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TRANSPLANTATION

Heart transplantation at Baylor University Medical Center:
an g..-year experience

Ana Mercau de Gandolfo, MD, Maurice Adam, MD, John R. Bret, MD, John E. Capehart, MD,
Michael A. E. Ramsay, MD, Peter A. Alivizatos, MD, and the Cardiothoracic Transplantation Service

From March 1986 toDecember 1993, 137 patients underwent orthotopic
heart transplantation at Baylor University Medical Center (BUMC). This
communication describes the evolution ofcardiothoracic transplantation
atBUMC and theresults on122 patients who have had atleast 6months
of follow-up since surgery. Transplantation was undertaken for dilated
(60), ischemic (58), hypertrophic (3), and restrictive (1)cardiomyopathy.
The etiologies of end-stage cardiac disease were atherosclerotic (58),
idiopathic (53), viral (1), puerperal (3), valvular disease (6), and amy­
loid (1). Mean recipient age at thetime of transplantation was 51 years
(range, 16to 71 years), while mean donor age was 28years (range, 10
to 60 years). Ninety-three males and 29 females became heart trans­
plant recipients. Organs were procured distantly for 74% of patients.
Mean ischemic time was 163 minutes (range, 51 to 278 minutes); mean
follow-up time was 834 days. Endomyocardial biopsies were used ex­
tensively tomonitor rejection. Immunosuppressive therapy consisted of

H eart transplantation has become an established treat­
ment for end-stage cardiac disease. After the first suc­
cessful adult heart transplant procedure was reported

in TheAmerican]oumal ofCardiology in 1968 (1), the introduc­
tion of cyclosporine in the early 1980s created renewed interest
in the procedure worldwide. In 1980, only 17 centers were in­
volved in heart transplantation. By 1985, the number had in­
creased to 100 centers: presently, 229 transplant centers report
to the Registry of the International Society for Heart and Lung
Transplantation (2, 3).

Baylor University Medical Center (BUMC) established its
Cardiothoracic Transplantation Program in March 1986 and, as
of December 1993, had performed 137 heart, 3 heart-lung, 12
single-lung, and 1 double-lung transplants in as many patients,
including 3 simultaneous kidney-heart transplants (4) . The first
"domino" procedure for heart and heart-lung transplantation as
well as the first single- and double-lung transplantations in North
Texas were performed successfully at BUMC.

After an exponential growth during the initial stages of the
program, the number of procedures plateaued (Figure 1) because
of limited donor availability (an experience shared worldwide (5))
and the establishment of several other heart transplantation pro­
grams in the same community. Five heart transplantation pro­
grams presently exist in Dallas.

Liberalization of donor and recipient selection criteria fa­
vored by Schuler (6), Sweeney (7), Guerraty (8), Menkis (9),
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double- or triple-drug regimens with induction of immunosuppression
using Minnesota antilymphocyte globulin, horse antithymocyte globulin,
ormonoclonal antibody (OKT3). Survival was significantly correlated with
1)induction with antilymphocyte globulin (P< 0.005), 2)donor age (older
was worse) (P < 0.005), 3) donor sex (female was worse), and 4) re­
sponse to vasodilators in candidates with a transpulmonary gradient
greater than 10mm Hg.Survival rates forpatients discharged after trans­
plantation were 93% and 76% at 1year and 5 years, respectively. Early
mortality has been eliminated inthepast 2years due toa return tostrin­
gent donor and recipient selection criteria. Surviving patients have been
rehabilitated successfully: 91 %areinNew York Heart Association Class
I,and 89% have returned toemployment orother activities.These grati­
fying findings reaffirm the value of cardiac transplantation in treating
these otherwise desperately ill patients.

and others resulted in an increased number of transplants, al­
though with increased perioperative mortality.

At BUMC, a comprehensive data base was collected (Pa­
tient Analysis and Tracking System [PATS) software program)
to evaluate our experience, recognizetrends, modifyselection cri­
teria , and reaffirm or adjust therapeutic modalities . This article
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Figure 1, Evolution of the Cardiothoracic Transplantation Program at
BUMC.
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presents the results of heart transplantation in 122 patients suf­
fering from end-stage cardiac disease with a minimum posttrans­
plantation follow-up of 6 months.

RECIPIENT AND DONOR DEMOGRAPHICS
Ninety-three male and 29 female patients became heart

transplant recipients between March 6, 1986, and December 31,
1992. Recipient age at the time of transplantation ranged from
16 to 71 years (mean age, 51 years). Older patients were accepted
for transplantation in 1991-1992 (mean age, 57 years), as com­
pared with 1986-1987 (mean age, 47 years).This trend coincided
with increasing experience of the transplant team and the broad­
ening of criteria for acceptance of higher-risk patients. Never­
theless, there was no significant difference in actuarial survival
between the two groups (P = 0.6).

