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STATEMENT OF WORK

INTRODUCTORY STATEMENT

The purpose of the RFP is to solicit proposals for research, development, and
evaluation of tether-free, miniature, implantable, electrically energized total
artificial heart replacement systems. INNOVATIVE AHD STATE-OF-THE-ART CONCEPTS
WILL BE CONSIDERED; HOWEVER, SIGNIFICANT FEASIBILITY DATA MUST BE PROVIDED.

A two-phased program is planned. [Phase I)(October 1, 1993 _through September 30Q,

1996 )—comprises design completion ﬁQEﬁE,iiXEﬂZE;f,;2EEl“ﬂEEiiiEiEl\H§E£E~ﬁIAﬂl,lif§,
demonstration of manufacturability, short te&rm performance testing in animals and
short term bench testing of several TAH systems to demonstrate the contractor's
- capability to begin readiness (reliability) testing. It is anticipated that fewer
Eggg,fnup»eeﬂtnacis will continue into Phase II. The décision to continue each of

e contract programs into Phase Il wilTl be based on successful completion of Phase
[ and the Government's judgment of merit for both the Phase I work and the planned
program to be performed in Phase II. It is anticipated that technical merit will be
evaluated at that time by means of the same criteria listed in Part 17 below for the
initial technical review with an emphasis placed on the results of the Phase I work.

Phase I1 (October 1, 1996 through September 30, 2000) will consist of in vitro
formal reliability and in_vivo animal testing of implantable total artificial heart
systems. In vitro testing and evaluation of a sufficient number of TAH systems will
-establish the required reliability, and animal performance testing in a series of
animal experiments will establish that TAH performance can be maintained in an in
vivo environment. It is recognized that real-time evaluation of the integrated TAH
over 5 years is not feasihle..and thus the device readipess. testing for.reliability
is required 1 However, the offeror must describe any

cggggﬂgaiiﬁﬁi:ihE;IAH;Eﬁﬁib.ﬂéiéléineady_gggn life tested|for tive yearsjor which
are amenable to accelerated life testing to be performed during this phase.

The proposed TAH systems must be designed and developed specifically for human use.
In vivo testing will of necessity be performed in animals, ‘but the device should not
be specifically designed for animals. THIS SOLICITATION EXCLUDES CLINICAL TESTING
AND THE DEVELOPMENT OF A SINGLE VENTRICLE ASSIST DEVICE. Proposals which offer to
develop only portions of the TAH will be considered unacceptable.

Phase II is predicated on the assumption that one or more TAH systems developed in
Phase I have progressed to a point where the establishment of device and team
readiness guidelines is warranted. These devices will eventually provide permanent
Circulatory support in patients with forms of ventricular failure not amenable to
_medical or surgical treatment.

‘A Steering Committee including the principal investigators of each of the
Contractors and the NHLBI Project Officer will make the major scientific decisions
regarding the development of the study protocol and manual of operations during
Phase' I1 and will be responsible for governing the conduct of the study thereafter.
‘The Chairperson will be appointed by the NHLBI. During Phase I, the Steering
Committee will meet six (6) times over the three (3) year period. Ouring Phase II,
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it is anticipated that the Steering Committee will meet ten (10) times over the four
(4) year period.

A Technical Review Committee (TRC) composed of experts in relevant medical,
engineering, ethical, and statistical fields will be established by NHLBI to review
periodically the progress of the study during Phase II. Relevant Federal agencies
will have ad-hoc observers. The TRC will advise the NHLBI regarding progress and
direction of the efforts of the contractors.

Prooosal Guidelines

Each'proposal submitted in response to the RFP must offer to perform research and
development on a sinale system concept. The offeror must provide clear rationale

. for the selection of major system components. The offeror must provide supportive
data using its prototype TAH to demonstrate that it is able to achieve the goals and
timetable established in this solicitation. The following provides gu1de]1nes for
information to be included in the scientific proposal and amp11f1es the review
criteria which will be used to evaluate each proposal.

The TAH must be capable of supporting the full cardiac output as described below.

Although pulsatile pumps need not mimic the "normal" ventricular
Toloe Pressure waveforms, @ﬁg1_§hggj5L5guEnEUdy,pn9qucesg*§gb51gg%lgl{EETgii:ﬁi?iﬁﬁéﬁigéi
1% in the arterial pressure. Offerors must provide evidence that the rate of pressure
r1sE‘EﬁH‘TﬁTﬁ“Tﬁ‘fﬁ“ﬁﬁmp emulates the natural heart and does not cause premature

failure or wear of the pump components (e.g. ' inlet or outlet valves) or excessive
turbulence, or hemolysis of blood. vithout 11satile output are not
Q5ngggg_fzgm,iﬂli_égllgliﬁing the al justificatio e
dlegﬂ_wliﬂ_ﬁQQE9EEléEQ.fﬁé§lDJJJJQL§IQQj£§_muSt be presented. PHYSIOLOGICAL
TESTING OF PULSATILE VERSUS NON-PULSATILE PUMPING OF BLOQD IS EXCLUDED FROM THE RFP.

