2023 - All rights reserved ix


https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064

:2023(E)

In addition to the full set of global measurements (section 7) and the per-lead measurements (section
10) of the type 0 reference beat, starting with version V3.0 the standard now allows the storage, in
section 15, of several pre-defined global and per-lead beat measurements and annotations, for all or for
only some computed or selected beats of the analysed signals (long-term and/or long-term ECGs stored
in sections 12 and 14 and/or in section 6). The beats may have been selected one by one by a physician
or by a beat typing algorithm (reference beats of different types, etc.), or may refer to the entire set of
beats from one or more selected time windows within the long-term ECG stored in section 12 or in the
long-term ECGs stored in sections 6 or 14.

In another scenario, one may choose to select and store the measurements and annotations for K
preselected, not necessarily consecutive beats, in as much Measurement Blocks (MB) as there are

selected be{
measureme
performed g

Section 16 f
stored in se
same as for
there are 1
nevertheles

Section 16 i
beat-by-bea

Section 17 K
for storing |
measureme
measureme
reference b

Section 18
automatical
11 and 15t
a pacemake
15 and 16
section 16
aberrant QR
in a given le

its, for thorough QT studies for example. To facilitate comparison with reference

n the reference beats stored in sections 5 & 13.

rovides a solution for storing a different set of measurements and annotations than {
ction 15 and is thus complementary to section 15. Its structure and fermat are muc
section 15, except that there is no provision for specifying analysis time windows and
o reserved fields for systematically storing the PP and RR .ntervals (the latteq
be stored, if need be, as optional additional measurements).

5 the preferred section for storing selected ECG beat measurements and annotations,
[ measurements and annotations are required (section 15 is\nhot present).

as been designed to include support for pre-defining and storing (much like the way
peat-by-beat ECG measurements in section 15) large sets of global and/or per-lead
1ts and annotations, spike-by-spike in one or<wiore spike measurements array(s)
1t array per analyzed ECG sequence (full longiterm ECG record, selected ECG sequend
at.

‘Additional ECG annotations” providés-a solution for storing any type of manual
y produced annotation which has.not been stored in a systematic way in sections 7,
17, viz the onset (and end) of a’bigeminal rhythm or atrial fibrillation, the identificati
- spike that was not listed in section 17, measurements that were not foreseen in sec
or a few measurements like*QT intervals in drug studies in case neither section 11
have been implemented);“manual annotation of complex cases with different typ

hd, etc.

Deats

its, the standard also allows saving, in separate MBs, the measurements and annotafions

hose
h the
that
can

if no

used
tpike

one
e) or

y or
8, 10,
on of
tions

nor
bs of

S complexes (LBBB aberrancy, etc.) and P waves (AV dissociation, etc.), noise annotaftions
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Health informatics — Standard communication protocol —

Computer-assisted electrocardiography

1

This [document specifies the common conventions required for the interchange of\spécific

cope

patient data

(denfographic, recording conditions ...), ECG signal data and metadata, ECG méasurements and ECG

ann

This

betw

othe
This
elect
prim|
lead,

are 1
wear

ations, and ECG interpretation results.

document specifies the content and structure of the information which may be i
een digital ECG electrocardiographs/devices and computer ECG management system
" computer or information systems (cloud, etc.) where ECG dataccan be stored.

document defines the way to describe and encode{standard and medium t
rocardiogram waveforms measured in physiological laboratories, hospital wards,
ary care medical check-ups, ambulatory and home care: It covers electrocardiograms
15-lead, 18-lead, Cabrera lead, Nehb lead, Frank lead, XYZ lead, Holter ECGs and exerci
ecorded, measured and analysed by equipment.such as electrocardiographs, patiel
able devices. It also covers intracardiac electrograms recorded by implantable device

hterchanged
s, as well as

long-term
clinics and
such as 12-
se ECGs that
nt monitors,
s as well as

the analysis results of ECG analysis and interpretation systems and software that are compatible with

SCP-

ECG
enco

2

The
cons

undated references,the latest edition of the referenced document (including any amendmer

1S0/

ISO/
medi|

Normative references

ECG.

waveforms and data that are not in-the scope of this document include real-time EC
ling and analysis used for physiglogical monitors, and intra-cardiac or extra cardiac EC

following documents are referred to in the text in such a way that some or all of t
itutes requirements’of this document. For dated references, only the edition cited

EC 10646,dnformation technology — Universal coded character set (UCS)

EEE 11073-10101, Health informatics — Device interoperability — Part 10101: |}
ral/device communication — Nomenclature

G waveform
G mapping.

heir content
applies. For
ts) applies.

Point-of-care

ISO/IEEE 11073-10102, Health informatics — Point-of-care medical device communication — Part
10102: Nomenclature — Annotated ECG

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:
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IEC Electropedia: available at https://www.electropedia.org/

acquiring cardiograph / acquiring device

cardiograph

3.2

/device recording the original ECG signal

analysis Time Window
defines the time interval (starting date and time and duration) that will be used to select an ECG excerpt
that will be analysed by a computer program and/or by a health professional viz a cardiologist

3.3
confirming
process wh
report and
computer-ge
annotations

Note 1 to ent
and treatmen

3.4

CSE Project
project sup
Standards fq

3.5

ECG excerpt

portion of a
by a comput

3.6

interpretiv
device (cay
interpreting

3.7
message
textual body

3.8
overreadin

ereby a trained and experienced health professional signs off the stored idterpret

bnerated (or already overread) interpretation report and/or measurénient values

v:  The confirmed ECG interpretation report is the final clinically acceptable version for diag

t

ported by DG XII of the European Commission aitming at the development of Con
r (Quantitative) Electrocardiography (see references [32] and [44] to [50])

continuous ECG recording that has beeneither visually selected by a health professior]
er based algorithm or according to a’predefined protocol (viz a 10 s excerpt every hour

b device
diograph, wearable equipment, smartphone, computer, cloud, etc.) analysing
the ECG signal

of information

4

process wh

htion

or the stored measurement values and annotations of an ECG in order\o confirmp the

and

nosis

mon

al or

and

:rnhy a ﬁl”y trained r‘nrdinlngicf’ Qor-a phycir‘ian of nr}niva]pnf cfnnding with cardi

logy

training, reviews the computer-generated interpretation and/or some of the measurement values and
annotations of an ECG in order to detect any obvious errors, including those of omission, and hence
makes changes to the text of the report and/or to the measurement values and annotations

Note 1 to entry: In some clinical settings, the process of overreading is performed in two steps. The ECG is first
over-read by a less skilled health professional, e.g. a cardiologist trainee, and is then over-read and confirmed by a

fully trained cardiologist.

Note 2 to entry:  If an over-read of an ECG interpretation report is signed off (i.e. confirmed, see Clause 3.3) by
the over-reader, then it should be clinically acceptable for diagnosis and treatment.
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It should be remembered that an over-reader provides a personal opinion in either verifying or

altering a computer generated interpretation and/or measurement or annotation. One over-reader may disagree
with another in the same way as one medical professional may disagree with another in making a clinical
diagnosis.

3.9

record
entire data file which is transmitted, including the ECG data and associated information, such as patient
identification, demographic and other clinical data, measurements, annotations, interpretation results,

etc.

3.10
refel

ence beat

reference/representative ECG cycle computed through any (but not specified) algorithm cot

P, QR

3.11

S and the ST-T waves

rhythm data
full original ECG data, or the decompressed and reconstructed ECG data.iflossless compress

Note
and/

toentry:  Rhythm data are typically 10 s in length for a stahdard 12-Lead ECG (stored
r 14), but may last several minutes for stress tests, a few houys.for drug trials and up to 7 d{

recorgdings (stored in section 12).

3.12

mprising the

ion is used

in sections 6
ys for Holter

:g;;}::ggte of data elements related to one aspect.of'the electrocardiographic recording, mpasurement,

annoftation or interpretation

3.13

universal statement codes

ECG Interpretation codes described in‘Annex B of this document

Note] to entry:  See glossary in Annex G for other technical terms related to this part of EN 1064.

4 $ymbols and abbreviated terms

AAM] American Association for the Advancement of Medical Instrumentation

AC Alternating Current

AHA American Heart Association

AIM Advanced Informatics for Medicine Programs of the European Commission Dlirectorate
General XII1

ANSI American National Standards Institute

ASCII American Standard Code for Information Interchange

AVM Amplitude Value Multiplier (see 5.8.3)

CEN Comité Européen de Normalisation - European Committee for Standardization

CIED Cardiac Implantable Electronic Device

CRC Cyclic Redundancy Check

CRT Implanted Cardiac Resynchronization Therapy device
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CSE Common Standards for quantitative Electrocardiography

DG Directorate General (of the European Commission)

EU European Union

ECG Electrocardiogram

EN Europaische Norm (European Standard)

ENV Europaische Norm Vorausgabe (European Pre-standard)

ICD Implanted Cardioverter Defibrillator

ID [dentification

IEC [nternational Electrotechnical Commission

IEEE [nstitute of Electrical and Electronic Engineers

ISO [nternational Organization for Standardization

LSB | .east significant bit

MSB Most significant bit

RMS Root Mean Square

SCP Standard Communications Protocol

SCP-ECG  Ptandard Communications Protocol for computerized-Electrocardiography

TC Technical Committee

UTF-8 Universal Coded Character Set + Transformation Format - 8-bit (specified
[SO/IEC 10646)

VCG Vectorcardiogram

5 Definition of the data contents and format

5.1 Gener3l considerations

5.1.1 The|data record which is’to be interchanged shall be divided into different sections

contents and format of each gfthese sections are defined in this document.

5.1.2 All fext data (character strings) shall be stored in the 8-bit Universal Character

Transformation Format'of ISO/IEC 10646 (also known as UTF-8)

5.1.3 All character strings shall be encoded in UTF-8 and NULL terminated

5.1.4 For all signed binary values 2's-complement coding shall be applied

—-

n

The

Set

5.1.5 All single and multiple byte binary values are regarded as unsigned integers, if not otherwise

specified

5.1.6 Endianness: binary values spanning more than 1 byte shall be transmitted and/or stored
according to the little endian mode, i.e. in ascending order of significance (the least significant byte is

transmitted

and/or stored first, the most significant byte last)

5.1.7 Consecutive bytes are numbered from left to right (starting with 1). Bits of a byte are numbered
from right to left (0 = LSB, 7 = MSB)

© ISO 2023 - All rights reserved


https://en.wikipedia.org/wiki/International_Organization_for_Standardization
https://en.wikipedia.org/wiki/International_Electrotechnical_Commission
https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064:2023(E)

5.1.8 The first byte in the record (i.e. the first byte of the Checksum) is defined as Byte 1

5.1.9 ECG samples are indexed and numbered starting with sample number 1. Sample index 0 is not
used in the present document. Sample indexes are stored as ones-based 16-bit or 32-bit unsigned
integers. The first sample starts at time 0. The second sample is at time (0 + 2) ms in case of 500

samples/s sampling rate

5.1.10 Sections are numbered starting from 0 (the Pointer Section) to 32 767

5.1.11 The term “Reference Beat” used in this document refers to an ECG complex which is chosen as

1is term; for

repr
exan
type]
same
“Refe

and the T wave of this beat

AnE
to ar
beat
extrd
lead
refen

ot £ ] £ L 1 AL ifi totiats ] 3 3 3 Lad l s
sentative-of-aelass-of-steheomplexes—No-speeifiestatistical-meaningis-imphed-by—+t
ple, it may be an averaged beat (obtained by averaging the waveforms of a set of heaty
, a “Median Beat” (obtained by computing the median of the waveforms of a set 0f
type), a selected or any other representative single cycle taken from the total ECG req
rence Beat” does include the P-wave if present (not in case of atrial fibrillation), the S

CG may have multiple reference beats. The term “reference Beat type*tsed in this doct
y one of an ordered list of reference beats, starting with reference beat type 0 (zero
type 0 (sometimes also called “dominant beat”) is, in general;-the primary heart be
systole or artefact. It is used for the calculation of the full set'of global measurements
measurements stored in sections 7 (Clause 5.10) and 10 (Clause 5.13) and is, by dsg
ence beat used for the so-called contour interpretation of the ECG. The ordering d

of the same
beats of the
ording. This
[-T segment

iment refers
). Reference
bt excepting
and the per-
finition, the
f the list of

reference beats does not imply a temporal sequence within the rhythm data.

The term “Rhythm Data” is used to indicate the ECG'recording over the entire recording fime, usually
10 s in most standard electrocardiographs, but it;may take several minutes for stress tests and up to
several days for Holter recordings.

Reference Beat type 0 data in 5.8 and the reference beats defined in 5.16 are intended to|be used for
(re)dnalysis and for display.

A ddscription of these terms and of the recommended lossless data compression njethodology,
including numerical examples_and the methods for conformance testing are given in Annex C and
Anngx D.

5.1.12 All indexes or pointers to a field are defined in bytes and are ones-based (start
othefwise specified.

5.1.13 1KiB (kibibyte) = 1 024 bytes; 1 GiB (gibibyte) = 1 073 741 824 bytes

5.2 $pecifications for the data structure

5.2.

All sections shall start on an odd index (even offset) boundary. This implies that

at 1) if not

all sections

shall contain an even number of bytes. A padding byte has to be added to the end of any section
otherwise containing an odd number of bytes. Padding bytes shall always be set to NULL (0x00). Blocks
of data within a section may contain either odd or even numbers of bytes. Padding occurs only at the
end of a section if needed.

5.2.2 All sections are given Identification numbers. Starting with version V3.0, section ID numbers 0
through 18 are currently defined in the SCP-ECG protocol, numbers 19 through 127 as well as numbers
above 1 024 are reserved for future use. Numbers 128 to 1 023 are for manufacturer specific sections.
The combination of the manufacturer code (see 5.4.5, tag 14) and section numbers 128 to 1 023
uniquely defines the content of the manufacturer-specific sections. There are no specific rules for the
layout and format of these sections. However, use of the structure defined in 5.2.7 is recommended.
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5.2.3

Inclusion of Sections 2, 5, 7 to 11, 15 to 18 (see section format in 5.2.7 and 5.2.8) is optional. Any

SCP-ECG data record shall contain Section 0 (Pointers), Section 1 (Header), Section 3 (ECG Lead
Definition) and Section 6 (Short-term ECG Rhythm Data) or Section 12 (Long-term ECG Rhythm Data)
or Section 14 (Selected ECG sequences repository). Section 13 (Stress tests, Drug trials and Protocol
based ECG recordings Metadata) is compulsory when Section 14 (Selected ECG Sequences Repository)
is present. No other consistency checking among the presence of different sections is assumed.

Specifically,

if any of Sections 8, 9, or 11 is present, it is not assumed that all three shall be present.

5.2.4 The ECG record starts with a 6-byte record header, consisting of a 2-byte CRC followed by a 4-

byte record
1) The 2-b
describq
CRC and
2) The 4-b
this rec
5.2.5 SCP-
NOTE

currently deg

length. These are defined as follows

Iyte cyclic redundancy check (CRC) is calculated as a CRC-CCITT, the algorithm of-wh
ed in C.6, and is calculated over the entire range starting with the first byte followin
ending with the last byte in the record.

rd header.

ECG record overview:

CRC Domain

[
|‘

v

| CRC l Record Length| Section 0 | SectionX |//l Final Section
77

2 4 206+ var var var

|A
[l

4

Record Length Domain

Figure 1 — SCP-ECG record overview

The length of Section 0 is equal to.(16 + 10(n +1)) + 10m, where n = 18 is the number of se
cribed in this version of the_protocol and m is the number of additional, manufacturer sg

sections (if any) contained in the SCP-ECGTecord.

5.2.6 The
which shall
is allowed i

sequence order of the)sections of a record is free, with the exception of Section 0 (
mmediately followthe record header. However, a maximum of one instance of any se
a SCP-ECG data\record.

section censSists of

n Identification Header (Section ID Header)

yte record length denotes the number of bytes in the total record, including the 6 byt

ch is
o the

es of

tions
ecific

7e10)
ction

5.2.7 Each
1) aSectia
2) aSecti

Any section
Bytes
1to2
3to4
5to8

9

1 DataPart
shall start with a “Section ID Header” (16 bytes) defined below:

Contents

16 bit CRC-CCITT over the entire section except these 2 bytes.
Section ID number as defined in 5.2.2 (see also 5.3.3.1).

Section length in bytes including the “Section ID Header” (5.3.3.2).

Version Number of the Section.
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Version Number of the Protocol (see 5.4.5, tag 14, byte 15).

11to 16 Reserved (shall be set to Null (0), except for section 0, see 5.3.2).

Each section shall have a Section Version Number and a Protocol Version Number (see bytes 9 and 10)
which may be used to specify different levels of compatibility with the standard when this is updated in
the future (see Annex C). For data sections 1 to 18, Section Version Numbers (byte 9) shall be the
Protocol Version under which the section was approved. For data sections 128 to 1 023, Section Version
shall refer to the manufacturer’s version for that section, independent of the Protocol version.

The version number of the protocol described in this document is V3.0. This version number shall be

storg

The 5

8, anld 10 to 18). Specifically, mixing old and new version sections could corrupt the, intey

strin

5.2.9

5.2.9

5.2.10 The numbers in italic in the.layout overviews in 5.2.5 and 5.2.9 as well as in all
overyiews of Clause 5 indicate’the length in bytes of the corresponding field or indi

(var

5.2.11 A global overview)of the SCP-ECG data structure is presented in Table 1

| 1 . 1 1 £20 1 . 1 A I A | o4 = I, B P N -
U 45 UCLII4Al vdliut Ul OU. TUT HHITPICTIITIHLAUUIT UTLALLS, SCC O0.%. I, 1dg 1%, UyLT 10.

ection and protocol version numbers must match for all sections containing strings|(i.

bs (see also section 1, Clause 5.4.5, Tags 14 and 15, byte 15).
Reserved fields shall always be set to NULL (zero).

A global overview of the layout of an SCP-ECG section is presented,in Figure 2

Section ID Header Section Data Part
Section ID| Segtion | Protocol
CRC No. Length \er."No. | Ver. No. Reserved
2 2 4 1 1 6

Figure 2.\'— Section layout overview

= variable length).

Table 1 — SCP-ECG data structure

p. sections 1,
pretation of

bther layout
cated block

Reguirement Content
Status
Requiired 2 BYTES - CHECKSUM - CRC - CCITT OVER THE ENTIRE RECORID
(EXCLUDING THIS WORD)
Required 4 BYTES - (UNSIGNED) SIZE OF THE ENTIRE ECG RECORD (IN BYTES)

Required (Section 0)
POINTERS TO DATA AREAS IN THE RECORD

Required (Section 1)
HEADER INFORMATION - PATIENT DATA/ECG METADATA

Optional (Section 2)

HUFFMAN TABLES USED IN ENCODING OF ECG DATA (IF USED)
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Requirement Content
Status
Required (Section 3)
ECG LEADS DEFINITION
Reserved (Section 4)
RESERVED FOR LEGACY SCP-ECG VERSIONS
Optional (Section 5)
ENCODED TYPE 0 REFERENCE BEAT DATA (IF REFERENCE BEAT IS STORED)
Optional * (Section 6)
" SHORT-TERM ECG RHYTHM DATA
see 5.2{12
Optional (Section 7)
GLOBAL ECG MEASUREMENTS
Optional (Section 8)
TEXTUAL DIAGNOSIS FROM THE “INTERPRETIVE” DEVICE
Optional (Section 9)
MANUFACTURER SPECIFIC DIAGNOSTIC AND OVERREADING DATA FROM THE
“INTERPRETIVE” DEVICE
Optiongl (Section 10)
PER LEAD ECG MEASUREMENTS
Optional (Seetion 11)
UNIVERSAL STATEMENT CODES.RESULTING FROM THE INTERPRETATION
Optiona] * (Section 12)
* see 52012 LONG-TERM ECG RHYTHM DATA
Optional] * (Section 13)
*see 52012 STRESS TESTSDRUG TRIALS AND PROTOCOL-BASED ECG RECORDINGS
' METADATA
Dependenit on (Section 14)
Section 13 SELECTED ECG SEQUENCES REPOSITORY
Optional (Section 15)
BEAT-BY-BEAT ECG MEASUREMENTS AND ANNOTATIONS
Optional (Section 16)
SELECTED ECG BEATS MEASUREMENTS AND ANNOTATIONS
Option ] (Qnrfinn 1 7)
PACEMAKER SPIKES MEASUREMENTS AND ANNOTATIONS
Optional (Section 18)
ADDITIONAL ECG ANNOTATIONS

5.2.12 The following remarks apply to the data sections identified above:

0 This section contains pointers to the start to itself and to the start of each of the following
sections. This section is required.

1 This section contains information of general interest concerning the patient (e.g. patient
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name, patient ID, age, etc.) and the ECG (acquisition date, time, etc.). This section is
required.

This section contains all of the other than default SCP-ECG Huffman tables used in the
encoding of Section 6 short-term ECG rhythm (or “residual signal” in SCP-ECG versions
prior to 3.0) and type 0 reference beat data (Section 5). The tables shall be referenced by
Sections 5 and 6 by their numerical order in this section. Thus, when reference is made in
the type O reference beat encoding section to Table 2, this shall refer to the second table
defined in Section 2. This section is required, dependent upon Huffman encoding being
used in the encoding of ECG signals of Section 6 (short-term ECG rhythm) and of Section 5
(type O reference beat, if stored). Starting with SCP-ECG V3.0, this section is no longer

mandatory if only the default Huffman table defined in D.4.7.6 is used.

3 This section specifies which ECG leads are contained within section 5/(type
beat) and section 6 (short-term ECG rhythm) ECG records. This sectionlis requir

4 This section was formerly used to store QRS locations to allew)beat subt
computing a “residual signal”. This section has been deprecated:<and is now
shall no longer be used.

5 This section is used to store lead by lead the type 0 reference beat if the origing
or the (re)analysing device has identified or computed-a dominant reference
section is optional.

6 Whenever only a short-term ECG is recorded, this section shall be used to sto1
rhythm signal data. The section may also bé used to store the rhythm sign3
standard, short duration baseline ECG in.casé a long-term ECG or selected ECQ
are recorded and stored in sections 12¥and 14. Section 6 may accommod

if neither section 12 nor section 14-are present).

7 This section contains global megaSurements for reference beat type 0. It may alg
basic set of global measurements for each other than type 0 reference beat or fq
contained in the short-term ECG rhythm record and a list of possible pacemak
the short-term ECG chythm record. This section is optional.

8 This section contains the latest actual text of the diagnostic interpretation of th
interpretationyand overreading shall be included in this section. No manufact
codes-and coding rules, may be used if necessary. The data contained in this s

be consistent with the data in Section 9 and Section 11. This section is optional.

9 This section contains the manufacturer specific diagnostic statements of th
device and the manufacturer specific overreading trails of the interpretations. T
analysing device and the name of the latest confirming physician (or device) ar

D reference
ed.

raction for
reserved. It

ting device
beat. This

e its entire
1 data of a
sequences
hte rhythm

recordings up to a length of 65 536 samples per lead. This section is optional (bjut required

0 contain a
r each QRS
br spikes in

e recorded

er specific

ECG data, including all overreadings if performed. Only the text of the §ost recent

codes should be used in the text. Mnemonic codes as listed in Annex B, Universgl statement

ection shall

b analysing
he ID of the
b defined in

the "Header information” section (Section 1). This section is optional.

10 A set of basic per lead measurements and manufacturer specific measurements

(if any) for

each recorded lead of “the type 0 reference beat” are presented in this section. This section

is optional.

11 This section contains the most recent interpretation and overreading data, coded according
to the SCP-ECG Universal Statement Codes and Coding rules (Annex B) and/or the

categorized AHA statement codes [21] or CDISC code specifications [30].

The data

contained in this section shall be consistent with the data in Sections 8 and 9. This section

is optional.
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12

13

14

15

16

17

18

5.3 Pointer section-<Section 0

5.3.1 The
sections are|given identification numbers, as defined in 5.2.2.

This section contains the signal data of the long-term ECG rhythm recording, if any. It may
be used to overcome the 64 KiB per lead maximum storage capacity limit of section 6. The
signals are stored uncompressed, up to 32 bits per sample, according to an interleaved
format. This section is optional (but required if neither section 6 nor section 14 are
present).

This section contains meta-data describing the different steps and workloads for stress
ECGs or drug trials and other protocol based recordings which might have been stored in
sections 12 and 14. This section is optional (but required if section 14 is present).

This Section is complementary to Section 13 and is used, if need be, to store the short
luration ECG sequences acquired during the recording of an exercise ECG or a drug [trial
ECG. This section is optional (but required if neither section 6 nor section 12 are present).

This Section provides means to store several pre-defined global and per-lead peat
measurements and annotations, for all or for only some computed or selected beats of the
hnalysed signals (long-term and/or short-term ECGs stored in sections 12"and 14 and/¢r in
ection 6). The beats may have been selected one by one by a physician or by a peat
typification algorithm (reference beats of different types, etc.), or refer to the entire set of
beats from one or more selected time windows within the long-term ECG stored in sedtion
| 2 or in the short-term ECGs stored in sections 6 or 14. This section is optional.

bection 16 provides a solution to store a different set of;measurements and annotations
than the one stored in section 15 and is thus complementary to section 15. Its structure
ind format are much the same as for section 15, except that there is no provision for
pecifying analysis time windows. Section 16 shotld be the preferred section for storing
elected ECG beats measurements and annotations, if no beat-by-beat measurements|and
innotations are required. This section is optignal.

This Section provides means to store several pre-defined global and/or per-lead spike
measurements and annotations, for, the entire ECG recording or for only some selegted
time windows of the analysed sighals (long-term ECG and/or selected ECG sequences
tored in sections 12 and 14 and/or'in section 6).

This Section provides means.to store, in a highly flexible manner, any type of manually or
hutomatically produced-annotation which has not been stored in a systematic waly in
ections 7, 8, 10, 11 and*¥5 to 17, viz the onset (and end) of different types of arrhythﬁ;ia,
neasurements that.were not foreseen in sections 15 and 16, manual annotations of
fomplex cases with different type of aberrant QRS complexes and P waves, noise
hnnotations in given lead, etc.

purpese of this section is to store pointers to the remaining sections in the record. All

5.3.2 The section starts with a “Section ID Header” as defined in 5.2.7. Bytes 11 to 16 of the Section ID
Header shall contain the six-character ASCII string (UTF-8 compliant): “SCPECG”. This string shall not
be Null terminated.

5.3.3 To provide a flexible way of section management, the data part of the pointer section is defined

as follows

10

One pointer field shall be provided in the pointer section for each Section 0 to 18 defined by the
SCP-ECG protocol, whether the optional sections are present or not. For any optional section not
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included in a SCP-ECG data record, the special coding rules defined in 5.3.3.2 and 5.3.3.3 for the
pointer field shall be applied. The same yields for section 4.

Each

Manufacturer specific sections, if present, shall have a pointer field in Section 0.

pointer field contains three parts:

a) A Section Identification number (see 5.3.3.1).

The first pointer field included in this section shall be the field for Section 0 (this section).

b)

c)

5.3.3
secti
ECG

num

5.3.3.

4-by
(see
thesé

NOTH
advis
be re

5.3.3
“Indg
recot

begimning of the ECG record, the index to Section 11 would be set to 128 901. If a section is

|

Section Length (see 5.3.3.2).
n Index to the Section (see 5.3.3.3).

A1 The Section Identification number is stored in two bytes (unsigned integer) co
bn number, as defined in 5.2.2. Section ID numbers 0 through 18 are currently defined
protocol, numbers 19 through 127, as well as numbers above 1 023 are reserved fo
bers 128 through 1 023 are codes for manufacturer-specific sectioiis:

2 The length, in bytes, of a section (= an even number, sée 5.2.1) is presented in tl
e integer “Section length” field part. The length includesthe 16 bytes of the “Section
5.2.7). For data Sections 2 to 18 a pointer field shall be included. If no data are store
sections, set the section length to 0.

The 4-byte integer specification limits each section length to be less than 4 GiB. Howevsg
hched.

3 An index to the first byte of a section shall be presented in this unsigned 4-
x to section” field part. The index.is(calculated relatively to the start of the record, i.e.
d (first byte of the CRC). For example, if Section 11 begins at an offset of 128 900 by

intaining the
in this SCP-
" future use,

his unsigned
ID Header”
d for any of

b1, the user is

bd that the total SCP-ECG record length is itself limited to 4 GiB (see 5.2.4), so the single section limit cannot

byte integer
byte 1 of the
tes from the
hot included

in the SCP-ECG record the index-shall be set to NULL (0). The index to Section 0 shall alway} be set to 7,
sincd Section 0 is always preCeded by the Checksum (2 bytes) and the Record Length (4 bytgs).

5.3.3.4 The pointer.fields in Section 0 shall be in numerical order. However, the sectiong themselves
do n¢t necessarily have'to follow in numerical order.

For ihstance, the’pointer field for Section 11 shall be located as represented in Figure 3 afte¢r the one of
Sectipn 10 and/before the one of Section 12, but Section 11 could actually begin at byte 128 901 and
sectipn 12\at'byte 26 801.

5.3.4 ““An overview of the pointer section data part is presented in Figure 3.

© IS0 2023 - All rights reserved 11
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Pointer field Pointer field Pointer field Pointer field
Section 0 Section 1 Section 18 Section 128
Mandatory Mandatory Mandatory Optional

=

Section ID Section Index to
Nr. Length Section
2 4 4

5.4 Headel

Figure 3 — Section O - Pointer section - data part overview

" information - Patient data / ECG metadata - Section 1

5.4.1 Genernal

The section

hall start with a “Section ID Header” as defined in 5.2.7.

5.4.2 Introduction to the section data part

The followin
data and EC

5.4.3 Basic

5.4.3.1 ]
devices will
data and EC

Each param
the single pr

g layout details the format that should be used to transmit patient demographic and cl
7 metadata as part of the standard (SCP-ECG) communications protocol for digital ECG

methodology

t is recognized that, although a large number of parameters may be transmitted,
only send a subset of that number. As:d.result, it was agreed that the format of the pa3
; metadata area should be made flexible.

bter shall be stored in a separate field. Including a field in this section shall be optional,
ovision that the following parameters (1 to 4) SHALL be present:

Tag Parameter
1 2 Patient ID (used-as primary key in the ECG management database)
2 14 ID of the acquiring device
3 25 Date ofiacquisition
4 26 Time of acquisition

In addition,

nical
data.

most
tient

with

the SCP-ECG Working Group highly recommends the following parameters for uni(i]uely

identifying th

crert ottt S oot aoTtroT:

Tag Parameter
5 0 Patient’s last name
6 1 Patient’s first name
7 5 Patient’s date of birth (the date of birth shall in principle be given AD)
8 8 Patient’s sex
9 15 ID of the analysing device
10 34 Date time zone
12 © IS0 2023 - All rights reserved
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“Header” field) in the following way:

a)

b)

c)

The

used|as terminator). Any field identified by a value of 200 to 254 is not defined within the
of this protocol and permits a manufacturer to define its own set of fields.

The

bytes
eachl|field value is 65 535 bytes (unsigned 2 bytes). However, for.practical reasons, the maxi

of a

The

characters.

5.4.3.3 A maximum of one instance of any tagged field defined in 5.4.5 is allowed to be

this

Tag

10
13
30
32
35
37

5.4.3.4 The first 16 characters of the patient identification number shall be unique.

5.4.3.5 In order to facilitate the implementation of the protocol, the maximum field 1

Each Header field starts with one leading specification byte, referred to as “tag”, in
contents of the parameter field.

Flexibility is achieved by structuring each “Header information” field (hereafter called

dicating the

The tag is followed by a 2-byte unsigned integer, referred to as “length”, containing the length of the
field value in bytes, allowing variable length text entries encoded in UTF-8. The NULL terminator

character of a text string shall be included to calculate the field length. For example,
name “Menuel” the length shall be listed as 7, the NULL included. A length field v

for the last
alue of 0 is

1 1 h P P . 1 detL PR o 12
qIIUWTEU, WILLITIS TYUIVAITIIU LU TTUL UCTIIICU .

4ctual parameter data.

ield tag (1 binary byte) permits a total of 255 different field types to he'defined (0 to

ield length (2 binary bytes) shall contain the actual length of the field value. The tag

field shall not exceed 64 bytes, except for the free text items (see 5.4.3.5).

field value, containing the actual parameter data, can be of any combination of binary by

‘|Header” section, except for the following fields listed below:
Value description Max. instances
Drugs no limit
Diagnosis or referral indication no limit
Free text no limit
History diagnostic-todes no limit
Free-text Medical History no limit
ATC drug'codes no limit

The length field is followed by zero or more parameter bytes, referred to as “valde’,’containing the

254; 255 is
specification

r and length

(first 3 bytes of any field) are not included in the field length. The maximum possible length of

mum length

rtes and text

included in

ength of the

tags of section 1 has been set to 64 bytes (except for tag 13, tag 30, tag 34 and tag 35, where the limit is
80). Reasonable values for the length of the different free text fields are shown in Annex F, Table F.1.

5.4.4 Overview of the data part of the “Header information” section

An overview of the data part of the “Header information” section is presented in Figure 4.

© IS0 2023 - All rights reserved
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Field | Field | ™ Terminator | (if needed)

_— ~ ./ A

Header |Header / Header | Padding byte

Field | Field Field Tag |Length
Tag | Length | Value 255 0
1 2 var 1 2

Padding bytes (if any) should be set to zero. This applies to all sections, but will not be shown in a
following diagrams.

5.4.5 Specification of the header information content

For the spedification of the defined parameters, see Table 2.

Figure 4 — Overview o1 the "Header Iniormation section data part

Table 2 — Specification of the defined parameters

|l the

Tag |Length Value (Parameter.data)

0 |length |Last name (Text characters) [MDC_ATTR_PT,NAME_FAMILY] 3
This shall also be used to transmit the“entire name if the originating unit does not
explicitly determine a first name.

1 |length |First name (Text characters) [MDC_ATTR_PT_NAME]

2 |length |Patient ID (Text charactérs) [MDC_ATTR_PT_ID]

3 |length |Second Last -‘name (Text characters) [MDC_ATTR_PT_NAME_BIRTH]| or
[MDC_ATTR_PTNAME_GIVEN]
The field yvalue may be defined as appropriate for the country or area where thel ECG
device istused. For instance in the USA this field may hold the Family member prefix rode,
in Frahce it may contain the patient's maiden name, and in Portugal as well as in $pain

andseveral Latin American countries, the second last name of the patient.

Age (Binary)

Semantically equivalent to MDC_ATTR_PT_AGE
This field has the following format:
Byte Contents
1to 2 Binary: Age in units as indicated in byte 3 [MDC_ATTR_PT_AGE]

3 MDC nomenclature codes in square brackets refer to the Reference IDs (REFIDs) defined in 1SO 11073-10101
and/or in ISO 11073-10102

14
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Tag

Length

Value (Parameter data)

3 Binary: Units of age as defined below:
Value Unit
0 Unspecified [MDC_DIM_NOS]
Years [MDC_DIM_YR]
Months [MDC_DIM_MON]

1

2

3 Weeks [MDC_DIM_WEEKS]
4 Days [MDC_DIM_DAY]

5 Hours [MDC_DIM_HR]

If all 3 bytes are zero, then age is not specified.

Date of birth (Binary)
Semantically equivalent to MDC_ATTR_PT_DOB
This field has the following format:

Byte Contents

1to 2 Binary: Year (full integer notation;’as in 2018)
3 Binary: Month (range 01 to*12; 01 = January)
4 Binary: Day (range 01 t0’31)
If all 4 bytes are zero, then date-of birth is not specified.

Height (Binary)
Semantically equivalentto MDC_ATTR_PT_HEIGHT
This field has the-following format:

Byte Contents

1 to 2“Binary: Height in units as indicated in byte 3

[MDC_ATTR_PT_HEIGHT]
3 Binary: Units of height as defined below:
Value  Unit

0 Unspecified [MDC_DIM_NOS]

=)

[
Centimetres [MDC_DIM_CENTI_M]
2 Inches [MDC_DIM_INCH]

3 Millimeters [MDC_DIM_MILLI_M]
If all 3 bytes are zero, then height is not specified.

Weight (Binary)

Semantically equivalent to MDC_ATTR_PT_WEIGHT and ATTR_PT_WEIGHT_LAST

This field has the following format:

© IS0 2023 - All rights reserved
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Byte Contents

1to 2 Binary: Weight in units as indicated in byte 3
[MDC_ATTR_PT_WEIGHT] and [ATTR_PT_WEIGHT_LAST]
3 Binary: Units of weight as defined below:

Value  Unit

0  Unspecified [MDC_DIM_NOS]

1 Kilogram [MDC_DIM_KILO_G]
2 Gram [MDC_DIM_X_G]

3 Pound [MDC_DIM_LB]

4 Ounce [MDC_DIM_OZ]

If all 3 bytes are zero, then weight is not specified.

8 1 | |Sex (Binary) [MDC_ATTR_PT_SEX]
This has the following format:

Byte Contents

1 Binary: Sex indication defined as:
Value  Sex Value Sex
1 Male 0 Not Known
2 Female 9 Unspecified

9 1 | |Ethnicity (Binary) [MDC_ATTRZPT_RACE]
This has the following fermat:

Byte Contents

1 Binary:Race indication defined as:
Valuée Ethnicity
0 Unspecified
1 Caucasian
2 Black
3 Oriental
4t09 Reserved
10 to 255 Other (manufacturer specific)

10 | length |Drugs (Binary bytes and Text characters) [MDC_DRUG_NAME_TABLE]

Each drug entered in this Tag of the patient demographic area shall be described by the
following structure:

Byte Contents

1 Binary: Drug code table indicator (DCTI)

16 © IS0 2023 - All rights reserved
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Tag

Length

Value (Parameter data)

If DCTI=0, then the SCP-ECG specific tables defined hereafter and in

Annex A apply.
Binary: Drug Class code (DCC) [MDC_DRUG_NAME_TYPE]

If DCTI =0, then the SCP-ECG specific DCC drug class codes listed in

Annex A, Table A.1 shall be used.
Shallbe setto O if DCTI#0

Binary: Specific drug code (SDC) within the specified class
[MDC_DRUG_NAME_POINTER]

If DCTI = 0, then the SCP-ECG specific SBC drug stib’class co
Annex A, Table A.2 shall be used.

Shall be set to 0 if DCTI # 0.

4 to *** Null terminated text string. May contain atextual descriptior
(optional).

NOTE 1 If DCTI=0, a DCC class code of 0 is always followed by a SDC drug
9, indicating that the drug is undefined within this document, and that the te

to *** is the only description available.

NOTE 2 If DCTI=0, a non-zero DCE'class code together with a SDC dr
always indicates that a drug of that particular class has been applied, but th

des listed in

of the drug

code of 0 or
kt in bytes 4

g code of 0
the drug is

either unknown (SDC = 0) or not.defined within this document (SDC = 9). Eyen if a non-

zero DCC class and SDC drug code are applied, a text description of the drug
sent in bytes 4 to ***. No standardized naming conventions have been spec
textual entry.

NOTE 3 This tagged field can have several instances (see 5.4.3.3), on
administered tocthe patient, if any. There is thus no limit on the number of
can be coded.

can also be
fied for this

e per drug
Hrugs which

NOTE 4.~ Using the DCC/SDC drug coding system does not exclude using the ATC drug

coding.system (see Tag 37), i.e. a same patient’s drug can be documented in
recokd using two different drug code tags, Tag 10 and Tag 37.

the SCP-ECG

11

Systolic blood pressure (Binary)
Semantically equivalent to MDC_PRESS_BLD_SYS and to MDC_PRESS_BLD_N(

NINV_SYS

Byte Contents

1to 2 Binary: Systolic blood pressure in mmHg.

12

Diastolic blood pressure (Binary)

Semantically equivalent to MDC_PRESS_BLD_DIA and to MDC_PRESS_BLD_NONINV_DIA

Byte Contents

1to 2 Binary: Diastolic blood pressure in mmHg.

13

Length

Diagnosis or Referral indication (Text characters) [MDC_ATTR_DIAGNOSTI

C_INFO]

© IS0 2023 - All rights reserved
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This field contains a text description of the patient's diagnosis or the referral indication.
14 | length |Machine ID Acquiring Device (Binary bytes and Text characters)
This field uniquely identifies the device that acquired the ECG. It uses the following
generic data structure for device characterization, which is also used in tag 15:
Byte Contents
1to 2 Binary: Institution number
3to4 Binary: Department number
5to 6 Binary: Device ID
7 Binary: Device type
Value Type
0 Cart or mobile device
1 System (or Host)
2 Wearable device

8 Binary: shall be set equal to 255
SCP-ECG version V1.x used this bytecto specify a Manufacturer code. Starting
with SCP-ECG version V2.1, this<eoding system has been discarded| and
replaced by the use of a "Manufacturer of the Acquiring Device" charpcter
string, defined at the end of\Tag 14. To support decoding of SCP-ECG|V1.x
legacy files, these historical))previously assigned codes are recalled hereafter:
0 - Unknown 11 - Quinton
1 - Burdick 12 - Siemens
2 - Cambridge 13 - Spacelabs
3 - Compumed 14 - Telemed
4 - Datamed 15 - Hellige
5 -Fukuda 16 - ESAOTE
6~ Hewlett-Packard 17 - Schiller
7 - Marquette Electronics 18 - Picker-Schwarzer
8 - Mortara Instruments 19 - et medical devices
9 - Nihon Kohden (ex Elettronica Trentina)

10 - Okin 20 - Zwonitz
21 to 99 - Reserved 100 - Other

9 to 14 Text characters: Text model description. Up to 5 bytes of text and NULL
terminator.

15 Binary: SCP-ECG protocol revision number (the decimal point shall be deleted;
version 3.0 becomes 30, stored as O0x1E; the revisions shall be backward
compatible, as far as possible). This number shall exactly refer to the written
document describing the actual protocol revision.

18 © IS0 2023 - All rights reserved
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Tag

Length

Value (Parameter data)

16

17

Binary: SCP-ECG Protocol Compatibility Level (one byte). Legacy field, shall be
set to OXFF. See also Annex C.4.

Binary: Language Support Code (one byte). Starting with version V3.0, this
byte shall be set to 0x37 to indicate that now only UTF-8 text string encoding
is allowed.

SCP-ECG versions V1.x and V2.x used this byte to specify other language

18

7(MSB)  No acquisition Can acquire ECG data

19

20 to 35 Reserved for future use. Shall be set to Null (0).

36

Bit Contents
Reset (0) Set (1)
0Oto2 Reserved Reserved (Shall be set to 0)
3 No analysis Can analyse ECG
4 No printing Can print ECG reports
5 No interpretation Can interpret ECG

6

- =l LI Q Tl - | o | 1o cde 3 A A m
CllLUulllsb Uldilr U1 1=0. 11IC abmsucu CUUCS 4dI'T 115U 11T AIIIICA A, 1lat)le A.3 fOI'
historical purposes. These codes shall no longer be used exceptffor decoding
legacy SCP-ECG files.

Mixing sections encoded according to versions V1.x / V2.x‘and neyer sections
encoded according to version V3.0 could corrupt the ‘interpretati¢n of strings
(see also byte 15 above in Tag 14 and hereafter in Tag 15).

Binary: Capabilities of the ECG Device (on€-byte bit map). This bit map
indicates the supported functions:

No storage Can store ECG records

Binary: AC Mains Frequency Environment (one byte):

Value  Meaning

0 Unspecified
1 50 Hz
2 60 Hz

Binary: Length of the string for Analysing Program Revision Number. Byte 36

h | 111 1 4 + +1 4 Lanll 1 + + . £-11 .
SIIAII DT €Udl L0 U1 gI'€4lcl UldIl 1. 1T1I€ CIIdI dCLET SUTITES TONMOWIITE byte 36 are
required. If a particular character string is empty, a single NULL is required to
be present.

37 to *** Character String: Analysing Program Revision Number. The string shall be

NULL terminated.

*k% to *** Character string: Serial number of the Acquisition Device. The character

string shall be NULL terminated.

*** to ***Character string: Acquisition device system software identifier. The

character string shall be NULL terminated.

© IS0 2023 - All rights reserved 19
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** to ***Character string: Acquisition device SCP-ECG implementation software
identifier (maximum 24 characters plus NULL terminator). The character
string shall be NULL terminated.

*¥* to ***Character string: Manufacturer of the Acquisition Device. Contains the
Manufacturer’s registered trade name. The character string shall be NULL
terminated.

NOTES  Ifall five character strings are empty then the cantent of hyte 36 is 1 and the length of]
tag 14 is (36+5) = 41.
15 | length |Machine ID Analysing Device (Binary bytes and Text characters)
This field uniquely identifies the device that analysed the ECG (if other than the acqyiring
device). The format of this field is identical to that utilized by tag 14 above.
16 |length |Acquiring Institution Description (Text characters)
This field provides a text description of the Institution where the ECG was acquired.
17 | length |Analysing Institution Description (Text characters)
This field provides a text description of the Institution where the ECG was analysed.
18 |length |Acquiring Department Description (Text characters)
This field provides a text description of the Department where the ECG was acquired
19 | length |Analysing Department Description (Téext'characters)
This field provides a text description:dfthe Department where the ECG was analysed
20 |length |Referring Physician (Text chara¢ters)
This field provides a text description of the referring physician.
21 |length |Latest Confirming Physician (Text characters)
This field provides a.text description of the latest confirming physician.
22 |length |Technician Description (Text characters)
This field provides a text description of the technician that has recorded the ECG.
23 | length [Room DesScription (Text characters)
This field provides a text description of the room where the ECG was recorded.
24 1 | {Stat Code (Binary)
Byte Contents
1 Binary: Level of emergency of the recording.
Value 0 refers to “routine” and higher values to increasing levels of emergency
as defined by the user. For this code, values in the range of 1 to 10 are
recommended.
25 4 |Date of Acquisition (Binary) [MDC_DIM_DATE]
This field has the following format:
Byte Contents
20 © IS0 2023 - All rights reserved
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Value (Parameter data)

1to 2 Binary: Year (full integer notation, as in 2018) [MDC_DIM_YR]
3 Binary: Month (range 01 to 12; 01 = January) [MDC_DIM_MON]
4 Binary: Day (range 01 to 31) [MDC_DIM_DAY]

26

Time of Acquisition (Binary) [MDC_DIM_TOD]
This field has the following format:

Byte Contents
1 Binary: Hours (range 0 to 23) [MDC_DIM_HR]
2 Binary: Minutes (range 0 to 59) [MDC_DIM_MIN]
3 Binary: Seconds (range 0 to 59) [MDC_DIM_SEC]

This field shall store the time of acquisition of the first sample of the shoft-term ECG
rhythm signals stored in Section 6 (if any) and shall beZexpressed as local| time in the
Time Zone of acquisition (see tag 34).

Systems and devices shall store 60 and 61 leap seconds as 59.

27

Baseline Filter (Binary) [MDC_ECG_CTL_VBL:ATTR_FILTER_HIGH_PASS]

This field contains the “cut-off” frequency (-3 dB) of the analogue or digital high-pass
baseline filter used for processing the stored ECG signals, in units of (1/100) Hertz.

Systems recording and storing DC-coupled signals without any high-pass filtering shall
set the data content of tag 27 to “O™

28

Low-pass Filter (Binary) [MD€_ECG_CTL_VBL_ATTR_FILTER_CUTOFF_FREQ]

This field contains the~“cut-off” frequency (-3 dB) of the analogue or digital low-pass
filter used for processing the stored ECG signals, in units of Hertz.

Systems storing the raw ECG signals without any further processing shall store the cut-off]
frequency of thejanti-aliasing filter.

29

Filter Bit‘Map (FBM) (Binary)

This field indicates if other filters, which were not defined within tag 27 and 28, have
beenaised for processing the stored ECG signals. The definition of the different bits of the
EBM bit map are detailed in Annex A, Table A.6.

If FBM =0, no additional filtering than those implicitly defined by tags 27 [and 28 was
used.

1 +} ERM-—1

IR oY =i +1 Y 4 g 4 LI
II' DIV = 42950, UICIT LT DIV HILCT STCLLITE WdS TTOLU SPTCHITU.

30

length

Free Text Field (Text characters)

This field permits free text comments to be carried along with the ECG.

31

length

ECG Sequence Number (Text characters)

This field may be used to store the internal ECG record ID from the acquiring device. It
would thus allow to retrieve, if needed, the original ECG from the acquiring device. It may
also be used to identify to which ECG record an ECG sequence belongs to, in case the
signals corresponding to different time windows from a long duration ECG record have
been stored as separate SCP-ECG records that include in Section 6 the signals of these
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specific ECG sequences/extracts from the whole ECG record.
32 | length |Medical History Codes (Binary)
This field contains a description of the patient's clinical problems and diagnoses. There is
no limit on the number of diagnoses.
This tagged field may have several instances (see 5.4.3.3).
In every instance, Byte 1 is used to designate the Medical History Code Table which is
applied in this instance. If the content of Byte 1 is equal to zero (0), then the\SCP-ECG
codes defined hereafter apply. If the Byte 1 content is not equal to zero, . then angther
Medical History Code Table and another coding system shall be used. Howe¢ver, as ip the
present version of SCP-ECG, no other such table has been referenced iyet, the contgnt of]
bytes 2 and above would be undefined.
In case byte 1 is equal to zero (0), then each diagnosis shall be.répresented by one [byte,
starting with byte 2. The following set of codes apply:
Value Contents

0 Diagnoses or clinical problems not specified

1 Apparently healthy

10 Acute myocardial infarction

11 Myocardial infarction

12 Previous myocardial infarction

13 Heart Failure

15 Ischaemic heart-disease

16 Arterial Stenosis

18 Peripheral vascular disease

20 Cyanotic congenital heart disease

21 Acyanotic congenital heart disease

22 Valvular heart disease

23 Ventricular Hypertrophy

25 Hypertension

27 €erebrovascularaccidernt

30 Cardiomyopathy

31 Arrhythmogenic cardiomyopathy

32 Congenital heart disease

35 Pericarditis

36 Myocarditis

40 Post-operative cardiac surgery

42 Implanted cardiac pacemaker

22 © IS0 2023 - All rights reserved
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43 Implanted cardioverter defibrillator (ICD)

44 Implanted cardiac resynchronization therapy (CRT) device

45 Pulmonary embolism

50 Respiratory disease

55 Endocrine disease

60 Neurological disease

65 Alimentary disease

70 Renal disease

80 Pre-operative general surgery

81 Post-operative general surgery

90 General medical

100 Other

128 to 255 Manufacturer specific
NOTE6  The missing numbers in the series from 1 to 100 have been reserved for future
extension of some categories.
NOTE7  There are two different ways\to encode multiple diagnosis statements. |[For example,
two different statements can be encoded as one tagged field containing the codgs of the two
diagnoses (the length of the field will equal (1+2) = 3 bytes). Another option is to represent these
two diagnoses as two tagged fields, each containing only one diagnosis code (the length of each
field will equal (1+1) = 2 bytes)=-Starting with version V3.0, it is strongly recommended to use this
second option, i.e. only one.diagnosis code per tagged field, to facilitate interoperalility with the
Electronic Health Record and other diagnosis encoding standards.
33 2 |Electrode Configuration Code (Binary)

This field is.used to further specify the placement and system of electrodes that has been

used to record standard or variants of the standard 12-lead ECG and/or of 3
leads (byte 2).
Byte Contents

1

Binary: Code representing the definitions for system of electrode
for 12-lead ECG (standard, Mason-Likar, Omnitrode, etc.), 3-lead
CC5-CM5-M, CM5-CC5-CH5), 15-lead ECG and standard 12-lea

tlead or XYZ

placements
ECG (NEHB,
d ECG with

extraleads tathe righf anrl//nr left sides

Value Electrode placement system
0

Unspecified 12-lead System. [MDC_ECG_LDSYS_12L_UNSPECIFIED]

Devices that record a 12-lead ECG but do not record the electrode
placement information or devices that record XYZ leads without
recording 12-lead ECGs and use this tag to specify the XYZ electrode

placements in byte 2, should use this value.

extremities. V1 to V6 at standard positions on the chest. A
are placed individually. [MDC_ECG_LDSYS_12LD_STD]

© IS0 2023 - All rights reserved
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RA, RL, LA, and LL are placed on the torso (Mason-Likar positions). V1
to V6 are placed at standard positions on the chest. All electrodes are
placed individually. [MDC_ECG_LDSYS_12LD_MASON_LIKAR]

RA, RL, LA, and LL are placed on the torso (Mason-Likar positions).
These limb electrodes are individually placed. V1 to V6 are placed on
the chest as part of a single electrode pad (V1 to V6 are NOT placed
individually). [MDC_ECG_LDSYS_12LD_VPAD]

10

11

12

13

RA, RL, LA, LL, and V1 to V6 (all electrodes) are placed on thechgst in
a single electrode pad (such as Omnitrode). (None of the,electiodes
are placed individually). [MDC_ECG_LDSYS_12LD_PAB]

12-lead ECG is derived from Frank XYZ leads.
[MDC_ECG_LDSYS_12LD_FROM_FRANK]

12-lead ECG is derived from non-standard leads,
[MDC_ECG_LDSYS_12LD_NON_STANDARD]

12-lead ECG is derived from Frank¢ (X, Y, Z) leads by Dpwer
transformation. [MDC_ECG_LDSYS_12ED_FROM_DOWER]

12-lead ECG is derived from EASIleads (ES, AS, Al) by Dower/EASI
transformation. [MDC_ECG,LDSYS_12LD_FROM_EASI]

12-lead ECG is derived fromLimb Leads (I, II) and one or more V leads.
[MDC_ECG_LDSYS_12LD;FROM_LIMB]

Standard 12-lead ECG is recorded with the precordial electfodes
shifted one intercostal space higher. The limb electrodes remain on
their position. I, I, ... aVF, V1, V2, Veé'
[MDC_ECG_LDSYS_12LD_RAISED_INTERCOSTAL]

Standard*12-leads for bicycle exercise testing in Europe (Gerrmany,
Finland, etc.) where bicycle tests in upright position are perforjmed.
Thelimb leads are often positioned not on the chest (Mason-Likar|) but
on the back (shoulder and on the hips) of the patient. Doing this has a
practical reason because the patient bows his back during bicyjcling
and the limb lead electrodes applied on the chest would be distufbed.
[MDC_ECG_LDSYS_12LD_BICYCLE]

Bipolar 3-lead ECG according to NEHB lead system (see Annex BB and
CC of IEC 60601-2-25:2011 [4]). [MDC_ECG_LDSYS_3LD_NEHB]

Bipolar 3-lead ECG. First electrode at mid-sternum at the sdcond

14

15

intercostal space and second electrode in the fifth intercostal space in
the anterior axillary line (V5R/C5R).
[MDC_ECG_LDSYS_3LD_CC5_CM5_ML]

Bipolar 3-lead ECG. First electrode at mid-sternum at the second
intercostal space; second electrode in the fifth intercostal space in the
anterior axillary line (V5R/C5R) and third electrode on either side of]
neck above shoulders. [MDC_ECG_LDSYS_3LD_CM5_CC5_CH5]

Standard 12-lead ECG and XYZ.
[MDC_ECG_LDSYS_12LD_STD_AND_XYZ]

24
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Tag (Length Value (Parameter data)

16  Standard 12-lead ECG and NEHB.
[MDC_ECG_LDSYS_12LD_STD_AND_NEHB]

17  Standard 12-lead ECG and CC5-CM5-ML.
[MDC_ECG_LDSYS_12LD_STD_AND_CC5_CM5_ML]

18  Standard 12-lead ECG and CM5-CC5-CHS5.
[MDC_ECG_LDSYS_12LD_STD_AND_CM5_CC5_CHS5]

19  Standard 12-lead ECG with extra leads to the right andy/
specified by their lead labels. [MDC_ECG_LDSYS_12LD_$TD_EXTD]

20  Standard 12-lead ECG extended to the right by\V5R, V4R, V3R (see
Annex CC of [EC 60601-2-25:2011 [4]).
[MDC_ECG_LDSYS_12LD_STD_EXTD_RIGHT]

21  Standard 12-lead ECG extended to the left by V7, V8, V9 (s

0

of IEC 60601-2-25:2011[4]).
[MDC_ECG_LDSYS_12LD_STD_EXTD-LEFT]

22 to 255 Undefined now. Reserved foflater use.

