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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO 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
limison- with SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization. :

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn fo the possibility that some of the elements of this part of ISO 14708 may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. -

International Standard 1ISO 14708-X was prepared by Technical Comm|ttee 1ISO/T C 150, Implants for surgery,
Subcommnttee SC 86, Act/ve implants.

|SO 14708 conSIstS of the following parts, under the generai title Implants for surgery — Active lmplantable medical
devices:

— Part 1: General requirements for safety, marking and for information to be provided by the manufacturer

-— Part X: Circulatory support devices

© 1SO 2001 - All rights reserved v
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Introduction

Heart failure is a major public health problem. According to recent statistics from the American Heart Association,
about 5 million Americans have heart failure, and in 2001, over 52,800 Americans died of this disease. The number
of new cases is around 400,000 per year (Schocken, 1992). Further, heart failure is implicated as a contributing
factor in more than 250,000 deaths each annum (Yusuf, 1992). Overall heart failure hospital admissions have
increased tenfold since 1970 (Lorell, 1994). Particularly at risk for heart failure are the elderly (= 60 years), who
account for 70% of heart failure patients (Haldeman, et al, 1998), and for whom congestive heart failure is the
leading cause of hospitalization. While the prevalence of heart failure increases with age, almost one third of
patients — 1.6 million: Americans - contract the disease before the age of 60. The economic costs are enormous,
$21.0 billion is the estimated United States cost for treating this condition (AHA, 1999).

Despite recent developments of pharmacologic agents developed specifically to treat-advancing heart failure, the 1-
year actuarial survival rate for.class IV heart failure patients is only 40_50 percent (Mancini,-1994), and about 25
percent at two years. For the vast majority of these patients, cardiac replacement therapy in the form of cardiac
transplantation is the only viable treatment option.  According to recent statistics provided by the United Network for
Organ Sharing (UNOS), cardiac transplant patients have an in-hospital mortality of <5 %, a 1-year actuarial survival
rate approaching 85%, and 5-year survival rates >70%. Yet the success of cardiac transplantation remains limited
by the complications of chronic immunosuppressive. therapy, the development- of accelerated  allograft
atherosclerosis, and most importantly by the continuing serious shortage of donor organs. There remains an
enormous difference between the number of Americans annually who might benefit from cardiac transplantation
(~15,000 — 70,000) versus those who actually receive fransplants (2427 in 1997, UNOS). And, since the number of
cardiac transplants is not expected to increase appreciably in the foreseeable future, there is considerable interest
in developing new therapies for patients suffering from end-stage heart failure.

The Institute of Medicine evaluated the Artificial Heart Program of the National Heart, Lung, and Blood Institute in
1991 (Hogness, 1991). The panel concluded that by the year 2010, there could be an annual pool of 35,000 to
70,000 candidates for mechanical circulatory support or some other form of treatment. Surgical procedures such
as left ventriculectomy and cardiomyoplasty have not led to clinical benefit in the majority of patients.
Xenotransplantation using non-human hearts is under active investigation. Areas of concern include immunological
response of the host, inadequate performance of the non-human heart, and the possibility of transferring infectious
organisms to the host. These agents sometimes have long incubation periods (10-20 years) as seen with HIV-AIDS.
An additional patient group with acutely failing hearts numbering in the tens to one hundred thousand annually may
also benefit from artificial heart therapy.

vi © 1SO 2001 - All rights reserved
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Active implantable medical devices — Circulatory support devices

1 Scope

This part of ISO 14708 specifies requirements for safety and performance of active implantable circulatory support
devices. Excluded from thls scope are intra-aortic balloon pumps, external corporeal perfusion devices and
cardiomyplasty.

This standard specifies type tests, animal studies and clinical evaluation requirements that are to be carried out to
show compliance with this standard.

NOTE The device that is commonly referred to as an active implantable medical device may in fact be a single device, a
combination of devices, or a combination of a device or devices and one or more accessories. Not all of these parts are
required to be either partially or totally implantable, but there is a need to specify main requirements of non-implantable parts
and accessories if they could affect the safety or performance of the implantable device.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 14708. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this part of ISO 14708 are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For

undated references, the latest edition of the normative document referred to applles Members of ISO and IEC

maintain registers of currently valid International Standards.
ASTM F1841-97

IEC 60300-3-2, Dependability'mahagement — Part 3-2: Application guide — Collection of dependability data from
the field

IEC 60601-1, Medical electrical equipment — Part 1: General requirements for safety and essential performance

IEC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for safety — Collateral standard:
Electromagnetic compatibility — Requirements and fests

IEC 60601-1-8, Medical electrical equipment — Part 1-6: General requirements for safety — Collateral standard:
Usability

