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Impact of pulmonary hypertension on early hemodynamics, morbidity
and mortality after orthotopic heart transplantation. A single center study

Helena Bedanova®®, Marek Orban®®, Dusan Vrsansky?, Lenka Spinarova©, Petr Hude, Jan Krejci¢, Jiri Ondrasek?, Petr Nemec*®

Aims. To determine the effect of pre-existing pulmonary hypertension (PHT) on early hemodynamics, morbidity and
mortality after heart transplantation (HTx).

Methods. Data were prospectively collected from 149 patients, who underwent HTx between January 2000 and
December 2007. The subjects were divided into 3 groups: Group A (n=84) without PTH, group B (n=50) with mild to
moderate PTH and group C (n=15) with severe PTH. We studied hemodynamic profile, tricuspid valve regurgitation
(TR), incidence of acute cellular rejections (AR), infections, duration of hospitalization, 30-day mortality and a long-
term survival.

Results. Baseline characteristics were similar in all groups. Using vasodilator treatment PVR was successfully brought
down to normal range 2.5 + 0.6 Wood' units (WU) on the day 1 following the surgery in all groups. Over 80% of patients
were treated in Group C, 32% in Group A and 46% in Group B. There was no significant difference in the severity of TR
among the 3 groups early after HTx (severe TR was observed in 46%, 54%, 33%, respectively). There was no significant
difference in incidence of AR (G > 2 Banff classification) (23%, 23%, 33%, respectively), infections (28%, 32%, 33%, re-
spectively) or duration of hospitalization (30, 30, 28 days, respectively). There was no correlation between pre-transplant
PHT and 30-day mortality or a long-term survival.

Conclusions. In our cohort, PHT dropped very quickly after HTx, and was not associated with acute right heart failure
following the surgery. Reversible PTH does not have a negative impact on short- or long-term survival after HTx.
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INTRODUCTION of prostaglandin E1, prostacyclin, inhaled nitric oxide,
sildenafil and assist devices or their combinations) (ref.?).

The prognostic impact of pulmonary hypertension  Also values of PVR and transpulmonary pressure gradient

before and after heart transplantation is debated. In the  (TPG), which are still considered compatible for trans-

1971s Griepp at al.! first reported the relationship between  plantation, differ from country to country and even from

elevated preoperative pulmonary vascular resistance and  institution to institution.

risk of death from acute right ventricular (RV) failure The aim of our retrospective analysis was to assess ef-

after heart transplantation. Also other studies confirmed  fect of pulmonary hypertension on the early course after

this association**. Subsequent analyses of larger number ~ HTx and to determine whether the presence of reversible

of patients confirmed PVR as an incremental risk factor =~ PTH may impact the morbidity of these patients and their

for early death after transplantation. Indeed, preopera- long-term survival.

tive pulmonary hypertension and increased PVR have not

only been associated with post-transplant morbidity from

acute RV failure and higher perioperative mortality, but MATERIALS AND METHODS

they have also has been associated with other causes of

postoperative morbidity, including post-transplant infec-  Patients

tions and arrhythmias®. Irreversible pulmonary hyperten- We performed a retrospective analysis of 149 consec-
sion is one of the main factors that contraindicate heart  utive heart transplant recipients operated from January
transplantation. 2000 to December 2007. The mean duration of the follow-

On the other hand, the number of HTx candidates, up was 5.6 +/- 3.8 years. We excluded children < 18 years
refused due to irreversible PTH is not high®’. of age (n=7), patients with re-transplantation (n=3) and

This issue remains a cause of academic controversy recipients of multiple organs (heart-liver, heart-kidney and
and uncertainty resulting is a number of diagnostic and  heart-liver-kidney) transplantation (n=5).
treatment algorithms suggested in various guidelines (use
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In patients with PVR > 3.5WU (Wood units) the
vasodilatator alprostadil was used in declining order of
frequency to achieve the required value mandatory for
HTx in our center (PVR < 3.5WU). Patients with irrevers-
ible PTH were not accepted for heart transplantation. All
cardiac transplantations were performed using bi-caval
technique.

