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Betveon July 1967 and March 1970 we considered 49
pationts with end-stage heart disease for cardiac
transplantation. After complete cardiologic evaluation
to exclude all patients who could benefit from other
modes of therapy, 34 patients were selected a3
potential recipients. Twenty of theso underwent cardiae
tmnsplanhﬁoﬂ; 14 did not. While receiving optimal
medical therapy before a donor became available, two
of the 14 nontranspianted patients improved
significantly and were removed from the walting list. .
The other 12 died within 2 to 90 days (averzze, 28
days) while awaiting a suitable donor. Clinical data on
both groups are presented. Actuarial statistics show a
sunival after cardiac transplantation, in-our series, of
5597 at 3 months, 43% at 6 months, and 36% at 1.
year. Six patients are alive at more than 1 year after
transplantation. In a select group of carefully evaluated
patients cordiac traneplantation appears to prolong life.

A 1THOUGH more than 160 paticnts have received
cardiac allografts in medical centers throughout the
world since December 1967, the early experience with
this procedure has produced few long-term survivors
(1). It is important, therefore, that patients cop-
sidered for this operation undergo careful cardiologic
evaluation with particular attention to establishing
the cxact ctiology of the cardiac disorder, quantitat-
ing the severity of the circulatory alterations, and
estimating the prognosis for survival. We describe
our experience at Stanford Unpiversity Hospital, Palo
Alio, Calif., with evaluating and selecting cardiac
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transplant recipients and describe the subsequent
clinical courses of those patients selected as potential
recipients. The operative procedure and postoper-
ative program for managing paticats undergoing
cardiac transplantation at Staaford bave been de-
seribed extensively in other publications and will
not be presented m this communication (2-5).

Patient Selection

Patients referted as possible cardiac transplant
recipients are generally those considered by their
physicians 10 have end-stage heart diseasc that cannot
respond further to conventional medical or surgical
therapy. These patieats are studied carcfully to

determine the precisc cause and queptitative severity ' - f

" of their beart disease. Evaluation includes complete

medical history, physical examination, and appropri-
ate laboratory studies. In most patients right heart
catheterization and retrograde left heart catheter-
ization with exercise studies are carried out. Cor-
onary arteriography is performed on patients with
coronary artery disease when the patient’s clinical
status permits it. Left ventricular angiography is
done in patients with suspected localized dysfunction
of the ventricle, aneurysm of the left ventricle, or
unexplained and refractory heart failure.

Those patients whose comprehensive cardiologic.
evaluation suggests a pour prognosis for more than
short-term survival are studied further to detect
diseases of other organs or psychiatric illness that
would preciude a successful postoperative recovery.
Acceptance into the transplant program &s a potential
tecipient then depends on informed consent of the
patient after we have thoroughly discussed with the
patient and bis family the patient’s discase, the
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Table 1. Accepted Recipionts Not Undergoing Cardige Transplantation

ECG~

Case Gt Length of ‘Lcn.?m Cardisc Catheterization™
o
umber ieenos’s Discase  Sovere FAW VR Cardies Index
Di or
Discase
yr yr months mm Hg  wnils !ner.r/nw;/nfBSA
1 28 Radiation cardiomyopathy 7 moaths 2 IVCD 17 i2 2 0
2 51 Cardiomyopsthy 2 s veD o —
5 20 Cardiomyopathy 2 } LVH, LAE 14 1.0 2.9
6 9 Cardiomyepathy 2 12 LVH, RYH 25 25 4.3
8 51 Cardiomyopathy 2 é LVH, LAE 27 6.0 1.3
9 47 Coronary artery disease 4 L] AMI 29 6.2 1.6
i2 46 Coronary artery disease 6 Y AMI, IMI 27 49 1.6
15 53 Coronary artery disease 4 7 AMI M1 23 6.1 1.1
17 20 Cardiomyeopathy 6 2 LYH, LAE 25 7.8 1.4
19 59 Coronary artery disease 12 8 LAD 25 1.3 28
206¢ 30 Cardiomyopathy 2 2 LAE, IVCD 28 40 19
28 50 Cardiomyopathy 7 7 IV{({ZD, PAT, 3 120 1.0
utter
30 55 Coronaty artery dizease 7 8 wCep, LAD —_ — 1.0
34 43 Coronary artery disease, 10 i IMI, IVCD —_ —_— —
acute myyocardial infarction .
Average §43.6 5.2 4.3 24.2 52 1.67
425 49 4,26 24,6 30 1.69