Byte Contents
2 Binary: Code representing the definitions for systems of electrode placements
used for the XYZ leads storéd in this SCP-ECG record, if any, suth as Frank,

Cube, McFee-Parungao, Bipolar, etc. (see chapter 1 of Vectorcardjiography by
Alberto Benchimol (Williams and Wilkins, Baltimore, 1973) fo
electrodes on the torso and weighting resistors).

Value Electrode:placement system
Unspecified XYZ lead system. [MDC_ECG_LDSYS_XYZ_UNSBHECIFIED]
Devices that record X, Y and Z leads but do not recqrd the XYZ

electrode configuration information or devices that do nof
leads and use tag 33 to specify the 12-lead ECG electrode c
in byte 1, should use this value.

Frank lead system (Frank, 1956; 13:737).
[MDC_ECG_LDSYS_XYZ_FRANK]

McFee-Parungao lead system (see Benchimol, Vectorcgrdiography,

Williams and Wilkins, Baltimore, 1973, Figure 1.6 on page
[MDC_ECG_LDSYS_XYZ_MCFEE_PARUNAGO]

b1 left sides,

e Annex CC

location of

record XYZ
bnfiguration

).

w

Falim | 1 1 4 I a N | 4 1 A 11 T 10
LUDCT ITcal SySLTHL (UL €U dl., AT TIT4AIt |17

[MDC_ECG_LDSYS_XYZ_CUBE]

Bipolar uncorrected XYZ lead system.
[MDC_ECG_LDSYS_XYZ_BIPOLAR]

Pseudo-orthogonal XYZ lead system (as used in Holter
[MDC_ECG_LDSYS_XYZ_PSEUDO_ORTH]

XYZ leads derived from standard 12-lead ECG.
[MDC_ECG_LDSYS_XYZ_FROM_12LD]

7 to 255 Undefined now. Reserved for later use.

51; 41:483).

recording).
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Tag

Length

Value (Parameter data)

34

length

Date Time Zone (Binary bytes and Text characters)

The contents of this tag identify the global time zone in which the ECG data were
acquired, thus allowing the local date/time value(s) specified by tags 25 and 26 and/or in
Sections 12 and 13 to be converted to any Time Zone (e.g. UTC). The following parameter
bytes of this tag provide three ways to indicate Time Zone. It is however strongly
recommended to preferably use the first way to specify the Time Zone and to always
document the UTC offset in minutes (bytes 1 to 2), whatever the other ways of specifying

the Time Zone have been used or not.

Byte Name Type Notes

1to 2 UTC Offset signed binary = Time Zone specified as an offset. ffom UTC in
minutes.

Semantically equivalent to MBC’ATTR_TIME_ZPDNE

3to4 Index unsigned binary Time Zone specified by\a’ manufacturer-defined
mapping (until a consensus mapping is defined
using values 1 to.f¥000) using this value |as a
lookup-table index:
Value Meaning

0 Index not used
1to 1000 Reserved for future use
1001 Manufacturer-specific
to 32766
32767 Reserved
5 to *** Description Text String Time Zone specified by a null-terminated strin

Allowable values for UTC Offset are -780 through 780 (i.e.+ 13 h) and hexade¢imal
0x7FFF. Ox7FFF eithersindicates that the Time Zone of the acquiring device is unknown,
or that the field UTE/ Offset is unused and one needs to check the values of the Index and
Description fields. If the Offset field contains an allowed value other than 0x7FFH, the
Index and Description fields are considered redundant and may be ignored.

SA

The Index-value specifies Time Zone only if the UTC Offset value is 0x7FFF. An Index
valueof-zero either indicates that the field is not used or not initialized or that the [[ime
Zone-of the acquiring device is unknown. Use of bytes 3 to 4 as presently defingd is
manufacturer specific.

The Description field specifies Time Zone only if the UTC Offset value is 0x7FFF. This
string should be in the format of the TZ environment variable as standardized by Posix
(Unix). Reference: 'C/C++' language subroutine name tzset(), environment variable “TZ”,
and associated data structures. The Description field must be 1 byte at a minimum (i.e.
the null terminator).

NOTE 8 If the Time Zone of the acquiring device is not defined or unknown, Tag 34 can be
omitted from the data record. Similarly, an instance of Tag 34 containing values for the UTC
Offset = 0x7FFF, Index = 0, and Description = null terminator means that the Time Zone is not
defined or unknown.

26
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Tag

Length

Value (Parameter data)

35

length

Free Text Medical History (Text characters)

This field permits free text for entering the medical history.

36

length

Implanted cardiac device description (Binary byte and Text string)

This field is used to identify the functionalities of the implanted cardiac device
(pacemaker, ICD, pacing ICD, CRT).

Byte €ontents
1 Binary: Implanted cardiac device (CIED) code table indicator,
Value Code table
0 None (text string in bytes 2 to *** is freé text)
1 NBG/NBD code

2t09 Reserved for future use

10 to 255 Other (manufacturer specific)
2 to *** Null terminated text string.

Byte 1 defines the code table that shall benused to specify the functiondlities of the
patient's CIED. If byte 1 is set to 0, then no.coded form is used and text string jn bytes 2 to
*** shall be free text.

If byte 1 is set to 1, then the text string in bytes 2 to *** shall contain either] the 5-letter
NBG code [29] for a pacemaker ox'the 4-letter NBD code [28] for an ICD. The meaning of
these coding letters are sumfnarized in Annex A, Table A.4, for the NBG fode and in
Annex A, Table A.5, for the NBD code.

Complex pacing ICDs may be identified by their NBD code followed by thie NBG code
describing the corresponding pacing section, as for example “VVE-DDDRV”.

37

length

ATC Drug code (Text string)

The tag is used to store the patient’s drugs according to the WHO Anatomical [Therapeutic
Chemical €lassification System (ATC).

This€agged field may have several instances (see 5.4.3.3), one per drug adnjpinistered to
the'patient, if any. However, to facilitate parsing, only one null terminated JATC code is
permitted per instance.
NOTE9 In the ATC classification system, each drug is identified by a unique, 7 ASCII character

long, textual string. Drugs are divided into different groups according to the organ [or system on
which they act and their therapeutic, pharmacological and chemical properties. They|are classified

at five different levels, each identified by a capital letter and/or a two-digit decimal code. See
http://www.whocc.no/ [43].

NOTE 10 There is no limit on the number of instances of tag 37 and thus on the number of drugs
which can be coded.

NOTE 11 Using the ATC coding system does not exclude using the SCP-ECG drug coding system
(see above Tag 10), i.e. a same patient’s drug can be documented in the SCP-ECG record using two
different drug code tags, Tag 10 and Tag 37.
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Tag

Length

Value (Parameter data)

38 -
199

(none)

Reserved for future use

200
-254

length

Manufacturer specific

255

None (demographic section terminator)

5.5 Huffmg
5.5.1 Ifpr

5.5.2 Start
section 5 “H

allowed. Thiis, the only supported data compression method, if any, is data redundancy reduction h

Ain tables - Section 2
bsent, the section shall start with a “Section ID Header” as defined in 5.2.7.

ing with SCP-ECG V3.0, only lossless data compression for encoding the ‘signals stor
ncoded type 0 Reference Beat data” and in section 6 “Short-term ECG Rhythm dat

ed in
a” is
ased

on signal fifferentiation and variable length Huffman encoding, presented hereafter and in

Annex D.4.7(5.

5.5.3 This|section of the ECG record contains the definition of the“ether than the default SCP-ECG

Huffman Cofe Tables that were used to encode the ECG. The provision of a number of tables permits

optimum enjcoding of the data (e.g. the type 0 reference beat and the short-term ECG rhythm data will

probably use different tables). It shall be assumed that the efncoded data within each entity shall be
encoded using table # 1 (i.e. the first table defined within-this Section 2). Escape codes should be

provided within each table to enable a change to anothertable (see 5.5.6).

5.5.4 Datg part content and format

The followirg basic values are used:

i) The Sample Time Interval (STI), as defined in the sections containing the coded data (i.e. Sectjon 5
“Encodgd type 0 Reference Beat data” and Section 6 “Short-term ECG Rhythm data”).

ii) The Amplitude Value Multiplier (AVM), i.e. the amplitude quantum represented by one |least
significgnt bit (LSB) as defined in the sections containing the coded data (i.e. Section 5 “Endoded
type 0 Reference Beat data” and Section 6 “Short-term ECG Rhythm data”).

The structute of the data part of this Section is then as follows:

Byte Contents

1to2 NumberNHTFof HuffmranTables-defired{H39-999-thenthe-defaunlttabledefined in

D.4.7.6, is used and no Huffman table is stored).
3to4 Number of code structures in table # 1.
5 to *** The structures defining each code in table # 1. Each structure has the following
layout:
1 byte - Number of bits in prefix
1 byte - Number of bits in entire code
1 byte - Table mode switch
28 © IS0 2023 - All rights reserved
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Byte Contents
Value Content
0 Switch to another Huffman Table
1 Huffman coding if # of bits in prefix = # of bits in entire code
1 Original data if # of bits in prefix < # of bits in entire code
2 bytes - Base value represented by base code (in AVM units).
4 bytes - Base code - 1st bit in code represented by least significant bit of the 4 byte
area
*xk1q] to ***42 | Number of code structures in table # 2.
kx4 P to HHE The structures defining each code in table # 2, etc., up to Huffmantable # NHT.
5.5.§ The Huffman codes have been defined to permit a single structure described above to specify a

serie
desc

the indicated range.

Strug

length shall equal the total code length.

An e3

It sh{
least

NOTH

P1 1§

s of consecutive amplitude values. The “prefix” mentioned above iS'common to all
[ibing the consecutive values - the remaining bit field changes by“DLSB in increment

tures that define the Huffman code for just one value shallhdve no remainder and hen

kample of a typical Huffman code byte structure is displayed in Table 3.

1l be seen that the “picking” of bits in a given byte shall proceed from the most signific:
significant bit and that the bytes shall be processed in the order received.

Table 3 — Example byte structure (Huffman code)

bf the codes
ing through

ce the prefix

int bit to the

MSB LSB

Received Byte 1 P1 P2 P3 P4 C1 C2 C3 Cq

Received Byte 2 C5 cé P5 P6 P7 c7 C8 cp

Received Byte(3 C10 | C11 P8 P9 P10 | C12 | C13 | C14
etc!

1  The content of Table 3 represents the following coded values:
2 P3_P4/Cl1 C2 C3 C4 C5 Co

bit prefix with total code length of 10.

P5 P6 P7 C7 C8 (€9 C(10C11

— 3 bit prefix with total code length of 8.

P8 P9 P10 C12 C13 C14

— 3 bit prefix with total code length of 6.

NOTE 2  Additional examples of Huffman encoding are presented in Annexes D.4.7 and D.5
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5.5.6 Escape codes - i.e. “base codes” that shall dictate a change of Huffman table - shall include a zero
(0) value for the “Table mode switch”. The “Base Value” shall then contain the number of the table to
which a switch is desired (see examples in Annex D.4.7).

5.5.7 An overview of the data part of this section is presented in Figure 5

Number (#) of | Huffman Huffman
Huffman tables | table nr. 1 table nr. 2

2 / 1 I\ 2

# of code| Structure|Structure
structures| nr. 1 nr.2

/ \
# of bits | # of bits | Table | Base | Base

prefix code | Mode | Value | Code
1 1 1 2 4

Figure 5 — Overview of the data part of the Huffman tables section

5.6 ECG leads definition - Section 3

5.6.1 This|section defines the leads that are recorded .n sections 5 and/or 6, together with $ome
metadata about the recorded leads.

5.6.2 If prgsent, the section shall start with a “Section ID Header” as defined in 5.2.7.

5.6.3 The pection data part is defined below

Byte Contents

1 Number of leads enclosed in sections 5
and/or 6 (if present)

2 Flag byte
Bit 0 (LSB) Shall always be reset (bit 0 = 0)
Bit 1 Reserved. Shall be set to 0
Bit2 Set = Leads all simultaneously recorded
Reset=teadsnotallsimultancoushyreeorded
Bits 3to 7 The number of simultaneously recorded leads

3to11  Details for first lead (see 5.6.4)

12 to 20 Details for second lead (see 5.6.4)
etc.

NOTE  SCP-ECG versions V1.x and V2.x used Flag byte bit 0 to specify if reference beat subtraction was used for
signal compression (bit 0 =1: Reference beat subtraction used for compression; bit 0 =0: Reference beat
subtraction not used for compression). Starting with SCP-ECG V3.0, reference beat subtraction is no longer
supported and bit 0 is thus set to zero.
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In case not all leads are recorded simultaneously, the lead details shall be organized so that
simultaneously acquired lead details are grouped in adjacent bytes.

EXAMPLE
then leads X, Y, Z are simultaneously recorded, etc. Lead details should thus be stored in the above listed order:
Lead I in the first segment (bytes 3 to 11), Lead aVF in the second segment (bytes 12 to 20), Lead V2 in the third
segment (bytes 21 to 29), Lead X in the fourth segment (bytes 30 to 38), etc.

5.6.4 The detailed information for each lead is as follows:

Byte,

Contents

Three leads are recorded simultaneously: e.g. first leads I, aVF, V2 are simultaneously recorded;

1to
5to
9

NOTH
MDC|

(Unsigned) Starting sample number of lead “L” in the short-term ECG rhythm reC(er

(Unsigned) Ending sample number of lead “L” in the short-term ECG rhythnyreco
Lead “L” identification. The numbering scheme shown in Table 4 shall'be used.

The SCP-ECG code stored in byte 9 is identical to the CODETO value corrsg

ECG_LEAD_xxx, where xxx stands for the Lead discriminator.

Table 4 — Lead Identification Codes

rd

sponding to

SCP-ECG SCP-ECG st aECG [9] RefID
Name code MDC_ECG_LEAD_xxx
NOS 0 Unspecified lead (see Note @) MDC_ECG_LEAD
I 1 Lead I (see Note 2) MDC_ECG_LEAD_I
II 2 Lead II MDC_ECG_LEAD_II
V1 3 Vi MDC_ECG_LEAD_Y1
V2 4 V2 MDC_ECG_LEAD_Y2
V3 5 V3 MDC_ECG_LEAD_Y3
V4 6 V4 MDC_ECG_LEAD_Y4
V5 7 V5 MDC_ECG_LEAD_Y5
Vé 8 V6 MDC_ECG_LEAD_Y6
V7 9 V7 MDC_ECG_LEAD_Y7
V2R 10 V2R (see Note 3) MDC_ECG_LEAD_Y2R
V3R 11 V3R MDC_ECG_LEAD_Y3R
V4R 12 V4R MBEEC6HEADVAR
V5R 13 V5R MDC_ECG_LEAD_V5R
V6R 14 V6R MDC_ECG_LEAD_V6R
V7R 15 V7R MDC_ECG_LEAD_V7R
X 16 X (see Note 4) MDC_ECG_LEAD X
17 Y (see Note 4) MDC_ECG_LEAD_Y
18 Z (see Note 4) MDC_ECG_LEAD_Z
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SCP-ECG SCP-ECG Pt aECG [9] RefID
Name code MDC_ECG_LEAD_xxx
CC5 19 (SZ)CS per V5 and V5R placement (see Note | MDC_ECG_LEAD_CC5
CM5 20 CMS5, per V5 placement (see Note 5) MDC_ECG_LEAD_CM5
LA 21 Left Arm MDC_ECG_LEAD_LA
RA 22 Right Arm MDC_ECG_LEAD_RA
LL 23 teftteg MbBECECGTEAD L
fl 24 fI (see Note 6) MDC_ECG_LEAD_fI
25 fE (see Note 6) MDC_ECG_LEADLE
fC 26 fC (see Note 6) MDC_ECG_LEAD_fC
fA 27 fA (see Note 6) MDC_ECG_LEAD_fA
M 28 fM (see Note 6) MDC.ECG_LEAD_fM
fF 29 fF (see Note 6) MDC_ECG_LEAD_fF
fH 30 fH (see Note 6) MDC_ECG_LEAD_fH
dl 31 Derived lead I MDC_ECG_LEAD_dI
dil 32 Derived lead II MDC_ECG_LEAD_dII
dvi 33 Derived lead V1 MDC_ECG_LEAD_dV1
dv2 34 Derived lead V2 MDC_ECG_LEAD_dV2
dv3 35 Derived lead V3 MDC_ECG_LEAD_dV3
dv4 36 Derived lead V4 MDC_ECG_LEAD_dV4
dv5s 37 Derived lead\V5 MDC_ECG_LEAD_dV5
dve 38 Derivedlead V6 MDC_ECG_LEAD_dVé
dv7 39 Deriyed lead V7 MDC_ECG_LEAD_dV7
dV2R 40 Derived lead V2R MDC_ECG_LEAD_dV2R
dV3R 41 Derived lead V3R MDC_ECG_LEAD_dV3R
dV4R 42 Derived lead V4R MDC_ECG_LEAD_dV4R
dV5R 43 Derived lead V5R MDC_ECG_LEAD_dV5R
dVé6R 44 Derived lead V6R MDC_ECG_LEAD_dV6R
dV7R 45 Derived lead V7R MDC_ECG_LEAD_dV7R
dXx 46 Derived lead X MDC_ECG_LEAD_dX
dy 47 Derived lead Y MDC_ECG_LEAD_dY
dZ 48 Derived lead Z MDC_ECG_LEAD_dZ
dCcC5 49 Derived lead CC5 MDC_ECG_LEAD_dCC5
dCM5 50 Derived lead CM5 MDC_ECG_LEAD_dCM5

32
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SCP-ECG SCP-ECG Description aECG [9] RefID
Name code MDC_ECG_LEAD_xxx
dLA 51 Derived lead LA MDC_ECG_LEAD_dLA
dRA 52 Derived lead RA MDC_ECG_LEAD_dRA
dLL 53 Derived lead LL MDC_ECG_LEAD_dLL
dfl 54 Derived lead fI MDC_ECG_LEAD_dfi
dfE 55 Derived lead fE MDC_ECG_LEAD_dfe
dfc 56 | Derived lead fC MDC_ECG_LEAD-{ifc
dfA 57 Derived lead fA MDC_ECG_LEADJiifa
dfM 58 | Derived lead fM MDC_BEG LEAD_fifm
dfF 59 | Derived lead fF MDC ECG_LEAD_gft
dfH 60 Derived lead fH MDC_ECG_LEAD_Jifh
I11 61 Lead III MDC_ECG_LEAD_III
aVR 62 aVR, augmented voltage, right MDC_ECG_LEAD_AVR
aVvVL 63 aVL, augmented voltage, left MDC_ECG_LEAD_AVL
aVF 64 aVF, augmented voltage, fopt MDC_ECG_LEAD_AVF
aVRneg 65 aVRneg (see Note 7) MDC_ECG_LEAD_AVRneg
V8 66 V8 MDC_ECG_LEAD_V8
V9 67 V9 MDC_ECG_LEAD_V9
VB8R 68 VB8R MDC_ECG_LEAD_V8R
VOR 69 VIR MDC_ECG_LEAD_V9R
D 70 D((Nehb - Dorsal) MDC_ECG_LEAD_D
A 71 A (Nehb - Anterior) MDC_ECG_LEAD_A
] 72 J (Nehb - Inferior) MDC_ECG_LEAD_]}
Defib 73 Defibrillator lead: anterior-lateral MDC_ECG_LEAD_DEFIB
Extern 74 External pacing lead: anterior-posterior MDC_ECG_LEAD_EXTERN
Al 75 A1 (Auxiliary unipolar lead #1) MDC_ECG_LEAD_A1
A2 76 A2 (Auxiliary unipolar lead #2) MDC ECG LEAD A2
A3 77 A3 (Auxiliary unipolar lead #3) MDC_ECG_LEAD_A3
A4 78 A4 (Auxiliary unipolar lead #4) MDC_ECG_LEAD_A4
dvs 79 Derived lead V8 MDC_ECG_LEAD_dV8
dvo 80 Derived lead V9 MDC_ECG_LEAD_dV9
dV8R 81 Derived lead VB8R MDC_ECG_LEAD_dV8R
dV9R 82 Derived lead VOR MDC_ECG_LEAD_dV9R
dD 83 Derived lead D (Nehb - Dorsal) MDC_ECG_LEAD_dD
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SCP-ECG SCP-ECG Description aECG [9] Ref ID
Name code MDC_ECG_LEAD_xxx
dA 84 Derived lead A (Nehb - Anterior) MDC_ECG_LEAD_dA
dj 85 Derived lead ] (Nehb - Inferior) MDC_ECG_LEAD_d]
Chest 86 Chest lead MDC_ECG_LEAD_C
\ 87 Precordial lead MDC_ECG_LEAD_V
VR 88 VR, nonaugmented voltage, vector of RA MDC_ECG_LEAD_VR
VL 89 VL, nonaugmented voltage, vector of LA MDC_ECG_LEAD_VL
VF 90 VF, nonaugmented voltage, vector of LL MDC_ECG_LEAD_VF
MCL 91 Modified chest lead (left arm indifferent) MDC_ECG_LEABD’MCL
MCL1 92 MCL, per V1 placement MDC_ECGHLEAD_MCL1
MCL2 93 MCL, per V2 placement MDCEEG_LEAD_MCL2
MCL3 94 MCL, per V3 placement MBC_ECG_LEAD_MCL3
MCL4 95 MCL, per V4 placement MDC_ECG_LEAD_MCL4
MCL5 96 MCL, per V5 placement MDC_ECG_LEAD_MCL5
MCL6 97 MCL, per V6 placement MDC_ECG_LEAD_MCL6
CcC 98 Chest lead (symmetric placement) MDC_ECG_LEAD_CC
CC1 99 CC1, per V1 and V1R placenient MDC_ECG_LEAD_CC1
CC2 100 CC2, per V2 and V2R placement MDC_ECG_LEAD_CC2
CC3 101 CC3, per V3 and V3R’placement MDC_ECG_LEAD_CC3
CC4 102 CC4, per V4 and V4R placement MDC_ECG_LEAD_CC4
cceé 103 CC6, per V6 and V6R placement MDC_ECG_LEAD_CC6
cc7 104 CC7/per V7 and V8R placement MDC_ECG_LEAD_CC7
CM 105 €hest-manubrium MDC_ECG_LEAD_CM
CM1 106 CM1, per V1 placement MDC_ECG_LEAD_CM1
CM2 107 CM2, per V2 placement MDC_ECG_LEAD_CM?2
CM3 108 CM3, per V3 placement MDC_ECG_LEAD_CM3
CM4 109 CM4, per V4 placement MDC ECG LEAD CM4
CM6 110 CM6, per V6 placement MDC_ECG_LEAD_CM6
dIIl 111 Derived lead III MDC_ECG_LEAD_dIII
daVR 112 Derived lead aVR MDC_ECG_LEAD_daVR
daVL 113 Derived lead aVL MDC_ECG_LEAD_daVL
daVF 114 Derived lead aVF MDC_ECG_LEAD_daVF
daVRneg 115 Derived lead aVRneg MDC_ECG_LEAD_daVRneg
dChest 116 Derived lead Chest MDC_ECG_LEAD_dC
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SCP-ECG SCP-ECG Description aECG [9] RefID
Name code MDC_ECG_LEAD_xxx
dv 117 Derived lead V MDC_ECG_LEAD_dV
dVR 118 Derived lead VR MDC_ECG_LEAD_dVR
dVL 119 Derived lead VL MDC_ECG_LEAD_dVL
dVF 120 Derived lead VF MDC_ECG_LEAD_dVF
CM7 121 CM?7, per V7 placement MDC_ECG_LEAD_CM7
CH5 122 CH5 (see Note 5) MDC_ECG_LEAD~CH5
CS5 123 Negative: right infraclavicular fossa (see|MDC_ECG.GEAD_CS5
Note 5)
CB5 124 Negative: low right scapula (see Note 5) MDG.ECG_LEAD_CB5
CR5 125 CR5 (see Note 5) MDC_ECG_LEAD_CR5
ML 126 ML, modified limb lead, approximately| MDC_ECG_LEAD_ML
Lead II
AB1 127 AB1 (auxiliary bipolar lead #1) MDC_ECG_LEAD_AB1
AB2 128 AB2 (auxiliary bipolar lead #2) MDC_ECG_LEAD_AB2
AB3 129 AB3 (auxiliary bipolar lead'#3) MDC_ECG_LEAD_AB3
AB4 130 AB4 (auxiliary bipolariead #4) MDC_ECG_LEAD_fAB4
ES 131 EASI™ ES (see Note\8) MDC_ECG_LEAD_ES
AS 132 EASI AS (see-Note 8) MDC_ECG_LEAD_AS
Al 133 EASI Al (see'Note 8) MDC_ECG_LEAD_AI
S 134 EASIupper sternum lead (see Note 8) MDC_ECG_LEAD_$
dDefib 135 Derived lead Defib: Defibrillator lead: | MDC_ECG_LEAD_¢DEFIB
anterior-lateral
dExtern 136 Derived lead Extern: External pacing lead: | MDC_ECG_LEAD_{EXTERN
anterior-posterior
dAl 137 Derived lead A1 (Auxiliary unipolar lead | MDC_ECG_LEAD_g¢A1
#1)
dA2 138 Derived lead A2 (Auxiliary unipolar lead MDC_ECG_LEAD_tIlAZ
#2)
dA3 139 Derived lead A3 (Auxiliary unipolar lead | MDC_ECG_LEAD_dA3
#3)
dA4 140 Derived lead A4 (Auxiliary unipolar lead | MDC_ECG_LEAD_dA4
#4)
dMCL1 141 Derived lead MCL1: MCL, per V1 placement | MDC_ECG_LEAD_dMCL1
dMCL2 142 Derived lead MCL2: MCL, per V2 placement | MDC_ECG_LEAD_dMCL2
dMCL3 143 Derived lead MCL3: MCL, per V3 placement | MDC_ECG_LEAD_dMCL3
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SCP-ECG SCP-ECG Description aECG [9] Ref ID
Name code P MDC_ECG_LEAD_xxx
dMCL4 144 Derived lead MCL4: MCL, per V4 placement | MDC_ECG_LEAD_dMCL4
dMCL5 145 Derived lead MCL5: MCL, per V5 placement | MDC_ECG_LEAD_dMCL5
dMCL6 146 Derived lead MCL6: MCL, per V6 placement | MDC_ECG_LEAD_dMCL6

RL 147 Right leg MDC_ECG_LEAD_RL
CV5RL 148 Canine, fifth right intercostal space near the | MDC_ECG_LEAD_CV5RL
€dge of the sternum at the most curved part

of the costal cartilage (see Note 9)
CV6LL 149 Canine, sixth left intercostal space near the | MDC_ECG_LEAD_CV6LL
edge of the sternum at the most curved part
of the costal cartilage (see Note 9)
CV6LU 150 Canine, sixth left intercostal space at the | MDC_ECG_LEAD_CV6LU
costochondral junction (see Note 9)
V10 151 Canine, over dorsal spinous process of the | MDC_ECG_LEAD_V10
seventh thoracic vertebra (see Note 9)
dMCL 152 Derived lead MCL: Modified chest lead\(left | MDC_ECG_LEAD_dMCL
arm indifferent)
dCC 153 Derived lead CC: Chest leady(symmetric| MDC_ECG_LEAD_dCC
placement)
dCcC1 154 Derived lead CC1, pert*V1 and VI1R|MDC_ECG_LEAD_dCC1
placement
dccz 155 Derived lead GE€2} per V2 and V2R|MDC_ECG_LEAD_dCC2
placement
dCC3 156 Derived lead CC3, per V3 and V3R|MDC_ECG_LEAD_dCC3
placement
dCC4 157 Derived lead CC4, per V4 and V4R|MDC_ECG_LEAD_dCC4
plaeement
dCcCe 158 Derived lead CC6, per V6 and V6R|MDC_ECG_LEAD_dCC6
placement
dcc7 159 Derived lead CC7, per V7 and V8R|MDC_ECG_LEAD_dCC7
placement
dCM 160 Derivedlead-cM-Chest-manubritin MBEECGTLEAD-dCEM
dCM1 161 Derived lead CM1, per V1 placement MDC_ECG_LEAD_dCM1
dCM2 162 Derived lead CM2, per V2 placement MDC_ECG_LEAD_dCM2
dCM3 163 Derived lead CM3, per V3 placement MDC_ECG_LEAD_dCM3
dCM4 164 Derived lead CM4, per V4 placement MDC_ECG_LEAD_dCM4
dCM6 165 Derived lead CM6, per V6 placement MDC_ECG_LEAD_dCM6
dCM7 166 Derived lead CM7, per V7 placement MDC_ECG_LEAD_dCM7
36 © IS0 2023 - All rights reserved



https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064:2023(E)

SCP-ECG SCP-ECG Description aECG [9] RefID
Name code p MDC_ECG_LEAD_xxx
dCH5 167 Derived lead CH5 MDC_ECG_LEAD_dCH5
dCS5 168 Derived lead CS5: negative: right| MDC_ECG_LEAD_dCS5

infraclavicular fossa
dCB5 169 Derived lead CB5: negative: low right| MDC_ECG_LEAD_dCB5
scapula
CR5 170 Derived lead CRS MDC_ECG_LEAD (IiCRS
dML 171 Derived lead ML, modified limb lead, MDC_ECG_LEAD_JiML
approximately Lead II
dAB1 172 Derived lead AB1 (auxiliary bipolar lead | MDC_E€G_LEAD_¢AB1
#1)
HAB2 173 Derived lead AB2 (auxiliary bipolar lead (MDC_ECG_LEAD_¢AB2
#2)
1AB3 174 Derived lead AB3 (auxiliary bipolar lead | MDC_ECG_LEAD_¢AB3
#3)
1AB4 175 Derived lead AB4 (auxiliary -bipolar lead | MDC_ECG_LEAD_¢lAB4
#4)
dES 176 Derived lead ES: EASI™ ES MDC_ECG_LEAD_cliES
dAS 177 Derived lead AS: EASFAS MDC_ECG_LEAD_tliAS
dAl 178 Derived lead Al: EASI Al MDC_ECG_LEAD_(iiAI
ds 179 Derived lead-SrEASI upper sternum lead MDC_ECG_LEAD_(iiS
dRL 180 Derived lead RL: right leg MDC_ECG_LEAD_(iiRL
dCV5RL 181 Derived lead CV5RL: Canine, fifth right MDC_ECG_LEAD_JiCVSRL
intercostal space near the edge of the
sternum at the most curved part of the
costal cartilage
dCV6LL 182 Derived lead CV6LL: Canine, sixth left| MDC_ECG_LEAD_¢iCV6LL
intercostal space near the edge of the
sternum at the most curved part of the
costal cartilage
dCvenu 183 Derived lead CV6LU: Canine, sixth left MDC_ECG_LEAD_11CV6LU
intereostal—space—at—the—costochondral
junction

dv10 184 Derived lead V10: Canine, over dorsal| MDC_ECG_LEAD_dV10
spinous process of the seventh thoracic
vertebra

185 to 198 | Reserved for future expansion (see Note

10)

VIRT 199 Global, virtual lead (see Note 1 and Note | MDC_ECG_LEAD_CONFIG
11)
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SCP-ECG SCP-ECG aECG [9] Ref ID
Name code

DS P MDC_ECG_LEAD_xxx

200 to 255 | Reserved for Manufacturer Specific codes

NOTE 1

NOTE 2

NOTE 3
NOTE 4

NOTE 5

NOTE 6
NOTE 7
NOTE 8

NOTE 9

NOTE 10

NOTE 11

NOTE 12

In the current version of aECG (ISO/IEEE 11073-10102:2014 [9]), CODE10 =0 (CF_CODE10 = 0)
corresponds to two different REFIDs, i.e. MDC_ECG_LEAD and MDC_ECG_LEAD_CONFIG, and has
two different meanings: (1) as for SCP-ECG, both MDC_ECG_LEAD and MDC_ECG_LEAD_CONFIG can
be used to indicate that the lead of the recorded ECG signal is an “Unspecified lead”; (2) in case of
use in combination with a per-lead ECG numeric form, MDC_ECG_LEAD_CONFIG can be used to
specify that the measurement has been evaluated over all leads, viz the global P wave onset which
cqmbeencoded by mearns of REFIDMBC_ECG-_TIME_START P EEADCONFIG:

The Einthoven lead one (coded with the Roman I; lead IDs 1 and 31) is not to be confused with the
Frank electrode I (eye; lead IDs 24 and 54).

VRR is identical to lead V1. Similarly, lead V1R, not listed in the lead table, is identical toylead V2.

L¢ads X, Y and Z can be recorded by an orthogonal system, such as Frank or McFee lead systems,
etlc;

CM5, CHS5, CS5, CC5, CB5, and CR5 are bipolar leads used in conjunction with stress testipng
Macfarlane [35], Volume 1, page 387).

~

The unipolar Frank leads are prefixed by ‘f’ for clarity and label uniqueness.
The term “-aVR” is replaced with the more programming-friendly‘term “aVRneg.”

EASI™ is a trademark owned by Philips, invented by Dr. Gorden Dower. Leads: S, upper sternumj{E,
lower sternum (Frank lead fE); A, under left arm, above’V6 (Frank lead fA); I, under right anm,
alhove V6R (Frank lead fI).

The canine leads are summarized in Macfarlane {35], Volume 2, pp. 1865-1867. The abbreviatigns
uged in the left and right-most columns are based on Lannek [34] modified for use with a Wilspn
cgntral terminal. The subscripted terms used.in the “+” column were proposed by the Committee|of
the American Academy of Veterinary Cardiology, and they are roughly similar to those used for
hyimans.

Copdes 185 to 198 can be used for extending the lead numbering scheme in future revisions of this
d¢cument.
C
a

de 199 has been introduced to support, if need be, the use of the _LEAD_CONFIG discriminator
d to specify that a given per-lead measurement, e.g. the global P onset (see Note 1 above), Has
bg¢en computed by taking into account a group of leads or the entire set of leads.
U

bers of this document are advised to refer to documents [8], [9], [16] and other current standands
in the ISO/IEEE\Nomenclature series to avoid unintended duplication in these code ranges.

5.6.5 The [sample-nttmbering shall start with sample number 1 and refers to all leads recdrded
simultaneoysly«In"order to convert these values to time, the sample time interval (STI) of the proper
data section|(See 5.9.3) should be consulted.

For example, if 8 leads (], II, V1 to V6) are recorded simultaneously over 10 s at 500 samples/s and

stored this way, then each lead begins with sample number 1 and ends with sample number 5 000.

If the standard 12 leads are recorded in groups of three, for example over 2,5 s at 500 samples/s, then
leads I, II, and III begin with sample number 1 to sample 1 250, and leads aVR, aVL, and aVF begin with

sample number 1 251.

5.6.6 An overview of the data part of this section is presented in Figure 6.

38
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Number of Flaas Details 1st| Details 2nd
Leads 9 Lead Lead
Reserved |All leads simult.| # of simult. Starting | Ending | Lead
sample | sample | ID
bit 0 bit 1 bit 2 bits 3-7 4 4 1

Figure 6 — Overview of the data part of the ECG leads definition section

5.7 Jleserved for legacy SCP-ECG versions - Section 4

5.7.1

Secti
ECG
SCP-

compression schemes.

If pr
subti
samy

For 3
For 3

5.7.2

5.7.3
0 reff

This section has been deprecated and shall not be implemented in SCP-ECG,version
pn 4 is still mentioned in the present document to support decoding and“conversion of

version 1.x and 2.x files into SCP-ECG version V3.0 files. The sectien-was included in {
ECG versions to support implementation of lossless high redundancy reduction and lo

action zones and the width of the various QRS compléxes (used to protect QRS a
le decimation and filtering).

detailed description of the overall process, see\Ahnex D.

If present in a legacy record, the section starts with a “Section ID Header” as defined

brence beat for all leads. The remaining data indicates the reference beat type and locz

definition of reference beats, beat types, and the Significance of reference beat type 0,

V3.

legacy SCP-
he previous
ssy bimodal

esent in a legacy SCP-ECG record, this section defines‘the QRS locations, the reference beat

reas against

see 5.1.11.

in 5.2.7.

The header area of the Section data.part defines certain quantities that are common to the type

tion of each

QRS relative to the “residual” signal, The Section data part header area has the following contents

Byte  Contents

1to2 Length of reference beat type 0 data in milliseconds.
The number. of samples N is obtained by dividing the length L of the refer¢nce beat (in
milliseconds) by the sample time interval STI (in microseconds, see 5.9.3, bytes|3 to 4) using
the following equation: N = truncation [(1 000 ps/ms x L) / STI].
The'manufacturer shall assign a length (in bytes 1 to 2) such that, when this equiation is used,
the intended number of samples in the reference beat is obtained. For example] 1 000 ms of
data at 2 000 ps per sample results in an N equal to 500 samples.

3to4 Sample number of the fiducial point (QRS trigger point) with respect to the beginning of
reference beat type 0. This location is abbreviated as fcM in Annex D. The first sample is
numbered 1.

5to6 Total number of QRS complexes within the entire short-term ECG rhythm record.

5.7.4 The following information on location of reference beat subtraction zones is stored, consisting
of one block of 14 bytes for each QRS complex. The total number of blocks is equal to the number of
QRSs stored in 5.7.3 bytes 5 to 6.
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Byte
1to2
3to6

7 to 10

11to 14

15to 16

NOTE 1 If b
around the
D. These loc

NOTE 2 Ifb
used, in whi

Contents

Beat type of 1st QRS (see 5.1.11 for definition of “Beat type”)

Sample number on residual data for the start of subtraction/addition of reference beat

0 for 1st QRS, if the QRS is of type 0, otherwise a value of 0 (zero).

Sample number on residual data for location of fiducial point for 1st QRS (see Note 3).

This location is abbreviated as fc(1) in Annex D.

Sample number on residual data for end of subtraction/addition of reference beat 0 for

1st QRS, if the QRS is of type 0, otherwise a value of 0 (zero).

Beat type of 2nd QRS etc.

htions are abbreviated in Annex D as SB(k) and SE(k), respectively.

tes 1 to 2 indicate a reference beat type other than 0, then reference(beat subtraction
Ch case bytes 3 to 6 and 11 to 14 contain 0 (zero).

ytes 1 to 2 indicate reference beat type 0, then bytes 3 to 6 and 11 to 14 bound the
DRS for reference beat type 0 subtraction or addition, as specified and illustratéd in Annex

area

1Is not

NOTE 3 Manufacturers could also use the information stored in 5.7.4 and-5.7.5 to indicate the locaftions

of the protg
reference be

5.7.5 The
of one blocK]
stored in 5.7

Byte
1to 4

5 to-8

9to 12

13to 16

5.7.6 Ano

at subtraction. In this case, bytes 3 to 6 and 11 to 14 in5.7.4 are set to zero.
following information on location of protected areas (QRS complexes) is stored, cons
.3 bytes 5 to 6 (see 5.7.4, Note 3).

Contents

location is abbreviated as QB(1( in Annex D.
location is abbreviated as QE(1) in Annex D.
location is abbreviated as QB(2) in Annex D.

location is abbreviated as QE(2) in Annex D etc.

verview of the data part of this section is presented in Figure 7.

cted zones in case the legacy SCP-ECG record is based-¢n/bimodal compression wit

of 8 bytes for each QRS complex. The total number of blocks is equal to the number of

Sample number on residual data:for the start of the protected area of the 1st QRS. T
Sample number on residualdata for the end of the protected area of the 1st QRS. T
Sample number on residual data for the protected area of the start of the 2nd QRS. T

Sample numberon residual data for the end of the protected area of the 2nd QRS. T

hout

isting

ORSs

his

his

his

his
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Header

Subtraction

Zone 1st beat

Subtraction
Zone 2nd beat

Protected area
1st QRS

Protected area
2nd QRS

T

8 \ 8
End

Reference | Fiducial # of Beat Start Fiducial Start End
Type 0 length| location | QRS's type | sample nr.| sample nr.| sample nr. sample nr.| sample nr.
2 2 2 2 4 4 4 4 4

NOTH
and/

Figure 7 — Overview of the data part of section 4

5.8 Encoded type 0 reference beat data - Section 5

5.8.1
data

For 4

see §.1.11. For a detailed description of the overall process,-see Annex D.

In case more than one reference beat and/or more thaf;one selected beat shall be stored,

All sample numbers in clause 5.7 refer to the original samples before processing them fi
r compression. The first sample of the original data is numbered 1.

This section provides details as for encoding/decoding and storing reference beat t
(if the reference beat type 0 is stored).

definition of reference beats, reference beat types, and'thé significance of reference

r decimation

ype 0 signal

beat type 0,

see sections

13 and 14.
5.8.7 Ifpresent, the section shall start with a “Seection ID Header” as defined in 5.2.7.
5.8.3 The section data part begins with a header that has the following format.
Byte Contents
1tq2 Multiplier for Amplitide Value (AVM) for this section in nanovolt (1 x 10-9 V).
EXAMPLE: 1 250> 1 amplitude quantum = 1,250 pV; 2 441 - > 1 amplitude
quantum = 2,441 pv
3to4 SampleTinte Interval (STI) for this section in microseconds (1 x 10-¢ s).
EXAMPLE: 4 000 - > 250 samples/s.; 1 250 - > 800 samples/s.
5 Difference encoding specifier (DES)
This value indicates if difference encoding is used for storing the type 0 reference beat
sample data as follows:
0 = No difference encoding used. Only original values or Huffman encoded data (see byte
6) used for reference beat data.
1 = First difference data used for reference beat data.
2 =Second difference data used for reference beat data.
6 Huffman encoding specifier (HES) (see Note 5)

This value specifies if Huffman encoding is used for storing the type 0 reference beat
sample data as follows:

0 = No Huffman encoding used. Only original data or difference encoded data (DES # 0)
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are used. Each sample value is stored as a signed 2-byte integer.

2 = Default Huffman encoding. The default table, defined in D.4.7.6, is used for encoding

the type 0 reference beat data. Section 2 is optional (see Note 6)

4 = Huffman encoding used. The appropriate Huffman tables are defined in section 2.
Section 2 is mandatory.

Number of samples per lead, assuming that all the recorded leads in this section have
same duration (SPL)

the

(Unsigned) sample number of the fiducial (QRS trigger point) relative to the beginning of

11to 16

NOTE 1
time t-1].

The general f
The general f
Decoding of s
NOTE2  Fq
The original

encoded data

given in Tabl

NOTE 3
sample data.

NOTE 4

eight sample
NOTE5 In
NOTE6 In

compulsory i

It is highly r

Difference data are defined as: [Sample value (difference) for time t ] - [Sample value (differenc

A example of the encoded results using second differences is given in Table 6 for a series of

A example of the encoded results using first differences is given in Table 7 using the same ser]

L 1 ke o Tl 1 P : 1.1 ke 1 L AL A DTl Lo . 1
ICTICICTIICC DAl L_ypc U. 11115 TUCAUIUIT IS dUDUICVIALITCU d5 ICIVI 11T AIIINICA IJ. 1T1IIC 11T S50 bdllll}lc
numbered 1.

Shall be set to Null (0) if not computed.

Semantically equivalent to MDC_ECG_BEAT_TOC and to
MDC_ECG_WAVC_QRSWAVE_TIME_POINT

Reserved. Shall be set to Null (0)

brmula for the first difference calculation is as follows: D1(n) =X(n) - X(n-1).

brmula for the second difference calculation is as follows: D2{(n) = X(n) - 2*X(n-1) + X(n-2).
econd difference data are performed using the following formula: X(n) = D2(n) + 2*X(n-1) - X(n
r the first two samples in each lead, second differences are not computed in the SCP-ECG Pro

stream using first differences. An example of difference data calculation for the first four samp
p 5.

data.
SCP-ECG V1.xand V2., field HES (byte 6) was “reserved” (supposedly set to “0”)

case HES=2, no Section 5 specific Huffman table(s) are stored in Section 2, and Section 2 is
Fused.to.store Huffman tables needed by Section 6.

is

e) for

2)

tocol.

hmplitude values of these samples are retdined. The first sample value is similarly retained in the

les is

eight

ies of

only

htion

bcommended to store the type 0 reference beat data of standard 12-lead and short dur

ECGs uncon

| 3 £ a3 J & loxrb it L QN J 4 Jds£c
PITostl ds5 4 STIITS UL SIgHCU twUTU YT IIITESTT S ([STT J.0.J0 ) dlIU TU TTOTIVE UITITI TIHILT

data

calculation and Huffman encoding for mobile and/or wearable devices when they are intended to be
used in poorly served areas with limited wireless connectivity such as GPRS only where significant
lossless data reduction strategies are still of importance.

42

Table 5 — Example of difference data calculation for the first four samples

Second differences
D2(1) =X(1)
D2(2) =X(2)

First differences
D1(1) =X(1)
D1(2) =X(2)-X(1)

Original data
X(1)
X(2)
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Original data | First differences Second differences
X(3) D1(3) = X(3)-X(2) D2(3) =D1(3)-D1(2) =X(3)-
2*X(2)+X(1)
X(4) D1(4) =X(4)-X(3) D2(4) =D1(4)-D1(3) =X(4)-
2*X(3)+X(2)
Table 6 — Example of encoded results using 2nd differences
Sample Number n 1 2 3 4 5 6 7 8
Sample Value X(n) 10 | 12 | 13 | 15 | 18 | 22 | 20 |1
2nd Difference | D2(n) - - -1 1 1 1 -6){ -3
Encoded data 10 | 12 | -1 1 1 1 -6 | -3

Table 7 — Example of encoded results using 1st differences

Sample Number n 1 2 3 4 S 6 7 8
Sample Value X(n) 10 | 12 | 13 | 15 P18 | 22 | 20 | 1%
1st Difference | D1(n) - 2 1 2 3 4 -2 | -5
Encoded data 10 2 1 2 3 4 -2 | -5

5.8.4 The section data part contains the byte lengths-of the encoded leads. Its format is as follows:

Byte Content

1t 2 (Unsigned) number of bytes of the “compressed” type 0 reference beat data for the first
encoded lead.

3tp 4 (Unsigned) number of.bytes of the “compressed” type 0 reference beat data for the
second encoded lead.etc.

NOTH Signal data can be stered uncompressed as signed two-byte integers (HES = 0), in different fixed-length
formats if a dummy Huffman table is provided, compressed using first and/or second differehce encoding
(DESE 1 or 2), and/or Huffman encoded, see 5.8.5.

5.8.§ The encoded’type O reference beat data then follows. If HES = 2 or 4, the data ar¢ coded as a
series of Huffman codes taken from the default SCP-ECG Huffman table (defined in D.4.7.6) or from
Sectipn 2. The’leads are encoded in the order specified in Section 3. If HES =0, ECG data (either
differenced’or non-differenced) shall be formatted as signed, two-byte integers.

Otherix 3 3 ay be accommodated by setting
HES =4 and providing a “dummy” Huffman table with one code structure. The number of bits in the
prefix shall be set to zero. The number of bits in the entire code shall be set to the desired number of
bits per sample.

3 OT eXampie g, 3

5.8.6 An overview of the data part of this section is presented in Figure 8.
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Header Length Block Data Block
/ var var
—
AVM Data | Data | // ..... Data last

2 var var var
/L
1stLead | 2 Lead / / last Lead
_— R B ) e
o1 IaLII l\ollskll I,', LA~} ISLII
2 2 2
Figure 8 — Overview of the data part of the encoded type 0 reference beat section
5.9 Short-term ECG Rhythm data - Section 6
5.9.1 This|section contains the entire encoded short-term ECG rhythm data (i.e. the entire signall data
from ECGs spch as standard 10-s diagnostic ECGs).
Long-term HCGs such as Holter recordings, stress tests rhythm data‘er any ECG for which any encdoded
lead data rgquires more than 64 KiB, should be stored in section*12 “Long-term ECG rhythm flata”
(Clause 5.15)).
NOTE In| SCP-ECG versions V1.x and V2.x, this section could“also be used to store the residual signal| after
reference begts have been subtracted (see 5.6.3, byte 2, bit 0 = 1J."This option is no longer supported.
5.9.2 Ifprgsent, the section shall start with a “Section ID Header” as defined in 5.2.7.
5.9.3 The pection data part begins with a headet that has the following format
Byte Contents
1to?2 Multiplier for Amplitude,Value (AVM) for this section in nanovolt (1 x 10-9 V).
EXAMPLE: 1 250 »>.Y amplitude quantum = 1,250 pV; 2 441 - > 1 amplitude
quantum = 2,441V
3to4 Sample Time Interval (STI) for this section in microseconds (1 x 10-6 s).
EXAMPRELE? 4 000 - > 250 samples/s.; 1 250 - > 800 samples/s.
5 Difference encoding specifier (DES)
This value indicates if difference encoding is used for storing the sample data as follows:

44

0 = No difference encoding used. Only original or Huffman encoded data (see byte 6)
used for rhythm data.

1 = First difference data used for rhythm data.

2 = Second difference data used for rhythm data.
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Huffman encoding specifier (HES) (see Note 2)
This value specifies if Huffman encoding is used for storing the rhythm data as

0 = No Huffman encoding used. Only original data or difference encoded data (
are used. Each sample value is stored as a signed 2-byte integer.

follows:

DES # 0)

2 = Default Huffman encoding. The default table, defined in D.4.7.6, is used for encoding

the type 0 reference beat data. Section 2 is optional

4 = Huffman encoding used. The appropriate Huffman tables are defined in Section 2.

Section 2 is mandatory.

Itis llnighly recommended to store short-term ECG rhythm data uncompressed as a series 0f

byte
and/|
wire
impg
NOTH
NOTH

(0=H
starti

NOTH
comp

5.9

Byt
1 to
3to

NOTH
fixed

encoding (DES =1 or 2), and forHuffman encoded, see 5.9.5.

5.9.5
serie|
Secti
diffe

Othe

Ing with SCP-ECG V3.0 byte 6 is used to store HES.

integers (see 5.9.5) and to reserve difference data calculation and Huffman encodin
or wearable devices when they are intended to be used in poorly served areas 3
ess connectivity such as GPRS only where significant lossless data reductiofstrategie
rtance.

1 For the calculation of difference data, see 5.8.3

2 In SCP-ECG versions V1.x and V2.x, Byte 6 was used to indicate how rhythm data wa
imodal compression not used, 1 = Bimodal compression used)./This option being no longg

3 In case HES = 2, no Section 6 specific Huffman table(s) are stored in Section 2, and Sec

ulsory if used to store Huffman tables needed by Section.5.
The section data part contains the byte lengths of the encoded leads. Its format is as

g Contents
2 (Unsigned) number of bytes'in rhythm signal data for first encoded lead.

4 (Unsigned) number of bytes in rhythm signal data for second encoded lead etdq
Rhythm signal data can®be' stored uncompressed as signed two-byte integers (HES =0
length formats if a dummy~Huffman table is provided, compressed using first and/or seco

The short-teymECG rhythm signal data then follow. If HES =2 or 4, the data are
s of Huffman €odes taken from the default SCP-ECG Huffman table (defined in D.4.]
pn 2. The Jeads are encoded in the order specified in Section 3. If HES =0, ECG
renced ot non-differenced) shall be formatted as signed, two-byte integers.

I fixed-length formats (as for example 8, 10, 12 or 24-bit format) may be accommodate

signed two-
b for mobile
with limited
s are still of

compressed
br supported,

tion 2 is only

follows:

, in different
nd difference

coded as a
[.6) or from
data (either

d by setting

HES

=4 and providing a “dummy” Huffman table with one code structure. The number o

f bits in the

prefix shall be set to zero. The number of bits in the entire code shall be set to the desired number of
bits per sample.

NOTE

The number of samples per lead is obtained by computing the differences [(Ending sample number) -

(Starting sample number) + 1] (see Section 3, Clause 5.6.4, bytes 1 to 8). It is assumed that the leads belonging to a

same

group of leads have the same duration.

