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Abstract
Introduction: The presence Pulmonary Hypertension (PH) in the pre-transplant evaluation period, had an 

increase in morbidity and mortality following heart transplant, secondary to right ventricular failure; however, in recent 
years it has been shown that the presence of PH while still reversible does not appear to be associated with this 
increase risk. The aim of this work is to study the efficacy and safety of sildenafil in order to evaluate the reversibility 
of PH associated with CHF in heart transplant candidates in relation to the clinical outcome after surgery.

Methods and Results: Included were all heart transplant patients with PH who had previously undergone an 
acute vasodilator test and then chronic treatment with sildenafil, and the morbidity and mortality of these patients 
were compared to those of heart transplant patients without prior PH. Between September 2001 and April 2010, 165 
orthotopic transplants were performed, 31 of these patients had out of proportion PH and 134 of them not. Patients 
with PH underwent an acute vasodilator test and then chronic treatment with sildenafil. There were no statistically 
significant differences observed in the subsequent evolution of the PH group vs. the non-PH group in terms of total 
mortality (22.6% vs. 24.6%), in-hospital mortality (6.5% vs. 8.2%), days in ICU (3-7 d vs. 4-7 d), need for vasoactive 
drugs (1-3 d vs. 1-4 d), need for counterpulsation balloon pump (53.4% vs. 46.4%) or need for hemodiafiltration (4.5% 
vs. 7%). 

Conclusion: In patients with out of proportion PH associated with CHF in pre-transplant evaluation, a positive 
response to the acute vasodilator test with sildenafil predicts mortality and morbidity similar to that of heart 
transplant patients with no prior PH. 
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Introduction 
The presence of Pulmonary Hypertension (PH) in patients with 

Chronic Heart Failure (CHF) referred for heart transplant (HT) 
evaluation is a relatively frequent occurrence, present in more than 
60% of cases (1, 2), and has significant functional, prognostic and 
therapeutic implications. 

The assessment of PH in patients in cardiac pre-transplant 
evaluation is currently a controversial point. The pre-operative 
presence of PH has long been considered an independent risk factor 
for premature mortality and heart complications following transplant, 
mainly secondary to right ventricular failure [1-3] and has come to be 
considered a relative contraindication for transplant [4]. However, in 
recent years, several published studies, such as the work of Drako et 
al. [5], Goland et al. [6] and Gude et al. [7], among others, have shown 
that the presence of PH which is reversible after the administration of 
vasodilator drugs, regardless of its severity, leads to a similar mortality 
and morbidity of that of heart transplant patients without associated 
PH. On the other hand, irreversible PH constitutes one of the principal 
risk factors for premature mortality and is therefore a contraindication 
for transplant. The next step would be to establish the cut-off point in 
the parameters of PH, to wit, Pulmonary Vascular Resistance (PVR) and 
mean Transpulmonary Gradient (TPG), beyond which the risks of heart 
transplant would increase significantly. There is currently no consensus 
in this regard and different cut-off values are used in published work. 
In 1990, Erickson et al. [8] reviewed the PH parameters in 109 cardiac 
pre-transplant patients and observed that a TPG greater than or equal 
to 12 mmHg was associated with a significant increase in mortality at 

1, 6 and 12 months after transplant [8]. More recently, Delgado et al. 
studied 112 with a TPG >12 mmHg and PVR >2.5UW both at baseline 
and after using vasodilators and demonstrated a significant increase in 
premature mortality after heart transplant [9]. 

Among the drugs and protocols used to assess the reversibility 
of PH are nitroprusside and nitrates, prostacyclin, prostaglandin E1, 
nitric oxide and milrinone. All of these have proven to be effective [10-
14]. However, these drugs in turn pose many limitations themselves, 
firstly due to their manner of administration, most of which are inhaled 
or intravenous, and secondly due to adverse effects such as arterial 
hypotension, migraines, facial flushing and hot flashes. Thus, there is 
a need to continue investigating new drugs. The objective of this work 
is to study the efficacy and safety of oral sildenafil in order to evaluate 
the reversibility of PH associated with CHF in patients undergoing 
cardiac pre-transplant evaluation by way of an acute vasodilator test, 
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and compare mortality and post-transplant evolution between the 
patient group with reversible PH and heart transplant patients without 
PH, over the same period of time post-transplant.

