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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -
Part 2-16: Particular requirements for the basic safety and

essential performance of haemodialysis, haemodiafiltration
and haemofiltration equipment

FOREWORD

governmental organizations liaising with the IEC also partlmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matiers

3) IEC Publications have the form of recom and are accepted by IEC National
Committees in that sense. While all reasonab re that the technical content of IEC
Publications is accurate, IEC cannot be ) the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote internatiopal uniformit

the latter.

5) IEC itself does nof _provide
assessment seryi i
services carried out by |

8) AttentionN ¥ to ative references cited in this publication. Use of the referenced publications is
indispensabte_for the sorreef application of this publication.

to thre possibility that some of the elements of this IEC Publication may be the subject of
not be held responsible for identifying any or all such patent rights.

9) Attention is draw
patent rights. IEC sha

International standard IEC 60601-2-16 has been prepared by IEC subcommittee 62D:
Electromedical equipment, of IEC technical committee 62: Electrical equipment in medical
practice.

This fourth edition cancels and replaces the third edition of IEC 60601-2-16, published in
2008. This edition constitutes a technical revision. Changes since the previous edition
include, among others, better adaptation of IEC 60601-1-8 and improvement of subclause
201.8.3.
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The text of this particular standard is based on the following documents:

FDIS Report on voting
62D/972/FDIS 62D/987/RVD

Full information on the voting for the approval of this particular standard can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this standard, the following print types are used:

— Requirements and definitions: roman type.
— Test specifications: italic type.

— Informative material appearing outside of tables, such as notes, example
Normative text of tables is also in a smaller type.

— TERMS DEFINED IN CLAUSE 3 OF THE GENERAL STANDARD,
NOTED: SMALL CAPITALS.

In referring to the structure of this standard, the ter

— “clause” means one of the sevenie

In this standard, the cqnjunchive. ”
combination of tntions i

The verbal forms uss
Directives, Part

- “may” is used escribe a permissible way to achieve compliance with a requirement or
test.

An asterisk (*) as the first character of a title or at the beginning of a paragraph or table title
indicates that there is guidance or rationale related to that item in Annex AA.

A list of all parts of the IEC 60601 series, published under the general title: Medical electrical
equipment, can be found on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this pu
that it contains colours which are considered to be usef
understanding of its contents. Users should therefore print this
colour printer.

tion indicates

O
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INTRODUCTION

The minimum safety requirements specified in this particular standard are considered to
provide for a practical degree of safety in the operation of HAEMODIALYSIS,
HAEMODIAFILTRATION and HAEMOFILTRATION EQUIPMENT.

@%
S
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MEDICAL ELECTRICAL EQUIPMENT -
Part 2-16: Particular requirements for the basic safety and

essential performance of haemodialysis, haemodiafiltration
and haemofiltration equipment

201.1 Scope, object and related standards
Clause 1 of the general standard? applies, except as follows:

201.1.1 Scope

Addition:

PERFORMANCE of

This International Standard applies to the BASIC SAFEW
C after referred to as

HAEMODIALYSIS, HAEMODIAFILTRATION and HAEMOFILTRA
HAEMODIALYSIS EQUIPMENT.

This International Standard does not take i : ide Al YSIS FLUID control system
of HAEMODIALYSIS EQUIPMENT using eg i =L0ID and CENTRAL DELIVERY

This International Standa d spec" i ety requirements for HAEMODIALYSIS
ither by medical staff or for use by the

This Internatio ME EQUIPMENT that is intended to deliver a
HAEMODIALYSIS, \ and, HAEMOFILTRATION treatment to a PATIENT suffering
from kidney failure,

— DIALYSIS FLBID CONCENTRATES;
— water treatmentequipment;

— equipment used to perform PERITONEAL DIALYSIS (see IEC 60601-2-39).

If a clause or subclause is specifically intended to be applicable to ME EQUIPMENT only, or to
ME SYSTEMS only, the title and content of that clause or subclause will say so. If that is not the
case, the clause or subclause applies both to ME EQUIPMENT and to ME SYSTEMS, as relevant.

HAzARDS inherent in the intended physiological function of ME EQUIPMENT or ME SYSTEMS
within the scope of this standard are not covered by specific requirements in this standard
exceptin 7.2.13 and 8.4.1 of IEC 60601-1.

NOTE See also 4.2 of IEC 60601-1:2005.

1 The general standard is IEC 60601-1:2005, Medical electrical equipment — Part 1: General reqg#
basic safety and essential performance. (Uffé'ﬁlfﬁents
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201.1.2  Object

Replacement:

The object of this particular standard is to establish BASIC SAFETY and ESSENTIAL PERFORMANCE
requirements for HAEMODIALYSIS EQUIPMENT

201.1.3 Collateral standards

Addition:

This particular standard refers to those applicable collateral standards that are listed in
Clause 2 of IEC 60601-1, and Clause 201.2 of this International Standard

IEC 60601-1-2, IEC 60601-1-8, IEC 60601-1-10 and IEC 60601- a odified in
Clauses 202, 208, 210 and 211 respectively. IEC 60601-1-3 other
published collateral standards in the IEC 60601-1 series apply z

201.1.4 Particular standards

Replacement:

In the IEC 60601 series, particular st eplace or delete requirements
contained in the general standard ard ck¢ A appropriate for the particular

ME EQUIPMENT under consideration, SIC SAFETY and ESSENTIAL

PERFORMANCE requirements.

A requirement of a particula MOri EC 60601-1.

ollateral standard document number (e.g. 202.4 in this
the content of Clause 4 of the IEC 60601-1-2 collateral

speC|f|ed b the Nse\ofthefollowing words:

"Replacement"” means that the clause or subclause of the general standard or applicable
collateral standard is replaced completely by the text of this particular standard.

"Addition" means that the text of this particular standard is additional to the requirements of
the general standard or applicable collateral standard.

"Amendment" means that the clause or subclause of the general standard or applicable
collateral standard is amended as indicated by the text of this particular standard.

Subclauses, figures or tables which are additional to those of the general standard are
numbered starting from 201.101. However due to the fact that definitions in the general
standard are numbered 3.1 through 3.139, additional definitions in this standard are
numbered beginning from 201.3.201. Additional annexes are lettered AA, BB, etc., and
additional items aa), bb), etc.
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Subclauses, figures or tables which are additional to those of a collateral standard are
numbered starting from 20x, where “x” is the number of the collateral standard, e.g. 202 for
IEC 60601-1-2, 203 for IEC 60601-1- 3 etc.

The term "this standard" is used to make reference to the general standard, any applicable
collateral standards and this particular standard taken together.

Where there is no corresponding, clause or subclause in this particular standard, the clause
or subclause of the general standard or applicable collateral standard, although possibly not
relevant, applies without modification; where it is intended that any part of the general
standard or applicable collateral standard, although possibly relevant, is not to be applied, a
statement to that effect is given in this particular standard.

201.2 Normative references

NOTE Informative references are listed in the bibliography beginning on pag

Clause 2 of the general standard applies, except as follows;

Amendment:

guidance for alarésy

Addition:

IEC 60601-1-10: 20 ‘ 8 cttical equipment — Part 1-10: General requirements for
basic safet G s rformance — Collateral Standard: Requirements for the

IEC 60601- 2 Medical electrical equipment — Part 1-11: General requirements for
basic safety and_essential performance — Collateral Standard: Requirements for medical
electrical equipment.dnd medical electrical systems used in the home healthcare environment

IEC 62366:2007, Medical devices — Application of usability engineering to medical devices

ISO 594-2, Conical fittings with a 6 % (Luer) taper for syringes, needles and certain other
medical equipment — Part 2: Lock fittings

ISO 3744, Acoustics — Determination of sound power levels of noise sources using sound
pressure — Engineering method in an essentially free field over a reflecting plane

ISO 8638, Cardiovascular implants and artificial organs — Extracorporeal blood circuit for
haemodialysers, haemodiafilters and haemofilters
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201.3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60601-1:2005, and
IEC 60601-1-10:2007 apply, except as follows:

NOTE An index of defined terms is found beginning on page 64.

201.3.8
*APPLIED PART
Replacement:

EXTRACORPOREAL CIRCUIT and all parts permanently and conductively connected to it (e.g.
DIALYSIS FLUID circuit)

Note 1 to entry: See Figure AA.1 in Annex AA.

201.3.78
PATIENT CONNECTION

Addition:

Note 1 to entry: The PATIENT blood lines connectors are the individual poi
current can flow between the PATIENT and the HAEMODIALYSIS(EQUfPMENT IN
CONDITION.

