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2. 1SO(International Organization for Standardization) DEjFE]
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ISO/DIS 14708-5 ISO TC 150/SC 6/WG 6 Date: 2007-12-10

Implants for surgery — Active implantable medical devices — Part 5: Circulatory support devices

6 Requirements for particular active implantable medical devices

6.1 Intended clinical use/indications

6.2 System description
6.2.1 Principle of operation
6.2.2 Design consideration
6.2.3 System configuration
6.2.4 System performance and operating limits

6.3 Design analysis

6.4 Risk analysis (see ISO 14971)
6.5 Human factors

6.6 In Vitro design evaluation and system performance testing
6.6.1 Objective
6.6.2 Initial design evaluation of the pump system
6.6.2.1 Pump performance test
6.6.2.2 Fluid dynamic analysis
6.6.2.3 Vibration measurement
6.6.2.4 Cavitation observation
6.6.3 System characterization
6.6.3.1 Test set-up
6.6.3.2 Test articles
6.6.3.2.1 Substitution of device components
6.6.3.3 Test equipment
6.6.3.3.1 Mock circulatory loop
6.6.3.3.1.1 Physiologic limits
6.6.3.3.2 Blood analog fluid
6.6.3.3.3 Test measurement equipment
6.6.3.3.3.1 Transducers
6.6.3.3.3.2 Use of the device system as test measurement equipment
6.6.3.3.3.3 Data handling
6.6.3.4 Test condition
6.6.3.5 Parameters to be measured
6.6.3.6 Data analysis
6.6.3.7 “Worst case” operating conditions



6.6.4 System component testing
6.6.4.1 Control and drive units
6.6.4.1.1 External units
6.6.4.1.2 Implantable controllers and drivers
6.6.4.2 Programming and monitoring units
6.6.4.4 Batteries
6.6.4.5 Connections and connectors
6.6.4.5.1 Electrical connection
6.6.4.5.2 Pneumatic/gas lines
6.6.4.5.3 Vascular grafts, cannulae, blood conduits, atrial and apical cuff s
6.6.4.6 Artificial/prosthetic valves
6.6.4.7 Transcutaneous energy transmission systems

6.7 Electromagnetic compatibility
6.8 Materials qualification

6.9 Biocompatibility

6.10 Environmental testing

6.11 In vivo evaluation
6.11.1 Objective
6.11.1.1 Safety
6.11.1.2 Performance
6.11.2 Definition of success or failure
6.11.3 Test articles
6.11.4 Test system
6.11.4.1 Test animals
6.11.4.1.1 Choice of animal model
6.11.4.1.2 Sample size and implant duration
6.11.4.2 Control
6.11.5 Test equipment
6.11.6 Preoperative animal care
6.11.7 Implant procedure
6.11.8 Special instructions for early termination
6.11.9 Post operative care
6.11.10 Anticoagulation
6.11.11 Adverse events
6.11.12 System performance
6.11.13 Measurement of physiologic parameters
6.11.14 Blood measurements
6.11.14.1 Timing
6.11.14.2 Blood parameters
6.11.15 Necropsy and device retrieval
6.11.16 Macroscopic examination
6.11.17 Histological examination
6.11.18 Explanted device analysis
6.11.19 Data analysis

6.12 Reliability .
a) Integrated system in a test
b) Components
c) Sterilization
d) Physiological environment
e) Reliability specifications
f) Number of systems
g) Risk analyses



h) Definitions of failure events

i) Cases of incipient failure

j) Test parameters

k) Failure analyses

) Failure classification

m) Test documentation

n) Parallel life test

o) Design changes

p) Wear-out failures

q) Main power supply or batteries
r) Test conditions

s) Cycling of VAD operating conditions

= = ==

6.13 Clinical evaluation

Annex A (informative) Rationale

Annex B (informative) in Vitro Test
B.1 Flow visualization
B.2 Example of the test conditions used to characterize the system
B.3 Example of measurements for volume displacement and rotary devices

Annex C (informative) References
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Long-Term Mechanical Circulatory Support System Reliability Recommendation by the National Clinical Trial

Initiative Subcommittee (Revised 7-16-2007)

PART A. RELIABILITY TEST DESIGN METHODOLOGY

PART B. RELIABILITY RECOMMENDATIONS
1. General Requirements
1.1 Definition of a Long-Term, Mechanical Circulatory Support System
1.2 Definition of System Failure
1.3 Sample Size and Reliability Mathematics
1.3.1 Sample Size
1.3.2 Weibull Distribution
1.4 Conduct of the reliability study
1.5 Reliability Goal
2. System Reliability Demonstration Test
2.1 In Vitro Test Environment
2.1.1 Mock Circulatory Loop
2.1.2 Test Fluids
2.1.3 Temperature
3. The role of animal testing in reliability assessment
4. Subsystem Reliability
5. Guidelines for Qualifying Design Changes
6. System Reliability Information for Surgeons and Prospective Patients