Methods
This is a retrospective study. Between September 2001 and April 

2010, 165 orthotopic heart transplants, excluding retransplants, were 
performed in our transplant program. After optimization of the 
medical treatment for CHF, at the maximum tolerated doses, these were 
in turn divided into two groups based on the values obtained in the 
right catheterization performed as part of the pre-transplant evaluation 
protocol. The “PH” group consisted of heart transplant patients with 
out of proportion PH, defined as the presence of values for mean 
pulmonary artery pressure (mPAP) >25 mmHg, TPG >12 mmHg and 
PVR >3 UW, the patient had to have the three values, on all of whom the 
acute vasodilator test was performed. The “non-PH” group consisted of 
heart transplant patients without PH or with PH that was slight and in 
no case disproportionate. 

The study was conducted in compliance with the investigator’s 
Institutional Review Board/Independent Ethics Committee (IRB/IEC). 
The study was conducted in full compliance with the Declaration of 
Helsinki. The written informed consent was obtained before the subject 
completed any screening procedures and before the administration of 
study medication.

Right catheterization

Prior to right catheterization, patients had to undergo optimal 
medical treatment for CHF and, for greater optimization of left 
ventricular function; all patients were treated with vasoactive drugs 
and dobutamine between 5 and 10 micrograms/kilogram/minute, for 
at least 48 hours prior to the hemodynamic study. 

Basal right catheterization: This was performed using a Swan-Ganz 
thermodilution catheter and the following hemodynamic parameters 
were recorded: mean Pulmonary Artery Pressure (mPAP), systolic 
Pulmonary Artery Pressure (sPAP), Pulmonary Vascular Resistance 
(PVR), Transpulmonary Gradient (TPG), Pulmonary Wedge Pressure 
(PWP), thermodilution Cardiac Output (CO), Right Atrium Pressure 
(RAP), Arterial Oxygen Saturation (SaO2) and mixed Venous Oxygen 
Saturation (SvO2). At the same time, Mean Systemic Arterial Pressure 
(MAP) and Systemic Vascular Resistance (SVR) were measured. 

Acute vasodilator test: An acute vasodilator test was performed 
systematically, and in the absence of treatment with nitrates or 
nitroglycerin, on all patients with out of proportion PH, by administering 
100 mg of oral sildenafil and repeating the measurement at 15, 30 and 
45 minutes, monitoring adverse effects. The positive response criteria in 
acute vasodilation test TPG under 12 mmHg plus a PVR under 3 UW 
and without sistolic blood pressure less than 85mmHg or fall in cardiac 
output [11].

Post-transplant clinical events

In cardiac post-transplant follow up on both groups, total, in-
hospital and out-of-hospital mortality and morbidity were analyzed, 
in terms of: days stayed in the post-operative care unit, days using 
vasoactive drugs, days on invasive mechanical ventilation, need for 
hemodynamic support using a intra-aortic counterpulsation balloon 
pump in post-op and need for hemofiltration. 

Statistical methods 
The information from qualitative variables with their absolute 

and relative frequency distributions (percentage) was summarized 
in the descriptive analysis. Quantitative variables were described by 
measuring mean or median central tendency, and measurements of 
dispersion, standard deviation or interquartile range, respectively. 

Comparison of the distribution of baseline and post-transplant 
characteristics between the two study groups was performed, for 
qualitative variables, using the chi-square test or Fisher’s exact test, and 
for the quantitative variables, using the Student’s t-test, or, in case of 
non normal distributions, using a non-parametric test. 

The evolution of the hemodynamic parameters over time was 
evaluated using procedures of analysis of variance for repeated 
measurements and graphic representation. 

