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*          SUMMARY

During the quarter covered by this progress report (August 16, 1973-

November 15, 1973) two implantation experiments were conducted to evaluate

surgical procedures as well as effectiveness of the AEC ventricles.  Both

experiments were conducted as short term evaluations.  From these experiments

evidence indicated that modifications of the outflow valves quick-connects

would shorten the surgery time for installing the AEC blood pump.

Experiment No. AEC 4, revealed a weakness in the flexible drive shaft.

Experiment No. AEC 5, utilized a drive shaft with a heavier outside casting

to enhance support of the flexible drive shaft.

1                   Hemolysis testing in-vitro has begun, and early results indicate a
-

very low level of blood damage.  The smooth surface Silastic rubber ventricles

have the lowest blood damage properties of any ventricle tested so far.  The

fibrilized rough surface will be tested in the future and compared to our

4 smooth surface ventricles. However, smooth AEC ventricles are much more gentle

to blood than are the rough surfaces of the air driven Jarvik ventricles as

seen in our preliminary tests.

A summary of the October planning meeting is enclosed, including tasks

outlined at that meeting.  During the October conference two new AEC blood

pump configurations were displayed by Mr. Robert Jarvik and Dr. Gary Sandquist.

Testing has begun on Robert  Jarvik's pump to determine its efficiency, pumping

penformance and other operating parameters.  Dr. Sandquist's pump·is still

in the early design :stages and a prototype has not yet been developed.

                     Results of past AEC implantation experiments have been written up andsubmitted to the April, 1974, A.S.A.I.0. conference.  These results indicate

that the University of Utah project is ahead of schedule, in that we have suc-

cessfully implanted and maintained calves with what is meant to be only a
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bench test model.  The next quarter's work will be primarily aimed at per-

fecting implantation techniques and prolonging the postoperative 1 ife time of

the calves.

Dr. Kent Backman has devoted 80 percent of his time to this project

during this past quarter.  Dr. Backman will allow Mr. Lee Smith to organize

and oversee this project during the next quarter November 16 - February 15.

After January 1974, Dr. Backman will be leavjng to take another job and

Mr. Smith will be in charge of the AEC project as co-principal investigator

along with Dr. kolff.  Dr. Gary Sandquist has devoted 33 percent of his time

            to this project during this quarter and will devote approximately 33 percent

of his time next quarter.

Dr. Jay Volder has devoted approximately 25 percent of his time to

this project during this quarter and will continue to devote 25 percent of his

'

time next quarter.  When Mr. Smith is in charge of the project he will devote

<            approximately 80% of his time to this project.  Contracts requirements are

thus being met even with the change of personnel anticipated next quarter.

14

*

1
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SUMMARY OF AEC EXPERIMENT #4-TH73 C29 826 AEC 4, August 30, 1973

Experiment No. 4 was a sterile, short-term study, the purpose of which

  was to determine the blood compatibility of a smooth surface Silastic vent-

1 .           ricle and to evaluate surgical implant procedures.

Surgical Procedure:

The surgery was performed by Dr. Jay Volder, Dr. Don Olsen and Mr. Neil

Eastwood.  A 107 kg. male Holstein calf was used for the experiment and no

preoperative antibiotics were administered.  Bjork-Shiley 29 AxP inflow

  valves and 27 AxP outflow valves (vitreous-carbon) were sealed into the

ventricles and the entire blood pump was autoclaved prior to surgery.  An
external electrical motor drove the blood pump at 120 beats per minute.·  A

sternum split surgical procedure was followed, using Brevane followed by

B.O.F. as anesthesia.  Surgery lasted 3-1/2 hours and the calf was sustained

by a Bentley heart-lung machine for 137 minutes.  Because of the short-term
1 A.'Ab.1
r W.' nature of the experiment, blood chemistry, hemolysis, clotting times and

driving pressure parameters were not monitored.