7. References
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Reliability test method for implantable artificial hearts
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1)ASTM F1841-97, Standard practice for Assessment of hemolysis in continuous flow blood pumps

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

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

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

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

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

7)IEC - CISPR-11, Industrial, scientific and medical (ISM) radio-frequency equipment

— Electromagnetic disturbance characteristics — Limits and methods of measurement

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

9)IEC 62304, Medical device software — Software life-cycle processes

10)ISO 5198, Centrifugal, mixed flow and axial flow pumps — Code for hydraulic performance tests —
Precision grade

11)ISO 4409, Hydraulic fluid power — Positive displacement pumps, motos and integral transmissions —
Determination of steady-state performance

12)ISO 5840, CardioVVADcular implants — Cardiac valve prostheses

13)ISO 7198, CardioVADcular implants —Tubular VADcular prostheses

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

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

16)ISO 13485, Medical devices — Quality management systems — Requirements for regulatory purposes
17)ISO 14155-1, Clinical investigation of medical devices for human subjects —

Part 1: General requirements

18)ISO 14155-2, Clinical investigation of medical devices for human subjects —

Part 2: Clinical investigation plans

19)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
20)ISO 14971, Medical Devices — Application of risk Management to medical devices
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ISO14708-5 DRAFT 2007-12

US National
DRAFT 2006
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This part of ISO 14708 specifies
requirements for safety and
performance of active implantable
circulatory support devices. Excluded
from this scope are extracorporeal
perfusion devices, cardiomyoplasty,
heart restraint devices, and counter
pulsation devices such as extra or]
intra-aortic  balloon pumps. This
standard specifies type tests, animal
studies and clinical evaluation
requirements that are to be carried out]

to show compliance with this
standard.

(E5EMERERD BT RELAN
BHIET BT/ R)

(Introduction)The fundamental goals of
these efforts are to advance the
technology of long term mechanical
circulatory support devices by continuing
to increase the safe and effective
application of these technologies to
patient care and to encourage the
development of new technologies. This
recommendation has been organized
into two parts: (Part A) reliability test
methodology and (Part B) reliability,
recommendations. (R&M4LEMMEES
&, FEMRAREERET HEITEY, K
hERESED)

(1.5)The  study  protocol  should
prospectively define the reliability goal for
the different stages of clinical

introduction of the device (i.e. IDE and
PMA in the United States). An initial goal
is stated for the start of a clinical trial
(pre-clinical goal for IDE application) and
another goal is stated for the introduction
of the device as an approved product
(goal for PMA application). It is
recommended that the study includes a
long term phase that is a failure
terminated study, the study is not ended
until a certain number of failures have
been accumulated. Without having
measured failures, the actual reliability of
the device is not known and the study
only demonstrates that the device does
not possess an unacceptably low,
reliability. (R ¥ DERREAERE THE—H
IRED BET — 2N EFET HF TRE
(TN, )
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System reliability is defined as the
probability of a system to perform its
function for a specified period of time
under stated conditions. For example,
the demonstrated reliability of the VAD
system shall be X with at least Y
confidence for a Z year mission life.
(fThe number of systems to be tested
under controlled in vitro conditions]
shall be statistically justified to
demonstrate that the stated reliability
specifications are met. Statistical
methods to be employed in the)
analysis of the reliability test results
shall be described. An example of]
such a statistical justification is a
Weibull calculation. ({84 &IEFRE
ARSI SRR E S CHERE L HE R I DRESR
Thbd. EEECEEICGLEHRE
HEMETFEMITRO D)

(1.5)The reliability goal is dependant
upon the intended use of the MCS
device being tested. The goal is normally
given as a reliability, R, for a given
mission duration, t, and a given
confidence, c. (B1EITEDT-HEE. £
HETOEEM)

L]
- FE
AR
% HA R
(%fiE)

Wit i

T

=IERR 80% reliability, 60%
confidence level T6 ¥ A®M
HEAWBETHDH. EFE/\
—EFAME—a DAL
BZEL. 80% reliability, 80%
confidence level T64 B LA
FOEHERICDOLTEET ST
CEWRT L, hBHERIEE
DEFMHELT. 2 FEMELE
EfTHIEMNEELLY,

none

For some devices, the intended use
duration may be relatively short and so
the mission duration should be
appropriate for the intended use. For an
intended use such as a MCS device
used for “destination therapy,” a goal of
R= 0.8 for a mission duration of 1 year,
with a confidence of 60% has been
considered appropriate for the start of a
clinical trial (IDE). (%2 £A{5 FAts (X 52 HA
T&ULAS, REAER#EE TR DERKR
HERETIC. 145£ER. #EE 60%TIEREM
80% M B1E)

AERE
i

M AYESRBRIRIR (X, [, 7
. HEE. pH. BE. BFF
BELGEDERFHELOE
EINE—UERELTREY
BEEHET D,

(d)AIl implanted components shall be
tested in a physiological environment|
(such as a pH buffered, temperature]
controlled, saline filled tank) and
operated within a pulsatile mock
circulatory loop. If a pulsatile mock
loop is not to be used, a scientific
justification shall be provided that lack
of pulsatility will not invalidate the test.
(r)The reliability test conditions should
be designed to replicate the effects off
physiological conditions on the tested
device; however, exceptions can be
made if a justification can be provided.
For example, a more rigorous test of]
blood immersed contact bearings
should be performed using a low|
viscosity fluid.