It is recognized that in an implantable TAH system, a variable volume will occur
) between the blood pump actuator piston (or similar mechanism) and the electrical
kA fagiy Energy converter. Appropriate techniques must be provided to prevent the buildup of
pressure in the variable volume which would inhibit or prevent pump filling. Left

Uq%ti and right atrial pressures must mimic normal physiology. Igg_ggéiggfgggi,axajd
“venting" ta the body surface, gnd_mu5i_Qg_ggggQlQ_Qf_adjusilﬂg__ga%_ﬂE§ﬁ¥¥§£iC
jﬂﬁ;ﬁﬂﬂx;Jﬂuuuyxs The issue of leakage acro s must be addressed, e.q.,

zgﬁ; pump bladder, variable voyume deviceé. An overall system fluid leakage rate (gas

wy With SFg or Tiquid) of 107 cc/s at 30 Torr shall be a desian goal..

A\ 0-o8Luc ,

2pl Consideration should be given ‘to the overall eff1c1ency of the TAH over its

W v Awbant1c1pated operating range. Efficiencies of 20 percent or greater are desirable.

w System efficiency as used here is the work output of the blood pump divided. by the
oYY electrical energy provided to the system from an extracorporeal power source/battery
pack.

2
b ﬁK It is required-that the implantable TAH be spec1f1ca11y designed for a selected
“,anatom1ca1 position in the human and that the appropriate dimensions, configuration,
W“ and weight be physiologically compatible. Offeror must describe system limitations
2' of the TAH with regard to b?dy habitus, age, and gender (excluding morbid obesity --
Body Mass Index 2 43.0 Kg/m) Incorrect positioning or surgical attachment of the
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replacement TAH system may be injurious to neighboring tissues. Obstruction to
venous return and/or compromise of nearby organ systems must be avoided.

{t is desirable that control of the systems emphasize auto-regulation (e.g., Frank- %
Starling mechanism). Ideal pump systems should present minimal resistance to in]etdkkd(ﬂ
hlood flow and consistently deliver a major fraction of the volume of blood receivegtg‘&»y
into the arterial system in an efficient fashion. Appropriate control techniques
" qust be developed to account for the flow differences between the right and left R 4o
ventricles. The TAH control system must also adapt to ambient pressure changes. dienen
The system must not stall under any operational mode. (3P,
Chgi by
[t is necessary that potential catastrophic failure mechanisms be eliminated from &%z,
the TAH design. Potential failure mechanisms should result in only reduced or
 degraded performance which is not life threatening and allows sufficient time for
corrective action. e st vl ¢ Failem
‘ L ' a Thds
- Since the determinants of blood-material jnteractions are not fully understood at S
the present, choice of materials (natural or synthetic) for the blood- and tissue- etenio
contacting surfaces of the pumping chambers must be carefully documented, and the %
physical and chemical properties of the materials must be characterized. The choice Tt
of biologically quiescent or bicactive materials must be justified. The transfer of
water across blood-contacting material could damage certain energy converter NH L
components., Methods to eliminate or minimize fluid transfer across these surfaces o i«
must be included in the design. Pertinent implanted material specimens should be
carefully retrieved, preserved, and.evaluated to determine their interaction with
blood or tissue components. PRIHARY AND SECONDARY SOURCES MUST BE IDENTIFIED FOR
ALL MATERIALS TO BE USED FOR BLOOD AND/OR TISSUE CONTACTING SURFACES.

The protocols for characterization shall include techniques with the sensitivity and
specificity to detect changes which may occur as a result of fabrication procedures,
sterilization and storage. In choosing which tests to use, the offeror shall
consider the environmental changes which may alter surface properties during the
fabrication of a device and identify the types of analysis which could detect
changes induced by such variables as curing rate, casting surface properties, light
exposure, sterilization, storage, etc. The materials shall be evaluated before,
after, and where possible, during in vivo testing. RESEARCH ON MECHANICAL ,
gROPERTIES AND BASIC HMECHANISHS OF BLOOD-WMATERIAL INTERACTIONS ARE EXCLUDED FROM THE
FP. ’ ‘

lesearch on electrochemical batteries is not excluded in this RFP, although the
development of internal and external power sources using state-of-the-art batteries
s a more practical approach since research support is limited. The proposed system
must provide for the transfer of energy from the external battery pack in a fail-

safe manner through or across the intact skin to power the implanted system ' jzﬁhxdl
components. The device must provide for emergency, hygienic, and other short-term {s.¢fo,-
Personal needs using an internal battery pack or qther means. //,Ziyééé