Postoperative Results:

Heparin was administered as an anticoagulant at a controlled rate.  An

initial tidal volume of 1100 cc was recorded. The calf received mechanical

  ventilation support from a Bird respirator on 100% oxygen.  Within a few

hours chest drainage had increased to 600 cc.  The calf remained motionless
"

in a prone position for five hours at which time he held up his head.  At

5 hours the calf was still receiving mechanical breathing support, but with

only 65% oxygen.  At 7 hours the calf could not be persuaded to get up.  At

9 hours 5 gm. streptomycin was administered and mechanical breathing support

was continued with 55% oxygen.  At 10 hours the calf attempted unsuccessfully

i                                                -3-
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to stand and penicillin was administered.  From 11 to 13 hours the calf

 
remained motionless, his chest drainage increasing to 2300 cc and his tidal
volume increasing to 1650 cc.  Respiratory support was maintained at 13

hours with oxygen concentration reduced to 45%. Auditory and visual reflexes

were good until 13 hours, when the flexible drive shaft broke and the blood

               pump stopped.
Autopsy Results:

Autopsy indicated complete atelectasis in the left middle and right

upper lobes and abnormal lung tissue full of granulomas.  The lungs weighed

1.8% of total body weight--almost tw.ice the normal Value.  Approximately

600 cc of clotted blood were found in the thorax. There were no mechanical

problems associated with the ventricles or blood pump assembly.  A broken

P             drive shaft was determined to be the main cause of death at 13 hours

postoperative.

1        .....
11

1
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SUMMARY OF AEC EXPERIMENT #5 - TH73 C35 832 AEC 5, September 27, 1973

Experiment No. 5 was designed as a short-term, sterile experiment to

determine the blood compatibility of a smooth Silastic ventricle and to

: evaluate surgical implant procedures.

Surgical Procedure:

A sternum split procedure was performed by Dr. Jay Volder, Dr. Frank

1 Donovan and Mr. Neil Eastwood on a 111 kg. male Holstein calf, using

Brevane followed by G.O.F.  Vitreous carbon Bjork-Shiley inflow (29 AxP)

and outflow (27AxP) valves were used on smooth Silastic ventricles.  Ven-

tricles and blood pump assembly were autoclaved prior to surgery.  Surgery

I               lasted four hours and the calf was sustained by a Bentley heart-lung machine
1

for 134 minutes.  Twenty-four hours prior to surgery the calf's lung functions

F               were measured by a spirometer to determine tidal volume, 02 uptake, minute

volume and functional residual capacity.  Tests revealed that lung capacities

1 e
were within normal limits.

r

Postoperative Results:

Because of the short-term nature of the experiment, hemolysis, clotting

t

·         times and clotting factors were not monitored.  Heparin was administered as

|               an anticoagulant.  Streptomycin was administered every five hours starting

1               at 14 hours.

During the first ten hours the calf moved very little.. Tidal volume

fluctuated 200 cc but remained essentially unchanged. Chest drainage in-

creased to more than. 2200 cc, auditory and visual reflexes remaining stable

but poor.  At 10 hours the calf unsuccessfully attempted to stand.

1 In the next ten hours'period tidal volume fluctuated and gradually

decreased to 1600 cc.  Visual and auditory reflexes improved and remained

good.  Several unsuccessful attempts to stand were made by the calf.

t
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Mechanical ventilation was maintained and oxygen concentration was increased

from 21% to 40%.  Chest drainage increased--approximately four liters of

: fluid were recovered from chest drainage tubes.

From 20 to 30 hours reflexes remained good with little change in

tidal volume.  Chest drainage decreased to only 1000cc.  Body temperature

 

stabilized at 38'C and mechanical breathing support continued at 20% oxygen.

At 24 hours the calf stood unassisted for five minutes.

: During·the fourth ten hour increment chest drainage was reduced to

approximately 300 cc and tidal volume was reduced to 1300 cc.  At 40 hours

             both visual and auditory reflexes became poor.  There was very little movementfrom the calf and mechanical ventilation support was maintained, increasing
-

oxygen concentration to 40% at ten liters per minute.

From 40 to 50 hours chest drainage decreased to 200 cc with a 200cc

:A
increase in tidal volume.  Auditory and visual reflexes improved and remained

f ...2
fair.  Body temperature lowered to 37.7'C and mechanical breathing support

1 was continued.  At 50 hours chest drainage tubes were removed.

: At 51 hours the calf was extubated and breathing was spontaneous

             large increase in tidal volume to 1780 cc was monitored.  Visual reflexes

for approximately 20 minutes, but intubation again became necessary.  A

ceased and auditory reflexes remained fair.  The calf's temperature increased

to 39' C and the calf remained quiet until the 60th hour.
*

At 65 hours eyelid reflex was absent and auditory reflexes were poor.

             Mechanical breathing support was increased to 50%.oxygen and there was a
200 cc decrease in tidal volume. At 69 hours the calf was terminated.