Actuarial survival data were analyzed in relation to recipi­
ent age at the time of transplantation. There were 48 patients
younger than 50 years and 74 patients age 50 years or older. Al­
though the older group had lowersurvival rates than the younger
group, this difference did not reach statistical significance (P =

0.65) (Kaplan-Meier Life Table analysis). Interestingly, the sur­
vival rate at 7 years was slightly better in the older recipients.

All candidates were evaluated by a multidisciplinary selec­
tion committee. Indications for heart transplantation were
idiopathic dilated cardiomyopathy (49.2%), ischemic cardio­
myopathy (47.5%), hypertrophic cardiomyopathy (3 patients,
2.5%), and restrictive cardiomyopathy (1 patient, 0.8%).

Refractory congestive heart failure was the most prevailing
change present in these heart transplant candidates (95.9%),
followed by limiting, low-cardiac output (26.2%), malignant
arrhythmias (9%), and refractory angina (2.5%). The etiology
of cardiomyopathy wasatherosclerotic in 58 patients, idiopathic
in 53, valvular disease in 6, puerperal in 3, viral in 1, and amy­
loid in 1.

Time spent on the transplant waiting list ranged from 0 to
486 days (mean, 66 days). In 1986, the mean number of waiting
days was 19.13, but the wait has become increasingly longer in
recent years (117.5 days in 1992). This increase in waiting time
is a trend that correlates with the experience of other transplant
centers and can be attributed to a shortage of donor organs. Dif­
ficulty in obtaining donor organs is the most important factor
that restrains a successful heart transplant program (10).

Forty-eight patients (39.3%) were admitted electively from
home, while the remaining patients (60.7%) were in an inten­
sive care unit setting. Seventy-four patients were on intravenous
vasoactive support, most commonly with dobutamine (35.2%)
and more recently with amrinone (22.1%); 28 patients required
an intra-aortic balloon pump before transplantation, and 1 pa­
tient wassupported with a biventricular assist device. Early mor­
tality was 50% (n = 24) in the subgroup that needed mechanical
assistance after transplantation and 22.2% (n = 27) in the sub­
group that required assistance both preoperatively and postop­
eratively.

Pretransplantation right side of heart catheterization data
were available for review in 105 (86. I%) of 122 orthotopic heart
transplants. A baseline transpulmonary gradient between 5 mm
Hg and 15 mm Hg was present in 86 patients (81%) and greater

than 15 mm Hg but less than 20 mm Hg in 7 patients (6%),
whereas values for 29 patients were less than 5 mm Hg.

Absolute contraindications to heart transplantation in­
cluded active infection and severe pulmonary hypertension
(transpulmonarv gradient greater than 20 mm Hg). Other contra­
indications to heart transplantation included intracranial cere­
brovascular disease, malignancy, or severe and irreversible
hepatic or renal dysfunction, unless the patient qualified as a
candidate for multiorgan transplantation. Three simultaneous
kidney and heart transplantations were performed; the results of
these procedures were reported elsewhere (4).

Risk factors for heart transplantation included previous
cardiothoracic surgery (37.7%), hypertension (26.6%), amioda­
rone treatment (13.9%), chronic obstructive pulmonary disease
(13.3%), infection (4.9%), and pulmonary embolism (6%).

Twenty-two recipients were diabetic: 3 (14%) had juvenile
diaberes.B (36%) had adult insulin-dependent diabetes, and 11
(50%) were adults receiving oral hypoglycemic agents. We be­
lieve that diabetes mellitus is no longer an absolute contraindi­
cation to heart transplantation, and we confidently accept these
patients on our waiting list (11).

A creatinine level greater than 1.5 mg/dL (normal range, 0.9
to 1.5 mg/dL) was present in 24 patients. Three of these patients
were on chronic hemodialysis and underwent a simultaneous
kidney and heart transplant with good results at 30-month fol­
low-up. At 2-year follow-up, 1 of the 3 patients had died of dia­
betic ketoacidosis, and the other 2 were alive and well.

Peripheral vascular disease was present in 15 (12.3%) pa­
tients. The procedures these patients underwent before being
accepted for heart transplantation included femoropopliteal by­
pass (7 patients), repair of an abdominal aortic aneurysm (3 pa­
tients), aortoiliac bypass (4 patients), and renal artery surgery (1
patient).