*3-14hm

The performance of ‘the TAH must be evaluated in animals prior to clinical use. The
contractor should discuss the advantages and disadvantages of the particular animal
Model selected, including any design alterations that may be necessary for animal
testing as compared with the design configured for human use.
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a. Performance Goals

Typically, an implantable TAH should:

Be capable of supporting the failed ventricles with an output of eight
Titers per minute. '

Provide for five years of tether-free operation.
G4

Include a reliable control system which is responsive to varying

circulatory demands. '

TR
Be associated with 1ittle ar no infecti emolysis,  thrombosis, clo or
emboli and require little or no ithrombotic therapy.
ke ~ T
Al

Be capable of operation in-the presence of elect ic,wm netic, and
etectromagnetic fields_encountered in tvpicalﬁﬁé§§¢_¢2;%L_§99iﬂl;_Eﬂgh
recreational environments. _
Be compatible with the body following initial implantation response (e.g.,
nan-toxic, non-inflammatory, non-corrosive, etc.), impervious to body -
fluids, stable in_the biologic environment and fr§ﬂ~9f~l§éKQQS_9fHEEZiE?
<£lyids into surrounding tissues. ' '

Avoid thermal management problems and QggggggngligglygaI.bggx‘zgﬁgitifgre

without localized "hot spots" or causing tissue injury.

Provide rechargeéble external electrochemical energy storage to support the
TAH for at least 8 hours and means for alerting the patient for replacement
of the power source.

If the offeror chooses to provide implantable rechargeable electrochemical
energy storage to support the TAH for emergency and hygienic purposes,
sufficient energy should be provided for a continuous output of 6 liters
per minute for 30 minutes. '

b. Human Factors

The device is to be used only in a situation in which it offers at least as
likely benefit as any known accepted technique or any experimental technique
which is available for clinical trial. Consideration of patient quality of
life is paramount. -

The TAH should:

Be capable of reliable operation in any orientation, in the presence of
typical environmental vibration (e.g., airplane, auto, etc.), mechanical
shocks (e.g., falls, auto accident, etc.) and muscle movement. It should
also be easily started, should not produce adverse gyroscopic effects and
should safely dissipate excess heat.
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f Have system packaging parameters such as shape, weight, volume,
attachments, and edges, which are compatible with both internal and
external human anatomy (minimize organ displacement and cosmetic
deformities), and minimize potential for pressure necrosis or mechanical
erosion. The system should avoid bulky or heavy extracorporeal components.

f Provide psychologically and physiologically acceptable noise and vibration
characteristics to the recipient and observers.

c. Design Reliability and Performance in Animals

B The expected reliability of the device over its intended period of 1ife
must be established, using generally accepted practices.

E The functioning and the effects of the device must be characterized in
bench testing and in experimental animals.

B The device must be fu!]y'desqribed as to quality, materials, and methods of
use. ‘

E There must be evidence of reasonable safety against potential ordinary
hazards of devices such as electrical shocks, as well as against any
special hazards which may be associated with the device; the device must
not fail catastrophically and whenever feasible, the device shall be
failsafe.-

B The medical-surgical team must have specific and extensive familiarity and
actual experience with the device.

E The consequences and courses of action 1f the device fails must be
considered and a plan of action outlined.

'NOTE FOR FUTURE CONSIDERATION

A goal of this work is to develop a device for use with humans. It is
anticipated that future work using this device with humans will be undertaken
after the completion of this program. Offerors are reminded that an
Investigational Devices Exemption must be obtained from the Food and Drug
Administration before human investigation is initiated. However, CONTRACT
AWARDS MADE UNDER THIS RFP WILL NOT INCLUDE HUMAN USE OF TAH DEVICES.

d. Design and Manufacturinq,Documentatibn

System and component design, materials used, methods of ‘manufacture and
operating procedures must be described and illustrated in detail. Second-
sources for critical and subcontracted components must be documented.

Offerors are encouraged to consider all applicable FDA laws and regulations
when planning their research program such as "Good Laboratory Practice for
Nonclinical Laboratory Studies" (21 Congressional Federal Registry (CFR) Part
' 58) and the "Good Manufacturing Practice Regulation" (21CFR, Part 820).
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Additionally, post-award planning should consider regular visits with FDA
personnel to exchange information.

e. Quality Control and Quality Management (QCAQM)

The International QOrganization for Standardization has published guidelines for
quality management. These guidelines shall be used by TAH contractors (ISO
9000, Attachment 16).

The purpose of this quality control and management program is to ensure
requisite quality among the systems, including those under test and those that
will be available for animal testing. Processes and process control must be
detailed and fully described. There shall be no "blind" processes or
procedures.

