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Abstract. This mortality study deals with the 1068 heart 
transplants (1054 patients) performed in Italian Units 
from November 1985 to April 1992. The death rate was 
19.7% and the actuarial survival was 89% at 1 month, 
83% at 1 year and 74% at 6.5 years. Recipients who 
died had been less often transplanted for dilated cardio- 
myopathy, were older (44.1 vs. 41.7 years) and more of- 
ten male (84.5 vs. 72.7%). Analysis of  the causes of  death 
was restricted to orthotopic transplantations (1029/1068 
procedures, 195/208 deaths). Deaths were grouped with- 
in four intervals: peri-operative (_<1 month, 50.0% of  
deaths), early (>  1 month < 3 months, 17.2%), interme- 
diate ( >  3 months < 2 years, 22.6%) and late ( >  2 years, 
10.2%). The prime causes of  death were mostly post- 
operative graft failure (whose effects brought  about 64% 
of peri-operative deaths, 28% of early and 7% of  inter- 
mediate deaths), post-operative complications (10% of  
peri-operative deaths), acute rejection (10% of total 
deaths, distributed in all the periods), graft arteriopathy 
(6% of  early, 36% of  intermediate and 58% of late 
deaths), infections (17% of  deaths, occurring in all peri- 
ods but late) and malignant tumours (7% of  deaths), 
lymphomas being the first to occur and Kaposi's sarco- 
ma occuring only in the intermediate period. Repeat 
transplantation had a poor  outcome (death rate 71.4%), 
two-thirds of  the re-transplanted patients' deaths being 
due to early graft failure and a third to late relapsing 
graft vasculopathy. 
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Introduction 

Post-mortem examinations have made a major  contribu- 
tion to the understanding of  the pathology of  cardiac 
transplantation (Uys et al. 1979). Continual changes in 
the age distribution of  recipients, immunosuppressive 
therapy, supportive treatment of  patients maintained on 
the waiting list, donor  ischaemic times and recipient 
monitoring make careful evaluation more and more nec- 
essary (McManus 1992). Because of  the relatively low 
death rate of  heart transplant recipients, it has become 
mandatory  to perform multi-centre studies (McManus 
1992) in order to gather sufficient information. The limi- 
tation of  these studies, however, lies in collecting data 
from different, often barely comparable, sources. 

The purpose of the present paper is to report  the 
mortality data of the eleven Italian cardiac transplanta- 
tion units in their first 7 years of activity (1985/1992). 
Such a multi-centre study has the advantage of  reporting 
a large series (208 deaths out of  1068 transplants) which 
was collected from a homogeneous population, undergo- 
ing the same monitoring procedures. 

Materials and methods 

We studied 1068 heart transplants performed on 1054 patients (14 
recipients were re-transplanted) from November 1985 to 
April 1992. The patients underwent surgery in the eleven transplant 
units which have been authorised in Italy since 1985. 

Most patients underwent orthotopic transplantation (1029/ 
1068; 96.4%), but 13 heterotopic (1.2%), 12 heart-lung (1.1%) 
and 14 orthotopic re-transplants (1.3 %) were performed. In 4 orth- 
otopic transplants the donor's heart was obtained through a dom- 
ino procedure. Since orthotopic transplants represent the large ma- 
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jority of our series, the study of the causes of death was restricted 
to this procedure only, to obtain a more homogeneous group with- 
out losing considerable information. 

All the recipients were treated with a similar immunosuppres- 
sive procedure (triple therapy with cyclosporine A, prednisone and 
azathioprine) and monitored with a schedule of endomyocardial 
biopsies (Gallo et al. 1992 a). The working formulation (Billingham 
et al. 1990) for the nomenclature of rejection was first adopted 
in a pilot study (Gallo et al. 1992c) and is currently in use in 
all the units. 

The present multi-centre study was set up by the first author 
by sending to all the sections of pathology of the transplantation 
units a questionnaire for each deceased patient. Data about all 
the 208 died recipients were collected and subsequently analysed. 

The chi-square method was used for comparison of percent 
ratios. Actuarial survival rates were computed according to the 
Kaplan and Meier's (1958) estimate. A p<0.05 was considered 
statistically significant. 