. WCD = muavoamcu&ar mnductmx delsy; ‘LVA, RV = left aud right ventricular hypertrophy; LAE = lcft audal cmarccmcnr.. AMIL = uxcrlur

myscardial infarction; IMY = inferloe myocasiial infarcrion; LAY we

left awis Awvisiion; [RBR « left bundle-branch block; ALMI = utemnmml

wyacardial inforction; ASMI o anteroseptal wyovardial mhmuun. PAT — parux.vsm.d ll.na.l nchycardia,

+ #8 PAW = pulmonary arisry wedge; LAwW =

prognosis without fransplantation, and the present
¢cxperience with cardiac transplantation at Stanford.
The postoperative course is discussed in detail; we
emphasize fpll commitment of the patient and his
family to the procedure by insisting that the patient
either re¢side in the San Francisco Bay Area or move
to the area after successful cardiac transplantation,
so that meticulous postoperative follow-up will be
possible. Once the patient has accepted his status and
is a definitc candidate, lymphocyte typing is per-
formed for future matching with potential donors (6,
7). Acceptance as a potential recipient is based on re-
view of the objective data and the patient’s clinical
_Gondition at that time. The medical cardiology team
" continues to evaluate the patient clinically to ensure
that there is no unexpected improvement while the
paticnt is recciving optimél medical therapy. Should
such improvement of the patient’s clinical condition
occur, he may be removed [iom the active recipient
list, This alternative is especially important in patients
with cardiomyopathy -and jts oceasional unpredictable
course.

Results
Forty-nine patients were consndcrcd as candidates
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left atria) mesn; PVR =

v i -1

for cardiac trangplantation at Stanford between Jzﬂy .

1967 and March 1970. After complete cardiologic
evaluation, as described, 34 patients were selected
as potential recipients. For this report these paticrits
are divided into two subgroups: those aot recelving
cardiac allografts because of vnavailability of 2
suitable donor and those who were matched with
an appropriate donor and recevied an allograft.

In the former group, consisting of 14 patieats, 12
died awaiting transplantation, Relevant clinjeal data
for these 14 patients are summarized in Table 1. Ten
of the 14 were men, 3 were women, end 1 was a
child. Adult ages ranged from 20 to 59, with an
average age of 42.5 years. The average length of
kuown cardiovascular disease in these patienfs was
4.9 years, with an average interval of incapacitating
symptoms of 4.3 months. It should be cmphasized
that although these patients do not compose a true
control group to compare with patients who have
undergone cardiac transplantation, they do represent
a series of similar patients considered to have end-
stage irremediable heart discase by the same cﬂtema
as the group that was transplanted.

Two patients initially selected ac potential recipi-
ents were subsequently removed from the active list

~



Tsble 1. (Continued)

l-'——-'- :
i Coronary Arteriogram} Blood  Bilirubin Date Date Date of Da
4.ngiogram Urea Considered  Accepted Natural Awayistiuz
. Nitrogen Death Transplant
mg/100 mi
— -— 13 04 7/26/61  11/15/67  1/13/68 49
- — 21 2.1 1/1/68 1/2/68 1/7/68 s
| Left ventricular - 16 1.1 5/4/68 5/10/68 5/21/68 17
contraction .
| Left ventricular — — 6/10/68 —_— —_— —_
coptraction :
_ - 32 1.6 7/25/68  8/1/68 9/9/68 40
} Left ventricular OcelR, 3H-LAD, Circ 19 11 8/2/68 8/9/68 11/1/68 54
cor traction
—_ —_ 32 0.2 9/17/68 9/17/62 9/24/68 ?
—_ — 57 0.9 9/21/68 ~ 9/27/68  9/27/68 1
| Left rentricular — 13 1.6 - 10/12/68  10/25/68  12/2/68 33
cortrastion
| Left venteicular Occ] LAD, 34 K, Cire 12 0.7 11/13/68  11/18/68  12/24/68 36
contraction
| Left ventricular -— 19 1.0 4/13/69 5/1/69 8/21/69M 111
contracuon
} Left ventricular — 45 40 5/5/69 1/14/69  8/11/68 34
canitraction
— - 40 0.9 8/15/69 8/23/69 977/ 15
— — 50 0.7 /a0 1/21/70 2/1770 12
29.3 14 279
28.5 1.4 34.3