In instances of proprietary technology or components, these procedures must
demonstrate that the quality of these components is invariant. Both new and
refurbished components must pass the same QA/QC procedures.

f. Packaging and Labeling

Offerors must define the packing procedures for shipment of the devices for
future clinical use. The package to be included with each device must contain
general information, operating instructions, precautions and descriptions of
all procedures and tests which ‘have to be completed before device implantation.

Protocols for device sterilization must be defined and tests performed to
demonstrate the stated shelf 1ife of the device and components (e.g., internal
and external power packs).

Recommended shipping and Hand1ing procedures must be described, including any
special precautions required to assure the safety and integrity of the device.

g. Mock Loop and Characterization of System Performance

The operation of the system must be characterized in a mock circulation loop
under varied conditions with the intent of documenting the operational domain,
device parameters and limits of system performance. Test procedures should be
documented in sufficient detail, including the viscosity of the blood analog
and the test temperature, so that different investigators can achieve
substantially the same results with the same device and mock circulatory loop.
It is recommended that a mock Toop be used for these tests having
characteristics equivalent to those described by a 1990 Artificial Heart
Committee (see Attachment 17).

The test procedures should cover beth transient and steady state evaluation of
the TAH.: Steady state performance evaluation should include three specific
points: (1) 8 L/min at 110 mm Hg average aortic pressure; (2) 5 L/min at 100
mm Hg average aortic pressure; and (3) the maximum cardiac output that _
corresponds to a left atrial filling pressure of 15 mm Hg and an average aortic
pressure of 120 mm Hg. For points ?1) and (2), the lowest filling pressure
consistent with the above output points should be utilized, the goal being a
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filling pressure just ahead of the left atrial inlet valve of 15 mm Hg or less
(right atrial pressure less than or equal to 10 mm Hg).

Transient operation defines the system response to rapid changes in beat rate,
stroke volume and systemic pressure. Transient operation test points should
©include: (1) varying the beat rate rapidly from 70 to 100 BPM and similarly
back to 70 BPM; and (2) rapidly changing pump flows by approximately 40%. The
parametric rate of change should be documented. A

Leakage across components that separate different fluids must be measured
periodically, including variable volume devices, pump bladdérs, and hydraulic
ar Pneumatic Tines. The total TAH system leakage rate should not exceed

107" cc/s at 30 Torr with SF,. '

h. Device Readiness

The objective of the Device Readiness Testing Program is to demonstrate that
the TAH can function safely, effectively and with a high degree of reliability.

1) Planned Reliability and Documentation

Along with the Phase I demonstration tests the developer shall document the
readiness of the TAH for the initiation of these tests. A plan outlining
achieved TAH reliability at a specified milestone, including planned number of
devices and success/failure criteria, shall be prepared. The in vitro tests
shall demonstrate a reliability of at least 80% with 80% confidence. The
initial plan to demonstrate reliability must be provided in the proposal and
may include trade-off studies showing number of test devices and operating test
time or test effort versus reliability and associated confidence levels. ATl
changes in the plan prior to initiation of reliability demonstration shall be
documented. No change may be made in the conduct of the plan without prior
approval of the NHLBI Project Officer.

2) Sample Size

Current knowledge of medical device reliability precludes accelerated testing
and suggests that the expected reliability be tested for the intended period of
use. For the purpose of this RFP, reliability testing is planned for 8 systems
with zero (0) failure for two years (80% Reliability, 80% Confidence Level).*
‘At least four of these systems will be recharacterized on the mock-loop and
disassembled for inspection and analysis. Therefore, the reliability,
including confidence level, should be extrapolated to five years of use.

*  Offerors may propose alternative experimental designs for
Device Rezdiness Testing to achieve the minimum 80%
reliability and 80% confidence levels.
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3) System Testing

Simulated use tests must be performed to establish the engineering reliability
of the implantable TAH system. These tests may be performed in vitro as
described in Attachment 18, or using an in vivo approach recently described for
muscle powered ventricles.**- Specific guidelines for performing system
reliability tests are provided in this section, including test conditions,
parameters and a test plan. Systems undergoing reliability tests should
include all components. A finalized TAH prototype design must be established
before initiation of tests. In preparation for device readiness testing in
Phase II, at least two hermetically sealed TAHs must be tested for

at least three months during Phase I.

High reliability for their period of use must be demonstrated for externa? ‘and
periodically replaceable components, such as external batteries. Based on
sufficient engineering justification, this demonstration may be performed
separately from implanted system tests.

a) JTest Conditions

System tests should be conducted using mock loops with physiological
flows and pressures. System inputs should simulate those that would
normally be available in vivo. Positioning of the TAH in the mock loop
shall approximate its anticipated position in the standing human. The
tests should be conducted with all components at physiologic.
temperatures (370C+loC), and the subsystems to be implanted should be
immersed in a bath of normal saline (0.15M NaCl). The test environment
should be monitored on a regular basis and parameters documented.