The probability of survival function was plotted for each of the two 
study groups using the Kaplan-Meier method. The number of subjects 
at risk at the start of each follow-up year was estimated using the 
actuarial method. The differences between the survival distributions 
of the PH and non-PH groups were evaluated using the log-rank test. 
The data analysis for this paper was generated using SAS software, SAS 
Institute Inc., Cary, NC, USA. 

Results 
Baseline characteristics

Between September 2001 and April 2010 a total of 165 orthotopic 

PH Group
N=31

Non-PH Group
N=134

P

Age, years
Males
Etiology
Coronary disease
Idiopathic dilated 
Other 
Urgency
Urgent
Elective
Unknown

Treatment
Beta blockers
ACEi/ARB II
Spironolactone
Digoxin
Diuretics
Hemodynamic parameters
mPAP
sPAP
dPAP
PWP
RAP
CO
PVR
TPG

51.4 (23-65)
25 (80.7%)

12 (38.7%)
7 (22.6%)

12 (38.7%)

5 (16.1%)
24 (77.4%
2 (6.5%)

13 (42%)
20 (64%)

18 (58.1%)
18 (58.1%)
27 (87.1%)

43.8 ± 8.8
66.4 ± 13.5
29.7 ± 7.7
23 ± 7.7
8.8 ± 5.5
3.7 ± 1.4
6.1 ± 2.6

20.3 ± 4.4

49 (18-68)
118 (88%)

38 (28.4%)
52 (39.8%)
44(32.8%)

28 (20.1%)
93 (69.4%)
13 (9.7%)

53 (40%)
79 (59%)

74 (55.2%)
55 (41%)
114 (85%)

28.2 ± 8.9
41 ± 13.2
20 ± 11

20.7 ± 8.6
10.2 ± 7.5
3.5 ± 1.2
2.4 ± 1.5
7.4 ± 4

0.68
0.56
0.19

0.59

  0.81
0.75
0.44
0.20
1.00

0.001
0.001

<0.001
0.27
0.66
0.63
0.001
0.001

“PH” group (pre-transplant disproportionate PH); “non-PH” group (pre-transplant 
absence of or slight PH); mPAP: mean pulmonary artery pressure mmHg; sPAP: 
systolic pulmonary artery pressure mmHg; PVR: pulmonary vascular resistances 
mmHg; TPG: transpulmonary gradient; PWP: pulmonary wedge pressure mmHg; 
CO: cardiac output l/min; RAP: right atrium pressure mmHg; SaO2; arterial oxygen 
saturation; SvO2: mixed venous oxygen saturation. Age is expressed in terms of 
median and interquartile range; sex, etiology and treatment in form of frequency 
and percentage; hemodynamic parameters in means and standard deviations. 
Table 1: Clinical and hemodynamic characteristics of patients in baseline condition.
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heart transplant patients, of which 31 belonged to the “PH” group 
and 134 to the “non-PH” group, were included. Both groups were 
homogeneous in all baseline characteristics except in the hemodynamic 
pulmonary hypertension measurement parameters, as shown on Table 1. 

Acute vasoreactivity test

Over that period of time, 40 acute vasoreactivity tests were 
performed following the oral administration of 100 mg of sildenafil, 31 
of these patients were transplanted, 3 died while on the waiting list, 3 
were still on the list, it was not effective in 2 of them and in 1 of them 
it was effective; however, the patient was rejected for transplant for 
not complying with treatment (Figure 1). A significant change in the 
hemodynamic profile of the 31 patients in the “PH” group was observed, 
as shown on Table 2 and in the tendency curves of Figures 2a and 2b. 
Although a significant, overall tendency toward a decrease in PVR, 
TPG and mPAP was observed, among patients who were transplanted 
only 19 of the 31 (61, 3%) achieved a TPG <12 mmHg and PVR <3 UW 
at the end of the test, however the remaining 12 transplants patients 
achieved a TPG < 16 and PVR <3 (Table 3). A decrease in PVR of 50.6 
+/- 13.7% and a decrease in SVR of 21 +/- 17.1% were observed. A 
significant increase in CO by 15.6% and decrease in PCP by 18.6% were 
also observed. 