T 0o = completely occluded, R = right coronary artery; 3+ = 9% occlusion: LAD = Jeft aoterior descanding; Cirv = Jefy dreumflex coro-

nary aety; 2+ = 60% occlusion; 14 = less thar 3% occlusion,

¥ ~ Asverages of adult paticnts including the patient in Case 26, who was removed from active reciplent Hst (sec texx),

§ = verages of adult patients wbo died gwallng lranspluiauion.
il = 1Jate remaved from active teciplent lise.

of petients awaiting transplantation. One patient
(Case 6) was a 9-year-old girl with a history of

chronic hcart faflure and intermittent pulmomaty

‘edema, requiring repeated hospitalizations. Evalud-

" tion with.Jeft ventriculography and cardiae eatheteri= . -

zation showed findings consistent with ‘8 cardiomy-

100,

% SURVIVING

20

Figure 1. Survival calculated by the
life taale method. Survival for trans-
plantcd pationte le calculated from

opathy. The pateat's clinical course subsequently
stabilized, and her mame was removed from the list
of potential recipients. Without any significant change

© & NON-TRANSPLANT PATIENT (I2)
A= TRANSPLANT PATIENT (20)

the time of operation; survival of
nontrunsplented pationte is calcu-
lated from the time of selection for
transplantation,

TIME IN MONTHS
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‘in her clinical course the patient died suddenly 14~ - - "
- months: Jater.. This- patient’s -young -age -presented: - v
" uwique problems, both in assessing the severity of her

0
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heart disease and in determining indications for oper-
ation. The other patient (Case 26), a 35-yeer-old
man, when initially evalvated, presented with severe
congestive heart failure with ascites and anasarca
secondary to cardiomyopathy, which had been totally
unresponsive to conventional therapy during a
2-month observation period. After heing selected as
a recipient he improved with comprehensive medical
therapy, to which he had been unresponsive previ-
ously. This prompted his removal as an active recipi-
ent candidate 3 months after sclection. His ¢ln-
ical condition is now quite stable 16 moaths later,

Tabla 2, Patients Underguing Cardlac Transplantation

1 o Y ”,'
saud he is being followed closcly in the Cardidlégy.
Clinic. Of the 12 paticnts who died while continu-
ously at risk of dying or transplantation, the maxj.
mum survival after selection was 84 days, with an
average survival of 27.9 days (Figure 1). Death was
in each casc caused by progressive heart failure. Ad-

dition of the adult patieat who was initially selected-
and at risk of transplantation or dying but then re-.
moved from the active waiting list at 3% months, as.
described above, increases the average “survival” to

34.3 days.

The clinical data and pertinent laboratory results.