Results 

During the first 6.5 years, 208 patients died of the 1054 
transplanted (death rate 19.7%). Half of the deaths oc- 
curred within the first post-operative month; the cumu- 
lative death rate rose to 67% at 3 months, to 81% at 
1 year and to 90% at 2 years. That means that only 
10% of deaths occurred after the second follow-up year. 
The actuarial survival rate (Fig. 1) is 89% at the end 
of the first post-operative month, 86% at 3 months, and 
83% at 1 year. After the first year, the survival percent- 
age falls slightly but steadily to a mean rate lower than 
2% per year, reaching 74% at 6.5 years. 

Many pre-transplant risk factors affect survival. One 
of these is the spectrum of pathology which requires 
the transplant: in our series, idiopathic dilated cardio- 
myopathy (Table 1) was significantly rarer among dead 
patients than in alive recipients and the opposite was 
true (although not significantly) for ischaemic, valvular 
and congenital heart disease and for myocarditis. Age 
at transplantation also influences survival: surviving re- 
cipients were younger than non-survivors (41.7 vs. 
44.1 years). This may simply reflect the age difference 
according to the underlying disease: in our series (Gallo 
et al. 1992a) the mean age of patients transplanted for 
dilated cardiomyopathy (42.3 years) was lower than that 
of the subjects transplanted for valvular (45.0 years) or 
ischaemic (48.7 years) heart disease. Male patients had 
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Fig. 1. Kaplan-Meier probabilities of survival after cardiac trans- 
plantation. The curve refers to our entire series of 1054 patients 

Table 1. Distribution of pathologies that required transplantation 
in alive and deceased patients 

Pathology Per cent distribution Statistical 
significance 

in alive in deceased 
patients patients 

Dilated CM 50.9 37.1 * 
Ischaemic HD 34.1 40.6 NS 
Valvular HD 5.2 8.6 NS 
Congenital HD 2.0 4.1 NS 
Hypertrophic CM 2.2 2.0 NS 
Endocardial 
Fibroelastosis 1.7 1.5 NS 
Restrictive CM 1.3 2.0 NS 
Myocarditis 0.7 1.5 NS 
Cardiac Tumours 0.5 0.5 NS 
Arrhythmogenic CM 0.1 0.5 NS 
Others 1.3 1.6 

CM, Cardiomyopathy; HD, heart disease; * p < 0.01 ; NS, p > 0.05 

a worse outcome: they represented 72.7% of living recip- 
ients but this rate rose to 84.5% among the dead, the 
difference being highly significant (p<0.01). In our se- 
ries, heart-lung transplantation seemed to show the best 
survival rate (83.3%) but this conflicts with the world- 
wide experience (Kriett and Kaye 1991) and may be ex- 
plained by this procedure being rather recent in our ex- 
perience and the follow-up thus being short. Orthotopic 
transplantation had a good outcome (80.3% survival), 
followed by heterotopic (76.9%) and domino (75.0%) 
transplants. Repeat transplant had a poor overall out- 
come (28.6%). 

Major pre-existing pathologies of the graft were occa- 
sionally detected at the post-mortem examination of the 
recipient: type C (Schutz et al. 1990) atherosclerotic 
stenoses (> 70%) of the epicardial coronary arteries in 
three short-term survivors, arrhythmogenic cardiomyo- 
pathy in three hearts, and an isolated post-inflammatory 
scarring of the tricuspid valve in one heart. One heart 
had a large ventricular septal defect that had caused 
Eisenmenger's syndrome. It had been evaluated as suit- 
able for a domino procedure and was implanted after 
closing the defect but, unfortunately, the recipient died 
of pump failure. 

An intriguing feature which was not rare in our short- 
term survivors and was at times attributed to a pre- 
transplant pathology, was a marked and diffuse myocar- 
dial hypertrophy, often accompanied by histological 
findings of non-specific myocardial disarray in the mid- 
septal region. Hypertrophy was sometimes so severe 
(Fig. 2) that an unaware pathologist might attribute it 
to pre-transplant hypertrophic cardiomyopathy. By 
measuring the ventricular thickness (Silver and Freedom 
1991) hypertrophy was found in 39% of our post-mor- 
tem series: the mean values of the ventricular thickness 
were 0.64 cm on the right and 1.81 cm on the left respec- 
tively. Histological examination confirmed the existence 
of myocardial hypertrophy and disclosed different addi- 
tional features according to the timing of death. In short- 