5.9.6 An overview of the data part of this section is presented in Figure 9.
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Header | Length block| Data block
/ 6 \ var / var l\
/L
Data | Data Data last
AVM | STl | DES | HES 15tlead |2 lead| /7 """ lead
2 2 1 1 var
1stLead | 2 Lead /] Last lead
length length /] length
5 2 i 2

5.10 Globg

5.10.1 Gen

This section
global onset
azimuth and
taken acros
5.1.11 for a

For backwal
of pacemak
onsets and

either the other than type 0 reference beats (ifany) or for all beats of the short-term ECG rhythm rq

(section 6).
section 7 by
beat type 0
annotations

If the global
beat, then th

The global measuremerits-of the type 0 reference beat stored in this section shall correspond t

measureme
present. If g
reference be
section 12 “

Figure 9 — Overview of the data part of the rhythm data section

1 ECG measurements - Section 7
bral

contains the global measurements of the type 0 referéncé beat, viz the locations ¢
s and offsets of the P, QRS and T waves, the electricaliaxes, the QT interval, the ampli
elevation of the spatial P, QRS and T vectors, etc. The.term “global” refers to measure
all leads of the ECG, but not necessarily represetiting more than one individual beat
liscussion of beat types.

ds compatibility, the section may also provide, as for SCP-ECG versions V1.x and V2.,
er spikes (if any) of the short-term ECG) rhythm record (section 6), and the global
pffsets and electrical axes (hereafterireferred to as “Main PQRST measurement datg

It is however recommended, starting with SCP-ECG version V3.0, to partially depr
limiting its use to the storage of the global measurements and annotations for refet
and to preferably store global beat-by-beat measurements and pacemaker spikes dat:
in sections 15 to 17.

electrical axes and-the wave onset and offset measurements are provided for each P
e first measurement block shall contain global measurements of beat type 0.

ts performed on the signal data stored in section 5 “Encoded type 0 reference beat da
ection<5-is not present, then the measurements shall have been performed on the ty
at.ef section 6 “Short-term ECG rhythm data”, if present, or on the type 0 reference bg

f the
ude,
ents
. See

a list
vave
") of
cord
bcate
ence
 and

DRST

b the
ta”, if
rpe 0
at of

Long-term ECG rhythm data” if neither section 5 nor section 6 are present.

5.10.2 Section ID Header

If present, the section shall start with a “Section ID Header” as defined 5.2.7.
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5.10.3 Global ECG measurement data and pacemaker spike measurement data

5.10.3.1 General

The section data part contains global ECG measurement data and pacemaker spike measurement data,

if any.

Special codes, of which three are as defined in the CSE Project, have been reserved to indicate:

29 999 (decimal)

29 998-{decimal

Measurement not computed by the program.

rement

29 997 (decimal)

19 999 (decimal)

999

Thesk codes shall replace the measurement data when appropriate, unless specified otherw|

5.10{3.2 Global ECG measurement data header

Byte
1

decimal)

Maoascuramantiraciy ot fornnd duata raiaction ~ftbhalad by tha s nac
vreasSttreR et resSthr oottt tate~o- e oot reatoYy

program.

Measurement not computable reliably (e.g. Amplitude of the MaXimum)
one of the orthogonal projection planes if amplitude is very small).

Measurement not found because wave was not present (é&:g-P wave du
fibrillation).

Angle Measurement result undefined.

Contents

This byte contains the number #MMB\of “Main PQRST Measurements” d
(global onsets and offsets and electrical axes defined in 5.10.3.3) stored in S
more than one block is stored, thén'the first block (bytes 7 to 22) always cq
measurements for the type 0 reference beat. If the measurements of all beats
then the value #MMB stored.in this byte shall be equal to N+1, the number
plus 1 (compare to 5,10:36 byte 1 to 2), and blocks 2 to N+1 shall ¢
measurements for each-individual beat in sequence. If the value #MMB sto
byte is larger than T but less than N+1, then the subsequent blocks contair
PQRST measurements for the other then type 0 reference beats (a referencg
itself be a computed, viz a median, or a selected beat, see 5.1.11 for a discuss
types)

#MMB _should be set to 1 if, as recommended, no other global measurement
measurements of the type 0 reference beat are stored in this se
recommendations (i) and (ii) at the end of this clause).

The number of pacemaker spikes for which location times are sent. Should |
(zero) if no pacemaker spikes are stored or if they are stored, as recomn

Vector in

ring atrial

1Se.

hta Blocks
pction 7. If
ntains the
hre stored,
N of QRS’s
bntain the
red in this
| the main
beat may
on of beat

s than the
tion (see

be set to 0
hended, in

Section 17

3to4

5to6

Average RR interval in milliseconds for all QRS's of the analysed ECG sequence.

Semantically equivalent to MDC_ECG_TIME_PD_RR_GL_MEAN.

Average PP interval in milliseconds for all P waves of the analysed ECG sequence.

Semantically equivalent to MDC_ECG_TIME_PD_PP_GL_MEAN.
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As the size of the first two fields in this header has been left unchanged for backwards compatibility
with SCP-ECG version 1.x and 2.x, the maximum number of QRSs for which main PQRST measurements
can be reported is 254. The same yields for the number of pacemaker spikes. Another limitation is the
16-bit representation of the global wave fiducials measurement results, which prevents storing main
PQRST measurements of QRSs located beyond 65 s after the beginning of the ECG record. It is thus
recommended, for all ECG sequences of more than 65 s duration:

(i) To store all global measurements (including the additional global measurements) of the type 0
reference beat in this section 7.

(i) To store the global measurements of the other reference beats (if any), and of any other (selected
or not) QRS complexes in section 15 “Beat-by-Beat ECG measurements and annotations” and,jor in
section |16 “Selected ECG beats measurements and annotations”, and to store the measurements
corresppnding to pacemaker spikes in section 17 “Pacemaker Spikes measurements| and

annotatjons”.

5.10.3.3 Global ECG wave delineation and electrical axes measurement data

The global B,

stored after
data block.

If computed
type 0 refer|
sequence, s

Byte
7 to 22
23to 38

For each of
measureme

Byte
1to2
3to4
5to6
7to8
9to 10

QRS and T wave delineation results and the electrical axes of the\type 0 reference bed
the header, i.e. starting from byte 7, in the first 16-byte long “main PQRST measurem

the global P, QRS and T wave delineation results and.the electrical axes of the other
ence beats or of all beats of the short duration ECG¢rhythm data record are then stor
arting from byte 23, in 16-byte long data blocks.

Contents
Main PQRST measurements block for referénce beat type 0.
Main PQRST measurements block for«reference beat type 1, or for first PQRST beat (
specification of the content of byte-1Jetc.
these #MMB measurement blocks, the same structure repeats. The format of the 16
nt block for each reference beat type or for each individual QRS is outlined as follows:
Contents
P onset
P offset
QRS onset
QRS offset
T offset

MDC_ECG_TIME_START_P_LEAD_CONFIG]
MDC_ECG_TIME_END_P_LEAD_CONFIG]

MDC_ECG_TIME_END_QRS_LEAD_CONFIG]
MDC_ECG_TIME_END_T_LEAD_CONFIG]

MDC_ECG_TIME_START_QRS_LEAD_CONFIG

tare
ents”

than
ed in

see

tbyte

—_

i

11to 12

13 to 14

15to 16

NOTE 1

[
[
[
[
[
b

D - - 4] £ g | 1 L 1
I dALS 1T UIcT ITUII4Al - pPIdlic (dIIguldl
degrees)

QRS axis in the frontal plane (angular
degrees)

[MDC_ECG_ANGLE_QRS_FRONT]

T axis in the frontal plane (angular
degrees)

[MDC_ECG_ANGLE_T_FRONT]

If the measurement block contains measurements for a reference beat type, then measurements for

onset/offset are given in milliseconds from the beginning of this reference beat. If the measurement block
contains measurements for an individual beat, then measurements for onset/offset are given in milliseconds from
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the beginning of the ECG record. Wave durations and intervals can be computed from wave or interval offset

minus onset.

NOTE 2  For the axes (P, QRS, T) in the frontal plane, the convention shown in Figure 10 is used.

-90°

T

Negative angles

+180° 0°

Positive angles

+90°

Figure 10 — Angle definition for the electrical axes in the frontal plane

5.10{3.4 Pacemaker spike measurement data (if any)

Byte Contents
1tp2 1st spike position in millisecondsfrom start of the short-term ECG rhyth
(Unsigned integer).
3 tI 4  1stspike amplitude in micrewolts (1 x 10-6 V) (Signed integer).

5t

(Unsigned integer).

7t0 8  2nd spike amplitude in microvolts (1 x 10-6 V) (Signed integer) etc.

Timd and amplitude of-these pacemaker spikes shall be given as respectively unsigned
quantities, which, correspondingly, give a range of 0 to 65 535 s and + 32,767 mV.
The time resolution for the pacemaker spikes location shall be less than or equal to one

interpal.
NOTH Spike positions stored in this part of the SCP-ECG record are semantically ¢

m record

2nd spike position in milliseconds from start of the short-term ECG rhythm record

and signed

sample time

quivalent to
E, PACE_ATR,

MDCJECG*WAVP_discrim_TIME_POINT, where discrim stands for one of the following terms: PAC
PACELV-ATPACE, AATPACE, VATPACE, depending on the pacing type

© IS0 2023 - All rights reserved
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5.10.3.5 Pacemaker Spike Information

For each pacemaker spike identified in 5.10.3.2, byte 2, and in 5.10.3.4, this section shall contain one 6-
byte block providing additional information about the pacemaker spike. The order of the blocks
corresponds to the order of the spikes identified in 5.10.3.4.

Byte Contents

1 Spike type of Pacemaker Spike #1
0 Unknown
1 Spike triggers neither P-wave nor QRS
2 Spike triggers a QRS. Semantically equivalent to
[MDC_ECG_WAVP_PACE_V_C] or [MDC_ECG_WAVP_ATRACE_V_C|
3 Spike triggers a P-wave. Semantically equivalent to
[MDC_ECG_WAVP_PACE_ATR_C] or
[MDC_ECG_WAVP_ATPACE_ATR_C]
4o 127 Reserved
128 to 254 Manufacturer-specific
255 No spike type analysis performed
2 Squrce of Pacemaker Spike #1
0 Unknown
1 Internal
2 External
3o 255 Reserved
3to4 Index of triggered QRS Complex fof Pacemaker Spike #1
0 No link
1 Link to QRS beat #1 - first QRS complex
2 Link to QRS beat #2 - second QRS complex, etc.
5to6 Pulse width in micteseconds - 0 if unknown or uncomputed (unsigned).
NOTE TIe index of triggered QRS complex is only useful if we know the location of the corresponding QRS.
This requires|that no other than type 0 reference beat data are stored in the “Main QRS measurement” blocksg, and

that the glob
measuremen

bl onset.and/or end of all QRSs of the short-term ECG rhythm record are stored in the “Maif QRS
" blocks: See also Note in 5.10.3.6.

5.10.3.6 Q

(S type information

This data structure identifies the reference beat type for each QRS complex in the short-term ECG
rhythm data record stored in section 6. Complexes are addressed in order of their appearance in the
original ECG record.

In case only reference beat data are stored in the main PQRST measurement data blocks defined in
5.10.3.3, then the Reference beat types stored in this QRS type information block are numbered
according to their appearance in the main PQRST measurement data blocks.
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1to2

4

NOTE

ISO 41064:2023(E)

Contents

Number of QRS complexes in the short-term ECG rhythm record (section 6).
Reference beat type of first QRS complex (0-77).

Semantically equivalent to MDC_ECG_QRS_MORPH_NUM.

Reference beat type of second QRS complex (0-77?), etc.

In case only reference beats are stored in the main PQRST measurement data blocks

(see 5.10.3.3,

bytes 23 to 38 and beyond), then the beat type information stored in this QRS type information data block is not
very useful because in this use case section 6 does not provide information about the location of the different

QRSs| To be fully exploitable, at minimum the onset and/or end of the QRSs of all detected and typi
typically stored in the main PQRST measurement data blocks (5.10.3.3), which however excludes,al
main[PQRST measurement for the other than type 0 reference beats.

5.10{3.7 Additional Global measurements

This|data structure provides for additional global measurements beydnd those defined

fied beats are
b0 storing the

in 5.10.3.3.

Histqrically, it has been placed here by SCP-ECGV2.1 so as, nof to render inoperable any

implementations of previous versions of the protocol. Starting with SCP-ECG V3.0, it has be
expapded to be compliant with ISO/IEE 11073-10102.

Byte
1 to|2

3 tol4

5 to|6

Contents

Average Ventricular rate of the analysed ECG sequence, in beats per minute
integer) [MDC_ECG_VENTRICULAR_RATE_MEAN]

Average Atrial rate of the analysed ECGsSequence, in beats per minute (unsign
[MDC_ECG_ATRIAL_RATE_MEAN].

Corrected QT Interval (millisecond$) (unsigned integer).

en markedly

(unsigned

ed integer)

The most clinically used QTC.value shall be stored here and the correction method used shall

be defined in byte 7. If more than one correction method is used or computed, the
QTc values shall be stored in the tagged fields.

Semantically equivalent to [MDC_ECG_TIME_PD_Q
[MDC_ECG_TIME_PDZQTC_BAZETT], etc., depending on the correction method s
byte 7.

Formula typeused for HR correction

n the other

T_NOS_GL],
pecified in

0 Unknown or unspecified [MDC_ECG_TIME_PD_QTC_NOS_GL]
1 Bazett [MDC_ECG_TIME_PD_QTC_BAZETT] and
[MDC_ECG_TIME_PD_QT_CORR_GL]
2 Hodges [MDC_ECG_TIME_PD_QTC_HODGES]
3 Framingham [MDC_ECG_TIME_PD_QTC_FRAMINGHAM]
4 Fridericia [MDC_ECG_TIME_PD_QTC_FREDERICA]
5 Linear
6 User defined [MDC_ECG_TIME_PD_QTC_USER]
7 to 127 Reserved for future use
128 to 254 Manufacturer specific
255 Measurement not available
51
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8to9 Number of bytes in tagged fields, which follow (zero if no tagged fields).

10 to Tagged global measurement data fields, as specified in the following table. Valid tags are 0 to
okx 254, tag 255 is a terminator. Each tagged field has at least a one-byte tag identifier and a one-
byte length specifier (tag 255 length is 0).

Table 8 — Tagged Global ECG Measurements data fields

TAG | LENGTH VALUE (Parameter data)

0 5 QTend All-lead Dispersion (Binary)

QT Intervals measured in milliseconds, Irom QRS ONSet to T wave oifset. All
ECG leads are used in measurement.

Valid values are 0 to 254 (milliseconds); 255 = measurement not providéd,
Byte Contents

1 Dispersion = maximum QT interval - minimum QT interval.

2 Heart rate corrected Dispersion: Max-Min.

3 Dispersion = standard deviation of the QT intervals.

4 Heart rate corrected Dispersion: standard deviation.

5 Heart rate correction formula (see 5.10:3.7 definition of byte 7

“Formula type used for HR correction™for valid values).

Similar to [MDC_ECG_DISPERSION_QT] and.\[MDC_ECG_DISPERSION_QTC].
But 11073-10102 neither specifies theprmeasurement method nor the
correction method.

1 5 QTpeak All-lead Dispersion (Binary)

QT Intervals measured in milliseconds, from QRS onset to T wave peak. All
ECG leads are used in measurement.

Valid values are 0 to 254 (milliseconds); 255 = measurement not provided.
Byte Contents
1 Dispersion'= maximum QTpeak interval - minimum QTpeak
interval.
Hearxt-rate corrected Dispersion: Max-Min.
Dispersion = standard deviation of the QTpeak intervals.
Heart rate corrected Dispersion: standard deviation.

(5 Rt OGS I \S

Heart rate correction formula (see 5.10.3.7 definition of byte 7
“Formula type used for HR correction” for valid values).

2 5 QTend Precordial Dispersion (Binary)

QT Intervals measured in milliseconds, from QRS onset to T wave offset.
Precordial ECG leads only are used in measurement.

Valid values are 0 to 254 (milliseconds); 255 = measurement not provided.
Byte Contents

1 Dispersion = maximum QT interval - minimum QT interval.

2 Heart rate corrected Dispersion: Max-Min.

3 Dispersion = standard deviation of the QT intervals.

4 Heart rate corrected Dispersion: standard deviation.

5 Heart rate correction formula (see 5.10.3.7 definition of byte 7

“Formula type used for HR correction” for valid values).
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TAG | LENGTH VALUE (Parameter data)
3 5 QTpeak Precordial Dispersion (Binary)
QT Intervals measured in milliseconds, from QRS onset to T wave peak.
Precordial ECG leads only are used in measurement.
Valid values are 0 to 254 (milliseconds); 255 = measurement not provided
Byte Contents
1 Dispersion = maximum QTpeak interval - minimum QTpeak
interval.
Z Heart rate corrected Dispersion: Max-Min.
3 Dispersion = standard deviation of the QTpeak intervals:
4 Heart rate corrected Dispersion: standard deviation,
5 Heart rate correction formula (see 5.10.3.7 definition of byte [
“Formula type used for HR correction” for valid values).
4 4 P Maximum Vector Azimuth and Elevation (Binary)
Azimuth and Elevation of the Maximum Vector of the-spatial P wave.
Values are in angular degrees (signed integers)! Codes defined in 5[10.3.1
apply.
Byte Contents
1-2 P vector Azimuth [MDC_ECG.ANGLE_P_AZIM]
3-4 P vector Elevation [MDG.ECG_ANGLE_P_ELEV]
5 4 QRS Maximum Vector Azimuth and Elevation (Binary)
Azimuth and Elevation of the\Maximum Vector of the spatial QRS complegx.
Values are in angular dégrees (signed integers). Codes defined in 510.3.1
apply.
Byte Contents
1-2 QRS vector Azimuth [MDC_ECG_ANGLE_QRS_AZIM]
3-4 QRS vector Elevation [MDC_ECG_ANGLE_QRS_ELEV]
6 4 T Maximwm Vector Azimuth and Elevation (Binary)
Azimuth and Elevation of the Maximum Vector of the spatial T wave.
Values are in angular degrees (signed integers). Codes defined in 5[10.3.1
apply.
Byte Contents
1-2 T vector Azimuth [MDC_ECG_ANGLE_T_AZIM]
3-4 T vector Elevation [MDC_ECG_ANGLE_T_ELEV]

© IS0 2023 - All rights reserved
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TAG | LENGTH VALUE (Parameter data)

7 10 P Maximum Vector Magnitudes (Binary)
Magnitudes of the Maximum Vector of the P wave in the X, Y, Z space and in
the Frontal, Horizontal, Sagittal and Einthoven’s frontal planes.
Values are in pV (unsigned integers). Codes defined in 5.10.3.1 apply.
Byte Contents
-2

1 Max Spatial P vector Magnitude, computed as square root of

squared scalar magnitudes of X, Y, Z [MDC_ECG_MAG_P_VECT]

-4 Max Frontal P vector Magnitude, computed as square root of
squared scalar magnitudes of X, Y
[MDC_ECG_MAG_P_VECT_FRONT]

5-6 Max Horizontal P vector Magnitude, computed as square\root of]
squared scalar magnitudes of X, Z [MDC_ECG_MAG_P_VECT_HORIZ]

7-8 Max Sagittal P vector Magnitude, computed as_square root of

squared scalar magnitudes of Y, Z [MDC_ECG_MAG:P' VECT_SAGI]

9-10 Length of the vector of the P wave in Einthoven’s frontal plane
[MDC_ECG_MAG_P_FRONT]

8 10 QRS Maximum Vector Magnitudes (Binary)

Magnitudes of the Maximum Vector of the QRS\complex in the X, Y, Z space
and in the Frontal, Horizontal, Sagittal and Einthoven’s frontal planes.

Values are in pV (unsigned integers). Codesdefined in 5.10.3.1 apply.
Byte Contents
-2

1 Max Spatial QRS vector\Magnitude, computed as square root of]

squared scalar magnitudes of X, Y, Z [MDC_ECG_MAG_QRS_VECT]

3-4 Max Frontal QRS-vector Magnitude, computed as square root of]
squared scalar,magnitudes of X, Y [MDC_ECG_MAG_QRS_VECT
_FRONT]

5-6 Max Horizontal QRS vector Magnitude, computed as square root of
squaredscalar magnitudes of X, Z [MDC_ECG_MAG_QRS_VECT
_HORIZ]

7-8 Max Sagittal QRS vector Magnitude, computed as square root of]
squared scalar magnitudes of Y, Z [MDC_ECG_MAG_QRS_VECT
_SAGI]

9210 Length of the vector of the QRS wave in Einthoven'’s frontal plane
[MDC_ECG_MAG_QRS_FRONT]

9 10 T Maximum Vector Magnitudes (Binary)

Magmitudes of the Maximmom Vector of thre-T-wave T the XY Z space amdim
the Frontal, Horizontal, Sagittal and Einthoven’s frontal planes.
Values are in pV (unsigned integers). Codes defined in 5.10.3.1 apply.
Byte Contents
-2

1 Max Spatial T vector Magnitude, computed as square root of]

squared scalar magnitudes of X, Y, Z [MDC_ECG_MAG_T_VECT)]

3-4 Max Frontal T vector Magnitude, computed as square root of
squared scalar magnitudes of X, Y
[MDC_ECG_MAG_T_VECT_FRONT]

5-6 Max Horizontal T vector Magnitude, computed as square root of
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TAG | LENGTH VALUE (Parameter data)

squared scalar magnitudes of X, Z [MDC_ECG_MAG_T_VECT_HORIZ]

7-8 Max Sagittal T vector Magnitude, computed as square root of
squared scalar magnitudes of Y, Z [MDC_ECG_MAG_T_VECT_SAGI]

9-10 Length of the vector of the T wave in Einthoven’s frontal plane
[MDC_ECG_MAG_T_FRONT]

10 24 Jyy Azimuth and Elevation (Binary)

Azimuth and Elevation of the spatial vector at yy ms after the global end of the
QRScompltex{jpoint), whereyy="0,20;%40,60;, 80 orxx mittiseconds:

Values are in angular degrees (signed integers). Codes defined inl 5/10.3.1
apply.
Byte Contents
1-2  ]J0 Azimuth [MDC_ECG_ANGLE_]J_AZIM]
3-4 ]JO Elevation [MDC_ECG_ANGLE_]J_ELEV]
5-6  J20 Azimuth [MDC_ECG_ANGLE_]J20_AZIM]
7-8 ]J20 Elevation [MDC_ECG_ANGLE_]J20_ELEV]
9-10 J40 Azimuth [MDC_ECG_ANGLE_J40_AZIM]
11-12 ]J40 Elevation [MDC_ECG_ANGLE_J40_ELEV]
13-14 ]J60 Azimuth [MDC_ECG_ANGLE_]60_AZIM]
15-16 ]60 Elevation [MDC_ECG.ANGLE_]J60_ELEV]
17-18 ]80 Azimuth [MDC_ECG_ANGLE_]80_AZIM]
19-20 ]80 Elevation [MDCZECG_ANGLE_]J80_ELEV]
21-22 Jxx Azimuth JMDC_ECG_ANGLE_]Jxx_AZIM]
23-24 Jxx Elevation[MDC_ECG_ANGLE_]Jxx_ELEV]
For the definition(of xx see Tag 15.

11 12 Jyy Vector Magnitude (Binary)

Magnitude(of the spatial vector at yy ms after the global end of the QRS
complex (J-point), where yy = 0, 20, 40, 60, 80 or xx milliseconds.

Magnitudes are computed as square root of squared scalar magnitudes ¢fX, Y,
Z(Values are in pV (unsigned integers). Codes defined in 5.10.3.1 apply.

Byte Contents
1-2 ] Vector Magnitude [MDC_ECG_MAG_]J_VECT]
3-4  ]J20 Vector Magnitude [MDC_ECG_MAG_]J20_VECT]
5-6  ]J40 Vector Magnitude [MDC_ECG_MAG_]J40_VECT]
I\ 1

7 Q 160 \Voctor Magni IDC ECC MAC 160 VVECT

da
77— O JOU—VECTOT A'Ausll}Luu\, [P C_LCO_IVIIYaO_JOU_V LG

9-10 ]80 Vector Magnitude [MDC_ECG_MAG_]J80_VECT]
11-12 Jxx Vector Magnitude [MDC_ECG_MAG_Jxx_VECT]
For the definition of xx see Tag 15.

12 14 Additional QTC measurements (if any) (Binary)

This Tag shall only be used if more than one corrected QT Interval needs to be
stored, in addition to the one already reported in bytes 5-6 of this additional
global measurements block.

All values are in ms (unsigned integers)
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TAG | LENGTH VALUE (Parameter data)

Byte Contents

1-2  QTc (ms) (Corrected QT interval, correction method unknown or
unspecified) [MDC_ECG_TIME_PD_QTC_NOS_GL]

3-4  QTcB (ms) (Corrected QT interval, Bazett formula.
[MDC_ECG_TIME_PD_QTC_BAZETT] and
[MDC_ECG_TIME_PD_QT_CORR_GL]

5-6 QTcH (ms) (Corrected QT interval, Hodges formula)

[MDC ECG TIME PD QTC HODGES]

7-8 QTcFR (ms) (Corrected QT interval, Framingham formula)
[MDC_ECG_TIME_PD_QTC_FRAMINGHAM]

9-10 QTcF (ms) (Corrected QT interval, Fridericia formula)
[MDC_ECG_TIME_PD_QTC_FREDERICA]

11-12 QTcL (ms) (Corrected QT interval, Linear formula)

13-14 QTcU (ms) (Corrected QT interval, User defined)
[MDC_ECG_TIME_PD_QTC_USER]

13 19 Editable Intervals and durations (Binary)
All interval and duration values are stored in milliseconds (unsigned integer)

Byte  Contents

1 Binary: Confirmed / Nonconfirmed measurements

Value Type

0 Original measurements (not overread).

1 Confirmedsmeasurements.

2 Overread measurements, but not confirmed.

2-3 PP interval, fromactual P wave to P wave of preceding beat
[MDC_ECG_TIME_PD_PP_GL]

4-5 RRintervalfrom actual QRS to preceding beat
[MDC_ECG_TIME_PD_RR_GL] and [MDC_ECG_RR]

6-7 RRAorQTC, RR interval used for computing corrected QT intervals
(tisually the mean RR interval of the analysed ECG sequence).
Semantically equivalent to [MDC_ECG_TIME_PD_RR_GL] and to
[MDC_ECG_TIME_PD_RR_GL_MEAN], depending on the method
used for computing RR

8-9 PQ interval (also called PR interval) duration: P onset to QRS onset
[MDC_ECG_TIME_PD_PQ_GL]

10-11 P wave duration: P onset to P offset [MDC_ECG_TIME_PD_P_GL]

12-13 PQ segment (also called PR segment) duration: P offset to QRS
onset [MDC_ECG_TIME_PD_PQ_SEG_GL]

14-15 QRS complex duration: QRS onset to QRS end
[MDC_ECG_TIME_PD_QRS_GL]

16-17 QT interval duration: QRS onset to T offset (not corrected for heart
rate) [MDC_ECG_TIME_PD_QT_GL]

18-19 QTU interval duration: QRS onset to U wave offset, used when T
and U waves are fused and T offset can thus not be determined
[MDC_ECG_TIME_PD_QTU_GL]

This editable interval and duration measurements block shall be protected
56
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TAG | LENGTH VALUE (Parameter data)
against automatic update by computer measurement programs if already
confirmed or overread.
NOTE1 The PP an RR measurements stored in this measurement block are
different from the average PP an RR intervals stored in 5.10.3.2, bytes 3 to 6, and
make sense only if the analysed complex is a selected one.
NOTE2 RR for QTC is usually identical to the average RR interval stored in
5.10.3.2, bytes 3 to 4, but can be different in case the heart rate is unstable.
14 2 Global T wave onset (Binary)
Global onset of the T wave, in milliseconds (unsigned integer)
Byte Contents
1-2 T onset [MDC_ECG_TIME_START_T_LEAD_CONFIG]
NOTE3 T onsetis given as for QRS onset and offset in milliséconds from either the
beginning of the reference beat or from the beginning of the ECG record (see 5J10.3.3,
NOTE 1). It is typically computed as the earliest T onset-of each individual lead or
determined from the spatial loop using spatiotemporakcriteria.
15 2 Jxx Time Point definition for ST-Jxx lead-by-lead ST measurements and
Jxx Vector Magnitude, Azimuth and Elevation measurements (Binary)
Definition of a reference time point Xx ms after the global end of the QRS
complex for lead-by-lead potential“measurements in ST segment and Jxx
vector measurements.
Byte Contents
1-2 xx in millisecands (unsigned integer) [MDC_ECG_TIME_ST_Jxi]|
NOTE4  The REFID jof-the corresponding lead-by-lead ST-Jxx measurenjent is
MDC_ECG_AMPL_ST;-s€e’5.13.6, bytes 69 to 70.
16 2 Heart rate (Binhary)
Heart rate;, method of calculation unspecified
Byte Contents
12 Heart rate, in beats/minute (unsigned integer)
[MDC_ECG_HEART_RATE]
127551) (none)~'|Reserved for future use
255 0 None (section terminator).
For thé-angles of the vectors in the (X, Y, Z) space, the conventions shown in Figure 11 shall be used.
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5.10.4 Manfufacturer specific global measurement block

Transverse

> X

Frontal plane: (X;Y) ; Sagittal plane: (Y,Z)
Transverseor.Horizontal plane: (X,Z)

4 o Azimuth of OM, o € [-180°,+180°]
Y ©: Elevation of OM. 6 € [-90°,+90°]

Figure 11 — Angle definitions in the X, Y, Z space

A block|with variable length.for manufacturer specific global measurements can be added tq this
section,|after the data on-additional measurements.

The start of the manufacturer specific block (counting from the beginning of the Section ID Header)
shall be|derived from the information given for the global ECG measurement data. For example, if
the megsurement’blocks contain global measurements for each reference beat type (the number of
main measureément blocks is equal to the number of reference beat types), the start of the
manufagturver specific block will be 16 (i.e. the size of the “Section ID Header”, see 5.2.7) + 6 +
(Number of reference beat types times 16) + (Number of pacemaker spikes times 4) + (Number of
pacemaker spikes times 6) + (2 + Number of QRSs) + (9 + the number of bytes of the tagged global
measurements area) + 1. The end shall be given in the Section ID Header by the total length of the
section (bytes 5 to 8 of the Section ID header), including the 16 bytes of the Section ID Header (see
5.2.7), the length of the manufacturer specific block, and the padding byte, if any (see 5.2.1).

5.10.5 Overview of the data part of the global measurements section

An overview of the data part of Section 7, global measurements, is presented in Figure 12.

58
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Header Main PQRST |Pacemaker spike | Pacemaker spike | QRS type |Addit Global| Manufacturer
Meas Data Meas., if any Info, if any information Meas Specific Block
6 var var var var var var
1/
# of Main # of RR b.p #of |Typeoff, [/ Type of
Meas pacemaker . . QRS |1stQRS last QRS
blacks spikes | interval|interval > p 1T p
1 1 2 2 \
]
Data on | Data on Data on
/L 1st spike |2ndspike | "/ " | last spike
Meas 1st Meas last 6 6 M 6
PQRST | /[ PQRST / l\
[N
/ 16 '\76 Type of| Source| Trigger | Pulse
~ spike Jof spike| index width
H P |QRS|QRS| T | P |QRS| T 7 7 2 P)
oh | off | on | off | off |axis| axis | axis —
2 2 2 2 2 2 2 2
t L
. Tagged| 1s
Vent| Atrial QTe Formula fields |tagged Tag
rate | rate type . ; 255
. size | field
[N
Meas for | Meas for Meas for 2 2 2 1 2 var K 2
Istspike | 2ndspike | // " | last spike
4 / 4 K 4
Location | Amplitude An example of a tagged field, e.g., Tag O:
of spike | of spike TaalLen Max- |HRcorr.| QT |HR corr. Formula
> 2 (0)g 5) Min | Max-Min| sdev |QT sdev| tvpe
Disper. | Disper. |Disper.| Disper. yp
1 1 1 1 1 1 1
Figure 12 — Overview of the data part of the global measurements section
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5.11 Storage of full text interpretive statements - Section 8

5.11.1 This section contains a text version of the latest diagnostic interpretation of the ECG.
5.11.2 If present, the section shall start with a “Section ID Header” as defined in 5.2.7.

5.11.3 The data portion of this section includes a data header followed by multiple statements.

5.11.4 Data part Header

The header Mememmmm—vﬁhﬁrage
and/or overreading of the interpretive statements, and the number of stored statements. Its format is

as follows:

Byte Contents

1 Binary: Textual interpretation report overreading Confirmation Status
Value Type

) Original report (not overread)

| Confirmed report

P Overread report, but not confirmed

to3 Binary: Year (Full integer notation, as in 2018).

Binary: Month (range 01 to 12; 01 = January)

Binary: Day (range 01 to 31)

2

4

5

6 Binary: Hours (range 00 to 23)

7 Binary: Minutes (range 00 to 59)

8 Binary: Seconds (range 00 to 59)

9 Binary: Number of statements in this section

10to 11 pigned Integer: Date&Tiine Time Zone (TZ), specified as an offset from UTC in minutes.
bemantically equivalent to MDC_ATTR_TIME_ZONE

[he content of this'field shall identify the time zone related to the local time stored here
hbove in bytes-2/to 8. The format shall be identical to the Time Zone format specified in
hytes 1-2-0f'Tag 34 in Table 2. In case the local Time Zone is unknown, TZ shall be set tp
Dx7FFE.

12to 16 Reserved for future use. Shall be set to Null (0)

The date and time (bytes 2 to 8] of the storage and/or of the overreading of the interpretive statements
shall be expressed as local time in the Time Zone of the overreader or of the interpretive device. Date
and time are semantically equivalent to MDC_ATTR_TIME_ABS

NOTE TZ has been introduced to specify the Time Zone of a remote overreading physician in case he/she is
not located in the same Time Zone as the acquiring device.

The different statements then follow, starting from byte 17 on. The format for each single statement is
defined hereafter in 5.11.5 and 5.11.6.

5.11.5 Statement data format
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Each statement consists in a variable length text string field and is identified by an incremental
sequence number. Its format is as follows:

arting

Byte Contents

1 Binary: Statement sequence number, starting with 1

2to3 Binary: Statement body length (number of bytes in the statement body field, st
with the first byte following this Statement body length field, and including the NULL
terminator).

4 to *** Statement body: UTF-8 encoded text string terminated by NULL.

5.11{6 No codes are allowed in the statements, unless accompanied by descriptive text.
5.11{7 Overview of the data part of the full text interpretive statements section

An oyerview of the data part of section 8, full text interpretive statements, is provided in Fig

5.12
ovel

5.12

and pverreading trail of the interpretation. The source of the analysing device and the
reading physician (or device) are defined in the “Header Section” (Section 1)

over

ure 13.

Header Statement 1 Statement 2
[
Confirm. Date | Time Number of 17z |ReSérved Sequence Length Statement
Status statements| number body
/ /\ \ 5 1 2 / var \
Year |Month | Day Hour : . Text | NULL
2 1 1 7 1 1 var 1

Figure 13 — Overview of the data part of Section 8

Storage of tnanufacturer specific interpretive statements and data related
reading trail - Section 9

1 This'section is reserved for manufacturer specific diagnostic statements of the anal

| to the

ysing device
hame of the

5.12.

5.12.

5.13

5.13.

2 If present, the section shall start with a “Section ID Header” as defined in 5.2.7.

3 The structure and format of the data part of this section are manufacturer specific.
Per-lead ECG measurements - Section 10
1 General

This section contains the per-lead measurements of the type 0 reference beat. The measurements are
stored in separated blocks, one per recorded lead. The standard measurements and their format are
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listed below in 5.13.6. A manufacturer specific area, and a list of special codes for peculiar conditions
have been provided.

5.13.2 Section ID Header

If present, the section shall start with a “Section ID Header” as defined in 5.2.7.

5.13.3 Data part content

The data part of the per-lead ECG measurements section consists of a data part header followed by as
many lead measurement blocks as there are measured leads (one lead measurement block for each

measured l¢

a) Lead id¢
b) Length
bytes).
c) Fixed bl
fields; 2
d) Manufa
guidelin

The starting
backwards (
remove thes
allowed sp
measureme

5.13.4 Speg

Special codg
have been r¢

29 999 (dec
29 998 (dec

19 999 (decimal)

5.13.5 Per

I:al) Measurement ngt computed by the program.
imal) Measurement.result not found due to rejection of the lead by measure
programy

ad ). Each lead measurement block shall consist oI Tour nelds:

entifier (Binary 2 bytes). Refer to 5.6.4, byte 9, for lead numbering scheme.

[unsigned integer) of the lead measurement block in bytes, excluding bytes £t0'4 (Bing

ock length (196 bytes), containing up to 84 basic measurements (signed integers) (B
bytes each).

Cturer per-lead measurement area, if any, starting from byte 201 on (Binary). No sp
es are included for the layout or format of this manufactuper’specific block.

byte and the space left for the manufacturer specific measurement area are no Ig
ompatible with SCP-ECG versions 1.x and 2.x. Manufacturers must use section versioni
e limitations or, if the number of manufacturer-specific measurements is larger tha
ice, use manufacturer specific sections.for* storing these manufacturer specific
Its.

ial codes utilization specification

s, as defined in the CSE Project'and in section 7 Global measurements, subclause 5.1
pserved to indicate:

corkesponding lead.

lead ECG measurements data header

ry; 2

nary

bcific

nger

ng to

h the
ECG

D.3.1,

ment

Measurement not found because wave (e.g. Q wave) was not present in the

The header

pf'the data part of this section contains the number of leads for which a measurement |

block

is transmitted (binary, 2 bytes), followed by 2 bytes reserved for manufacturer-specific information.

5.13.6 Lead measurement block format

Let Pon, QRSon and Ton be called the local (ie lead specific) onsets and Poff, QRSoff and Toff be called

the local (i.e

. lead specific) offsets of the P, QRS and T-wave respectively.

Then, each lead measurement block shall consist of:

Byte

62
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3to4
5to6

7to8
9to 10
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Lead ID
Length of the lead measurement block

P-duration (ms) (total P-duration, from Pon to Poff in specified lead, including all P-wave
components, viz P+, P-, P, P”, etc. components) [MDC_ECG_TIME_PD_P] and
[MDC_ECG_WAVC_PWAVE_DURN)]

PR-interval (ms) (from Pon to QRSon in specified lead) [MDC_ECG_TIME_PD_PQ]

QRS-duration (ms) (from QRSon to QRSoff in specified lead) [MDC_ECG_TIME_PD_QRS]
and [MDC_ECG_WAVC_QRSWAVE_DURN]

11t 12

13 t¢ 14

15tp 16
17t¢ 18
19t 20
21tg 22
23t¢ 24
25t 26
27 t¢ 28
29t¢ 30
31tg 32
33t9 34

35t9 36
37 t¢ 38
39 t¢ 40
41 tg 42
43 tg 44

45 t¢ 46
47 t¢ 48

QT-interval (ms) (from global QRS onset to Toff in spedified lead
[MDC_ECG_TIME_PD_QT] and [MDC_ECG_WAVC_QRSTWAVE_DURN] (see Note #)

Q-duration (ms) [MDC_ECG_TIME_PD_Q] and [MDC_ECG.WAVC.QWAVE_DURN] and
[MDC_ECG_WAVC_QSWAVE_DURN]

R-duration (ms) [MDC_ECG_TIME_PD_R_1] and [MDC_ECG_WAV& RWAVE_DURN)]
S-duration (ms) [MDC_ECG_TIME_PD_S_1] and [MDC_ECG WAVC_SWAVE_DURN]
R'-duration (ms) [MDC_ECG_TIME_PD_R_2] and [MDC_ECG_WAVC_RRWAVE_DURN]
S'-duration (ms) [MDC_ECG_TIME_PD_S_2] and [MDC: ECG_WAVC_SSWAVE_DURN]
Q-amplitude (uV) [MDC_ECG_AMPL_Q]
R-amplitude (uV) [MDC_ECG_ELEC_POTL_R.1]
S-amplitude (uV) [MDC_ECG_ELEC_POTLS_1]
R'-amplitude (uV) [MDC_ECG_ELEGPOTL_R_2]
S'-amplitude (uV) [MDC_ECG_ELEC_POTL_S_2]

J-point-amplitude (uV) (amplitude of the J-point = amplitude at the global @nd of QRS)
[MDC_ECG_AMPL ]

P(+)-amplitude (uVy)

P(-) -amplitudé (uV)

T(+)-amplitude (uV) [MDC_ECG_AMPL_T_MAX]
T(-)-amplitude (uV) [MDC_ECG_AMPL_T_MIN]

ST-=slope (uV/s) (Slope of ST-segment, from global end of QRS plus 20 ms to global end of
QRS plus 60 ms, in specified lead) [MDC_ECG_SLOPE_ST]

P morphology description, as defined below in 5.13.6.1

T morphology description, as defined below in 5.13.6.1

49 to 50

51to 52

53to 54

55to 56
57 to 58

Iso-electric segment at onset of QRS (in ms) (Segment I, from global onset of QRS to
QRSon in specified lead) [MDC_ECG_WAVC_IWAVE_DURN)]

Iso-electric segment at the end of QRS (in ms) (Segment K, from QRSoff in specified lead
to global QRS end) [MDC_ECG_WAVC_KWAVE_DURN|

VAT (ms) (Ventricular Activation Time) [MDC_ECG_TIME_PD_VENT_ACTIV] and
[MDC_ECG_WAVC_VAT_DURN]

Quality code reflecting ECG recording conditions, as defined below in 5.13.6.2
ST-amplitude at the global end of QRS (J-point) plus 20ms (uV)
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59to 60

61 to 62

63 to 64
65 to 66
67 to 68

69 to 70

71to 72

73to 74

75t0 76

77 to 78

79 to 80

81to 82

83 to 84

85to0 86

87 to 88

89t0 90

91 to 92
93 to 94
95to 96
97 to 98
99 to 100
101 to 102
103 to 104
105 to 106

107 to 108

64

[MDC_ECG_ELEC_POTL_ST_20]

ST-amplitude at the global end of QRS (J-point) plus 60ms (uV)
[MDC_ECG_ELEC_POTL_ST_60]

ST-amplitude at the global end of QRS (J-point) plus 80ms (uV)
[MDC_ECG_ELEC_POTL_ST_80]

ST-amplitude at the global end of QRS (J-point) plus 1/16 average R-R interval (uV)
ST-amplitude at the global end of QRS (J-point) plus 1/8 average R-R interval (pV)
ST-amplitude at global end of QRS (J-point)  plus 40ms  (uV)

[MDC_ECG_ELEC_POTL_ST_40]

ST-Jxx (uV) (ST-amplitude at global end of QRS (J-point) plus\xX |ms)
[MDC_ECG_AMPL_ST]

ST-segment shape (immediately after global end of QRS), as defined ,below in 5.18.6.3
[MDC_ECG_SHAPE_ST] (see Note 11)

Second ST-T segment shape (after ST-T inflection point, or -after global enfl of
QRS+100 ms), as defined below in 5.13.6.3 [MDC_ECG_SHAPE_STT] (see Note 11)

Pon (ms) (onset of P-wave in the specified lead) [MPC_ECG_TIME_START_P]|and
[MDC_ECG_WAVC_PWAVE_ONSET)

Poff (ms) (end of P-wave in the specified, lead) [MDC_ECG_TIME_END_P] [and
[MDC_ECG_WAVC_PWAVE_OFFSET)

QRSon (ms) (onset of QRS-wave in the specified lead) [MDC_ECG_TIME_START_QRS] and
[MDC_ECG_WAVC_QRSWAVE_ONSET)

QRSoff (ms) (end of QRS-wave in the, specified lead) [MDC_ECG_TIME_END_QRS]|and
[MDC_ECG_WAVC_QRSWAVE_OFFSET)

Ton (ms) (onset of T-waven>the specified lead) [MDC_ECG_TIME_START_T]|and
[MDC_ECG_WAVC_TWAVE_ONSET]

Toff (ms) (end of T-wave in the specified lead) [MDC_ECG_TIME_END_T] [and
[MDC_ECG_WAVC_TWAVE_OFFSET)

PRseg duration (ms)(from Poff to QRSon in specified lead) [MDC_ECG_TIME_PD_PQ_BEG]
and [MDC_ECGWAVC_PRSEG_DURN)]

QTU (ms) {QPU interval, from global onset of QRS to end of U-wave in specified lead)
[MDC_ECGTIME_PD_QTU]

P(+)-duration (ms)
P(-)-duration (ms)

R”-duration (ms) [MDC_ECG_TIME_PD_R_3] and [MDC_ECG_WAVC_RRRWAVE_DURN)]
S”-duration (ms) [MDC_ECG_TIME_PD_S_3] and [MDC_ECG_WAVC_SSSWAVE_DURN]
R”-amplitude (uV) [MDC_ECG_ELEC_POTL_R_3]

S”-amplitude (uV) [MDC_ECG_ELEC_POTL_S_3]

Rmax (uV) (maximum amplitude of R-wave) [MDC_ECG_AMPL_R] (see Note 14)

Smin (pV) (minimum amplitude of S-wave, i.e. maximum value of the absolute amplitude
values of the different S-waves) [ = - Smax, MDC_ECG_AMPL_S] (see Note14)

Pintegral ((uV x ms)/100) (Integral of P-wave in the specified lead, computed from global
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113to 114
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P onset up to the global P end) [MDCECG_INTEGRAL_P] and

[MDC_ECG_.WAVC_PWAVE_INTEGRAL]

Parea ((LV x ms)/100) (Area of P-wave in the specified lead, computed from global P
onset up to the global P end) [MDC_ECG_AREA_P] and [MDC_ECG_WAVC_PWAVE_AREA]

Qintegral ((1V x ms)/100) (Integral of Q-wave in the specified lead, computed from global
QRS onset up to the end of Q wave or up to the global QRS end in case of a QS wave)
[MDC_ECG_INTEGRAL_Q] and [MDC_ECG_WAVC_QWAVE_INTEGRAL]

Qarea ((1V x ms)/100) (Area of Q-wave in the specified lead, computed from global QRS
onset up to the end of Q wave or up to the global QRS end in case of a QS wave)

115fo0 116

117 ko 118

1190 120

121 o 122

1230 124

125F0 126

127 ko 128

129 o 130

1310 132

1330134

[MDC_ECG_AREA_Q] and [MDC_ECG_WAVC_QWAVE_AREA]

QRSintegral ((uV x ms)/100) (Integral of QRS-wave in the specified lead, computed from
global QRS onset up to the global QRS end) [MDC_ECG_INTEGRAL_QRS] and
[MDC_ECG_WAVC_QRSWAVE_INTEGRAL]

QRSarea ((1V x ms)/100) (Area of QRS-wave in the specified lead, computed [from global
QRS onset up to the global QRS end) _[{MDC_ECG_AREA_QQRS] and
[MDC_ECG_WAVC_QRSWAVE_AREA]

ST-Tintegral ((uV x ms)/100) (Integral of the ST-T segment in the spgcified lead,
computed from the global end of QRS<{up to the global onget of T)
[MDC_ECG_INTEGRAL_ST] and [MDC_ECG_WAVC<STSEG_INTEGRAL]

ST-Tarea ((uV x ms)/100) (Area of the ST-T*Segment in the specified lead, conpputed from
the global end of QRS up to the .global onset of T) [MDC_ECG_AREA ST] and
[MDC_ECG_WAVC_STSEG_AREA]

Tintegral ((1V x ms)/100) (Integralof T-wave in the specified lead, computged from the
global onset of T up to_the global end of T) [MDC_ECG_INTEGRAL_T] and
[MDC_ECG_WAVC_TWAVE_INTEGRAL]

Tarea ((LV x ms)/100)(Area of T-wave in the specified lead, computed from the global
onset of T wup- to the global end of T) [MDCECG_ARBEA T] and
[MDC_ECG_WAVC_TWAVE_AREA]

P1-localization{(ms) (Duration of the interval between global P onset and firsft extremum
of the P wavée in the specified lead) [MDC_ECG_TIME_PD_P1] (see Note 18)

P2-localization (ms) (Duration of the interval between global P onset and second

extremum of the P wave in the specified lead) [MDC_ECG_TIME_PD_P2]

P3<localization (ms) (Duration of the interval between global P onset and third extremum
of the P wave in the specified lead) [MDC_ECG_TIME_PD_P3]

P1-duration (ms) (Duration of the first deflection in P wave)

1350136

137 to 138

139 to 140

141 to 142

143 to 144

© IS0 2023 - All rights reserved

P2=duratiom —(ms)—(Duratiom—of —the —Second— deftfectiom —1im — P wave)

[MDC_ECG_WAVC_PPWAVE_DURN)]

P3-duration (ms) (Duration of
[MDC_ECG_WAVC_PPPWAVE_DURN]

the third deflection in P  wave)

P1l-amplitude (uV) (Amplitude level of the first extremum of the P-wave in the specified
lead)

P2-amplitude (uV) (Amplitude level of the second extremum of the P-wave in the
specified lead)

P3-amplitude (uV) (Amplitude level of the third extremum of the P-wave in the specified
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lead) [MDC_ECG_AMPL_P3]

145to 146 Pmax (uV) (maximum amplitude of P-wave) (see Note 21)
147 to 148 Pmin (pV) (minimum amplitude of P-wave) (see Note 21)
149 to 150 Jo-localization (ms) (Duration of the interval between global QRS onset and onset of end
QRS notch in the specified lead)
151to 152 Jp-localization (ms) (Duration of the interval between global QRS onset and the peak of an
end QRS notch or the onset of an end QRS slur in the specified lead)
153 to 154 D1-duration (ms) (Duration from Jo to Jp in the specified lead)
155 to 156 | D2-duration (ms) (Duration from Jp to Jt (end of end QRS notch) in the specified lead)
157 to 158 | Jo-amplitude (uV) (Amplitude level of the Jo point in the specified lead)
159 to 160 | Jp-amplitude (uV) (Amplitude level of the Jp point in the specified lead)
161 to 162 | QTc (ms) (Corrected QT interval, correction method unknown or spedified elsewherg, viz
in the physician’s guide) [MDC_ECG_TIME_PD_QTC_NOS]
163 to 164 | QTcB (ms) (Corrected QT interval, Bazett formula) [MDC.EEG_TIME_PD_QTcB]|and
[MDC_ECG_TIME_PD_QT_CORR]
165 to 166 | QTcF (ms) (Corrected QT interval, Fridericia formula) [MPC_ECG_TIME_PD_QTcF]
167 to 168 | QTcL (ms) (Corrected QT interval, Linear formula)
169 to 170 | PP interval (ms) (mean PP interval in specified lead) [MDC_ECG_TIME_PD_PP] (see Note
24)
171to 172 | RR interval (ms) (mean RR interval in specified lead) [MDC_ECG_TIME_PD_RR] (see Note
24)
173 to 200 | Reserved for future use
201 to *** | Manufacturer specific block for measurement results
All measurements shall be expressed as:signed integers. The amplitudes of the Q, S, S’, S”, T(-) and P(-)
waves and Hmin, Smin shall be expressed as negative integers, as well as the J-point amplitude and |+20,
J+40, J+60, ]+80, Jxx, ]+RR/16, ]+RR/8, P1, P2, P3, ST-slope and all integrals, when they are negative.
Note that the J-point (J), sométimes also called Junctional point or ] termination (Jt, see ] Am Coll
Cardiol. 2015;66(4):470-477}36]), is the same as the global QRS-end location.
Bytes 173 to 200 have to” be set to zero and need to be transmitted if a manufacturer spegcific
measurement block is-included.
NOTE1  All upper-case format 11073-10102 REFIDs listed in this section are per-lead ECG measurements
REFIDs. They| apply‘to a specific ECG lead (identified in bytes 1-2) and are typically encoded by appending the 8-
bit MDC_ECG]diserim_LEADS discriminator. For example, the P-wave duration in Lead V2 (Lead ID = 02) would be

identified as MDC_ECG_TIME_PD_P_LEAD_V2. Alternatively, several per-lead measurements can also be encoded
as 11073-10102 ECG WAVC wave components. The corresponding REFIDs are typed in upper case italic format.
For example, although the preferred REFID for representing the Q wave duration in Lead V2 (Lead ID = 02) would
be MDC_ECG_TIME_PD_Q_LEAD_V2, the latter can also be identified as MDC_ECG_WAVC_QWAVE_DURN. The
MDC_ECG_WAVC type REFIDs however cannot contain any lead ID information. The relationship to Lead V2 can
thus be either explicitly indicated for example by XML message structure (by using MDC_ECG_LEAD_V2 identifier
when exporting to an XML file), or implicitly by using a table structure similar to the present measurement block
structure.

NOTE 2  Manufacturers using other areas of interest (onset and/or end of the time fiducials) than the ones
recommended in the present section when measuring durations, time intervals, areas, integrals and slopes
typically specify the method they are using in the physician's guide.
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NOTE 3

NOTE4  Using this definition for measuring the per-lead QT-intervals will remove QRS onset variability when
measuring QT interval dispersion.

NOTE5  There are different methods for measuring Q, Rand S (or R’, S', R” and S") durations. Some include the I
and K isoelectric segments. The typical method is to exclude the isoelectric segments durations from the initial
and terminal wave durations, and to store I and K durations separately, see European Heart Journal 1985; vol.6,
pages 815-825 [44]. Manufacturers who are including the isoelectric segments durations in the initial and
terminal wave durations typically specify which method they are using in the physician's guide.

PR-interval is also called PQ-interval in Europe

NOTE 6  For the determination of the global end of QRS (J-point), see European Heart Journal 1985; vol.6, pages
815-825 [44] and ] Am Coll Cardiol, 2015;66(4):470-477 [36]

NOTH7 P+ (respectively P-) amplitudes can take the same values as [MDC_ECG_AMPL_P_MAX]|(respectively
[MD(J_ECG_AMPL_P_MIN]), depending on P-wave morphology.

NOTHE 8  For the definition of the iso-electric segments I and K see European Heart Journal 1985; vol.6, pages
815-825 [44]. Briefly, "I" is the interval between the global onset of QRS derived from all\simultaneopsly recorded
leads|and QRSon, the onset of QRS in a specific lead. Conversely, "K" is the time between QRSoff, the pnd of QRS in

a spefific lead, and the global end of QRS.

NOTHE9  The ventricular activation time (VAT), also called time to the onset of the Intrinsic of Intrinsicoid
Defleftion, is measured from global QRS onset to the latest positive QRS peak, i.e. to the peak of thel R wave or, if
presgnt, to the peak of the R' or R" waves in a specified lead.