RPLIED PART through which
QONDITION or SINGLE FAULT

Additions:

201.3.201
ARTERIAL PRESSURE
pressure measured in the bigod withdr

201.3.202 Q
*BLOOD LEAK
leakage of blood

DIALYSER

Note 1 to entry:

part of a ME SYSTE
as DIALYSIS FLUID to 1

ich proportions DIALYSIS FLUID CONCENTRATE and water for distribution
€ HAEMODIALYSIS EQUIPMENT or distributes DIALYSIS FLUID CONCENTRATE

201.3.204
DIALYSER
a device containing a semi-permeable membrane that is used to perform HD, HDF or HF

201.3.205
DIALYSIS FLUID
solution intended to exchange solutes and/or water with blood during HD or HDF

Note 1 to entry: The words "dialysate", “dialysis solution” and "dialysing fluid" are commonly used as synonyms of
DIALYSIS FLUID.

201.3.206
DIALYSIS FLUID CONCENTRATE
substances which, when appropriately diluted or dissolved with purified water, produce the

DIALYSIS FLUID
Documents
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201.3.207
EXTRACORPOREAL CIRCUIT
blood lines and any integral ACCESSORY thereof

201.3.208

HAEMODIAFILTRATION

HDF

process whereby concentrations of water-soluble substances in a PATIENT's blood and an
excess of fluid of a PATIENT with renal insufficiency are corrected by a simultaneous
combination of HD and HF

201.3.209
HAEMODIALYSIS
HD

the DIALYSIS FLUID

Note 1 to entry: This process normally includes fluid removal b
accompanied by diffusion of substances from the DIALYSIS FLUID into-thre

201.3.210

* HAEMODIALYSIS EQUIPMENT

ME EQUIPMENT or ME SYSTEM used
HAEMOFILTRATION

Note 1 to entry: When the term ME EQUIPMEN
When the term ME EQUIPMENT is used in the text it is

g it is equivalent to HAEMODIALYSIS EQUIPMENT.
gral ME EQUIPMENT.

erring to Q

201.3.211
HAEMOFILTRATION
HF

process whereby
excess of fluid a

Note 1 to entry: Historically this term was “weight loss”.

201.3.213

*ONLINE HDF

HAEMODIAFILTRATION procedure where the HAEMODIALYSIS EQUIPMENT, based on the DIALYSIS
FLUID, produces the SUBSTITUTION FLUID for the HDF treatment, suitable for injection

201.3.214

*ONLINE HF

HAEMOFILTRATION procedure where the HAEMODIALYSIS EQUIPMENT, based on the DIALYSIS
FLUID, produces the SUBSTITUTION FLUID for the HF treatment, suitable for injection

201.3.215
*PROTECTIVE SYSTEM
automatic system, or a constructional feature, specifically designed to protect the PATIENT

against HAZARDS which can arise Documents
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201.3.216
SUBSTITUTION FLUID
a fluid administered to the PATIENT via the EXTRACORPOREAL CIRCUIT during HF or HDF

201.3.217

TRANSMEMBRANE PRESSURE

T™MP

fluid pressure difference exerted across a semi-permeable membrane

Note 1 to entry: Generally the mean TMP is used. In practice, the displayed TRANSMEMBRANE PRESSURE is usually
estimated from the measured EXTRACORPOREAL CIRCUIT pressure and the measured DIALYSIS FLUID pressure, each
obtained at a single point.

201.3.218
*ULTRAFILTRATION
process of fluid removal from the PATIENT'S blood across the DIALYSER

201.3.219
VENOUS PRESSURE
pressure measured in the blood return line of the EXTRACOR

201.4 General requirements

Clause 4 of the general standard applié ollo

201.4.3 * ESSENTIAL PERFORMANCE

Additional subclauses:

201.4.3.101 * Additiona

ESSENTIAL PERFORMA
functions found
tolerances specifi

T SSENTIAL PERFORMANCE requirements

equirement Subclause

NN\
BiGod o\ N\ \ 201.4.3.102

DIALYSIS FLUID flow 201.4.3.103

NET FLUID RMAQ 201.4.3.104

SUBSTITUTION FLUID flow 201.4.3.105
Dialysis time 201.4.3.106
DIALYSIS FLUID composition 201.4.3.107
DIALYSIS FLUID temperature 201.4.3.108
SUBSTITUTION FLUID temperature 201.4.3.109

NOTE Some ESSENTIAL PERFORMANCES listed in Table 201.101 are dependent on the characteristics of the
disposable used (e.g. blood flow is dependent upon the pump segment inner diameter in rotary peristaltic pumps).

201.4.3.102 Blood flow

The blood flow for the HAEMODIALYSIS EQUIPMENT shall be as specified by the MANUFACTURER.

NOTE 1 Only a blood flow lower than the set value is considered as negative for the treatment. Therefore the goal

of testing is to find the highest negative blood flow error.
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Compliance is checked under the following test conditions for typical peristaltic pumps.

— Apply a pump segment to the HAEMODIALYSIS EQUIPMENT and let it run for at least 30 min.
— Apply a fluid (e.g. water) with a temperature of 37 °C in the EXTRACORPOREAL CIRCUIT.

— Set the blood flow of the HAEMODIALYSIS EQUIPMENT to 400 ml/min or — if not possible - to
the highest possible blood flow.

— Set the ARTERIAL PRESSURE to -200 mmHg.
— Measure the blood flow.

The values of the measured blood flow shall be within the tolerances specified by the
MANUFACTURER in the instructions for use.

NOTE 2 Pump segment fatigue can reduce the blood flow rate.

NOTE 3 The blood flow rate in peristaltic pumps can be affected by negative input’prass

201.4.3.103 DIALYSIS FLUID flow

The DIALYSIS FLUID flow for the DIALYSIS EQUIPMENT shall be/as spe&cified by the MANUFACTURER.

NOTE Only a DIALYSIS FLUID flow lower than the set value is co
Compliance is checked under the following test

— Set the HAEMODIALYSIS EQUIPMER
MANUFACTURER.

— Set the HAEMODIALYSI
— Measure the DIALYS

The values of
MANUFACTURER inNthe i
201.4.3.104 NE

The NET FLG
MANUFACFUORER

HAEMODIALYSIS EQUIPMENT shall be as specified by the

Compliance ed under the following test conditions.

Test 1 for the balancing part of the HAEMODIALYSIS EQUIPMENT only:

— Set the HAEMODIALYSIS EQUIPMENT in the HAEMODIALYSIS mode, if applicable, with a
DIALYSER according to the MANUFACTURER’S recommendation.

— Apply fluid (e.g. water) in THE EXTRACORPOREAL CIRCUIT.

— Set the highest DIALYSIS FLUID flow, if applicable.

— Set the DIALYSIS FLUID temperature to 37 °C, if applicable.

— Set the NET FLUID REMOVAL rate to 0 mi/h or the lowest adjustable value.

— Create a blood outlet pressure of 50 mmHg below the highest pressure specified by the
MANUFACTURER.

— Measure the NET FLUID REMOVAL during an appropriate time interval.
Continue with test 2:

— Set the NET FLUID REMOVAL rate to the maximum value. Documents
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— Measure the NET FLUID REMOVAL during an appropriate time interval.
Continue with test 3:

— Create a blood outlet pressure 20 mmHg above the lowest specified pressure.
— Measure the NET FLUID REMOVAL during an appropriate time interval.

The values of the NET FLUID REMOVAL shall be within the tolerances specified by the
MANUFACTURER in the instructions for use.

201.4.3.105 SuBSTITUTION FLUID flow

For HAEMOFILTRATION and HAEMODIAFILTRATION equipment only:

The SUBSTITUTION FLUID flow for the HAEMODIALYSIS EQUIPMENT sha
MANUFACTURER.

— Measure the@s
Continue with test\Z:

The accuracy of the dialysis time for the HAEMODIALYSIS EQUIPMENT shall be as specified by
the MANUFACTURER.

Compliance is checked by functional measurements relevant for the definition of dialysis time
specified by the MANUFACTURER.

201.4.3.107 * DIALYSIS FLUID composition
Test method specified by the MANUFACTURER.

201.4.3.108 DIALYSIS FLUID temperature

The DIALYSIS FLUID temperature for the HAEMODIALYSIS EQUIPMENT shall be as specified by the

MANUFACTURER.
Documents
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NOTE This test applies only to HAEMODIALYSIS EQUIPMENT having a heater for the DIALYSIS FLUID.
Compliance is checked under the following test conditions:

— Let the HAEMODIALYSIS EQUIPMENT run until it is in a thermally stable condition.
— The environmental temperature is within 20 °C to 25 °C.