Fig. 2. Donor 's  heart. The recipient died of congestive failure, due 
to pulmonary hypertension, on the fifth post-operative day. The 
heart is sectioned according to an echocardiographic short-axis 
plane: the left ventricle exhibits an evident myocardial hypertro- 
phy, with a reduced cavity. The right ventricle is dilated. The histo- 
logical examination confirmed the presence of hypertrophy, asso- 
ciated to areas of  haemorrhagic reperfusion necrosis: one of  them 
is visible at a macroscopic level within the posterior papillary mus- 
cle 

455 

term survivors (63% of patients with hypertrophy) the 
main histological findings were multifocal reperfusion 
necrosis (47%), acute rejection (23%) or infective myo- 
carditis (12%). In early and intermediate-term survivors 
(30%) further examples of acute rejection (25%) as well 
as graft arteriopathy (75%) were observed; in late-survi- 
vors (7%) only graft arteriopathy was present. 

Other pre-transplant risk factors are said to affect 
the short or long-term survival of recipients, but were 
not evaluated in the present pathological study. 

Our analysis of the pathology at death of recipients 
is restricted to orthotopic transplantation only (195/208 
deceased patients). The data were mainly drawn from 
the post-mortem examination, which was performed in 
159/195 patients (81.5%). In the remaining cases autopsy 
was impossible because the patient died suddenly at 
home, or consent was denied. The prime cause of death 
could be definitively determined on pathological or clini- 
cal grounds in 186/195 cases. 

The distribution of pathologies observed at the post- 
mortem examination varies substantially according to 
the survival time. We subdivided the 186 patients whose 
cause of death was determinable into four groups (Ta- 
ble 2): peri-operative deaths (within the first month after 

Table 2. Per cent distribution of the prime causes of death, subdivided by survival intervals, in the group of  orthotopic transplant 
recipients 

Prime cause Timing of death Total 
of death n = 186 

Peri-operative Early Intermediate Late 
< 1 month > 1 month _< 3 months > 3 months ___ 2 years > 2 years 
n=93  n=32  n=42  n=19  

Graft failure 

Pump failure 30 
Multi-organ failure 18 
Pulmonary hypertension 16 

16 5 - 19 
6 2 - 11 
6 - - 9 

Total 64 28 7 

Postoperative 
complications 10 - - 

Acute rejection 9 19 5 

Graft arteriopathy - 6 36 

Infections 

Bacterial 8 6 7 
Fungal 2 6 5 
Viral 2 16 7 
Protozoal 1 3 2 

39 

5 

11 10 

58 15 

Total 

Tumours 

Lymphoma 
Kaposi's sarcoma 
Pulmonary carcinoma 
Other cancers 

13 31 21 - 17 

m 

m 

3 3 11 2 
- 7 - 2 

- 7 5 2 

- - 1 1  1 

Total - 3 17 27 7 

Others 4 13 14 4 7 
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transplantation; 93 patients; 50.0%) early deaths (after 
the first month but within the third month; 32 patients; 
17.2%) intermediate deaths (>3months  _<2years; 
42 patients; 22.6%) and late deaths (>2  years; 19 pa- 
tients; 10.2%). 

We defined the prime cause of death as the disease 
which initiated the process eventually leading to death. 
For example, a patient with Kaposi's sarcoma, whose 
immunosuppressive therapy was accordingly reduced, 
died of acute rejection; nevertheless, Kaposi's sarcoma 
was regarded as his prime cause of death. 

A different spectrum of pathologies occurred accord- 
ing to the time elapsed from transplantation to death 
(Table 2). In 64% of patients who died in the peri-opera- 
tive period, the new heart was not able to cope with 
the recipient's poor general condition (Table 2). A fur- 
ther 10% died of post-operative complications, such as 
haemorrhage, graft compression, cerebrovascular acci- 
dent, or aortic dissection. Acute rejection and infection 
were respectively responsible for 9% and 13% of deaths. 
In the early period, 28% of patients died from the conse- 
quences of peri-operative graft failure (Table 2). Infec- 
tions were the most frequent cause of death (31%). Un- 
treatable acute rejection accounted for 19% of deaths, 
but graft arteriopathy in the setting of chronic rejection 
caused deaths even in this early period (6%). Some tu- 
mours were present. In the intermediate period some 
mortality (7%) imputable to the late sequelae of peri- 
operative graft failure was still evident (Table 2). The 
frequency of fatal episodes of acute rejection dropped 
to 5%, whereas graft arteriopathy became the most fre- 
quent cause of death (36%). Mortality for infections fell 
(21%) whereas that for tumours rose (17%). In the late 
period there was no mortality for infections (Table 2), 
the causes of death being substantially limited to graft 
arteriopathy (58%) and tumours (27%). Two occur- 
rences (I 1%) of late acute rejection were also recorded; 
in one case this was due to voluntary discontinuance 
of therapy by the patient. 