1
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Autopsy Results:

Autopsy revealed enlarged lungs, weighing 1.7% of total body weight

: (compared to the normal 0.96%). Kidneys were found to be normal in

I weight but containing several large emboli.  Small emboli were found in

both lower lobes of the calf's lungs, showing signs of congestion and

atelectasis.  The spleen was normal but the liver was enlarged and con-

'

gested, measuring 2.76% of total body weight (compared to the normal 1.65%).

;

Suture wires were unbroken but two thirds of the sternum incision was open,

, contributing to infection.  500 cc of clotted blood were found in the

thoracic cavity with evidence of massive infection.  The condition of

{               the blood pump ventricles was tolerable with small clots around the valve

rings. Fibrin deposition was noted around suture·-lines of both the right

g               and left atria.  Firm clots were encountered around the housing and dia-

phragm junction.  No mechanical problems were present but the Silastic

covering around the drive line was cut.  The flexible drive shaft showed./.

no signs of fatigue.

1

.

1.
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SUMMARY OF AEC, WANL AND IBE PERSONNEL MEETING, October 29-31,

1973, UNIVERSITY OF UTAH

The AEC Artificial Heart Program Planning Meeting opened Monday,

October 29, 1973 with a conference of AEC and WANL and The Institute of

 

Biomedical Engineering personnel at the University of Utah.

The planning meeting of October 30 began with a discussion of the

quick connects designed by Drs Backman and Sandquist.  Dr. Jay Volder pointed out

1
some of the problems in the current quick connect design.  One modification

suggested by Dr. Volder was to place the heart valves in the ventricle quick

connect portion (of the inflow valves only) rather than in the atiia graft
t

portion of the quick connect assembly.  Dr. Volder felt this would decrease the

 ti

installation time during surgery.  The modification is presently being made

by Dr. Gary Sandquist, who will also alter the molds as necessary used toi.
I.5

produce the Silastic components (See Time Schedule Chart, Page 11)...£

1

Dr. William Mott suggested that we examine the quick connect device

J designed by Thermo Electron Corporation.  He said he would arrange to  have
R

TECO send us their model for consideration.

                         Dr. Backman explained the use of the special tool designed for

1           closing the close connects.  He  mentioned that the tool is used more for security

than necessity.
/

There was a discussion of the size and weight of the current implant-

able version of the AEC'heart.  The importance of not increasing the dimensions

was emphasized and the need to reduce size and weight was stressed.  The

possibility of reducing the diameters of the blood pump actuator was explored,

'

but no plans were made to change the current AEC heart design.

0
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The gear bosses and drive shaft linkage mechanism were discussed.

1

W A N L  personnel agreed that the gear boss could be reduced to approxi-

'

mately half its present size.  Westinghouse is currently making this design1.

change in the IVBM model. .The advisability of rounding the corners and/or

padding the sharp edges of the blood pump was .consi dered but no definite

                solution to this problem was formulated.  The proper. angle of attachment

for the flexible drive shaft was also discussed. It was decided that the

angle depends upon the type and length of the flex shaft.

'

To summarize the lengthy discussion surrounding the drive shaft, Dr.

               Don Olsen and Dr. Jay Volder agreed to use an 8" flexible drive shaft for
i              implanting an electric motor and blood pump assembly.  Trial fits. will be

made using models and flexible door springs to simulate the flex shaft,

1              to determine the proper length, radius of curvatures and angles of gear
t

boss intersections. An attempt will be made to use a 24" shaft to implant

an electric motor in the flank of a calf.  If this procedure appears to have

6
merit,a longer shaft will be ordered by our group.  As the time schedule

indicates,.a fit trial will be conducted with both an 8" and a 24" shaft,
1

using models of the heart and thermo-converter.  ·Design requirements obtained

from these trial·s will be sent directly to W A N L for evaluation.  As it
i

i

now stands, an 8" flexible shaft will be ordered and shipped to us for

implantation and an electric motor will be used to simulate the nuclear-

powered thermal converter.  In the trial fit experiments, using a dead

: animal, the possibility of using an even shorter 4" shaft will be explored.

An experiment to determine the amount of flexing necessary to accommodate

movement by a calf with an implanted drive shaft will be conducted, using

metal clips attached to the sternum and midline of the abdomen and taking



x-rays (see attached time schedule). Results of these experiments will

be included in the second quarterly report.