— Set the DIALYSIS FLUID temperature to 37 °C, if applicable.

— Set the highest DIALYSIS FLUID flow.

— Measure the temperature at the DIALYSER inlet.

— Record the temperature during a period of 30 min.
— Set the lowest DIALYSIS FLUID flow.

— Measure the temperature at the DIALYSER inlet.
— Record the temperature during a period of 30 min.

MANUFACTURER in the instructions for use.

201.4.3.109 SUBSTITUTION FLUID temperature

Wermally stable condition.
5 °C.

— Record thetempekature over a period of 30 min.

The values of the SUBSTITUTION FLUID temperature shall be within the tolerances specified by
the MANUFACTURER in the instructions for use.

201.4.7 SINGLE FAULT CONDITION for ME EQUIPMENT

Addition:

An example of SINGLE FAULT CONDITION is a failure of a PROTECTIVE SYSTEM (see
201.12.4.4.101, 201.12.4.4.102, 201.12.4.4.103, 201.12.4.4.104, 201.12.4.4.105);

NOTE |If air is permanently present in the EXTRACORPOREAL CIRCUIT when the HAEMODIALYSIS EQUIPMENT is used
as intended by the MANUFACTURER, the air is not regarded as a SINGLE FAULT CONDITION, but as NORMAL CONDITION.

201.5 General requirements for testing of ME EQUIPMENT

Clause 5 of the general standard applies. Documents
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201.6 Classification of ME EQUIPMENT and ME SYSTEMS

Clause 6 of the general standard applies.

201.7 ME EQUIPMENT identification, marking and documents
Clause 7 of the general standard applies, except as follows:

201.7.4.3 Units of measure

Addition:

mmHg may be used for measurement of pressures in any part EMODIALYSIS

EQUIPMENT.

201.7.9.2 Instructions for use

201.7.9.2.2 Warning and safety notices
Addition:

The instructions for use shall additionalhy_i

a statement which draws the OPE
prevent any cross-infection betwee

- a statement@ 4
— a quantitativendes
FLUID in SINGLE FA

— * a stateme
substance

explanation of the remaining HAZARDS;
e a description of further measures to reduce the RISK;

— an explanation of the adequate OPERATOR action upon an alarm and potential HAZARDS, if
the alarm is repeatedly cleared without solving the underlying problem_;

— * a warning specifying that any narrow passages in the EXTRACORPOREAL CIRCUIT (such as
kinks in the blood line or cannula that are too thin) may cause haemolysis and that this
HAZARDOUS SITUATION may not be detected by the PROTECTIVE SYSTEMS;

— if a PROTECTIVE SYSTEM, according to 201.12.4.4.105 a) Note 1, is applied: a warning
stating that improper functioning of an ultrasonic air detector may be caused by a
coagulum or the application of ultrasound gel,;

— a warning stating that air may enter into the EXTRACORPOREAL CIRCUIT at connection points
downstream of the air detector, if pressures are negative; this can occur in cases such as
single needle applications or central venous catheter applications;

— for ONLINE HDF and ONLINE HF:

e a warning stating that only the disinfection procedures defined and valid
MANUFACTURER may be used for ONLINE HDF and ONLINE HF; ﬁae{ﬁ;ﬁents
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e information on the required quality of the incoming water and of the DIALYSIS FLUID
CONCENTRATES used;

e intervals at which wearing parts (e.qg. filter) should be exchanged;

— a warning that the blood flow and thus the treatment efficacy may be reduced when the
pre-pump ARTERIAL PRESSURE is extremely negative; and the range and accuracy of the
flow of such pump(s) and the inlet and outlet pressure range over which this accuracy is
maintained.

- for HAEMODIALYSIS EQUIPMENT with APPLIED PARTS other than TYPE CF APPLIED PARTS a
warning, addressed to both the OPERATOR and the RESPONSIBLE ORGANIZATION, to ensure
that no electrical equipment (non-ME EQUIPMENT and ME EQUIPMENT) with TOUCH CURRENTS
and PATIENT LEAKAGE CURRENTS above the respective limits for type CF APPLIED PARTS is
used in the PATIENT ENVIRONMENT in combination with central venous heters with atrial
location.

NOTE For information see subclause 201.8.3 in Annex AA

201.7.9.2.5 ME EQUIPMENT description

Addition:

|
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treatments;

— the delay time afte
supply

- for PHYSIOLO@
a) the technical'y

b) the PATIE

— *for any data that\is displayed or indicated by the HAEMODIALYSIS EQUIPMENT and that may
be used for adjusting the treatment or measuring or confirming the treatment efficacy:

a) a description of the technical working principle;

b) if the measurement is indirect: a statement to the accuracy and possible influencing
factors;

c) the method by which the technical working principle has been evaluated relative to
standard medical care

— for HAEMODIALYSIS EQUIPMENT with APPLIED PARTS other than TYPE CF APPLIED PARTS a
statement if this HAEMODIALYSIS EQUIPMENT can be used together with central venous
catheters with atrial location. If the HAEMODIALYSIS EQUIPMENT is not suitable for central
venous catheters with atrial location possible HAZARDs shall be listed.

201.7.9.2.6 Installation
Addition:

The instructions for use shall additionally include the following, if applicable: Documents
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— a statement that it is essential for the HAEMODIALYSIS EQUIPMENT to be installed and used
in compliance with appropriate regulations/recommendations on quality of water and other
relevant fluids;

— for CLASS | HAEMODIALYSIS EQUIPMENT, a statement of the importance of the quality of the
protective earth in the electrical installation;

— a statement of the applications in which a POTENTIAL EQUALIZATION CONDUCTOR should be
used;

— the acceptable range of temperature, flow and pressure for inlet water and any CENTRAL
DELIVERY SYSTEM,;

— a note emphasizing the importance of compliance with all local regulations regarding the
separation of the HAEMODIALYSIS EQUIPMENT from the water supply, the prevention of back
flow to the potable water source, and prevention of contamination via the drain connection
of the HAEMODIALYSIS EQUIPMENT from any sewer connection;

— if different schemes for colour coding of visual alarms can be cofifiguredaa statement that

t Rict mimizes
the RisK of confusion in their environment;
Y, a statement

explicitly confirm

— if settings of operating parameters or PROTECTIVE SYSTENS
that the RESPONSIBLE ORGANIZATION should select the
the default configuration.

201.7.9.2.12 Cleaning, disinfection and steriliza

Addition:

— a warning stating to

EQUIPMENT. ‘@
ORGANIZATION 10 i
shall specifica

procedures;

any dglivs : g. central water supply system, CENTRAL DELIVERY SYSTEMS,
HAEMODI? NT connecting devices, including the fluid lines from connection
SIS EQUIPMENT.

201.7.9.2.14 ACGCESSORIES, supplementary equipment, used material
Addition:

The instructions for use shall additionally include the following, if applicable:

— information on DIALYSIS FLUID CONCENTRATES, DIALYSERS and blood lines intended to be
used together with the HAEMODIALYSIS EQUIPMENT.

Compliance is checked by inspection of the instructions for use.

201.7.9.3 Technical description
201.7.9.3.1 General

Addition:
Documents
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The technical description shall additionally include the following, if applicable:

e Installation:

— a description of the particular measures or conditions to be observed when installing
the HAEMODIALYSIS EQUIPMENT or bringing it into use. These shall include guidance on
the type and number of tests to be carried out;

— the maximum temperature which can occur at the drain of the HAEMODIALYSIS
EQUIPMENT:

*

- information about energy consumption, energy delivery to the environment and
energy delivery to the drain under typical operating conditions and as a function of
inlet water temperature;

— * information about consumption of water and DIALYSIS FLUID
typical operating conditions;

e Device specification:

— * for HAEMODIALYSIS EQUIPMENT that includes integra
of the pump(s), the range and the accuracy of
pressures against which this accuracy is maintair

— the type, the meast
of the PROTECTIV

— the type, the m
of the P
the enviro

nt accuracy of the PROTECTIVE SYSTEM required by
to the DIALYSIS FLUID) and the ALARM LIMIT of the

MANUFACTURER for the PROTECTIVE SYSTEM required by 201.12.4.4.105 (air infusion);
— the override time(s) for any PROTECTIVE SYSTEM,;

— the audible alarm AUDIO PAUSED period;

— the range of sound pressure levels of any adjustable audible alarm source;

— a disclosure of all materials intended to come into contact with the water, DIALYSIS
FLUID and DIALYSIS FLUID CONCENTRATE;

— for ONLINE HDF and ONLINE HF: the method of preparation of the SUBSTITUTION FLUID, the
method of the automatic integrity test of the SUBSTITUTION FLUID filters (if applicable)
and the accuracy of these tests.