Offerors must discuss methods of coping with contamination of the fluid
and chamber of the mock loop over the period of testing. The use of
blood in a mock loop is usually not feasible. However, the TAH may
perform differently when pumping blood as compared to other fluids.
Offerors must discuss this- issue.

b) Test Parameters

Systems should be operated at a mean aortic pressure of 100-120 mm Hg,
and-a mean flow of 6-8 L/min for approximately 50% of the time. For
the remainder of the time, the system should be operated within the
flow and pressure ranges of 4-6 L/min, 80-100 mm Hg mean aortic
pressure. The lowest filling pressure consistent with those
operational points should be used. Periodically, as per the test pian,
flow should be recorded, with mean outflow and inflow pressures
maintained at 120 and 15 mm Hg, respectively. Input current and power
must be continuously monitored.

**  Pochettino, A, et al. Skeletal muscle ventricles with improved
thromboresistance: 28 weeks in circulation. Ann Thorac Surg 53:1025-32,
1992.
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c) TAH In Vitro Failure Criteria

If maximum TAH flow rates fall to less than 3.0 L/min over a period of
30 seconds with inflow pressures of 20 mm Hg and/or if the TAH cannot
maintain a mean outlet pressure greater than 60 mm Hg, then it shall be
considered a system failure. If this reduced flow occurs for less than
a 30 second period but recurs more frequently than every 60 minutes,
this shall also be considered a failure.

4) Monitorina; Progress and Event Reporting

During reliability testing in Phase II, each TAH will be monitored
continuously for a set of parameters which characterize status and
performance, e.g., inflow and outflow pressures, input current and power,
output flow rate. Events will be communicated immediately and
automatically, in real time, to the NHLBI Program Office. Weekly status
reports to the Program Office will include performance data on selected
parameters. '

5) Post-Reliability TAH Evaluations

TAHs removed from reliability testing shall be examined, inspected, and
analyzed with regard to system performance and integrity. Examination and
" documentation of mechanical electrical, electronics (including software),
and physiochemical integrity of all components shall be performed on all
system components. A detailed failure mode and effects analysis shall be
-performed to determine the root cause for all failed components.

i. In Vivo Characterization

Animal implant studies should be designed to demonstrate TAH performance in
vivo. Device reliability should be demonstrated separately by in vitro tests,
using guidelines described above. : ‘

The consistent response of the TAH to various physiologic and transiently
unphysiologic states must be demonstrated in vivo in at least six (6) studies
with the TAH in its finalized prototype configuration. Six individual systems
must be evaluated during various steady state conditions over a reasonable
range of physiologic variables, and during transient unphysiologic conditions.
These studies are intended to establish the range of responses of the devices
and to demonstrate the reproducibility of responses from device to device.
Studies may be performed in acute or chronic animal experiments.

1) Operating conditions to be evaluated include: control modes, power system
(internal and external, including charging and switching system) start-up
sequence, and back-up mode of operation.

2) The ranges of steady state physiologic condftions include: Heart rate (60-
120 beats per minute), arterial pressures (60-120 mm Hg), pump flow (4-8
L/min), left ventricular end-diastolic or atrial pressure (0-15 mm Hg).
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3) A variety of conditions will be evaluated by changing preload, afterload,
rhythm, and various states of ventricular failure. These conditions may be.
induced by volume load and unloading, by the use of drugs or by surgical
intervention. They must be demonstrated in at least six experimental
animals. These studies are intended to identify the limitations of the
system.

j. Chronic In Vivo TAH Performance

The proposal must include a discussion of animal models, justification of the
choice of a specific model, projected realistic test time for an implanted TAH
in that model, and the specific aims which are expected to be achieved from

these tests.

In Phase I, two hermetically sealed TAHs must be evaluated in animals over at
least a two month period. Ouring Phase [I, reliable operation of the TAH in
its final prototype configuration, and evidence of safe operation with minimal
adverse effects on the experimental animal, must be demonstrated in a series of
chronic five-month animal studies. Even though the in vitro studies may
qualify the design for initially two and eventually five years of clinical use,
limitations presently imposed by animal models are such that requirements for
animal studies in excess of five months duration may not be realistic. All
animal studies must conform to DHHS policy on animal experimentation as
explained in Attachment 19. In order to qualify for clinical use of the TAH,
the following studies must be performed during Phase II:

1) Chronic studies shall be undertaken in at least eight animals but no more
than twelve animals.

a) Eight (8) animals shall be studied with acceptable TAH function for
five months (mean) of continuous pumping. The goal is to complete at
least 40 animal-months of testing, with each animal completing a
minimum of four months.

b) Up to three (3) experiments can be terminated prior to four months due
to failures unrelated to the TAH and one experiment with a TAH related
failure. .

c) These non-TAH related exclusions are of biological origin and include
infections, accelerated calcification or physical growth which are more
directly a consequence of the specific animal model. If the TAH
delivers less than 2.0 L/min pump flow, or if other complications arise
and continue despite all corrective efforts, the test shall be
terminated.

d) All animals, excluding operative deaths, are to be included in the
number of experiments above. Operative deaths are defined as animal
deaths not traceable to TAH function occurring within 48 hours of the
implant procedure.