: The last item discussed during the morning session was the system

'

design options for implantation of the IVBM model.  Mr. Dave Pouchot

discussed four main schemes for implanting the thermo-converter and

                blood pump assembly (see page  12-18  ).  Mr. Pouchot personally recom-
mended scheme #3 with a half hour stoppage time for the thermo-converter.

Considerable attention was given to scheme#4 and a modified version

which uses a clutch mechanism. A clutch would allow the thermo-converter

to operate and the blood pump to remain inactive until implantation is

completed.  Positioning of the clutch was discussed but not confirmed.
1,

Dr. Don Olsen suggested a novel modification·of scheme #4 using a

i             "fluid well" surgical technique. This would involve filling the calf's
1

open chest cavity with fluid (blood or saline) which would allow placement

<           of the blood pump  in the chest while the mechanism is operating.  It was

concluded that these schemes must be more thoroughly investigated before

a decision is reached.  However, the most satisfactory implantation

scheme was suggested by Dr. Jeffrey Peters.  His procedure requires that

                the blood pump initially be installed with an electric motor implanted
i               in the .abdomen, using a short, flexible drive shaft.  After the patient

t.               has been sustained satisfactorily for 3-4 weeks via the electric motor the

nuclear heat engine is to be implanted and the electric motor removed.

This scheme is preferred by the Institute of Biomedical Engineering at the

1 University of Utah.

                     The afternoon session epened with a discussion of problems associated

' with fixation of.the blood pump and nuclear engine.  Installation of the

whole system versus a subsystem was d€bated.  The question centered around

the implantation schemes discussed earlier and again no solution was

I adopted. -10-



SCHEDULE OF UTAH EXPERIMENTS AND RESULTS

1.  November 7 X-Ray with metal clips.  Not successful.

2.  November 15 Fit  trials  with  8"  and 6" shaft model s

(see next quarter's report)

3.  November 27 Quick connect modification of inflow valves,

(see next quarter's report)

4.  December 15 Acute experiment with 8" shaft. Del ayed

until January 10 because of delay in shipment

1 of shaft.

i              5.  January 11 Acute experiment with long shaft (24").
I

Experiment called for implanting electric

motor in flank of calf.  This procedure was

determined unsatisfactory when compared to

procedures using the much shorter shafts.

*              6.  January 12 Heat  dissipation measurements made on the small

electric motor that will simulate the nuclear

heat engine.  Results of two different techniques

i                                        indicate that approximately 10 watts of heat will

have to be dissipated.  This can successfully be

accomplished and heat dissipation can be held to

*                       below 0.1 watts/cm .
2
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SCHEME NO. 1

System/Component Status Prior to Implantation

'

.              System assembled and ready for operation but without Pu-238 heat source

installed.

Implantation Steps*

1.  System installed and connected up.

1 2.  Hot side assembly removed.

3.  Pu-238 heat source installed in hot side assembly.

4.  Hot side assembly reinstalled.

<                   5.  Wait two hours.6. Start system.                      ,··
1

1

Problems or Potential Problems

1.  Contamination of hot side.

2.  Starting of system.

3.  Sealing of hot side assembly.

4.  Difficulty of installing hot side assembly and limited time for

i installation of hot side.

Advantages

1.  System is passive during installation (ease of surgery).

2.  No extracorporeal cooling loop or hi-vacuum system required.

* 3.  Hi-vacuum seal assurance.

*Implant Step 2 could be done before implantation.  As a further option a

dummy section could be used at Step 1.  Perhaps, to shorten the waiting

i

time, Steps 3 and 4 might be done in conjunction with Step 1.

-12.



Scheme No. 1 (Continued)

Disadvantages

1.  Extracorporeal starter required.

2.  Two hour wait and possible interruption of surgery.

3.  Positive assurance of operation is lacking.

.4.  Potential risk of overheat before startup.

5.  Extra care required to prevent contamination.

6.  Requires internal as well as external system sterilization.

i

C-

1,7

/
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SCHEME NO. 2

System/Component Status Prior to Implantation

:.              System assembled with Pu-238 heat source installed but thermal insulation

gas flooded.  Auxiliary cooling system attached.

Implantation Steps*

'

1.  System installed and connected up.

2.  Thermal insulation pumped down and sealed.

3.  Wait some time - one hour.

4.  Start system.

0                   5.. Remove and/or disconnect auxiliary cooling system.

Problems or Potential Problems

2                    1.  Sealing and contamination of vacuum system.  In situ pump down.

2.  Starting of system.

3.  Auxiliary cooling system adds bulk to thermal converter hot side
-

assembly during installation and may not be practical to remove

this bulk after installation.