Repeat transplant had a poor outcome overall (sur- 
vival being limited to 28.6%). In dead patients re-trans- 
plantation had been required because of post-operative 
graft failure at a short interval (1 day-2 months) from 
the former transplantation, or for graft vasculopathy 
(8 mon ths2  years). Two-thirds of subsequent deaths 
were due to graft failure (on the average within 1 month 
from re-transplant) and the other third to relapsing graft 
arteriopathy (at a median interval of 10 months from 
re-transplant). 

Discussion 

The Italian heart transplantation project proved to be 
successful; our survival rates are fully comparable with 
those of other outstanding centres (Laufcr et al. 1988; 
McCarthy et al. 1989; Olivari et al. 1990; Primo et al. 
1991 ; Uretsky et al. 1987; Yacoub et al. 1990). Cardio- 
vascular pathologists joining the project made a major 
contribution to these results, examining thousands of 
endomyocardial biopsies (Gallo et al. 1992a) and per- 

forming many post-mortem examinations, with a high 
autopsy rate (83.6% for the whole series, 81.5% for orth- 
otopic transplants), comparable with that of other units 
(Graham 1992). Even if some of the reported results 
are self-explanatory, others may deserve a brief discus- 
sion. 

It is well-known that ischaemic (Sharpies et al. 1991), 
valvular (Sharpies et al. 1991) or congenital heart disease 
(Trento et al. 1989) and myocarditis (O'Connell et al. 
1990) adversely affect transplant outcome. In our series, 
patients transplanted for idiopathic dilated cardiomyo- 
pathy had a significantly (p <0.01) better outcome (Ta- 
ble 1). In our opinion, this happens because the disease 
is limited to the heart and the patient will not necessarily 
have undergone previous surgery. This reduces the risk 
of both post-operative complications and a multi-organ 
failure syndrome. 

Male patients have a significantly higher overall mor- 
tality rate, but male recipients are said to be particularly 
prone to graft arteriopathy and female ones to fatal 
acute rejection (Sharpies et al. 1991). In our series there 
was a 0.8% rise in male rate among patients dying of 
graft arteriopathy and a 5.6% rise in female rate among 
those dying of acute rejection. Both figures lack statisti- 
cal significance (p > 0.05). 

Although repeat transplantation is still associated 
with a poor outcome, with a 49% 1 year actuarial surviv- 
al rate in the world series (Kriett and Kaye 1991) and 
a 28.6% overall survival rate in ours, there is growing 
evidence (Ensley et al. 1992) that in selected patients re- 
transplantation gives encouraging results. 

We were surprised to find some pathology in the do- 
nor heart, although this had been observed in other se- 
ries (Ninet et al. 1991 ; Pomerance and Stovin 1985). This 
finding is now unsurprising since after showing a sharp 
rise from 1981 to 1986, the world-wide number of heart 
transplants has gone up only very slightly in the last 
years (Kriett and Kaye 1991) because of a shortage of 
donors. Consequently the limit age of acceptable donors 
is being raised (Primo et al. 1991): the presence of native 
atherosclerotic lesions in the grafts is accordingly going 
to become more and more frequent with the growing 
age of donors (Primo et al. 1991). 

Arrhythmogenic cardiomyopathy was observed three 
times in our series. It was an unexpected finding in one 
patient who died of right ventricular failure due to pul- 
monary hypertension, on the second post-operative day. 
In a second case, the diagnosis was made at pathological 
examination of a donor's heart that was not implanted 
because it had suddenly arrested during the harvesting 
procedures. A third patient died of an unexplained bi- 
ventricular dysfunction, 2 months after transplantation, 
and the transplanted heart was found to exhibit a biven- 
tricular adipose infiltration (Gallo et al. 1992b). 

