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Renal transplant improves pulmonary
hypertension in patients with end stage renal
disease
Il trapianto renale riduce l’ipertensione polmonare
nei pazienti con grave insufficienza renale
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ABSTRACT
Background: Pulmonary hypertension (PH) is present in a significant proportion of patients with end stage renal disease
(ESRD) and is of prognostic importance. Data on the effect of
renal transplant on PH is very limited. In this study, the aim
was to examine the effect of renal transplant on systolic pulmonary artery pressure (SPAP) determined by Doppler
echocardiography.
Methods: Analysis was performed on the records of 500 consecutive patients who underwent renal transplant at our center between the years 1999 to 2008. The prevalence of PH in
the preoperative assessment period was established. Patients
were diagnosed as having PH when measured SPAP values
were > 35 mm Hg.
Results: Pulmonary hypertension was detected in 85 of the
500 (17%) patients under pre-transplant evaluation. At
post-transplant follow up Doppler echocardiographic examination was performed on 50 of the 85 patients. After exclusion of 8 cases (1 due to massive pulmonary thromboemboli; 7 due to graft failure requiring dialysis therapy) analyses were performed on 42 patients who had undergone both
pre- and post-transplant echocardiographic examination.
Mean SPAP at pre-transplant evaluation was 45.9 ± 8.8 mm
Hg and in 6 (14.3%) cases SPAP was above 50 mm Hg.
Compared to pre-transplant values, a significant decrease
was observed in mean SPAP values in an average of 53
months of postoperative follow up (41.8 ± 7.4 mm Hg vs.
45.9 ± 8.8 mm Hg, p < 0.0001).
Conclusion: These findings indicate that patients with ESRD
accompanied by PH may benefit from renal transplant.
Further research is required for more concrete conclusions to

be drawn on this subject.
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RIASSUNTO
Razionale: L’ipertensione polmonare (PH) è presente in una
quota rilevante di pazienti con grave insufficienza renale ed
ha rilevanza prognostica. Dati sugli effetti del trapianto renale sulla PH sono molto limitatı. Scopo di questo studio era valutare gli effetti del trapianto renale sulla pressione arteriosa
polmonare sistolica (SPAP) stimata con l’ecocardiografia
Doppler.
Metodi: Analisi retrospettiva dei dati di 500 pazienti consecutivi sottoposti a trapianto renale presso il nostro centro tra il
1999 ed il 2008. È stata individuata la prevalenza di PH nel periodo di valutazione pre-trapianto, definita come valore di
SPAP > 35 mm Hg.
Risultati: Una ipertensione polmonare è stata diagnosticata
in 85 (17%) dei 500 pazienti sottoposti a valutazione pre-trapianto. Al follow up post-trapianto 50 degli 85 pazienti sono
stati sottoposti ad una ecocardiografia Doppler. Dopo avere
escluso 8 casi (1 per tromboembolia polmonare massiva, 7
per fallimento del trapianto che ha reso necessario proseguire
con la dialisi) l’analisi è stata effettuata sui 42 pazienti di cui
erano disponibili i dati pre- e post-trapianto. Il valore medio
della SPAP alla valutazione pre-trapianto era 45,9 ± 8,8 mm
Hg e in 6 (14,3%) casi la SPAP era oltre 50 mm Hg. Dopo trapianto si è osservata una riduzione significativa dei valori medi di SPAP nei 53 mesi di media del follow up post-trapianto
(41,8 ± 7,4 mm Hg vs 45,9 ± 8,8 mm Hg, p < 0,0001).
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Conclusioni: I nostri dati indicano che i pazienti con PH associata a ESRD possono trarre beneficio dal trapianto di rene,
ma ulteriori studi saranno necessari per trarre conclusioni più
certe su questo tema.
Parole chiave: Ecocardiografia Doppler, ipertensione polmonare, trapianto renale.