3.  Sealing of auxiliary cooling connections.

i Advantages

2
1.  System is passive during installation (ease of surgery).

2.  Can back-flood insulation as safety option against overheat.

*
3.  Easier and safer to overlap waiting time.

4.  Auxiliary coolant loop decoupled from primary coolant loop.

5.  Can sterilize system as a whole.

*Perhaps, to shorten waiting time, Steps 2 and 3 might be overlapped with

Step 1.

-14-
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Scheme No. 2 (Continued)

Disadvantages

1.  Requires hi-vacuum system at Utah and field punch-off equipment.

2.  Requires extracorporeal cooling loop and lines.

3.  Requires extracorporeal starter.

4.  Some waiting time.

5.  Running status is not assured.

6.  Extra care may be requjred to prevent contamination.

1-
. /.7

2
./

/

1

1
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SCHEME NO. 3

System/Component Status Prior to Imolantation

System operating with auxiliary cooling system, ventricle bypasses and

blood flow valves pinned.

Installation Steps

1.  Install and connect system.

2.  Unpin blood flow valves.

3.  Remove and seal ventricle bypasses.

'

4.  Remove and/or disconnect auxiliary cooling system.

                Problems or Potential Problems

1.  Sealing of ventricle bypass connections..+

2.  Sealing of auxiliary cooling connections.

' 3.  Bulk of auxiliary cooler.

4.  Bulk of ventricle bypasses (?).

5.  Shunts in both blood flow and primary coolant flow may lead to

undesirable transients on startup.

Advantages

1.  System opdration assured.

1                   2.  No startup waiting period.

3.  Can be sterilized as a total system.

+ 4.  Normal contamination care.

Disadvantages

1.  System continually moving, particularly blood pump domes.

2.  Requires extracorporeal cooling loop and Tines.

3.  No complete assurance system will not stall during implantation

(might require backup in calf·starter).

; 4.  Modification to blood flow valves.

5.  Makeup supply to ventricles required.

-16-



SCHEME NO. 4

System/Component Status Prior to Implantat'ion

System completely assembled, thermal converter running, clutch between

thermal conventer and blood pump disengaged, auxiliary cooling system

attached.

Installation Steps

1.  Install and connect system.

2.  Fill ventricles.

3.  Engage clutch.

4.  Disconnect auxiliary cooling system.

Problems or Potential Problems ...

1.  Sealing of auxiliary cooling connections.

2.  Sealing of clutch engager.
1.

3.  One of IVBM dimensional goals will not be met...e
4.  Clutch not designed.

5.  Shunt in primary cooling loop may result in undesirable startup

transients.

1      ·         Advantages

1                   1.  System operation is nearly assured.

2.  Starts like electric motor implant.

' 3.  Blood pump is passive during implantation.

4.  Normal contaminantion care.
r

5.  Simpler sterilization.

l Disadvantages

1.  Requires auxiliary cooling loop.
1                   2.  Thermal converter operating.

3.  Auxiliary loading device probably required.

4.  Can't meet all IVBM goals.
-17-



CONTINGENCY OPTION ANY SCHEME

Scheme

External, demountable electric motor and flexible shaft connected

into the nuclear system on a temporary basis.

1            
  Reason

  To minimuze nuclear system parameters such as size, weight and isotope

inventory, the nuclear system has little if any excess power capacity over

and above that required by a healthy animal in a stable environment.  During

the implantation operation, particularly, (and possibly thereafter during

               the recovery period) observation by Mr. Bifano (WANL) during an electric

implant indicates excess occasional demand upon the motor.  The seriousness

of these excess demands is unknown.  A temporary electrical assist would

eliminate concern about these transients.

I - Problems

1.  Removal. of assist requires more surgery and provides an added

path for infection.

2. Sealing at attachment after removal.

9 3. Idea only--no design.
i

1                  4. External devices more easily damaged after operation.

Advantages

.1. Eases system startup.

2. Prevents system stall.

               Disa
dvantages
1. Some of the connection point hardware will probable be left inside

permanently.  Some dimension will exceed IVBM goals.

|                                                                                                                                      -18-



Dissipation of heat by an electric motor implant and the nuclear thermo-

converter was discussed.  The amount of heat dissipated by the electric

motor will be measured by experimental procedures (see attached time

schedule, Page 11).  ·With the thermal converter the possibility exists of

having to dissipate 15 to 20 watts of power into the body tissue.  How to

do this without causing tissue damage poses a problem which was not solved.

t

For the time being heat will be dissipated through the blood pump ventricles

and into the blood stream, using oil coolant lines.