Myocardial hypertrophy is a frequent finding at the 
post-mortem examination of recipients. In long-term 
survivors, it is usually associated with graft arteriopathy 
(Crawford et al. 1992) or with the effects of long-lasting 
pre-transplant ischaemia (Imakita et al. 1987). In short- 
term survivors, myocardial hypertrophy has been ob- 
served in combination with the myocellular necrosis 
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Fig. 3. Endarteritis of a coronary branch. Lympho- 
cytes are scattered through the wall; the lumen is 
centrally narrowed by a diffuse proliferation of 
smooth muscular cells. The recipient died of allo- 
graft vascular disease 25 months after transplanta- 
tion. H & E, x40 

caused by acute rejection. In our experience, hypertro- 
phy was associated with many non-specific features 
eventually leading to myocellular death: early reperfu- 
sion necrosis, acute rejection, infective myocarditis and 
late ischaemic necrosis due to graft arteriopathy. 

For statistical purposes, a distinction between early 
and late deaths is frequently made, and peri-operative 
deaths are often noted separately. Although, in small 
series, it may be difficult to couple the likely causes of 
death with the survival timing (Helmuth et al. 1991) this 
is certainly possible and useful in larger studies (Kriett 
and Kaye 1991). We subdivided the follow-up period 
into four intervals (Table 2). Our timing subdivision is 
similar to that proposed by Olivari et al. (1990) but we 
preferred to extend the intermediate period up to the 
end of the second post-operative year, because of the 
homogeneity of diseases observed in this interval. 

In the world series (Kriett and Kaye 1991), post-oper- 
ative graft failure and early complications are responsi- 
ble for nearly 60% of deaths occurring within the first 
2 weeks after transplantation. Graft failure seems to be 
of even greater importance in our series, since it caused 
64% of deaths within the peri-operative period, and its 
effects extended for the subsequent periods. However, 
our mortality figures for graft failure are enlarged, as 
well as those for infections are reduced, by the definition 
of prime cause of death we adopted. Actually, graft fail- 
ure was often the first but crucial event in a long chain 
of events leading to death, usually through a saprophytic 
infection, some weeks or even months later. 

As in the world series (Kriett and Kaye 1991) so in 
ours the prevalence of fatal infective episodes varied ac- 
cording to the survival intervals, being greatest in the 
early period. The distribution of the microbiological 
agents differs in different periods (Table 2). It has been 
observed that bacterial infections prevail in the first 3 
post-operative months (Cooper et al. 1983; Primo et al. 
1991) whereas fungal infections occur later and viral in- 
fections may be early or late (Cooper et al. 1983). In 
our series, bacterial infections were relatively frequent 

in all the periods except the late (when no fatal infections 
were observed) and prevailed in the first post-operative 
month (Table 2). Viral infections (mostly by cytomegalo- 
virus) were most frequently assumed to be the prime 
cause of death in the early period. Protozoal infections 
(Toxoplasmosis), although not being infrequent rarely 
caused death. 

Our data on acute and 'chronic' rejection are difficult 
to compare with those of other series since some authors 
join them together under the common heading of rejec- 
tion (Kriett and Kaye 1991) others separate them and 
identify 'chronic' rejection with the graft arteriopathy 
(Addonizio etal. 1990; Olivari etal. 1990) and still 
others treat graft arteriopathy as distinct from chronic 
rejection (Graham 1992). In the present paper, and for 
classification purposes, we identified chronic rejection 
with the allograft vascular disease due to coronary en- 
darteritis (Fig. 3). 