The immunosuppressive protocol consisted of dual- or
triple-drug immunosuppression, in maintenance therapy
with cyklosporine A (Ciclosporinum - Sandimmunn
Neoral, Novartis, Nyon, Switzerland) or tacrolimus
(Tacrolimusum - Prograf, Astellas Pharma, INC, Deerfield
IL, US ), mycophenolate mofetil (Mofetilis mycophenolas
- Cellcept, Roche, Basel, Switzerland) and corticosteroids
(in 10% of patients). All patients received initial induction
therapy of daclizumab (Daclizumab - Zenapax, Roche,
Basel, Switzerland). Daclizumab was routinely adminis-
trated in the direct postoperative phase, as well as statins
in the maintenance therapy’.

Further, we observed incidence of acute cellular rejec-
tions (AR), bacterial, viral and fungal infections, dura-
tion of hospitalization, 30-day mortality and a long-term
survival.

The study was approved by local Institutional Ethics
Committee (Protocol No. 118/2008).

Because of the retrospective nature of the study no
consent form was obtained.

Right heart cathetrization

Right heart cathetrization was performed using a
Swan-Ganz pulmonary artery thermodilution catheter
annually on the waiting list at 3-month intervals, before
HTx at the operating theatre and then in the early post-
transplant period. The following pressures were recorded
(in mm Hg): mean pulmonary artery pressure (MAP),
mean pulmonary capillary wedge pressure (PCW), by
thermodilution was measured cardiac output (CO) and

cardiac index (CI) was calculated by dividing CO by body
surface area. The transpulmonary gradient was obtained
by subtracting PCW from MAP and PVR in Wood units
by dividing TPG with CO. If there was unacceptable PVR,
a vasodilatation test with alprostadil (Alprostadilum -
Alprostan, Zentiva, Czech Rep.) was performed.

Echocardiography

Echocardiographic data were obtained for all patients
before HTx and during follow-up examinations after the
procedure. During the first week post HTX, echocardio-
grams were performed daily, later once per week. In all
exams, these parameters were recorded and analyzed by
an experienced clinician: ejection fraction of left ventricle
(LVEF) and severity of tricuspid valve regurgitation as a
marker of right ventricle failure. All measurements were
assessed from transthoracic echocardiogram in the api-
cal 4-chamber view. Severity of TR was assessed using a
semiquantitative 4 grade scale.

Statistical Analysis

Results for continuous variables are presented as
means * standard deviation and for categoric variables
as frequency (percent). Three-group comparisons for con-
tinuous variables were made using ANOVA. The Fisher
exact probability test and Student s t-test were used for
comparison of continuous variables. Survival estimates
were generated by the Kaplan-Meier method. The long-
range test was utilized to compare survival across groups,
and P<0.05 was considered statistically significant.

RESULTS

The baseline characteristics of all patients are pre-
sented in Table 1. There were no differences among the
three groups in age, gender, BMI, distribution of diagnosis

Table 1. Recipient Characteristics in Group A, Group B and Group C.

Group A Group B Group C
N 84 50 15
Age (mean + SD) 52+6.9 51+£79 54+53
Male (%) 88 78 80
Pre-operative Dg
Ischemic CM (%) 40 56 67
Dilated CM (%) 52 40 27
Other (%) 8 4 6
Urgent waiting list (%) 54 62 67
Waiting time (days) U 35 U s2 U 40
N 180° N 112 N 103
Body mass index 26.3+2.9 24.6 £2.7 26.1+2.9

CM - cardiomyopathy; U - urgent; N - non-urgent list
2P<0.05 - statistically significant
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Table 2. Donor Characteristics in Group A, Group B and Group C.

Group A Group B Group C
N 84 50 15
Age (mean = SD) 34+10.3 36 +11.8 38 +10.8
Male (%) 89 76 80
Cause of death
Craniotrauma (%) 73 56 53
Other (%) 27 44 67
CIT (min) 162 161 173
LV EF (%) 60 59 61
Body mass index 25.0%2.0 240+ 1.9 249+ 3.0

CIT - cold ischemia time; LV EF - left ventricle ejection fraction;

Table 3. Hemodynamics before and early after Heart Transplantation in Group A, Group B and Group C.