In the two patients in whom it was not effective, the use of 
prostanoids was not effective.

174 transplant patients

165
   transplants

40 acute tests with sildenafil 134 without PH

2 negative tests38 positive tests

31 transplants

3 on waiting list

3 deceased while on waiting list

1 excluded from transplant due to
non-compliance with treatment

Figure 1: Distribution of patients who were heart transplant candidates between 
September 2001 and April 2010.

Baseline 15 m 30 m Max p

sPAP 66.4 ± 13.5 59.9 ± 15.4 53.3 ± 12.3 48.4 ± 13.7 0.002
dPAP 29.7 ± 7.7 25.8 ± 7.5 23.4 ± 6.6 20.3 ± 6.5 0.005
mPAP 43.8 ± 8.8 39.5 ± 9.7 35 ± 8.5 31.3 ± 8.7 <0.001
TPG 20.3 ± 4.4 16.4 ± 5.8 13.8 ± 4.6 11.5 ± 3.5 <0.001
PRV 6.1 ± 2.6 4.4 ± 2.4 3.7 ± 1.8 3 ± 1.4 0.001
PWP 23 ± 7.7 21.5 ± 7.7 20.8 ± 7.7 20.1 ± 7.3 0.56
CO 3.7 ± 1.4 4.4 ± 1.2 4.2 ± 1.2 4.5 ± 1.4 0.005

MBP 68,5 ± 34 57.8 ± 34 0.003

SvO2 57 ± 10.9 58 ± 10.2 61.1 ± 7.7 63 ± 8.4 0.08

Table 2: Evolution of the different hemodynamic parameters measured during 
the acute vasodilator test with sildenafil in the “PH” group; baseline and at 15, 30 
and 45 minutes (considered the maximum effect); sPAP: systolic pulmonary artery 
pressure mmHg; dPAP: diastolic pulmonary artery pressure mmHg; mPAP: mean 
pulmonary artery pressure mmHg; TPG: transpulmonary gradient; PVR: pulmonary 
vascular resistances WU, PWP: pulmonary wedge pressure mmHg; CO: cardiac 
output l/min; MBP: Mean blood pressure mmHg; SvO2: mixed venous oxygen 
saturation.
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Figures 2: a and b: Tendency curve of the mean hemodynamic parameters 
during the acute vasodilator test with sildenafil; mPAP: mean pulmonary artery 
pressure mmHg, TPG: transpulmonary gradient mmHg, PVR: pulmonary 
vascular resistances WU, PCWP: pulmonary capillary wedge pressure mmHg; 
CO: cardiac output l/min; SVR: systemic vascular resistances WU

Side effects

During the procedure, 2 episodes of migraines and 4 of facial 
flushing were documented. The significant decrease in systemic arterial 
pressure was asymptomatic.

Immediate post-transplant evaluation

No statistically significant differences were observed in terms of 
morbidity: days stayed in ICU, days on mechanical ventilation, need for 
vasoactive drugs, need for counterpulsation balloon pump or need for 
hemodiafiltration (Table 4). 

Mortality following transplant

No statistically significant differences were observed in terms of 
total mortality (“PH” group: 7/31 (22.6%); “non-PH” group: 33/134 
(24.6%), p=0.81), in-hospital (“PH” group: 2/31 (6.5%); “non-PH” 
group: 11/134 (8.2%), p=0.74). Figure 3 shows the Kaplan-Meier 
survival curves for total mortality in long-term follow up. 

Discussion
The principal findings of our study are that: 1) In patients with out of 

proportion PH associated with CHF, the acute vasodilator test with 100 
mg of oral sildenafil is effective in the identification of patients in whom 
PH is still reversible. 2) Patients with out of proportion PH associated 
with CHF who still demonstrate reversibility have similar mortality and 
morbidity after a heart transplant to that of patients without prior PH. 