2) The general condition of all animals is to be evaluated. In addition,
appropriate hematologic, microbiologic, clinical chemistry and circulatory
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parameters are to be measured to determine whether there are hazardous
consequences due to the TAH implantation. Therapeutic regimens must be
detailed. )

3) It is necessary to document the proper function of the TAH during the
course of the experiment (including during exercise). Documentation of
pump flow, power consumption, and leakage rate across the variable volume
device (if part of the design) is essential. Leakage rates should be
measured across other membranes which separate different fluids, such as
the pump bladder.

4) A1l animals (including early terminations) must have a complete autopsy
including both gross and microscopic examination. Particular attention
shall be paid to the anastomotic connections of the TAH to the
cardiovascular system, to evidence of thromboembolic events and evidence of
thermal damage in tissue adJacent to the TAH.

5) Biweekly reports shall be transmitted to the NHLBI Program Office regarding
animal status. The reports will include the hematology profile,
prothrombin time, and antithrombotic regimen for each animal with an
implanted TAH.

k. Post-Explant TAH Evaluations

Each post-explant TAH shall be examined and documented in detail regarding
system performance and component integrity.

1)

2)

Each TAH subjected to chronic studies shall have proper fixation of the
blood contacting surface upon explanation for histopathological
analysis. Internal pump surfaces including conduits and valves shall
be examined both macroscopically and microscopically.

The pathology protocol used to evaluate the host-device interactions,
in addition to specifying the standard gross and microscopic
examination techniques to be used, should specify in detail any special
additional studies that are p]anned For example, an investigator
could propose studying the local and/or systemic effects of tissue
heating or vibration. Retrieval techniques for implanted materials and
preservation of retrieved materials should be fully addressed. The
implant must be retrieved and evaluated for its interaction with blood
and tissue components. The manner in which the implant is preserved
should maximize the possibility for future additional studies.
Evaluation of the retrieved implant might include qualitative and
quantitative description of the biological components adherent to the
TAH (pump housing, bladder, valves) or which have penetrated the bulk
of material (for example, 11p1ds or calcium in a blood pump bladder).

Examination and documentation of mechanical, electrical, electronic and
physiochemical integrity of all system components including software,
shall be performed.
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4) A detailed failure mode and effects analysis shall be performed on all
failed components.

Summary of Contract Deljverable Items

(1)

Phase [

Phase I accomplishments will be a major factor in determining which contractors wil}
receive funding for Phase II. These demonstrated accomplishments must include, as ¢

minimum:

A TAH design for five year life.

Two hermetically sea]ed TAH systems tested in vitro for at least three (3)
months. ,

Two hermetically sealed TAH sysfems evaluated in animals over at least a two
(2) month period.

A completed test fixture appropriate for performing device readiness testing
for at least two TAH systems.

A Quality Control and Quality Management program in place.
One completely operational TAH system to NHLBI, packaged and labelled.

Phase II

Deliverables required at the end of Phase II include:

A minimum of eight hermetically sealed TAH systems in their final

"clinical® conf1gurat1on tested over at least a two year period in _
vitro, and/or in vivo with no failures.

A minimum of 40 animal months of operation of implanted hermetica]Ty sealed TAH
systems in eight animals, achieving at least four months duration in each
animal. .

One complete operational TAH system to NHLBI, packaged and-]abe]ed.

There is considerable overlap in the tasks which are required for Phases I and
II. The tab]e below summarizes-requirements with references to sect1ons a thru
k, above:

Phase I _P_h.a_gg_II.
a. Performance Goals X X
b. Human Factors X X
c. Design Reliability; Animal Performance X X
d. Design, Manufacturing Documentation X X
e. QC&QM X X
f. Packaging X
g. Mock Loop and Characterization X X
tatement of Work ATTACHMENT 2
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h. Device Readiness . X
. In Vivo Characterization X

j. Chronic In Vivo Performance ' X
k. Post-Explant Evaluation X X

SCOPE_OF WORK

Independently and not as an agent of the Government, the Contractor shall furnish
all the necessary services, qualified personnel, material, equipment, and
facilities, not otherwise provided by the Government as needed to perform the
statement of Work below:

PHASE I--October 1, 1993 through September 30, 1996

Task 1. Desian

1. Using Quality of Life as the guiding factor, a reliability-based TAH design
shall be developed that addresses quality, surface integrity, corrosion,
control, software, flow, performance, materials, tissue and blood contacting
'surface configuration, biocompatibility, environmental compatibility,
hemolysis, thromboembolism, intimal hyperplasia, infection, and manufacturing.
Manufacturing design shall address computer aided reliability, process
modeling, and systems engineering. The design model must be based upon five
years of failure free life. It shall be updated and modified based upon test
data and reported results. :

a) Blood Pump

The contractor shall complete research, development, and evaluation of the
blood pump component of the TAH. This effort includes fabrication and
development of individual elements. Areas of study include, but are not
limited to, materials evaluation and selection, bladder development and -
testing, inlet and outlet valve configurational studies,. improved grafts,
pump and housing development, hemodynamic studies, biologic studies,
corrosion studies, and life testing of all components. Where appropriate,
~accelerated component life testing shall be performed to complement the
real time testing. Manufacturability under QC&QM shall be demonstrated.

b) Energy System

The contractor shall complete development of the energy system selected to
actuate and control the blood pump chambers. This effort includes in vitro
characterization testing, component accelerated life testing, real time
. 1ife testing, and energy system optimization studies. Manufacturability of
this subsystem under QC&QM shall be demonstrated.

¢) System Integration

Under QC&QM, the contractor shall integrate each element of the system into
a TAH. Typical components included are the blood pump, energy converter,
variable volume mechanism, power conditioning hardware and software,
external and internal power sources, and diagnostic instrumentation.
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Appropriate interface studies, which include both hardware and software
testing of the electrical, mechanical, and chemical integrity of the entire
TAH must be completed. System integration and optimization studies shall
address areas such as the anatomical location of the TAH, thermal
management, control modes, orientation effects, variable volume mechanism,

and manufacturability.

Task 2. Quality of Life

An estimate shall be made of the expected Quality of Life based on actual
performance. of the TAH. Indices of Quality of Life shall be enumerated, modified,

and finalized.

Task 3. Quality Control and Quality Management (QC&QM)

The contractor shall develop and implement a program for Quality Control and Quality
Management which includes all phases of manufacturing, procurement of components,
assembly, testing, and post-test evaluation of the TAH. The contractor shall have a
discrepancy reporting system, configuration control of the TAH design, and a
procedure for incorporating any modifications which are introduced during the design
or testing phases. The program shall involve subcontractors and alternate sources.
The program, including human resource development, shall be updated and evaluated
periodically as necessary based on test or other information. The IS0 9000
International Standard or equivalent will be employed.

Task 4. Documentation

The contractor shall develop a plan and shall provide documentation for all phases
of design, production, and evaluation of the TAH. The preparation of design and .
manufacturing documentation shall be completed to meet FDA requirements.

Task 5. System Fabrication and Manufacturinq

This task includes the fabrication of systems to meet development and testing
requirements. Demonstration of system manufacturability, including raw material
processing, workpiece fabrication, joining and assembly, test and inspection, and
machining and tooling technologies, shall be completed. One operational system
shall be delivered to NHLBI at the end of the Phase I contract period of
performance.

Task 6. Test Equipment Fabrication and Documentation

A1l test equipment and test fixtures, including hardware and software, to.be used
for testing and evaluation shall be identified. Documentation shall be provided
regarding the accuracy and precision of the test equipment. At least two fully
operational test fixtures intended for use during Phase II device readiness testing
must be completed by the end of Phase I.

Task 7. In Vitro Testing

TAHs shall be tested in mock lToops (laboratory and/or animal) to verify performance,
using at least two fully operational and independent TAH systems over a period of at
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least three months each. The TAHs shall be hermetically sealed and leakage
measurements will be made for components such as bladders, variable volume devices,
and hydraulic chambers. These tests shall simulate physiological environments as a
prelude to Device Readiness Testing.

Task 8. Animal Testing for In Vivo Characterization
Task S.

Animal experiments shall be performed with implanted TAHs. A major goal of this

task will be to achieve two month survival in two animals, each supported with an

implanted hermetically sealed TAH. The TAH shall be configured to conform to its

ultimate configuration as a "clinical" system. Leakage rates of fluids shall be

determined for companents such as pump bladders, variable volume devices, and

chambers containing hydraulic or other nonphysiologic fluids. The overall leakage
rate of the implanted TAH shall be determined for each animal study.

Task 9. Biological Effects

The contractor shall perform studies to determine biological and physiological
effects on animals with implanted TAHs for both acute and chronic experiments, and
shall provide documentation of these effects.

Task 10. Anatomical Studies

The geometric suitability of intracorporeal components shall be determined using
human cadaver fittings. The positioning of the TAH must be ascertained as feasible
and as adaptable to such positional changes as may be expected in a mobile patient.
The contractor shall demonstrate the TAH application in a range of cadaver sizes and
extrapolate the sizes of living humans in whom the TAH would be appropriate.

Task 11. Device Retrieval and Evaluation

The contractor shall develop a plan, provide documentation, and implement device
retrieval and evaluation after explanation from animals.