Group A Group B Group C

N 84 50 15
Preoperative
Cardiac output (mL/kg) 3.72 0.7 3.20£0.5 291 +£0.4
Cardiac index (mL/kg/min) 1.83+0.4 1.75+£0.4 1.50+0.2
Transpulmonary gradient (mmHg) 74 £19 11.8£2.9 18.9 4.0
Pulmonary pascular resistence (WU) 2.1 0.5 3.5°+0.4 6.9°+ 14
Day 1 after heart transplantation

Cardiac output (mL/kg) 526+ 1.1 509+ 1.4 5.02+1.7
Cardiac index (mL/kg/min) 2.69+£0.6 2.67+0.7 2.60+0.8
Transpulmonary gradient (mmHg) 10.2+2.0 104+ 1.9 11.2+ 1.6
Pulmonary pascular resistence (WU) 2.1£0.6 2.3*+ 0.6 2.5+ 0.7

2P<0.05 - statistically significant P=1.82 x10-'in Group B,P=5.89 x 10 *in Group C

and ratio of urgent vs.non-urgent waiting list recipients.
Only the waiting time on the non-urgent waiting list was
significantly longer in group A.

The characteristics of donors are displayed in Table 2.
There were no significant differences among the three
groups in average age, gender, BMI, LVEF, cold ischemia
time or cause of death.

According to their hemodynamic measurements the
patients were divided into 3 groups: Group A (n=84) with-
out pulmonary hypertension (PTH) with PVR < 3 WU,
group B (n=50) with mild to moderate PTH with PVR
3-5 WU and group C (n=15) with severe PTH with PVR
>5WU.

The hemodynamic data of all patients and com-
parisons among the groups are presented in Table 3.
Recipients in groups 2 and 3 had higher mean PVR and
TPG and as shown in Table 3 PVR reached normal range
(2.5 £ 0.6 WU) on Day 1 in all groups. Significant de-
creases in mean PVR were observed in groups B and
C. Vasodilator treatment (nitric oxide or alprostadil
or their combination) was used in 32% of patients in
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Group A, 46% in Group B and in over 80% of patients
from group C.

There were no significant differences in the severity
of post-transplant TR among the 3 groups early after HTx
(severe TR was observed in 46%, 54% and 33%, respec-
tively). Interestingly, a statistically significant portion of
patients from group B presented with moderate or worse
TR one month after HTx (4%, 11% and 2%, respectively).

No significant difference was found during the follow-
up period between groups in terms of incidence of AR
(Grade >2 Banff classification) (23%, 23%, 33%, respec-
tively), overall infections (28%, 32%, 33%, respectively) as
shown in Fig. 1 and 2. Average duration of hospitalization
was practically identical for the 3 groups (30, 30, 28 days,
respectively).

There was no correlation between pre-transplant
PTH and 30-day mortality or a long-term survival. Fig. 2
presents survival curves for the three groups. The 30-day
mortality was 7% in Group A, 4% in Group B and 0%
in group C. One-year survival calculated by the Kaplan-
Meier analysis was 87%, 84% and 93% in groups A,B and
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Table 4. Echocardiografic Parameters-Tricuspidal Regurgitation and Left Ventricle Ejection Fraction in Day 1 and 1 Month
after Heart Transplantation in Group A, Group B and Group C.

Group A Group B Group C
N 84 50 15
Day 1 after heart transplantation
TR > Grade 2 (%) 46 54 33
LV EF (%) 52 52 54
Alprostadil and/or NO therapy (%) 32 46 80?
1 month after heart transplantation
TR > Grade 2 (%) 42 11° 22
LV EF (%) 60 62 64

TR - tricuspid regurgitation; LV EF - left ventricle ejection fraction
2P<0.05 - statistically significant in all groups

C, respectively and the 5-year survival was 81%,76% and
93%, respectively.