Sixty-one percent of the donor hearts were obtained by dis­
tant retrieval performed by our team; Dallas-Ft. Worth hospi­
tals contributed 25% of the donor hearts, and donors at BUMC
represented 14% of the total donor pool. We analyzed the im­
pact of donor site in regard to mortality and found that recipi­
ents transplanted using Baylor donor hearts had better survival
rates than recipients whose organs were harvested distantly, prob­
ably due to better preharvest management.

Total donor ischemia time ranged from 51 minutes to 4.6
hours (mean, 2.7 hours). One hundred nine patients (89.3%)
received the graft within 4 hours of harvest. Interestingly,
ischemic times greater than 4 hours did not adversely affect
mortality (P = 0.77).

Donors were matched according to size and ABO blood
group. Panel reactive antibodies (PRA) were routinely screened
preoperatively. Most patients (88%) had PRA equal to 0%, and
all 3 patients with PRA greater than 10% are still alive. Human
leukocyte antigen typing and donor T- and Bvcell crossmatch
usually were done retrospectively, but were done prospectively
when recipient PRA was elevated.

The causes of donor death are shown in the Table. Gunshot
wounds were the single most important cause of organ donor
death (34%). Motor vehicle accidents, cited by other authors as
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Table. Causes ofdonor brain death (n = 122)

the principal cause of donor brain death, ranked second in our
series (32%) (12).

One hundred males and 22 females became heart transplant
donors. Their ages ranged from 10 to 60 years (mean age, 28
years). Gender relationship of donors and recipients has been im­
plicated as a factor adversely affecting mortality (13). Our own
experience with male recipients receiving female hearts appears
to support this contention. Male recipients of female hearts had
a 53% mortality rate, whereas female recipients of female hearts
had an 11 % mortality rate . Female recipients fared better than
their male counterparts in every case, but did so especially when
the donor was a male. Figure 2 shows the effect of donor and re­
cipient pairing. We believe, as do other authors, that size more
than gender is the significant factor affecting outcome of heart
transplantation (14).

Recipient age, diagnosis before transplantation, United
Network for Organ Sharing status, and preoperative mechani­
calor pharmacological cardiac support did not significantly
affect early mortality. The most important variable found to sig­
nificantly affect mortality was donor age (P < 0.005) (Figure3).

IMMUNOSUPPRESSION AND REJECTION SURVEILLANCE
The treatment protocols in effect when these patients were

transplanted varied during the period analyzed. Initially, double­
drug immunosuppression (cvclosporine and azathioprine) was
favored, but after the first 36 transplants, a triple-drug immuno­
suppressive regimen using cyclosporine, azathioprine, and pred­
nisone became the standard.

Preoperatively, patients were given cyclosporine 2 mg/kgand
azathioprine 2 mg/kg orally. Intraoperatively, 1 g of methylpred­
nisolone was administered intravenously just before the release
of the aortic cross-clamp. Postoperatively, azathioprine (usually
2 mg/kg) was administered on a daily basis and was adjusted as
necessary to keep the blood white cell count above 3000/mm 3•

The administration of cyclosporine at 2 mg/kg usually was
started on the day of transplantation (provided that renal func­
tion was adequate) and was gradually increased to a blood level
of 300 to 400 ng/mL/day. Maintenance levels were monitored by
monoclonal blood assay and were gradually lowered to approxi­
mately ISO ng/mL at 1 year, the dose being carefully tailored to
each patient's needs.

Induction immunosuppression has been used routinely since
the beginning of the program. The most widely used agent was
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Figure 3. Early mortality of heart transplant recipients at BUMC ver­
sus donor age.
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antilymphocyte globulin (ALG) (70.5%), followedbyhorse anti­
thymocyte globulin (HATG) (27%), and murine monoclonal
CD3 antibody (OKT3) (1.6%); the latter was used in only 2
patients. The remaining patients (0.8%) did not receive induc­
tion of immunosuppression. Figure 4 shows a comparison of the
rates of acute rejection between the Stanford series reported by
Grattan et al (9) and the series at BUMC.

Endomyocardial biopsies were used to detect graft rejection.
A total of 2551 endomyocardial biopsies were performed in a
total of 250 patient-years, with a crude rate of 10.2 events per
patient-year. Serial endomyocardial biopsies were done either in
relation to acute rejection episodes or as screening studies early
after transplantation. Grading of endomyocardial biopsies fol­
lowed the criteria described by Billingham et al and more recently
by the International Society for Heart and Lung Transplantation
(Heart Rejection Study Group) classification (15).

Figure 2. Mortality rate versus donor and recipient pairing in heart
transplantation at BUMC.
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Figure 4. Comparative incidence of acute rejection at Stanford and
BUMC (Kaplan-MeierLifeTable analysis).