IEC 60601-1-8, Medical electrical equipment — Part 1-8: General requ:rements for safety — Collateral standard:
Alarms

IEC/TR 60878, Graphical symbols for electrical equipment in medical practice

JEC 62304, Medical device software — Software life-cycle processes

I1SO 5198, Centrifugal, mixed flow and axial flow pumps — Code for hydraulic performance tests — Precision grade
ISO 584Q, Cardiovascular implants — Cardiac valve prostheses

ISO 7198, Cardiovascular implants —Tubular vasculaf prostheses

ISO 10993-‘1, Biological evaluation of medical devices — Part 1: Evaluation and testing

ISO 10993-4, Biological evaluation of medical devices — Part 4: Selection of tests for interactions with blood

® 1SO 2001 — All rights reserved 1
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ISO 13485, Medical devices — Quality management systems — Requirements for regulatory purposes
ISO 14155-1, Clinical investigation of medical devices for human subjects — Part 1: General requirements
ISO 14155-2, Clinical investigation of medical devices for human subjects — Part 2: Clinical investigation plans

ISO 14708-1, Implants for surgery — Active Implantable medical devices — Part 1: General requirements for safety,
marking and for information to be provided by the manufacturer

180 14971, Medical Devices — Application of risk Management to medical devices

3 Terms and definitions

For the purposes of this standard, the terms and definitions given in ISO 14708-1 and the following apply.

3.1

accessory device

separate part of a circulatory support system that is not essential to the primary function of the circulatory support
system. Examples wouid be programming units, monitoring units, alternative power supply units, etc.

3.2
artificial/prosthetic valve
component of the circulatory support system that directs the unidirectional flow of the blood into and out of the

pump.

3.3 »
atrial cuff
[NOTE: Definition will be drafted by Prof. Imachi.]

3.4
cavitation
the sudden formation and collapse of low pressure bubbles in the blood by means of mechamcal forces.

3.5
clinical study
evaluation of a device in humans.

3.6

clinical utility

figure of merit for a medical device that includes consideration of all factors which leads to the decision of a medical
practitioner to select the device. The factors would include safety, effectiveness, performance, ease of use, cost
effectiveness, and other practical considerations.

NOTE Clinical Utility is defined in the working draft of IEC 60601-1-2. It is only relevant with respect to interference and degradation of
performance.

3.7
conduit
component of the circulatory support system that connects the pump to the patient’s circulation.

NOTE Conduit(s) is generally used interchangeably with cannula(e). The specific definition for cannula(e) is: Connection to/from the
patient's circulation and the device. -

3.8
continuous flow
characteristic of the output of a pump where the steady flow component is predominant.

2 © IS0 2001 — All rights reserved
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3.9

controller

component of the circulatory support system containing the logic, circuitry and/or software to control the driving
mechanism that enables the system to perform its primary function.

3.10

diastolic pressure

arithmetic average of diastolic blood pressure (when the left venfricle is not contracting), over a sufficient number of
cycles to filter out cyclic variation, of the minimum aortic pressures in a pulsatile pressure waveform.

3.11

volume displacement pump

pump that imparts its pumping action by changing the volume of the pumping chamber, e.g. by displacement of a
diaphragm or pusher plate.

3.12

dP/dt

time derivative of pressure giving the rate of change of pressure with respect to time.. dP/dt has the units of
millimeters of mercury per second, mmHg/sec (kiloPascal per second [kPa/sec]-in SI units).

3.13

dQ/dt

the time derivative of flow giving the rate of change of flow with respect to time. dQ/dt has units of liters per minute
per second.

3.14

drive line

tube that connects a driver or energy source to the pump (e.g., the tube that connects a pneumatic console to a
pneumatically driven pump).

3.15

durability

ability of an item to perform a required function under given conditions of use and maintenance, untll a hmltlng state
is reached.

NOTE A limiting state of an item should be characterized by the end of the useful life, unsu«tabrhty for any economic or technolog(cal
reasons, or other relevant factors.

3.16

dynamic stroke volume

performance measure for a circulatory support system indicating the volume pumped into the host circulatory
system per beat by a pump with pulsatile flow. The dynamic stroke velume has the units of milliliters.

347
extracorporeal component
component or subsystem of the circulatory support system that is kept external to the patient (outside of the body).

3.18
failure
termination of the ability of an item to perform a required function.

NOTES
1 After failure the item has a fauit.
2 “Failure” is an event, as distinguished from "fault”, which is a state.

3 This concept as defined does not apply to items consisting of software only.
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3.19

fault

state of an item characterized by inability to perform a required function, excluding the inability during preventive
maintenance or other planned actions, or due to lack of external resources.