Case - Age Cardiac Lengih of Length of ECG* Cardiac Catheterization Angiogramt
Nusaber Diagnosis Known  Severe
Disease  Disease PAWor PVR Cardiac Index
LAM
r > wmemthr wum Hp units bitars/min/m® BS4
3 54  Cardiomyopaiby 1Y 2 LAD, IVCD -— — 1.6 —
4 40 Coronary artery 7 13 ASMI 28 8 1.7 1 Left vertricular
disease contreztipn
10 42  Coronary artery i2 36 ASMI 10 1 82 1 Left ventricular
divasrcm contrasdon
7 Sl Coronary artery [3 12 W1 20 1.3 7 | Left ventricular -
discase ¢ontraction
1 45 Corosary artery 2 1 .. AMI 28 27 .13 [ Left ventricular
W " discase [ . R . - contraction, left vens
S ' T tritular Aneurysm
13 ¥ Coronary artery 9 4 AMI, IMI 23 7. 1.9 ] Left ventricula
. ~ discase : contracinn
14 34 Coronary artery 5 12 AMI, IMI 3% 49 1.3 e
. diseass
18 5  Coronary artery 10 moaths 7 AMI, IMI, 12 — -— | Left ventrievlar
discusa sentricalay connzction
achycardia
16 44  Cardlomygpathy 3 B Abnormal §T-T 2> 24 1.7 —_
21 43  Coronary artery 3 3 weeks Acute AMI —_ - s bnd
disease, acute
*xayocardial
infarction
20 85 Coronary artery 18 4 AMY 20 — 2.3 1 Lefe vestrienlss
dincage eonwacton, 2«
myocardial lafarcden
22 42  Cardiomyopathy 7 7 IVCD - —~ - 1 Left venzricular
contracton, 2+
gortic inauBeiency
23 58  Coronary srisry 13 4 AMI, IVCD 28 8.9 1.2 ] Left vearricular
disease contraction
23 33  Coronary artery 4 12 AMI, 1ML —_ — - } Left veatricular
diszase conteaction
24 51  Coronary artery % ¢  ALMI 28 1.5 1.6 ] Lelc venricular
disease coatracton, 24
tayoecardial jnfarction
2 64  Coronary artery [§] 8 LIDE, LAR 36 16.0 1.0 1 Lefe veawicular
discase coatraction, 24
myosardial infarction
29 46  Cardiomyopathy 8 3 IVCD, LAR 39 108 1.1 2+ myocnrdial infarctdon -
31 6¢  Cardiomyopathy G 12 IVCD, LEBB 24 5.4 1.8 | Left veutricular . | .
. eontraction e
32 40  Coronary arcery 2.5 5 ALMI 26 83 1.2 | Left venwicular
’ dincase tontaction
33 43  Coronary artery Y L ALMI, LAR 36 40 1.9 Larze left ventricular
disense, venrries ancurysm
: wlar ancurysm
Average 49.1 6.15 .82 <=9 5.45 1.69

& See Table 1 for explenntjon of ECG abbreviations,
t See Table 1 for explanation of sngiogram and astsgiograms abbreviations
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obtzined on the first twenty patients who have under-

e cardiac transplantation at Stanford are pre-
sented in Table 2. At present scven of these patients
are alive. Survival from the ectual date of operation,
calculsted by actuarial methods, is 55% at 3 months,
4395 at 6 months, and 36% at 1 year (Figure 1).
gix patients are alive more than 1 year after trans-
plantation; the patient who has survived the Jongest
in cur series was transplanted more than 20 months

0. : .
ag'I'he clivical data presented imn Tables 1 and 2
show no sigoificant differences between the trans-

Table 2. (Continued)

planted and nontraosplanted patients in respect to
age, sex, primary cardiac diagnosis, or duration of
severe  cardiac symptoms, Cardiac catheterization
and sngiographic findings, as well as laboratory data,
are similar in the two groups.

Survival for the group not undergoing tran'splanta-'.

tion is calculated from the date of acceptance as a
potential recipient t0 the date of death, except for
the two paticots removed from thz'wniﬁng list. Sur-
vival in the transplanted patients is caleulated from
the date of operation to the date of death, or to the
present tine. The time awaiting transplantation is