INTRODUCTION
Pulmonary hypertension (PH) is seen in a significant
proportion of patients with end stage renal disease
(ESRD) [1-3]. The prevalence of PH has been reported to be as high as 48% [4]. A variety of mechanisms are proposed to contribute to the development of PH in uremic patients. Duration of renal replacement therapy, extraosseous pulmonary calcification, high cardiac output due to arterio-venous
fistula or other causes, anemia, fluid overload, hormonal and metabolic imbalances associated with
uremic milieu and impaired endothelial function
are among various mechanisms responsible for elevation of pulmonary artery pressure (PAP) [4,5].
It has been shown that PH is important prognostically in patients with ESRD as in other patient
groups with this disorder [6,7]. It is a progressive
disease. Unless diagnosed early and treated appropriately, the course of PH is usually fatal due to the
development of right ventricular failure. In addition
to other comorbidities and age, it stands as an independent predictor of survival in patients with renal
failure [8]. However, data about the impact of renal
transplant on PH in patients with ESRD is limited.
Therefore, in this study, the effect of renal transplant
on PH determined by Doppler echocardiography in
the pre-transplant and post-transplant period was
examined.
METHODS
Analyses of the records of 500 consecutive patients
who underwent renal transplant at our center between the years 1999 to 2008 was undertaken.
Demographic, clinical information and laboratory
results were obtained. The prevalence of PH on preoperative assessment was obtained. At post-transplant follow up Doppler echocardiographic examination was performed on 50 patients. Eight patients
were excluded due to rejection and massive pulmonary emboli. Thus 42 patients who had both preand postoperative Doppler echocardiographic examination were included for analysis.
In the absence of right ventricular outflow obstruction or pulmonary stenosis, non-invasive determination of pulmonary artery pressure by Doppler
echocardiography has been shown to be closely
correlated with that measured on catheterization
[9,10].
As part of the preoperative cardiopulmonary workup, a comprehensive transthoracic Doppler
echocardiographic examination was performed.
Using continuous wave Doppler the maximum tricuspid regurgitant flow (v) was determined. The
modified Bernoulli equation was used to estimate
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right ventricular systolic pressure (RVP) which was
considered to be equal to the systolic pulmonary artery pressure (SPAP) in the absence of right ventricular outflow obstruction or pulmonary valve stenosis: SPAP (mm Hg) = RVP = 4v2 + right atrial pressure [11]. Patients were diagnosed with PH when
the Doppler echocardiographic SPAP values measured >35 mm Hg. It was classified as mild to moderate when SPAP was 35-50 mm Hg, and severe
when SPAP was > 50 mm Hg [12].
Left ventricular hypertrophy (LVH) was determined
when the interventricular septum or posterior wall
thickness was ≥ 12 mm. Left ventricular systolic
dysfunction was defined as global or regional wallmotion abnormality on echocardiography or ventriculography, ejection fraction (EF) less than 50%,
or fractional shortening less than 25%. Diastolic
dysfunction was defined as mitral E/A ratio less than
1 and isovolumetric relaxation time ≥ 110 msec or
mitral E-wave deceleration time ≥ 240 msec on
Doppler echocardiography.
The study protocol was approved by the
Institutional Ethics Committee.
Statistical analysis
Data were analyzed using the SPSS version 12.0
(Chicago, IL, USA) statistical program. The distribution of continuous variables for normality was tested with the one-sample Kolmogorov-Smirnov test,
and data are presented as mean ± standard deviation (SD) or median and interquartile ranges, as appropriate. Differences between patients with and
without PH in normally and abnormally distributed
variables were evaluated using the unpaired t test
and the Mann-Whitney U test, respectively. The chisquare test was employed to compare nonparametric variables. For comparison of the pre- and posttransplant values the paired t test was used. All p
values are 2-sided, and the significance level was
considered as p < 0.05.
RESULTS
Pulmonary hypertension was detected in 85 of the
500 (17%) patients at pre-transplant evaluation
based on Doppler echocardiographic examination.
A comparison of the characteristics of patients with
and without PH is presented in Table I.
Post-transplant echocardiographic examination was
performed on 50 of these 85 patients. After exclusion of 8 cases (1 due to massive pulmonary thromboemboli, 7 due to graft failure requiring dialysis
therapy) analyses were performed. The demographic and clinical data of the study population with PH
prior to renal transplant are shown in Table II. The
mean age was 33.9 ± 10.8 years and 12 (28.6%)
were female. The mean duration of dialysis therapy
prior to renal transplant was 47.1 months. With regard to type of renal replacement therapy, 41 patients were on hemodialysis and 1 patient was on
peritoneal dialysis. Hypertension was the most
common etiology of ESRD followed by glomerulonephritis. Renal transplant was performed from liv-