New pump designs were demonstrated and discussed during the morning session

of October 31.  Robert Jarvik demonstrated his design and discussed some of

               its limitations (see attached photos, Page 20).  The advantages of the.Jarvikmodel are its small size and simple design.  However, the size and shape

               of its ventricle could result in an accumulation of fibrin and clot deposition.t

Dr. Gary Sandquist reviewed his design, indicating the large stroke

           volume
of approximately 260 cc (see attached photos). Dr. Sandquist's

design has the capacity to place the inflow and outflow ducts in a
/

'

variety of positions.  The thin design offers the additional advantage

of affording greater latitude in the positioning of the blood pump within

i              the chest cavity (see Page 21 to 23).

1                  The final session concluded with a discussion by Dr. Kent Backman·and

Mr. Nat Bifano regarding problems encountered in the current system design.

The*fatigue life of the drive shafts was discussed as well as related

mechanical problems which shorten the life of the flexible drive shaft.

Also discussed was ·the infection sometimes found in experimental animals

i following surgery.  Some·of these problems could be eliminated by an

implantable power source, which would prevent penetration of the chest
 

wall by the flexible cable.

-19-
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Results of In Vitro Hemolysis for AEC Ventricles

Dr. Jeff Peters has developed in our laboratories an in vitro test

to measure the amount of blood damaged by the pumping action of the ven-

i tricle's diaphragm and its foreign surface.

The System:

1

The artificial ventricle is attached to a Silastic bag which acts as

the blood reservoir.  The ventricle is driven as it would normally be

in vivo.  For the A E C  ventricle the driving rate was 120 beats per

minute.  A flow probe is situated between the reservoir bag and the

inflow valve of the ventricle.  The filling pressure of the system at

STP conditions is 40 mmHg and the outflow pressure is equivalent.  In

this respect test conditions more closely resembl_e those found in the

right heart (see photographs, Page 25 ).

Testing Procedure:
i

'

0 ./.9 Blood is drawn from the system in 4 cc aliquots every ten minutes.

Each sample is centrifuged for thirty minutes and the plasma is removed

for analysis.  The sample is analyzed for oxyhemoglobin, the substance

released during hemolysis. A Cary model 41 spectrophotometer is used to

i               scan the sample between 600 nanometers and 560 nanometers.  The graph

                paper can be calibrated with human blood so that the area measured under

the scan peak.is multiplied by 1.68 to yield data in mgS free plasma

hemoglobin.  The mg% figure  for each aliquot is then computer analyzed

to find the slope and the slope correction.  Another computer program

is used to calculate the hemolysis index when the slope has been calculated.

:               The hemolysis index is defined as follows:

(1)    HI = (Slope) (100-Crit) (Vol-1)

Fl ox  x      2
10

I/
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Results:

The hemolysis index data on the A E C  heart are the best seen so

far.  As a comparison, the Kwan-Gett 8 cm. smooth ventricle has a mean

HI of 0.02 at a driving pressure of 6 psi, 35% systole and 100 beats

per minute.  The Jarvik smooth ventricle has a mean HI of 0.034 at a

driving pressure of 2 psi, 35% systole and 100 beats per minute.  The

Jarvik fibril ventricle has a value of 0.072 at the same driving para-

meters.  The values represent the same range of flow values as those

used in the A E C  test (see Tables I, Page27 ).

)

L
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HEMOLYSIS TEST RESULTS FOR AEC VENTRICLES

Change

Mq. % Hb
HI Slope Slope-Corr. Hct. Flow BPM Run Time

9.6 .00553 .0655 .841       49 13.3 120        2

5.I .00404 .0428 .935       43 13.3 120        2
AEC

L

6.8 .01113 .1160 .981       42a 13.3 120        1Smooth Heart

(Silastic)
5.9 .00996 .0941 .979       36 13.3 120        1

N

7 6.1 .00913 .0936 .972 41 13.3 120        1

4.8 .00803 .0837 .962       42 13.3 120        1

10.2 .00744 .0934 .980       50 13.8 138                  2

1

Mean 6.38 .00790 .0826 .945 42.2

S.E. .707 .0011 .0104 .0219 1.70

S.D. 1.73 .0027 .0255 .0536 4.17

a Donor blood sample                                                                  ·.c