y———c

Cecronary Blood  Bili- Dare Date Date Date of Cause Dayx Months
Artiogram { TUsea rubin Considered Accepted Transplanted Yostoperatve Awaldng  Survived} Swvived}
Nitrogea Death Transplant
" ng/ 100 mi
j— 26 3.3 1/5/68 1/6/68 1/6/68 1/21/68 Hepatie failure 1 15 05
— 20 1.8 3/1/68 3/28/68 5/2/68 5/5/68 Pulmonary hyper- 34 3 0.1
mosioa
Cecl R, LAD 17 0.5 6/11/68 8/11/68 8/22/68 10/1/68 Infeetian-rejection 11 4% (%
Sevee difwse 12 0.5 3/29/68  isi2/68 8/31/68 49 [608] {20.3]
suene 19 12 1/30/68  8/15/68  9/9/68 1/14/68  Hepatits 2 127 2
Qex} Cire, 17 1.9 9/16/68 9/19/68 10/5/68 12/5/68 Infection 16 61 2.0
3.» LAD
— 22 0.3 9/10/68 $/20/68 10/26/68 36 [552] [18.4]
Ocel Cire, 19 04 10/15/68 11/1/68 11/20/68 12/14/68 Cerebral vascular 19 24 0.8
3.- LAD accident
— ‘14 2.2 10/23/68 10,26/68 11/22/68 8/30/69 Chronic rejection 26 281 9.3
— 50 28 1/30/69  2/1/69 2/8/69 ? [447) (14.9]
- 2 L 118768 :..1,./'29/&9 . %jisje0’ LU0/25/69 T Aenen rujuetion Tyt ST Y DT ey
— 37 2.9 3/14/69 3/18/69 3/29/69 5/7/69 Acute rejection 11 39 1.3
- 3 2.8 3711769 4/11/69 4/13/69 2 [383; [12.8]
QOce R, Cre, 18 23 4/23/689 4/28/69 5722769 24 [344] [11.5)
3-» LAD
OccirLAD, 40 0.8 4/12/69  4/25/89 2/16/62 11728769 Chronic and acuts 81 136 4.5
1 Gire : rejection
— 12 2.0 5/28/69 6/7/59 /16769 8/17/69 Pulmonary hypese 69 1 o3
tension
- 19 15 B8/12/60  8/19/69  9/3/68 ' 15 [240; 8.0
— 65 2.0 8/25/69 8/29/69 8/14/69 11/13/69 [nfecton 17 60 M4 :
Sewere Jovesiel 17 0.9 12/2/69 12/12/69 179770 22 (118} [3.9]
di .
“i’c 12 0.6 11728/69 11727789 1/16/70 80 1104] [8.5)
26.8 All 1999 Al 599
810 669  +2.23

[($49.9)  [11.09)

1 4 = patients who died; [ ] w patients allve,

Olark ot wi. * Prognools of Cardive Transplant Candidotes 19

RPN,
B A
JRA

-



not included in the survival figures for tragsplanted
patients, and the aversge time awaiting transplant
(26.5 days) approximates the average survival of
patients without transplant (27.9 days). The range
of days awaiting trapsplant (1 to 81 days) is likewise
comparable with the life expectancy of ‘montrans-
planted patients.

Discussion

The present results of clinical cardiac transplan-
taticn at Stanford suggest that significant qualitative
. improvement in and prolongation of life is possible
in certain selected paticnts with end-stage, liremedi-
able heart disease. Our experience demonstrates that
the cardiologic indications for operation, as well as
other medical factors influencing postoperative sur-
vival, must be carefully evaluated All patients pre-
sented in this teport had end-stage heart disease and
appeared to be in imxninent danger of dying at the
time of medical and hemodynamic evaluation.
Twenty of these patients underwent cardiac trans-
plantation; fourteen did not.

One patient who preseried unique problems in
plauning therapeutic manapg=ment (Case 33) was &

. .48-year—old man who, 3 months: before referral, suf-

- fered a massive myoaardwl mfarchcm ‘and subse-
quently developed a ventricular aneurysm, Evaluation
showed a massive left ventricular aneurysm involy-
ing the entire apex of the left ventricle and a resting
cardiac index of 1.9 liter/inin per m® body surface
area. Careful study of the cardiac catheterization data
and left ventricular angiograms suggested that an.
eurysectomy would leave insufficient myocardium to
pravide 2 functional left ventricle. Surgery was there-
fore postponed untl a standby donor became avail-
able, Exploration at opcration showed that the entlre
anterolaterzl and apical portions of the left ventricle,
including the anterior half of the iuterventricular sep-
tum, were included in the aneurysmal formation. The
remaining portion of the left ventricle exhibited poor
contractions. Cardiac transplantation was thus se-
lected as the only available means of therapy for
this patient; the availability of a donor heart prob-
ably saved his life.

. Recent experience with direct coronary artery by-
pass surgery (8, 9) bas allowed us to expand stand-
ard, operative indications considerably for patients
with severe coronary artery disease. These ncw oper-
ative approaches emphasize the importance of full
angiographic evaluation of the coronary arteries and
left ventricle in paztients who have known or sus-
pected coronary artery disease. At present, however,
patients exhibiting diffusely poor and asynchronous
left ventricular contractions and evidence of extensive

20 July 1971 s Annale af Intarnal Madlsine * Volume 7§ = Numbar ]

fibrosis, in addition to severs diffuse coronary dis-
ease, may be considered for cardiac replacement,
Once myocardial scar has been formed, increasing
the coronary flow by vein bypass grafte probably
cannol restore ventricular capacity.