Compliance is checked by inspection of the technical description.

201.8 Protection against electrical HAZARDS from ME EQUIPMENT

Documents

Document Sharing Hub

Clause 8 of the general standard applies, except as follows:

Full document details: IEC 60601-2-16 2012


http://avadocuments2026.com/doc/iec-60601-2-16-2012
http://avadocuments2026.com/doc/iec-60601-2-16-2012

- 20 - 60601-2-16 © IEC:2012

201.8.3 * Classification of APPLIED PARTS

Addition:

HAEMODIALYSIS EQUIPMENT with LEAKAGE CURRENTS complying with TYPE CF APPLIED PARTS
requirements are considered to be suitable for being used with central venous catheters with
atrial location.

If HAEMODIALYSIS EQUIPMENT having an APPLIED PART other than a TYPE CF APPLIED PART is
intended to be used for treatment of PATIENTS with central venous catheter(s) with atrial
location, the following shall apply:

aa)under NORMAL CONDITION, the PATIENT LEAKAGE CURRENTS and the TOYCH~CURRENTS shall

be within the limits for TYPE CF APPLIED PARTS.

If the HAEMODIALYSIS EQUIPMENT does not comply with point
provided justified by the MANUFACTURER’'S RISK MANAGEM
LEAKAGE CURRENT within the limits for TYPE CF APPLIED PAR GLE FAYLT CONDITION.

Compliance is checked by inspection
201.8.7.4.7 Measurement of the PaA

Addition:

selectable DIALYS$ the/application, shall be flowing in the DIALYSIS

CIRCUIT. The HAEMODIALYSIS EQUIPMENT shall be

FLUID circuit and
operated @o 2 .
activated. pra measuring device may be connected to the DIALYSIS

NOTE 101 The measurelge j AKAGE CURRENTS described above does not include the measurement

NOTE 102 \ ible blood flow leads to the lowest resistance of the air gap in the venous drip
chamber

201.8.11.2 *M
Addition:

If @ MULTIPLE SOCKET-OUTLET is provided and a mutual interchange or interchange with other
MULTIPLE SOCKET-OUTLETS of the HAEMODIALYSIS EQUIPMENT could create a HAZARDOUS
SITUATION, the MULTIPLE SOCKET-OUTLET shall be of a type, which prevents such an
interchange.

Compliance is checked by inspection and functional test

201.9 Protection against MECHANICAL HAZARDS of ME EQUIPMENT and ME SYSTEMS

Clause 9 of the general standard applies.

Documents
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201.10 Protection against unwanted and excessive radiation HAZARDS

Clause 10 of the general standard applies.

201.11 Protection against excessive temperatures and other HAZARDS
Clause 11 of the general standard applies, except as follows:

201.11.6.3 Spillage on ME EQUIPMENT and ME SYSTEMS

Addition:

Compliance is checked by test according to code IPX1 of IEC 60529.

201.11.6.6 *Cleaning and disinfection of ME EQUIPMENT and
Addition:

For HAEMODIALYSIS EQUIPMENT employing non-dispo
for disinfection of such fluid lines.

201.11.8 *Interruption o

Addition: Q
a) HAEMODIALYSIS E@

SIS EQUIPMENT may restart automatically on restoration of the power
supply, only™f this does not cause any HAZARD to the PATIENT as determined by the
MANUFACTURER’S RISK MANAGEMENT PROCESS.

Compliance is checked by inspection of the RISK MANAGEMENT FILE and by functional tests.

b) HAEMODIALYSIS EQUIPMENT with INTERNAL ELECTRICAL POWER SOURCE:

In the event of an interruption of the power supply / SUPPLY MAINS to the HAEMODIALYSIS
EQUIPMENT, the following safe conditions shall be achieved:

— activation of a visual ALARM SIGNAL;

— activation of an audible ALARM SIGNAL after a time interval specified by the
MANUFACTURER;

— additional measures may be needed as determined by the MANUFACTURER’S RISK
MANAGEMENT PROCESS;

— if functions of the HAEMODIALYSIS EQUIPMENT were stopped in the event of an
interruption of the power supply they may restart automatically on restorﬁon of the

ocuments
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power supply only if this does not cause any HAZARD to the PATIENT as determined by
the MANUFACTURER’S RISK MANAGEMENT PROCESS;

— if the INTERNAL ELECTRICAL POWER SOURCE is interrupted or discharged, the
HAEMODIALYSIS EQUIPMENT shall meet the requirements described in 201.11.8 a).

Compliance is checked by inspection of the RISK MANAGEMENT FILE and by functional tests.

201.12 * Accuracy of controls and instruments and protection against
hazardous outputs

Clause 12 of the general standard applies, except as follows:

201.12.4.4 Incorrect output

Addition:

The test procedures in the following subclauses give an minimum
requirements for the validation of a HAEMODIALYSIS EQUIP ) pefails axe not included for
each test procedure and it is incumbent upon the te / @ss these details
based on the specific HAEMODIALYSIS EQUIPMENT and ACTURER’S RISK MANAGEMENT

PROCESS.
201.12.4.4.101 *DIALYSIS FLUID compOsitio

a) The HAEMODIALYSIS EQUIPMENT shallN\ S +E SYSTEM, independent of any
fluid preparation control system, wiich prevent SIS FLUID reaching the DIALYSER that,

FLUID shall conside y phase of preparation of the DIALYSIS FLUID.

Operation of the P YsTEMshalhNachieve the following safe conditions:

— activation i ALARM SIGNAL (see 208.6.3.1, 208.6.3.3.2,
208.6.3.3.10 ay be delayed as specified in 208.6.3.3.101 b);

— stopping af the uID ffow to the DIALYSER,;
— in ON HF mode; stopping of the SUBSTITUTION FLUID flow to the
EXTRA

b) Conductiw iles and PHYSIOLOGIC CLOSED-LOOP CONTROLLERS:

In case O med time-dependent variation of the DIALYSIS FLUID composition or
control of the DIALYSIS FLUID composition by measuring a physiologic
relevant parameter of the PATIENT, the HAEMODIALYSIS EQUIPMENT shall include a
PROTECTIVE SYSTEM, independent of the control system, which prevents any unintentional
changes in the control system that could cause a HAZARD.

Operation of the PROTECTIVE SYSTEM shall achieve the following safe conditions:

— activation of an audible and visual ALARM SIGNAL (see 208.6.3.1, 208.6.3.3.2,
208.6.3.3.101);

— other measures, if defined by MANUFACTURER’S RISK MANAGEMENT PROCESS.

c) If the HAEMODIALYSIS EQUIPMENT is equipped with a concentration bolus administration
feature, the HAEMODIALYSIS EQUIPMENT shall include a PROTECTIVE SYSTEM, independent of
the control system, which prevents the concentration bolus administration function to
cause a HAZARD to the PATIENT.

Operation of the PROTECTIVE SYSTEM shall achieve the following safe conditions:

— activation of an audible and visual ALARM SIGNAL (see 208.6.3.1, 208.6.3.3.2,
208.6.3.3.101);

— interruption of the concentration bolus administration. Documents
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Compliance is checked by functional tests and by the following tests.
e Test 1 for determining the ALARM LIMITS

— Set the unit under test to the lowest and the highest ALARM SIGNAL free
compositions of the DIALYSIS FLUID respectively.

— Slowly change the DIALYSIS FLUID composition until the PROTECTIVE SYSTEM
activates an ALARM SIGNAL.

— Take samples at the DIALYSER inlet under NORMAL CONDITION and immediately after
the alarm.

— Determine the difference of the DIALYSIS FLUID composition of the samples taken in
NORMAL CONDITION and after alarm (e.g. by flame photometry).

e Test 2 for in-time alarm reaction
— Set the unit under test to the highest possible DIALYSIS FLUID
— Simulate complete interruption of each DIALYSIS FLUID C&QNCE

e Test 3 for foreseeable misuse

201.12.4.4.102 *DIALYSIS FLUID and S BSO emperature
of ¥h SIS FLUID and SUBSTITUTION FLUIDS shall

an audible and visual ALARM SIGNAL (see 208.6.3.1, 208.6.3.3.2,

208.6.3.3.104) The audible alarm may be delayed as specified in 208.6.3.3.101 b);

— stopping of the DiALYSIS FLUID flow to the DIALYSER and/or SUBSTITUTION FLUID flow to
the EXTRACORPOREAL CIRCUIT.
Compliance is checked by functional tests and by the following tests.

e Test 1 for DIALYSIS FLUID
— Set the unit under test to the highest DIALYSIS FLUID flow, if this setting is possible.
— Set the highest / lowest DIALYSIS FLUID temperature.
— Wait for stable temperatures at the DIALYSER inlet.