Task 12. Failure Mode and Effects

The contractor shall develop a plan and documentation for evaluating failure modes
and making root cause determinations, and shall perform such evaluations for
failures which occur during various phases of fabrication, assembly, manufacturing,
and testing.

Task 13. FDA Regquirements

The contractor shall develop and implement a program for interactions with FDA
regarding manufacturing and testing practices as a prelude to preparation and
submission of an application for an Investigational Device Exemption (IDE).

Task 14. Reports. and Technical Data Packaqes

Quarter1y, annual, and final technical reports shall be prepared. Financial
reporting will also be required. In addition, a technical data package shall be
prepared which fully documents the TAH design, including engineering drawings.
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Scientific papers appropriate for publication in refereed journals are anticipated.
The contractor shall collaborate with other contractors and the NHLBI in these
efforts.

Task 15. Meetings

The contractor shall meet periodically with other contractors and NHLBI staff to
interchange information regarding research findings and progress. Meetings with
staff shall be scheduled at least twice annually, on site and at the National
Institutes of Health in Bethesda. It is anticipated that areas of mutual interest
will be identified during these meetings and that cooperation and collaboration
among contractors will be recommended by NHLBI.
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PHASE I[--October 1. 1996 through September 30, 2000

Task 1. Common Protocol Development

[n vitro and in vivo protocols shall be developed and finalized to test and evaluate
the TAH. This task shall be performed in cooperation with the Government Project
officer and other NHLBI selected contractors in this program. It is anticipated
that this effort shall require six to nine months to complete.

Task 2. Quality Control and Quality Management

The contractor shall continue implementing the program developed in Phase I, with
modifications as necessary.

Task 3. Documentation

The contractor shall provide -documentation for all phases of design, production and
evaluation of the TAH. The FDA Good Manufacturing Practices will be observed.

Taskv4. System Fabrication and Manufacturing

As in Phase I, and using Quality Control and Quality Management procedures, TAH

systems shall be fabricated to meet the demands of in_vitro and in vivo evaluations.
One operational system, packaged and 1abe]ed shall be delivered to NHLBI at the end
of the contract period. '

Task 5. Device Read1ness Testing

TAH reliability shall be established by testing hermetically sealed systems in their
final configuration in mock test loops. As per the protocol developed in Task 1,
TAHs shall be tested to establish, as a minimum, 80% reliability with 80%
coofidence, over a_%1n1mum_2g319Q_9f:£ﬂ§:QEEEETEEEIZEEmQ_nggny A monitoring
system shall be impTemented to provide information on a timely basis to NHLBI

regarding praoblems and progress during testing.

Task 6. TAH Performance in Chronic Animal Exper1ments '

AH performance shall be evaluated in an1ma]s with hermetically sealed 1mp1anted

_Systems f1 ured for. "c11n1ca1" use, as per the protocol developed in Task At
leas ted 1
-animgT: . i i (/Jrﬂxﬁ\\ﬁs each.

‘more than (Ewe Vg i ili i i , gnedo f’F‘ch
-may_be exclud i may be terminated due to

failyres—u to the TAH. A mon1t0r1ng system Shall be imp lemented to provide
12format10n on-a timely basis to NHLBI regard1ng problems and progress during animal
Studies
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Task 7. Biological Effects

‘The contractor shall perform studies to determine biological effects on animals wit
implanted TAHs for all animal experiments, and shall provide documentation of these

effects.

" Task 8. Device Retrieval and Evaluation

The contractor shall implement and document device retrieval and evaluation after
explantation from animals in accordance with the protocol.

Task 9. Failure Mode Analyses and Corrective Action

The contractor shall document failures and failure mode analyses for failures which
occur during fabrication, assembly, manufacturing, and in vitro and in vivo
evaluations. Root cause determination shall be performed. Restart, redesign,
retooling, corrective action, or new verification studies of TAH design shall not be
initiated prior to receipt of written authorization from the Contracting Officer.

Task 10. FDA Reguirements

The contractor shall continue interactions with FDA regarding manufacturing and
testing practices.

Task 11. Reports and Technical Data Packages

Quarterly, annual, and final technical reports shall be prepared. Financial
reporting shall also be required. In addition, a technical data package shall be
prepared which fully documents the TAH in vitro and in vivo evaluations.

Scientific papers appropriate for publication in refereed journals are anticipated.
The contractor shall collaborate with other contractors and the NHLBI in these

efforts.

Task 12.  Meetings

The contractor shall meet periodically with other contractors and NHLBI staff to
develop protocols and exchange research and evaluation information. During protocol
development in the first year of Phase II, four (4) meeting are anticipated.
Meetings shall be scheduled at least twice annually thereafter, on site and at the
National Institutes of Health in Bethesda. Contractors may cooperate and
collaborate with one another in certain areas, as recommended by NHLBI.
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