Clinical characteristics

Patients with PH
(n = 85)

Patients without PH
(n = 415)

P

Age (y)

31.7 ± 10.6

31.5 ± 10.1

0.8

Sex (n)

62 M, 23 F

305 M, 110 F

0.8

50.8

38.5

0.008

Duration of dialysis therapy (months)
COPD (%)

2.4

0.7

0.2

Tobacco smoking (%)

29.4

25.8

0.5

Diabetes mellitus (%)

3.5

3.4

1.0

Hypertension (%)

69.4

61.2

0.1

1.49 ± 1.38
1.48 ± 1.28
4.9 ± 0.5
3.2 ± 0.5
3.3 ± 0.5
4.0 ± 0.7
3.7 ± 0.5
18.8
22.4
49.7 ± 7.9
78.8

1.29 ± 0.68
1.30 ± 0.81
4.7 ± 2.0
3.1 ± 0.5
3.2 ± 0.4
3.5 ± 0.6
3.3 ± 0.4
21.4
13.5
52.3 ± 6.9
59.8

0.03
0.09
0.3
0.8
0.8
< 0.0001
< 0.0001
0.6
0.04
0.002
0.001

Echocardiographic Data
IVS (cm)
PW (cm)
LV, diastole (cm)
LV, systole (cm)
Right ventricle (cm)
Left atrium (cm)
Right atrium (cm)
Diastolic dysfunction (%)
Systolic dysfunction (%)
LV Ejection fraction (%)
Left ventricular hypertrophy (%)

Data are expressed as mean ± SD, or frequency counts (percentages), as appropriate.
Definition of abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COPD, chronic obstructive pulmonary disease;
IVS, interventricular septum; LV, left ventricle; PH, pulmonary hypertension; PW, posterior wall; SD, standard deviation.

ing donors in 28 (66.7%) and from a deceased
donor in 14 (33.3%) patients.
The mean value of systolic PAP on pre-transplant

TABLE II: CLINICAL AND LABORATORY CHARACTERISTICS OF
THE STUDY POPULATION PRIOR TO RENAL TRANSPLANT
Clinical characteristics

n = 42

Age (y)

33.9 ± 10.8

Sex (n)

30 M, 12 F

Hypertension, n (%)

31 (73.8)

Diabetes mellitus, n (%)

3 (7.1)

Tobacco smoking, n (%)

12 (28.6)

Chronic liver disease, n (%)

2 (4.8)

COPD, n (%)

1 (2.4)

Laboratory Variables
Blood glucose (mg/dL)
Creatinine (mg/dL)

102 ± 28
6.4 (4.9-9.6)

ALT (U/L)

16 (9-25)

LDL (mg/dL)

103 ± 47

HDL (mg/dL)

41 ± 15

Triglyceride (mg/dL)

149 (87-181)

Hemoglobin (gr/dL)

109 ± 1.9

Data are expressed as mean ± SD, median (interquartile range), or
frequency counts (percentages), as appropriate.
Definition of abbreviations: ALT, alanine aminotransferase; COPD,
chronic obstructive pulmonary disease; SD, standard deviation.