NOTH 10 Time Point xx for ST-Jxx lead-by-lead measurements is_ defined in clause 5.10.3.7 Addjtional Global
Measpirements, Table 8, Tag 15

NOTH
point

NOTH

11 ST morphology descriptors are computed from the first 100 ms following the global e
, see ] Am Coll Cardiol. 2015;66(4):470-477 [36].

12 Pon, Poff, QRSon, QRSoff, Ton and Toff arethe time in ms from the beginning of the refe

the specified lead.

nd of QRS (J-

rence beat, in

NOTH 13 PR segment is also called PQ segment\in Europe.

NOTH 14 Rmax and Smin are respectively computed as Max [R, R', R"-amplitude] and Min [S, S', S"-gmplitude].
NOTHE 15 Wave and ST segment Integrals are computed in (pVolt x millisecond)/100 by integrating signed
valuep from the global onset to the global offset of the corresponding waves.

NOTH
from

NOTH
wave

NOTH
Pl w
equal

NOTH

16 Wave and ST segmerit Areas are computed in (uVolt x millisecond)/100 by integrating ah
the global onset to the glebal offset of the corresponding waves.

17 Qintegral typically take the same absolute value as Qarea, but their values depend on the ¢
delineation and/baseline correction and on whether or not the isoelectric segment I is included.

18 M shapedand W shaped P-waves (see 5.13.6.1) are considered as P waves having only o
hose localisation corresponds to the peak with the largest absolute amplitude. In case the tw
amplitude; the first peak localisation is selected.

19 \ P1-duration is presently not semantically equivalent to MDC_ECG_WAVC_PWAVE_D

1107

solute values

orrectness of

ne extremum
0 peaks have

JRN. Indeed,

B-10102:2014 currently defines PWAVE as the “P wave”, instead of defining PWAVE as the firs

deflection in

P wave to be consistent with the PPWAVE definition.

NOTE 20

P_MAX] and [MDC_ECG_AMPL_P_MIN], respectively.

In 11073-10102:2014, P1-amplitude and P2-amplitude are ambiguously defined as [MDC_ECG_AMPL_

NOTE 21 Pmax and Pmin are respectively computed as Max [P1, P2, P3-amplitude] and Min [P1, P2, P3-
amplitude].

NOTE 22 For the definition of Jo, Jp, Jt, D1, D2 and end QRS notches or slurs, see ] Am Coll Cardiol.
2015;66(4):470-477 [36].

NOTE 23 The corrections for heart rate are performed on the QT interval defined in bytes 11 to 12, i.e. from
global QRS onset to Toff in the specified lead. The heart rate used for performing the corrections can be found in
5.10.3.7 Additional Global Measurements, Table 8, Tag 13, bytes 6-7. QTcB and QTcF have been introduced here
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for compatibility reasons with 11073-10102, but their use should be discouraged because they overcompensate
heart rate differences, see JACC 2009;53:982-91.

NOTE 24 Measurements in bytes 169-172 have been introduced for compatibility reasons with 11073-10102,
but do not make much sense as they convey the same information as the corresponding global measurements.

5.13.6.1 P and T morphology codes

The P and T morphology description codes (Bytes 45 to 48) are defined as follows:
Value Contents
0 unknown
1 [positive M
2 negative N\
3 positive/negative Vv
4 negative/positive Na
5 positive /negative/positive N
6 negative/positive/negative VAV
7 notched M-shape M
8 notched W-shape Y
5.13.6.2 Signal Quality codes
The ECG leafl signal Quality Code (Bytes 55 to 56) is defined as follows:

2 binary byt
of four class

The least sig
15.

Bit
Oto1l
2to3
4to5
6to7
8to9
10to 11
12to 13
14 to 15

eS.

nificant bit of byte 55 is defined as bit 0. Th&“most significant bit of byte 56 is defined

Contents

AC (mains) noise
overrange

wander

tremor or mugele artefact
spikes orsudden jumps
electragde loose or off
pacemaker

interchanged lead

es per lead, consisting of 8 two-bit fields. Each twebit pair represents the noise level in one

hs bit

The four noi

Level
0

1
2
3

68

se level classes of each of the eight 2 bit fields are coded as follows:

Class
none/no
moderate/yes
severe

unknown
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The ST and ST-T shape/morphology description codes (Bytes 71 to 74) are defined as follows:

Value Contents
0 unknown
1 horizontal
2 upward sloping
3 upward sloping, linear (linear_up)
4 upward sloping, concave (concave_up)
5 downward sloping
6 downward sloping, linear (linear_down)
7 downward sloping, concave (concave_down)
ISO 11073-10102:2014 has currently only defined four enumerated“values for coding §T and ST-T
shapp: concave_up, linear, concave_down, and unknown. Horizontal, upward sloping and downward
slopipg are recommended terms from ] Am Coll Cardiol. 2015;66(4):470-477 [36].
5.13{7 Overview of the data part of the per-lead measurements section
An oyerview of the data part of this section is presented in\Figure 14.
Measurements Measurements Measuremerjts
Header
of 1stlead of 2" lead of last leadl
/ 4 var, var var
/ \
Number Manuf. Meas. Block Standard Manufactufrer
. Lead ID
pf leads specific length measurements measurements
2 2 2 2 196 var
\
P-dur PR-dur // Reserved
/1
2 2 28
Figure 14 — Overview of the data part of the per-lead ECG measurements section
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5.14 Storage of the universal ECG interpretive statement codes - Section 11

5.14.1 General

This section contains the most recent interpretation and overreading data. Different coding schemes are
possible: (1) according to the Universal Statement Codes and Coding Rules defined in Annex B: (2)
based on the categorized AHA statement codes specified in reference [21]; (3) according to the CDISC
code (see reference [30]).

The three different coding schemes may coexist, i.e. and interpretive statement encoded according to
the SCP-ECG_Universal Statement Codes and Coding Rules may concomitantly also be encoded

according tg

The data co
ECG.

5.14.2 Sect]

If present, th
5.14.3 Sect

Data shall b

1) Univers

2)

3) Statemsq

4) Categor

5) CDISCc
To store th
Figure 15).

Only one stj
statements
assumed tha
except for
Statement C

5.14.4 Sect]

The data pat

the categorized AHA statement codes and CDISC code specifications.

htained in this section shall be consistent with the data in Sections 8, 9 and 18,Anno

jon ID header

1e section shall start with a “Section ID Header” as defined in 5.2.7.

jon data structure and format

 stored on a statement-by-statement basis. There are five fypés of statements possible

bl Statement Codes (as defined in Annex B).

Full Text (as used in Section 8).

nt Logic (identifying logical relationships between statements).
zed AHA statement codes [21]
bdes [30]

b five types of statementsythree separate statement data field types were defined

tement of type “Statement Logic” is allowed to identify the logical relationships bet
bf the other types.-If no “Statement Logic” type statement is included in the section
t all recorded statements are equally valid, and have no “special” relationship to each g
what is declared in the statement. The number of statements of the types “Univ
pdes”, “AHA’statement codes”, “CDISC codes” and “Full Text” are not restricted.

jon data part content

tated

(see

ween

it is
ther,
ersal

t of this section includes a data part header followed by one or more statements. The 13

yout

of the data part is presented in 5.14.5, Figure 15, and its content is explained hereafter.

5.14.4.1 Section data part Header

The header of the data part of the section contains the status and the time and date of the storage
and/or overreading of the interpretive statements, and the number of stored statements. Its format is

as follows:

70
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Byte Contents
1 Binary: Interpretation report overreading Confirmation Status
Value Type
0 Original report (not overread)
1 Confirmed report
2 Overread report, but not confirmed

to 3 Binary: Year (Full integer notation, as in 2018)

Binary: Month (range 01 to 12; 01 = January)
Binary: Day (range 1 to 31)

Binary: Hours (range 0 to 23) (time is always local time)
Binary: Minutes (range 0 to 59)
Binary: Seconds (range 0 to 59)

O© 0 9 o U1 »H» BN

Binary: Number of statements in this section
10t 11 Date&Time Time Zone (TZ), specified as an offset fromyUTC in minutes (signed integer).
Semantically equivalent to MDC_ATTR_TIME_ZONE

The content of this field shall identify the timeé zone related to the local time §tored here
above in bytes 2 to 8. The format shall be\identical to the Time Zone format $pecified in
bytes 1-2 of Tag 34 in Table 2. In case thé local Time Zone is unknown, TZ shall be set to
0x7FFF.

12t 16 Reserved for future use. Shall be set to Null (0)

The different statements then follow, starting from byte 17 on. The format for each single statement is
defi}ed hereafter in 5.14.4.2 and 5.14.413.

The ¢late and time information stored in this header (bytes 2 to 8) shall record the date and time of the
creation and/or storage of the latest interpretive statement stored in this section (in case byte 1 is 0), or
the date and time of the latest overreading or confirmation (in case the value of byte 1 is 1 or 2). Date
and time shall be expressed as local time in the Time Zone of the overreader or of the |[interpretive
devige. This informatioirmay be different from the date and time of the signal recording.

Dateland time are’semantically equivalent to MDC_ATTR_TIME_ABS.
NOTH TZ has'been introduced to respectively specify the Time Zone of a remote interpretive deyice and/or of

a renjote overreading physician, in case they are not located in the same Time Zone as the acquiring device.

5.14{4:2 Statement data format

Each statement consists in a variable length statement field and is identified by an incremental
sequence number.

Each statement field consists in a Statement type specifier followed by a variable length Statement
body.

The Statement body itself consists in one or more NULL terminated data parts, depending on the
Statement type (see 5.14.4.3). In the present version of this protocol, all data parts are UTF-8 encoded
text strings.

The format of each single statement and its statement body are as follows:
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Byte Contents

1 Binary: Statement sequence number. Each statement has been given a sequence number
(starting with 1) to allow easy binding by the Type 3 logical operands.

2to3 Binary: Statement field length (number of bytes in the statement field, including the
statement body Type ID byte and all NULL terminators in the statement body, see

F
4to** S

igure 15).

tatement field:

Byte Contents

1

21

5.14.4.3 Stc

Type 1:

Type 2:
Type 3:

Binary: Statement type ID

Value Type
Coded statement type, using SCP-ECG Universal Statement Codes

Full text type, as used in Section 8

1
2
3 Statement logic type, as described below in 5.14.4.3, Type 3
4 Coded statement type, using the AHA codes, see 5.14.4.3, Type |4
5

Coded statement type, using the CDISC codes, see 5.14.4.3, Type 5

0 Statement body data. Depend on the statement'body type specified in byte ] of
this statement field, terminated by NULL (0):

tement body data content specification in function of the statement type

[his type may contain one or more NULL (Q)4erminated data parts. Each data part shalll
Contain one or more coded statement(s),optionally followed by one or more modifiers,
hccording to the SCP-ECG Universal ECGiinterpretation statements coding rules (see
Annex B). Statements may be linked(by conjunctive terms, viz “_AND_” or “;AND;” (see
Annex B, B.3.5 “Conjunctive terms” and B.4.3 “Examples”).

Che data parts are of variable\length and the number of data parts is not restricted. The
bnly restriction is the totallength of all data parts together, which is 65 535 bytes
maximum.

[his type has one dafa part containing only text characters, and is NULL (0) terminated

This type has one data part containing only text characters, and is NULL (0) terminated
The content of this data part may be used to specify logical relationships between SCP-ECG
statements)of Type 1 or Type 4 by using logical operands acting on the SCP-ECG
statements referred to by their sequence number.

EXAMPLE “(1+2);3” where “+”=“0OR”, “;”=“AND”, and the parentheses “(..)” mark

Type 4:

72

brecedence. This means: statement nr. 1 OR statement nr. 2 AND statement nr. 3.

This type of statement body may contain one or more NULL (0) terminated data parts.
Each data part shall contain one or more categorized AHA primary statement codes linked
together by coded, general conjunctive terms such as “consider”, “or”, “and”, “with” and
“versus”, according to the latest encoding specifications and pairing rules described in the
“Scientific Statement from the American Heart Association Electrocardiography and
Arrhythmias Committee, Council on Clinical Cardiology; the American College of
Cardiology Foundation; and the Heart Rhythm Society” [21]. Each primary statement may
be optionally accompanied by one or more modifiers and/or by one or more secondary

statements.
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The data parts are of variable length and the number of data parts is not restricted. The
only restriction is the total length of all data parts together, which is 65 535 bytes

maximum.

Multiple AHA codes within each data part shall be concatenated by means of “_".

EXAMPLE The following ECG interpretation statements:

- Atrial fibrillation

- 0ld anterior myocardial infarction

Prohable left vantricular hunartranhy
Probable leftventricularhypertrophy
- ST-T changes compatible with left ventricular hypertrophy

of patient “X” may be represented by one SCP-ECG statement where the statementbody
four ) NULL terminated data parts respectively containing the four following.coded text

50
332_160
315_142
153

concatenated into one unique statement by means of'the “AND” conjunctive term (AHA

thus cannot be concatenated with any of the othery three statements. In this example, the

will contain
strings:

NOTE 1 The four textual ECG interpretation statements listed in the Type 4 example cannot be

rode 320).

Indeed, statement “Atrial fibrillation” has no directrelation to “Anterior Myocardial Infalrction”, and

re are in

fact two main categories of statements, one forthe cardiac rhythm and one for the QRS ¢ontour
interpretation. The three last statements canshowever be concatenated by means of the [AND”
conjunctive term, viz 332_160_320_315:¥42_153, which leads to an SCP-ECG statement|body
consisting in two data parts only.
NOTE 2 Unfortunately, AHA does$-not specify any syntax for concatenating different interpretive
statement codes. In this example; we have used “_“ to separate Primary Statements cod¢s 160 and
142 from their respective Modifiers (codes 332 and 315).

Type 5:  This type of statement:body shall contain one or more NULL terminated CDISC dodes, one
per data part.
EXAMPLE The previous four textual ECG interpretation statements may be encdded by one
SCP-ECG statement body field containing four NULL terminated data parts respectively containing
the following CDISC codes:
C111092
102685
C71076
€162766

NOTE 3  CDISC does not support the encoding of modifiers like probable or possible.

5.14.5 Overview of the data part of the universal ECG interpretation statement codes
section

storage

An overview of the data part of section 11, storage of the universal ECG interpretation statement codes,

is provided in Figure 15.
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Header

Statement 1

Statement 2

/ 9 | var var LMMW
\\ MW\

Cgt’;ft'lrjr: Date | Time gt:trzain‘i; Tz |Reserved Sﬁ:igfe Length St"’;it:;:e”t
1 4/\3 L7 2 5 1 2 ) var
_— T~ / \
Year | Month | Day Hour | Min. | Sec. Type | Statement
2 7 T 1 1 s bedy
R var K
_—— N
Type ID=1,4&5 |Data| NULL | Data| NULL
var 1 var 1
Type D=2 Text | NULL
var 1
Type ID = 3: Text-|NULL
var 1

Figure 15 — Overview of the data part of Section 11

5.15 Longqterm ECG rhythm data - Section 12

5.15.1 General

This section| contains the raw signal data for.different kinds of continuous ECG recordings. In order to
preserve random access to the record’s_segments, in this section no compression or encoding is
allowed. The use of this section is required only when there is the need to store several minutes (or
hours) of cantinuously recorded signal data, which would not fit in Section 6. Despite in principl¢ this
extension allows storing very long)recordings (up to several days), the final long-term ECG record size
is limited to}4 GiB by the total SGCP-ECG record length (see 5.2.5).

Since the npmber, kind and specification of the storage order of the long-term ECG leads ar¢ not
necessarily the same as.for the leads (specified in section 3) corresponding to Section 6 “Short{term
ECG rhythm|data” arid Section 5 “Encoded type 0 reference beat data”, this section has been designged to
be completdly self:standing, i.e. not dependent on the content of other sections, except for the pdtient
data and EC|G metadata stored in section 1. The section also provides a solution to supersede the [filter
settings prokzded in Section 1, Table 2_Tags 27 to 29_in case the filtering of the stored long-term ECG
signals is different from the filtering performed during the signal acquisition process.

NOTE This section only concerns continuous long-term ECG recordings and thus does not support
intermittent long-term recordings which is covered by sections 13 and 14. This section can also be used
complementarily to sections 13 and 14 to provide continuous monitoring of the ECG in protocol-based ECG
recordings.

5.15.2 Section ID Header

If present, this section shall start with a “Section ID Header” and shall include the proper data part, as
defined in 5.2.7. In particular, in the Section ID Header, the protocol version number stored in the
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Header byte 10 shall reflect the current version of this document, since versions V1 and V2 do not
support long-term ECG recordings (section 12 does not exist in SCP-ECG versions V1 and V2).

5.15.3 Data part content and format

The Section data part is composed of a header, a leads definition block and an ECG signals data block.

Unless specified otherwise, all text fields are encoded in UTF-8, all signal data are signed binary integers
coded in 2’s complement, and all other fields are unsigned binary integers.

5.15.4 Data part Header

5.15

4.1 Header format

The header has the following format:

Byte
1to 4

6td9

10
11to 14
15

to 17

18fo 21

22 ta24

Contents

Sampling rate (SR) in samples/s, (i.e. the number of samples-pef'second in ea
the long-term ECG signals stored in this section

Semantically equivalent to MDC_ECG_CGTL_VBL_SAMPLE_RATH

MDC_ATTR_SAMPLE_RATE

Number of leads enclosed in this section (#LS)

Ch lead) of

and

Number of samples per lead, assuming that dllthe recorded leads in this section have the

same duration (SPL) [MDC_ATTR_SAMPLE_@OUNT]

Number of bytes per sample (BS). Possible values are limited to 1, 2, 3 or 4. Recordings
from 12-bit systems shall be adapted4o 16-bit words by sign extension in 2’s cqmplement

notation.

Starting date of the ECG signal-acquisition (Date_rec). The format shall be compliant with

the “Date of Acquisition” format specified in the ECG metadata part of Section
format details, refer to Table 2, Tag 25).

1. (For the

Starting time of the~ECG signal acquisition (Time_rec). The format shall be compliant with

the “Time of Acquisition” format specified in the ECG metadata part of Section
format details, hefer to Table 2, Tag 26).

1. (For the

Date of the'last recording of the quality score annotation on the file (Dateann). It is
assuméd) that the lead signal quality score annotations of the whole ledd set are
performed on a same day, otherwise the date of the annotation of the last legd shall be
récorded. The format shall be compliant with the “Date of Acquisition” format specified in

the ECG metadata part of Section 1. (For the format details, refer to Table 2, Tag

Time of the quality score annotation on the file (Time_ann). The local time

25).
of the last

25to 26

Lo P 111 1.1 m1 £ —l 111 1 - R
qudIity SCUIC dIITTULAUIUIL STIdIT D TCLUTUCU. TIITC TOTIIIdU ST1dIT U COIIIPIIAIIUT WILT

the “Time

of Acquisition” format specified in the ECG metadata part of Section 1. (For the format

details, refer to Table 2, Tag 26).

Date&Time Time Zone (TZ) related to the quality score annotation. Specified as an offset

from UTC in minutes (signed integer).

TZ shall save the time zone corresponding to the local time stored here above in bytes 18

to 24. In case the local Time Zone is unknown, TZ shall be set to 0x7FFF.

Semantically equivalent to MDC_ATTR_TIME_ZONE

The format shall be identical to the Time Zone format specified in bytes 1-2 of Tag 34 in
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27

28to 29

30to 31

32

33to 62
63 to 66
67 to 70

variable

variable

Table 2.
Section specific Filter (re)Setting (FRST)
The definition of the values taken by this byte are:

0  The filter settings stored in Table 2, Tag 27, 28 and 29 are used. This means that

bytes 28 to 32 in this header shall be ignored.

1 The filter settings that shall be used for this long-term ECG section are specified

hereafter in bytes 28 to 32, regardless of the values stored in Table 2, Tag 27,
and 29. The new settings only apply to the long-term ECG.

28

High-pass filter (HPF) [MDC_ECG_CTL_VBL_ATTR_FILTER_HIGH_PASS]

This field contains the “cut-off” frequency (-3 dB) of the analogue or digital high-p
baseline filter used for processing the stored long-term ECG signals, in units, of(1/1
Hertz. This value shall be reset (or discarded) if FRST = 0.

A value of OXFFFF in this field means that the filter setting was not specified.

A value of zero in this field means that the recorded signals were DC=coupled and that
high-pass filtering was performed.

Low-pass filter (LPF) [MDC_ECG_CTL_VBL_ATTR_FILTER_CUTOFF_FREQ]

This field contains the “cut-off” frequency (-3 dB) of the analogue or digital low-p
filter used for processing the stored long-term ECG signals, in units of Hertz. This va
shall be reset (or discarded) if FRST = 0.

A value of OXFFF in this field means that the filtersetting was not specified.

Systems storing the raw long-term ECG signals without any further processing shall st
the cut-off frequency of the anti-aliasingfilter.

Filter bit map (FBM)

If FRST = 1, this field indicates if the ECG signal data of the long-term ECG stored in {
section have been processed.by other filters than those implicitly defined by the cont
of bytes 28 to 31. The definition of the different bits of the FBM bit map are detailed
Annex A, Table A.6.

If FBM = 0, no additienal filtering than those implicitly defined by bytes 28 to 31 ¥
used.

[f FBM = 255)then the FBM filter setting was not specified.
Reserved for future use. Shall be set to Null (0).
Length-of the notes field in bytes (LN).

ASS
DO)

no

ass
lue

pre

his
ent
| in

vas

Length of the manufacturer-specific additional information field in bytes (LMI)

Notes field. This is a free text field for test-specific annotations, comments and notes. It

shall be null terminated.

Manufacturer-specific information field (MI)

The date and time of the ECG acquisition and of the quality score annotation shall be expressed as local
time in the Time Zone of the acquisition device and of the quality score annotator. The Time Zone of the
ECG signals acquisition shall be saved in Table 2, Tag 34, and the Time Zone of the annotator in this
section header, bytes 25 to 26.

The starting date and time of the signal acquisition shall be the local date and time of the acquisition of
the first sample stored in this section.
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NOTE1 Unlike Section 6, where sample time interval in microseconds is adopted (an example is given in 5.9.3),
the sampling rate has been preferred in this Section. Similarly, the length of the encoded leads is provided in bytes
in Section 6 and in samples here. The proposed choice in the current section allows accommodating sampling
frequencies typical of some Holter systems (e.g. 180, 300 or 360 Hz), whose reciprocal is not exactly representable
by integers.

NOTE 2  The filter settings are assumed to be unchanged for the whole recording duration.

NOTE 3  TZ has been introduced to specify the Time Zone of a remote quality score annotator in case he/she is
not located in the same Time Zone as the acquiring device.

5.15/4.2 Additional specifications

Nong of the fields in this header can be overlooked. If some of the values are the same-as in the header
of Seftion 6 or in Section 1, this header shall be filled up again.

The [nformation on the presence and type of pacing device, if any, shall be-provided in Section 1
(Table 2, Tag 32 and Tag 36).

5.15{5 Leads Definition block

5.15|5.1 The leads order of the stored long-term ECG signal data and their IDs are defined in this part
of thle section. The leads order specified in the leads definition’ block shall reflect their prder in the
interJeaved format used for storing the ECG signals data block (see 5.15.6). The length o¢f this leads
definition block is related to the number of leads #LS and is a multiple of 4 bytes, since|4 bytes are
requjred to fully specify a single lead. For each lead of the number of leads #LS stored in the header of
the spction data part, the same hereafter specified structure repeats:

Byte Contents

1 Lead identification (ID). The.same SCP-ECG numbering scheme as in 5.6.4, Table 4, shall
be used to specify the lead-that has been used.

Semantically equivalent to MDC_ECG_Lead_xxx (see 5.6.4 Note).

2t03 Multiplier for the amplitude value (AVM). This value, expressed as in Sections|5 and 6 in
nanovolts, refers_to the specific lead and cannot be generalized to the othey leads. An
example of use js given in 5.8.3.

4 Signal quality score (QS). This is a post-recording evaluation of the overall quality of the
lead, sctored according to the ISHNE Holter Standard Output File Format spdcifications
[2614}53] that are summarized hereafter in Table 9.

Table 9 — Long-term ECG lead quality score

Unknown (unrated)

Good quality permanently

Intermittent noise < 10 % of total length

Frequent noise (>10 %)

Lead disconnection (<10 %)

Ga | | W IN (=] O

Lead disconnection (>10 %)

5.15.5.2 If needed, the time locations of specific noisy segments may be indicated in Section 18
“Additional ECG Annotations”. In this case, MDC_ECG_NOISE_YYYY_ONSET and MDC_ECG_NOISE_YYYY
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_OFFSET REFIDs shall be used, where YYYY may take the following values: CLEAN, MODERATE, SEVERE

or NOSIGNA

5.15.5.3

L (to be combined with the _LEAD discriminator).

The start of the leads definition block (counting from the beginning of the Section ID

Header) can be derived from the information given for the length of the Notes and manufacturer-
specific information field MI as follows: 16 (i.e. 5.2.7) + 70 + LN + LMI + 1

NOTE

Compared to other long-term recording standards such as ISHNE which uses a fixed leads definition

block length, in this document only the used leads are stored in the Leads Definition block. In this way, any
number of leads (up to 254) can be stored and no special null characters need to be stored for unused leads.

5.15.6 ECG

The ECG sig
be stored iy
interleaved
arranged in
be repeated
6, has been

monitors or
way [26] [5

contiguous memory locations.

NOTE N

5.15.6.1
Definition b

EXAMPLE
starting from
V4[3], V2[3],

5.15.6.2 1

representablle with the available number of bytes per sample (e.g. =32 768, or 0x8000, when us

bytes per sa

5.15.6.3 1
signals datd
applied.

The start of]
derived fro
information

The order used to store the different lead samples is the one specified in the I

signals data block

hals data block contains the samples of the long-term ECG recording. The ECG-signals
2’s complement, little-endian binary format and shall be implemented_aecording {
scheme among the different leads. In this way, the samples from the recorded leads w
the order specified in the Leads Definition block, one after the other, and the sequence
for every sampling period. Such an approach, in contrast with the-one exploited in Se
introduced to ease the process of exporting signal data from dévices such as a H

B]. In fact, this solution allows keeping the samples takenat‘a specific sampling intery

sample numbering is used in this section.

ock.

1 (first sample number), then the data block will result in 11[1], V4[1], V2[1], I1[2], V4[2], V2[2]
ptc.
Llead defaults shall be indicated sample by sample using the most negative nu

mple).

n order to correctly)represent the amplitudes of the ECG signals when reading this
block, the proper AVM values (defined in 5.15.5.1, and specific for each lead) sh4

the ECG.signals data block (counting from the beginning of the Section ID Header) c:
mn the-information given for the length of the Notes and of the Manufacturer-sp
fieldMI in the Header and from the number of stored leads (#LS) as follows: 16 (i.e. 5.2

shall
0 an

ill be
b will
ction

olter

other long-term ECG loggers, usually storing the samples from the different channels if this

ral in

eads

If only 3 leads are recorded, namely II, V4~and V2, in this order, and if we call [n] the n-th sample,

13,

mber
ng 2

ECG
1l be

in be
bcific
7))+

I (HIC -4 + 1

70 + LN + LI

o oo AT~ L.

5.15.7 Overview of the data part of the long-term ECG rhythm data section

An overview of the data part of section 12, long-term ECG rhythm data, is provided in Figure 16.
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Header Leads definition ECG signals dat:

a block

5.16

5.16

Start
type
Lead
shorf
meta
have
proc
band|

It sh

are presentythén it is mandatory that all these sections refer to the same patient and that th

have
samf

SR #LS SPL BS Date_rec Time_rec
4 1 4 1 4 3
Date_ann Time_ann TZ | FRST HPF LPF [FBM|--
4 5] 4 T 4 P4 T
Reserved LN LMI Notes MI
30 4 4 var (LN) var (LM})
5
1stlead| 1stlead |1%tlead|2™ lead| 2" lead |2"lead| _*J/* |Lastlead
ID AVM QS ID AVM QS QS
1 2 1 1 2 1 1

Figure 16 — Overview of the data part of Section 12

Stress tests, Drug trials and Protocol based ECG recordings Metadata - Seq
1 General
ing with version V3.0, in addition to the short duration resting ECG (section 6), the co

0 reference beat (section 5),.and the long-term ECG (e.g. up to 40 days continuous reqg
ECG signals sampled at 200-samples/sec with a 16 bit resolution) in section 12, sev{
to medium duration EGG'sequences can also be stored in section 14 and, in section 13
data and reference beats (or pointers to selected reference beats). These two additio
been included té-support protocol-based ECG recordings viz stress tests and

width ECGs ferimproved spike detection and measurement.

1l be noticed that, if two or more of the following sections (or groups of sections) 5,

beenyacquired with the same device. Nevertheless, some device settings viz using
ling rate for the recording of the standard ECG and for the recording of high ban|

rtion 13

rresponding
ording of 3-
bral selected
, the related
nal sections
drug trials

pdures as well (as* the storage of additional, simultaneously recorded high resolution, large

b, 12, 13+14
e signal data

a different
dwidth ECG

sequences could be specitic tor the ditferent sections.

Furthermore, if section 14 is present, then section 13 is mandatory. Conversely, section 13 can be
present whereas section 14 is not.

5.16.

1.1 Three different ways (hereafter called “Mode”) for storing and referring to the

collected during stress tests, drug trials and other protocol based tests are supported:

ECG signals

Mode = 0: only short or medium duration ECG sequences from the stress test, drug trials procedure

or protocol-based ECG acquisition are captured. No continuous, long-term ECG rhythm data are
recorded. The selected short-duration ECG sequences are usually associated to a change of the load
in the exercise ECG or correspond to a periodic recording during drugs trials, or an eyeballed
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selection of different ECG excerpts from a previously stored continuous ECG recording, or whatever

else.

Mode = 1: the full long-term, continuous ECG recording is captured during the whole acquisition

session and stored in section 12, without storing any short-duration ECG sequence in section 14. If
some specific areas of interest of the continuous, long-term ECG recording need to be highlighted,
rather than saving, as for mode 0, the corresponding short-duration ECG excerpts in section 14, this
mode offers the possibility to refer to specific parts of the signals stored in the long-term section by
means of pointers saved in section 13.

Mode =
short td
trace in

excerpt
leads, d

5.16.1.2 |
data. If Mod
explicit refe

interest” can be provided in the events metadata blocks of section 13. [fMode = 2, both section 12

section 14 a

5.16.1.3
255. There
whole SCP-H

NOTE E3

5.16.1.4 |
expressly s
representati
the informa
data of the
localization
repository (

5.16.1.5
filled in.

5.16.1.6 |
represented

The maximum number of short-duration ECG segments that can be considered is limit

2. d LUllllUilldtiUll Uf lllUdCb G dlld 1 It d}}UVVb, fUl CAdlllp}U, btUl illB bC}ULth 111511 lCDU}
medium duration ECG sequences in section 14 as for Mode = 0, while keeping ayrh
the long-term section for global monitoring purposes. The signals in section~12 an
b in section 14 can be stored with different settings, for example using a differentnumbt
fferent sampling rates, different filter settings (if any), etc.

f Mode = 0 is selected, Section 14 shall contain the short duration ECG sequences ag
e = ] is selected, Section 14 shall not be used and thus should be empty. In fact, in this
rence to the long-term recording in terms of position in time ofithe “excerpts” or “are

e used.

s no limitation in size for the short-duration records stored in section 14, except tha
CG record is limited to 4 GiB.

cept when Mode 2 is selected, the concomitant useé of sections 12 and 14 is forbidden.

Regardless of the selected Mode, the“metadata associated to the ECG excerpts (e
fored in Section 14 or pinpointéd' in the long-term recording as areas of int
ve of different time periods of thejacquisition session) are stored in Section 13. It inc
ion about the number of excerpts, the presence of a separate rest ECG recording, the g
reference beats (selected~or computed ones, such as average or median beats) o
of the reference beats(inthe long-term (section 12) or in the selected ECG sequg
Section 14), etc.

Unless_specified otherwise, all text fields are encoded in UTF-8, all signal data
by signed binary integers coded in 2’s complement, and all other fields are unsigned b

ntion
ythm
1 the
er of

raw
case,
as of

and

ed to
t the

ither
erest
udes
ignal
r the
nces

To appropriatelyZSpecify a protocol-based ECG recording, section 13 must be completely

are
nary

integers.

5.16.2 Section ID Header

If present, this section shall start with a “Section ID Header” and shall include the proper data part, as
defined in 5.2.7. In particular, in the Section ID Header, the protocol version number stored in the
Header byte 10 shall reflect the current version of this document, since versions V1 and V2 do not
support stress tests, drug trials procedures and protocol-based ECG recordings (section 13 and 14 do
not exist in SCP-ECG versions V1 and V2).
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5.16.3 Data part content and format

The Section data part is composed of a data header, a leads definition block and a variable number of
metadata blocks.

5.16.3.1 Data part Header

The header is used to provide information common to all the metadata blocks stored in sections 13 and
to the general protocol-based ECG recording. It has the following format:

Byte

Contents

1

Type of protocol-based ECG recording (TYPE). This field can take the followifig

0
1
2
3
4

5to 255 Reserved for future use.

Mode flag (MODE). (see also 5.16.1.1 and 5.16.1.2)

0

Any other. Mode value is reserved for future use, and would lead to disc
contentofthis section.

Rest ECG flag (REST)

0

Unspecified

Stress test

Drug trial

High bandwidth ECG recording for pacemaker spikés analysis
Other protocol-based ECG recording

Rhythm signal data, if any, are only~stored as short to medium dui

values:

ation ECG

excerpts in section 14. No long-terin ECG recording is stored in section 12.

No short-duration ECG excerpts are stored in section 14. ECG areas
and/or excerpts of the raw.ECG signals stored in Section 12 (long-tert
directly identified by peinters recorded hereafter in the metadata |
thus may be used to”retrieve, if needed, event-related short-dur
excerpts from theé.¢continuous ECG recording stored in section 12.

Both the short-duration ECG sequences stored in section 14 and the
ECG recording stored in section 12 are used for the same purpose of s
drug trials procedures, protocol-based ECG recordings or high pe
pacemaker spikes analysis.

The standard rest ECG, usually recorded before the beginning of the s

of interest
n ECG) are
blocks and
ation ECG

long-term
tress tests,
rformance

hrding the

[ress tests,

drug trials procedures and protocol-based ECG recordings, is not stored in this

e used to

SCP-ECG record, even if recorded with the same device as the oy

Tecord the ECGs stored in this SCP-ECG Tecord.

The standard rest ECG, recorded with the same device before the beginning of
the stress tests, drug trials procedures and protocol-based ECG recordings, has
been stored in the appropriate sections of the present SCP-ECG record (sections

5and/or 6, etc.).

Number of recorded events metadata blocks (#BK).

If Mode = 0, it corresponds, at minima, to the number of short-duration ECG sequences or
excerpts collected or extracted during the test, and saved in Section 14. It also comprises
the number of additional event metadata blocks stored in this section, viz the storage of
other than type 0 reference beats (see 5.16.3.3).
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If Mode = 1, it corresponds to the number of event metadata blocks stored in this section
(see 5.16.3.3), each one pinpointing the related ECG area of interest (short-duration ECG
sequence) within the unique record of raw ECG signal data stored in section 12 (long-
term ECG).

If Mode = 2, it adds up all event metadata blocks corresponding to the events pinpointed
in the long-term ECG stored in section 12 and in the ECG sequences stored in section 14.

5to8 Sampling rate (SR) in samples/s (i.e. the number of samples per second in each lead) of
the reference beats signal data (if any) stored in this section’s metadata blocks.

Qnm:\nfir‘n"y nr}nivn]nnf to MDC ECG CTL VBL SAMPLE RATE and
MDC_ATTR_SAMPLE_RATE

Shall be set to “0” if no reference beat signal data are stored in section 13.

NOTE1 This value only applies to the reference beat signal data stored i _this sectipn’s
metadata blocks, if any. Short-duration ECG segments (Mode 0 or 2) and long-duration ECG
rhythm recordings (Mode 1 or 2) have their own sampling rate specification, respectiyely
provided in Sections 14 and 12.

9 Number of bytes per sample (BS) of the reference beats signal data (if any) stored in this
section’s metadata blocks. Possible values are limited to 1, 2,3 or 4. Recordings from [12-
bit systems shall be adapted to 16-bit words by sign“extension in 2’s complemient
notation.

Shall be set to “0” if no reference beat signal data are'stored in section 13.

NOTE 2  This value only applies to the reference“beat signal data stored in this secti¢pn’s
metadata blocks, if any. Short-duration ECG segments (Mode 0 or 2) and long-duration ECG
rhythm recordings (Mode 1 or 2) have their‘own number of bytes per sample specificatjon,
respectively provided in Sections 14 and 12.

10 Number of leads (#LS) adopted for.the reference beats signal data (if any) stored in this
section’s metadata blocks.
Shall be set to “0” if no reference beat signal data are stored in section 13.

NOTE 3  This value only-dpplies to the reference beat signal data stored in this sectipn’s
metadata blocks, if any. .Short-duration ECG segments (Mode O or 2) and long-duration ECG
rhythm recordings ((Mede 1 or 2) have their own number of leads specification, respectiyely
provided in Sections14 and 12.

11to 62 |[Reserved forfuture use (shall always be set to zero).
63 to 66 |Length-efthe Header Notes field in bytes (LHN).
67 to 70 | Length of the manufacturer-specific additional information field in bytes (LMI).

variable “Gemeralmnotesomthissection.

This is a free-text field. It shall be null terminated. This field can be used for example to
describe the device used for exercise ECG (cycloergometer, treadmill, stepper, etc.) or
high-bandwidth ECGs recording, and give some details about the recording procedure.

variable = Manufacturer-specific information field (MI).

The information on the presence and type of pacing device, if any, shall be provided in Section 1
(Table 2, Tag 32 and Tag 36).

NOTE 4  Unlike Section 6, where sample time interval in microseconds is adopted (an example is given in 5.9.3),
in this Section the sample rate has been preferred.
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NOTES5 None of the fields of this header can be overlooked even if some of the values are the same as in the
header of other sections.

5.16.3.2 Leads Definition block

The leads order and IDs (compliant with #LS) and the amplitude value multipliers (AVM) to be used for
all reference beats signal data stored, if any, in the events metadata blocks specified in Clause 5.16.3.3,
are defined in this part of the section. The length of the leads definition block is related to the number of
leads #LS, and is a multiple of 3 bytes. For each lead of the #LS leads stored in byte 6 of the header of
this section data part, the same hereafter specified structure repeats. It is important to notice that the
order—andIBs—and-theperteadmuttipterfor-theamphtude—valte{AVMIdefired—n this Leads
definfition block are common to each reference beat stored in the metadata blocks of thig-sedtion.

Byte Contents

1 Lead identification (ID). The same SCP-ECG numbering scheme ascin-5.6.4, Table 4, shall
be used to know what the lead represents.

Semantically equivalent to MDC_ECG_Lead_xxx (see 5.6.4 Note).

2to3 Multiplier for the amplitude value (AVM). This value, expressed as in Sections|[5 and 6 in
nanovolts, refers to the specific lead and cannot be’generalized to the othey leads. An
example of use is given in 5.8.3.

5.16{3.3 Events Metadata Blocks

The events that are considered in this part of the decument are either the recording of the metadata
asso¢iated to a selected or pinpointed ECG sequence, (Fespectively stored in section 14 or in|section 12),
or the recording of a computed or a selected(weference beat and its associated metaflata, or the
simultaneous recording in a same metadata block of the metadata associated to an ECG pequence or
ECG excerpt and the reference beat corresponding to this ECG sequence or excerpt.

The pumber of metadata blocks that willbe stored in this Section data part is the number #BK stored in
byte |4 of the Header of this section, (see 5.16.3.1). For every single metadata block, the sarhe structure
repeqits. It consists of a block-spetific header related to the signals of the reference beat, if any, and to
the aksociated metadata.

Byte Contents
1 Block Id (Bld). Allowed values range from 1 to 255.

This¢block Id uniquely identifies the reference beat stored in or pinpoint¢d by this
metadata block as well as the metadata associated to a selected ECG sequernice or ECG
excerpt, if no reference beat is pinpointed or stored in the metadata block.

2 Related ECG Sequence data Block identification Number (RBN).

La n ) PN | PR 1 4 L oIS L. 1l TDoOoOo o ) R R | PR N A 1 = o
JRIIN) U_y LE IS5 USEU LU DPCLll_y LU WIIILIT CLUUO blglldl Udld LT IIICldUdld SLUIEU IIT UIILIS metadata
block are associated.

If the related ECG signals are stored in Section 14, then RBN shall store the value of the
related ECG data Block identification Number BN (see 5.17.6.6 byte 1), i.e. RBN = BN.

If the related ECG signals are stored in Section 12, then RBN shall be set to zero

(RBN =0).
3 ECG sequence metadata specification block Status Flag (SeqSF). Allowed values are 0 and
1.

Shall be set to 1 if the areas of interest saved hereafter in BDR and BTR and the test
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metadata saved beyond byte 27 have been stored in this metadata block to specify the
metadata associated to the ECG sequence identified here above by the content of byte 2
(RBN). The current metadata block Id shall be saved in the Associated metadata Block Id
in Section 14 (see 5.17.6.6 byte 2), i.e. ABId = Bld.

In all other cases SeqSF shall be set to 0.

4to7 Starting date (BDR) of the area of interest in the ECG record, corresponding to the event
pinpointed by the information contained in this block. The format shall be compliant with
the “Date of Acquisition” format specified in the ECG metadata part of Section 1 (for the
format details, refer to Table 2, Tag 25).

If SeqSF = 1, then the value assigned to BDR shall be the date of the acquisition of thefjrst
sample of the related ECG sequence (pinpointed by RBN) stored in Section 14.

If RBN =0, the value assigned to BDR should be the date of the acquisition,of'the fjrst
sample of the area of interest (ECG excerpt) pinpointed in the long-term EGG by SSB and
LAIB.

In all other cases the value assigned to BDR should be the date of the acquisition of fthe
first sample of the area of interest (ECG excerpt) pinpointed in the’ECG sequence #RBN
by BDR, BTR and either directly or indirectly, by SSB and LAIB.

BDR shall be expressed as local time in the Time Zone specified by Tag 34 in Table 2.

8to 10 |[Starting time (BTR) of the area of interest in the ECG:tecord, corresponding to the evient
pinpointed by the information contained in this block:-The format shall be compliant with
the “Time of Acquisition” format specified in the-ECG metadata part of Section 1 (for fthe
format details, refer to Table 2, Tag 26).

If SeqSF = 1, then the value assigned to BTR'Shall be the time of the acquisition of the fjrst
sample of the related ECG sequence (pinpointed by RBN) stored in Section 14.

If RBN =0, the value assigned to BTR should be the time of the acquisition of the fjrst
sample of the area of interest (ECG excerpt) pinpointed in the long-term ECG by SSB and
LAIB.

In all other cases the value assigned to BTR should be the time of the acquisition of fthe
first sample of the area of interest (ECG excerpt) pinpointed in the ECG sequence #RBN
by BDR, BTR and either‘directly or indirectly, by SSB and LAIB.

BTR shall be expressed as local time in the Time Zone specified by Tag 34 in Table 2.

11 to 14 |Starting saniple’ number (SSB) of the ECG area of interest (ECG sequence or ECG excerpt),
corresponding to the event related to this metadata block.

If Mode = 1 or 2, this field contains the sample number (referred to a generic lead, all the
leads‘having the same number of samples) of the first ECG sample of the ECG areg of
interest pinpointed by BDR, BTR, SSB and LAIB in the long-term ECG recording and
related to the event (stress test or drug trial episode, reference beat specification, etc.)
corresponding to the information stored in this metadata block.

If Mode = 0, this field contains the sample number (referred to a generic lead, all the leads
having the same number of samples) of the first ECG sample of the ECG area of interest
pinpointed by BDR, BTR, SSB and LAIB in the short-term ECG recording #RBN and
related to the event (stress test or drug trial episode, reference beat specification, etc.)
corresponding to the information stored in this metadata block.

In case BDR and BTR are identical to the date and the time of the acquisition of the first
ECG sample of the analysed ECG signal, then SSB shall be set to 1.
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15to 16 Length (in samples per lead) of the area of interest in the ECG sequence (or ECG excerpt)
pinpointed by this metadata block (LAIB).

If Mode =1 or 2, this field contains the length of the pinpointed ECG area of interest
(related to the event corresponding to the information stored in this metadata block),
expressed in number of samples in the long-term ECG recording (Section 12).

If Mode = 0, this field contains the length of the pinpointed ECG area of interest (related
to the event corresponding to the information stored in this metadata block), expressed

in number of samples in the short-term ECG recording #RBN (Section 14).

NO a a a a he \
here for extraction or display of the corresponding ECG area of interest are specifiedi
long-term ECG and/or in section 14 short-term ECG sequences.

e niimaope na de 0N 0 ne lead ne c and / fto Dbe

NOTE 2 LAIB includes sample SSB. The last sample of the specified area of.intérest 1
sample number (SSB + LAIB -1).

17 Reference beat type and localization (RBTL) code (binary).

This fields specifies which type of reference beat, if any, is stored in or pinpoin
metadata block: type 0 or other than type 0, computed\by an averaging (
calculation) algorithm or selected within the raw ECGJsignals recordings w
additional processing (except may be some filtering-specified hereafter in bytes
It also specifies whether the reference beat signal/data are located hereafter at
this metadata block, or in the original ECG signal'recordings, i.e. in sections 12 d

The definition of the bits corresponding to this byte are:
0
1

A reference beat has been spegified (bit 0 = 1) / not specified (bit 0 = (

The specified reference beat is of type 0 (bit 1 =1) / not of type 0
(see Note 3)

The specified referénce beat is a computed one (bit 2 =1) / a selecte
2 =0). (see Note 4)

If bit 3 = 1,.the specified reference beat is stored hereafter in the meta
(see Noté 4)

If bit\d =1, the specified reference beat is “included” in the long
(section 12) and bytes 24 to 29 of this metadata block shall be set to 0

If bit 5 = 1, the specified reference beat is “included” in the related EC(
(section 14), pinpointed by the content of RBN (byte 2 above). Bytes
this metadata block shall be set to 0.

6to 7 Reserved for future use. Shall be set to 0.

If bit 0 = 0 (no reference beat has been specified), then all other bits of RTBL {

considered
) section 12

will thus be

ted by this
br median
thout any
24 to 29).
the end of
r 14.

).
(bit 1 =0).

d one (bit
Hata block.
term ECG
i sequence

P4 to 29 of

hall be set

to 0 and bytes 18 to 29 of this metadata block shall be set to 0.

If bit 2 = 1, then the computed reference beat shall be stored hereafter at the end of this
metadata block and bit 3 is set to 1.

NOTE 3 A type 0 reference beat can be represented by MDC_ECG_QRS_MORPH_NUM with value
setto 0.

NOTE 4 Using the following bit settings combination RBTL [0] =1, RBTL [2] =0, RBTL [3] =1,
offers the possibility to store a selected reference beat having different acquisition parameters (viz
sampling rate, AVM, number of bytes per sample BS, etc.) than the signals stored in section 12
“long-term ECG rhythm data” or in section 14 "selected ECG sequences repository”.

NOTE 5 Bits 3 to 5 are mutually exclusive, i.e. only one can be set to 1.
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NOTE 6 Some examples of use of RBTL are given hereafter in the specifications of the content of
bytes 18 to 23.

18to 21 Sample number of the first sample of the reference beat (SRB).

If RBTL[0] = 1 and RBTL[2] = 1, the reference beat is not a real beat, but a computed one
(e.g. a median or an average beat), that is stored after the Notes field of this metadata
block. SRB shall be set to 1. (See Note 8)

If RBTL[0] = 1 and RBTL[2] = 0), the reference beat is a selected beat. Then:

If RBTL[3] =1, the reference beat signal data are stored in the actual metadata

13 1 CPBr G 4—fc A oo
DIOCK. ORD SIHdII' DE SEL L0 1. [J0€€ INOLC O

If RBTL[4] = 1, the reference beat signal data are part of the long-term EC& tecprd
(section 12). The first sample of the reference beat is sample number SRB of [the
ECG stored in section 12 “long-term ECG rhythm data”. (See Note 9)

If RBTL[5] =1, the reference beat signal data are part of the\ECG sequepce
pinpointed by the content of RBN. The first sample of the refererce beat is sample
number SRB of the corresponding short-duration ECG (pinp0inted by its blpck
identification number BN, see 5.17.6.6, byte 1) in section 14. (See Note 10)

If RBTL[0] = 0, then SRB shall be set to 0.

NOTE 7 It is assumed that the sample number of the first sample of any stored ECG signal data
block is Sample 1.

NOTE 8 The leads and the AVM to be considered for @xtraction or display of the corresponding
reference beat are specified in 5.16.3.2. The sampling.rate is specified in 5.16.3.1, bytes 5 to 8.

NOTE 9 The number and definition of the leadsythe sampling rate and the AVM to be considdred
for extraction or display of the corresponding-reference beat are specified in section 12, long-t¢rm
ECG rhythm data.

NOTE 10 The number and definition of the leads, the sampling rate and the AVM to be considdred
for extraction or display of the corresponding reference beat are specified in section 14, seleg¢ted
ECG sequences repository.

22 to 23 |Length, in number of samples per lead, of the reference beat signal data stored in or
pinpointed by this metadata block (LRB).

If RBTL[O] = 0, no @eference beat signal data are stored nor pinpointed by this metadata
block and LRB shall be set to 0. Else:

If RBTL[3] £4; the reference beat signal data are stored in this metadata block. The
number and the definition of the leads and the AVM to be considered for extraction or
display-af'the corresponding reference beat are specified in 5.16.3.2. The sampling ratg is
specified in 5.16.3.1, bytes 5 to 8.

If-RBTL[4] =1, the reference beat signal data are “included” in the long-term HCG
recording, section 12. The number and definition of the leads, the sampling rate and the
AVM to be considered for extraction or display of the corresponding reference beat are
specified in section 12, long-term ECG rhythm data. The last sample of the reference beat
pinpointed by this metadata block in the long-term ECG is sample number (SRB+LRB-1).

If RBTL[5] =1, the reference beat signal data are “included” in the short-term ECG
sequence (pinpointed by RBN in this metadata block) stored in Section 14, selected ECG
sequences repository. The number and definition of the leads, the sampling rate and the
AVM to be considered for extraction or display of the corresponding reference beat are
specified in section 14. The last sample of the reference beat pinpointed by this metadata
block in the corresponding short-term ECG sequence is sample number (SRB+LRB-1).
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NOTE 11 It is assumed that the number of samples is the same for every lead of the reference beat
stored in or pinpointed by the current metadata block, and that the number of ECG leads of the
ECG signals respectively stored in sections 12, 13 and 14 does not change during the whole
acquisition process.

24 Block specific Filter (re)Setting (FRST) for the reference beat stored in this metadata

block.
The definition of the values taken by this byte are:

0 No specific filter settings have been defined for the reference beat stored in this
metadata block. This means that if FRST = 0, bytes 25 to 29 shall be ignored.

250 26

27 ko 28

29

1 The filter settings that shall be considered for the reference~bedts in this
metadata block are defined hereafter, regardless of the values(stordd in other
sections. The new settings only apply to this block of metadata’in this section,

and are specified in bytes 25 to 29.

NOTE 12 If RBTL[3] = 0, the filter settings are those of the section where the actual ref¢rence beat,

if any, is stored (either section 12 or section 14). In this case FRST"is set to zero, alo
content of bytes 25 to 29.

High-pass filter (HPF) [MDC_ECG_CTL_VBL_ATTR_FILTER:HIGH_PASS].

This field contains the “cut-off” frequency (-3 dB]) ‘of the analogue or digitall
baseline filter used for processing the stored reférence beat signals, in units
Hertz. This value shall be reset (or discarded) if;FRST = 0.

NOTE 13 A value of OxFFFF in this field means-that the filter setting was not specified.

ng with the

high-pass
bf (1/100)

NOTE 14 A value of zero in this field means that the stored reference beat signals wete extracted

from DC-coupled recordings and that neo‘high-pass filtering was performed.

Low-pass filter (LPF) [MDC_ECGCETL_VBL_ATTR_FILTER_CUTOFF_FREQ].

This field contains the “cut=off” frequency (-3 dB) of the analogue or digital low-pass

filter used for processing the stored long-term ECG signals, in units of Hertz.
shall be reset (or discarded) if FRST = 0.

Systems storing reference beat signals that were extracted from the origina

This value

, raw ECG

signal recordings-without any further processing shall store the cut-off frequéncy of the

anti-aliasing filter.
NOTE 15 Ayalue of OXFFFF in this field means that the filter setting was not specified.
Filterdit map (FBM) (binary).

[f.FRST = 1, this field indicates if the ECG signal data of the reference beat sto
metadata block have been processed by other filters than those implicitly defi

content of bytes 25 to 28. The definition of the different bits of the FBM b
detailed in Annex A, Table A6

red in this
hed by the
t map are

30to 31

NOTE 16 If FBM =0, no additional filtering than those implicitly defined by bytes 25 to 28 was

used.
NOTE 17 If FBM = 255, then the FBM filter setting was not specified.
Systolic blood pressure (SBP), in mmHg [MDC_BLD_NONINV_SYS].

Only positive integer values can be used. A value of zero indicates that this measurement
was not performed. A value of OxFFFF indicates that the measure was performed but its
value is unreliable, unavailable or corrupted.
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32to 33 Diastolic blood pressure (DBP), in mmHg [MDC_PRESS_BLD_NONINV_DIA].

Only positive integer values can be used. A value of zero indicates that this measurement
was not performed. A value of OxFFFF indicates that the measure was performed but its
value is unreliable, unavailable or corrupted.

34to 35 Heart rate (HR), in beats per minutes (bpm), expressed with a positive integer value
[MDC_ECG_HEART_RATE].

A value of zero indicates that this measurement was not performed. A value of OXFFFF
indicates that the measure was performed but its value is unreliable, unavailable or

corrupted
r

36 Breathing rate (BR), in breaths per minute, expressed with a positive integer)yvalue
[MDC_RESP_RATE].

A value of zero indicates that this measurement was not performed. A ¥alue of OxFF
indicates that the measure was performed but its value is unreliable, ‘unavailable| or
corrupted.

37 Blood oxygen saturation (Sp02), expressed with a positive integer‘value [MDC_SAT_0Z].

A value of zero indicates that this measurement was not performed. A value of OxFF
indicates that the measure was performed but its value~is unreliable, unavailable| or
corrupted.

