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ABSTRACT

Objective. Heart transplantation is the “gold standard” for treating patients in end-stage
heart failure who satisfy strict selection criteria. However, infrequent transplant perfor-
mance, eg, less than nine per year, may be associated with suboptimal results.

Methods. We reviewed our 13-year clinical experience (1996-2008) with 73 orthotopic
heart transplants performed under strict selection criteria and followed closely thereafter
at the only accredited center in Greece, a country with an annual rate of only seven donors
per million population.

Results. Low perioperative (5.47%) and long-term (7.5%) mortality rates were respon-
sible for a 94% survival rate in the first year, 92% at five years, and 70% at ten
years—similar to those reported worldwide—along with excellent functional recovery.

Conclusion. Strict recipient and donor selection criteria, combined with a rigorous
multidisciplinary follow-up, yield excellent results despite the existing shortage of available
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grafts.

EART transplantation is the most effective treatment
for patients in end-stage heart failure offering the
potential for a full functional recovery.' At the same time,
a minimum of nine heart transplants annually seems to be
a prerequisite for satisfactory results.” Having said that, the
registry of the International Society for Heart and Lung
Transplantation (ISHLT) does not provide separate sur-
vival curves for low-volume (less than ten per year) vis-a-vis
high-volume centers.” It makes sense. therefore. to investi-
gate whether strict adherence to the existing international
guidelines for reapient and donor acceptance along with
meticulous long-term care compensate for possible defi-
ciencies resulting from the infrequent performance of trans-
plantations.

METHODS
Patient Selection

Absolute requirements for placement on the transplant waiting list
were the exhaustion of all conventional medical and surgical
therapies' and the documentation of a low functional class®
(American College of Cardiology/American Heart Association
[ACC/AHA] stages C and D previously New York Heart Associ-
ation classes 11 and IV), along with poor life expectancy according
to internationally accepted criteria.” In recent years, the use of
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ventricular assist devices (VAD) has altered the transplant horizon
considerably,” with temporary clinical stabilization serving as a
“bridge” in selected patients until discovery of a suitable donor®”
Herein, we present our experience with 73 patients who underwent
transplantation for end-stage heart failure during a 13 year period
(1996-2008) in the only accredited transplant center in Greece.
Our hospital's heart transplantation team follows the guidelines of
the American Cardiology Societies (ACC/AHA)'" and of the Inter-
national Socicty for Heart and Lung Transplantation (ISHLT)."!
Brictly. suitable candidates for transplantation should be under 63
vears of age. i end-stage heant falure, and without systemic
disease or recent infection. Exhaustion of all conventional methods
of treatment is an absolute requirement, as is a compliant patient
free of drug, alcohol. or nicotine dependence and with a supportive
social environment.'> Among the selection criteria, special atten-
tion is paid to evaluation of the pulmonary circulation. Proof of
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Table 1. Recipient and Donor Ages

GKOUZIOUTA, ADAMOPQULOS, MANGINAS, ET AL

Table 3. Preoperative Hemodynamic Parameters

Age, ¥ Recipients Donors
10-19 13 16
20-29 10 35
30-39 12 16
40-49 17 4
50-59 18 2
60-69 3 0
Mean 41.2 121 251 7.6

nonreversible hypertension namely >4 Wood units or of a
transpulmonary gradient >15 mm Hg, was an absolute contraindi-
cation to orthotopic heart transplantation.'>'*

Preoperative Support

In 22 patients (30.1%), there was a need for preoperative intrave-
nous inotropic vasodilator support by continuous low-dose dobut-
amine or milrinone administration via a Hickman catheter con-
nected to a portable infusion pump.'3 This inotropic support had
the additional benefit of reducing resistance in cases of persistent
pulmonary hypertension, as we have previously reported.'®

A further six patients (8.1%) received combined inotropic and
mechanical circulatory support, using an intra-aortic balloon pump
before surgery. Twenty-six patients were transplanted after VAD
implantation. Finally, 40 patients (54.7%) underwent preoperative
defibrillator implantation for treatment of malignant tachyarrhyth-
mias.

Donor Choice

Donors who were mostly younger than 45 years of age were
accepted in the face of the routine absence of a coronary angio-
gram. In this respect, scrutiny of donor history to rule out risk
factors for coronary artery disease was of vital importance.'” Graft
preservation was effected, in situ with cold (4°C) HTK cardioplegia
(histidine/tryptophane/ketoglutarate; “Custodiol”)."®'? The mean
donor age was 25.1 + 7.6 years (Table 1) and the mean graft
ischemia 238 = 50.4 minutes.

Surgical Technique

Despite the introduction and subsequent widespread application of
the bicaval anastomoses in the 1990s,>*! the brilliantly simple
biatrial technique of Lower and Shumway>? was used in almost all
(n = 71) cases.