evaluation was 45.9 ± 8.8 mm Hg and in 6 (14.3%)
cases systolic PAP was above 50 mm Hg.
Compared to pre-transplant values a significant decrease was observed in mean SPAP values in an average 53 months of postoperative follow up (45.9 ±
8.8 mm Hg pre vs. 41.8 ± 7.4 mm Hg post, p <
0.0001). With regard to change in systolic PAP values, a decrease was noted in 25 (59.5%), an increase in 4 (9.5%) and no change in the remaining
13 (31%) patients following the transplantation. At
post-transplant evaluation systolic PAP was above
50 mm Hg in 5 patients. Of these 5 cases 1 had angiographically proven coronary artery disease
(CAD), 1 had left ventricular systolic and 2 had diastolic dysfunction on echocardiographic examination. No significant valvular heart disease was identified. With regard to type of dialysis all were on HD
prior to transplant.
Although an increase was noted in mean left ventricular ejection fraction following the renal transplant, it did not reach a statistically significant level
(pre-transplant 49.6 ± 8.2% vs. post-transplant 51.0
± 7.1%, p = 0.1) (Table III). At echocardiographic
evaluation, left ventricular hypertrophy was identified in 33 (78.6%) patients. In 7 cases a mild degree
of left ventricular systolic dysfunction was detected.
Five patients had undergone coronary angiography
and 1 of these was diagnosed with CAD. In 16 patients diastolic dysfunction was identified, in all
cases of the grade 1 abnormal relaxation type. On
preoperative evaluation no valvular stenosis was di-
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TABLE III: DOPPLER ECHOCARDIOGRAPHIC FINDINGS OF PATIENTS BEFORE AND AFTER RENAL TRANSPLANT
Echocardiographic data

Before renal transplant

After renal transplant

P

IVS (cm)
PW (cm)
LV, diastole (cm)
LV, systole (cm)
Right ventricle (cm)
Left atrium (cm)
Right atrium (cm)
LV Ejection fraction (%)

1.36 ± 0.19
1.32 ± 0.16
4.7 ± 0.4
3.1 ± 0.5
3.2 ± 0.4
3.9 ± 0.7
3.7 ± 0.5
49.6 ± 8.2

1.31 ± 0.23
1.28 ± 0.22
4.5 ± 4.4
3.0 ± 0.4
3.0 ± 0.4
3.8 ± 0.4
3.5 ± 0.5
51.0 ± 7.1

0.2
0.1
0.01
0.04
0.03
0.3
0.01
0.1

Definition of abbreviations: IVS, interventricular septum; LV, left ventricle; PH, pulmonary hypertension; PW, posterior wall.