Among the prognostic factors prior to heart transplant, PH is 
considered one of the most significant risk factors. The presence of out 
of proportion PH prior to heart transplant signifies a significant increase 
in mortality and morbidity and thus, a relative contraindication [3,9]. 
However, this is not so clear in the case of PH which is still in a reversible 
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that sildenafil improved the capacity for exercise, functional class and 
hemodynamic parameters in patients with symptomatic pulmonary 
arterial hypertension, with minimal side effects. Most of these studies 
included patients with idiopathic pulmonary arterial hypertension 
associated with congenital heart disease, collagen diseases, chronic 
thromboembolism, HIV, etc. However, those which study the efficacy 
of sildenafil in patients with PH associated with advanced heart failure 
are few and always have a small sample size. The first work published 
on heart transplant patients was that of Gómez Sánchez et al. [16], who 
demonstrated that, in 7 patients on a waiting list for heart transplant, 
the sublingual administration of 100 mg sildenafil during right 
catheterization, in other words, performing an acute vasodilator test 
with sildenafil, allowed for the identification of patients with reversible 
PH, with significant decreases in mPAP, PVR and mean TPG, no 
significant variations in SVR, mean systemic AP and no other side 
effects during its administration. Later would be published the works of 
Kwang et al. [17], who studied the effect of oral sildenafil administered 
10 minutes prior to the induction of anesthesia on patients subjected 
to valvular surgery, and, at 30 minutes, a significant decrease in mPAP, 
sPAP and PVR was observed in comparison with a placebo. The works 
of Jabbour et al. [18] and Zakliczynski et al. [19] on the efficacy and 
safety of chronic treatment with sildenafil in patients with PH, showed 
that after several months of treatment with sildenafil, a significant 
improvement in the hemodynamic parameters was observed, allowing 
more than 50% of the cases to be included on the waiting list for heart 
transplant. In both studies, the treatment was well-tolerated and therapy 
did not have to be suspended in any of the patients. Finally, this study, 
with a larger sample size than in previous studies and a control group, 
demonstrates for the first time that the reversibility identified in the 
acute vasodilator test with sildenafil has a positive impact on the clinical 
evolution of transplant patients. 

Sildenafil is a potent inhibitor of phosphodiesterase 5, an enzyme 
involved in the catabolism of cyclic Guanosine Monophosphate 
(cGMP), which is involved in the Nitric Oxide (NO) cycle. The effects 
of this drug are already known as a treatment for erectile dysfunctions 
due to its presence in the corpora cavernosa and its effects on certain 
cardiovascular pathologies are increasingly becoming apparent as its 
presence in the lungs and myocardium, with a significant upregulation 
of the number of receptor in certain pathological circumstances, such 
as pulmonary hypertension [20] and ventricular hypertrophy [21,22], 
has been demonstrated. This may explain the acute effect of sildenafil 
on pulmonary vascular resistances and may justify the positive effect 
on ventricular function after chronic administration in our patients, 
although no serial studies on right ventricular function have been 

  TPGbasal PVRbasal TPGmax PVRmax
1 22 5,6 12 3,0
2 17 1,9 10 1,1
3 25 5,3 16 2,5
4 21 4,5 12 2,4
5 22 8,5 15 5,0
6 17 4,9 8 2,4
7 19 4,6 14 2,5
8 21 7,5 13 2,9
9 17 7,4 12 3,9
10 17 5,0 6 1,9
11 19 3,7 9 1,7
12 32 13,3 13 3,5
13 20 6,5 11 3,8
14 31 14,1 13 3,7
15 21 6,2 14 3,7
16 17 5,0 13 3,6
17 19 6,6 10 2,5
18 16 7,0 10 3,0
19 19 4,5 8 1,5
20 19 4,1 11 2,1
21 24 6,9 9 2,4
22 22 6,1 11 2,4
23 17 3,8 14 3,0
24 15 6,0 10 2,0
25 30 10,7 9 2,7
26 17 5,7 12 4,1
27 22 5,2 11 2,1
28 16 3,2 8 1,4
29 26 6,2 7 1,6
30 20 6,7 8 1,5
31 21 5,7 12 2,4
  20,5 (SD=4,5) 6,3 (SD=2,6) 11 (SD=2,5) 2,6 (SD=0,9)