When acute rejection was classified as moderate or severe,
intravenous methylprednisolone was administered at a dose of
1 g/day for 3 consecutive days, occasionally combined with ATG.
If there was little or no response to a second pulse of steroid ad­
ministration, OKT3 was administered for 14 days, and resolution
of rejection was documented by repeat biopsy.

Recurrent rejection was treated with methotrexate (for as
long as 6 months) in 7 patients and with the newer agent RS
61443 in 1 patient. In all cases , resolution of rejection was
achieved. Recipients whose immunosuppression was induced
with ALG (n = 86) had significantly fewer acute rejection epi­
sodes than those receiving HATG (n =33) (P < 0.005).

Analysis of actuarial rejection rates showed that patients
treated on the double immunosuppressive regimen (n =34) had
significantly more rejection episodes than those patients in the
group treated with a triple-drug regimen (n = 73) (P < 0.005).
This observation confirmed our earlier clinical impression that
resulted in the decision to abandon the double-drug protocol in
favor of the newer triple-drug regimen.

COMPLICATIONS AND QUALITY OFLIFE
Coronary artery vasculopathy

Accelerated atherosclerosis appears to be the most critical
problem for heart transplant recipients beyond the third year
after transplantation. Published reports establish the incidence
of posttransplant coronary vasculopathy at 4% to 18% in the first
year, 22% to 24% in the third year, and 42% to 66% in the fifth
year after transplantation (16, 17).

Atherosclerotic coronary artery disease in cardiac transplant
patients often is angiographically different from ordinary coro­
nary artery disease in that it may involve multiple vessels in a
diffuse and distal distribution with segmental dilatations rather
than proximal focal stenoses; it is further characterized by a
nearly complete lack of collateral vessel formation (18) . The
natural history of these changes is poorly understood but appears
to be related to the incidence of acute rejection episodes and
cytomegalovirus infection in these patients (19).

Figure 5. Comparative incidence of graft atherosclerosis at Stanford
and BUMC (Kaplan-Meier LifeTable analysis).

Angiographic and autopsy data were used to determine the
actuarial rates for coronary artery vasculopathy present in our
series. Freedom from graft atherosclerosis was 98% at 1 year,
gradually decreasing to 90% and 73% at 2 and 5 years, respec­
t ively. These findings correlated with those reported in the
Stanford series by Grattan et al (12) (Figure 5).

Of the 12 (9.8%) patients who developed angiographically
or autopsy-proven graft vasculopathy, 5 died of ischemic heart
disease . These findings compare favorably with other series that
reported 44% occurrence of graft atherosclerosis within 3 years
of transplantation (20).

Infection
Infection remains a major cause of morbidity and mortality

after heart transplantation. Most infection complications occur
in the early postoperative period, probably as a result of higher
doses ofprophylactic immunosuppressive drugs used to minimize
the occurrence of rejection, which also is more frequent during
this period (21).

During the hospitalization for transplantation, 53 patients
contracted a significant infection; 75% percent of these events
were bacterial, 19% were fungal, and 6% were viral. The most
commonly identified organisms were Escherichia coli (15%),
Pseudomonas aeruginosa (13%), Klebsiella (5%), Candida albicans .
(9%), Serratia (4%), Streptococcus fecalis (2%), Staphylococcus co­
agulase positive (2%), and Enrerobacrer (9%). Eighteen patients
had systemic infections that were managed so effectively that
only 5 patients died early of infectious complications. Conversely,
in the late follow-up period, viral infections were the most nu­
merous per patient-year (54 events) , followed by 38 bacterial, 10
fungal, and 6 protozoan infections .

No significant difference was observed in the infection rates
between the group treated with a double-drug regimen and the
group treated with a triple-drug regimen. However, when the
number of events per patient-month was analyzed in regard to
cyclosporine dosage, it became clear that aggressive lowering of
cyclosporine at 1 year diminished the occurrence of infection
after the first year posttransplantation.
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Figure 6. Earlysurvival rates of heart transplant recipients at BUMC.

Quality of life
The actuarial hospital readmission rate was 2.06 events per

patient-year in the first year, diminishing to 0.7 events per pa­
tient-year in the fifth year of follow-up. Ninety-one percent of
our surviving patients are in New York Heart Association Class
I: of those, 54% are gainfully employed, while the rest have re­
turned to an activity of their choice.
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RESULTS
Twenty-three patients (18.8%) died in the early posttrans­

plantation period (in-hospital/30-day mortality). The causes of
death of these patients included primary graft failure in 6
patients, pulmonary hypertension in 6, infection in 4, acute cel­
lular rejection in 2, adult respiratory distress syndrome in 1, cere­
brovascular accident in 1, Candida sepsis in 1, and technical
reasons in 2.