38to 39 [Workload level (WL), expressed with a positive integeb value.

A value of OxFFFF indicates that WL is either unkiiewn or irrelevant, viz for drug testg or
other situations where no workload is applied, If this field is set to 0XFFFF, bytes 40 and
41 shall be discarded.

40 to 41 |Unit code of the WL work Load Level meéasurement (ULL) (unsigned binary).

The binary code used to representULL, the Unit of measure of the work Load Level WL
stored in bytes 38 to 39, shall be the UoM base code taken from ISO/IEEE 11073-10101
[8], Table A.6.4.1: Vital signs, units of measurements and their updates maintained in [the
corresponding units-of-measure table defined in the NIST RTMMS repository [59].

NOTE 18 The most relevant units and ULL code values for exercise ECG on treadmill,
cycloergometer and stepper are listed in Annex A, Table A.7

42 Fatigue scale (FTSE) code:

0 Unspecified

1 6-20 Borg scale

2 0-10 Modified Borg Scale (see Note 20)
3 1-10 User defined scale
4

user defined (e.g. visual analogue scale)
5-255 Reserved for future use
NOTE 19 The 6-20 Borg scale is the recommended one.
NOTE 20 In this case, value 0,5 is coded as 20
43 Fatigue level (FTLV), expressed with a positive integer value.

A OxFF in this field is adopted for drug tests or other situations where no fatigue changes
are recorded.
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44 Lower limit of the user-defined fatigue scale (LLFT).
When fatigue scale (byte 42) is different from 3, this byte should be set to zero.
45 Upper limit of the user-defined fatigue scale (ULFT).
When fatigue scale (byte 42) is different from 3, this byte should be set to zero.
46 Dyspnea scale (DYSC) code:
0 Unspecified
1 Medical Research Council (MRC) breathlessness scale
2 0-10 Modified Borg Scale for Perceived Dyspnea (see Note 22)
3 User defined (e.g. visual analogue scale)
4-255 Reserved for future use
NOTE 21 The MRC scale is the typical one.
NOTE 22 In case DYSC=2, value 0,5 is coded as 20.
47 Dyspnea level (DYLV), expressed with a positive integer value.
A OXFF in this field is adopted for protocols where this'parameter is not evaluated.
48 Lower limit of the user-defined dyspnea scale (LEDT).
When dyspnea scale (byte 46) is different from.3, this byte should be set to zera.
49 Upper limit of the user-defined dyspnea.sc€ale (ULDT).
When dyspnea scale (byte 46) is different from 3, this byte should be set to zera.
50f0 62 Reserved for future use (shall always be set to zero).
630 64 Length, in bytes, of a Note field-for this metadata block (LMDN).
The notes may be used forjexample to describe and document the different phpses of the
test (including drug @dministration, if any) and the particularities of the different ECG
signal data correspending to the related event.
Vatiiable Note field explaining the phases of the test (MD notes).
(LNIDN) This is a.free text field that can be filled in with annotations from the technician,
cardiologist, etc. It shall be null terminated.
Vatiable If RBTL[3] = 1, signal data of the 1stlead of reference beat (RB).
The size of this field and of each of the following ones is LRB x BS bytes. Unlike section 5,
here no compression is allowed.
varjiable If RBTL[3] = 1, signal data of the 2nd lead of reference beat.
variable If RBTL[3] =1, signal data of the 3rd lead of reference beat, etc.
5.16.4 Overview of the data part of the Stress tests, drug trials and protocol based ECG
recordings metadata
An overview of the data part of section 13 is provided in Figure 17.
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I Header Leads definition l 1st Metadata block l 2nd Metadata block r

/ vor  M—ar v v

TYPE |MODE | REST | #BK Sagfgng BS |#LS|Res|LHN

1st Lead | 1%t Lead |2 Lead |2"? Lead| // | Last Lead
1D AVM ID AVM AVM

4 2 4 o o
T r T ra ra

Bld | RBN [ SeqSF | BDR |BTR | SSB | LAIB |RBTY SRB |LRB |FRST| HPF | LPF | FBM

SHP|DBP| HR | BR |SpO2l WL [ ULL| FTSC | FTLV | LLFT | ULFT

N
N
N
-
-
N
N
-
-

1 1

DYSC | DYLV | LLDT | ULDT | Res. |[LmDN | MD |1%leadj2" lead) .. // .. |LastLead

Notes| RB RB RB
1 1 1 1 13 2 var var. var var

Figure 17 — Overview of the data part of Section 13

5.17 Selected ECG Sequences Repository - Section 14
5.17.1 General

5.17.1.1 Sqction explanation

This Section] is complementary to. Section 13 and is used to store the short to medium duration ECG
sequences acquired during the-reeording of stress tests, drug trials procedures or protocol-based ECG
recordings. [t may also be used-to store high resolution, large bandwidth ECG recordings for imprjoved
pacemaker $pikes detection )and analysis while simultaneously storing a standard ECG in sectiong 6 or
12. It is assumed that fer'tecording such protocol based and large bandwidth ECGs, the same equipment
and the same electrode settings are used all over the test, only some filter settings and recording
duration may change from one sequence recording to the other.

5.17.1.2 Uspge constraint

Section 14 cannot be used if section 13 is not present.

5.17.1.3 Use cases

If this section is present and if MODE = 0 or 2 (see 5.16.3.1, byte 2), then this section shall be completely
filled in.

If this section is present and if MODE = 1 or is different from 0 and 2, this section shall be discarded.
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5.17.1.4 Associated metadata

The metadata associated to the ECG sequences stored in the ECG data blocks at the end of this section
shall be saved in Section 13, including the information about the number of sequences/events, the
presence of a rest ECG recording and/or of reference beat signal data recordings, etc.

5.17.2 Section ID header

If present, this section shall start with a “Section ID Header” and shall include the proper data part, as
defined in 5.2.7. In particular, in the Section ID Header, the protocol version number stored in the
Header byte 10 shall reflect the current version of this document, since previous versions do not
supplrt stress tests, drug trials procedures and protocol-based ECG recordings (section, [l4 does not
exist|lin SCP-ECG versions V1 and V2).

5.17|3 Data part content and format

The $ection data part is composed of a header, a leads definition block and, a\variable number of ECG
signgls data blocks.

5.17{4 Data part Header

The header is used to provide information that are common te:dll the ECG data blocks stored in this
sectipn. It has the following format:

Byte Contents

1 Number of ECG sequences (#SEQ) stored:in-this section.

2td5 Sampling rate (SR) in samples/s (i.ethe number of samples per second in eath lead) of
the ECG sequences stored in this segtion.
Semantically equivalent to MDC_ECG_CTL_VBL_SAMPLE_RATH and
MDC_ATTR_SAMPLE_RATE

6 Number of bytes per sample (BS) of the ECG sequences stored in this section. Possible

values are limited te.1; 2, 3 or 4. Recordings from 12-bit systems shall be adapted to 16-
bit words by sign.extension in 2’s complement notation.

7 Number of leads(#LS) adopted for the ECG sequences stored in this section.
8t9p 62  ReservedAforfuture use (shall always be set to zero).

63 o 66 Lengthef the Header Notes field in bytes (LHN).

67 to 70 Length of the manufacturer-specific additional information field in bytes (LMI).

varfiablets-General Header Notes on this section. This is a free-text field. It shall be null terminated.

varjiable Manufacturer-specific information field (MI).

Some of the parameters listed in this header (e.g. sampling rate) can have different values compared to
those related to the rest ECG or to the long-term ECG and even to the reference beats stored in the
associated section 13. However, this flexibility is not granted for the ECG signals stored in this section.
All ECG sequences specified in Clause 5.17.6 shall be recorded with the same sampling rate, number of
bytes per sample #BS and number of leads #LS, as specified above in bytes 2 to 7.

5.17.5 Leads Definition block
The leads order and IDs (compliant with #LS) and the amplitude value multipliers (AVM) to be used for

all ECG sequences stored after this Leads definition block, are defined in this part of the section. The
length of the leads definition block is related to the number of leads #LS, and is a multiple of 3 bytes. For

© IS0 2023 - All rights reserved 91


https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064

:2023(E)

each lead of the #LS leads stored in byte 7 of the header of this section data part, the same hereafter
specified structure repeats. It is important to notice that the leads order and IDs and the per-lead
multiplier for the amplitude value (AVM) defined in this Leads definition block are common to each ECG
sequence stored in this section.

Byte
1

2to3

Contents

Lead identification (ID). The same SCP-ECG numbering scheme as in 5.6.4, Table 4, shall

be used to know what the lead represents.

Semantically equivalent to MDC_ECG_Lead_xxx (see 5.6.4 Note).

ultiplier for the amplitude value (AVM]). This value, expressed as for Sections 5 and 6 in

anovolts, refers to the specific lead and cannot be generalized to the other leads:
xample of use is given in 5.8.3.

5.17.6 ECG|sequences

5.17.6.1

his Section is composed of a variable number of ECG data blocks, as. many as the nu

An

mber

#SEQ identified in byte 1 of the Data part Header of this Section. Some ECG recerding information viz
the date and time of the recording, etc. are already provided in Section 13, sinc€they are also usefi
the retrieval and (re)analysis of the reference beats (selected beats or median complexes), etc.

5.17.6.2

t is assumed that the leads order and the multiplier foréhe amplitude value (AVM) d

change ovel the whole test. In order to correctly represent theamplitude of the ECG signals ¥
retrieving the signal samples from this section, the proper AVM values (defined in 5.17.5, and sp

for each lead

5.17.6.3
signal samp
the samples
(see 5.17.5)
in contrast v
(ifany), is in

4

5.17.6.4
unused lead
only 3 leads
from 1 (firs
I1[3], V4[3],

5.17.6.5
raw signal d
indicated s3

1) shall be applied.

\ll leads of a given ECG sequence are assuried to have the same number of samples
e values are stored exploiting an interleaved format among the different leads. In this
from the recorded leads are arranged il the order identified in the Leads Definition |
one after the other, and the sequence'repeats for every sampling period. Such an appr
vith the ones exploited in Section 6 and in Section 13 for the storage of the reference |
line with the one adopted inSection 12 for the long-term ECG.

Dnly the used leads arestored. In this way, no special null characters must be store
s. The order is the orne, specified in the Leads Definition block (see 5.17.5). For instan

L sample number)) then the data block will result in II[1], V4[1], V2[1], 1I[2], V4[2], V
V2[3], etc.

The different ECG sequences are stored in 2’s complement binary format, little-endian.

ata are“allowed, without any compression, difference encoding, etc. Lead defaults sh3
mple by sample using the default -32 768 (or 0x8000) value, when using 2 byte

hl for

b not
when
bcific

The
way,
block
bach,
beats

d for
ce, if

are recorded, namely 11, V4 and V2, in this order, and if we call [n] the n-th sample, starting

2[2],

Only
1l be
5 per

sample.

5.17.6.6 The format of a single ECG data block is given hereafter. For every block of data, the same
structure repeats:

Byte

92

Contents

Block identification Number (BN). BN is a sequential number. The first ECG data blo
is block 1. Allowed values range from 1 to #SEQ.

Associated metadata Block Id (ABId).

ck

ABId shall store the metadata block ID “Bid” (see 5.16.3.3) that identifies the data
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structure in which one can find the metadata related to the ECG signal data that are
stored at the end of this block, i.e. ABId = BId.

3to6 Number of samples per lead for this block (#SPLBK).

NOTE 1 Itis assumed that in this section the number of samples is the same for every lead
of a given ECG data block.

NOTE 2 It is also assumed that the number of stored leads does not change during the
whole test, and thus that each raw signal data block in this section has the same number of
leads as specified in the data part Header, Clause 5.17.4, byte 7.

NOTE 3~ The length of the encoded leads 1s provided In bytes in Section 6 and In pumber of
samples here.

7 Block specific Filter (re)Setting (FRST).
The definition of the values taken by this byte are:

0 The filter settings stored in Table 2, Tag 27, 28 and, 29 are used. This means
that bytes 8 to 12 hereafter shall be ignored.

1 The filter settings that shall be used for the(ECG signals stored at the end of
this single ECG data block are specified hereafter in bytes 8 to 12, regardless
of the values stored in Table 2, Tag<27,28 and 29. The new setflings only
apply to this block of ECG signal datain this section.

NOTE 4  Different filter settings can be_uséd at different time periods of a protpcol based
ECG recording. If the settings do not change for the whole test, then the same filter [values are
repeated for every ECG data block.

8109 High-pass filter (HPF) [MDC_ECG_CTL_VBL_ATTR_FILTER_HIGH_PASS]

This field contains the “cutsoff” frequency (-3 dB) of the analogue or digital high-pass
baseline filter used fot_processing the signals of the stored ECG sequence, ipn units of
(1/100) Hertz. This.value shall be reset (or discarded) if FRST = 0.

NOTES5 A valueof OxFFFF in this field means that the filter setting was not specifigd.

NOTE 6 A value of zero in this field means that the recorded signals were DC-cqupled and
that no highzpass filtering was performed.

1Jto 11  Lotw-pass filter (LPF) [MDC_ECG_CTL_VBL_ATTR_FILTER_CUTOFF_FREQ]

This field contains the “cut-off” frequency (-3 dB) of the analogue or digital| low-pass
filter used for processing the stored ECG sequence, in units of Hertz. This vpalue shall
be reset (or discarded) if FRST = 0.

— SE— TCTICTS o ith store the

cut-off frequeny of the anti-aliasing filter.

NOTE7  Avalue of OXFFFF in this field means that the filter setting was not specified.

12 Filter bit map (FBM) (binary)

If FRST = 1, this field indicates if the ECG signal data stored in this ECG data block have
been processed by other filters than those implicitly defined by the content of bytes 8
to 11. The definition of the different bits of the FBM bit map are detailed in Annex A,
Table A.6.
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NOTE8 If FBM =0, no additional filtering than those implicitly defined by bytes 8 to 11 was
used.

NOTE9 If FBM = 255, then the FBM filter setting was not specified.

variable =~ Raw ECG rhythm signal data of the ECG sequence stored in this data block.
NOTE 10 Unlike section 6, no compression nor redundancy reduction is allowed here.

5.17.7 Overview of the data part of the selected ECG sequences repository section

An overview of the data part of section 14, selected ECG sequences repository, is provided in Fighirg 18.

Header Leads definition Block 1 Block 2 j Block #BK

I
\’ar / var

var var var

#SEQ| SH

stLead | 1stLead |2 Lead| 2™ Lead| | Lastliead
ID AVM ID AVM AVM
1 2 1 2 - 1

BN| ABId| #SPLBK| FRST}HPF | LPF|FBM| Raw data (interleaved format)

1 1 4 1 2 2 1 var
Figure 18 = Overview of the data part of Section 14

5.18 Beat-py-Beat ECG measurements and annotations - Section 15

5.18.1 General

Several comjputer<programs are able to analyse continuous, long duration ECG recordings and to
annotate seperal features of each beat. This version of the standard has been extended to provide
means to define and store large sets of beat-by-beat measurements and annotations in a structured, but
nevertheless highly flexible manner.

Beat-by-beat measurements and annotations may be stored in one or more measurements arrays
structured as MxN matrices (M Beats x N Measurements/Annotations), much like the structure used for
storing long-term ECG signals in section 12 or short to medium duration ECG sequences in section 14.
Instead of representing samples, here each of the M matrix lines (hereafter called beat Measurements
and annotations Block, in short MB) represents a beat and each of the N columns represents a beat
measurement (fiducial location, wave amplitude or duration, etc.) or a beat annotation (beat type, beat
label, etc.), instead of a lead.

In addition to the full set of global measurements (section 7) and the per-lead measurements (section
10) of the type 0 reference beat, starting with version V3.0 the standard now allows storing, in this
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section, several pre-defined global and per-lead beat measurements and annotations, for the reference
beats stored in or pinpointed by section 13 and for all or for only some selected beats of the long-term
and/or short-term ECGs stored in sections 12 and 14 and/or in section 6. The beats may have been
selected one by one by a physician or by a beat typification algorithm (reference beats of different
types, etc.), or refer to the entire set of beats from one or more selected time windows within the long-
term ECG stored in section 12 or within the short-term ECG(s) stored in section 6 and/or in section 14.

The data format outlined in this section has been designed to support a large number of use cases, such
as selecting and daily analysing a set of 10 min duration time windows from a continuous long-term
ECG recording, for example for time windows starting at 2 am and 4:30 pm, and then storing (P-on, P-
off, QRS-on, QRS-off, T-off) and some additional useful annotations for all beats within the selected 10
min fime windows, for assessing day and night differences and day to day variability of,fthe selected
meagurements.

In arnother scenario, one may choose to select and store the measurements and -annotations for K
pres¢lected, not necessarily consecutive beats, one MB per selected beat, for therough QT studies for
exanjple.

To facilitate comparison of a series of beat-by-beat measurements with.reféerence beats me
the standard also allows to save in separate measurements arrays, thé.umeasurements and
perfgrmed on the reference beats stored in or pinpointed by sections 5 and 13, one ref

Asurements,
annotations
erence beat

“measurements block MB” per “measurement array”, i.e. one “measurements array” per refg

It is mandatory that all measurements and annotations refer to the same patien
uted measurements stored in this section of the current SCP-ECG record have been |
ame ECG analysing software or device. Nevertheless, some filter settings could be sp¢
'ent measurements arrays.

The
dura

bossibility of storing measurements and annotations for long-term recordings and m
fion ECG sequences as well as for computed and/or selected (reference) beats can be

rence beat.

and that all
broduced by
bcific for the

hltiple short
exploited to

accommodate several use cases and support the monitoring of the changes of the ECG during stress

tests
This
5.18

secti
by-b

drug tests and other protocol-based ECG recordings, intermittent long-term ECG rec
Section and Sections 13&14 have-been added in this version of the document to this ain

1.2 This section is self-tontained, i.e. no other information than the patient da
bn 1 are needed for exploiting the data content of section 15, if one wants to only exc
pat measurements without exchanging signal data.

The s
27 tq
othel

ection also provides a solution to supersede the filter settings provided in Section 1, 1
29, and in sections 12 to 14, in case the filtering used to calculate the beat measut
annotations:is different from the filtering performed during the signal acquisition prd

befote storing.the ECG signals, which is usually the case in modern electrocardiographs.

5.18]1.3¢ \(The maximum number of measurements arrays that can be stored is limited to 4

ordings, etc.
.

Fa stored in
hange beat-

able 2, Tags
ements and
cess and/or

55. There is

no li1nitation in size for these measurements arrays, except that the whole SCP-ECG record

is limited to

4 Gib.

5.18.1.4

Each Beat Measurements Block MB consists in a Beat ID, the Beat Starting Sample Number,

the Beat label, five standard measurements (global P-on, P-off, QRS-on, QRS-off, T-off) and #ABM
optional (ABM =0 - 65 535), “Additional Beat Measurements and annotations” (see 5.18.4.1 and
Figure 19). This number ABM of additional measurements and annotations may vary from one SCP-ECG
record to another, but shall be the same for all beat measurements arrays stored in a same SCP-ECG
record.

5.18.1.5 Except for the Beat ID and the Beat Starting Sample Number, all other measurements and
annotations values shall be encoded by two bytes.
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5.18.1.6 All intra-beat time point values must be expressed as sample numbers relative to the
beginning BSSN (see 5.18.4.1 bytes 5 to 8) of the analysed beat. The first sample of the beat is numbered
1.

5.18.1.7 Unless specified otherwise, all incomputable measurements and not computed
measurements and annotations values shall be pinpointed by one of the special codes listed in 5.10.3.1.

5.18.1.8 Unless specified otherwise, in this section all numeric fields are encoded as unsigned binary

integers. Text fields are encoded in UTF-8.

5.18.2 SectjomribHeader
If present, this section shall start with a “Section ID Header” and shall include the proper data‘part, as
defined in §.2.7. In particular, in the Section ID Header, the protocol version numberstotred in the
Header bytg¢ 10 shall reflect the current version of this document, since versions Vii¥and V2 d¢ not
support thig beat-by-beat measurements section (section 15 does not exist in SCP-ECG versions V] and
V2).
5.18.3 Sectjon data part
The Section|data part is composed of a data Header, an optional “Additional Beat Measurements and
Annotationg Definition Block”, and a variable number of Measurements Arrays.
5.18.3.1 Data Header
The header|is used to provide information that are common to all measurements arrays stored in
section 15. [t has the following format:
Byte Contents
1 Confirmed / Non confirmed measurements and annotations Status.
Value Type
0 Original measurements and annotations (not overread).
1 Confirmed measurements and annotations.
2 Measurements and annotations (partially) overread, but pot
confirmed.
2to8 Date and time of measurements and annotations recording and/or overreading (D/T).
Semantically equivalent to MDC_ATTR_TIME_ABS.
The byte format is identical to the date and time formats specified in section 8 (see
5A114):
Byte
2to3 Binary: Year (Full integer notation, as in 2018) [MDC_DIM_YR]
4 Binary: Month (range 01 to 12; 01 = January) [MDC_DIM_MON]
5 Binary: Day (range 1 to 31) [MDC_DIM_DAY]
6 Binary: Hours (range 0 to 23) (time is always local time) [MDC_DIM_HR]
7 Binary: Minutes (range 0 to 59) [MDC_DIM_MIN]
8 Binary: Seconds (range 0 to 59) [MDC_DIM_SEC]
NOTE 1 The date and time information stored in this header indicates the date and time of the
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creation and/or storage of the latest measurements array of this section (in case the value of byte

1 is 0), or the date and time of the latest overreading or confirmation (in case the value

of byte 1 is

1 or 2). This information is usually different from the date and time of the signal recording.

NOTE 2 Time and date is expressed as local time in the Time Zone of the overreader and/or of the

analysing device.
Date&Time Time Zone (TZ), specified as an offset from UTC in minutes. (Signed

Semantically equivalent to MDC_ATTR_TIME_ZONE.

integer).

The content of this field shall identify the time zone related to the local time stored here

above in bytes 2 to 8. The format shall be identical to the Time Zone format s

pecified in

11

13

14
63
67
var|

var

5.18

The §
are S
spec
the 2

to 12

Fo 62
fo 66
Fo 70
iable

iable

3.2 Additional'Beat Measurements and Annotations Definition block

-byte measurement/annotation values in each beat measurement data block MB (see

bytes 1-2 of Tag 34 in Table 2. In case the local Time Zone is unknown, TZ shall be set to

0x7FFF.
Number of Additional Beat Measurements and Annotations (#ABM).

This field records the number of additional measurements and annotations (if 3
are specified in the Additional Measurements and Annotations Definition
whose values or codes will be stored beat-by-beat as a two‘byte signed integ
each (single) beat measurements block MB, after the Toff measurement field (s
and Figure 19).

If #ABM = 0, no additional beat measurements and)jannotations are stored, {
Additional Measurements and Annotations Definition Block (its size is 0), the
by-Beat Measurements Array starts immediately after the Manufactur
information field M], if any, and the size of each single beat measurements b
only 20 bytes.

Number of recorded Beat-by-Beat Measurements Arrays (#BMA).

Allowed values range from1 to 255.

Reserved for future use (shalllalways be set to zero).

Length of the Header Notes field in bytes (LHN).

Length of the Manufacturer-specific additional Information field in bytes (LMI).
General Header Notes on this section. This is a free-text field. It shall be NULL te

Manufacturer=specific Information field (MI).

ny) which
Block and
br value in
pe 5.18.4.1

here is no
first Beat-
er-specific
ock MB is

rminated.

jdditional-beat measurements and annotations (compliant with #ABM) and the order in which they
tored Jdn.€ach beat measurements data block MB, are defined in this part of the
ficatioh of the additional measurements / annotations order shall reflect the order use

section. The
i for storing

5.18.4). The

length of the additional beat measurements and annotations detinition blockK 1s related to the number of
additional measurements #ABM and is a multiple of 10 bytes. For each measurement / annotation of
the #ABM additional measurements stored in bytes 11 to 12 of the header of this section data part, the
same structure repeats. It is assumed that the additional beat measurements and annotations order and
the units or type of these measurements (Units) are the same for each measurements array stored in
this section. They may however change from one SCP-ECG record to another.
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Byte

2to5

98

Contents
Measurements and annotations Reference Thesaurus Code (RTC)

This byte indicates where to find the definition and the semantics of the additional
measurement or annotation specified in bytes 2 to 5.

Value Reference Thesaurus

0 Undefined

1 [SO 11073-10102 [9] and/or its running updates stored in the
NIST RTMMS repasitory [59]

2 SCP-ECG section 7 (Global Measurements)
SCP-ECG section 10 (Per-Lead Measurements)

4 [SO 11073-10101 [8] and/or its running updates-stored in [the

NIST RTMMS repository [59]
5t0 99 Reserved for future use
100 to 255 Manufacturer specific codes
Measurement Identification code (MIC).

The measurement / annotation shall be identified by.aunique code that shall allow to
know what the measurement / annotation represents,

[f RTC = 1, then MIC shall store the CF_CODE10.yalue corresponding to the REFID of the
measurement/annotation as defined in IS0 11073-10102 [9] and/or in the running
updates tables stored in the NIST RTMMS repository [59].

[f RTC = 2, the measurement / annotation has neither been listed in ISO 11073-10101{[8]
nor in ISO 11073-10102 [9] but has_been defined in SCP-ECG section 7 “Global ECG
Measurements”, Clause 5.10.3.7_<“Additional Global measurements”. Then, the Lead
[dentification value (LID, byte 6.hereafter) shall be set to “199” and MIC shall storg¢ in
‘Byte” 3, the value of the Tag\defined in Table 8, and in “Byte” 2 (the least significant hyyte
of the 4-byte integer stofed in “Byte” 2 to 5), the position of the measurement’s mlost
significant byte in the tagged value field. “Byte” 4 and 5 shall be set to “0”.

EXAMPLE Measuvement “Heart rate corrected Dispersion: Max-Min” (Position = Byte 2) of
the “QTpeak All-léad Dispersion” (Tag = 1) is encoded by: MIC = 258 (0x00000102).

[f RTC = 3,.the measurement has neither been listed in ISO 11073-10101 [8] noi in
[SO 11073510102 [9] but has been defined in SCP-ECG section 10 “per-lead ECG
measurements”, Clause 5.13.6. Then, the LID value shall be set to the proper Lead ID and
MIC.shall store in “Byte” 2 (the least significant byte), the position of the measurement’s

most significant byte in the lead measurement block defined in 5.13.6 “Lead measurement

block format”. “Byte” 3 to 5 shall be set to “0”.

EXAMPLE Measurement “P(+)-amplitude” (Bytes 35-36) is encoded by: MIC=36
(0x00000024).

If RTC =4, then MIC shall store the CF_CODE10 value corresponding to the REFID of the
measurement/annotation as defined in 1SO 11073-10101 [8] and/or in the running
updates tables stored in the NIST RTMMS repository [59].

If RTC =0, then no measurement thesaurus is available. This RTC code may be used for
testing purpose. In that case, it is recommended to differentiate the corresponding
measurements and annotations identification codes (MIC) by using for example an
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incremental number.

If RTC=100 to 255, then the measurement/annotation is manufacturer specific. It is
recommended that the corresponding measurements and annotations are specified in the
Manufacturer-specific Information field (MI) and in the manufacturer’s physician’s guide.

Lead Identification (LID).

This discriminator shall be used to identify to which specific ECG lead, if any, the
measurement specified by MIC applies. The same SCP-ECG numbering scheme as in 5.6.4,

Table 4, shall be used to specify the lead that has been used.

AW & nVal h e 1

fal d 11 . 1 dodn. inVaV¥al L | A DL ot o)
OCIIAIILILAITy CTUUIVAITIIU LU MIDLU_LUGU_LTAU_AAX(SCT O.0.7 INULC].

If the measurement/annotation implicitly refers to the global set of leads, v
morphology class number (coded by MDC_ECG_QRS_MORPH_NUM)! |or td
measurement, then LID shall be set to the SCP-ECG code “199”.

The same yields for some of the WAVC components specified,inn1ISO 11073-
MDC_ECG_WAVC_PWAVE and MDC_ECG_WAVC_QRSWAVE, which might be use
specify the global duration of the P-wave and of the QRS complex, or the duratiq

of use. LID shall thus be set to “199” if the measurement is a global one, to th
lead code if the measurement concerns a specifi¢ lead, and to “0” if unspec
however recommended to remove any ambiguity by using only CF_COD]
corresponding to global measurement REFIDs. listed in ISO 11073-10102 Table
per-lead measurements listed in [SO 1107310102 Table A.13, whenever possib

NOTE 1 If the MIC value corresponds to the'€F_CODE10 of a per-lead ECG measurem
Table A.10 of ISO 11073-10102, it implieitly includes the Lead ID and thus would no
specify the LID code. Indeed, all\per-lead ECG measurements listed in Ta
[SO 11073-10102 apply to a specific ECG lead and include the 8-bit MDC_ECG_disq
discriminator. For example, ‘the P-wave duration in Lead V2 would be id
MDC_ECG_TIME_PD_P_LEAD_ V¥2”and CF_CODE10 =137732. For consistency and e
reasons, it is however recomrnended to specify in byte 6 the target lead, even if implig
by the CF_CODE10 codey..e: in the previous example to set LID = 4 (SCP-ECG code for V3

NOTE 2 1SO 11073410102 allows using per-lead REFIDs for specifying global duration
onset and offset of some waves, viz the global onset of the P and T-wave and the gla
duration. For.example, the global P-wave duration (evaluated over all leads) may be i
MDC_ECG_TIME_PD_P_LEAD_CONFIG (CF_CODE10=137728) when using the pe
numeri¢~form, or by MDC_ECG_TIME_PD_P_GL (CF_CODE10 =147256) when using
measurement form. Here the LEAD_CONFIG discriminator (code = 0) is used to speg
meadsurement is a global one, i.e. it applies to all leads simultaneously. Coding LEAD_C(
in\some way contradictory with the definition given in SCP-ECG Table 4, where SCP-E
means “Unspecified lead” (see Table 4, Note 1). It is thus typical to set LID to the SC
“199” for all global measurements, i.e. for the measurements specified in I1SO 11

z the QRS
a global

10102, viz
d to either
n of the P-

wave and of the QRS complex in a specific lead, dependihg'on the measurements context

e relevant
ified. It is
E10 codes
A.12, or to
le.

ent listed in
L require to
ble A.10 of
rim_LEADS
entified as
hse of use
itly defined
)

5 and global
bal P-wave
Hentified as
-lead ECG
the global
ify that the
NFIG “0” is
LG Code=0
P-ECG code
073-10102

Table A.12 and for the relevant per-lead measurements specified in ISO 11073-10102

Table A.13,

when the lead discriminator is LEAD_CONFIG.

7to8 Measurement/annotation Units code and/or type (Units).

© IS0 2023 - All rights reserved

These two bytes specify the physical unit of the selected beat measurement/annotation
value (and its type, if dimensionless) that will be stored in the selected Beat
Measurements data block MB, as a result of the measurement / annotation process
corresponding to the additional measurement / annotation defined in bytes 2 to 5.

Typical additional measurement results are wave component time points (expressed in
sample numbers), wave durations (expressed in sample intervals or in ms), wave
amplitudes, vector magnitudes and orientations, etc. The later are usually expressed in pV
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and in angular degrees.

Physical units shall be identified by means of their UoM base code according

to

ISO/IEEE 11073-10101 [8] and the updates maintained in the corresponding units-of-

measure table defined in the NIST RTMMS repository [59].

Units of dimensionless annotations viz the QRS morphology class number or the ECG
rhythm type shall be encoded by 512, the UoM base code for MDC_DIM_DIMLESS (see

example in 5.18.6).

Table A.8 in Annex A points out the most useful units for the purpose of this beat-by-beat

measurements and annotations section and defines the codes that shall be used for

the

measurement and annotation types not yet defined by the 11073-10101 standard.
9to 10 [Measurement Value Multiplier (MVM) for the measurement specified in bytes 2 £0.5.

The Measurement Value Multiplier (MVM) shall be used as a normalization factor to al

byte signed integer.

For dimensionless annotations and measurements coded 512C{JoM base code

sample intervals, MVM shall be set to 1.

QRS_V2 and that bytes 7 to 8 contain the UoM code\for values expressed in puV x

100 000 000 pV x ps, can be encoded as a 2-byte signed’integer equal to 1000 and MVM =100
equal to 10 000 and MVM = 10).

ow

storage of large quantities expressed in physical units pinpointed by bytes\2to 8 as a tyvo-

for

MDC_DIM_DIMLESS, see Annex A, Table A.8) or expressed in‘sample numbers and in

Example Let’s suppose that bytes 2 to 5 contain the CFACGODE10 for MDC_ECG_INTEGRIAL_

ms

(MDC_DIM_NANO_VOLT_SEC). Then a QRS wave integralvalue in lead V2 of 100 mV x ms, i.¢. of

(or

NOTE1 If#ABM = 0, then this additional beat measurements and annotations definition block is empty (iffs size

equals 0).

NOTE2 T

ere is no easy way to specify which measurement values can take negative values (viz amplitude and

angular degrges). It is thus mandatory that all additional measurement values are stored as 2-byte signed intlegers

(see 5.18.4.1,[bytes 21 to 22 and beyond).

5.18.3.3 Bept-by Beat Measurements/Arrays

The number of beat-by-beat measurements arrays that will be saved in this Section data part i
number #BMA stored in byte-13 of the data Header of this section (see 5.18.3.1). For every Beat-by
Measurements Array, th€ same structure repeats. It consists of an array specific header

information|about the related ECG recording and/or ECG excerpt, and an optional notes field foll
by the different beat ‘'measurements blocks (MBs). The header also contains information abou
analysis Ti
and several metadata such as the sampling rate and specific filtering, if any. It also specifies the nu
of beat meagutément blocks stored at the end of the array header after the notes field as well as

5 the
Beat
with
bwed
t the

e Window corresponding to the measurements and annotations results stored in this grray,

mber
bome

general measurement results such as the mean RR and PP intervals.

Beat-by-Beat Measurements Array Header

Byte Contents
1 Measurements Array Id (MAId). Allowed values range from 1 to 255.
2 Related ECG signal data section (ECG_DS).

This byte is used in combination with byte 3 to specify in which section one can find

the

raw ECG signal data corresponding to the measurements / annotations stored in this

specific array.
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Value ECG signal type and localization

0 Unknown, or the raw ECG signals from which the beat-by-beat
measurements / annotations stored in this array have been
derived are not saved in this SCP-ECG file

5 Rest ECG reference beat (Section 5)

6 Rest ECG rhythm data (Section 6)

12 Long-term ECG rhythm data (Section 12)

13 Selected ECG reference heats (Section 13)

14 Selected ECG sequences repository (Section 14)
3 Related ECG Data Block Number (ECG_DBN).

This byte is used to specify, in case ECG_DS =13 or 14, to which(ECG sequerjce or ECG
reference beat the stored beat measurements / annotations correspond.

If ECG_DS =13, then ECG_DBN shall store the metadata blo¢k ID “Bld” (se¢ 5.16.3.3)
corresponding to the analysed reference beat, i.e. ECG_DBN.="BId.

If ECG_DS =14, then ECG_DBN shall store the blogk identification number [“BN” (see
5.17.6.6) corresponding to the analysed ECG sequefce, i.e. ECG_DBN = BN.

In all other cases ECG_DBN shall be set to zero.
497 Analysis Time Window Starting Date (TWSD).

The value assigned to TWSD shall be the date of the acquisition of the first ECG sample of
the ECG area of interest (also pinpointed by ECG_DS, ECG_DBN, TWST, TWSS gnd TWSL)
corresponding to the Time Window for which the beat measurements and aphnotations
stored hereafter have been coniputed or, in case ECG_DS = 0, the date of the acquisition of
the first ECG sample analysed;in the original, non-saved ECG recording.

In case ECG_DS = 13, the 'stored measurements are related to the reference beat identified
by its metadata block.ld Bld and TWSD shall take the same value as BDR (s¢e 5.16.3.3
bytes 4 to 7).

The format of TWSD shall be compliant with the “Date of Acquisition” format specified in
the ECG mefadata part of Section 1. (For the format details, refer to Table 2, Tag 25).

8t 10  AnalysisiFime Window Starting Time (TWST).

The-wvalue assigned to TWST shall be the time of the acquisition of the first ECQ sample of
the)ECG area of interest (also pinpointed by ECG_DS, ECG_DBN, TWSD, TWSS gnd TWSL)
corresponding to the Time Window for which the measurements stored in this
measurements array have been computed or, in case ECG_DS =0, the tilne of the
acquisition of the first ECG cqmp]p analvsed in the m‘iginql non-saved ECG reco ding_

In case ECG_DS = 13, the stored measurements are related to the reference beat identified
by its metadata block Id Bld and TWST shall take the same value as BTR (see 5.16.3.3
bytes 8 to 10).

The format of TWST shall be compliant with the “Time of Acquisition” format specified in
the ECG metadata part of Section 1. (For the format details, refer to Table 2, Tag 26).

NOTE 1 In case the analysis Time Window of the saved measurements and annotations is
identical to the time window during which the analysed ECG signal has been acquired, then TWSD
and TWST (defined above in bytes 4 to 10) respectively take the same values as the date and the
time of the acquisition of the first ECG sample of the raw ECG recording or sequence pinpointed by
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ECG_DS and ECG_DBN.
11to 14 Analysis Time Window Starting Sample number (TWSS).

This field contains the sample number (referred to a generic lead, all the leads having the
same number of samples) of the first ECG sample of the ECG area of interest specified by
the previously defined starting date (TWSD) and time (TWST) and by the analysis Time
Window Length (TWSL, defined hereafter in bytes 15 to 18), in the raw ECG recording
pinpointed by ECG_DS and ECG_DBN or, in case ECG_DS =0, in the original, non-saved
ECG recording.

In case ECG_DS # 13 and TWSD and TWST are identical to the date and the time of the
acquisition of the first ECG sample of the analysed ECG signal, then TWSS shall be set;tg 1.

In case ECG_DS = 13, the stored measurements are related to the reference beat.identified
by its metadata block Id Bld and TWSS shall take the same value as SRB (see”5.16]3.3
bytes 18 to 21).

15to 18 [Analysis Time Window Length, in Samples per lead (TWSL).

This field contains the length (in number of samples) of the analysis-Fime Window, in fthe
raw ECG recording pinpointed by ECG_DS and ECG_DBN or, in case ECG_DS =0, in [the
original, non-saved ECG recording.

In case ECG_DS = 13, the stored measurements are related to the reference beat identified
by its metadata block Id Bld and TWST should take the same value as LRB (see 5.16]3.3
bytes 22 to 23).

TWSL includes sample TWSS. The last sample of'the specified area of interest will thuq be
sample number (TWSS + TWSL -1)

NOTE 2 If the value of ECG_DS is different from “0”, then the number and definition of the leads,
the sampling rate and the AVM to be(considered here for extraction or display of |the

corresponding ECG area of interest are. specified in the sections pinpointed by ECG_DS pnd
ECG_DBN.

19to 22 |Sampling Rate, in samples per second (SR).

Semantically equivalent to MDC_ECG_CTL_VBL_SAMPLE_RATE and
MDC_ATTR_SAMPLE_RATE.

This field shall replicate the sampling rate of the original ECG recording specified in [the
sections pinpointed by ECG_DS and ECG_DBN. It has been included here to make this
section self-standing and to convert measurement time points (viz beat and whave
locations) sannd durations expressed in sample numbers and in sample intervals, into
physical‘time and duration.

In caséthe value of ECG_DS equals “0”, then bytes 19 to 22 shall store the sampling rate of
the)original ECG on which the measurements / annotations stored in this measurements
array have been computed.

NOTE 3 Instead of storing as in Section 6 the sample time interval in microseconds (an example is
given in Clause 5.9.3), in this Section the sample rate has been preferred, as in sections 12 (long-
term ECG), 13 and 14.

23 Measurements Array specific Filter Setting (MAFS).
The definition of the values taken by this byte are:
0 Unspecified.

No specific filter settings have been specified and the filter settings used for
processing the ECG signals corresponding to the measurements / annotations stored
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in this measurements array are unknown. This means that bytes 24 to 28 shall be
discarded and that the users must refer to the physician’s guide to know which

specific filtering has been used, if any.

If ECG_DS does not equal “0” (see above, byte 2), then the filter settings stored in
Table 2, Tag 27, 28 and 29 and/or in the sections pinpointed by ECG_DS may be used

to know if the ECG signals stored in the respective ECG signal data sections
filtered, and how.

1 No specific filter settings used.

No specific filters other than the ones specified in Table 2, Tag 27, 28 and

to 25

to 27

in the sections pinpointed by ECG_DS have been used for processing the.H
corresponding to the measurements / annotations stored in this~mea
array. The relevant filter settings initially stored in Table 2 and/o01,in th
pinpointed by ECG_DS are replicated hereafter in bytes 24 ta;28, to fa
retrieval of the corresponding information and thus make this, section self-§

2 Specific filter settings used.

The filter settings that have been used for processing‘\the ECG signals corr
to the measurements / annotations stored in this measurements array in t
are defined hereafter, regardless of the values stored in Table 2 or in th
pinpointed by ECG_DS. The new settings ondy apply to this measuremen
this section, and are specified in bytes 24 t0.28.

High-pass filter (HPF) [MDC_ECG_CTL_VBL ATTR_FILTER_HIGH_PASS].

If MAFS = 2, this field contains the “cut-off” frequency (-3 dB) of the high-pass
has been used, if any, for computing‘the measurements stored in this mea
array, in units of (1/100) Hertz.

NOTE 4 A value of OxFFFF in this field means that the filter setting was not specified.

NOTE 5 A value of zero in this-field means that the recorded signals were DC-coupled
high-pass filtering was performed.

Low-pass filter (LPE);JMDC_ECG_CTL_VBL_ATTR_FILTER_CUTOFF_FREQ].

If MAFS = 2, this\field contains the “cut-off” frequency (-3 dB) of the low-pass
has been used/ if any, for computing the measurements stored in this mea
array, in gnits of Hertz.

Systems/that do not perform any low-pass filtering for computing measure

anrotations shall replicate the low-pass filter setting of the recorded signal datg.

NOTE 6 A value of OxFFFF in this field means that the filter setting was not specified.

have been

29 and/or
CG signals
surements
e sections
ilitate the
tanding.

esponding
his section
e sections
[S array in

filter that
surements

and that no

filter that
surements
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Filter bit map (FBM) (binary).
If MAFS = 2, this field indicates if other filters, which were not implicitly defined by

the

content of bytes 24 to 27, have been used during the processing of the ECG. The definition

of the different bits of the FBM bit map are detailed in Annex A, Table A.6.

NOTE 7 If FBM =0, no additional filtering than those implicitly specified in bytes 24 to 27 was

used.

NOTE 8 If FBM = 255, then the FBM filter setting was not specified.

Average RR interval in milliseconds for all QRS complexes of the ECG sequence

31to 32

33to 36
37 to 62
63 to 64

Variable
(LMAN)

Variable

variable

To facilitatd

i o 1] 1 e A | ph IS | i 4+
CUIl Capuuuuls LU LUIIT aucu_yocu LIITICT WITITUUVYV dalIlu LU LT lJl COCIIU ITITASUTI TITITTIILS dl'l ay.

Semantically equivalent to MDC_ECG_TIME_PD_RR_GL_MEAN.

NOTE 9 In case no average RR interval is computed/computable, this is specified by'storing
of the special codes defined in 5.10.3.1.

Average PP interval in milliseconds for all P waves of the ECG sequence.corresponding
the analysed time window and to the present measurements array.

Semantically equivalent to MDC_ECG_TIME_PD_PP_GL_MEAN.

NOTE 10 In case no average PP interval is computed/computable, this'is specified by storing on
the special codes defined in 5.10.3.1.

Number of stored beats (#Beats).
Reserved for future use (shall always be set to zero),
Length, in bytes, of a Note Field for this Measurements Array (LMAN).

The notes may be used for example todescribe and document the different K
processing steps and the particularities-of the selected analysis time window or of
manufacturer specific measurements;/ annotations stored in this particular array.

Measurements Array Notes field explaining the particularities of the processing st
and/or of the non-standard measurements. This is a free text field that can also be fil
in with annotations from thefechnician, cardiologist, etc. It shall be null terminated.

Set of Measurements and annotations (Measurements Block) for the 1st Beat (MB1).
NOTE 11 The size of this-field and of each of the following ones is (20 + #ABM x 2) bytes.
Set of Measureménts and annotations (Measurements Block) for the 2nd Beat (MB2).

etc.

the retriéval of the beat measurements and annotations metadata and thus make

section self-

values are tlre same as in Section 1 or in the signal sections. This array header shall be filled up agaip.

contained, none of the fields of this array header can be overlooked even if some o

pne

b to

D

e of

CG
the
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led

this
f the

-

The information on the presence and type of pacing device, if any, shall be provided in Section 1
(Table 2, Tag 32 and Tag 36).

5.18.4 (Single) Beat Measurements data Block (MB) structure

5.18.4.1 Description of the data content of each beat Measurements and annotations data Block

Byte Contents

1to 4

104

Beat ID (BID).

Sequential number. May be used in combination with the Measurements Array Id MAId
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(see 5.18.3.3 byte 1) to facilitate retrieval of the measurements and annotations of a
specific beat when referenced in another section.

Beat Starting Sample Number (BSSN), expressed as a sample number relative to TWSS,
the Starting Sample number of the analysed ECG excerpt corresponding to the analysis
Time Window.

Semantically equivalent to MDC_ECG_BEAT_ONSET and to
MDC_ECG_WAVC_PQRSTWAVE_ ONSET. (See Note 2)

This field contains the sample number BSSN (referred to a generic lead, all the leads
having the same number of samples) of the first ECG sample of the beat pinpointed by

9to

11t

13t

15t

17t

10

D 12

Db 14

D 16

D 18

BID, with reference to TWSS, the Starting Sample number of the analysis Time Window.

If ECG_LDS =5 or ECG_DS =13 and RTBL[2] =1 (see 5.16.3.3 byte 17), then'BYSN =1 (the
measurements and annotations concern a computed reference beat).

Beat label, encoded using the CODE10 code corresponding to the REFIDs for|beat labels
listed in Table A.9 “ECG beat annotations” of ISO 11073-10102\}9] and/or in the running
updates tables stored in the NIST RTMMS repository [59].

Semantically equivalent to MDC_ECG_QRS_TYPE.

“Beat label” shall be encoded by 8192 (CODE10 for MDC_ECG_BEAT) if undefined (no beat
label available for this beat).

Global P onset, expressed as a sample number relative to the beginning BSSN of the
analysed beat (signed integer).

Semantically equivalent to MDC_ECG_TIME_START_P_LEAD_CONFIG and to the two level
encoding [MDC_ECG_LEAD_CONFIG,MDC_ECG_WAVC_PWAVE_ONSET].

Global P offset, expressed as_a~sample number relative to the beginning BSSN of the
analysed beat (signed integer).

Semantically equivalent-te>MDC_ECG_TIME_END_P_LEAD_CONFIG and to the two level
encoding [MDC_ECG_LEAD_CONFIG, MDC_ECG_WAVC_PWAVE_OFFSET].

Global QRS onset;expressed as a sample number relative to the beginning BSSN of the
analysed beat (§igned integer).

Semantically;-€quivalent to MDC_ECG_TIME_START_QRS_LEAD_CONFIG and [to the two
level encoding [MDC_ECG_LEAD_CONFIG, MDC_ECG_WAVC_QRSWAVE_ONSET].

Global-QRS offset, expressed as a sample number relative to the beginning BSSN of the
analysed beat (signed integer).

Semantically equivalent to MDC_ECG_TIME_END_QRS_LEAD_CONFIG and to the two level
encoding [MDC_ECG_LEAD_CONFIG, MDC_ECG_WAVC_PWAVE_OFFSET].
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19to 20  Global T offset, expressed as a sample number relative to the beginning BSSN of the

analysed beat (signed integer).

Semantically equivalent to MDC_ECG_TIME_END_T_LEAD_CONFIG and to the two 1
encoding [MDC_ECG_LEAD_CONFIG, MDC_ECG_WAVC_TWAVE_OFFSET].

21to 22 1st Additional Beat Measurement/annotation, if any (ABM1) (signed integer)
23to 24 2nd Additional Beat Measurement/annotation, if any (ABM2) (signed integer)
25to 26  3rd Additional Beat Measurement/annotation, if any (ABM3) (signed integer)

evel

etc upto Additional Beat Mpqcnrpmpn‘r/qnnn‘m‘rinn ABMn n = #ABM (cignpd integer

Any measurgment computed as a “Time Point” (including any additional beat measurement comy

uted

as a time pqint) shall be expressed as a sample number relative to the beginning BSSN (Beat Starting

Sample Number) of the analysed beat. The first sample of the beat is numbered 1. Unlike Secti
where wave time points are given in milliseconds (see 5.10.3.3), in this Section sample numbers
been preferred. Timings in milliseconds may be easily computed by subtracting “1%from the valu
sample nunjbers (the first sample of the beat starts at time 0) and then by multiplying the resy
1000 and dividing it by the sampling rate SR stored in bytes 19 to 20 of‘the Measurements /
Header (see|5.18.3.3, bytes 19 to 22).

For examplg, in case of a median beat, BSSN =1 and if the location ofthe global onset of the P-w4
sample numper 11 and SR = 500 s/sec, then the P-onset is located 20'ms after the median beat onsg

Additional Beat measurements values shall be stored after byte’20 as 2-byte signed integers.
should be tgken to limit “positive” values to a maximum of 32%67 and to avoid using one of the sf
codes listed] in 5.10.3.1, except if relevant. Annotations based on I1SO 11073-10102 REFIDs sh{
stored as CQDE10 code values (unsigned integers).

NOTE1  Agall other time points in this data set (viz Global P onset, etc.) are expressed as sample numbers
reference to |BSSN, it is suggested to choose a BSSN time point that is upstream of the global P onse
nevertheless pllows to discriminate the present beatdrom the previous one when using BSSN to visually loca
beat on the ofiginal ECG recording (although using'the global onset of QRS or any intra QRS fiducial point v
be a better choice for visually identifying the beat pinpointed by BSSN on the display or printout of the or
ECG signals).

A common prjactice is to select a BSSN loeated 20 ms before global P onset or 150 ms before global onset of
case no P waye was detected.

NOTE2 BYSN can also be) encoded using one of the following REFIDs: MDC_ECG_BEAT_
MDC_ECG_BEAT_XX and MDC.ECG_WAVC_PQRSTWAVE_XX, where suffix XX can take one of the following v
TIME_POINT,) ONSET, ONSET_IMPL. Another option is to use MDC_ECG_BEAT_TOC, although the latter is typ
reserved for ¢ncoding intra QRS fiducials.

NOTE 3  Typical éxamples of beat labels are:
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— VPC (Ventricular premature contraction beat). Is encoded by 8336 (CODE10 for MDC_ECG_BEAT_V_P_C);

— Normal Beat. Is encoded by 8208 (CODE10 for MDC_ECG_BEAT_NORMAL);

— Paced Beat. Is encoded by 8704 (CODE10 for MDC_ECG_BEAT_PACED), etc.

5.18.4.2 Overview of the data content of a single beat Measurements and annotations Block
(MB)

An overview of the data content of a typical beat Measurements and annotations Block (MB) is provided

in Figure 19, where ABM stands for Additional Beat Measurement or annotation (see 5.18.3.2).
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a0 | BssN Beat | Pon | Poff | QRSon | QRSoff | Toff 1st 2nd Last
label | global | global global global global | ABM | ABM ABM
4 4 2 2 2 2 2 2 2 2 var 2

Figure 19 — Overview of the data content of each beat Measurements Block MB

5.18.5 Overview of the data part of the Beat-by-Beat ECG measurements and annotations section

An dverview of the data part of section 15, Beat-by-Beat ECG measurements and anjpotations, is
provided in Figure 20.
Header Beat Meas. definition 15t Meas. Array 2M¢Meas. Array
/ var \ var
Status | D/T | TZ | #ABM |#BMA
1 7 2 2 1
15t Meas |1t Meas |15t Meas |15 Meas |15t Meas | ... =, | Last Meas
RTC MIC LID Units MVM MVM
1 4 1 2 2 ' 2
MAId |[ECG_DS|ECG_DBN|TWSD | TWSTYTWSS|TWSL| SR | MAFS| HPF | LPF | FBM
1 1 1 4 3 4 4 4 1 2 2 1
MA | 1stBeat | 2"d Beat Last Beat
RR PP~ |#Beats | Res LMAN Notes MB MB // MB
2 2 26 2 var var var i var
Figure 20 — Overview of the data part of Section 15
5.18/6 Example of encoded beat measurements and annotations

Table 10 below displays some of the coded content of a typical (Beat x Measurements/Annotations)
Array for a few beats from a real 10 min duration ECG record, where we assume that the sampling rate
is 500 samples/s and that the first three and the last Additional Beat Measurements and annotations
(ABMs) defined in the “Additional Beat Measurements and Annotations Definition block” are
respectively the following:

— “Beat type” (i.e. the QRS morphology class number, coded by MIC = 1 and
MDC_ECG_QRS_MORPH_NUM, CF_CODE10 = 666688),

— “Rhythm type” (coded by MIC = 1 and MDC_ECG_RHYTHM_TYPE, CF_CODE10 = 666692),

— “QRS axis” (coded by MIC = 1 and MDC_ECG_ANGLE_QRS_FRONT, CF_CODE10 = 147204),
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— “ST40_V”, i.e. the “Magnitude of the vector at 40 ms after the end of QRS complex” (coded by MIC =
1 and MDC_ECG_MAG_J40_VECT, CF_CODE10 = 147328), in uV.
Beat labels and wave onsets and offsets have been encoded as specified in 5.18.4.1.

Beat type values have been coded as usual by 0, 1, 2 etc., where “0” represents the dominant class (see
5.1.11 and Annex D).

Rhythm type values have been encoded by the CODE10 values corresponding to the REFIDs “ECG
rhythm annotations” listed in Table A.10 “ECG rhythms” of ISO 11073-10102 [9].

For the QRS axis in the frontal plane the convention shown in Figure 10 has been used.