Messmer and Leachman's experience (10) re-
garding survival of nontransplanted candidates ap-
pears to differ from ours. Of their 42 potendal recipi-
eats who were not transplantsd, 14 survived morc
than 3 months, and 12 of the patients were still alive
at the time of their report. Their reported mean sur-
vival at 74 days included many patients who had
not yet died or undergone tfansplantation, giving a
mortality rate of 35%. Their transplanted patients
had 2 mean survival time of 89 days (including the
waiting period), Thus, improved survival could be
considercd as 15 days as a result of transplant. This
appears fo contrast with our ongoing experieace of
essentlally 100% mortality rate in patients awaiting
fransplant and en average survival of 42 days if
transplantation wasr not accompliched, At Stanford
overall mortality in cardiac transplantation decreases
to 35%, with average survival of 200 days and six

survivors for more than 1 year. With a swall series:
of panems statistics can only partially help to assess’

‘progress in such a new ficld as cardiac transplanta-
tion. Although the 6-week survival rates are similar,

14 of 42 potentia]l recipients iz Messmer's report.
survived longer than 3 months without tragsplanta-
tion. Except for the two previowsly discussed pa-.
tients who improved on medical therapy (Cases ¢

sud 26), none of the 34 patients accepted at Stanford

as a potential recipicnt has survived longer than 3
months without transplantation. It should be empha-:
sized that technical differences exist between Mess-
mer’s data and ours—namely, they include the time:
awaiting transplant in their survival times, and they
mention no measures taken to remave patients from.

the active recipient list. These specific differences and

the general absence of published reports of criteria.
for recipient selection by other cemters make it im-
possible to compare our data with the worldwide:
experience. The short survival of nontransplamted’
patieats, in addition to rendering it impossible to.
have a true control group, confirms the severity of
the underlying heart disease presént in patients ful—t
filling our criteria for recipient selection for cardiac:

transplantation,

Figure 1 compares the survival of the 12 nontrans-
planted candidates with the survival of transplanted -
patients. Survival statistics themselves do not con-:
vey the improved quality of life afforded long-term
surviving paticnts after successful transplantation, but -
this aspeet of the procedure is a significant factoq in -
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psse7SINg postoperative results. The activity and well-
peing; ©f successfully transplanted patients stand in
clear contrast to the terminal cxistence of pontrans-
Plan(ed candldatcs. . : i )

To dato none of the preoperative studies per-
ormed in these patients has served to predict accu-
rately the long-term  postoperative results. Appfar-
ently, however, scvere secondary organ dysfunction
relatzd to chronic congestive heart failure may con-
wibute significantly to early postoperative morbidity
gpd morality. Our gencral experience with postop-
crative infectious complicatione in patiente managed
on a broad ijmmunosuppressive program also empba-
sizes that significant preoperative infection is a rel-
ative contraindication to transplantation (11, 12).

Although further experience is mecessary to con-
firm the indications for recipicat sclection and to
define those diagnostic criteria that prechude success-
ful vardiac transplaptation, we believe that our ex-
pericntr 0 date justifies continuing clinical ivvesti-
gation. of this procedure in carefully evaluated and
highly selected patients.
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PERSPECTIVE

poes Cardiac Transplantation Prolong Life?

A Reassessment

MITCHELL H. GAIL, M.D., Bethesda, Maryland

Analysi of survival data from two studies on cardiac
transpluntation sUEZes.S that the assignment method
sed favored the transplanted group and that the
improved survival in the transplanted group could be
explainad solely in terms of selection biags. Several
alternalive experimental designs are proposed.

Two =ecENT REPORTS of cxperience Wwith cardiac
wansplantation conclude that this procedure appears
o prolong life in carcfully sclected patients (1-2).In

our opinion, the data do not warrant evell this

guardedly optimistic assessment, since the obscrved

. Giffercaces iu sarvival can be explained in terms of.

probable selection bias.