Malignant tumours are an important cause of death 
in long-term survivors, but may also occur very early. 
Interestingly enough, distinctive tumours develop in dif- 
ferent survival intervals. Non-Hodgkin's lymphomas are 
usually the earliest tumours to occur, even within the 
third post-operative month (Davies et al. 1991 ; Graham 
1992): in our series one patient died of a lymphoplasmo- 
cytoid polymorphic lymphoma on day 50 post-operation 
and another one of a B-type, diffuse, large cell lym- 
phoma on day 159, but in the latter case the donor had 
been unexpectedly found to be affected by chronic lym- 
phocytic leukaemia at post-mortem examination. We ob- 
served Kaposi's sarcoma only in the intermediate period, 
as if this tumour was associated with recent-onset im- 
munodeficiency states. Other cancers (most often pulmo- 
nary carcinomas) were the prime cause of neoplastic 
deaths in cardiac transplantation recipients. For those 
whose origin is not usually related to oncogenic viruses 
or immunodeficiency states, the question arises of 
whether they existed before transplantation. This hy- 
pothesis is supported by the observation of occult carci- 
nomas in short-term survivors detected in other autopsy 
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series ( G r a h a m  1992) a n d  in ou r s :  a male ,  38-year-o ld ,  
rec ip ient  who  d ied  o f  g ra f t  fa i lure  wi th in  the pe r i -ope ra -  
t ive pe r iod ,  was  unexpec ted ly  f o u n d  to be affected by  
a 7 cm d i ame te r  p a p i l l a r y  c a r c i n o m a  o f  the t hy ro id  
gland.  

Acknowledgements. The authors wish to acknowledge the assistance 
of Drs. M. Bramerio, M. Grasso, and F. Italia in collecting the 
information about the case material, the valuable comments of 
Professor F. Mollo, and the helpful advice of Dr. G. d'Amati in 
preparing the manuscript. 

R e f e r e n c e s  

Addonizio LJ, Hsu DT, Smith CR, Gersony WM, Rose EA (1990) 
Late complications in pediatric cardiac transplant recipients. 
Circulation 82:IV295-IV301 

Billingham ME, Cary NRB, Hammond ME, Kemnitz J, Marboe 
C, McCallister HA, Snovar DC, Winters GL, Zerbe A (1990) 
A working formulation for the standardization of nomenclature 
in the diagnosis of heart and lung rejection: heart rejection 
study group. J Heart Transplant 9:587-593 

Cooper DKC, Lanza RP, Oliver S, Forder AA, Rose AG, Uys 
CJ, Novitzky D, Barnard CN (1983) Infectious complications 
after heart transplantation. Thorax 38 : 822-828 

Crawford SE, Zales VR, Backer CL, Pahl E, Hsueh C, Webb C, 
Crussi FG, Mavroudis C (1992) Myocardial hypertrophy and 
calcification after neonatal cardiac transplantation: potential 
predictors of vascular rejection (abstract). Patologia 25 : 227 

Davies H, Verney G, English T (1991) The coronary arteries of 
the transplanted human heart: studies of the development of 
disease based on serial angiography. Int J Cardiol 32:35-50 

Ensley RD, Hunt S, Taylor DO, Renlund DG, Menlove RL, Kar- 
wande SV, O'Connell JB, Barr ML, Michler RE, Copeland 
JG, Miller LW (1992) Predictors of survival after repeat heart 
transplantation. The Registry of the International Society for 
Heart and Lung Transplantation, and contributing investiga- 
tors. J Heart Lung Transplant 11 : S14~$158 

Gallo P, Agozzino L, Arbustini E, Baroldi G, Bartoloni G, Bona- 
cina E, Bosman C, Catani G, Cocco P, di Gioia C, Grillo 
LR, Motta T, Passarino G, Rocco M, Thiene G (1992a) I1 
contributo delle Sezioni di Patologia al Progetto Italiano Tra- 
pianto Cardiaco nei primi cinque anni di attivit/~ (1985-1990). 
G Ital Cardiol 22:843-853 

Gallo P, d'Amati G, Pelliccia F (1992b) Pathologic evidence of 
extensive left ventricular involvement in arrhythmogenic right 
ventricular cardiomyopathy. Hum Pathol 23 : 948-952 

Gallo P, Grillo LR, di Gioia C, Coppola L, Francalanci P, d'Amati 
G (1992c) Working formulation nomenclature of heart trans- 
plant pathology: a retrospective evaluation of 1037 endomyo- 
cardial biopsies. Cardiovasc Pathol 1 : 87-92 

Graham AR (1992) Autopsy findings in cardiac transplant patients. 
A 10-year experience. Am J Clin Pathol 97:369-375 

Helmuth RA, Strate RW, Waller BF, Stevens LH, Halbrook HH 
(1991) Death occurring within one week of cardiac transplanta- 
tion: findings in eight patients. Indiana Med 84:480-483 