— Slowly increase / decrease the temperature of DIALYSIS FLUID until the PROTECTIVE
SYSTEM activates an ALARM SIGNAL.

— Measure the temperature continuously at the DIALYSER inlet and determine the
maximum / minimum value.

e Test 2 for SUBSTITUTION FLUID Documents
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— Set the unit under test to the highest SUBSTITUTION FLUID flow, if this setting is possible.
— Set the highest / lowest DIALYSIS FLUID / SUBSTITUTION FLUID temperature.
— Wait for stable temperatures at the inlet to the EXTRACORPOREAL CIRCUIT.

— Slowly increase / decrease the temperature of the DIALYSIS FLUID / SUBSTITUTION FLUID
until the PROTECTIVE SYSTEM activates an ALARM SIGNAL.

— Measure the temperature of the SUBSTITUTION FLUID continuously at the inlet to the
EXTRACORPOREAL CIRCUIT and determine the maximum / minimum value.

201.12.4.4.103 *NET FLUID REMOVAL

a) The HAEMODIALYSIS EQUIPMENT shall include a PROTECTIVE SYSTEM, independent of any
ULTRAFILTRATION control system, which prevents a variation in the NET FLCMID REMOVAL of
the HAEMODIALYSIS EQUIPMENT from the set value of the controlling\parameter that may
cause a HAZARD.

— activation of an audible and visual
208.6.3.3.101);

— prevention of the continuation of the fluid
b) ULTRAFILTRATION profiles and PHYS

In case of pre-programmed time derpendse i LTRAFILTRATION or in case of
feedback control of ULTRAFILTRAT/ON by itor measuring a physiologic relevant
parameter of the PATIENT, the H MENT shall include a PROTECTIVE
SYSTEM, independent em,\which prevents any unintentional changes in

3 hieve the following safe conditions:

— activatio ALARM SIGNAL (see 208.6.3.1, 208.6.3.3.2,
208.6.3.3} ;

— other measuse ' AMUFACTURER’S RISK MANAGEMENT PROCESS.

c) If the HAEMOD NT i equipped with a fluid bolus administration feature, the
HAEMODIAKYS ; shall include a PROTECTIVE SYSTEM, independent of the control
system i € luid bolus administration function to cause a HAZARD to the

— interruption of the fluid bolus administration.

Compliance is checked by functional tests and failure simulations, including the following
tests.
e Test for deviations of the NET FLUID REMOVAL rate

— Set the unit under test to the highest DIALYSIS FLUID flow.

— Set the highest SUBSTITUTION FLUID flow, if this is adjustable.

— Set the DIALYSIS FLUID temperature to 37 °C, if applicable.

— Set the highest and the lowest ULTRAFILTRATION flow rates (one at a time).

— Simulate a low and a high failure in each of the pump control systems (one at a time)
which influence the NET FLUID REMOVAL rate until the PROTECTIVE SYSTEM activates an
ALARM SIGNAL.

— Determine the volume difference in relation to the theoretical volume Documents
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201.12.4.4.104 Extracorporeal blood loss
201.12.4.4.104.1 Extracorporeal blood loss to the environment

*a) The HAEMODIALYSIS EQUIPMENT shall include a PROTECTIVE SYSTEM to protect the PATIENT
from extracorporeal blood loss to the environment that may cause a HAZARD.

NOTE 1 Today no system has been developed that can totally be relied upon to detect blood loss to the
environment. The following recommendation is the best known system to detect blood loss to the environment.

If a PROTECTIVE SYSTEM is utilizing measurement of the VENOUS PRESSURE, the OPERATOR
should have at least the possibility to adjust the lower ALARM LIMIT manually as closely as
possible to the current measurement value. The single needle treatment mode needs
additional measures.

b) The HAEMODIALYSIS EQUIPMENT shall include a PROTECTIVE SYSTEM tq| proteck the PATIENT

from extracorporeal blood loss to the environment caused by a rup paration in the
EXTRACORPOREAL CIRCUIT due to excessive pressure, unless thi§ is\ prevented herent
safe design.

NOTE 2 This is not related to separation of the PATIENT CONNECTION Qr acce related to the
potential pressure that can be generated by the pump which coul¢/cause tubiig

the EXTRACORPOREAL CIRCUIT.
*c) Operation of the PROTECTIVE SYSTEM shall achiev

— activation of an audible and visual 08.6.3.1, 208.6.3.3.2,

208.6.3.3.101);

from a BLOOD

LEAK Xhat may cause a HAZARD.
b) Operation of the PROTECTIVE SYSTEM shall achieve the following safe condition:

— activation of an audible and visual ALARM SIGNAL (see 208.6.3.1, 208.6.3.3.2,
208.6.3.3.101);

— prevention of further blood loss to the DIALYSIS FLUID.
Compliance is checked by functional tests and by the following test.

o Test for determining the ALARM LIMITS:

— Create maximum flow through the BLOOD LEAK detector (highest DIALYSIS FLUID flow,
highest ULTRAFILTRATION flow, if relevant also highest SUBSTITUTION FLUID flow).

— Add bovine blood (Hct 32%) to the DIALYSIS FLUID so that the flow through the BLOOD
LEAK detector represents the BLOOD LEAK ALARM LIMIT as specified by the
MANUFACTURER.

Documents
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201.12.4.4.104.3 * Extracorporeal blood loss due to coagulation

a) The HAEMODIALYSIS EQUIPMENT shall include a PROTECTIVE SYSTEM to protect the PATIENT
from blood loss due to coagulation as a consequence of the interruption of the blood flow
that may cause a HAZARD.

NOTE An acceptable method of complying with this requirement is, for example, a PROTECTIVE SYSTEM
operating if the blood pump(s) advertently or inadvertently stop(s) for a longer period of time.

b) Operation of the PROTECTIVE SYSTEM shall activate an audible and visual ALARM SIGNAL
(see 208.6.3.1, 208.6.3.3.2, 208.6.3.3.101).

c) Other effects which may result in a blood loss due to coagulation, e.g. stopping or missing
start of any anticoagulation pump, or excessive substitution flow in case of HDF with post-
dilution, shall be addressed in the MANUFACTURER’S RISK MANAGEMENT P

Compliance is checked by functional tests and failure simulation

201.12.4.4.105 * Air infusion

a) The HAEMODIALYSIS EQUIPMENT shall include a PROTECHVE the PATIENT

b) Operation of the PROTECTIVE SYSTEM~shall aghi i afe condition:

— activation of an audible and ee 208.6.3.1, 208.6.3.3.2,

208.6.3.3.101);

Compliance is checke
described below@

NOTE 3 Given numbg
MANAGEMENT.

a) at an ajr trap

b) directly at thebloodline (air bubbles are delivered in the fluid stream), where the air volume can be determined
by means of thelow velocity.

There are two different test procedures independent of the air monitoring methods in Note 4.

e Continuous air infusion:

— Set up the HAEMODIALYSIS EQUIPMENT with a standard capillary DIALYSER (e.q. surface area
between 1 m? and 1,5 m2), the recommended EXTRACORPOREAL CIRCUIT and cannulas (e.g.
16 gauge).

— Clamp or close the DIALYSIS FLUID lines after priming.

NOTE 5 This is a worst case condition. If degassed DIALYSIS FLUID is running, gas will be removed by the
DIALYSER.

— Operate the EXTRACORPOREAL CIRCUIT with heparinized blood with defined Hct (e.g. Hct
between 0,25 and 0,35, human blood, bovine blood, porcine blood) or an appropriate test
fluid.

NOTE 6 An appropriate test fluid has a viscosity of 3,5 mPa's at 37 °C and contains a surf i
spallation of gas bubbles. ﬁaéwents
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— Position a storage container for the test fluid at a level of e.g. 100 cm (+ 20 cm) from the
ground.

— Position a collection container for the test fluid at a level of e.g. 100 cm (£ 20 cm) from the
ground or recirculate the fluid into the storage container.