Methods and Resulis

Figuwre 1 contains four survival curves calculated
vy applyieg the actuarial mecthods in Cutler and
Edere- (3) to the data of Messmer and associates
(1) and Clark and colleagues (2). All tirpe is mea-
sured in months from when the patient was first ac-
ceptetd as a potential transplant recipiest. Percent
survival is plotted on a log scale so that the force of
mortality (slope of the log survival plot) can be seen.
The clate of Mesemer and associates (1) {hereafter
called study 1) are represented by solid symbols, and
those of Clark and colleagues (2) (hereafter called
study 2) are represented by opea symbols. For both
studies circles depict survival of the transplanted
group and  wiangles that of the nontransplanted
group, The median survival of the transplanted group
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oxceeds that of the nontransplanted group by about
4 months in study 1 and 8 months in study 2. We now
ask if this difference in survival is an effect of treat-
ment ot only reflects bias in the assignroent of sub-
jects to the transplanted or nontransplanted groups.
In both study 1 and study 2 the patient is assigned
to the nontransplant group by default. That is, 2 po-
tential transplant recipient becomes a member of the
nontransplant group because no suitable donor be-
comes available before the potental recipient dics
(or before the end of the study). We now present a
hypothetical example that illustrates how this as-
signment method biases the results in favor of the

trapsplanted group. .
- Dr. Edgeworth decided to conduct & study of the -/ "

efficacy of cardiac wansplantation, and he’ aceepted
three patients, A, B, and C into his pool of potential
recipients. Patient A was agonal with, at most, days
to live: Patient B was a bad operative risk, having had
debilitating cardiac disease for years; and Patient Cc
was comparatively healthy. Unfortunately no allo-
grafi became available for 40 days. Paticat A had
died 3 days after acceptance into the recipient pool;
he was assigned to the nontransplanted group. Patient
B, too, had died, after 31 days, and was assigned to
the pontransplanted group. Ouly Patient C survived
the 40-day waiting period. He reccived a transplant
and had an uncomplicated postoperative course until
he dicd during a rejection crisis 100 days later {which
was 140 days after his initial acceptance as a poten-
tial transplant recipient). Although Dr. Edgeworth
was terpted to compare the survival of Patient C,
the transplantee, with that of Patients A and B, the
pontransplanted group, he reasoped as follows:

“My assignment procedurs introduced important
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Figure 1. Percent survival (log scale) versus time in months from

initial acceptance into the recipient pool. Solid symbols deplct

data o’ Messmer and assoclates (1) and open symbols those of

Clark and colleagues (Z). ClrCles represent transplanted groups

and trisngies nontransplanted groups, (Ail 14 patients in the o
. -, rrangplanted group descritied by Clark are included.) - - - .

‘biases. After all, A, the sickest patient, never had

much chance to be transplanted anyway. And in gen-
eral, most of my sickest subjects will get thrown
jnto the nontransplanted group. Also, this waiting
period will tend to ;ilter out the bad risks like Patient
B, so Ill only have o operate on comparatively

healthicr paticnts like C. This sbould at least reduce

my early mortality, and maybe it will help in the long
run t¢o, And if T had randomized the initial assign-
ment to the transplant group, surely some of the
paticnts in this group would have died while awaiting
a donor. In effcct I have given my transplantec sur~
vival curve an artificial boost by guaranteeing survi-
val at [east to the time of trausplantation.”

This example emphasizes the types of biases in-
herent in the assigmment method used in study 1 and
study 2 by depicting a very inhomogeneous recipient
pool :nd a long waiting period. But, although this
example was chosen mainly to highlight the biascs,
the biases are real enough, and it is the experimenter
{not <1e gadfly) who must prove that adequate pre-
cauticias were taken to eluminate bias. Indeed, since
the avarage waiting time was about 20 days in study
1 and 26 days in study 2, and since the initial attrition
rate is so high (Figire 1), these biases are indonbt.
edly izaportant.

We summarize Dr. Edgeworth’s objections as fol-
lows: [1] the survival tune of the nontransplanted

group is shorter than would have been observed with
a random assignment method, because the method
used assigns an unfair proportion of the sicker
paticnts to this group (blas); [2] the survival time
of the transplanted group is longer than would have
been observed with a random assignment method for
two reasons. First, an unfairly large number of good-
risk patients have been assigned to this group, intro-
ducing a bias. Second, the patients m this group are
guaranteed (by definition) to bave survived at Icasi
until a donor was available, and his grace period hag
been implicitly added into the survival time of the
transplanted group. :