(BN, RALE)

(2.1)Test loop: (Approach 1) a test loop,
(a set of components) itself does not
need to emulate the physiologic system.
(Approach 2) a test loop (a set of
components) emulates the physiologic
system. The immersion fluid should be
normal saline (0.9% NaCl). Saline can
be wused to evaluate corrosion.
Historically, the effect of viscosity on
reliability was determined to be negligible
with pulsatile pumps and testing with
saline has been justified. However,
hydrodynamic based designs may have
issues that are affected by viscosity. To
determine whether a viscous solution
should be used, acute characterization
testing that compares the effect of a
viscous blood analog to saline should be
conducted. If viscosity is determined to
be important, saline will not adequately,
represent the viscosity and a glycerin
solution may be used to simulate the
viscosity of blood. Temperature:
37'C+-3'C.

10



(2.2)The device operation should be
cycled to simulate periods of normal
activity, exercise and rest, as
appropreate.

(EIFZHERL27E. R, RE. Bir/ 53—

>)

AN

RS

ARNVINELTIHAIC, 5B
ZTHE50 . BT 0%
EACROTEDLELND
60

Definitions of failure events should be
based on the termination of the ability
of any implanted item to perform a
required function or the inability of the
implanted components to meet
minimum performance specifications.
Cases of incipient failure such as
breach of hermetic seals, production
of significant particulate debris or
ongoing corrosion  which  would
ultimately lead to  implanted
component failure shall be reported.

A failure is defined as the termination of]
the abilty of an item to perform a
required function. (BFEE (LT /N1 ZHERE
DEFELEEST,)

I
h55E

M AMEERER S AT LI, #ER
TINAR, FfkERE., €25
EREEINLVACIONG

1. ABRZFLELTRETS

=WAN
[ = KY

2. ORZA LZERHLIZLT
EIBITY HHE.

3. BBRBFEHRL-FER
195586,

All  failures shall be classified
(Pantalos, 1998, as follows:)
1.Catastrophic failure,

2.critical failure(to perform safely),
3.marginal failure(backup or fail-safe]
state),

4.minor failure

1.Catastrophic failure,

2. critical failure(to perform safely),
3.marginal failure(backup or fail-safe
state),

4.minor failure

E)EYES
BRED

GiEpES

(3)Animal testing provides a reasonable
simulation of some aspects of the clinical
application, enabling preclinical
characterization of system performance
in an in vivo environment. Although the
purpose of the animal testing is to
provide initial safety data, it may also
provide additional insight regarding
system reliability. However, the statistical
analysis that is needed for the device
reliability assessment cannot use this
data because of obvious differences in
the test duration and conditions. It may
be most appropriate to use in vivo test
data to assess load-strength margin, for
example. Any failures that occur during
animal testing need to be carefully
evaluated for the possible need to
implement a device design or operation
change or to indicate the need to change
the reliability demonstration test protocol.
(BRI CEHBRE A DEL D=0 HfiET
HMICBYMEERRT —2 &M AHERICRYA
LTEETEGLY,)
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(http://www. meti. go. jp/policy/service/files/sinzo_guideline. pdf)

(1) EX9 5EREHN
(2) BETHHERRERFANER
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(4) FEEFFE
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(6) EWIREMIIME ENC: emissions & immunity)
(7) HEHIE - E=2
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(9) FEM=LH
(10) £hEEM
(11) E=EER
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(3) R TiHiktERE
1) SRR THREIZDWLNT 180 5198, Centrifugal, mixed flow and axial flow pumps — Code for
hydraul ic performance tests — Precision grade [Z# L 5%,

2) \EFEAR THEREICDULNT IS0 4409, Hydraulic fluid power — Positive displacement pumps,
motors and integral transmissions — Determination of steady-state performance [Z#EL %,
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performance
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Electromagnetic disturbance characteristics - Limits and methods of measurement
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(T 5EMFNREMHAEBRZB - L TOAMEIZTDONTIE, EEDOHDHHABRIEBEBICDONTEBI S &
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I, MAESMEEHEIC DL TIX, 1S010993-4, Biological evaluation of medical devices
- Part 4: Selection of tests for interactions with blood IZ#L 5,
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2) SRTLOEFEMEE. PEENRO-MAH HIM. BR) 2BV T, BHETEIRTLELTOH
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few or no failures. Journal of Quality Technology 1985;17:140-146).
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