Table 2. Demographics of 73 Heart Transplant Patients

Age (years) 351 =103
Gender (M/F) 59/14
Heart failure pathology

Dilated cardiomyopathy 52 (71.23%)

Ischaemic cardiomyopathy 17 (23.28%)

Valvular cardiomyopathy 4 (5.48%)
Functional class (ACC/AHA)

Stage C 43 (58.9%)

Stage D 30 (41.09%)
Peak oxygen consumption (mL/kg/min) 123 =34
Left ventricular ejection fraction (%) 198 £5.8

Mean pulmonary artery pressure (mm Hg) 31.1+99
Pulmonary capillary wedge pressure (mm Hg) 24.0+98
Transpulmonary gradient (mm Hg) 7.2+32
Pulmonary resistance (Wood units) 1.85 = 0.92

Postoperative Medications

Postoperative immunosuppression consisted of induction with an-
tithymocyte globulin (ATG)* and maintenance with cyclosporine,
low-dose steroids,> and mycophenolate mofetil.™ The rest of the
medical treatment consisted of an antihypertensive regimen, st-
atins,>?7 aspirin, and agents for the prevention of opportunistic
infections and of ostcoporosis from long-term steroid use.”** All
patients followed a strict protocol of myocardial biopsies. ™!

RESULTS

As expected, a number of candidates (n = 36) died before
a suitable graft could be obtained (on-list mortality 33.6%),
after waiting for 123.3 = 252.8 days (range 3-1,387 days).
However, the mortality on the waiting list was not the same
at the beginning of the program (1996-2003) compared
with that in recent years (2004-2008), the reason being the
introduction of VADs as a “bridge” to transplantation in
2003, The waiting time to transplantation or death in 55
patients who entered the list before VAD introduction was
143.2 + 216.1 days, 26 patients died without receiving a
transplant (on-list mortality 47.2%). In contrast although
the waiting times (133.4 = 151.3 days) of the 65 transplant
candidates enrolled after VAD introduction did not differ
significantly, only ten died without transplantation (on-list
ymortality 15.3%) and only three of them were on mechan-
ical support.

Overall in these 13 years 73 patients received grafts after
a mean wait of 138 * 152.2 days (range 0-744 days). The
etiologies were dilated cardiomyopathy (n = 52), ischemic
(n = 17) and valvular (n = 4); (Table 2). Periodic clinical
and hemodynamic examinations were performed on all
candidates, including those on mechanical support. None of
the latter showed cardiac recovery while on VAD support,
based on hemodynamic, echocardiographic, and functional
criteria. The clinical data of the 73 transplants are shown in
Tables 2-6.

Four patients (5.47%) died in hospital, the first one from
catastrophic hemorrhage after a fourth-time redo; another
from pneumonia due to panresistant Pseudomonas, a third
from hyperacute rejection, and the fourth due to superior

Table 4. Preoperative Medications

Diuretics 73 (100%)
Angiotensin-converting enzyme inhibitors 43 (568.9%)
Angiotensin |l receptor blockers 30 (41.09%)
Digoxin 34 (46.5%)
Beta-blockers 65 (89%)
Amiodarone 37 (50.68%)

Antiplatelet-Vitamin K antagonist 24 (32.8%)
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vena cava damage during BiVAD explantation at the time
of transplantation.

Complications were common after transplantation, but
with few exceptions they were treated successfully (Table
6). All transplants required inotropic support for a variable
time. An IABP was used in 20 cases for significant but
transient graft dysfunction. Inhaled prostaglandins and
nitric oxide were liberally used in cases of elevated pulmo-
nary arterial pressures.

During scheduled myocardial biopsies, 30 patients (41%)
showed acute cellular rejection, which was treated success-
fully with optimization of immunosuppression (additional
steroids or ATG). In six patients it was deemed necessary to
replace cyclosporine with tacrolimus for persistent cellular
rejection.’® The five patients (9.4%) who developed acute
renal failure after transplantation were placed temporarily
on hemodialysis. Another 15 (11 men and 4 women)
showed renal dysfunction with serum creatinine values
elevated above the upper normal limit of 1.6 mg/dL in men
and 1.4 mg/dL in women.

Post-transplant diabetes mellitus was observed in 14
patients; however, their blood glucose levels returned to
normal after discontinuation of steroid use (Table 6).

Postoperative infections occurred in 52 patients (71.2%),
with 80% of the episodes observed in the first 6 months. We
documented 23 cases of pneumonia (31.5%), 20 urinary
tract infections, 5 gastroenteritis, 10 herpes zoster, and 2
thrombophlebitis of the internal jugular vein. Primary bac-
teremia was found in 17 patients and treated successfully. In
addition, laboratory tests in 30 patients showed cytomega-
lovirus infections, which were treated with gancyclovir. Five
patients suffered transient strokes, including one due to an
Aspergillus brain abscess (diagnosed by needle aspiration)
that responded to intensive antifungal treatment. Six pa-
tients underwent permanent pacemaker implantation later
in the follow up, while another four demonstrated early
(within 30 days) tricuspid regurgitation, necessitating tricus-
pid replacement in one of them.