Measuremefts not found (no P wave during atrial fibrillation) or not computed are respectively_goded
19 999 and 29 999 (see 5.10.3.1).
In this 10 mlin ECG record example, at the beginning the rhythm is sinus normal, beat N®"2 is a|VPC.
Around time t = 1 min, there are two premature atrial beats, followed by atrial flutter, Asound timelt = 2
min, the rhythm then changes to atrial fibrillation which lasts until the end of the redord.
Table 10 — Tabular representation of the coded content of atypical
(Beat x Measurements/Annotations) Array
BID | BSSN Beat Pon Poff QRSon | QRSoff | Toff | ABM_ [FABM_2 ABM_3 | ..[ Last
Label 1 Beat{ Rhythm | QRS ABM
type type axis ST40L.V
1 470 82082 |15 60 90 135 290. 4.0 9239 ¢ -15 .| 15
2 870 83361 19999 |19999 |80 150 305 |1 0 299991 | .1 120
3 1470 8208 17 61 92 136 294 |0 0 -13 .| 12
60 30000 (| 8208 N 29999 | 91 133 292 |0 0 -10 ..| 18
61 30260 || 8304¢ |[19999 [19999 |65 130 298 |2 0 299991 | .| 70
62 30500 || 82724 [19999 [ 19999 |89 134 293 |0 0 -12 ..| 14
63 31015 || 8208 15 60 91 137 292 |0 0 -15 .| 17
64 31240 || 8208 19999, 49999 | 90 133 289 |0 9460 f -10 ..| 16
65 31520 || 8208 19999 | 19999 | 88 134 290 |0 0 -11 .| 12
180 |59740 (| 8208 19999 (19999 |91 135 293 |0 0 -14 ..| 18
181 | 60000 [|@B208 19999 [ 19999 |90 136 292 |0 94768 -9 .| 22
182 | 60230 (8208 19999 [ 19999 |87 132 287 |0 0 -12 ..| 16

108 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 4106

4:2023(E)

BID | BSSN Beat Pon Poff QRSon | QRSoff | Toff | ABM_ | ABM_2 ABM_3 | ...| Last
Label 1 Beat | Rhythm | QRS ABM
type type axis ST40_V
M 299480 | 8208 19999 |19999 |91 134 292 |0 0 -11 .| 14
¢ CODE10 for

a CODE10 for MDC_ECG_BEAT_NORMAL

b CODE10 for MDC_ECG_BEAT_V_P_C

¢CODE10 for MDC_ECG_BEAT_ATR_P_C_ABERR
4 CODEJL0 for MDC_ECG_BEAT_ATR_P_C

fCODE10 for MDC_ECG_RHY_ATR_FLUT_ONSET
¢ CODE10 for MDC_ECG_RHY_ATR_FIB_ONSET

hTt1s assumed that the program having producq
measurements/annotations array only comput
dominant beats

MDC_ECG_RHY_SINUS_NORMAL_RHY_ONSET_IMPL

bd this
s axes for

5.19 Selected ECG beats measurements and annotations - Section 16

5.19{1 General
Althg
meas
analy
and i
for a

ugh section 15 already provides means to store several pre<defined global and p
urements and annotations for different subsets of computed 6r selected (reference)
'sed signals, there are various scenarios which require for-example to store a few me
innotations for all beats of the rhythm signals, and a larger set of measurements and
much smaller number of beats, ie for some selected<er computed reference beats.

be to extend the number of (optional) additional*measurements in section 15 to

Meadqurement Block (MB) length which would require to store Void measurement values
seledted beats, even if not computed.

Sectipn 16 provides a solution to store a“different set of measurements and annotations tH
stordd in section 15 and is thus complementary to section 15. Its structure and format a
samgq as for section 15, except that there is no provision for specifying analysis time windd
therg are no systematic reserved-fields viz for systematically storing the PP and RR inter
globdl onsets and offsets of the.P, QRS and T waves (the latter can nevertheless be stored, i
optignal measurements).

Sectipn 16 should be fhe preferred section for storing selected ECG beats measur
annofations, if no cemplete beat-by-beat measurements and annotations arrays are requi
15 is|not present.

Beat
beat
Meas

measurénments (fiducial location, wave amplitude or duration, etc.) and annotationg
label, “€tc.) may be stored in one or more measurements blocks (hereafter
uréments and annotations Block, in short MB), one MB per selected beat.

br-lead beat
beats of the
asurements
annotations
Dne solution
include the
1t this could

uce huge overheads as all measurement andannotations arrays in section 15 do have the same

for the non-

an the ones
re much the
ws and that
vals and the
f need be, as

bments and

red (section

(beat type,
called beat

The

eats Ay trave beemr setected withim theset of Teference beats of different typesstore

] in sections

5 or 13 or pinpointed by the metadata stored in section 13, or have been selected one by one by a

physician or by a protocol based algorithm within the long-term ECG stored in section 12 o
short-term ECG(s) stored in section 6 and/or in section 14.

5.19.1.1
SCP-ECG record refer to the same patient and that all computed and stored measurement

r within the

It is mandatory that all measurements and annotations stored in this section of the current

s have been

produced by the same ECG analysing software or device. It is also assumed that the filter settings (viz

specific band pass filtering, if any) used for processing the selected beats are the s
measurements and annotations blocks stored in this section of the SCP-ECG record.
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5.19.1.2 This section is self-contained, i.e. no other information than the patient data stored in
section 1 are needed for exploiting the data content of section 16, if one wants to only exchange selected
beat measurements without exchanging signal data.

The section also provides a solution to supersede the filter settings provided in Section 1, Table 2, Tags
27 to 29, and in sections 12 to 14, in case the filtering used to calculate the beat measurements and
other annotations is different from the filtering performed during the signal acquisition process and/or
before storing the ECG signals, which is usually the case in modern electrocardiographs.

5.19.1.3 The maximum number of measurements blocks that can be stored is limited to 65 535.
There is no limitation in size for these measurements blocks, except that the whole SCP-ECG record is
limited to 4 GiB.

5.19.1.4 ach Beat Measurements Block MB consists in a Beat ID, pointers to the sectionsin which
the selected beat signal data are stored, the sampling rate of the beat signal data, the!Beat Starting
Sample Nunpber BSSN in the original raw signals record (if any), the Beat label, and,#0BM (OBM = 0 -
65 535) “Optional Beat Measurements and annotations” (see 5.19.4.1 and Figure 21)xThis number (OBM
of optional fneasurements and annotations may vary from one SCP-ECG record.to another, but shall be
the same foy all selected beat measurements blocks stored in a same SCP-ECG reeord.

5.19.1.5 Except for the pointers to the signal data sections ECG_DS and ECG_DBN, the Sampling|Rate
SR and the |Beat Starting Sample Number, all other measurements)and annotations values shdll be
encoded by two bytes.

5.19.1.6 All intra-beat time point values shall be expressed as sample numbers relative t¢ the
beginning BHSSN (see 5.19.4.1, bytes 9 to 12) of the analysed beat. The first sample of the bdat is
numbered 1

5.19.1.7 Unless specified otherwise, all incomputable measurements and not computed
measurements and annotations values shall be pinpointed by one of the special codes listed in 5.10{3.1.

5.19.1.8 Unless specified otherwise, in this’section all numeric fields are encoded as unsigned binary
integers. Text fields are encoded in UTF=«8.

5.19.2 Sectjon ID Header

If present, this section shall start with a “Section ID Header” and shall include the proper data part, as
defined in §.2.7. In particular, in the Section ID Header, the protocol version number stored in the
Header bytg 10 shall reflect the current version of this document, since versions V1 and V2 d¢ not
support thig selected beats measurements section (section 16 does not exist in SCP-ECG versiorns V1
and V2).

5.19.3 Sectjomdata part

5.19.3.1 General

The Section data part is composed of a data Header, an “Optional Beat Measurements and Annotations
Definition Block”, and a variable number of Beat Measurements Blocks.
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5.19.3.2 Data Header

The header is used to provide information that are common to all Beat Measurements Blocks stored in
section 16 after the “Optional Beat Measurements and Annotations Definition Block”. It has the
following format:

Byte Contents
1 Confirmed / Non confirmed measurements and annotations Status.
Value Type
0 Original measurements and annotations (not overread].
1 Confirmed measurements and annotations.
2 Measurements and annotations (partially). leverread, but not
confirmed.
2t0 8 Date and time of measurements and annotations recording and/er overreading|(D/T).
Semantically equivalent to MDC_ATTR_TIME_ABS.
The byte format is identical to the date and time formats specified in sectjon 8 (see
5.11.4):
Byte
2to3 Binary: Year (Full integer notation, as in 2018) [MDC_DIM_YR]
4 Binary: Month (range 01 t0:12; 01 = January) [MDC_DIM_MON]
5 Binary: Day (range 1 t0,31) [MDC_DIM_DAY]
6 Binary: Hours (range 0 to 23) (time is always local time) [MDC_)IM_HR]
7 Binary: Minutes(range 0 to 59) [MDC_DIM_MIN]
8 Binary: Seconds (range 0 to 59) [MDC_DIM_SEC]
NOTE1 The date and-time information stored in this header indicates the date and [time of the
creation and/or storage of the latest beat measurements block of this section (in case the value of
byte 1 is 0), or the'date and time of the latest overreading or confirmation (in case the vplue of byte
1is 1 or 2). This.information is usually different from the date and time of the signal redording.
NOTE 2 _Tinte and date is expressed as local time in the Time Zone of the overreader ad/or of the
analysing.device.
9t¢ 10  Date&Time Time Zone (TZ), specified as an offset from UTC in minutes (Signed [nteger).
Semantically equivalent to MDC_ATTR_TIME_ZONE.
The content of this field shall identify the time zone related to the local time stored here
above i bytes 2 to 8T he formatshatt be tdemntical tothe TimeZome format specified in
bytes 1-2 of Tag 34 in Table 2. In case the local Time Zone is unknown, TZ shall be set to
0x7FFF.
11to 12 Number of Optional Beat Measurements and Annotations (#0OBM).

This field records the number of optional measurements and annotations (if any) which
are specified in the Optional Measurements and Annotations Definition Block and whose
values or codes will be stored beat-by-beat as a two-byte signed integer value in each
(single) beat measurements block MB, after the Beat Label field (see 5.19.4.1 and

Figure 21).

If #OBM =0, no optional beat measurements and annotations are stored, there is no
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Optional Measurements and Annotations Definition Block (its size is 0), the first selected
beat Measurements Block starts immediately after the Manufacturer-specific information
field M], if any, and the size of each single beat measurements block MB is only 14 bytes.

13to 14 Number of recorded (selected) Beats Measurements Blocks (#BMB).
Allowed values range from1 to 65 536.

15 Selected Beats Measurements specific Filter Setting (BMFS).
The definition of the values taken by this byte are:
0 Unspecified.

No specific filter settings have been specified and the filter settings used|for
processing the ECG signals corresponding to the measurements / annotatiphs)Stofed
in the selected beat measurements blocks are unknown. This means that.bytes 16 to
20 shall be discarded and that the users must refer to the physician’s-guide to knjow
which specific filtering has been used, if any.

If ECG_DS does not equal “0” (see 5.19.4.1 byte 3), then the filter settings stored in
Table 2, Tag 27, 28 and 29 and/or in the sections pinpointed by’ECG_DS may be uped
to know if the ECG signals stored in the respective ECG signal data sections have bgen
filtered, and how.

1 No specific filter settings used.

No specific filters other than the ones specified‘in’Table 2, Tag 27, 28 and 29 and}/or
in the sections pinpointed by ECG_DS have been used for processing the ECG signals
corresponding to the measurements / annotations stored in the selected heat
measurements blocks. The relevant filter;settings initially stored in Table 2 and/of in
the sections pinpointed by ECG_DS -are replicated hereafter in bytes 16 to 20| to
facilitate the retrieval of the corresponding information and thus make this section
self-standing.

2 Specific filter settings used.

The filter settings thathave been used for processing the ECG signals corresponding
to the measurements\//annotations stored in the selected beat measurements blogcks
in this section are defined hereafter, regardless of the values stored in Table 2 of in
the sections pinpointed by ECG_DS. The new settings only apply to the beat
measurements‘blocks in this section, and are specified in bytes 16 to 20.

16to 17 [High-pass filfer(HPF) [MDC_ECG_CTL_VBL_ATTR_FILTER_HIGH_PASS]

[f BMFS< 2, this field contains the “cut-off” frequency (-3 dB) of the high-pass filter that
has been used, if any, for computing the measurements stored in this selected heat
measurements block, in units of (1/100) Hertz.

AT Dal mh mb i}

2 A 1 £ 3o 1 1 3 £ . o 3
NUTLE S A VAIUC OI'UXIrrr I UILS TITIO MIIEAILS UIdU UIE THILET STUUITE WdS TIOU SPECITICU.

NOTE 4 A value of zero in this field means that the recorded signals were DC-coupled and that no
high-pass filtering was performed.

18to 19 Low-pass filter (LPF) [MDC_ECG_CTL_VBL_ATTR_FILTER_CUTOFF_FREQ]

If BMFS = 2, this field contains the “cut-off” frequency (-3 dB) of the low-pass filter that
has been used, if any, for computing the measurements stored in this selected beat
measurements block, in units of Hertz.

Systems that do not perform any low-pass filtering for computing measurements and
annotations shall replicate the low-pass filter setting of the recorded signal data.
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NOTE 5 A value of OxFFFF in this field means that the filter setting was not specified.

20 Filter bit map (FBM) (binary).

If BMFS = 2, this field indicates if other filters, which were not implicitly defined by the
content of bytes 16 to 19, have been used during the processing of the ECG. The definition
of the different bits of the FBM bit map are detailed in Annex A, Table A.6.
NOTE 6 If FBM =0, no additional filtering than those implicitly specified in bytes 28 to 31 was
used.
NOTE 7 If FBM = 255, then the FBM filter setting was not specified.

21fo 62 Reserved for future use (shall always be set to zero).

630 66 Length of the Header Notes field in bytes (LHN).

67 ko 70 Length of the Manufacturer-specific additional Information field in bytes (LMI).

varfiable General Header Notes on this section. This is a free-text field. It shall-be NULL tgrminated.

varfiable Manufacturer-specific Information field (MI).

5.19(3.3 Optional Beat Measurements and Annotations Definition block

The
are 9
spec
the 2

pptional beat measurements and annotations (compliant with #0BM) and the order in} which they
tored in each beat measurements data block MB, aretdefined in this part of the $ection. The
fication of the optional measurements / annotations exder shall reflect the order used for storing
-byte measurement/annotation values in each beat measurement data block MB (see|5.19.4). The

length of the optional beat measurements and annotations definition block is related to the number of

optid
#0OB]
strud
units

nal measurements #0BM and is a multiple of 10 bytes. For each measurement / annotation of the
M optional measurements stored in bytes 11<o 12 of the header of this section data pdrt, the same
ture repeats. It is assumed that the optional beat measurements and annotations oilder and the
or type of these measurements (Units)-are the same for each beat measurements bldck stored in

this gection. They may however change:ffom one SCP-ECG record to another.
Byte Contents
1 Measurements and annotations Reference Thesaurus Code (RTC).
This byte indicates where to find the definition and the semantics of thg optional
measurement or annotation specified in bytes 2 to 5.
Value Reference Thesaurus
0 Undefined
1 [SO 11073-10102 [9] and/or its running updates stored in the
NIST RTMMS repository [59]
2 SCP-ECG section 7 (Global Measurements)
SCP-ECG section 10 (Per-Lead Measurements)
4 [SO 11073-10101 [8] and/or its running updates stored in the
NIST RTMMS repository [59]
5to 99 Reserved for future use
100 to 255 Manufacturer specific codes
2to5 Measurement Identification code (MIC).

The measurement / annotation shall be identified by a unique code that shall allow to
know what the measurement / annotation represents.
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The same RTC-dependent MIC coding rules as the rules defined in 5.18.3.2, bytes 2 to 5,
for specifying additional beat measurements and annotations in section 15, apply.

6 Lead Identification (LID).

This discriminator shall be used to identify to which specific ECG lead, if any, the
measurement specified by MIC applies. The same SCP-ECG numbering scheme as in 5.6.4,
Table 4, shall be used to specify the lead that has been used.

Semantically equivalent to MDC_ECG_Lead_xxx (see 5.6.4 Note).

If the measurement/annotation implicitly refers to the global set of leads, viz the QRS
morphology class number (coded by MDC_ECG_QRS_MORPH_NUM], or to a gldbal
measurement, then LID shall be set to the SCP-ECG code “199”.

For additional comments, see 5.18.3.2, Lead Identification (byte 6), Notes 1 and-2.

7to8 Beat measurement/annotation Units code and/or type (Units).

These two bytes specify the physical unit of the selected beat measurement/annotation
value (and its type, if dimensionless) that will be stored ,n._the selected Beat
Measurements data block MB, as a result of the measurement./ annotation prodess
corresponding to the measurement / annotation defined in bytés 2 to 5.

Typical measurement results are wave component timé points (expressed in sample
numbers) wave durations (expressed in sample intervals or in ms), wave amplitudes,
vector magnitudes and orientations, etc. The latercabe usually expressed in pV and in
angular degrees.

Physical units shall be identified by means of their UoM base code according| to
[SO/IEEE 11073-10101 [8] and the updates)maintained in the corresponding unitsiof-
measure table defined in the NIST RTMMS repository [59].

Units of dimensionless annotations\viz the QRS morphology class number or the ECG
rhythm type shall be encoded by.512, the UoM base code for MDC_DIM_DIMLESS (see
example in 5.18.6).

Table A.8 in Annex A points ot the most useful units for the purpose of this selected ECG-
beats measurements and annotations section and defines the codes that shall be used|for
the measurement and-annotation types not yet defined by the 11073-10101 standard.

9-to 10 |[Measurement Value-Multiplier (MVM) for the measurement specified in bytes 2 to 5.

The Measurenient Value Multiplier (MVM) shall be used as a normalization factor to allow
storage of large quantities expressed in physical units pinpointed by bytes 7 to 8 as a tyvo-
byte signed integer (see example of use in 5.18.3.2, bytes 9 to 10).

For{ dimensionless annotations and measurements coded 512 (UoM base code |for
MDC_DIM_DIMLESS, see Annex A, Table A.8) or expressed in sample numbers and in
sample intervals, MVM shall be set to 1.

NOTE1 If#0OBM =0, then the beat measurements and annotations definition block is empty (its size = 0).

NOTE 2  There is no easy way to specify which measurement values can take negative values (viz amplitude and
angular degrees). It is thus assumed that all beat measurement values are stored as 2-byte signed integers (see
5.19.3.4, bytes 15 to 16 and beyond).

5.19.3.4 Selected Beats Measurements Blocks

The number of beat measurements blocks that will be saved in this Section data part after the beat
measurements and annotations definition block is the number #BMB stored in bytes 13 to 14 of the
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data Header of this section (see 5.19.3.2). For every Beat Measurements data Block, the same structure
defined hereafter in 5.19.4, repeats.

5.19.4 (Single) Beat Measurements data Block (MB) structure
5.19.4.1 Description of the data content of each beat Measurements and annotations data Block

Byte Contents

1to 2 Beat ID (BID).
Sequentisl—number—May—be—used—to—facilitate—retrieval—of—the—measurements and
annotations of a specific beat when referenced in another section.
3 Related ECG signal data section (ECG_DS).

This byte is used in combination with byte 4 to specify in which séction one ¢an find the
raw ECG signal data corresponding to the measurements / annotations stdred in this
specific beat measurements block.

Value ECG signal type and localization

0 Unknown, or the raw ECG sighals from which the sdlected beat
measurements / annotations stored in this block |have been
derived are not saved in‘this SCP-ECG file

5 Rest ECG reference beat (Section 5)

6 Rest ECG rhythm(data (Section 6)

12 Long-term ECG' rhythm data (Section 12)

13 Selected ECG reference beats (Section 13)

14 Selected ECG sequences repository (Section 14)
4 Related ECG Data Block Number (ECG_DBN).

This byte is used to'specify, in case ECG_DS =13 or 14, to which ECG sequence or ECG
reference beat thé stored beat measurements / annotations correspond.

If ECG_DS =13,.then ECG_DBN shall store the metadata block ID “BId” (s¢e 5.16.3.3)
corresponding to the analysed reference beat, i.e. ECG_DBN = BId.

If ECG_DS =14, then ECG_DBN shall store the block identification numbe1 “BN” (see
5.17:6:6) corresponding to the analysed ECG sequence, i.e. ECG_DBN = BN.

In.all other cases ECG_DBN shall be set to zero.

5to|8 Sampling Rate, in samples per second (SR).

me:mh'{‘:\lly pr}niv:\]pnf to MDC _ECG CTL VBIL_SAMPLE RATIE and
MDC_ATTR_SAMPLE_RATE.

This field shall replicate the sampling rate of the original ECG recording specified in the
sections pinpointed by ECG_DS and ECG_DBN. It has been included here to make this
section self-standing and to convert measurement time points (viz beat and wave
locations) and durations expressed in sample numbers and in sample intervals, into
physical time and duration.

In case the value of ECG_DS equals “0”, then bytes 5 to 8 shall store the sampling rate of
the original ECG on which the measurements / annotations stored in this beat
measurements block have been computed.
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9to 12 Beat Starting Sample Number (BSSN), expressed as a sample number relative to the first
sample of the analysed ECG record.

Semantically equivalent to MDC_ECG_BEAT_ONSET and MDC_ECG_WAVC_PQRSTWAVE_
ONSET

This field contains the sample number BSSN (referred to a generic lead, all the leads
having the same number of samples) of the first ECG sample of the analysed beat
(identified by BID), in the raw ECG recording pinpointed by ECG_DS and ECG_DBN or, in
case ECG_DS = 0, in the original, non-saved ECG recording.

HFECGDS=50orECGDS=13 and RTBI [7] =1 (an 51633 hyfn 17)’ then BSSN =1 (the
measurements and annotations concern a computed reference beat).

13to 14 | Beat label, encoded using the CODE10 code corresponding to the REFIDs foreat labels
listed in Table A.9 “ECG beat annotations” of ISO 11073-10102 [9] and/or insthe runping
updates tables stored in the NIST RTMMS repository [59].

Semantically equivalent to MDC_ECG_QRS_TYPE.

“Beat label” shall be encoded by 8192 (CODE10 for MDC_ECG.BEAT) if undefined|(no
beat label available for this beat).

15to 16 1st Optional Beat Measurement/annotation, if any (OBM1)~(Signed integer)

17 to 18 | 2nd Optional Beat Measurement/annotation, if any (0BM2) (signed integer)

19to 20 [ 3rd Optional Beat Measurement/annotation, if any (OBM3) (signed integer)

etc., up to Optional Beat Measurement/annotation OBMn, n = #0BM (signed integer)

Any optional measurement stored as a “Time Point” shdll be expressed as a sample number relative to
the beginninjg BSSN (Beat Starting Sample Number), of the analysed beat. The first sample of the beat is
numbered 1. Unlike Section 7, where wave time_points are given in milliseconds (see 5.10.3.3), in this
Section sample numbers have been preferred{_Timings in milliseconds may be easily computgd by
subtracting [‘1” from the values in sample niumbers (the first sample of the beat starts at time 0] and
then by multiplying the result by 1000 and dividing it by the sampling rate SR stored in bytes 5 ta 8 of
this Beat Mgasurements Block.

For examplg, in case of a median.-beat, BSSN =1 and if the location of the global onset of the P-wdve is
sample numper 11 and SR = 500.5/sec, then the P-onset is located 20 ms after the median beat onsgt.

Optional beat measurementsvalues shall be stored after byte 14 as 2-byte signed integers. Care should
be taken to |imit “positive”measurement values to a maximum of 32767 and to avoid using one qf the
special codes listed in.5/10.3.1, except if relevant. Annotations based on ISO 11073-10102 REFIDs|shall
be stored as|CODE10.code values.

NOTE1  Ag allether time points in this data set (viz Global P onset, etc.) shall be expressed as sample nurhbers
with referenge~to BSSN, it is suggested to choose a BSSN time point that is upstream of the global P onsef, but
nevertheless allows to discriminate the present beat from the previous one when using BSSN to visually locate the
beat on the original ECG recording (although using the global onset of QRS or any intra QRS fiducial point would
be a better choice for visually identifying the beat pinpointed by BSSN on the display or printout of the original
ECG signals).

A common practice is to select a BSSN located 20 ms before global P onset or 150 ms before global onset of QRS in
case no P wave was detected.

NOTE2 BSSN can also be encoded using one of the following REFIDs: MDC_ECG_BEAT_TIME,
MDC_ECG_BEAT_XX and MDC_ECG_WAVC_PQRSTWAVE_XX, where suffix XX can take one of the following values:
TIME_POINT, ONSET, ONSET_IMPL. Another option is to use MDC_ECG_BEAT_TOC, although the latter is typically
reserved for encoding intra QRS fiducials.
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NOTE 3  Typical examples of beat labels are:
— Normal Beat. Is encoded by 8208 (CODE10 for MDC_ECG_BEAT_NORMAL);
— Paced Beat. Is encoded by 8704 (CODE10 for MDC_ECG_BEAT_PACED), etc.

— VPC (Ventricular premature contraction beat). Is encoded by 8336 (CODE10 for MDC_ECG_BEAT_V_P_C).

5.19.4.2 Overview of the data content of a single beat Measurements and annotations Block
(MB)

An oyerview of the data content of a typical beat Measurements and annotations Block (MB] is provided
in Figure 21, where OBM stands for Optional Beat Measurement or annotation (see 5.19.3.2, bytes 11 to
12, apd 5.19.3.3).

Beat 1st 2nd Last
BID ECG_DS |ECG_DBN SR BSSN

label OBM OBM OBM
2 1 1 4 4 2 2 2 var 2

Figure 21 — Overview of the data content of each beat Measurements Block MB

5.19{5 Overview of the data part of the Selected ECG beats measurements and annotations
section

An ogverview of the data part of section 16, Selected ECG beats measurements and anpotations, is
provided in Figure 22.

© IS0 2023 - All rights reserved 117


https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064:2023(E)

Header Beat Meas. Def. 1st Meas. Block 2nd Meas. Block
/ var var var \ var
Status | D/T| TZ | #OBM | #BMB
1 7 2 2 2
BMFS | HPF | LPF | FBM | Res. | LHN | LMI |Notes Ml
2 2 1 42 4 4 var var
18t Meas | 15t Meas | 1t Meas | 15t Meas | 1stMeas Last Meas
RTC MIC LID Units MVM MVM
1 4 1 2 2 2
Beat
BI) [ECG_DS|ECG_DBN | SR |BSSN Label 1st OBM | 2 OBM -+ | Last OBM
2 1 1 4 4 2 2 2 2

Figure 22 — Overview of the data part of Section 16

5.20 Pacemaker Spikes measurements and annotations - Section 17

5.20.1 General

Current pacing devices generate small amplitude pulses with narrow widths, and the use of bipolar lead
wires, condyiction through the thorax, as\well as the attenuating effect of projecting the bipolar pacing
lead vector pnto the standard 12-leads used for signal acquisition on the body, result in a significantly
smaller pacemaker pulse signal being seen on the ECG tracing. Low sampling rates and lowjpass
filtering further contribute to degrade the pulse shaped signal which looks like a spike on standard ECG
tracings. High-bandwidth electrocardiographic systems with sampling rates up to 150 000 sample$/sec
and/or spedialized acquisition modules however are increasingly providing the ability to measurg the
details of ay pacemaker. pulse characteristics from the surface ECG. For compatibility reasons|with
ISO/IEEE 11073-10102"[9], in this section and all over the document the term “pacemaker spike” is
used to depignate~an ECG component that the scientific literature is increasingly denominpting
“pacemaker]|pulse®.

Several ECGtomputer programts are able toamatyse comtimuous tong durationm Tecordings of patients
with an implanted pacing device and to annotate several features of each pacemaker spike. This version
of the document has been extended to include support for defining and storing large sets of spike-by-
spike measurements and annotations in a structured, but nevertheless highly flexible manner.

Starting with version V3.0, the standard now allows storing, in this section, several pre-defined global
and/or per-lead spike measurements and annotations, for the entire ECG recording or for only some
selected time windows of the analysed signals (long-term ECG and/or selected ECG sequences stored in
sections 12 and 14 and/or in section 6). The selected time windows, if any, may have been settled by a
physician or correspond to a given study protocol, or may have been determined by an algorithm.
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The data format outlined in this section has been designed to support a large number of use cases, such
as selecting and analysing very short ECG sequences with only two or three QRS complexes, or daily
analysing a set of 30 min duration time windows from a continuous long-term ECG recording, for
example for time windows starting at 2 am and 4:30 pm, and then storing the spike duration and
amplitude and some additional useful annotations for all spikes within the selected 30 min time
windows, for monitoring the functioning of the implanted pacing device in different situations.

Spike measurements and annotations are stored spike-by-spike in one or more spike measurements
array(s), one measurement array per analysed area of interest (full long-term ECG record, selected ECG
sequence or reference beat). The spike measurement arrays are structured as MxN matrixes (M Spikes
x N _Measurements/Annotations), much like the structure used for storing beat-by-beat ECG
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Each Qing]p Qpil(p Measurements Blaock (MR) consistsin a Qpﬂ(n 1D, the Qpil(p lad

ation (Spike

Location Sample Number) in the pinpointed ECG record, the spike type (Spike label), an identifier (Lead
ID) of the lead in which the spike is the most discernible and in which the spike duration and/or spike
amplitude measurements were performed, the location of the paced beat (if any), the spike duration,
spike amplitude and K additional (K=0 - 65 535) spike measurements and annotations (see 5.20.4.1
and Figure 23). This number K of optional, additional measurements and annotations may vary from
one SCP-ECG record to another, but shall be the same for all spike measurement arrays stored in a same
SCP-ECG record.

5.20.1.4 Except for the Spike ID, the Spike Location Sample Number, the Lead ID, the Spike
Amplitude and the location of the Paced Beat, all other measurements and annotations values, including
additional spike amplitudes, if any, shall be encoded by two bytes.
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5.20.1.5 All additional point-in-time measurement values, if any, shall be expressed as relative time

in sample in

5.20.1.6 Unless

tervals from the Spike Location Sample Number.

specified otherwise, all incomputable measurements

and not computed

measurements and annotations values shall be pinpointed by one of the special codes listed in 5.10.3.1.

5.20.1.7
are encoded

5.20.2 Sect

If present, t
defined in j
Header bytg
support this
and V2).

5.20.3 Sect]

5.20.3.1 G

The Section
Annotationg

5.20.3.2 Se

The header
17. It has thq

Byte
1

2to8

Unless specified otherwise, all numeric values are unsigned binary integers. All text strings

in UTF-8.

ion ID Header
his section shall start with a “Section ID Header” and shall include the required fields, as
.2.7. In particular, in the Section ID Header, the protocol version number stored in the
10 shall reflect the current version of this document, since versions V1 and!V2 d¢ not
spike-by-spike measurements section (section 17 does not exist in SCP-E€G*versions V1

jon data part
tneral
data part is composed of a Data Header, an optional “Additional Spike Measurement$ and
Definition Block”, and a variable number of Spike Measurements Arrays.
ction Data Header
s used to provide information that are common to all measurement arrays stored in section
e following format:
Contents
Confirmed / Non confirmed spikes-measurements and annotations Status.

Value Type

0 Original spike measurements and annotations (not overread).

1 €onfirmed spike measurements and annotations.

2 Spike measurements and annotations (partially) overread, put

not confirmed.

Date and timie of spikes measurements and annotations recording and/or overreading
(D/T).
Semantically equivalent to MDC_ATTR_TIME_ABS.
The byte format is identical to the date and time formats specified in section 8 (jsee

120

5.11.4):

Byte

2to3 Binary: Year (Full integer notation, as in 2018) [MDC_DIM_YR]

4 Binary: Month (range 01 to 12; 01 = January) [MDC_DIM_MON]

5 Binary: Day (range 1 to 31) [MDC_DIM_DAY]

6 Binary: Hours (range 0 to 23) (time is always local time) [MDC_DIM_HR]
7 Binary: Minutes (range 0 to 59) [MDC_DIM_MIN]
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8 Binary: Seconds (range 0 to 59) [MDC_DIM_SEC]

NOTE1 The date and time information stored in this header indicates the date and time of the
creation and/or storage of the latest spikes measurements array of this section (in case the value
of byte 1 is 0), or the date and time of the latest overreading or confirmation (in case the value of
byte 1 is 1 or 2). This information is usually different from the date and time of the signal
recording.

NOTE 2 Date and time is expressed as local date and time in the Time Zone of the overreader
and/or of the analysing device.

9to 10 Date&Time Time Zone (TZ), specified as an offset from UTC in minutes. (Signed integer).
Semantically equivalent to MDC_ATTR_TIME_ZONE.

The content of this field shall identify the time zone related to the local-time stored here
above in bytes 2 to 8. The format shall be identical to the Time Zone\format specified in
bytes 1-2 of Tag 34 in Table 2. In case the local Time Zone is unknown, TZ shall be set to
0x7FFF.

11fo 12 Number of Additional Spike Measurements and Annotations-.(#ASM).

This field records the number of additional measurements and annotations (if 4ny) which
are specified in the Additional Spikes Measurements and Annotations Definition Block
and whose values or codes will be stored spike-by;spike as a two-byte signed integer
value in each (single) spike measurements block‘"MB, after the Paced Beat Lodation field
(see 5.20.4.1, bytes 22 to 23 and beyond, and¢igure 23).

If #ASM = 0, no additional spikes measurements and annotations are stored, there is no
Additional Spikes Measurements and Annotations Definition Block (its size is (), the first
Spike-by-Spike Measurements Arrayystarts immediately after the Manufacturer-specific
information field M], if any, and the size of each single spike measurements block MB is
only 21 bytes.

13 Number of recorded Spike-by?Spike Measurements Arrays (#SMA).

Allowed values range from 1 to 255.

14 o 62 Reserved for futune use (shall always be set to zero).

630 66 Length of the Header Notes field in bytes (LHN).

67 ko 70 Length of the’/Manufacturer-specific additional Information field in bytes (LMI).
varjiable Generdl Header Notes on this section. This is a free-text field. It shall be NULL terminated.

varfiable Manufacturer-specific Information field (MI).

5.20{3.3 Additional Spikes Measurements and Annotations Definition block

The additional spikes measurements and annotations (compliant with #ASM) and the order in which
they are stored in each spike measurements data block MB, are defined in this part of the section. The
specification of the additional measurements / annotations order shall reflect the order used for storing
the 2-byte measurement/annotation values in each spike measurement data block MB (see 5.20.4). The
length of the additional spikes measurements and annotations definition block is related to the number
of additional measurements #ASM and is a multiple of 10 bytes. For each spike measurement /
annotation of the #ASM additional spike measurements stored in bytes 11 to 12 of the data header of
this section, the same structure repeats. It is assumed that the additional spikes measurements and
annotations order and the units or type of these measurements (Units) are the same for each
measurement array stored in this section. They may however change from one SCP-ECG record to
another.
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Byte Contents
1 Spikes Measurements and Annotations Reference Thesaurus Code (RTC).

This byte indicates where to find the definition and the semantics of the additional spike
measurement / annotation specified in bytes 2 to 5.

Value Reference Thesaurus
0 Undefined

1 IS0 11073-10102 [9] and/or its running updates stored in the
NIST RTMMS repasitory [59]

2t0 99 Reserved for future use
100 to 255 Manufacturer specific codes
2to5 Spike Measurement Identification code (MIC).

The spike measurement / annotation shall be identified by a unique code that shall allow
to know what the measurement / annotation represents.

[f RTC=1, then MIC shall store the CF_CODE10 value corfresponding to the spike
measurement/annotation REFID as defined in I1SO 11073:;10102 [9] and/or in fhe
running updates tables stored in the NIST RTMMS repository [59].

[f RTC = 0, then no measurement thesaurus is available. This RTC code may be used |for
testing purpose. In that case, it is recommended to differentiate the corresponding syike
measurements and annotations identification.egdes (MIC) by using for example|an
incremental number.

[f RTC =100 to 255, then the spike measurément/annotation is manufacturer specifi¢. It
is recommended that the correspondingymeasurements and annotations are specified in
the Manufacturer-specific Informatign field (MI) and in the manufacturer’s physicign’s
guide.

6 Lead Identification (LID).

This discriminator shall(be' used to identify to which specific ECG lead, if any, fthe
measurement specified'by MIC applies. The same SCP-ECG numbering scheme as in 5.5.4,
Table 4, shall be used to specify the lead that has been used.

Semantically equivalent to MDC_ECG_Lead_xxx, see 5.6.4 Note.

NOTE  As specified in 5.6.4 (Table 4), applicable codes are from 1 to 184 and 199. Codes 20 to
255 are reserved to specify manufacturer specific leads. Code 199 Is used to specify that the spike
measurement / annotation does not refer to a specific lead, but that it is the result of a glgbal
evaluation having taken all (or several) leads into account. This is distinguished from the dase

4

where the lead used to perform the measurement / annotation is unspecified, which is coded "y’

7to8 Spike measurement/annotation Units code and/or type (Units).

These two bytes specify the physical unit of the spike measurement/annotation value (or
its type, if dimensionless) that will be stored in the Spike Measurements data Block MB, as
a result of the spike measurement / annotation process corresponding to the additional
measurement / annotation defined in bytes 2 to 5.

Typical additional spike measurement results are Spike point-in-time measurement
values (expressed in sample intervals with reference to the Spike Location Sample
Number SLSN defined in 5.20.4.1), spike durations (expressed in ps), spike amplitudes
and/or areas, etc. The later are usually expressed in uV and in pV x ps.

Physical units shall be identified by means of their UoM base code according to
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ISO/IEEE 11073-10101 [8] and the updates maintained in the corresponding units-of-
measure table defined in the NIST RTMMS repository [59].

Units of dimensionless annotations viz pacing stimulus type, appropriateness and the
capture state shall be encoded by 512, the UoM base code for MDC_DIM_DIMLESS.

Table A.8 in Annex A points out the most useful units for the purpose of this selected ECG-
beats measurements and annotations section and defines the codes that shall be used for
the measurement and annotation types not defined by the 11073-10101 standard.

Measurement Value Multiplier (MVM) for the measurement specified in bytes 2 to 5.

NOTH
size 3
Figur

5.20

The

num
Spik¢
infor
note

Lanl] MA PR & S | MA Lo 1. A WASAWAY 1 111 | 1. dnn £ b

I'IIC VMICASUI CTIIICIIU vV dIuc IVlultllJllUl LIVI \ IVlJ SITair pe usea as a NoTrmaitrzatromr racepr tO allOW
storage of large quantities expressed in physical units pinpointed by bytes 7to’8 as a two-
byte signed integer.

For dimensionless annotations and measurements coded 512 (UoM base code for
MDC_DIM_DIMLESS, see Annex A, Table A.8) or expressed in sample numbeérs and in
sample intervals, MVM shall be set to 1.
EXAMPLE Let’s suppose that bytes 2 to 5 contain the CF_CODE10 for MDC_ECG_WAVP_PACE_
INTEGRAL and that bytes 7 to 8 contain the UoM code for-values expressed in pV x ms
(MDC_DIM_NANO_VOLT_SEC). Then a pacemaker pulse integral value of 100 mV x ms, i.e. of
100 000 000 pV x ps, can be encoded as a 2-byte signed integer equal to 1000 and MVM =100 (or

equal to 10 000 and MVM = 10).

e 24).

3.4 Spike-by-Spike Measurements Arrays

If #ASM = 0, then this optional spikes measurements and annotations definition block|is empty (its
0) and the 1st Spike-by-Spike Measurements Array.starts immediately after the section data header (see

humber of spike-by-spike measurements arrays that will be saved in this Section dath part is the

infor

filte
head

Spik
By

pber #SMA stored in byte 13 of the Header of this section (see 5.20.3.2). For every single Spike-by-
e Measurements Array, the same structure repeats. It consists of an array specific header with
mation about the localization of the related ECG signal data and/or ECG excerpt, and|an optional
field followed by the-different spike measurements blocks (MBs). The header also contains
mation about the analysis Time Window corresponding to the spike measur¢ments and

ng, if any. It alsé-specifies the number of spike measurement blocks stored at the end|of the array

r after the netes field.

p-by-Spike'Measurements Array Header

e Contents

1

Measurements Array Id (MAId). Allowed values range from 1 to 255.

2

© ISO

Related ECG signal data section (ECG_DS).

ann‘o-Eations results stored-in this array, and several metadata such as the sampling rate jand specific

This byte is used in combination with byte 3 to specify in which section one can find the
raw ECG signal data corresponding to the spike measurements / annotations stored in

this specific array.

Value ECG signal type and localization

0 Unknown, or the raw ECG signals from which the spike-by-spike
measurements / annotations stored in this array have been

derived are not saved in this SCP-ECG file

2023 - All rights reserved
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5 Rest ECG reference beat (Section 5)

6 Rest ECG rhythm data (Section 6)

12 Long-term ECG rhythm data (Section 12)

13 Selected ECG reference beats (Section 13)

14 Selected ECG sequences repository (Section 14)
3 Related ECG Data Block Number (ECG_DBN).

This byte is used to specify, in case ECG_DS = 14 or 13, to which ECG sequence or ECG
Teference beat the stored Spike measurements / annotations correspond.

If ECG_DS =14, then ECG_DBN shall store the block identification number “BN (see
5.17.6.6) corresponding to the analysed ECG sequence, i.e. ECG_DBN = BN.

If ECG_DS =13, then ECG_DBN shall store the metadata block ID “Bid/~(see 5.16.3.3)
corresponding to the analysed reference beat, i.e. ECG_DBN = BId.

In all other cases ECG_DBN shall be set to zero.
4to7 Analysis Time Window Starting Date (TWSD).

The value assigned to TWSD shall be the date of the acquisition of the first ECG sample¢ of
the ECG area of interest (also pinpointed by ECG_DS, EGG_DBN, TWST, TWSS and TW[L)
corresponding to the Time Window for which the spike measurements and annotatipns
stored hereafter have been computed or, in case ECG.PS = 0, the date of the acquisition of
the first analysed ECG sample in the original, non-saved high bandwidth ECG recording.

In case ECG_DS = 13, the stored measurements-are related to the reference beat identified
by its metadata block Id Bld and TWSD shall take the same value as BDR (see 5.16/3.3
bytes 4 to 7).

The format of TWSD shall be compliant with the “Date of Acquisition” format specified in
the ECG metadata part of Sectiont 1> (For the format details, refer to Table 2, Tag 25).

8to 10 |Analysis Time Window Starting Time (TWST).

The value assigned to TWST shall be the time of the acquisition of the first ECG sample of
the ECG area of interest(also pinpointed by ECG_DS, ECG_DBN, TWSD, TWSS and TWfL)
corresponding to the Time Window for which the spike measurements stored hereafter
have been computed or, in case ECG_DS =0, the time of the acquisition of the fjrst
analysed ECG,sample in the original, non-saved high bandwidth ECG recording.

In case EEG.DS = 13, the stored measurements are related to the reference beat identified
by itssmetadata block Id Bld and TWST shall take the same value as BTR (see 5.16]3.3
bytes@to 10).

«me = g ”

the ECG metadata part of Section 1. (For the format details, refer to Table 2, Tag 26).

NOTE1 In case the analysis Time Window of the saved measurements and annotations is
identical to the time window during which the analysed ECG signal has been acquired, then TWSD
and TWST (defined above in bytes 4 to 10) respectively take the same values as the date and the
time of the acquisition of the first ECG sample of the raw ECG recording or sequence pinpointed by
ECG_DS and ECG_DBN.
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11to 14 Analysis Time Window Starting Sample number (TWSS).

15

19

23

This field contains the sample number (referred to a generic lead, all the leads

having the

same number of samples) of the first ECG sample of the ECG area of interest specified by
the previously defined starting date (TWSD) and time (TWST) and by the analysis Time

Window Length (TWSL, defined hereafter in bytes 15 to 18), in the raw ECG
pinpointed by ECG_DS and ECG_DBN or, in case ECG_DS =0, in the original,
high bandwidth ECG recording.

recording
non-saved

In case ECG_DS # 13 and TWSD and TWST are identical to the date and the time of the
acquisition of the first ECG sample of the analysed ECG signal, then TWSS shall be set to 1.

to 18

ko 22

In case ECG_DS = 13, the stored measurements are related to the reference beat

identified

by its metadata block Id BId and TWSS shall take the same value as SRB(s¢e 5.16.3.3

bytes 18 to 21).
Analysis Time Window Length, in Samples per lead (TWSL).

This field contains the length (in number of samples) of the analysis Time Win
raw ECG recording pinpointed by ECG_DS and ECG_DBN r-in case ECG_DS
original, non-saved high resolution ECG recording.

In case ECG_DS = 13, the stored measurements are related to the reference beat
by its metadata block Id BId and TWST should take the same value as LRB (s
bytes 22 to 23).

TWSL includes sample TWSS. The last sample-of the specified area of interest W
sample number (TWSS + TWSL -1)

NOTE 2 If the value of ECG_DS is differentfrom “0”, then the number and definition
the sampling rate and the AVM to\be considered here for extraction or disy
corresponding ECG area of interest are specified in the sections pinpointed by H
ECG_DBN.

Sampling Rate, in samples per second (SR).

Semantically equivalent to MDC_ECG_CTL_VBL_SAMPLE_RATH

MDC_ATTR_SAMPEE-RATE.

How in the
= 0, in the

identified
be 5.16.3.3

/ill thus be

f the leads,
lay of the
CG_DS and

and

This field shall replicate the sampling rate of the original ECG recording specified in the

sections pinpeinted by ECG_DS and ECG_DBN. It has been included here to
section self-Standing and to convert measurement time points (viz spike and |
locationhs) and durations expressed in sample numbers and in sample inte]
physic€al time and duration.

Inncase the value of ECG_DS equals “0”, then bytes 19 to 22 shall store the samp
the original, high resolution ECG on which the spike measurements / annotati

make this
baced beat
rvals, into

ing rate of
ons stored

in this measurements array have been computed.

Measurement Array specific Filter Setting (MAFS).
The definition of the values taken by this byte are:
0 Unspecified.

No specific filter settings have been specified and the filter settings used by the spike
measurement and annotation programs for processing the ECG signals
corresponding to the spike measurements / annotations stored in this measurements
array are unknown. This means that bytes 24 to 28 shall be discarded and that the
users shall refer to the physician’s guide to know which specific filtering has been
used, if any.
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If ECG_DS does not equal “0” (see above, byte 2), then the filter settings stored in
Table 2, Tag 27, 28 and 29 and/or in the sections pinpointed by ECG_DS may be used
to know if the ECG signals stored in the respective ECG signal data sections have been
filtered, and how.

1 No specific filter settings used

No specific filters other than the ones specified in Table 2, Tag 27, 28 and 29 and/or
in the sections pinpointed by ECG_DS have been used for processing the ECG signals
corresponding to the spike measurements / annotations stored in this spike
measurements array. The relevant filter settings initially stored in Table 2 and/or in
the sections pinpointed by ECG_DS are replicated hereafter in bytes 24 to 28] to
facilitate the retrieval of the corresponding information and thus make this ‘section
self-standing.

2 Specific filter settings used

The filter settings that have been used for processing the ECG signals corresponding
to the spike measurements / annotations stored in this measuréments array in this
section are defined hereafter, regardless of the values stored’in Table 2 or in [the
sections pinpointed by ECG_DS. The new settings only apply to this measurements
array in this section, and are specified in bytes 24 to 28.

241025 |High-pass filter (HPF) [MDC_ECG_CTL_VBL_ATTR_FILTER’ HIGH_PASS].

If MAFS = 2, this field contains the “cut-off” frequeney) (-3 dB) of the high-pass filter that
has been used, if any, for computing the spike measurements and annotations stored in
this measurements array, in units of (1/100) Heftz.

NOTE 3 A value of OXFFFF in this field means that the filter setting was not specified.

NOTE 4 A value of zero in this field means that the recorded signals were DC-coupled and that no
high-pass filtering was performed.

26 to 27 |Low-pass filter (LPF) [MDC_ECG-CTL_VBL_ATTR_FILTER_CUTOFF_FREQ].

If MAFS = 2, this field contains the “cut-off” frequency (-3 dB) of the low-pass filter that
has been used, if any, foy'computing the spike measurements and annotations stored in
this measurements array,in units of Hertz.

Systems that do not,perform any low-pass filtering for computing spike measurements
and annotations:shall replicate the low-pass filter setting of the recorded signal data.

NOTE 5 A value-of OxFFFF in this field means that the filter setting was not specified.
28 Filter bitmap (FBM) (binary).

If MAFS = 2, this field indicates if other filters, which were not implicitly defined by the
content of bytes 24 to 27, have been used during the processing of the ECG. The definitjion

£5] J3£6 £ laie £ ITRM i daotrailod 2 A A _Toll A (£
Ul UUIT UITITITIIT UILS UL LIIT 1" DI1IVD UIU lllCllJ dl T UcCialCu 111 AIlIICA i, 1 dUICT N.U.

NOTE 6 If FBM =0, no additional filtering than those implicitly specified in bytes 28 to 31 was
used.

NOTE 7 If FBM = 255, then the FBM filter setting was not specified.
29to 32 Number of stored spike Measurements Blocks (#Spikes).
33to 62 Reserved for future use (shall always be set to zero).
63 to 64 Length, in bytes, of a Note field for this spike Measurements Array (LMAN).

The notes may be used for example to describe and document the different ECG
processing steps and the particularities of the selected analysis time window or of the
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manufacturer specific spike measurements / annotations stored in this particular array.

Measurements Array Notes field explaining the particularities of the processing steps
and/or of the non-standard spike measurements. This is a free text field that can also be
filled in with annotations from the technician, cardiologist, etc. It shall be null terminated.

Set of spike Measurements and annotations (Measurements Block) for the 1st Spike
(MB1).

NOTE 8 The size of this field and of each of the following ones is (21 + #ASM x 2) bytes.

Set of spike Measurements and annotations for the 2nd Spike (MB2).

vatfiable

To f4cilitate the retrieval of the spikes measurements and annotations metadata’and thy
sectipn self-contained, none of the fields of this array header can be overlogked even if
valugs are the same as in Section 1 or in the signal sections. This section 17 header shall

agair).

NOTH

5.20}4 (Single) Spike Measurements data Block (MB) structure

5.20}4.1 Description of the data content of each spike, Measurements and annotations

Byte
1 tol4

5 to|8

9 to|1@

Unlike Section 6, where sample time interval in microseconds is adopted (an example is g
in thip Section the sample rate has been preferred, as in sections 12 (long-term ECG), 13 and 14.

Contents

Set of spike Measurements and annotations for the 3rd Spike (MB3).

etc.

Spike ID (SID).

Sequential number. May bé. used to facilitate retrieval of the measure
annotations of a specific spike when referenced in another section.

Spike Location Sample Number (SLSN), expressed as a sample number relatiy
the Starting Sampleshumber of the analysed ECG excerpt corresponding to t
Time Window.

Semantically:equivalent to MDC_ECG_WAVP_ONSET.

This fieldcontains the sample number SLSN (referred to the lead and the ECG

which the spike has been detected and measured or annotated, or, in case the |
beén-specified, to a generic lead, all the leads having the same number of sam
onset (rising edge) of the spike pinpointed by SID, with reference to TWSS, t
Sample number of the analysis Time Window.

s make this
some of the
be filled up

iven in 5.9.3),

data Block

ments and

re to TWSS,
he analysis

bequence in
ad has not
les) of the
he Starting

Spike Type, encoded using the CODE10 code corresponding to the most rele

vant REFID

© IS0 2023 - All rights reserved

for pacemaker spike type, appropriateness and capture state

efined in

ISO/IEEE 11073-10102 [9] and/or in the running updates tables stored in the NIST

RTMMS repository [59].
Semantically equivalent to MDC_ECG_WAVP_TYPE.

Examples of appropriate REFIDs are MDC_ECG_RHY_EPAXLO, MDC_ECG_RHY_EPVXLO,
and all REFIDs listed in ISO/IEEE 11073-10102, Table A.8 “ECG WAVP pacemaker
components” [9] synthetically described by MDC_ECG_WAVP_discrim_APPR_ASSN_AO],
where:

- “discrim” specifies the purpose (energy level) of the spike (i.e. antibradycardia,
antitachycardia, cardioversion, and defibrillation) and the paced chamber (e.g. generic
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pace, atrial, ventricular, and transthoracic),

- APPR indicates whether the pacemaker spike was unspecified, appropriate,
inappropriate, or a transient/testing/manual exception,

- ASSN indicates whether the capture state relative to depolarization of the paced
chamber of the heart was uncertain, not captured, captured, or fusion.

- Area of Interest (AOI) shall be left unspecified (NOS), i.e. coded as “0”

Isolated spike artefacts, i.e. spikes that look like a pacemaker pulse but that have not been
produced by a pacing device, shall be encoded using the CODE10 code for

MO LD OoO JAILAYLILCD ADL O
VMIDC_CCG_VWWAVC_ARICT.

Undefined spike types or spike types not yet defined in ISO/IEEE 11073-10102-[9] ¢r in
the NIST RTMMS repository [59] shall be encoded by 0xFFFF.

11 Lead Identification (Lead ID).

This discriminator shall be used to specify the ECG lead, if any, thatshas been used to
detect and annotate the spike and for which the measurements (specified hereaftqr in
bytes 12-17 apply. The same SCP-ECG numbering scheme as in5.6.4, Table 4, shall be
used.

Semantically equivalent to MDC_ECG_Lead_xxx (see 5.6.4 Note).

NOTE  If the set of measurements and annotations does not'explicitly refer to a given lead, ¢.g. if
the spike detection and the spike duration measureménts have been performed by means|of a
multilead approach (see Table 11, Footnote f) and if no’spike amplitude measurement is provjded,
i.e. the value stored in bytes 14 to 17 is set to one ofithe special codes 29997 to 29999 defingd in
Clause 5.10.3.1, then Lead ID can be set to SCP=E€G code “199” (Global, Virtual lead). If a gpike
amplitude is provided in bytes 14 to 17, thef¥ the relevant lead can be specified in Lead ID,
whatever the method used to detect and measure the spike duration.

12 to 13 Spike Duration, in pS (Unsigned Intéger).
Semantically equivalent to MDC_ECG_WAVP_DURN (WAVP component Duration / width).
14to 17 | Spike Amplitude, in uV (4-byte Signed Integer).