— Position at least one vertically positioned test tube with diameter of e.g. 8 mm and a
length of e.g. 2,0 m in line with a second tube with smaller diameter directly at the venous
PATIENT connector in the venous path between the PATIENT connector and collection
container (see as an example the set-up in Figure 201.101)

— Insert a cannula (e.g. 22 gauge ) into the arterial blood tubing in the section of negative
pressures close to the connection to the arterial (blood withdrawal) cannula and connect it
to a pump capable of controlling air injection under negative pressure condition.

NOTE 7 A possible method is the use of a small reversible peristaltic pump. This pump is inttally primed with

— Adjust the blood pump speed with a defined pre-pump negative pxessure petween
-200 mmHg and -250 mmHg).

— Inject air at slowly increasing rates specified by the MANUFA R until the air detector
alarms.

tube.

volume.
upwards throug
the DIALYSER,

o If RISK A@
adjust pump
EXTRACORPp
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Syringe pump 4 parallel test tubes
Qair = 0,2 ml/min-2,0 ml/min -i—\
1 — )
E—L5om )—— ) _+ PVC-tube

dinner = 4,3 mm

50ml
] dinner = 8,0 mm
I Length = 200 cm

Air infusion side -

Bovine blood

Heater with stirrer
and heat control,

Tolood = 37 °C \/ 6

IEC 378/12

Figure 201.101 — Continuous ai

e Bolus air infusion:

— Set up the HAEMOD,

between 1 and\{,
gauge).

DIALYSER.

— Opera RACQRPORFAL CIRCUIT with heparinized blood with defined Hct (e.g. Hct
bet ad 0,35, human blood, bovine blood, porcine blood) or an appropriate test
fluid

NOTE 10 An appropptate test fluid has a viscosity of 3,5 mPa-s at 37°C and contains a surfactant causing
spallation of gas bubbles.

— Position a storage container for the test fluid at a level of e.g. 100 cm (£ 20 cm) from the
ground.

— Position a collection container for the test fluid at a level of e.g.100 cm (+ 20 cm) from the
ground or recirculate the fluid into the storage container.

— Position a graduated measuring cylinder or the same test tubes as in the previous test
case such that any air that may be pumped through the return (venous) cannula is
collected.

— Insert a T-piece with luer-connectors between the blood tubing and the arterial (blood
withdrawal) cannula.

— Connect a piece of tubing (e.g. 5 cm long) with a luer connector to the T.
— Prime the EXTRACORPOREAL CIRCUIT and said piece of tubing. Clamp the piece of tubing.
— Adjust the blood pump speed with a defined pre-pump negative pressure (e.g. between
0 mmHg and -250 mmHg) and no pressure alarm arises with the opening of the
g 9 P pening of the ¥ Ruments
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— Open the clamp at the piece of tubing and wait until the air detector activates an ALARM
SIGNAL.

— Check the amount of air collected in the graduated measuring cylinder or in the test tube.
The amount shall be less than the specified bolus limit.

o [f the HAEMODIALYSIS EQUIPMENT allows the DIALYSER to be operated with blood flowing
upwards through the DIALYSER and, alternatively with blood flowing downwards through
the DIALYSER, separate tests shall be done with both flow directions.

e If RISK ANALYSIS reveals pathways for injecting air post blood pump (e.g., by a level
adjust pump) the test shall be repeated by pumping air at the maximum rate into the
EXTRACORPOREAL CIRCUIT at this point.

*201.12.4.4.106 Alarm override modes

a) All PROTECTIVE SYSTEMS shall be operational throughout treatment.

NOTE 1 For exceptions, see item b) below.

blood is returned to the PATIENT through the EXTRACORPOREAL CIRC
when the venous needle is disconnected.

c) During an ALARM CONDITION, temporary ove
PROTECTIVE SYSTEMS utilizing BLOOD

d) The override time shall not exceed
necessary to deactivate the BLOOD L

e) Operation of the override mode
SYSTEM is being overrid

ifem b) shall have no effect on any other

subsequent ALARM|MGOND TIONS ALARM CONDITIONS shall achieve the safe
condition specified| A re p ONDITION shall, after the elapsed override period
re-achieve t

NOTE 3 Within the meg i override is the means to allow the HAEMODIALYSIS EQUIPMENT to
function under ALAR RXTOR consciously selects to temporarily disable the PROTECTIVE
SYSTEM. A delayed ¢ { n override of the HAEMODIALYSIS EQUIPMENT if it does not cause a
HAZARD.

Compliangce Is » uspection of the ACCOMPANYING DOCUMENTS and by functional
tests.

201.12.4.4.10 PROTECTIVE SYSTEMS

A failure of the PROTECTIVE SYSTEMS required by 201.12.4.4 shall become obvious to the
OPERATOR within the following limits:

a) for all PROTECTIVE SYSTEMS except 201.12.4.4.105 (air infusion):

— at least once per day or, if this is not possible, as determined by the MANUFACTURER’S
RISK MANAGEMENT PROCESS;

NOTE Acceptable methods of complying with this requirement are for example:
. periodic functional check of the PROTECTIVE SYSTEMS initiated and controlled by the OPERATOR;

. periodic functional check of the PROTECTIVE SYSTEMS initiated by the OPERATOR and controlled by the
HAEMODIALYSIS EQUIPMENT;

. redundancy of the PROTECTIVE SYSTEMS with self-checking by the HAEMODIALYSIS EQUIPMENT;
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e periodic functional check of the PROTECTIVE SYSTEMS initiated by the HAEMODIALYSIS EQUIPMENT and
controlled by the HAEMODIALYSIS EQUIPMENT, if the control function of the PROTECTIVE SYSTEM is designed
such that it cannot fail simultaneously with the PROTECTIVE SYSTEM by a single failure.

b) for the PROTECTIVE SYSTEM required by 12.4.4.105 (air infusion):

— if an amount of air can be infused to the PATIENT which may cause a HAZARD as a result
of a first fault of the air detector, the maximum detection time for this fault is calculated
as the fault tolerance time:

e the volume of the EXTRACORPOREAL CIRCUIT between the air detector and the
venous cannula, divided by the highest blood flow;

— in all other cases a) applies.

Compliance is checked by functional tests and failure simulations.

201.12.4.4.108 Prevention of contamination by chemicals

8 in the

a) It shall not be possible to treat the PATIENT while the HAEMODIA
4 general

cleaning, sterilization or disinfection mode. Subclauses
standard apply.

b) Chemicals (e.g. water, DIALYSIS FLUID, disinfectant or<QIAL
CONDITION.

Compliance is checked by functional tests and fs

The applicable HAZARD
the MANUFACTURER’S R

as well as techn@a'

Compliance is checké

erial bloodline) have to be determined by
uman errors have to be taken into account

201.12.4.4.111 ONLINE HDF and ONLINE HF

If the HAEMODIALYSIS EQUIPMENT is intended for ONLINE HAEMOFILTRATION (ONLINE HF) or ONLINE
HAEMODIAFILTRATION (ONLINE HDF), the MANUFACTURER shall ensure that the HAEMODIALYSIS
EQUIPMENT shall be capable of producing SUBSTITUTION FLUID that complies with the
requirements (e.g. microbiological) for a solution intended for large-volume intravenous
applications when the MANUFACTURER’S instructions are followed. This requirement shall also
be complied with under SINGLE FAULT CONDITION.

Compliance is checked by inspection and by functional tests.

201.13 HAZARDOUS SITUATIONS and fault conditions

Clause 13 of the general standard applies, except as follows:
Documents
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201.13.2.6 * Leakage of liquid
Addition:

The liquid-carrying parts of the HAEMODIALYSIS EQUIPMENT shall be so shielded against the
electrical parts that liquid which may leak under normal working pressure does not lead to the
PATIENT being exposed to HAZARDS, for example due to short-circuiting of CREEPAGE
DISTANCES.

Compliance is checked by the following test:

to seals and to
ichever is least

a) by means of a pipette, drops of potable water are applied to coupling
tubings which might rupture, moving parts being in operation or at res
favourable;

and in case of doubt in test a):

After these procedures, the HAEMODIALYSIS EQ y sbhow ™o signs of wetting of
uninsulated electrical parts or of electrical insulati jable to be adversely affected
by potable water or the selected liquiq. hNeMODIALYSIS EQUIPMENT shall
be subjected to the dielectric strength test speck ] of the general standard

The determination of other HAZARDS i inspection of the HAEMODIALYSIS
EQUIPMENT.