Discussion

Messmer and co~workers (1) and Clark aad col-
leagues (2) conclude that eardiac transplantation
“sppears” to increase survival in suitably sclected
patients. Figure 1 shows an “apparent” increase in
median survival (in comparing transplanted and non-
wansplanted groups) of about 4 months for study 1
and 8 months for study 2. Our analysis of selection
bias allows s to state with some assurance that these
figures overestimate the “true increasc”™ in- survival
attributsble to transplantation. (By “true increase”
we mean the increase in surviva] that would have
been observed had the original pool of potential re-
cipients been randomly assigned to the transplanta-
tion and nontransplantation groups at the outset.)
Part of the apparent increase in survival (perhaps
2 to 4 weeks) is a waiting period before transplanta-
tion. Part of the apparent increasc is probably ceused
by selection bias, as descnibed above, Indeed, the
transplantation procedure may contribute nothing ©
the survival increase in the transplanted group. Clark
pointed out that the nontransplanted group was pot
a “true control” group, but he failed to note, as We
have, that the patient assigument method used in
these studies almost certainly introduced a selection
bias that favored survival of the transplanted group.

Since the difference in survival times between the
transplanted and nontransplanted groups is not strik-
ing, and since a part of this difference probably results
from selection bias and not from treatment method,

" Further large-scale evaluation of the efficacy bf cardiat

transplantation may not be decmed necessary. Should
such studies be planned, however, we suggest (bree
alternadve approaches, each answering a slightly
different question.

One conld pair patential recipients at their mutual
time of acceptance as transplant candidates and 0%
mediately—and at random—assign one to the trad¥
plant group and one to the control group. SurvY
should be measured from time of acccptance jnto G1°
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sady. This study would measure the overall effective-
gess of transplantation therapy, including the practical
sFculty of waiting for a suitable donor.

It ope were intercsted in assessing survivzl frow the
time of trensplantation (rather than from the time of
gdmission as a transplant candidate), one could ran-
domly @ssign an available heart to one of a pair of
living recipients (perhaps that pair that had walted
Jougest). Then the survival of the two groups, trans-
plantees and control subjects, could be measured from
the time of operation. This design partially answers
the ethical imperative of giving available hearts on 2
first-come, first-served basis, and it is acceptable it
one is prepared to disregard histocompatibility studics
ip assigning the heart.

1§ suitable histocompatibility matching is a sine qua
non of transplantation, one could define several co-
norts of transplant candidates, each cohort consisting
of subjects accepted a3 candidates at approximately
the same date. A newly available heart would thea be
gssigned "o a cohort on a next-in-line besis. From that
cohort the two members with best histocompatibility
to the donor would be selected, and one would be
randomly chosen for transplantation, the other be~
coming ¢. coptrol. Survival would be measured from
(he time of operation. If the cohorts were large enough,

the two best matches would almost certaialy be “suit-
able” for transplantation.
Each of the previous designs has distinctive de-

 sirable (and undesirable) features. The first measures

the effectiveness of transplantation in current practice,
and the last two the effectiveness of the operation it-
self in prolonging life. The sccond alternative pactially
prescrves a first-come, first-served queuing discipline.
The third alternative sacrifices this discipline to as-
sure suitable histocompatibility. Other designs are
conceivable, but they must all share with these three
the feature of randamization to guard agaiust scloc-
tion blas.

ACKNOWLEDGMENTS: The author is grateful to Dr. Charles
W. Boone for helpful disenssions.
lm)lzeceived 9 Novamber 1971; revision accspted 24 January

» Requests for reprints should be addressed to Mitchell H. Gk,
MD. Buiding 37, Room 1C08, Wational Institutes of Health,
Bethesda, Md. 20014,

References

1. Messuer BJ, Nora T, LEACEMAN RD, et al: Survival-times
after cardiac aflografis, Lance! 1;954-956, 1569

2 Crixx DA, Stnson EB, GuEpr RB, & al: Cardizc trans-
planiation in man. IV, progaosis of pati¢ents selsoted for cardiac
transplantation. Ann Iniern Med 75:15-21, 19N

3, CurLEr §J, Eperex F: Mexjmum utilization of the life table
method in analyzing survival. / Chronic, Dis 8:699-712, 1958

Gall » Gardiac Tranaplentation 817