Imakita M, Tazelaar HD, Rowan RA, Masek MA, Billingham 
ME (1987) Myocyte hypertrophy in the transplanted heart: 
a morphometric analysis. Transplantation 43 : 839-842 

Kaplan EL, Meier P (1958) Nonparametric estimation from incom- 
plete observations. J Am Stat Ass 53:457 481 

Kriett JM, Kaye MP (199 i) The Registry of the International Soci- 
ety for Heart and Lung Transplantation: eighth official report 
- 1991. J Heart Lung Transplant 10:491-498 

Laufer G, Laczkovics A, Wollenek G, Schreiner W, Wolner E 
(1988) Results of orthotopic heart transplantation with and 
without the use of maintenance steroids. Eur J Cardiothorac 
Surg 2 : 237-243 

McCarthy PM, Starnes VA, Shumway NE (1989) Heart and heart- 
lung transplantation: the Stanford experience. Clin Transplant 
1989: 63-71 

McManus BM (1992) Allografts and autopsies. Critical opportuni- 
ties for insight. Am J Clin Pathol 97:301-303 

Ninet J, Vigneron M, E1 Kirat A, Curtil A, Neidecker J, Boissonnat 
P, Champsaur G (1991) Analyse des causes d'6chec apr6s trans- 
plantation cardiaque. D'apr6s une s6rie consecutive de 91 cas. 
Arch Mal Coeur 84: 81 i-816 

O'Connell JB, Dec GW, Goldenberg IF, Starling RC, Mudge GH, 
Augustine SM, Costanzo Nordin MR, Hess ML, Hosenpud 
JD, Icenogle TB (1990) Results of heart transplantation for 
active lymphocytic myocarditis. J Heart Transplant 9:351-355 

Olivari MT, Kubo SH, Braunlin EA, Bolman RM, Ring WS (1990) 
Five-year experience with triple-drug immunosuppressive thera- 
py in cardiac transplantation. Circulation 82: IV276-IV280 

Pomerance A, Stovin PGI (1985) Heart transplant pathology: the 
British experience. J Clin Pathol 38:146-159 

Primo G, Le Clerc JL, Antoine M, De Smet JM, Joris M (1991) 
A survey on nine years heart transplantation at Erasme Hospi- 
tal, University of Brussels. Acta Cardiol 46:555-565 

Schutz A, Kemkes BM, Kugler C, Angermann C, Schad N, Rien- 
muller R, Fritsch S, Anthuber M, Neumaier P, Gokel JM (1990) 
The influence of rejection episodes on the development of coro- 
nary artery disease after heart transplantation. Eur J Cardioth- 
orac Surg 4:300-307 

Sharples LD, Caine N, Mullins P, Scott JP, Solins E, English TA, 
Large SR, Schofield PM, Wallwork J (1991) Risk factor analysis 
for the major hazards following heart transplantation: rejec- 
tion, infection, and coronary occlusive disease. Transplantation 
52:244-252 

Silver MM, Freedom RM (1991) Gross examination and structure 
of the heart. In: Silver MD (ed) Cardiovascular pathology. 
Churchill Livingstone, New York, pp 1-42 

Trento A, Griffith BP, Fricker F J, Kormos RL, Armitage J, Har- 
desty RL (1989) Lessons learned in pediatric heart transplanta- 
tion. Ann Thorac Surg 48:617-622 

Uretsky BF, Murali S, Reddy PS, Rabin B, Lee A, Griffith BP, 
Hardesty RL, Trento A, Bahnson HI (1987) Development of 
coronary artery disease in cardiac transplant patients receiving 
immunosuppressive therapy with cyclosporine and prednisone. 
Circulation 76: 827-834 

Uys CJ, Rose AG, Barnard CN (1979) The pathology of human 
cardiac transplantation. An assessment after 11 years' experi- 
ence at Groote Schuur Hospital. S Afr Med J 56:887-896 

Yacoub MH, Banner NR, Khaghani A, Fitzgerald M, Madden 
B, Tsang V, Radley Smith R, Hodson M (1990) Heart-lung 
transplantation for cystic fibrosis and subsequent domino heart 
transplantation. J Heart Transplant 9 : 459-466 