DISCUSSION

The main findings in the present study are the fol-
lowing. (I) pre-transplant PTH (including severe) when
reversible, does not influence short-or long-term survival
after HTx; (II) hemodynamic variables improve to near-
normal values within the first several days in most HTx
recipients and (III) pre-transplant PH is not associated
with increased risk of acute graft rejections or infections.

Left heart disease is the most common cause of pul-
monary hypertension. Increased left-sided filling pressure
leads to passive postcapillary venous hypertension. In
some patients, pulmonary vasoconstriction and vascular
remodeling may lead to a further increase in pulmonary
pressure. When the precapillary hypertension component
is associated with left heart failure, the elevation of pulmo-
nary pressure is out of proportion to left atrial pressure:
a transpulmonary gradient greater than 12 mmHg and
pulmonary vascular resistance greater than three WU.
Precapillary pulmonary hypertension is common in se-
vere systolic heart failure. Before cardiac transplantation,
increased pulmonary vascular resistance greater than 3.5
WU is reported in 19 to 35% of patients'®. Fixed (irevers-
ible) PTH is one of the main contraindications for HTx
because of the risk of developing fatal right heart failure
after transplantation. In order to prevent this, a number
of medications and/or techniques (prostaglandin E1, pros-
tacyclin, inhaled nitric oxide and ventricular assistance
devices) have been proposed and are used to decrease
pulmonary pressures. Most of these treatment strategies
have been aimed at the management of patients with pri-
mary pulmonary hypertension but they have turned out to
be very useful in the preoperative conditioning of patients
with secondary pulmonary hypertension stemming from
chronic heart failure!'"'*. New approaches based on treat-
ment of heart transplant candidates with pulmonary hy-
pertension have increased the number of patients suitable
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for placement on the waiting list and additionally it has
shown beneficial effect on survival after HTx. Recently,
sildenafil, a fosfodiesterase-5-inhibitor and traditional
drug for erectile dysfunction treatment, has been suc-
cessfully introduced into the algorithms for testing and
treatment of pre-transplant pulmonary hypertension'*".

Elevated PVR in heart transplant candidates can also
be reduced using a left ventricular assist device. Several
studies have recently reported the successful results of this
new treatment strategy and therefore LVAD is proposed
as the treatment of choice for candidates with pulmonary
hypertension'®?°. Interestingly, LVAD support has been
successful in those transplant candidates who retained
elevated pulmonary pressures after drug testing and there-
fore were initially excluded from HTx waiting list. These
novel findings have motivated Andrea G to raise a contro-
versial question “Is fixed severe pulmonary hypertension
still a contraindication for heart transplant in the modern
era of mechanical circulatory support?”(ref.?"). It is worth
nothing that normal preoperative PVR does not rule out
increased PVR and acute RV failure after HTx. Organ
preservation and cardiopulmonary bypass also have del-
eterious effects on ventricular function?>?*. The previous
common practice of using oversized donors for recipients
with PH has been found unnecessary®.

Our study has several limitations. The retrospective
design has disadvantages compared with prospective
study. When the data were collected, neither sildenafil
nor LVAD were eligible for use in HTx candidates and
therefore were not included in the testing and treatment.
Due to the retrospective nature of the protocol, echocar-
diographic assessment of right heart failure comprises
semiquantitative evaluation of tricuspid regurgitation and
right ventricular function. Our study lack hemodynamic
data from right heart catheterization during the follow-
up period.

Gude et al. has recently published results showing
that reversible PH assessed by right heart catheterization
prior to HTx had no negative impact on post-HTx out-
comes’. These findings are in accordance with our results.
Interestingly, they have shown association between the
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Fig. 1. Days of hospitaliza-
tion for Groups A-C.

30 days 5 years
Fig. 2. Kaplan-Meier curves
of survival for Groups A-C.
presence of PTH 1 year after HTx and reduced survival. ACKNOWLEDGEMENTS

Therefore further studies with long follow-up are required
to explain these findings and propose rational treatment
strategies to improve survival rates.

CONCLUSIONS

In our cohort, PHT dropped very quickly after HTX,
and was not associated with acute right heart failure fol-
lowing the surgery. Reversible PTH does not have a nega-
tive impact on short- or long-term survival after HTx.
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