Table 3: Evolution of the different hemodynamic parameters measured during the 
acute vasodilator test with sildenafil in transplant patients with PH; baseline and 
the maximum effect; TPG: transpulmonary gradient; PVR: pulmonary vascular 
resistances WU.

“PH” GROUP
N= 31

“non-PH” GROUP
N=134

p

Days in ICU 6 (4–7) 5 (3–7) 0.37

Days on vasoactive drugs 2 (1–4) 2 (1–3) 0.22
Need for intra-aortic counterpulsation 
balloon pump 

46.4% 53.4% 0.35

Need for hemodiafiltration 7% 4.5% 0.62

Table 4: Immediate morbidity in cardiac post-transplant patients in both groups.

P value=0.8389

0.0

0.2

0.4

0.6

0.8

1.0

31 21 19 17 14 12 7 4 1 0PH
134 95 79 71 59 43 33 22 10 0Non PH

Number at risk

0 1 2 3 4 5 6 7 8 9
 

Non PH
PH

Year

Kaplan-Meier Patient Survival

Figure 3: Kaplan-Meier survival curve for total mortality.

phase. Through retrospective analysis, several works have demonstrated 
that the presence of reversible PH, regardless of its severity, displays a 
survival rate similar to that of patients with no PH prior to transplant [5-
7], although this continues to be a controversial subject today. Among 
the therapeutic options currently available for assessing the reversibility 
of PH are arterial vasodilator drugs; nitroprusside, prostacyclin, 
prostaglandin E1, nitric oxide and milrinone have being used to date. 
In the event of non-response, the need for cardiac resynchronization or 
means of left ventricular mechanical support (counterpulsation balloon 
vs. ventricular assistance) is assessed as the better LV function could 
improve pulmonary pressure. 

The beneficial effects of sildenafil on PH have already been 
proven in numerous bodies of work, among these the study with the 
greatest relevance is the SUPER-1 [15], in which it was concluded 
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performed in order to confirm this hypothesis. An increase in CO in 
the acute study is evident, which on the other hand may be justified by 
its effect, to a lesser degree, on systemic vascular resistances. Finally, 
anatomopathological studies of the transplant patients included in 
our series, who died of a non-cardiac cause, showed that pulmonary 
vascular lesions correspond to intimal fibrosis and hypertrophy of the 
middle layer, which are reversible over time [23]. 

The primary limitations of our study are mainly associated with 
methodology, as this is a single-center study with retrospective analysis 
of the variables, to the extent that a small percentage were lost from 
the databases. Only patients with PH who received a transplant during 
this time period were included; therefore, the majority of PH patients, 
who are not transplant candidates, were not included. It is not a study 
controlled with a placebo or with other drugs that have proven effective, 
and the patients in the study were pre-medicated with dobutamine, 
which increases cardiac output and lowers pulmonary vascular 
resistances due to its positive inotropic effect, therefore, we cannot 
know what the effect of sildenafil would be without dobutamine. Given 
these limitations, additional prospective, controlled studies must be 
designed in order to support the results obtained. 

In conclusion, it can be suggested that sildenafil is a safe and 
effective drug when identifying the reversibility of out of proportion 
PH in patients who are candidates for heart transplant. This favorable 
response predicts a clinical evolution, in terms of long-term morbidity-
mortality, in this group of patients, similar to that of heart transplant 
patients with no prior PH. Although further studies are needed, 
prospective, multicenter, with controls and compared with other 
pulmonary vasodilators to confirm these findings.
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