201.14 PROGRAMMZ

Clause 14 of thee

201.14.13 *Co g ! NETWORK/DATA COUPLING to other equipment

Addition:

Data tran Q WORK/DATA COUPLING and HAEMODIALYSIS EQUIPMENT shall not cause
a HAZARD to™th :

201.15 Construction of ME EQUIPMENT
Clause 15 of the general standard applies, except as follows:

201.15.4.1 Construction of connectors

Addition:

201.15.4.1.101 * Dialysis fluid CONCENTRATE connectors

The various DIALYSIS FLUID CONCENTRATE supply containers and cleaning solutions should be
differentiated by mechanical connections to the DIALYSIS FLUID CONCENTRATE connectors of the
HAEMODIALYSIS EQUIPMENT or be permanently colour marked. (See ISO 13958).
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The HAEMODIALYSIS EQUIPMENT shall additionally prevent a mixing of the various DIALYSIS FLUID
CONCENTRATES and cleaning solutions which may cause a HAZARD for the PATIENT, by

mechanical differentiation of the connectors or by colour coding of the connectors.

NOTE 1 The use of various DIALYSIS FLUID CONCENTRATES presents a problem in that connection of the wrong
DIALYSIS FLUID CONCENTRATE may cause a HAZARD to the PATIENT. The design of connectors and colour coding were
recognized as methods to minimize this RISK. There is always the possibility that the OPERATOR will cause a
HAZARD by not following the MANUFACTURER'’s instructions for use.

The MANUFACTURER should make every effort to minimize the possible mix-up in the
connection of DIALYSIS FLUID CONCENTRATES.

The following colours shall be used for DIALYSIS FLUID CONCENTRATE connec

— connector for acetate shall be white;
— connector for acidic component in bicarbonate dialysis shall be
— connector for bicarbonate component in bicarbonate dialysis

— for common usage of one connector for different DIALYSI ES, on the
HAEMODIALYSIS EQUIPMENT the respective coloured gfarki S s affixed on that
connector. For example, a common connector fo idj
CONCENTRATE shall be marked white/red.

Compliance is checked by inspection.

CONCENTRATE containers.

Any potential HAZARDS S as air infusion, cross contamination and blood
loss, shall be ta @ i FACTURER’S RISK MANAGEMENT PROCESS.
Compliance is checks cti sts and inspection of the RISK MANAGEMENT FILE.

201.16
Clause 18-

201.16.1 General rgquirements for the ME SYTEMS

Addition:

ME SYSTEMS have not yet been examined comprehensively with regard to the whole field of
dialysis in this particular standard. Application of RISK MANAGEMENT with consideration of ME
SYSTEMS is therefore also recommended for MANUFACTURERS of HAEMODIALYSIS EQUIPMENT,
since definite identification of a particular MANUFACTURER of the complete ME SYSTEM is often
not possible in a dialysis clinic. (See IEC 60601-1, Annex A, Clause A.4, Subclauses 4.2 and
16.1.)

201.16.2 ACCOMPANYING DOCUMENTS of an ME SYSTEM
d) advice to the RESPONSIBLE ORGANIZATION
Addition:
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— a listing of RISKs and measures in case of a connection of HAEMODIALYSIS EQUIPMENT to
CENTRAL DELIVERY SYSTEMS or other fluid-carrying central systems (increased LEAKAGE
CURRENTS).

Compliance is checked by inspection of the ACCOMPANYING DOCUMENTS.

201.16.6.3 PATIENT LEAKAGE CURRENT

Addition:

NOTE Possible methods for reducing PATIENT LEAKAGE CURRENTS are the utilization of conductive rings in central
water supply systems or ensuring that all connection points of the dialysis unit have the same potential and are
PROTECTIVELY EARTHED (see ISO 11197).

201.16.9.1 * Connection terminals and connectors

Addition:

201.17 Electromagnetic compatib IPMENT and ME SYSTEMS

202 Electromag equirements and tests

IEC 60601-1-2:20

202.3.18
LIFE-SUPPORTI

Addition:

injury or death of a RATIEN

208 General requirements, tests and guidance for alarm systems in medical
electrical equipment and medical electrical systems

IEC 60601-1-8:2006 applies except as follows:

208.4 *General requirements

Addition:

If the INTENDED USE of the HEMODIALYSIS EQUIPMENT includes the intensive care or surgery
environment, it is acceptable to implement additional ALARM SYSTEMS deviating from
IEC 60601-1-8:2006 in the following subclauses:

e 6.1.2 ALARM CONDITION priority;
e 6.3.2.2 Characteristics of visual ALARM SIGNALS; Documents

Document Sharing Hub

Full document details: IEC 60601-2-16 2012


http://avadocuments2026.com/doc/iec-60601-2-16-2012
http://avadocuments2026.com/doc/iec-60601-2-16-2012

- 34 - 60601-2-16 © IEC:2012

e 6.3.3.1 Characteristics of auditory ALARM SIGNALS.
If additional ALARM SYSTEMS deviating from IEC 60601-1-8:2006 are implemented,

a) the ALARM SYSTEM according to IEC 60601-1-8:2006 shall be the factory default;
b) only the RESPONSIBLE ORGANIZATION shall be able to change the ALARM SYSTEM.

Compliance is checked by functional tests

NOTE 1 Table AA.1 of Annex AA shows possible ALARM CONDITION priorities according to IEC 60601-1-8:2006
6.1.2 adapted for HAEMODIALYSIS EQUIPMENT needs.

If the INTENDED USE of the HEMODIALYSIS EQUIPMENT does not include the intensive care or

surgery environment, the following clauses of IEC 60601-1-8:2006 are

e 6.1.2 ALARM CONDITION priority;
e 6.3.2.2 Characteristics of visual ALARM SIGNALS;
e 6.3.3.1 Characteristics of auditory ALARM SIGNALS.

NOTE 2 7.8.1 Colours of indicator lights of the general standard a
OPERATOR can have other than PATIENT centric causes.

pthe response of the

208.5.2.1 Instructions for use

Addition:

208.6.3.1 *General
Addition:

Unless otherwise spe articular standard, ALARM SIGNALS shall be activated both
visually and audibly i shall remain activated for the entire duration of the
ALARM CONDIT, is allowed to pause the audible alarm for the amount of time

Compliance_is shgcked by functional tests.

208.6.3.3.2 e’ of auditory ALARM SIGNALS and INFORMATION SIGNALS

Addition:

In the initial setting by the MANUFACTURER the HAEMODIALYSIS EQUIPMENT shall generate a
sound pressure level of at least 65 dB(A) at a distance of 1 m.

Compliance is checked by measuring the A-rated sound pressure level with instruments
meeting the requirements for measuring instruments of Class 1 according to IEC 61672-1 and
free field conditions as specified in ISO 3744.

208.6.3.3.101 *Special characteristics of auditory ALARM SIGNALS for HAEMODIALYSIS
EQUIPMENT

Audible ALARM SIGNALS shall meet the following requirements:

a) If the HAEMODIALYSIS EQUIPMENT enables the OPERATOR to set the audible alarm volume to

lower values, a minimum value shall be defined. This minimum value may only bﬁﬁwﬁjents
by the RESPONSIBLE ORGANIZATION. If the RESPONSIBLE ORGANIZATIOI £an
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audible alarm volume to zero, there shall be an alternative means to notify the OPERATOR
under SINGLE FAULT CONDITION.

b) If itis possible to pause the audible ALARM SIGNAL, the alarm AUDIO PAUSED period shall not
exceed 3 min.

Exception: for ALARM SIGNALS as described in 201.12.4.4.101 (DIALYSIS FLUID composition)
or 201.12.4.4.102 (DIALYSIS FLUID and SUBSTITUTION FLUID temperature) the alarm AuUDIO
PAUSED period shall not exceed 10 min.

c) If during an alarm AUDIO PAUSED period another alarm occurs requiring the immediate
response by the OPERATOR to prevent any HAZARD, then the AUDIO PAUSED period shall be
interrupted.

Compliance is checked by functional tests.

210 Process requirements for the development of PHYSIOL® LQSED<LOOP
CONTROLLERS

IEC 60601-1-10:2007 applies except as follows:
Annex A — General guidance and rationale

A.2 Rationale for particular clauses and subg

Addition
Physiological parameter mperature, blood pressure, pulse and
haematocrit. The contngller th contro c cuit cgmpares the physiological parameter with a

reference value and, us ing =€, varies a control signal that takes effect on
the variable qua@s ~ ON flow conductivity and temperature.

Addition:

Besides the PERMANENTLY INSTALLED connection to SUPPLY MAINS, other means of preventing
connection to a non-grounded outlet can be used, such as a unique MAINS PLUG connector that
is normally not used in the HOME HEALTHCARE ENVIRONMENT.