agnosed in any of the participants. Only minor
valvular insufficiency in 1 patient with mild to moderate aortic regurgitation and in 8 patients with mild
to moderate mitral regurgitation was detected. At
postoperative echocardiographic examination, a
moderate to severe mitral insufficiency was detected in 1 case. No significant changes in other valvular pathologies were noted.
DISCUSSION
It is well known that cardiovascular diseases are
very common and are the most frequent cause of
mortality in patients with ESRD. For this reason, the
focus is on ischemic heart disease, heart failure and
arrhythmias in these patients. In contrast to other
forms of cardiovascular diseases, data on PH in patients with ESRD is limited.
In the general population left-sided heart disease
and chronic hypoxic lung disorders are the most
common causes of PH. Although the exact cause is
not proven, a multifactorial etiology appears to be
responsible for the development of PH in patients
with renal failure. We previously identified, in a recent paper, that the duration of dialysis therapy,
hemodialysis via arteriovenous fistula as the type of
renal replacement therapy, and left ventricular ejection fraction were the independent predictors of PH
[5]. Issa et al. also reported duration of dialysis as an
independent predictor of PH in ESRD patients [13].
Low EF, ischemic heart disease, heart failure, valvular
heart disease and arteriovenous fistulas are some of
the other factors that appear to be responsible for the
development of PH in the ESRD population [3,4].
The prevalence of PH in our study group (17%) is
slightly lower than that reported in the literature
(Table IV). The low prevalence may be due to the
young age of the study population. Additionally, in
previous studies, echocardiography was performed
on patients who were perceived as having an increased risk of heart disease. In our center, all pretransplant patients are evaluated with Doppler
echocardiography. This may be another reason for
the low PH ratio in our patients. Since a large number of patients were enrolled and all patients underwent Doppler echocardiographic examination, it is
our belief that these findings provide more repre-
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sentative data.
Data regarding the impact of renal transplant on PH
are very limited. In a recent paper Issa et al. reported that pre-transplant PH correlates with survival after renal transplant [13]. In that paper the authors
looked at the records of 215 patients who underwent renal transplant. Of these patients pre-transplant PH on Doppler echocardiography was detected in 69 (32%). It was mild to moderate (SPAP 3650 mm Hg) in 47 (22%) and severe (SPAP > 50 mm
Hg) in 22 (10%) patients. Severe PH was identified
as the independent predictor of post-transplant survival when adjusted for other variables such as age,
low ejection fraction and hypoalbuminemia.
Regardless of etiology, PH has prognostic impact in
this patient population and renal transplant appears
to lower elevated SPAP. Unfortunately, there are
limited data on drug therapy for PH in uremic patients. This study and the limited available data in
the literature indicate that renal transplant provides
an important therapeutic option for PH in this patient population.
Abasi et al. reported data from 5 patients with PH
who underwent successful transplantation [4]. They
detected a significant decrease in pulmonary artery
pressure following renal transplant. The mean value
of pre-transplant systolic pulmonary artery pressure
was 47 ± 11 mm Hg which decreased to 32 ± 8 mm
Hg after restoration of renal function with transplant. In accordance with these findings, we detected a significant decline in mean systolic pulmonary
artery pressure following renal transplant. To the
best of our knowledge, our study is the largest study
to date on this topic.
Considering the common prevalence of cardiovascular diseases including PH, we suggest that all patients with ESRD being evaluated for renal transplant candidacy undergo a Doppler echocardiographic examination. In case of markedly elevated
SPAP (> 50 mm Hg), right heart catheterization may
be considered and pulmonary vascular resistance
calculated. The decision for transplant may be
reached in this way.
Limitations
This study has several limitations. Owing to its retrospective nature some tests were not able to be

Study

Definition of PH

Patients enrolled, n

Type of renal
replacement therapy

Prevalence of PH (%)

Abdelwhaib et al. [14]

SPAP > 35 mm Hg

45

Hemodialysis

44

Yigla et al. [1]

SPAP > 35 mm Hg

58
5

Hemodialysis
Peritoneal dialysis

39.7
0

Tarrass et al. [2]

SPAP > 35 mm Hg

84

Hemodialysis

26.7

Nakhoul et al. [15]

SPAP ≥ 35 mm Hg

42

Hemodialysis

48

Havlucu et al. [3]

SPAP ≥ 35 mm Hg

25

Hemodialysis

56

Kumbar et al. [16].

SPAP ≥ 35 mm Hg

36

Peritoneal dialysis

42

Amin et al. [17].

SPAP > 35 mm Hg

51

Hemodialysis

29

Present work

SPAP ≥ 35 mm Hg

432
68

Hemodialysis
Peritoneal dialysis

18.8
5.9

Definition of abbreviations: ESRD, end-stage renal disease; PH, pulmonary hypertension; SPAP, systolic pulmonary artery pressure.

performed. Owing to the lack of indication and the
invasive nature of the procedure, right heart
catheterization was not performed to assess the
severity and etiology of PH. If this had been undertaken, additional valuable data would have been
obtained.
CONCLUSIONS
The development of cardiovascular disorders accelerates as the duration of dialysis increases. As documented by previous research, this is also the case
in the development of PH. That is, the longer the
time on dialysis the higher the prevalence of PH
and other forms of cardiovascular diseases.

Therefore, we retain that renal transplant should be
considered as soon as the patient requires dialysis
therapy. As a result of its high prevalence and prognostic importance, increased attention should be
paid to PH in patients with renal failure. This study
provides important insight regarding the possibility
that this problem might be ameliorated - at least to
a degree - with a functioning kidney graft. Further
research is needed to provide us with more concrete conclusions regarding this subject.
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TABLE IV: CLINICAL STUDIES EVALUATING THE PREVALENCE OF PH IN ESRD PATIENTS RECEIVING RENAL REPLACEMENT
THERAPY
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