All patients underwent coronary angiography, at one
month after transplantation and annually thereafter. In
recent years it was supplemented by intravascular ultra-
sound (IVUS). Despite the administration of statins and
aspirin, the study showed the presence of cardiac allograft
vasculopathy in 20 patients (27.3%), usually begining sev-
eral years after the transplantation (Table 6). In four
patients, coronary artery disease already present on the first
angiogram was attributed to preexistent disease in donors
over 45 years of age. In another 3 patients we successfully
performed angioplasty with stenting. Out of 69 patients
discharged four died during follow-up; two from lymphoma

Table 5. Preoperative Support

Implantable defibrillator 40 (54.7%)
Preoperative use of intra-aortic balloon pump 6 (8.2%)
Ventricular assist device 24 (32.8%)
Home administration of inodilators 22 (30.13%)
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Table 6. Clinical Events in 73 Transplant Patients in Relation
to the Time from Operation

0-30 1-6 6-12 >1

days months months year
Deaths 4 — —_ 4
Rejection 22 4 4 -
Infections 27 21 10 19
Tricuspid regurgitation 4 — — —
Allograft vasculopathy 0 0 6 14
Acute renal failure 5 0 0

(temporary dialysis)

Renal dysfunction 4 3 4 4
Bradyarrhythmia 1 0 3 2
Diabetes mellitus (de novo) 14 0 0 0
Neoplasm 0 0 0 2

(8 and 15 months after transplantation); one from alcohol-
ism (after 6.5 years), and one from chronic graft rejection
(after 8 years). Thus, the overall mortality, including the
immediate postoperative deaths, was 10.9% (n = 8) over a
mean follow-up of 55.1 * 34.6 months (range 1-156
months).

DISCUSSION

This paper has described our experience with 73 patients
receiving a heart transplant for end-stage cardiac failure
over a 13 year period, ie with an average output of 5.6
transplants per year, which is well below the recommended
activity.> However, the survival rates of 94% in the first
year, 92% at 5 years, and 70% at 10 years were similar to
those provided by the ISHLT® (Fig 1). The 65 transplant
survivors are free of symptoms and enjoy a good quality of
life. These results compared favorably to those reported
from established busier programs in other countries.*
Despite the paucity of donors in Greece,* which indirectly
also discourages candidate referral, even further limiting
the number of transplants, we believe that thorough patient
selection with particular attention to the reversibility of pul-
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Fig 1. Heart transplantation on survival at the Onassis Cardiac

Surgery Center (OCSC), 1996-2008.
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monary hypertension,** careful donor-recipient matching,

aggressive treatment of complications, and compulsive fol-
low-up were responsible for our salutary results. Candidate
care before transplantation was intensive, as evidenced
by the high rate of intravenous inotropic dilators, biven-
tricular pacing/defibrillation and VADs use. Mechanical
support as a bridge to transplantation, including reduc-
tion of pulmonary hypertension, has been proven to
decrease the waiting list mortality.?”-*

Concerning donor selection, body dimensions, age, pre-
dicted ischemia time, and the presence of recipient pulmo-
nary hypertension are crucial, not only for the immediate
outcomes but also for the long-term survival. These match-
ing decisions result from hard-won experience after the
performance of a large number of transplants. It is our
belief, based on previous unfavorable (:xperie:nces,39 that
grafts from donors aged over 50 years especially with long
ischemic times,*’ or those from smokers or hypertensive or
diabetic individuals, or from those with marked left ventric-
ular hypertrophy*! or in subjected to excessive noradrena-
line administration,** are at a high risk for early failure.*’
Even when the recipient survives the surgery, the probabil-
ity of future allograft vasculopathy is high, thus influencing
long-term results.***> Acute rejection was not a cause of
death in this series of transplants, probably because of the
aggressive immunosuppression used even for low grades of
the disorder (ISHLT 1B or 2). We share the conviction that
long-lasting low-grade cellular rejection left untreated grad-
ually leads to allograft vasculopathy.*®*"** Furthermore,
rejection rates decreased with time; thus, 30 out of the 73
instances (41.09%) were observed in the first 6 months after
surgery. The development of graft vasculopathy, the main
reason for compromised life expectancy in the heart trans-
plant population,*® occurred in only 27.4% of our subjects,
a rate that is lower than that reported internationally, where
50% of the recipients show varying degrees of coronary
lesions within the first 5 years. Currently, all of our vascu-
lopathic patients are being treated with the proliferation
signal inhibitor everolimus.®® Our annual IVUS results,
which are promising so far, will appear in a future report.

The small number of patients reported in this paper do
not allow predictions as to the maintenance of the satisfac-
tory results obtained so far. As the number of transplants
increases, the survival rates may be affected. However, we
believe that continuing adherence to the aforementioned
guidelines and to the close follow-up will allow the program
to enjoy the same success rates in the future.

In conclusion, review of our experience after 73 heart
transplants justifies the continuation of a low-volume pro-
gram in a country known for one of the lowest organ
donation rates in Europe. The results prove beyond a doubt
that strict adherence to international guidelines and to
compulsive care can compensate for the infrequent perfor-
mance of transplants potentially associated with suboptimal
results.
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