18to 21 | Paced Beat location, if@ny, expressed as a sample number relative to TWSS, the Staifting
Sample number of the,ECG excerpt pinpointed by the analysis Time Window.

In case no beat-has’been triggered by the spike identified by SID, such as for pacemaker
pulse-like spike-artefacts, non-captured pacemaker pulses and pulses only captured by
the atrium Without resulting in an associated QRS beat, then the Paced Beat location §hall
be coded OxFFFFFFFF.

22to 23 1st Additional Spike Measurement/annotation, if any (ASM1)

24to 25 | 2nd Additional Spike Measurement/annotation, if any (ASM2)

26to 27  3rd Additional Spike Measurement/annotation, if any (ASM3)
etc, up to “Additional Spike Measurement/annotation” ASMn, n = #ASM

The information on the type of pacing device shall be provided in Section 1 (Table 2, Tag 32 and Tag
36).

The recommended method to measure spike durations and amplitudes in high resolution recordings is
to measure the amplitude at the rising edge of the pulse and the pulse width at 50 % of the amplitude
points, see | Electrocardiol. 2012;45:663-669, Figure 4. Manufacturers who are using other methods
specify which method they are using in the physician's guide.

128 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064:2023(E)

The “Paced Beat Location” value stored in bytes 18 to 21 shall allow to easily localize the paced beat.
The recommended method is to use the global onset of the paced QRS or a global and reliable intra QRS
fiducial point viz a synchronisation point used for QRS complexes averaging. Manufacturers specify
which method they are using in the physician's guide.

All additional spike measurements/annotations stored after byte 21 and computed as “Points-in-time”
(i.e. for example the measurements results corresponding to measurements defined in Table A.8 “ECG
WAVP pacemaker components” of ISO/IEEE 11073-10102 where _dSuffix is _TIME_POINT, _PEAK,
_ONSET, _OFFSET, etc.), if any, shall be expressed in sample intervals with respect to the Spike Location
Sample Number SLSN. Unlike Section 7, where wave time points are given in milliseconds (see 5.10.3.3),

in this Section sample intervals have been preferred. Timings in milliseconds may be easi

nlultiplying the values in sample intervals by 1000 and then by dividing the result by

by
rate

Thes
taken to limit “positive” values to a maximum of 32767 and to avoid using one of-the special

in 5
stor

NOTH1 Some typical examples of spike types are listed at the end of Table 11«
NOTH2  Pacemaker pulse amplitudes recorded in surface ECGs exhibit large variations, depe
recording equipment (high resolution vs standard electrocardiographs) and the type of implanted c

Value
from
4-byt
not y

5.20
(MB]

An o
prov

bR stored in bytes 19 to 22 of the Spike-by-Spike Measurements Array Header (see-5.2(

e additional measurements values, if any, shall be stored as 2-byte signed integefts. Ca

10.3.1, except if relevant. Annotations based on ISO/IEEE 11073-10102“REFIDs, if 4
d as CODE10 values (2 byte unsigned integers). Unspecified annotations shall be coded

€

+- 30 uV up to +- 700mV. This explains why the present dogument encodes pacemaker pulse §
e signed integers instead of the usual 2-byte encoding Note also that Spike amplitudes meas
bt defined in ISO/IEEE 11073-10102 [9].

4.2 Overview of the data content of a single spike Measurements and annotation

verview of the data content of .a(typical spike Measurements and annotations Bl
ded in Figure 23, where ASM stands for Additional Spike Measurement (see 5.20.3.3).

y computed
he sampling
3.4).

e should be
codes listed
ny, shall be
OxFFFF.

nding on the
hrdiac device.

s reported in the literature and in the requirements sections ‘of the ad’hoc AAMI and IEC standards range

implitudes as
Lrements are

5 Block

bck (MB) is

5.20
secti|on

. . . Paced f
Spike Spike Spike 1st 2nd Last
[« £
30 | SLSN | 1voe °H839 1D | puration | Amplitude (Deat | asm | Asm | /| | Asm
ocation
4 4 2 1 2 4 4 2 2 var 2
Figure 23— Overview of the data content of a typical spike Measurements Block (MB)
5 Q@verview of the data part of the Pacemaker Spikes Measurements and Annotations

An overview of the data part of section 17, Pacemaker Spikes Measurements and Annotations, is
provided in Figure 24.
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| Header | AddSpikeMeasDef | 1%MeasAmay | 27Meas. Amay
Status| D/T| TZ | #ASM | #SMA| Res. | LHN | LMl | Notes| MI
1 7 2 1 49 4 4 var
15t Meas | 15t Meas | 15t Meas| 15t Meas| 1stMeas ) . | Last Meas
RTC MIC LID Units MVM MVM
1 4 1 2 2 2
MAId |[ECG_DS|ECG_DBN| TWSD| TWST| TWSS|TWSL| SR | MAFS | HPF | LPF |FBM
1 1 1 4 3 4 4 4 1 2 2 1
#SplkeS Res LMAN MA st Splke 2nd Splke . Last Splke
Notes MB MB MB
4 30 2 var var var var

5.20.6 Example of encoded spike measurements and annotations

Figure 24 — Overview of the data part.of'Section 17

Table 11 b
a few spike
triple cham
and measul
samples/seq
there are (
“Additional

Spike ID (S
amplitudes
Spike Type ¥
values corr
pacemaker

e%)ow displays some of the coded content of a (Spike x Measurements/Annotations) Arrg

from a 10 min duration ECG record, where we assume that the subject has been paced
er device (DDD mode pacing with €RT at clinical settings), the pulses have been det
ed thanks to a hi-fi recording system (sampling rate equal or higher than 32
), the sampling rate of the sighals stored in the SCP-ECG record is 1000 samples/se
ne or more Additional Spike Measurements and Annotations (ASMs) defined ir
bpikes Measurements and;Annotations Definition block” (not documented in this exam

[D), Spike Location ‘Sample Number (SLSN), Spike Type, Lead ID, spike durations
ind Paced Beat Location have been encoded as specified in 5.20.4.1.

ralues other than the value for spike #20 (spike artefact) have been encoded by the CO
bsponding (te* the REFIDs “Wave components (paced)” listed in Table A.8 “ECG W
omponents” of ISO/IEEE 11073-10102 [9].

For readability<reasons, Lead IDs have been described by means of their standard SCP-ECG N

nl

except for s

y for
by a
pcted
000
and
the
ble).

and

DE10
/AVP

ame,

ike #21, where the newly defined term “VIRT” has been used to indicate that this spik

e has

not been detected on a per-lead basis, but by means of a multilead based method viz spatial velocity or
spatial Vectorcardiography. As Lead IDs cannot be stored using their textual representation in the Spike
Measurement Arrays, they shall be encoded using the corresponding one byte SCP-ECG code as
specified in Clause 5.6.4, Table 4, “Lead Identification codes”. Lead ID “VIRT” should be encoded as
“Global, virtual lead”, SCP-ECG code “199”.

Spike durations are expressed in micro-seconds and spike amplitudes in micro-volts.

Measurements not computed by the program (viz some additional spike measurements) are coded
29999 (see 5.10.3.1).

In this 10 min ECG record example, we hypothesize that the first beat located at time 0,47 s after the
onset of the ECG recording is paced by respectively an atrioventricular (AV) and two biventricular (Bi-
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V) pacemaker pulses (SID =1 to 3, paced beat location = 470), spike #20 is an artefact, spike #21 has
been detected and its pulse magnitude measured by means of a Vectorcardiographic method, and the
last beat of the record has been paced by a unique ventricular pacemaker pulse.

Table 11 — Tabular representation of the coded content of a typical (Spike x
Measurements/Annotations) Array

SLSN Spike Spike Spike Paced Beat
SID | (sample Tp e Lead ID | Duration | Amplitude Loc. Last ASM
point) yp (in ps) (in pv) (sample pt)
1 370 47042 V2 560 3000 470
2 455 5728V Vi 590 -20000 470 299991
3 457 5468 ¢ DII 600 -15000 4704
2 6000 21764 V2 650 4500 OXFFFjFFFFF 299991
21 6300 6752 ¢ VIRT f 605 7200 & 6325 29999
M 59200 4704 a V2 565 3000 59360

a | CODE10 for MDC_ECG_WAVP_PACE_ATR.R_APPR_C

This REFID stands for: Pacing stimulus/Right atrial antibradycardial pace, appropriate, captured
b | CODE10 for MDC_ECG_WAVP_RACE_V_L_APPR C

This REFID stands for: Pacing.stimulus, Left ventricular antibradycardial pace, appropriate, capturé¢d
¢ | CODE10 for MDC_ECGZWAVP_PACE_V_R_APPR_C
This REFID stands for: Racing stimulus, Right ventricular antibradycardial pace, appropriate, captufed
d | CODE10 for MDC!ECG_WAVC_ARFCT

This REFID stands for: Isolated QRS-like or pacemaker pulse like artefact
e | CODET0for MDC_ECG_WAVP_ATPACE_V_APPR C

This REEID stands for: Pacing stimulus, Ventricular Antitachycardia pace, appropriate, captured

f VIRT 1s encoded by SCP-ECG code "1997, which stands tor "Global, virtual lead™

g8 Here we assume that the method used to detect and measure the pacemaker pulse is based on a
vectorcardiographic method viz the one described in ] Electrocardiol. 2011;44:275-281, and that the
magnitude of the spatial pulse is 7200 uV. Alternatively, one could have also encoded the stored Spike
Amplitude value as 29 999, which according to Clause 5.10.3.1 means “Measurement not computed by the
program”, for example in case the “global” method used to detect and localize the pacemaker pulse is based
on a multilead approach viz computing a global detection function such as the spatial velocity without
measuring the amplitude of the spike. Manufacturers using non-standard methods specify the method they
are using in the physician's guide.

b To pinpoint that pacemaker pulses #1, 2 and 3 have contributed in pacing the same beat, it is of utmost
importance to use identical sample values for localizing the paced beat.
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SLSN Spike Spike Spike Paced Beat
SID | (sample Tp e Lead ID | Duration | Amplitude Loc. Last ASM
point) yp (in ps) (in pV) (sample pt)

i

j

Code 29999 is used to specify that, for the type of spikes listed in lines 2, 20 and 21 (the type of each spike
is identified by the CODE10 value listed in column Spike Type), the kind of spike measurement/annotation
called “Last ASM” is neither performed by the spike measurement program nor by a human reviewer.

Code OxFFFFFFFF is used to specify that no beat (i.e. no QRS complex) has been triggered by spike #20.

5.21 Addit,

5.21.1 Gen

The main ol
produced ar
viz the onse
spike that wj
few measur
implemente
(retrograde
dissociation

Annotation
correspond

ional ECG . Section 18

bral

jective of this section is to provide a solution to store any type of manually-6rautomat
notation which has not been stored in a systematic way in sections 7, 8, 10,11 and 15
t and/or end of a bigeminy rhythm or atrial fibrillation, the identification of a pacen
as not listed in section 17, measurements that were not foreseen in'seetions 15 and 16
ements like QT intervals in drug studies in case neither section X5 nor section 16 have
1), manual annotation of complex cases with different types ‘of aberrant QRS comp

etc.), noise annotations in a given lead, etc.

Hata shall be stored on an annotation-by-annotatioribasis. Ideally, each annotation s}
to a basic concept, viz rhythm annotation or meastivement annotation, although both f

of annotatio
Each annot

Coded ¢

XML do

The three d
based SCP-H
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The data col
the data stot

5.21.2 Sect

Full Text.

may be merged into only one annotation.
ion consists in a variable number of entriesi{There are three types of entries possible:

ntries based on CF_CODE10 (as specified hereafter in 5.21.4).

fument

ifferent coding schemes’/may coexist, i.e. annotations encoded according to CF_COI
CG Coding Rules may.concomitantly also be encoded for example according to aECG
es [17] and/or described in plain text.

1tained in this section shall include the most recent annotation data and be consistent
ed in Sections 7-11 and Sections 15-17.

jon ID*header

ventriculoatrial conduction, LBBB aberrancy, etc.) andy\*P waves (AV block or

cally
o017,
1aker
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lexes

AV

jould
ypes

DE10
XML

with

If present, 4

he“section shall start with a “Section ID Header” as defined in 5.2.7. In particular, i

h the

Section ID Header, the protocol version number stored in the Header byte 10 shall reflect the current
version of this document, since versions V1 and V2 do not support this additional ECG annotations
section (section 18 does not exist in SCP-ECG versions V1 and V2).

5.21.3 Sect

ion Data part

The data part of this section includes a data header followed by a variable number of annotations. The
layout of the data part is presented in 5.21.5, and its content is explained hereafter.
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5.21.3.1 Data Header

The header of the data part of the section contains the status and the time and date of the storage
and/or overreading of the annotations, and the number of stored annotations. Its format is as follows:

Byte Contents
1 Annotations overreading Confirmation Status.

Value Type

0 Original annotations (not overread).

1 Confirmed annotations.

2 Annotations (partially) overread, but not confirmed
2[to 8 Date and time of annotations recording and/or overreading (D/T);

Semantically equivalent to MDC_ATTR_TIME_ABS.

The byte format is identical to the date and time formats(specified in sectipn 8 (see

5.11.4):
Byte
2to3 Binary: Year (Full integer notatign/as in 2018) [MDC_DIM_YH]
4 Binary: Month (range 01 to 12,01 = January) [MDC_DIM_MON]
5 Binary: Day (range 1 to 3@) [MDC_DIM_DAY]
6 Binary: Hours (range 0 to 23) (time is always locpal time)
[MDC_DIM_HR]
7 Binary: Minutés (range 0 to 59) [MDC_DIM_MIN]
8 Binary: Seconds (range 0 to 59) [MDC_DIM_SEC]

NOTE 1 The date and time information stored in this header indicates the date anpd time of
the creation and/or ‘storage of the latest annotation of this section (in case the valug of byte 1
is 0), or the date(and time of the latest overreading or confirmation (in case the valjie of byte
1 is 1 or 2).(This information is usually different from the date and time of the signal
recording.

NOTE 2. Time and date is expressed as local time in the Time Zone of the overreader and/or
of the'analysing device.

9lto 10 Date&Time Time Zone (TZ), specified as an offset from UTC in minutes| (Signed
integer).

Semantically equivalent to MDC_ATTR_TIME_ZONE.

The content of this field shall idpnfify the time zone related to the local timhe stored

here above in bytes 2 to 8. The format shall be identical to the Time Zone format
specified in bytes 1-2 of Tag 34 in Table 2. In case the local Time Zone is unknown,
TZ shall be set to 0x7FFF.

11to 12 Number of recorded Annotations (#ANN).

Allowed values range from1 to 65 535.
13 to 62 Reserved for future use (shall always be set to zero).
63to 66  Length of the Header Notes field in bytes (LHN).
67to 70  Length of the Manufacturer-specific additional Information field in bytes (LMI).
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variable General Header Notes on this section. This is a free-text field. It shall be NULL

terminated.

variable Manufacturer-specific Information field (MI).

The different annotations then follow, starting after the Manufacturer-specific Information field (MI), if

any. The format for each single ann

5.21.3.2 (Single) Annotation (AN

otation is defined hereafter in 5.21.3.2 and 5.21.4.

N) data block structure

Each annotation consists in a variable number of annotation entries and is identified by an incremental

annotation yrumber tANNTIDI:
Byte Copntents
1to?2 nnotation ID (ANN_ID)

quential number. May be used to facilitate retrieval of the measurements‘and annota

3to6

ytes of ANN_ID and the

fored in this specific an

A
1
b
7 Related SCP-ECG data section (ECG_DS).
T
E
S

f a specific beat or event when referenced in another section.

nnotation Size (ANN_SZ)

4 bytes of ANN_SZ).

his byte is used in combination with byte 8 to specify.in which section one can find thg
CG signal data or the beat or spike ID corresponding to the measurements / annota

notations data block.

Value Related ECG signal data-and measurements localization

rions

ength in bytes of this annotation data block, starting with Annotation ID (i.e. including the 2

raw
rions

nts /
been

0 Unknown, or the-raw ECG signals from which the measureme
annotations stered in this specific annotations data block have
derived afrenot saved in this SCP-ECG file

5 Rest E€G reference beat (Section 5)

6 Rest’ECG rhythm data (Section 6)

12 Long-term ECG rhythm data (Section 12)

13 Selected ECG reference beats (Section 13)

14 Selected ECG sequences repository (Section 14)

15 Beat-by-Beat ECG measurements and annotations (Section 15)

16 Selected ECG beats measurements and annotations (Section 16)

17 Pacemaker Spikes measurements and annotations (Section 17)

8 Related ECG Data Block Number or Measurements Array Id (ECG_DBN).

This byte is used to specify, in case ECG_DS =13 to 17, in which ECG sequence or meta-data
block or in which ECG measurements / annotations array one can find the raw ECG signal
data or the beat or spike ID corresponding to the measurements / annotations stored in this
specific annotations data block.

If ECG_DS =13, then ECG_DBN shall store the metadata block ID “BId” (see 5.16.3.3)
corresponding to the analysed reference beat, i.e. ECG_DBN = BId.

If ECG_DS = 14, then ECG_DBN shall store the block identification number “BN” (see 5.17.6.6)
corresponding to the analysed ECG sequence, i.e. ECG_DBN = BN.
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If ECG_DS =15, then ECG_DBN shall store the Measurements Array Identificat
“MAId” (see 5.18.3.3) corresponding to the analysed ECG sequence, i.e. ECG_DBN

If ECG_DS = 16, then ECG_DBN shall store the Beat ID “BID” (see 5.19.4.1) corre
the selected beat, i.e. ECG_DBN = BID.

If ECG_DS =17, then ECG_DBN shall store the Measurements Array Identificat
“MAId” (see 5.20.3.4) corresponding to the analysed ECG sequence, i.e. ECG_DBN

In all other cases ECG_DBN shall be set to zero.

ion number
= MAId.

sponding to

ion number
= MAId.

9to12 Related Beat or Spike Id (BSId).
This byte is used to further specify, in case ECG_DS =15 or 17, to which spegific beat or
spike, if any, the additional measurements / annotations stored in this specifiq annotation
data block correspond.
If ECG_DS =15, then BSId shall store the Beat Identification number’“BID” (sge 5.18.4.1)
corresponding to the annotated ECG beat, i.e. BSId = BID.
If ECG_DS =17, then BSId shall store the Spike Identificatieonnnumber “SID” (see 5.20.4.1)
corresponding to the analysed spike, i.e. BSId = SID.
For convenience reasons, in case ECG_DS =13 or 16{,BSld should repeat the information
already stored in ECG_DBN, i.e. BSId = ECG_DBN.
In all other cases BSId shall be set to zero.

1B Lead Identification (LID).

This discriminator shall be used to identify to which specific ECG lead, if any, thle additional
measurements / annotations stored. ift;this specific annotation data block apply. The same
SCP-ECG numbering scheme as in_5:6.4, Table 4, shall be used to specify the lgad that has
been used.
Semantically equivalent to MDC_ECG_Lead_xxx, see 5.6.4 Note.
NOTE  As specified in 5.6.4 (Table 4), applicable codes are from 1 to 184 and 199. Cod¢s 200 to 255
are reserved to specifysmanufacturer specific leads. SCP-ECG code “199” is used to spegcify that the
measurement(s) / annotation(s) does not refer to a specific lead, but that it is the resylt of a global
evaluation having taken all (or several) leads into account. This is distinguished from the case where
the lead used te perform the measurements / annotations is unspecified, which is coded [0”.

14 tg 17 Sampling Rate, in samples per second (SR).
Semantically equivalent to MDC_ECG_CTL_VBL_SAMPLE_RATE and
MDGYATTR_SAMPLE_RATE.
This field shall replicate the sampling rate of the original ECG recording spegified in the
sections pinpointed by ECG_DS and ECG_DBN. It has been included here to make|this section
cnlf.cfahr]ing and to convert measurement time pnihfc (‘71"7 beat and wave ]nrations) and
durations expressed in sample numbers and in sample intervals, into physical time and
duration.
In case the value of ECG_DS equals “0”, then bytes 5 to 8 shall store the sampling rate of the
original ECG on which the measurements / annotations stored in this annotation data block
have been computed.

18to 19 Number of annotation Entries (#Entries)

var 1st annotation entry

var 2nd annotation entry, if any
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etc., up to annotation entry #Entries

5.21.3.3 Overview of the data content of a single additional annotations data block (ANN)

An overview of the data content of a typical annotation data block (ANN) is provided in Figure 25,
where ANN stands for Annotation (see 5.21.3.2).

. . 1st | ond S| Last
ANN_ID | Size |[ECG_DS|ECG_DBNj BSId | LID SR | #Entries
- - - Entry | Entry | /- Entry
2 4 1 1 4 1 4 2 var var var var

Figure 25 — Overview of the data content of a single Annotation data block ANN

5.21.4 (Single) annotation Entry data format description

5.21.4.1 Enjtry data format
Each annotation Entry consists in a variable length entry data block and is {dentified by an incremgental
Entry ID.

Each entry ¢lata block consists in an Entry type specifier followed.by. a variable number of Entry|data
fields.

Each Entry |data field either consists in one NULL terminatéd characters string (plain text or (XML
document) gr in a (Code, Unit, Value) triplet, depending on the Entry type (see 5.21.4.2).

In the present version of this protocol, all text strings and“XML documents are UTF-8 encoded.
The format ¢f each single entry and its entry field(s).are as follows:

Byte Contents

1 Entry ID (Binary). Each entry has been given a sequence number (starting with 1)

2to5 Entry data length (Binary):\Length in bytes of this entry data block, starting with Entry
[ype ID (i.e. including the) 1 byte of “Entry Type ID”), and including all NULL terminatfors,

bee Figure 26).
6 to ***  Entry data block

Byte Contents

[ Entry Type ID (Binary)
Value Type
1 Coded entry type, as described below in 5.21.4.2 Type 1
2 XML document
3 Full text type

41099 Reserved

2 to ***  Data depending on the Entry Type ID specified in byte 1 of the Entry data block,
eventually terminated by NULL (0).

5.21.4.2 Entry data field content specification in function of the Entry type

Typel This type of entry may contain one or more (Code, Unit, Value) triplets. Each triplet
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represents an elementary measurement or annotation, viz the onset or the end
fibrillation. Its encoding is as follows:

of an atrial

Measurement / Annotation Identification Code (COD) (4-byte unsigned integer).

The measurement / annotation shall be identified by a unique code that shall allow to
know what the measurement / annotation represents. COD shall store the CF_CODE10
value corresponding to the REFID of the measurement/annotation as defined in
[SO 11073-10101 [8] and 11073-10102 [9], and/or in their running updates stored in the

NIST RTMMS repository [59].

Measurement / Annotation Unit code (U) (2-byte unsigned integer).

Typ
Typ

5.21

An o

e 2:
e 3:

4.3 Overview of the data content of a single annotation Entry

Ferview ofthe data content of a single annotation Entry is provided in Figure 26.

These two bytes shall specify the physical unit (and its type, if dimensionless)-g
of the measurement/annotation identified by COD and stored hereafter in VA
units shall be identified by means of their UoM base code” acg
ISO/IEEE 11073-10101 [8] and the updates maintained in the correspondin
measure table defined in the NIST RTMMS repository [59].

f the value
L. Physical
ording to
g units-of-

Table A.8 in Annex A points out the most useful units for the purpose of this addjtional ECG

annotations section and defines the codes that shall be used for the measur
annotation types not defined by the 11073-10101 standard.

Units of dimensionless annotations viz the QRS morphology class number
rhythm type, shall be encoded by 512, the UoM base code for MDC_DIM_DIMLES

In case no value “Val” shall be saved as for example for REFID “MDC_ECG_NOI

ement and

r the ECG
S.

SE_CLEAN”

or “MDC_ECG_NOISE_CLEAN_ANNOT”, codéd COD = 666575, then storing a Unit code is

irrelevant and U shall be set to 0XxFFFF (which allows to distinguish this case frd
where the Unit is not known, encoded as “Unspecified” (MDC_DIM_NOS),
code = 0).

Measurement or AnnotationValue (VAL) (4-byte integer)

VAL shall store the measurément value as a signed integer and use the CF_COD
annotation value.

In case no value is provided, then VAL shall be set to OxFFFFFFFF.
This type has one'data part containing an XML document, and is NULL (0) termi}

m the case
UoM base

E10 for the

hated.

This type has.one data part containing only text characters, and is NULL (0) terminated.
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Entry X
/ var \
Entry :
Entry ID Length Type ID Entry Field(s)
1 4 [ var |\
Type ID =1 COD1| U1 VAL1 CODn| Un VALnN
4 2 4 var 4 2 4
Type ID =2 XML NULL
var 1
TypelD=3 Text NULL

var

Figure 26 — Overview of the data content ef.a single annotation Entry

ed in

5.21.5 Overview of the data part of section 18 “Additional Measurements and Annotations”
An overview of the data part of section 18, Additional Measurements and Annotations, is provid
Figure 27.
Header ANN 1 ANN 2
7 -
Copfim. | Sate | Time | Tz | #ANN |Reserved| LHN | LMI | Notes| Mi
Sthatus
) 4 kk;% |\2 2 50 4 4 var(LHN) var(Lle
Year | Month Day Hour Min. Sec.
2 1 1 1 1 1
Figure 27 — Overview of the data part of Section 18
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Annex A
(normative)

Supplementary information and additional encoding

A.1 [Supplementary information to Table 2, Clause 54-5

A.1.1 SCP-ECG specific drug class and drug sub class encoding

specifications

Tabl¢s A.1 and A.2 hereafter specify the drug class codes (DCC) and specific subgclass codgs (SBC) that
shall|be used to encode the content of Table 2, Tag 10 of the patient data area)(see Clause 5}4.5), in case

the SCP-ECG specific drug coding system is adopted to encode the patient's drugs.

Table A.1 — SCP-ECG Drug Class Codes,(DEC)

0 - Unspecified

8 - Psychotropic

1 - Digitalis

9 - Calcium Blockers

2 - Antiarrhythmic

10 - Antihypotensive

3 - Diuretics

11 - Anticholesterol/lipid modifying agent

4 - Antihypertensive 12>5°ACE- Inhibitors

5 - Antianginal

13 - Antistaminic

6 - Antithrombotic

14 - Sartans

7 - Beta Blockers

15 to 99 - Reserved

type

101 - Drugs, but>unknown | 103 to 255 - Manufacturer specific codes

102 - Other'medication

Table A.2 — SCP-ECG Specific Drug Codes (SDC)

CLASS 1: DIGITALIS PREPARATION

0 - Unspecified 3 - Acetyldigoxin 6 - Metildigoxin
1- DFgoxin 4 - Lanatoside C 7 - Gitoformate

2 - Digitoxin-Digitalis 5 - Deslanoside 9 - Other

CLASS 2: ANTIARRHYTHMIC

0 - Unspecified 7 - Amiodarone 14 - Adenosine

1 - Disopyramide 8 - Tocainide 15 - Bretylium

2 - Quinidine 9 - Other 16 - Dofetilide

3 - Procainamide 10 - Encainide 17 - Dronedarone
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4 - Lidocaine
5 - Phenytoin
6 - Fosphenytoin

CLASS 3: DIURETICS
0 - Unspecified
1 - Thiazide

11 - Mexiletine
12 - Flecainide

13 - Lorcainide

3 - Potassium Chloride

4 - Bumetanide

18 - Ibutilide
19 - Propafenone

20 - Sotalol

6 - Torasemide

7 - Other Sulfonamides

2- Furosen’]ide

CLASS 4: ANTIHYPERTENSIVE

0 - Unspecifjed
1 - Clonidin

117

2 - Prazosin
3 - Hydralazgine

4 - Ambriseptan
5 - Betanidipe

6 - Bietaserpine
7 - Bosentan
8 - Debrisoquine

9 - Other

CLASS 5: ANTIANGINAL

0 - Unspecifjed

1 - Isosorbidle

5 - Piretanide

10 - Diazoxide

11 - Doxazosin

12 - Guanethidine
13 - Guanfacine
14 - Guanoxabenz
15 - Guanoxan

16 - Ketanserin
17 - Macitentan
18 - Methyldopa
19 - Minoxidil

2= €alcium Blockers

3 - Nitrates

CLASS 6: ANTITHROMBOTIC AGENTS

0 - Unspecifjed

1 - Adetylsalicylic

4 — Warfarin

acid b5 - Streptokinase

9 - Other diuretics

20 - Moxonidine
21 - Nitroprusside
22 - Pinacidil
23,=Reserpine

24 - Riociguat

25 - Sitaxentan

26 - Tolonidine
27 - Trimazosin
28 - Trimetaphan
29 - Urapidil

9 - Other

8 - Platelet aggr. inhibit. exd

heparin

9 - Other

(Aspirin)

2 - Vitamin K antag. excl.

warfarin

3 - Heparin group

CLASS 7: BETA BLOCKERS

0 - Unspecified

1 - Propranolol

6 - tPA enzymes

7 - Other antithrombotic

Enzymes

7 - Alprenolol
8 - Betaxolol

—

10 - Direct thrombin inhibitors

11 - Direct factor Xa inhibitors

14 - Esmolol
15 - Labetalol
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2 - Nadolol
3 - Atenolol
4 - Metoprolol
5 - Pindolol

9 - Other
10 - Bisoprolol
11 - Carteolol

16 - Nebivolol
17 - Penbutolol
18 - Practololl

12 - Carvedilol 19 - Timolol
6 - Acebutolol 13 - Celiprolol
CLASS 8: PSYCHOTROPIC

2 - Phenothiazine 9 - Other

0- Ulnspecified

1 - Tficyclic antidepressant

CLASS 9: CALCIUM BLOCKERS
0 - Unspecified

1- NI?fedipine
2 - Verapamil

3 - Aimlodipine

CLASS 10: ANTIHYPOTENSIVE
0 - Unspecified

1 - Asthmatic drug

3 - Barbiturate

4 - Bepridil
5 - Diltiazem
6 - Felodipine

7 - Isradipine

2 - Aminophylline

3 - Isoprenaline

CLASS 11: ANTICHOLESTEROL / LIPID.MODIFYING AGENTS

0 - Unspecified
1 - Cplestipol

2 - Lpvastatin

3 - Sjmvastatin

CLASSA-2* ACE- INHIBITORS

4 - Fibrates

5 - Other bile acid sequestrants

6 - Other statins

7 — Nicotinic acid and
derivatives

8 - Nicardipine
9= Other

10 - Nimodipine
11 - Nisoldipine

4 - Sympathomimetic drug

9 - Other

8 - MTTP inhibitors

9 - Other
agents

lipid modifying

0 - Unspecified
1 - Captopril

2 - Benazepril
3 - Cilazapril

4 - Enalapril

CLASS 13: ANTISTAMINIC

5 - Fosinopril
6 - Imidapril

7 - Lisinopril
8 - Moexipril

9 - Other

10 - Perindopril
11 - Quinapril

12 - Ramipril

13 - Trandolapril
14 - Zofenopril
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0 - Unspecified

CLASS 14: SARTANS

0 - Unspecified

Within each DCC class, if a patient takes a drug that has not been listed within the corresponding DCC
class, then the SDC sub class drug shall be coded 9 which is the code to be used for “other”.

A.1.2

SCP-ECG ver
set that is U
V3.0, this by

Table A.3 hq
assigned co

Lan

guage support encoding in legacv SCP-ECG versions

sions V1.x and V2.x used byte 17 of Tag 14 of Table 2, Clause 5.4.5, to specify the char

sed to encode textual strings within the SCP-ECG record. Starting with SCP-ECG ve
te shall be set to 0x37 to indicate that now only UTF-8 text string encoding is allowed.

breafter displays for historical purposes the bit map table that was used to specifi
les, including UTF-8. Codes other than UTF-8 shall no longer be used except for decc

legacy SCP-ECG files.

Table A.3 — Multilingual character sets encoding in legacy SCP-ECG files

acter
rsion

V' the
ding

Bit

Bit

Bit
2

Bit
3

Bit
4

Bit
5

Bit
6

Bit
7

Meaning

o

i

i

i

>

>

8-bit ASCII-afily

[SO-8859+1 Latin-1

[SO-8859-2 Latin-2 (Central and Eastern Europe

[SO-8859-4 Latin-4 (Baltic)

[SO-8859-5 Cyrillic

ISO-8859-6 Arabic

[ISO-8859-7 Greek

[SO-8859-8 Hebrew

e Ll N N = =)

RllRr|Rr|RrR|Rr|R|RrRr|o]|X

o|lo|o|oc|oco|oc|O |

S|, |, |[OC|FR|O ]| X

|l L= =R Ll =2 =2

el e | el =N K= =2 IR I

S|l | ||| X

(=l Noll Nol Rl Ner] ekl BRI

[SO-8859-11 Thai

—_

[UnN

o

-

[UnN

[UnN

o

o

[SO-8859-15 Latin-9 (update to Latin-1, also call
“Latin-0")

9%
Q.

ISO/IEC 10646

JISX 0201-1976 (Japanese)

JISX 0208-1997 (Japanese)

JISX 0212-1990 (Japanese)

GB 2312-80 (Chinese)

KS C5601-1987 (Korean)

UTF-8

R R R Rk R =R]R |~

I e SN S e = IS S

R R, R~ ]~

ot B2 B B =R B B el | | e

R, |lo|lolr|r|llo|lo

|l Bl Bl B o B« R R e | (e R B e)

Reserved

>

]

o

>

>

>

(=3 Nl Noll Nl Nl N2 Nk | (el N

el = =N =k ik el Rl | el )

Reserved

142

© ISO 2023 - All rights reserved



https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064:2023(E)

Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Meaning
0 1 2 3 4 5 6 7
X X X X X X 1 0 |Reserved
X X X X X X 1 1 |Reserved (except for following entry)
1 1 1 1 1 1 1 1 | Manufacturer-Specific
A.1.3 Implanted cardiac devices functionalities encoding

Tag B6 in Table 2, Clause 5.4.5, may be used to identify the functionalities of the patient|s implanted

cardfac device (pacemaker, ICD, pacing ICD, CRT) thanks to a coded text string based either on the 5-
letter NBG code [29] for a pacemaker or on the 4-letter NBD code [28] for an ICD. Thie meaning of these

codi

g letters is summarized hereafter in Table A.4 and in Table A.5, where positioiis 1 to V

respéctive position of the corresponding letter in the NBG or NBD code.

Com
corrg

Table A.4 — NASPE/BPEG revised (2002) NBG pacemaker code

blex pacing ICDs may be identified by their NBD code followed by, the*NBG code de
sponding pacing section, as for example “VVE-DDDRV”.

wl

tand for the

scribing the

Position I Position II Position III Position IV Position V

(Chamber Paced) |(Chamber (Response to (Programmability, |(Multisite Pacing)
sensed) Sensed Event)) Rate Modulation)

O =none O =none O =none O =none O =none
A = afrium A = atrium [ =\inhibited R =rate modulation |A = atrium
V = ventricle V =ventricle T = triggered V = ventificle
D =dual (A +V) D =dual((A<+V) [D=dual(T+]I) D =dual (A +V)
X = upspecified X = tnspecified X = unspecified X = unspecified X = unspaecified
S=(4orV) S=(AorV)
Note “NBG? stands for North American Society of Pacing and Electrophysiology (N) and BritisH Pacing and
Electfophysialogy Group (B) generic (G) pacemaker code.

NOTH &

The last two lines of letter codes, X = unspecified and S = Single (A or V), are not part

pf the official

NBG

tables because they are used by some manufacturers.

NOTE 2

© IS0 2023 - All rights reserved

NBD codes. Although not endorsed by the different rhythmology societies, they have been

isted in both

Some manufacturers expand the NBG code by specifying the polarity of the device in position VI:
U = unipolar, B = bipolar, X = unspecified.
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Table A.5 — NASPE/BPEG generic NBD defibrillator code

Position I Position II Position III Position IV

(Shock Chamber) (Antitachycardia (Tachycardia (Antibradycardia
Pacing Chamber) Detection) Pacing Chamber)

O =none O =none E = electrogram O =none

A = atrium A = atrium H = haemodynamic A = atrium

V =ventriclg V =ventricle V =ventricle

D =dual (AR V) D =dual (A+V) D =dual (A +V)

X = unspecifjed X = unspecified X = unspecified X = unspecified

S=(AorV) S=(AorV) S=AorV)

Note "NBD" stands for North American Society of Pacing and Electrophysiology (N) and British Pacing and

Electrophysiplogy Group (B) generic defibrillator (D) code.

NOTE1 Fqr robust identification, position IV can be expanded into:its complete NBG code. For example, a

biventricular| pacing-defibrillator with ventricular shock and antitachycardia pacing functionality would be

identified as
have been ap

NOTE2  Fq

A.2 Encodin

Table A.6 hd
different se

processing the stored ECG signals and/or for computing the different measurements and annotat

in addition 4

Table A

broved yet for tachycardia detection (position III).
r the last two lines in italic, see Table A.4, NOTE\I:

g of additional filtering methods used for ECG processing

o the usual low-pass and-high-pass filter settings specifications.

6 — Filter bit map-(FBM) to be used for encoding additional ECG filtering method

VVE-DDDRYV, assuming that the pacing section was programmed DDDRV. No haemodynamic sensors

reafter specifies the different bits of the one byte filter bit map (FBM) that shall be usged in
ctions of SCP-ECG to furtherspecify the filtering methods that have been appliedl for

ions,

7]

Bit

Filtering method

6(

Hz notch-filter [MDC_ECG_CTL_VBL_ATTR_FILTER_NOTCH_FREQ]

50

Hz neteh filter [MDC_ECG_CTL_VBL_ATTR_FILTER_NOTCH_FREQ]

Ar

téfact filter

Unspecified baseline filter [MDC_ECG_CTL_VBL_BASELINE]

Adaptive mains filter [MDC_ECG_CTL_VBL_ATTR_FILTER_NOTCH]

Baseline correction by cubic spline [MDC_ECG_CTL_VBL_BASELINE_DESC]

Baseline correction by adaptive filter [MDC_ECG_CTL_VBL_BASELINE_DESC]

N|[ojun|bh|lwiNn|[-=|O

Reserved for future use (shall be set to zero, except for case specified hereafter in Note 2).

NOTE 1

pass filter fields was used.
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NOTE 2  If all bits are set to 1, then the additional filter method(s) used for processing the ECGs was not
specified or the method(s) were different from the ones listed in Table A.6.

The use of FBM has been specified in Clauses 5.4.5 (Table 2, Tag 29), 5.15.4.1 (Long-term ECG rhythm
data Header, byte 32), 5.16.3.3 (Stress tests, drug trials and protocol based Events Metadata Blocks,
byte 29), 5.17.6.6 (Selected ECG sequences, byte 12), 5.18.3.3 (Beat-by-beat measurements array
header, byte 28), 5.19.3.2 (Selected ECG beats measurements and annotations header, byte 20) and in
5.20.3.4 (Spike-by-spike measurements array header, byte 28).

A.3 Encoding of the units of measure of the workload level WL

Clauge-5-3+6-33providesmeans-to-store-intherelated-stress-tests;drug-trials-and-protecothased events
metddata blocks the Workload Level WL used during stress tests as well as the code forULL, the Unit of
meagure of the work Load Level WL. The binary code used to represent the unit of measure [ULL shall be
the Unit of Measure (UoM) base code taken from ISO/IEEE 11073-10101, Table A.6.4.1: Vitgl signs units
of measurements [8] and their updates maintained in the corresponding units-ef<measure table defined
in the NIST RTMMS repository [59].
Tabl¢ A.7 hereafter lists the most relevant values of ULL for exercise ECG on treadmill, cycloergometer
and gtepper, both in decimal and in hexadecimal.
Table A.7 — Typical ULL unit codes for the measuré.of the workload level WL
ULL code ULL units
Decimal Hexadecimal
0 0x0000 | Unspecified [MDC:DIM_NOS]
544 0x0220 | % (percentage) [MDC_DIM_PERCENT]
736 0x02e0 | Angle Degree [MDC_DIM_ANG_DEG]
3968 0x0f80 | J (units for Work, 1 Newton-meter = 1 ) [MDC_DIM_X_JQULES]
4032 0x0fc0 | Watt [MDC_DIM_X_WATT]
8096 0x1fa0" rpm (rounds per minute) [MDC_DIM_X_ROTATIONS_PER_MIN]
11616 0x2d60 | steps per minute [MDC_DIM_STEP_PER_MIN]
12003 Ox2ee3 | km/h [MDC_DIM_KILO_M_PER_HR]
12032 0x2f0 | Mph [MDC_DIM_MPH]
65120 0xfe60 | Nm (units for Torque in Newton-meter)
NOTH The LI codes are identical to the IloM hase codes of the REFIDs defined in the

ISO/IEEE 11073-10101 standard [8], except for the Nm units for Torque.

A.4 Encoding of the physical units and/or type of measurements and annotations

Sections 15 to 18 provide means to dynamically define for each SCP-ECG record additional beat and/or
spike measurements and annotations that may be stored in the related measurements and annotations
data blocks as well as the physical unit and/or the type of the stored measurement/annotation values.
Physical units shall be identified by means of their UoM base code according to ISO/IEEE 11073-10101
[8] and its updates maintained in the corresponding units-of-measure table defined in the NIST RTMMS
repository [59].

© IS0 2023 - All rights reserved 145


https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064:2023(E)

Units of dimensionless annotations viz the QRS morphology class number or the ECG rhythm type shall
be encoded by 512, the UoM base code for MDC_DIM_DIMLESS.

Units of measurements expressed in sample numbers and sample intervals shall be distinguished from
other dimensionless measurements and annotations by respectively using the special codes specified
hereafter in Table A.8, unless explicitly defined in future versions of ISO/IEEE 11073-10101 [8] and/or
in the NIST RTMMS repository [59].

Vector Azimuth and Elevation and electrical axes shall be expressed in signed angular degrees and

measured according to the conventions shown in 5.1.3.3, Figure 10, and in 5.10.3.7, Figure 11.

Table A.8 hereafter points out the most useful units to be used for the additional measurements and

annotations
and annotat|

specified in sections 15 to 18 and defines the codes that shall be used for the measune

on types not yet defined by the 11073-10101 standard [8].

Table A.8 — Typical units codes for ECG measurements and annotations

UoM base code Type or physical unit
Decimal | Hexadecimal
0 0x0000 Unspecified [MDC_DIM_NOS]
512 0x200 Dimensionless [MDC_DIM_DIMLESS]
544 0x0220 % (percentage) [MDC_DIM_PERCENT]
736 0x02e0 Angular degree [MDC_DIM_ANG_DEG]
2176 0x0880 s (second) [MDC_DIM: _SEC]
2194 0x0892 ms (millisecond);{MDC_DIM_MILLI_SEC]
2195 0x0893 us (microsecond) [MDC_DIM_MICRO_SEC]
2196 0x0894 ns (nanosecond) [MDC_DIM_NANO_SEC]
2464 0x09a0 s 1{MDC_DIM_PER_X_SEC]
2496 0x09c0 Hz [MDC_DIM_X_HZ]
2720 0x0aa0 bpm [MDC_DIM_BEAT_PER_MIN]
4274 0x10b2~ | mV (millivolt) [MDC_DIM_MILLI_VOLT]
4275 0x10b3 nV (microvolt) [MDC_DIM_MICRO_VOLT]
4276 0x10b4 nV (nanovolt) [MDC_DIM_NANO_VOLT]
8244 0x2034 | uV.ms [MDC_DIM_NANO_VOLT_SEC]
11648 0x2d80 Duration in sample intervals [MDC_DIM_TICK]
65280 0xff00 Time Point in sample number(s) (see Note 2)

ment

NOTE1 The REFIDs listed in the rightmost column and all UoM base code values except 65280 are defined in
the ISO/IEEE 11073-10101 standard [8].

NOTE2 Dimensionless Time Point measurements and/or annotations values (viz wave onset, time of peak,
point in time, etc.) expressed as sample numbers relative to the beginning of the ECG signals recording or of the
analysed beat (see for example 5.18.1.6) use UoM base code 65280.
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Annex B
(informative)

Universal ECG interpretation statements codes

General

Univ
inter
cliniq
A co
mesS

Thes
nece
stord
third|

B.2

The

computer statements onto a common and understandable lexicon. Simple, basic mnemonig

and

brsal ECG interpretive statement codes may be used, in addition to free text

al workstations and hospital information systems.

e codes can also be used for storage of the overreading trail. Storage of overreadi

d, and should be retrievable for transfer to general practitioners or other specialists,
parties.

Constraints
coding scheme presented below provides a {pragmatic” approach to the problem

conjunctives are proposed which can belused to compose and reflect simple but

complex ECG interpretive statements.

It sh
makg
desin
tom
usefi

puld clearly be understood that itis-hot assumed that ECG computer programs shoul

e of cardiologists. Indeed, based on the ECG alone several statements listed in this an
hke on an objective basis. The present document does not want to provide a value jud
Iness or limitations of standard electrocardiography. However, this annex attempts

pretive statements between various ECG analysis systems, but also between-$uch s

mmon set of statement codes is of utmost importance in order to excéhange inter
ages in a multilingual environment, and is also an important asset for ddta compression.

all the statements listed in this annex. This is beyond the reach of current technology 3

to transfer
ystems and

pretive ECG

Ig results is
bsary for legal reasons. Changes made to the computer interpretation by a cardiologis

t need to be
hnd to other

of mapping
s, modifiers
also rather

1 attempt to
ind even the
ex are hard
ment on the
fo provide a

fair representation of the electrocardiographic terminology and ECG reporting used in currgnt practice.

Composition of the code and general syntax rules

.1 General principle

possibly be
] hverted into
numeric codes such as the So- called categorlzed AHA statement codes [21] or the CDISC C-Code [30], or
for “internal” program use. The electrocardiographer who only occasionally reviews computerized ECG
interpretations cannot be expected to familiarize himself with a set of code numbers or the sometimes
rather complex mnemonics used in the programs of different manufacturers.

Through the use of a flexible, but unique code structure, the computer can be made to gain at least a
general understanding about the changes made by readers without forcing them into a strict use of
numbers. Vice versa, rather complex statements hidden in the free text of computer interpretive reports
can, by means of acronyms and simple syntax rules, be converted into universal understandable
statement codes.
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B.3.2 Basic composition of the code

The universal SCP-ECG interpretation code consists of one or more fields. In principle there is no limit
to the number of different fields, except that the parsing and phrasing of the interpretive statement may

become too long.

The first field (maximum 5 bytes long) defines the basic (or primary) diagnostic interpretation or

descriptive statement.

The second field (one or two bytes) is primarily used to indicate an estimated probability that a
statement is correct or to define the certainty degree of the corresponding statement.

e.g. A of DE = definite

B of PR = probable
C or PS = possible

U of UN = unknown

D or CE =rule out/cannot
exclude

SS = strongly suggestive
CO = consider

CW = consistent with

Thq second field can also be used for other purposes (see below).

The third and other fields (two bytes) are used for other modifiers.

B.3.3 Modjifiers

The followirlg modifiers can be used:

1) to indicate the age of an infarction or ischaemic ST-T changes

OL £ old
RE # recent
AC ¥ acute

SU # subacute

Al 4 age indeterminate

AU F age undetermined

EV = evolving

X0 =probably old

XA = probably acute (recent)
YO = possibly old

YA = possibly acute (recent)

2) toindicate the location af-ST-T and other abnormalities

AN F anterior
AS F antereseptal

AL ¥ anterolateral

BA = basal
AF = antero-inferior

SE = septal

IN =inferior

IL = inferolateral
PO = posterior

LA = lateral

HL = high lateral

[P = inferoposterior

AP = apical

148

PL = posterolateral
SN = subendocardial
SP = subepicardial
EX = extensive

WI = widespread

DI = diffuse

ML = mid (level)
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to indicate the severity of the abnormality e.g. hypertrophy, conduction defect or ST-depression

MA = major, MO = moderate, MI = minor, MK = marked and PM = prominent.

Another coding scheme, e.g. S1 to S5, may be used, where grade S1 is used to define light and grade

S5 represents very prominent.

to indicate the evolving nature or time course of some abnormalities, where:

— SE: serial changes consistent with...

- CC: continuing changes of...

-~ X1: one — TR: transient

- OC: occasional — FR: frequent

- IM: intermittent

- PD: predominant

- TE: temporary

- EV: evolving

- NE: new

- MU: multiple

fo indicate the physiopathological nature of ST-Txchanges
ILV: compatible with left ventricular strain

MD: compatible with myocardial ischaemic damage

E: compatible with pericarditis

L: compatible with electrolyte abnormalities
o indicate the normality or abnormality of a finding
0: within normallimits

V: may be'hermal variant

O: borderline

B~abnormal

— UF: unifocal

— MEmultifoqd

al

BN: borderline normal

BA: borderline abnormal

rhythm modifiers / anatomic locations
SI: sinus

AT: atrial

© IS0 2023 - All rights reserved
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— SV:supraventricular

— ND: nodal

— VE: ventricular

8) arrhythmia and tachyarrhythmia modifiers

— COU: couplets

—_— BIG In g hlgnmlnal paH’nrn

— TRI: in 3 trigeminal pattern

— MON: mlonomorphic

— RAP: with a rapid ventricular response

— SLO: with a slow ventricular response

— CAP: with capture beat(s)

— ABR: with aberrancy

— POL: polymorphic

— INT: intprpolated

9) miscellgneous

— IC:incomplete

— CP: compplete

— TY: typifal

— YT: atypical (Note: AT means “atrial”; see 7) above)
— NON: nan specific (shall be used only before some statements, see AHA [21])

B.3.4 Sepdrationdelimiters

1) The different fields within a statement code are separated by an underscore, e.g. LVH_PR.

2) The main diagnostic code is put first. The modifier indicating the certainty or probability of a code
is put as second (as shown in (1) LVH_PR). In case the program or the reader is uncertain about a
modifier such as the phase of an infarction or of ischaemic ST-T changes, then a certainty modifier
should be added to this modifier, as demonstrated in the following examples:

AMI_PR_AC: means Probable acute anterior infarction.

AMI_AC_PR: means Anterior infarction, probably acute.

AMI_PR_AC_PR: means Probable anterior infarction, probably acute.
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In the second case, there is assumed (definite) certainty about the infarction, but uncertainty about
its phase.

Various statement codes are separated from each other by semicolons. Statements are preceded by
sequence numbers during the transmission of the data (see section 11, Clause 5.14.4.2, byte 1).
These sequence numbers can be used to link various statements, but also conjunctive terms can be
used to this end.

B.3.5 Conjunctive terms

Con' maehivza ftarmac ooy ha ditalinle ctatanmiantc o o oot maacita-ctatamantc
] HITULIV O LUTIIIO lll(.l-y UC UOUU LU TIITIN OldlLIIIvIIlO Ul Lt ' LrIvdle LUALIHUJILL OLUALUITICIILO,.

1)

2)

HoA

The classical Boolean operators can be used as conjunctives, i.e.: AND, OR, NOT, XOR, EQR.

The conjunctive NOT can be used to indicate that the leading statement is truee’“in absence of” or
without” the subsequent statement.

«

The following arithmetic and relational operators can be used as conjtnctives:

DD: add (+)
UB: subtract (-)
PY: multiply (*)
IV: divide (/)
XP: exponent
QR: square root of
BS: absolute value of
AX: maximum value of
IN: minimum value (©f;
QU: equals
LT: is less than

GT: is-greater than

E<is not pqn:ﬂ to

IGE: is greater than or equal to

ILE: is less than or equal to

Conjunctive terms with respect to serial comparison, such as:
SER: serial changes of

DEC: decreased (in comparison to the previous recording)
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— INC: increased (in comparison to the previous recording)

— UNC: unchanged/has not changed (in comparison to the previous recording)
— CHG: changed/has changed (in comparison to the previous recording)

— DIS: (now) disappeared (in comparison to the previous recording)

— REP: (now) replaced ((statement) reported previously)

— WRS: wprse (compared to)

— SRO: sirce record of

— CRU: comparison record unavailable

— SPE: sinfce previous ECG

— NEW: new since previous ECG

— RSV:regolved

4) Other conjunctive terms can also be used, such as:

— RES: to |ndicate that the leading statement “results” ifr{(or “causes”) the next statement
— SEC: to Indicate that the leading statement is “secondary to” the subsequent statement
— ASS: is 4ssociated with

— EXC: ex¢lude, rule out, or consider alse the next statement

— WTH: wjith

— ALT: alternating with

— VRS: versus

The conjungtive terims can be maximum 3 bytes long and are given between two semicolons tq link
separate stafements.

Linkage of the e (1)

sign.

B.4 Acronyms for ECG interpretive statements
B.4.1 References used for the elaboration of this proposal
Lists with interpretive statements of different ECG computer programs have been consulted to

elaborate the current proposal. These lists can be found in the 5th to 8th CSE Progress Reports, as well
as in the Physicians Handbook of several manufacturers.
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In addition, three reports on “Standardization of terminology and interpretation”, on “Definitions and
classification of cardiac arrhythmias” and on “Recommendations for the standardization and
interpretation of the electrocardiogram. Part II: Electrocardiography diagnostic statement list” have
largely been used. These reports have been published respectively in the Am. Cardiol. (1978;41:130-
145) [42], in the Am. Heart ]. (1978;95:796-806) [40], and in Circulation 2007 Mar 13;115(10):1325-32
[21].

The list of interpretive statements has also been crosschecked and amended with reference to the
interpretive statements defined or used by AHA [21], aECG [9], HL7 aECG [17], CDISC [30] and DICOM
[19].