From 1986 to 1989, early survival was 89%, but this rate fell
to 70% in 1991 when, following favorable reports from other
transplant centers, broader criteria for recipient and donor se­
lection were adopted (6-9, 20-24). As we return to stricter se­
lection precepts, early survival rates are increasing dramatically.
All of our patients who underwent transplantation in 1992 and
1993 are alive and well (Figure 6).

To assesswhether pulmonary vascular lesions correlated with
hemodynamic parameters and patient outcome, intraoperative
lung biopsies were obtained from 47 heart transplant recipients.
Thirty-three patients met either 1, 2, or 3 hemodynamic crite­
ria for pulmonary hypertension (pulmonary artery systolic pres­
sure greater than 40 mm Hg, transpulmonary gradient greater
than 10 mm Hg, and pulmonary vascular resistance index greater
than 4). In this group, only transpulmonary gradient correlated
with outcome (P < 0.005). There was no perioperative graft fail­
ure (in-hospital/30-day mortality) in responders to pretransplant
pharmacological manipulation with vasodilators, whereas 81.8%
of nonresponders died (P < 0.005). There was no significant cor­
relation between histology grading and hemodynamic criteria
(P = 0.44) or outcome (P = 0.06) (25).

There were 13 late deaths; the causes included acute rejec­
tion in 3 patients, coronary artery vasculopathy in 4, lympho­
proliferative disease in 5, and complications of diabetes in 1.

Actuarial survival for the 137 patients transplanted was 76%
at 1 year and 61% at 5 years as determined by the Kaplan-Meier
Life Table analysis (Figure 7). The survival rates for patients dis­
charged after transplantation (n = 99) were 93% and 76% at 1

24 36 48

Months after transplantation

Figure 7. Actuarial survivalcurvesof heart transplant recipients dis­
chargedfromthe hospital (dashedline) and all heart transplant recipi­
ents (solid line) at BUMC.
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Miscellaneous
Hypertension that warranted use of medications for blood

pressure control other than diuretics was present in 60% of our
surviving patients. The Stanford group reported a 72.7% inci­
dence of hypertension at l-year follow-up (12). In our patients,
renal function was closely monitored with serial glomerular fil­
tration rate studies; the dose of cyclosporine was adjusted as nec­
essary.

Finally, 2 other diseases were major causes of morbidity in
the late follow-up period: osteoporosis, which was symptomati­
cally present in 7 of our surviving patients, and acute chole­
cystitis, which was treated with cholecystectomy in 12 patients.

Malignancy
The incidence of de novo malignant tumors in posttrans­

plant patients varies between 1% and 16% (mean, 4%) which
is approximately 100 times greater than that of the general popu­
lation. Our series includes 6 lymphomas, 1 prostate carcinoma,
1 carcinoma of the face which recurred after treatment, 1 squa­
mous cell carcinoma of the hand, 1 carcinoma of the larynx, 1
basal cell carcinoma of the nose, 1 carcinoma of the tongue, and
1 carcinoma in situ of the breast.

Incidence of lymphoma in our series was 4.9%, in contrast
to the 10% incidence of immunoblastic lymphoma reported by
Hunt and Billingham (2). We did not find a significant relation
between tumor development and type or dosage of immunosup­
pression. Total suspension of cvclosporine ameliorated the lym­
phomas; however,S of the 6 patients who developed lymphoma
did die of the tumor.
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and 5 years, respectively, a reflection of the close scrutiny and
efficient care these patients receive.

CONCLUSIONS
The results of cardiac transplantation at Baylor University

Medical Center reaffirm the value of this therapeutic modality
in treating desperately ill patients who can be given a second
chance toward a longer future, a better quality of life, and a com­
plete rehabilitation in the majority of cases.As with other trans­
plant programs, successful heart transplantation requires an
unwavering institutional commitment and superior medical and
nursing resources. Although this procedure, more than any other,
approaches the age-old physician dream of averting death and
resurrecting the nearly deceased, it is imperative that great care
be exercised to select candidates who have a truly reversible con­
dition. Strict adherence to objective criteria rather than an im­
petuous urge to help the dying should prevail, as the existing
resources, i.e., cardiac allografts, are extremely sparse. Seasoned
judgment in recipient and donor selection and polished surgical
and immunosuppressive techniques enable near-perfect results,
as demonstrated by the BUMC experience in the past 2 years,
during which short- and long-term survival rates of 100% were
achieved.
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