Annexes

The annexes of the general standard apply, except as follows:
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Annex G
(normative)

Protection against HAZARDS of ignition
of flammable anaesthetic mixtures

Annex G of the general standard does not apply.

@%
S
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Annex AA
(informative)

Particular guidance and rationale

AA.1 General guidance

Clause A.1 of the general standard applies.

AA.2 Rationale for particular clauses and subclauses

The following are rationales for specific clauses and subclauses j
with clause and subclause numbers parallel to those in the body

Subclause 201.3.8 APPLIED PART

PATIENT LEAKAGE CURRENTS.

Subclause 201.3.202 BLOOD LEAK

Kl YSIS FLUID. HAEMODIALYSIS EQUIPMENT with preparation of DIALYSIS
FLUID usually reguiresa water treatment system (RO system) and may also be connected to a
CENTRAL DELIVERY SYSTEM.

The HDF HAEMODIALYSIS EQUIPMENT can also be used for performing the HD or HF treatment
procedures. The treatment procedure is then defined by the accessories and the setting
parameters.

Subclause 201.3.213 and 201.3.214 ONLINE HDF and ONLINE HF

According to the state of art, the SUBSTITUTION FLUID is produced from the DIALYSIS FLUID
produced by the HAEMODIALYSIS EQUIPMENT. The process comprises microbiological filtering
and delivery into the EXTRACORPOREAL CIRCUIT.

Subclause 201.3.215 PROTECTIVE SYSTEM

See: POLASCHEGG HD, LEVIN N. Hemodialysis machines and monitors. Winchester J, Koch
R, Lindsay R, Ronco C, Horl W, editors. Replacement of Renal Function by Wuments
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Edition. Kluwer Academic Publishers, 2004: pp.323 — 447 (page 342). The authors point out
that HAEMODIALYSIS EQUIPMENT comprises redundancy or PROTECTIVE SYSTEMS in addition to
control systems. A HAZARD to the PATIENT is only possible if the control system and the
PROTECTIVE SYSTEM both fail. The likelihood for failure for any of these systems is less than
10-4/ treatment resulting in a combined likelihood of less than 10-8 per treatment (4 h to 6 h).
This observation was made by the first author in the mid-1980s based on quality feedback
data from ~ 3 000 HAEMODIALYSIS EQUIPMENTS and is corroborated by the low number of
serious accidents caused by HAEMODIALYSIS EQUIPMENT malfunction in the US where accident
reports are published by the FDA.

Subclause 201.3.218 ULTRAFILTRATION

In HF or HDF treatment, ULTRAFILTRATION should not be confused with eduction in the
PATIENT's weight (NET FLUID REMOVAL), because in this procedure, the vofsuyme _equiyalent to the
SUBSTITUTION FLUID flow also flows across the DIALYSER membrane.

Subclause 201.4.3 ESSENTIAL PERFORMANCE

The following general philosophy for the definition _of edures for ESSENTIAL

PERFORMANCE items was applied.

When defining the test procedures, it
for HAEMODIALYSIS EQUIPMENT should
laboratories, for example:

Mittee that a safety standard
common knowledge in test

— selection of a suitable method of
by volume and time);

effectiveness ~\ he \proCedure should be included; on the other hand, definition of more
parameters than™recessary should be avoided, because the ESSENTIAL PERFORMANCE has to
be complied with evén under the irradiation conditions of the ELECTROMAGNETIC COMPATIBILITY
- EMC immunity test. The observation and documentation of a great number of ESSENTIAL
PERFORMANCE features would cause impractically high time and cost expenditures during the
EMC test. The list of ESSENTIAL PERFORMANCE features defined here is a compromise between
these two contrary aspects. (See IEC 60601-1-2.)

Since a standard cannot describe all possible special procedures modifying or expanding the
classical dialysis procedure, this clause involves merely a standard HAEMODIALYSIS
EQUIPMENT. If special procedures require further parameters for therapeutic effectiveness or if
parameters that are defined as ESSENTIAL PERFORMANCE in this standard are not required, the
list of ESSENTIAL PERFORMANCE features should be adjusted to the HAEMODIALYSIS EQUIPMENT
concerned by the MANUFACTURER. The MANUFACTURER should list ESSENTIAL PERFORMANCES
and appropriate rationales.

Comment to Note: If peristaltic pumps are used, the blood flow may considerably decrease in
case of high negative pressures on the suction side.
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Subclause 201.4.3.107 DIALYSIS FLUID composition

Due to the complexity of determining the DIALYSIS FLUID composition, a simple solution
practical for all kind of HAEMODIALYSIS EQUIPMENT was not found to date. Ideas for determining
the DIALYSIS FLUID composition are:

— measurement by ion sensitive electrodes. However, the standard laboratory methods used
for blood analysis are not accurate enough for measurement of absolute values in DIALYSIS
FLUID;

— measurement of the dilution by adding a dye to the DIALYSIS FLUID CONCENTRATE. The
adsorption is measured before and after mixing;

— theoretical calculation of conductivity, based on the known compositi of the DIALYSIS
FLUID CONCENTRATE. Create a systematic matrix of settings, e.g.:

o highest sodium with lowest bicarbonate;

e lowest sodium with highest bicarbonate;
e highest sodium with highest bicarbonate;
¢ lowest sodium with lowest bicarbonate;

— compare measured and theoretical values or the retati
elements of the matrix;

ALYSIS FLUID to the blood. DIALYSIS FLUID does
. In case of bacterial contamination the DIALYSIS

sompetient causing pyrogenic reactions has a molecular weight
Nl readily diffuse even through low flux membranes. Other

under unfavourahle conditions. Considering that bacterial and endotoxin contamination is
scaled by orders of“magnitudes, a factor of 2 is not relevant. ,Avoiding“ backfiltration by
increasing TMP or ULTRAFILTRATION cannot be regarded as a sufficient measure to prevent
backtransport. It is therefore necessary to avoid contamination of DIALYSIS FLUID by bacteria
by appropriate means.

The effect of backfiltration through structural leaks in the DIALYSER is usually limited to the
amount not detected by the BLOOD LEAK detector. Because of the pulsating flow produced by a
peristaltic blood pump, back and forward ULTRAFILTRATION will alternate in the DIALYSER.
During the backfiltration phase, bacteria may enter into the blood stream undetected.
Assuming that the back flow is 1 mlI/min (three times larger than the typical sensitivity of a
BLOOD LEAK detector) the hypothetical contamination of blood is 100 cFu/min — 200 cFu/min, if
water for dialysis or DIALYSIS FLUID is according to EuPharm or AAMI guidelines respectively.
It is extremely unlikely that a small leak below the detection limit of the BLOOD LEAK detector
persists in a DIALYSER. Usually small leaks close by clotting within a few minutes.
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Subclause 201.7.9.2.2 Warnings and safety notices (9" dash)

Haemolysis may be caused by excessive shear which is the result of high blood flow through
a narrow passage, especially when flow becomes turbulent. Static pressure (=600 mmHg to
+1000 mmHg) does not cause haemolysis. Elevated pressures measured in the
EXTRACORPOREAL CIRCUIT indicate increased flow resistance which may cause subclinical
haemolysis. Acute haemolysis has been reported to be caused by obstructions in the blood
tubing system downstream of the blood pump but upstream of the pressure monitor. Such
obstructions are not detected by the VENOUS PRESSURE monitor. For a review of accident
reports see:

POLASCHEGG, HD, LEVIN, N. Hemodialysis machines and monitors. Win
R., Lindsay, R., Ronco, C., Horl, W., editors. Replacement of Renal Fune

chester, J., Koch,
K Dialysis, 5th

— the required /jniMm
EQUIPMENT).

Subclause 201.7.9

— DIALYSIS FLMD flo
— blood flow: 300
— ULTRAFILTRATION flow: 0,5 I/h;

. 500 ml/min;

1l/min;

— DIALYSIS FLUID temperature: 37 °C;
— chemical and/or heat disinfection according to the MANUFACTURER’S specification.

Subclause 201.7.9.3.1 General (5" dash)

Where systems with anticoagulant solution-delivering equipment are concerned, it should be
considered that the following HAZARDS may occur, if a system / PROTECTIVE SYSTEM fails:

— fluid flow from the EXTRACORPOREAL CIRCUIT via the arterial PATIENT CONNECTION with the
blood delivery equipment not running;
— HAZARD caused by improperly dosing the anticoagulant solution;

— air infusion via the arterial PATIENT CONNECTION, because the anticoagulant pump doses
upstream of the blood pump (wrong delivery rate or delivery while the blood i
e, Dycuifients
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