B.4.2-Acronynrs

B.4.2.1 Normal/Abnormal

NORM or NLECG normal ECG

NLQRS normal QRS

NLP normal P wave

NLSTT normal ST-T

NLST normal ST segment
WHNOR ECG within normal limits for age and\sex
POSNL possibly normal ECG
BOECG borderline ECG

ABE(G abnormal ECG

POSAB possibly abnormal EE€G
ABQRS abnormal QRS

ABSTT abnormal ST-T

ABRST abnormahresting ST (non diagnostic abnormalities)
NFA normalfor age

NFB normal for build

ABFA abnormal for age

ABFB abnormal for build

UFB unusual for build

ONL otherwise normal ECG
UNINT uninterpretable ECG

NV consider normal variant

B.4.2.2 Ventricular Hypertrophy

LVH left ventricular hypertrophy

LVHWS  left ventricular hypertrophy with strain

VCLVH voltage criteria (QRS) for left ventricular hypertrophy
RVH right ventricular hypertrophy

© IS0 2023 - All rights reserved 153


https://standardsiso.com/api/?name=36fc9795a759ef8af7cd56c85a495f89

ISO 41064

:2023(E)

VCRVH  voltage criteria (QRS) for right ventricular hypertrophy

BVH biventricular hypertrophy

SEHYP S

eptal hypertrophy

PRANT  prominent anterior forces
LVHST LVH with ST-T changes

B.4.2.3 Myocardial Infarction

(The infarct

locationis—prafarantiallrdafinad within-the basicacronvm—but-can-also-ba-dafinad—a
a7 4

location mo

MI
AMI
EAMI
ASMI
ALMI
LMI
HLMI
APMI
IMI
ILMI
IPMI
IPLMI
PMI
SEPMI
RVMI
NQWMI
MILBBB

B.4.2.4 Int

BBB

........... preferentially-defined-within-the basieacronym,but-canalso-be-defined
lifier)

myocardial infarction

hnterior myocardial infarction

extensive anterior myocardial infarction
hnteroseptal myocardial infarction
hnterolateral myocardial infarction

ateral myocardial infarction

high-lateral myocardial infarction

hpical myocardial infarction

nferior myocardial infarction

nferolateral myocardial infarction
nferoposterior myocardial infarction
nferoposterolateral myocardial infdrction
posterior myocardial infarction

ceptal myocardial infarctien

right ventricular myocardial infarction
hon Q wave myocardial infarction

MI in presence(of Teft bundle-branch block (same as MI_AND_LBBB)

raventriewdar and intra-atrial conduction disturbances

unspecified bundle branch block - MDC_ECG_BEAT_BB_BLK

LBBB or CL

ILBBB
ALBBB
LVCD

BB (r‘nmp]pfp) left bundle branch block - MDC_ECG_BEAT I.BB BILK COMP
incomplete left bundle branch block - MDC_ECG_BEAT_LBB_BLK_INCOMP
atypical left bundle branch block

left ventricular conduction delay

RBBB or CRBBB (complete) right bundle branch block - MDC_ECG_BEAT_RBB_BLK_COMP

IRBBB
RVCD
IVCD

154

incomplete right bundle branch block - MDC_ECG_BEAT_RBB_BLK_INCOMP
right ventricular conduction delay

non-specific intraventricular conduction disturbance -

ith a
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MDC_ECG_BEAT_BLK_IVCD

IVCD > intraventricular conduction disturbance (QRS > 120 ms)

IVCD < minor intraventricular conduction disturbance (QRS < 120 ms)

WPW Wolf-Parkinson-White syndrome - MDC_ECG_RHY_WPW_UNK

WPWA Wolf-Parkinson type A - MDC_ECG_RHY_WPW_A

WPWB Wolf-Parkinson type B - MDC_ECG_RHY_WPW_B

PREEX pre-excitation - MDC_ECG_RHY_PREX

DELTAW Delta Wave

LAFH left anterior fascicular block - MDC_ECG_BEAT_BLK_ANT_L_HEMI

LPFH left posterior fascicular block - MDC_ECG_BEAT_BLK_POS_L_HEMI

BIFAS bifascicular block (its two components shall always be listed separately) -
MDC_ECG_BEAT_BLK_BIFAS

TRFAS trifascicular block - MDC_ECG_BEAT_BLK_TRFAS

BILA[T bilateral bundle-branch block beat - MDC_ECG_BEAT_BLK_BILAT

PMIH possible peri-infarction block

PISB peri-ischaemic block

ACSH aberrant conduction of supraventnicular beat(s)

[ACD intra-atrial conduction delay

RAA right atrial conduction abnormality

LAA left atrial conduction abnormality

EPSI epsilon wave

B.4.4.5 Other QRS morphology.or general descriptive statements

COPJ suggests chronic obstructive pulmonary disease

PD considergulmonary disease

PE suggests pulmonary emphysema

QWAVE Q.waves present

POORR poor R-wave progression in precordial leads

ABRT“R abnormal R-wave progression

ERWT earty R wave trarsition

LRWT late R wave transition

NRW notched R wave

PROMR prominent R waves in right precordial leads

DXTRO consider dextrocardia

DEXP consider dextroposition

LOWV low voltage

LVOLT low QRS voltages in the frontal and horizontal leads
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HVOLT high QRS voltage

LVOLF low voltage in frontal leads

LVOLH low QRS voltages in the horizontal leads

HVOLF high QRS voltages in the frontal leads

HVOLH high QRS voltage in the horizontal leads

S1S23 S1S2 S3 type QRS pattern

RSR1 rSr' type in V1 or V2

TRNZL transition zone in precordial leads displaced to the left
TRNZR transition zone in precordial leads displaced to the right
MYOPA suggests hypertrophic cardiomyopathy

MYOCA compatible with myocarditis

CRIMA criteria for

CRIMO moderate criteria for

CRIMI minimal criteria for

HIPL consider high precordial lead placement

B.4.2.6 Rhythm Statements

Statements related to impulse formation (abnormalities)

SR sinus rhythm - MDC_ECG_RHY_SINUS_RHY

NSR normal sinus rhythm - MDC_ECG_RHY>SINUS_NORMAL_RHY
SARRH sinus arrhythmia - MDC_ECG_RHY.:SINUS_ARRHY

RSAR respiratory sinus arrhythmia --MDC_ECG_RHY_RESP_ARRHY
NRSAR nonrespiratory sinus arrthythmia - MDC_ECG_RHY_NON_RESP_ARRHY
MSAR marked sinus arrhythmia

SSWAVB sinus slowing with-AV block

SVARR supraventrigular arrhythmia

STACH sinus tachycardia - MDC_ECG_RHY_SINUS_TACHY

ETACH extreme tachycardia

SBRAD sinus bradycardia - MDC_ECG_RHY_SINUS_BRADY

MSBRAD marked sinus bradycardia

EBRAD extreme bradycardia

JTACH junctional tachycardia - MDC_ECG_RHY_JUNC_TACHY

SVTAC supraventricular tachycardia - MDC_ECG_RHY_SV_TACHY
SSVT sustained supraventricular tachycardia

NSSVT nonsustained supraventricular tachycardia

SVTACR supraventricular run
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JBRAD junctional bradycardia

SVBRA supraventricular bradycardia

WQTAC wide QRS tachycardia

NQTAC narrow QRS tachycardia

TACHO tachycardia, origin unknown or not specified

BNS bradycardia, nonsinus

BRADO bradycardia, origin unknown or not specified - MDC_ECG_RHY_BRADY

VBRADY slow ventricular rate, beats likely of ventricular origin, but existence of P-wavgs is
unknown - MDC_ECG_RHY_V_BRADY

ARRHY arrhythmia, origin unknown

IRREG irregular rhythm - MDC_ECG_RHY_IRREG

REGRH regular rhythm

LHRY low heart rate variability - MDC_ECG_RHY_LHRV

JESCR junctional escape rhythm - MDC_ECG_RHY_JUNC_ESEC_.BEATS

VES(R ventricular escape rhythm

ACA accelerated atrial rhythm

ACVI accelerated ventricular rhythm

ACJR accelerated junctional rhythm - MDC_ECG_RHY_JUNC_ACCEL

AVJR AV-junctional rhythm

ARHYT atrial rhythm

SVRHY supraventricular rhythmr>MDC_ECG_RHY_SV_ECT_RHY

JRHY|T junctional rhythm - MDC_ECG_RHY_JUNC_RHY

VRHYT ventricular rhythm)- MDC_ECG_RHY_V_RHY

UNRHY undeterminédyrhythm

EAR ectopic atridl rhythm - MDC_ECG_RHY_ATR_ECT_RHY

LAR left atrial rhythm

MAR multifocal atrial rhythm

NODRH nodal rhythm

RAR low right atrial rhythm

LGL Lown-Ganong-Levine syndrome - MDC_ECG_RHY_LGL

SHTPR Short PR-interval

LPR Prolonged PR interval

AFIB atrial fibrillation - MDC_ECG_RHY_ATR_FIB

PAF paroxysmal atrial fibrillation

PERAF persistent atrial fibrillation

AFLT atrial flutter - MDC_ECG_RHY_ATR_FLUT
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ATACH atrial tachycardia - MDC_ECG_RHY_ATR_TACHY
AUTOAT Automatic atrial tachycardia (with warmup) - MDC_ECG_RHY_ATR_TACHY_AUTO
ATWAVB atrial tachycardia with AV block

PSVT paroxysmal supraventricular tachycardia - MDC_ECG_RHY_SV_TACHY_PAROX

PAT paroxysmal atrial tachycardia - MDC_ECG_RHY_ATR_TACHY_PAROX

NSAT non-sustained atrial tachycardia

MFAT multifocal atrial tachycardia - MDC_ECG_RHY_ATR_TACHY_MF

RATAC run of atrial tachycardia

RJTAC run of junctional tachycardia

AVNRT atrioventricular nodal re-entrant tachycardia - MDC_ECG_RHY_AV_TACHY REENTRANT

AVRT atrioventricular reciprocating tachycardia - MDC_ECG_RHY_AV_TACHY. RECIP

IDIOR idioventricular rhythm - MDC_ECG_RHY_V_IDIO_RHY

VFIB ventricular fibrillation - MDC_ECG_RHY_V_FIB

VTACH ventricular tachycardia - MDC_ECG_RHY_V_TACHY

RVTAC run of ventricular tachycardia

SVT sustained ventricular tachycardia - MDC_ECG_RHY_V*TACHY_MONO

NSVT non-sustained ventricular tachycardia - MDC_ECG_RHY_V_TACHY_PAROX

TORSA torsade de pointes ventricular tachycardia sMDC_ECG_RHY_V_TACHY_TDP

MTACH multifocal tachycardia (multiform), supraventr. or ventricular -
MDC_ECG_RHY_V_TACHY_POLY

VFLT ventricular flutter - MDC_ECG_RHY_V_FLUT

ASYST asystole - MDC_ECG_RHY_ASYSTOLE

USR uncertain supraventricular rhythm

UNSVT undetermined supraventricular rhythm

FAST fascicular tachycardia

FASR fascicular chythm

AIVR accelerated idioventricular rhythm - MDC_ECG_RHY_V_AIVR

SLOVTACH | slowentricular tachycardia (idioventricular tachycardia) -
MDC_ECG_RHY_V_IDIO_TACHY

MOVT ventricular tachycardia, monomorphic

PVT paroxysmal ventricular tachycardia

EVT ectopic ventricular rhythm

IPVC premature ventricular interpolated complex(es)
MPVC multifocal premature ventricular complexes
UPVC unifocal premature ventricular complexes

Sinus node dysfunction, atrial and AV-conduction defects
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i 211

DEG_3

1AVB first degree AV block - MDC_ECG_RHY_AV_HEART_BLK_DEG_1
2AVB second degree AV block - MDC_ECG_RHY_AV_HEART_BLK_DEG_2
3AVB third degree AV block - MDC_ECG_RHY_AV_HEART_BLK_DEG_3
AGAVB advanced/high grade AV block
PAVB paroxysmal AV block
[2AVB intermittent second degree AV block
A2AVB alternating second degree AV block
AVDIS AV-dissociation - MDC_ECG_RHY_AV_DISSOC
AVDISINT AV dissociation with interference - MDC_ECG_RHY_AV_DISSOC_INT
AVDISISO isorhythmic AV dissociation - MDC_ECG_RHY_AV_DISSOC_ISO
AVDISCMP complete AV dissociation - MDC_ECG_RHY_AV_DISSOC_COMP
AVB AV block, advanced (high-grade)
WENCK Wenckebach phenomenon - MDC_ECG_RHY_AV_HEART BLK _DEG_2_I
MOBIJ2 Mobitz type 2 second-degree AV block - MDC_ECGSRHY_AV_HEART_BLK_DE
SABIK sino-atrial block
1SAH first-degree SA block - MDC_ECG_RHY_SA_ ‘HEART_BLK DEG_1
2SARBI second-degree SA block type I (Wenckeébach) -
MDC_ECG_RHY_SA_HEART BLK_DEG:2_I
2SARII second-degree SA block type 11 ~-MDC_ECG_RHY_SA_HEART_BLK_DEG_2_II
3SAH third-degree SA block (complete SA block) - MDC_ECG_RHY_SA_HEART_BLK|
SAB41 2:1 sinoatrial block
SAR sinus arrest
SARA sinus arrest with atrial escape
SARYV sinus arrest'with supraventricular escape
SAR] sinus arrest with junctional escape
SARY sinus-arrest with ventricular escape
SPAUS sinus pause
MISSB pause or missing beat (due to any reason) - MDC_ECG_RHY_MISSB
WANDP wandering pacemaker - MDC_ECG_RHY_WANDPAV_ARRHY
WANDSP wandering sinus pacemaker - MDC_ECG_RHY_WANDP_ARRHY
LRR long R-R interval measured
OCAP occasional capture
Statements related to ectopic rhythm abnormalities
PRC(S) premature complex(es)
PAC or APC atrial premature complex (beat) - MDC_ECG_BEAT_ATR_P_C (use of APB
(APB) recommended)
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BPAC
MAPCS
MFAPCS
UFMAPCS

PVC or VPC
(VPB)

RONT

blocked premature atrial contraction
multiple atrial premature complexes
multifocal premature atrial complexes
unifocal premature atrial complexes

ventricular premature complex (beat) - MDC_ECG_BEAT_V_P_C (use of VPB is not
recommended)

R-on-T premature ventricular beat - MDC_ECG_BEAT_V_P_C_RonT

MVPCS

RVPCS or RRVCS

RAPCS
RJPCS
VIC
MVICS
MICS
SVPC
SVPCS
SVIC(S)
ABER(S)
ABPCS
ABSVC
ABSVS
ABASH

JPC(S)
MJPCS
PVPCS or PH
PAPCS
PJPCS
OVPAC

VCS

Multiple premature ventricular complexes

run of ventricular premature complexes - MDC_ECG_RHY_V_P_C_RUN
run of atrial premature complexes

run of junctional premature complexes

ventricular interpolated complexes

multiple ventricular interpolated complexes

multiple interpolated complexes

supraventricular premature complex - MDC_ECGBEAT_SV_P_C
(multiple) supraventricular premature complexes
supraventricular interpolated complex(es)

aberrantly conducted complex(es)

aberrant premature complexes, origin unknown

aberrant complex, possibly supraventricular origin

aberrant complexes, possibly supraventricular origin

aberrant supraventricular complexes of the Ashman type -
MDC_ECG_BEAT_ATR_P_C_ABERR

junctional premature complex(es) - MDC_ECG_BEAT_JUNC_P_C
multiple junctional premature complexes

paired¥éntricular premature complexes

pairied atrial premature complexes

paired junctional premature complexes

occasional ventricular paced complexes

ONPAC
VBIG
ABIG
SVBIG

FUSC(S)
CAPT(S)
VEC(S)

160

occasional non-paced complexes
ventricular bigeminy - MDC_ECG_RHY_V_BIGEM
atrial bigeminy - MDC_ECG_RHY_ATR_BIGEM

supraventricular bigeminy BIGU bigeminal pattern (unknown origin, SV or
Ventricular)

fusion complex(es) - MDC_ECG_BEAT_V_P_C_FUSION
capture complex(es)

ventricular escape complex(es) - MDC_ECG_BEAT_V_ESC
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AEC(S) atrial escape complex(es) - MDC_ECG_BEAT_ATR_ESC

SVEC(S) supraventricular escape complex(es) - MDC_ECG_BEAT_SV_ESC
JEC(S) junctional escape complex(es) - MDC_ECG_BEAT_JUNC_ESC
ESCUN escape complex, origin unknown

VPARA ventricular parasystole - MDC_ECG_RHY_V_PARA

APARA atrial parasystole

VTRIG ventricular trigeminy - MDC_ECG_RHY_V_TRIGEM

ATRIG atrial trigeminy

SVTRI supraventricular trigeminy

TRIGU trigeminal pattern (unknown origin, SV or Ventricular)

VQUAG ventricular quadrigeminy

RECIP reciprocal or re-entrant impulse

APCN atrial premature complexes, nonconducted

VCPLT ventricular couplet - MDC_ECG_RHY_V_P_C_CPLT

ACPIIT atrial couplet

NAPC Nonconducted P-wave (blocked) - MDC-ECG_BEAT_ATR_PWAVE_BLK

Statgments related to (predominant) conduction and.block

B2T1 (predominant) 2:1 block

B3T1 (predominant) 3:1 block

B4T] (predominant) 4:1 block

B5T1 (predominant) 5:1 bloek
VARBL variable block

EXIB[L exit block

ENTBL entranceblock

VABL ventriculo-atrial block

BLO(K unspecified delay or failure of impulse propagation
C2T1 (predominant) 2:1 conduction
C3T1 (predominant) 3:1 conduction
C4T {predommimant) 41 comduction
C5T1 (predominant) 5:1 conduction
VARCO variable conduction

SVR slow ventricular response

IVR irregular ventricular response
RVR rapid ventricular response
WRV wide rate variation

AAVCO accelerated AV conduction
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return of impulse to its chamber of origin: the atrium

return of impulse to its chamber of origin: the ventricle

rate, not specified ventricular or atrial (but mostly ventricular)

remaker types and pacemakerfunction

normal functioning artificial pacemaker
artificial pacemakep rhythm with 100 % capture
artificial pacemaker rhythm with partial capture

artificial pacémaker rhythm with underlying atrial fib or flutter

malfunctioning artificial pacemaker

electronic pacemaker AV sequential, normal capture

electronic pacemaker, ventricular capture - MDC_ECG_RHY_EPVC
electronic pacemaker, demand mode

electronic pacemaker, failure to capture

electronic pacemaker, failure to sense

bipolar electronic pacemaker at the apex of the right ventricle
unipolar electronic pacemaker

unipolar electronic pacemaker at the apex of the right ventricle

RETCO retrograde conduction
ANTCO anterograde conduction
ORTCO orthograde conduction
ABBCO aberrant conduction
CONCO concealed conduction
AVREN AV nodal re-entry
AVRE AV re-entry

CONRE concealed re-entry
RENTR re-entry phenomenon
AECHO

VECHO

FCOUP fixed coupling interval
VCOUP variable coupling interval
AVRATIO AV conduction ratio N:D
Other rhythin related statements
ARATE atrial rate

VRATE ventricular rate

RATE

RHY(T) rhythm

LOWHR low heart rate

B.4.2.7 Pa

PACE

PACEA

PACEP

PACEF

PACED demand pacemaker rhythm
PACEM

EPAVS

EPVC

EPDM

EPFC

EPFS

EPARV

EPU

EPURV
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PAA electronic atrial pacing
PAD dual chamber electronic pacing
PAVA electronic ventricular pacing with atrial sensing
PADEM demand pacing, analysis based upon intrinsic complexes
OVPAC occasional ventricular paced complexes
ONPAC occasional non-paced complexes
VPR ventricular-paced complex(es) or rhythm
VPNON ventricular pacing of non-right ventricular apical origin
EPARC failure to capture, atrial - MDC_ECG_RHY_EPAFC
EPVHC failure to capture, ventricular - MDC_ECG_RHY_EPVFC
FIA failure to inhibit, atrial
FIV failure to inhibit, ventricular
FPA failure to pace, atrial
FPV failure to pace, ventricular
EPAIDM atrial demand mode pacing - MDC_ECG_RHY_.ERADM
EPA( atrial capture - MDC_ECG_RHY_EPAC
EPARS atrial failure to sense - MDC_ECG_RHY.EPAFS
EPVIIM ventricular demand mode - MDC_ECG_RHY_EPVDM
EPVHS ventricular failure to sense - MDC_ECG_RHY_EPVFS
EPAVT antitachycardia pacing - MDE_ECG_RHY_EPAVT
EPAX atrial spike expected, but missing - MDC_ECG_RHY_EPAX
EPAXLO inadequate atriakspike, not capturable (loss of output) - MDC_ECG_RHY_EPAKXLO
EPAXFO atrial spike expéected, but missing (failure to output) - MDC_ECG_RHY_EPAXFO
EPVY ventricular-spike expected, but missing - MDC_ECG_RHY_EPVX
EPVXLO inadequate ventricular spike, not capturable (loss of output) - MDC_ECG_RHY_EPVXLO
EPVXFO yeéntricular spike expected, but missing (failure to output) - MDC_ECG_RHY_EPVXFO
International classification of pacemaker types
The following six NASPE compliant acronyms (see Table A.4) are proposed for coding the pacemaker
type
PAVVI VVI pacemaker
PAAAI AAI pacemaker
PAVAT VAT pacemaker
PAVDD VDD pacemaker
PADVI DVI pacemaker
PADDD  DDD pacemaker
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where the three last characters “xyz” of acronym “PAxyz” respectively code:

“«_n

x” : the chamber paced: V = ventricle; A = atrium; D = dual (A +V)

«_.n

y” : the chamber sensed: V = ventricle; A = atrium; D = dual (A + V); O = no sensing

“_n

z” : the response of the pacemaker to a sensed beat: T = triggered; [ = inhibited; D = dual (atrial
triggered + ventricular inhibited or atrial triggered/inhibited + ventricular inhibited)

B.4.2.8 Descriptive axis statements

LAD left axis deviation of QRS in frontal plane (<-30)

RAD right axis deviation of QRS in frontal plane (>+90)
AXL leftward axis (i.e. not severe enough to be called LAD)
AXR rightward axis (i.e. not severe enough to be called RAD)
AXNW northwest axis

AXIND QRS axis indeterminate

AXSUP axis shifted superiorly

AXPOS axis shifted posteriorly

AXVER axis vertical in frontal plane

AXHOR horizontal axis in frontal plane

TRSLT transition in horizontal leads shifted leftward

TRSRT transition in horizontal leads shifted rightward
CCWRT counter clockwise rotation

CWRT clockwise rotation

B.4.2.9 ST}T descriptive statements

The followirg basic roots are proposed:

ISC_ ischaemic ST-T changes

INJ_ subendocardialinjury

EPL_ epicardiallinjury

STT_ ST-T.€hange

NST_ non=specific ST changes - MDC_ECG_RHY_STHILOST
STE_ non-specific ST elevation - MDC ECG RHY STELVATION
STD_ non-specific ST depression

RST_ reciprocal ST-T changes

TAB_ T-wave abnormality

NT_ non-specific T-wave changes

Two solutions can be used to define the location of the ST-T changes - either by using a location
modifier - or by extending the root with 2 more characters to define the region, as follows:

Ischaemic ST-T changes
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ISCAL
ISCIN

ISCAS
ISCLA
ISCPO
ISCIP

- in anterior leads

- in anterolateral leads
- in inferior leads

- in anteroseptal leads
- in lateral leads

- in posterior region

- in inferoposterior region
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ISCII]
ISCAF
ISCWI
ISCDJ

- in inferolateral leads
- in antero-inferior leads
widespread ischaemic ST-T changes

diffuse ischaemic ST-T changes

Ischdemic ST-T changes compatible with subendocardial injury

INJAN
INJAL
INJIN
INJA$
INJLA
INJPO
INJIP
INJIL
INJAF
INJWI
INJD

- in anterior leads

- in anterolateral leads

- in inferior leads

- in anteroseptal leads

- in lateral leads

- in posterior region

- in inferoposterior region

- in inferolateral leads

- in antero-inferior leads
widespread subendecardial injury

diffuse subendocardial injury

ST-T|changes compatiblé-with subepicardial injury

EPIAN
EPIAL
IPIIN
EPIAS

- in afhterior leads
~ianterolateral leads
- in inferior leads

- in anteroseptal leads

EPILA
EPIPO
EPIIP
EPIIL
EPIAF
EPIWI
EPIDI

- in lateral leads

- in posterior region

- in inferoposterior region

- in inferolateral leads

- in antero-inferior leads
widespread subepicardial injury

diffuse subepicardial injury
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Non-specific ST-T changes Alternative
NSTAN - in anterior leads STNAN
NSTAL - in anterolateral leads STNAL
NSTIN - in inferior leads STNIN
NSTAS - in anteroseptal leads STNAS
NSTLA - in lateral leads STNLA
NSTPO - in posterior region STNPO
NSTIL - in inferolateral leads STNIL
NSTAF - in antero-inferior leads STNAF
NSTWI widespread non-specific ST-T changes STNWI
NSTDI diffuse non-specific ST-T changes STNDI

Non-specifidq ST elevation

STExx and replace xx by the corresponding lead or location, e.g. AN
Non-specifid ST depression
STDxx and replace xx by the corresponding lead-or location, e.g. AL

ST descriptiye statements related to Stress ECG

STDHO ST depression - horizontal
STDUP ST depression - upsloping
STDDO ST depression -downsloping

Other ST-T descriptive statements

REPA repolarization abnormality
NSTT non-specific ST-T chahges
NDT non-diagnostic T-abnormalities
TNOR normal T-wav€wvariations
STNOR normal ST<T variant

juv juvenile T waves

STDJ junctional ST depression
HTVOL high T-voltages

HIGHT high amplitude T-waves
LOWT low amplitude T-waves
INVT inverted T-waves

NTW notched t waves

PTW T wave peaked

BTW T waves biphasic

FTW T waves flat
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JPE ] point elevation

LNGQT long QT-interval

PQTC QTc prolongation

PQTCB QTcB prolongation

PQTCF QTcF prolongation

BQTCB borderline QTcB

BQTCF borderline QTcF

SHTQT short QT-interval

SHT(QTCB short QTcB

SHTQTCF short QTcF

PST prolonged ST segment

SHTYT short ST segment

Secondary statements

QUIN ST-T changes due to quinidine-effect

PERIC ST-T changes compatible with pericarditis

STVAG ST-elevation V1-V3 possibly due to enhanced vagal tone
REP(QL ST-T changes compatible with early repolarization
ANEUR ST-T changes compatible with ventricular aneurysm
CNS T-wave abnormality compatible with CNS disease
DIG suggests digitalis-effect

DIGT|OX suggests digitalis toxicity

PEFH suggests pericardial effusion

HPOCA consider hypocalcemia

HPOK considerthypokalemia

HPRCA congider hypercalcemia

HPRK cohsider hyperkalemia

LOTEMP consider hypothermia

GRA consider genetic repolarization abnormality
POSTO post-operative ST=Tchanges

PULM compatible with pulmonary embolism

ACET related to pacemaker activity

NDOC compatible with endocrine disease

METAB possibly due to metabolic changes

IBP compatible with hypertension

SSTT secondary ST-T abnormality

CONG secondary to congenital heart disease
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VALV
RESP
COTHY
CLIN
MYOIN
ISDIG
STPAC
STPVC
STTLVH

Other repoldrization phase related statements

secondary to valvular heart disease

secondary to respiratory disease

consider hypothyroidism

interpret with clinical data

suggests myocardial infarction (no location specified)
compatible with ischemia / digitalis effect

review ST-T analysis for the effects of pacing

post-extrasystolic T-wave changes

ST-T change due to ventricular hypertrophy

EALT
TWA
OSB
BRU
AISCH
ENDIS

B.4.2.10 U wave descriptive statements

PU
IU
TUF
UWA

B.4.2.11 At

LAO/LAE
RAO/RAE
BAO/BAE
HPVOL
NSPEP
ABPAX
UNPAX
PWA
NPW
PRD
SND

168

electrical alternans

T-wave alternans - MDC_ECG_RHY_TALT
Osborn wave

Brugada abnormality

acute ischemia

CV end points ischaemic ECG changes

prominent U waves
inverted U waves
TU fusion

U wave abnormality

rial statements

left atrial overload/enlargement
right atridl overload/enlargement
bi-atrial'overload/enlargement

high'P-voltages

hon-specific P wave abnormalities

abnormal P-axis
unusual P-axis

P wave abnormality
notched P wave

PR segment depression

suggests sinoatrial disorder
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B.4.2.12 Statements related to paediatric ECG analysis

PED
RVD
ASD
ECD

EBSTA

TCA

paediatric interpretation

right ventricular dominance

changes compatible with atrial septal defect (ostium secundum)
compatible endocardial cushion defect (ASD ostium primum)
compatible with Ebstein's anomaly

compatible with tricuspid atresia

ISO 41064:2023(E)

ACA
B.4.2

WPO
POS

SPOS§
SPOS§

B.4.2

COM
CoM
CoOM
COM
CoOM

B.4.2

HSC/
HSPH
HSLI
DSCA
DSPH
DSLI

S

ST

AL
E
M
L
'E
M

compatible with anomalous location of the coronary artery

.13 Statements related to stress ECG analysis

weakly positive
positive
strongly positive

strongly positive - ST elevation

.14 Statements related to serial ECG analysis

New or worsened ischemia or infarction
Significant change in rhythm

Significant repolarization change
Change in clinical status

Change in interpretation-without significant change in waveform

.15 Statements related to the ECG calibration

all leads half.standard calibration (i.e. 5 mm/mV)
precordialleads half standard calibration

limb\leads half standard calibration

all leads double standard calibration (i.e. 20 mm/mV)
precordial leads double standard calibration

limb leads double standard calibration

NSCAL

non-standard calibration

B.4.2.16 Technical conditions and problems

ARMRE
LMISP
MLEAD
RPEL

PEL

suspect arm leads reversed

lead misplacement

missing lead(s)

right-sided precordial electrode(s)

posterior electrode(s)
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FAULT
QCERR
AHERR
MEASE
NOISE
WANDR
ARTEF

:2023(E)

faulty lead

poor data quality, interpretation may be adversely affected
acquisition/hardware error

possibly measurement error

noisy recording

baseline wander

artefacts

SIMUL
CALS

PINFO
INCAN
NODAT mj

B.4.3 Exan

B.4.3.1 Th
follows: AM
conjunction
cardiac rhyt

B.4.3.2 Th
ventricular s
AND indicat|

B.4.3.3
i.e.

Ift

— Probable |
— ST-T chan
then coding

B.5 Overl

B.5.1 Wav

put is from simulator or test pattern

llibration signal (sustained) - MDC_ECG_RHY_CALS
consistent or erroneous patient demographic data
complete or no analysis (by the program)

issing or no data

nples

P statements “Probable old anterior infarction and atrial fibrillation” shall be coded as
_OL_PR; AFIB. The statement AFIB has no direct relation to AMI, therefore the AND

is not used. There are in fact 2 independent statements;one on QRS contour and one on

hm.
e statement “Probable left ventricular hypertrdphy with ST-T changes compatible with
train” is coded as follows: LVH_PR_AND_STT-LV. The underscore signs before and afte}

bs that the conjunction is made within a §ingle statement.

he same statement had been made.on 2 separate lines, and one wants to link them logic

eft ventricular hypertrophy
bes compatible with left ventricular hypertrophy

is done as followssLVH_PR;AND;STT_LV

reading of measurement results

pform and interval designations

left
" the

ally,

P
P+
P-
PA
Q
R
S
R2

170

P-wave, positive component

P-wave, negative component

the atrial repolarization wave

Q-wave, i.e. the first negative deflection of QRS

R-wave, i.e. the first positive deflection of QRS

S-wave, i.e. first negative deflection after first positive deflection in QRS

second R-wave, i.e. the first positive deflection in QRS after the S-wave
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S2 second S-wave

R3 third R-wave in QRS

S3 third S-wave in QRS

] the J-point

ST the ST-interval

ST20 the amplitude of ST 20 ms after the J-point

ST60 the amplitude of ST 60 ms after the J-point

ST8( the amplitude of ST 80 ms after the J-point

STO the amplitude of ST at the onset of ST, i.e. the J-point

STM the amplitude of ST at the middle of ST

STE the amplitude of ST at the end of ST, i.e. the beginning of the T-wave
T the T-wave

T+ the (maximal) positive component of the T-wave

T- the (maximal) negative component of the T<wave

U the U-wave

QRS the QRS complex

QR QR type of QRS complex

QS QS type of QRS complex

RS RS type of QRS complex

RSR RSR2 type of QRS complex

PR the PR-interval

PP the P-P interval

RR the R-Riinterval

QT the QT-interval

JT the interval between the J-point and the end of the T-wave
TP the interval between the end of the T-wave and the succeeding P-wave
ARP absolute refractory period

ERP effective refractory period

RRP relative refractory period

FRP functional refractory period

B.5.2 Lead denominators

a) For the abbreviations of the leads, see Section 3, Table 4 — “Lead Identification codes” and 5.6.4
Note.

b) The following conventional lead-labels shall most often be used:

D1 aVR V1 V4 X
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D2 avVL V2 V5 Y

D3 aVF V3 V6 Z
c) Further abbreviations:

LEAD lead
INN indication of location, for example in lead D3: translated as INN_D3
AXIS axis
ELEC electrode(s)
NOTE INN used instead of IN which has been reserved for “Inferior”.

B.5.3 Units of measurement

DUR duration

MSEC milliseconds

SEC second(s)

AMP amplitude

MVOLT millivolt

MUVLT microvolt

DEGR degrees

RATIO ratio of e.g. Q/R amplitude
UNIT unsigned units

B.5.4 Examples

Most of the time rather simple single(or ‘composite ECG interpretive statements, such as listed in [B.4.3
will be geng¢rated, but more complex statements can also be created such as listed in the examples
shown beloy. It should be noted\that these abbreviations and conventions for creating statements are
to be used for communication between heterogeneous systems and that each system manufacturef can
continue to lise its own abbreviations for internal use.

P_AMP_INN[LEAD V1 _EQU_120_MUVOLT

The P-amplitude in lead V1 equals 120 microvolts

Q _DUR_INNJ|LEAD{D3_EQU_40_MSEC

The Q-wavel|inlead D3 equals 40 ms
RATIO_Q_AMP_DIV_R_AMP_INN_D2_IGT_0.5

The Q/R ratio in lead D2 is greater than 0,5
(S_AMP_INN_V1_ADD_R_AMP_INN_V5)_IGT_3.5_MVOLT
The sum of the S amplitude in V1 and the R amplitude in V5 is greater than 3,5 millivolt (i.e. the Sokolov
index is positive)

(MAX_R_AMP_ADD_MAX_S_AMP)_INN_V_LEADS_IGT_4.5_MVOLT

The sum of the maximal R amplitude and the maximal S amplitude in the V-leads is greater than 4,5
millivolt
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Annex C
(informative)

Definition of compliance with the SCP ECG standard

C.1 General

The 5CP-ECG standard specifies means by which ECG devices and systems may exchange
The yays in which ECG data may be encoded are well defined, but are also flexible. In-imple
docujment, a manufacturer may choose to implement only a subset of all possible ways of ¢
ECG fata. Therefore, C.3 defines a testing procedure that shall be followed by manufacture

nformation.
menting this
ncoding the
's who state

SCP-ECG compliance. Because of the flexibility allowed in information content and emcoding, the

userfpurchaser shall determine the suitability of a device and/or software‘or system for
application.

Mantifacturers who state SCP-ECG compliance for their devices and for systems or softwarg
the gpecifications and definitions of this annex. Data format includes those items specified
and |n the referenced annexes of this document. Compliange for communication suppor
mesgages1) are not part of this document. However, if different communication supports 3
Bluetooth, wireless, LAN, etc.), the query messaging and the data transport should be clear
and 1nade freely available to the cart/system potentialaiser/purchaser upon request.

At t
spec
ensu
contg

his time, there is no general purpose tool/method to allow testing compliang
fications of this document. At best such a te6l would be useful to manufacturers in th
re compatibility of their devices and systems. Because of the flexibility allowed in
ent and encoding, compatibility between devices and systems made by different mz:

a particular

shall follow
in Clause 5
t and query
re used (i.e.
ly described

e with the
pir efforts to
information
inufacturers

shall
the §
userfpurchaser. Therefore, a statément of compliance with the SCP-ECG standard shall be
accompanying statement of compatibility with a device or devices and/or systems/softwar
manfifacturer or manufactukers, uniquely identified by manufacturer trade name, model
and §$CP implementation.software identifier.

NOTH
contr
ECG-

be determined in each case, evenifboth devices and systems could be shown to be ¢

pl and query messages for the interchange of ECG data and a standard enhanced XMODEM ba
Cart to host pretocol. These two annexes are no longer part of this document.

C.2 |Compliance specification

pliant with

0
CP-ECG standard. A statement of’compliance with the standard alone would be of l‘i'Fle use to a

ade with an
e of another
description

SCP-ECG vefsion V2.x included two informative Annexes respectively specifying a mipimum set of

sed low-level

C.2.1 Data Format Categories

In former SCP-ECG versions, compliance was tested for so-called “categories” that represent a set of
sections. In SCP-ECG V3, conformance testing is more fine-grained and based on individual SCP-ECG
sections.

All devices stating SCP-ECG compliance for standard 12-lead ECG shall import at minimum data sections
0,1, 3, 6, 7, and 8. Manufacturer specific data shall be optionally included only in manufacturer specific
fields, bytes and data blocks that have been defined in the document. Reserved, unspecified and
undefined fields, bytes or data blocks shall not be used for manufacturer specific data.
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C.2.2 Data Exchange Functions
C.2.2.1 Export

The ability to make available to a communications channel an SCP-ECG version V3.x record with a
specified list of sections. The SCP-ECG record is created from raw ECG data as per SCP-ECG
specification, optionally with lossless, Huffman encoded redundancy reduction in case of wearable

devices.

C.2.2.2

Import

The ability
information
importing st
standard 10
the extracte
errors (RMS

NOTE
C223 Tr

The ability

to accept from a communications channel, extract and make available to the
from a SCP-ECG version V3.x record with a specified list of sections. A device 01} 8}
andard 12-lead ECG shall minimally import data sections 0, 1, 3, 6, 7, and 8 (e.gfdata fi
s, 12-lead ECG usually coded as |, II, V1, V2, V3, V4, V5, V6) and make available'to the
 information. If differences calculation and Huffman encoding are used, thé reconstru
and absolute errors) (except the quantization error) have to be 0 (see Ci3.2 and C.5).

Impport of legacy SCP-ECG version V1.x and V2.x records is out of the scope of this document.

hnsfer

to export of a previously imported SCP-ECG version V3.X record, at the same SCP

version V3.4
formats oth

data format, with or without modification to the individual sections. ECG records stor
r than SCP-ECG version V3.x can be converted into’a SCP-ECG version V3.0 comy

user
stem
om a
user
iction

-ECG
ed in
liant

format. Wayeform data imported in a SCP-ECG format shall*not be subjected to losses durin
decompressjon processes (if any), nor during the compression processes (viz differences calcul
and Huffman encoding, if any) for transfer.

b the
htion

le, a
ment
r the
er of

The purpose of the transfer definition is to preserve components in the record (for examp
manufacturé¢r specific section) that the importing-device/system is unable to process. The require
that ECG wgveform data shall not be subjected:to further losses during transfer implies that eithe
original conjpressed data be sent, or that further compression be without loss. Editing by the ug

demographic data, measurements and. interpretations, or user chosen data reduction/losses| (viz
compressing the entire SCP-ECG record or removing some non-mandatory sections), are beyond the
scope of thi§ document.

NOTE1 Inport of legacy SCP-ECG version V1.x and V2.x records is out of the scope of this document. See
C2.2.2

NOTE 2  Sthrting with SCP-ECG version V3.0, data compression is limited to optional lossless data reduction
(e.g. differenges calculation and/or Huffman encoding) of the signal waveforms stored in section 5 and/for in
section 6.

C.2.2.4 Communication Channel

Any mechanism capable of making the SCP-ECG record available externally (e.g. file transfer via LAN,
wireless links, Internet, USB key, etc.).

NOTE An example of legacy communication channel using RS-232 and ad hoc query messaging is described
in Annex D and Annex E of the previous versions of SCP-ECG, viz ISO 11073-91064:2009 and EN 1064:2005.

C.2.3 SCP-ECG Messaging/transport protocol

The manufacturer shall disclose the mechanism(s) by which SCP-ECG data formatted files may be
accessed.
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In case a given device or system can only be accessed via a specific communication link (RS-232,
Bluetooth, wireless, Lan, USB key, etc.), then the manufacturer shall state that the communication
protocol information for the query messaging and data transport, if any, are available upon request.

C.2.4 Specification for Statement of Compliance

A statement of SCP-ECG compliance shall have the following form and contents:

The specified device/system/software is compliant with SCP-ECG Standard Version 3.x as

follows:

Device: Manutacturer’s trade name.
Model description.
SCP-ECG implementation software identifier.

Export: List of exported data sections, or “Not supported.”
Data sections with content description.
List of manufacturers (and devices) specifying categories and optional secfions with
which export compatibility has been verified by(testing for each devige, or the
following statement: “A list of manufacturers fand devices or systems or [software)
specifying sections with which SCP-ECG export compatibility has been verified by
testing for each device (or system/software) is available on request”.

Import: List of imported data sections, or “Not supported”.
Data sections with content description.
List of manufacturers (and‘devices) specifying sections with which import
compatibility has been yerified by testing for each device, or the |following
statement: “A list of manufacturers (and devices or systems or software) gpecifying
sections with which SEP-ECG import compatibility has been verified by tlesting for
each device (or system/software) is available on request”.

Transfer:  “Supported” orNot Supported”.

[ommunication Channel:
The Comimunication Support for export, or transmit and/or receive| shall be
described, or the following sentence should be added: “The communicatiop protocol
information for the query messaging and data transport is available upon request”
or “The mechanism(s) by which SCP-ECG data formatted files may be agcessed is
(are) available upon request”.

C.2.5 "‘Hypothetical Examples:

C.2.5.1 Cardiograph

Device:

Export:

SCP-ECG Standard Version 3.x Statement of Compliance
MyECG Company
Model Top1
SCP-ECG implementation MyECG SCP-ECG version 3.0

Data Sections 0, 1, 2, 3, 5, 6, 7, 8, 10, containing demographics, short-term ECG

rhythm data, type 0 reference beat, global ECG measurements, per-

lead ECG
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Import:

measurements and interpretation.
Export compatibility of sections ... has been verified by testing with:

- Xzq Manufacturing, Inc. Models LB1577, LB1755 and ZM922 (SCP-ECG version
3.0, software implementation version 6.1)

- BestECG, LTD. Model PQRST2 (SCP-ECG version 3.0, software implementation
version 3.0)

Data Sections 0, 1, 2, 3, 6, 7, 8, 10, containing demographics, short-term ECG rhythm
data, global ECG measurements, per-lead ECG measurements and interpretation.

A list of Manufacturers (and devices) specifying sections with which SCR=ELG
import compatibility has been verified by testing for each device is available jon
request.

C.2.5.2 M4

nagement System

SCP-ECG Standard Version 3.x Statement of Compliance

Device: MyECG Company.
Model Top2.
SCP-ECG implementation version MyECG SCP-ECGwérsion 3.0.

Export: Not Supported.

Import: Data Sections 0, 1, 2, 3, 5, 6, 7, 8, 10, containing demographics, short-term ECG
rhythm data, type 0 reference beat, global ECG measurements, per-lead ELG
measurements and interpretation.

A list of Manufacturers (and systéms/devices) specifying sections with which S(P-
ECG import compatibility hascbeen verified by testing for each system/device| is
available on request.

C.2.5.3 Deéefibrillator 12-lead ECG

Device:

Export:

SCP-ECG Standard Version 3.x Statement of Compliance
MyECG Company.
Model Top3.
SCR:ECG implementation version MyECG SCP-ECG version 3.0.
Data Sections 0, 1, 2, 3, 6 containing demographics and short-term ECG rhythm data.

F‘vpnrf r‘nmpnfihi]ify has been verified hy fncfing with:

- Xzq Manufacturing, Inc. Models LB1577, LB1755 and ZM922 (SCP-ECG version
3.0, software implementation version 6.1).

- BestECG, LTD. Model PQRST2 (SCP-ECG version 3.0, software implementation
version 3.0).
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C.3 Testing/validation of SCP-ECG data format compatibility
C.3.1 Overview

Testing/validation of SCP-ECG data format compliance/compatibility may be done by individual
manufacturers. The requirements for testing/validation are shown in Figure C.1 and are detailed in
C.3.2. In brief, each manufacturer that states export compliance makes publicly and freely available
example SCP-ECG formatted records for each device/system/software generating an SCP-ECG record
and for each data format level claimed, and additional supporting data files to allow an Importing
manufacturer to validate accurate decoding of the SCP-ECG records. By reading Manufacturer A’s files,
Man i i i —H = famce statement,
Mantifacturer B states validation of import compatibility with A, then ManufacturercAd$ notified in
ing by Manufacturer B. Manufacturer A may then state export validation with,'B) Mdanufacturers
thergfore “cooperatively self-validate” compatibility with each other.

Impqrt validation may be diagrammed as displayed in Figure C.1.

Export Manufacturer Import Manufacturer
7
Original Raw Data |
N
N A
N
N
SCP-ECG Record = N » SCP-ECG Record
N
N
A S \
Decompressed B Decompressed
ECGData [~~~ "~ *  ECG Data
c y
ASCll DataFile | —— —— ——— —— »  Decoded Data

Figure C.1 — Import validation diagram

C.3.2 Requirements

An F e NI £t Lol 1 yo Gl o 11l 1 c 1 2 I D th
n ExXportivmantracturer—Ssita markeve ety pes—puoncty anda—reery avatrapre—tor—eacC test case

provided, for each exporting device (or system/software) type, and for each compliance level:
1) An SCP-ECG formatted binary file (***.ECG).

2) An original ECG raw data file from which the SCP-ECG file was compiled, and in the binary format
defined in C.3.3 (***.ECO0).

3) A decompressed ECG data file from the SCP-ECG file using the Export Manufacturer’s
decompression process, and in the binary format defined in C.3.3. (***.EC1).
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4) A text file as defined in C.3.3 specifying the data in the original and the decompressed ECG binary

files (***.EC2).

5) An ASCII data file (for non-waveform data) containing all demographic, measurement
interpretation data (***.EC3).

An Export Manufacturer shall provide test cases consisting of the required five file types for at

and

least

those cases specified in Annex D.6 and its accompanying Table D.13. The Export Manufacturer may also
provide additional test cases in the required file formats. The set of test cases provided by the Export
Manufacturer shall include files with data content at the limits implemented by the Export

Manufacturer:

For all test ¢ases provided by the Export Manufacturer, the Import Manufacturer shall import the

Manufacturg¢r’s decompressed data and the Import Manufacturer’s decompressed|data are to ai
Import Manpfacturer in evaluating differences seen in comparisons “A”. Comparison “B” is optional

For each tesf case, the Import Manufacturer shall compare the decoded demégraphic, measuremen

SCP-
, the
fam).
Kport
] the

t and

interpretatipn data with the data in the ASCII file provided by the ExportManufacturer (comparison “C”

in the diagrgm). This comparison shall be exact for all data fields decoded by the Import Manufactu

rer.

A manufactyirer may state import compatibility for each of its owh. devices/systems/software and for

each data s¢ction that has been validated. If import compliance)is stated for another manufacty

rer’s

exported files, then the exporting manufacturer shall be-~notified in writing, and the exporting

manufactur¢r shall be allowed to state export compatibility,with the importing manufacturer.
C.3.3 ECG Binary File Format (***.ECO0, ***.EC1)

Each test EQG shall be provided with the following information:
1) Atext file (***.EC2) containing:

ma delimited descriptors fereach lead of ECG data (which may be more leads or less
than the typical 8 stored for.aresting 12-lead ECG),

ii) theftotal number of samples for each lead,
iii) thelsample rate (pensecond) or the sample time interval (microseconds),
iv) thenumberofinanovolts per least significant bit.

2) Binary files( (¥**.EC0, ***.EC1) with ECG data stored as 16 bit signed words, stored in Intel
endian format (low-byte, high-byte). The sequence of the samples (S1, S2 ... Sn) for leads (L1,

eads

ittle-
L2 ..

Lm) is:

S1L1, S1L2 ...S1Lm, S2L1, S2L2 ... SnL1, SnL2 ... SnLm

EXAMPLE The following example is for 8 ECG leads, all identical to each other, with alternating samples

of + 1,0 mV for each lead. In this case, + 1 000, hexadecimal values of 03E8 and FC18.
***% EC2 - Text file contains the following:
Leads: 1,11, V1,V2,V3,V4,V5,V6

5 000 samples per lead; 500 samples per second; 1 000 nanovolts per LSB.
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*** ECO or *** EC1 - Binary file (in Hexadecimal for each byte):

Table C.1 — Example for the first 6 samples for 8 ECG leads

C4

Prev

compatibility level of an acquiring or analysing device (see 5.4.5, Tag‘d4*“Machine ID Acquil

byte

This
v3 d:
files

C.5
com

This
enco
and 1
SCP-
werd
redu

C.5.]

Leads
I 11 V1 V2 V3 V4 V5 V6
00to OF |E8 03 |[E8 03 |[E8 03 |[E8 03 |[E8 03 |[E8 03 |[E8 03 |[E8 03 | Sample 1
10to 1F |18 FC |18 FC |18 FC |18 FC |18 FC |18 FC |18 FC |18 FC | Sample 2
f:’ 20to 2F |E8 03 |E8 03 |[E8 03 [E8 03 |[E8 03 E8 03 |[E8 03 [E8 03 | Sample 3
M[30to 3F [18 FC |18 FC |18 FC |18 FC |18 FC [18 FC |18 FC [18 FC |-Sample 4
40to 4F |E8 03 [E8 03 |[E8 03 E8 03 |[E8 03 |[E8 03 |[E8 03 |E8 03-.}'Sample 5
50to5F |18 FC |18 FC |18 FC 18 FC 18 FC |18 FC 18 FC |18 FC | Sample 6

Coding of SCP-ECG compliance
ous versions of SCP-ECG provided means to encode, in Section 1, the SCP-E

16 “SCP-ECG Protocol Compatibility Level” and Tag 15 “Machine-ID Analyzing Device”).

field is deprecated. It is recommended to set its value to Qxff/as we assume that only ve
ita will be generated. The real capabilities and support.ef features will be identified by
hccording to the rules specified in this document.

Minimum requirements for SCP-ECG:versions V1.x and V2.x ECG datj
pression

part of Annex C is an excerpt of SCP-ECG Clause 6.5.3 “Minimum requirements f
ling and compression“ included. in.the previous versions of SCP-ECG, viz ISO 11073-
EN 1064:2005+A1. It has been reproduced in the present document to support decodji
ECG version 1.x and 2.x filestand conversion into SCP-ECG version V3.0 files. The r
listed in the previous_tersions of SCP-ECG to support conformance testing of 1
hdancy reduction and lossy bimodal compression schemes.

| General

In S(
comp

© ISO

P-ECG versions V1.x and V2., it is left open to the manufacturers in which way they
bression. However, reference beat type 0 and the residual record shall be provided if re

LG protocol
'ing Device”,

lid SCP-ECG
parsing the

r ECG data
01064:2009
ng of legacy
bquirements
bssless high

do the data
ference beat
iable on the
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C.5.2 Minimum requirements for ECG data encoding and compression

C.5.2.1 Ifreference beat subtraction is used for data compression, all leads of an ECG record shall be

recorded simultaneously.
C.5.2.2 Digitization: SR =500 samples/s; LSB<5pV
C.5.2.3 Reference Beat: SR =500 samples/s; LSB<5 uVv

C.5.2.4 Residual Record: Truncation Error < + 15 uVv

C.5.2.5 Residual Record: Sampling Interval < 8 ms
C.5.2.6 Reconstruction Error: RMS <10 pVv
C.5.2.7 Absolute Error: < 100 pV in a single sample outside P-QRS-T

C.5.2.8 Absolute Error within QRS: < 15 uV in a single sample

C.6 CRC error detection algorithm

The CRC is Qased on CRC-CCITT (X16 + X12 + X5 + 1). The CRC is a~16-bit quantity and should be p

reset

to all 1’s (FHFF hex) at the start of the calculation for each block‘of data. The CRC is calculated over the

entire data Block up to the CRC itself:

L CRC Domain o
I~ ol
Message Block 255 - (Block Data CRC | CRC
Type Number Number) HI LO
1 1 1 256 1 1

Figure'C.2 — CRC-CCITT error detection

The algorithm for the CRC-CCITDis below described. Note that all operations are on bytes.

A = new byte
B = temp byte

CRCHI = Hrh byte\(most significant) of the 16-bit CRC

CRCLO = Low-byte (least significant) of the 16-bit CRC

START
FOR A =FIRST_BYTE TO LAST_BYTE IN BLOCK DO
A =AXOR CRCHI
CRCHI=A
SHIFT A RIGHT FOUR TIMES
A =AXOR CRCHI
CRCHI = CRCLO
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(ZERO FILL)
{IJKLMNOP}
{ swap CRCHI, CRCLO }
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CRCLO=A

ROTATE A LEFT 4 TIMES
B=A

ROTATE A LEFT ONCE
A=AAND $1F

CRCHI = A XOR CRCHI

A =B AND $F0

ISO 41064:2023(E)

{MNOPIJKL}
{temp save }

{NOPIJKLM}
{000IJLLM}

{MNOPOOOO}

CRCHI = A XOR CRCHI
ROTATE B LEFT ONCE
B=BAND$EO
CRCLO =B XOR CRCLO
DOEND
FIN[SH

{ CRCHI complete ¥
{NOPOOOOM}
{NOPOO0O®OO}
{CRCLOcomplete }

Finall check on the CRC is accomplished by adding or concatenatitig CRCHI and CRCLO at the end of the
data|stream. Calculating the CRC of the resulting data streamy will result in a zero CRC if the data was

corrgctly received.
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ECG complex types, i.e. normal type, different extrasystoles:

QRS-type 0, 1, etc.
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Fiducials: fc1J;' chJ;' -¢f03 fc4f

o)
{4}

O eE==TT e —

V6

Type: 0 0o 1

fc6 J;:fc7

D.3.2 Reference Beat type 0

a) (Compute the “Reference Beat Type 07, e.g. representative Average Cycle, Médian Cycle,(Modal Beat,

gtc.
b) Identify the wave onsets and offsets of the Reference Beat type 0 (sé€Figure D.2):
1+ length of the Reference Beat type 0 to be subtracted;

1+ pointers for QRS data segments p (see Figures D.3.and D.4) to be protected from
decimation.

Reference Beat V.Qm“m. [ \ _/\i__ marked waves
ol onsets, offsets

Y/

Figure D.2 — Example of a reference beat

D.3.8 Residual Record after beat subtraction

filtering and

Subtract the Reference Beat Type 0 from all ECG complexes of type 0 using the fiducial locatjons.
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