NOTE A fault is often the result of a failure of the item itself, but may exist without prior failure.

3.20
filling pressure
arithmetic average pressure required during filling of a pump.

3.21
fully implantable
implanted circulatory support system wnth no skin penetratlons (i.e. percutaneous lead).

3.22
‘hazard analysis
identification of hazards and their initiating causes.

3.23
H-Q
pressure head (H) versus flow (Q) relationship, typically for a steady flow pump at a specific cycle.

3.24

in vitro simulated c:rculatlon

also known as a mock loop (a fixture that is used in laboratory testing to simulate human circulation for testing the
performance of a circulatory support system)

3.25

labeling (marking)

any written, printed, or graphical matter affixed to a medical device or any of its containers or wrappers, or
accompanying the medical device related to identification, technical descnptlon and use, but excluding shipping
documents.

3.26

monitor

component of the curculatory support system that allows data pertaining to the operation of the system to be
dlsplayed

3.27
peak flow
maximum flow rate during ejection of blood from a pump into the host circulatory system.

3.28

percutaneous lead

a lead (electrical or otherwise) that crosses the patient's skin to connect implantable parts of a circulatory support
system to extracorporeal parts of the system.

3.29
power supply
source of energy.

3.30

pulsatile flow
characteristic of the output of a pump where the flow is time-dependent (flow varies with time during one beat).
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3.31
pump ejection
term used to describe the ejection phase of a pump with pulsatile flow.

NOTE Systole is used to describe only the pumping phase of the host's native ventricle(s).

3.32
pump fill
term used to describe the filling phase of a pump with pulsatile flow.

NOTE Diastole is used to describe only the filling phase of the host's native ventricle(s).

3.33

pump output

performance measure for a circulatory support system indicating the volume of blood pumped into the host
circulatory system per minute. The pump output has the units of liters per minute or its equivalent in other units.

3.34

pump/pulse rate

performance measure for a circulatory support system indicating the number of complete pump cycles per minute.
The pump rate has the units of beats per minute. Pump rate is not relevant to non-pulsatile pumps.

3.35
pump volume
volumetric capacity of the pump. The pump volume has the units of milliliters.

3.36

reliability

probability that an item can perform a required function under given conditions for a given time interval (11, t2).
NOTES ) . ‘

1 It is generally assumed that the item is in a state to perform this required function at the beginning of the time interval.

2 The term “reliability” is also used to denote the reliability performance quantified by this probabllity [see 191-02-06 of IEC 50(191)

definition of reliability (performance)].

3.37
remote access device
component of the circulatory support system that allows modification to the controlier of the operation of the system.

3.38
risk
combination of the probability of occurrence of harm and the severity of that harm.

[ISO/IEC Guide 51:1999, definition 3.2]
3.39

risk analysis
systematic use of available information to identify hazards and to estimate the risks.

[ISO/IEC Guide 51:1999, definition 3.10]
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rotary pump
pump that imparts its pumping action by hydrodynamic forces, imparted by a rotating impeller.

3.41

safe and effective

reasonable assurance that a device will not induce harm to the recipient and that it will provide clinical benefit for
the, recipient for its conditions of use (Code of Federal Regulation title 21 part 860 section 860.7 Determination of
safety and effectiveness). :

3.42
safety
freedom from unacceptable risk.

[ISONEC Guide 51:1999, definition 3.1)

3.43

safety hazard ’

potentially detrimental effect on the patient, other persons, animals, or the surroundings, arising directly from the
circulatory support system.

3.44
sales packaging
packaging that protects and identifies the device during storage and handling by the purchaser.

NOTE The sales packaging should be enclosed in further packaging, for example, a "shipping package®, for delivery.

3.45
S/D (systolic/diastolic) ratio
the ratio between the fill time period and the eject time period of the blood pump cycle.

3.46
stroke volume
the amount of blood pumped by the ventricle of the heart in one contraction.

3.47

systolic pressure

arithmetic average, over a sufficient number of cycles to filter out cyclic variation, of the peak aortic pressures in a
pulsatile pressure waveform.

3.48
TETS
[NOTE: Definition wili be drafted by Prof. Imachi.}

3.49
total artificial heart
circulatory support system that replaces a patient's native heart.

3.50
ventricular assist system/device (VAS/VAD)
circulatory support system that augments the function of either one or both ventrlcles of the native heart of a patient

by capturing blood from the atrium{a) or ventricle(s) and providing work to pump blood into the pulmonary and/or
systemic circulation.

4 Symbols and abbreviations (optional)

This clause of ISO 14708-1 applies.
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