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Objective

The authors aimed to determine the prevalence of pulmonary hypertension in patients with
end-stage kidney disease on regular hemodialysis (HD). The authors also aimed to study the
possible correlation between the occurrence of pulmonary hypertension and fluid overload,
arteriovenous fistula (AVF) blood flow, valvular calcification, and other laboratory variables.
Patients and methods

This cross-sectional descriptive study was conducted on 80 patients with end-stage kidney
disease on regular HD for more than one year in Al Agoza Hospital in Cairo, Egypt. General
data were collected. A transthoracic 2D echocardiography was done for all studied patients
within one hour after HD. Pulmonary hypertension’s definition was an estimation of pulmonary
artery systolic pressure greater than 35 mmHg by echocardiography.

Results

Pulmonary hypertension (pulmonary artery systolic pressure >35 mmHg) presented in
21 (26.2%) patients, whereas mild (35-50 mmHg), moderate (51-70 mmHg), and severe
pulmonary hypertension (>70 mmHg) presented in seven (8.8%), 10 (12.5%), and four (5%)
patients, respectively. Pulmonary hypertension presented in 13 (62%) female patients vs eight
(38%) male patients, which is of statistical significance (P<0.001). Mean duration of dialysis
was significantly higher in patients with pulmonary hypertension (PHTN) than those without
(8.54+3.53 years vs 3.88+1.01 years; P<0.001). Valvular calcification, fluid overload, and blood
flow through AVF were significantly correlated to the development of PHTN.

Pulmonary hypertension in patients with end stage kidney disease (ESKD) on regular HD is
frequent. Blood flow through AVF and chronic fluid overload may be involved in the development
of PHTN in patients with ESKD who are on regular hemodialysis.
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Introduction

Incoming evidence suggests that pulmonary hypertension,

calcium and phosphate metabolism causing metastatic
pulmonary artery calcification, and chronically
increased blood flow from arteriovenous fistula (AVF)

a recognized complication of end-stage kidney disease, is
closely associated with cardiac, pulmonary, and systemic
diseases and also with increased mortality [1]. Pulmonary
hypertension has been reported as unrecognized threat in
maintenance hemodialysis (HD) patients [2].

The prevalence of pulmonary hypertension may be
16%[3] up to 58% [4] in HD patients as reported
by different studies. Regardless of the etiology, the
morbidity and the mortality from long-standing
pulmonary hypertension exceed that expected from the
causative condition. Pulmonary hypertension involves
vasoconstriction and obliteration of the lumen of small
vessels in the lungs by plexiform lesions, resulting in
increased resistance to flow [5].

Chronic volume overload, metabolic derangements
affecting pulmonary vasculature, alterations in

or arteriovenous graft, all these may predispose to
elevated pulmonary pressures [6].

Most pulmonary hypertension (PHTN) cases in the
population of patients with end-stage kidney disease
receiving HD treatment through an arteriovenous access
is secondary to heart diseases. However, unexplained
pulmonary hypertension in this patient’s population
has been reported too [7], representing a distinct
clinical syndrome in which pulmonary hypertension
occurs shortly after the arteriovenous access formation,
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sometimes even before starting HD treatment [8].
Cardiovascular disease is the most common cause of
death in end-stage kidney disease [9]. Patients with
end-stage kidney disease have a cardiovascular risk far
greater than that explained by hypertension or other
traditional cardiovascular lifestyle risk factors alone [10].

in the form of frequency (percentage). y*-test was used to
compare the nominal data of different groups in the study,
whereas Student’s #test was used in case of continuous
data. Pvalue was considered significant if less than 0.05.
The level of confidence was kept at 95%; hence, a Pvalue
less than 0.05 indicated a significant association.

Patients and methods

This descriptive cross-sectional study was conducted on
80 patients with end-stage kidney disease on regular
HD (aged from 18 to 60 years) for more than 1 year in Al
Agoza Hospital in Cairo, Egypt, in the period between
December 2017 and December 2018.The patients with a
higher possibility of secondary pulmonary hypertension
(those with a history of chronic obstructive or restrictive
lung disease, heart failure, chronic thromboembolic
disease, HIV infection, or bilharziasis) were excluded.
All patients were subjected to full history and clinical
examination. The general data of studied patients (age,
sex, comorbidities, and drugs) and renal disease (cause
of kidney failure, type of dialysis access, and duration of
hemodialysis) were collected from the patients’ medical
files directly from them. Laboratory investigations
were conducted, including intact parathormone
hormone, which was measured by chemiluminescence
immunoassay, with reference range of 10-93 pg/ml;
serum calcium; serum phosphate; alkaline phosphatase;
blood urea; serum creatinine; complete blood count; and
serum albumin. A transthoracic 2D echocardiography
was performed for the studied patients. Pulmonary artery
systolic pressure (PASP) was measured by estimating
transtricuspid valve regurge pressure gradient added to
the estimated right atrial pressure. Echocardiography
was done by a cardiologist within one hour after HD so
as to avoid overestimation of PASP.

Ethical considerations
'This study was approved by Ethical Committee, Faculty
of Medicine, Assiut University (IRB; 17101044).

All patients were provided a detailed description of the
procedures before being enrolled in this study, and a
signed informed consent was obtained from them for
participating in the study.

ClinicalTrials.gov Identifier: NCT03310229.

Statistical analysis

Data were collected and analyzed those using
SPSS (Statistical Package for the Social Sciences,
version 20; IBM, Armonk, New York, USA).
Continuous data were expressed in form of mean + SD
or median (range), whereas nominal data were expressed

Results

‘The mean age of studied patients was 49.25 + 9.41 years,
with range between 20 and 60 years. Of the 80 studied
patients, 42 (52.5%) were females. Duration of dialysis
ranged from 1.5 to 13 years, with a mean duration of
4.73 + 2.44 years. The most frequent cause of renal
disease was diabetes mellitus (31.3%), followed by
hypertension (25%), and obstructive uropathy (12.5%).
Table 1 shows the demographic data of the studied

patients.

Of the 80 studied patients, 21 (26.2%) had elevated
PASP above 35 mmHg, whereas mild (35-50 mmHg),
moderate (51-70 mmHg), and severe pulmonary
hypertension (>70 mmHg) presented in seven (8.8%),
10 (12.5%), and four (5%) patients, respectively. Patients
with pulmonary hypertension and those without
had insignificant differences regarding age, but mean
duration of HD was significantly higher in patients with
pulmonary hypertension than those without (8.54 + 3.53
vs 3.88 + 1.01 years; P < 0.001). Pulmonary hypertension
presented in 13 (62%) female patients vs eight (38%) male
patients, which is of statistical significance (P < 0.001).
Table 2 shows the characteristics of studied patients
based on presence of pulmonary hypertension. Grades of

PASP are shown in Fig. 1.

Data were expressed in form of mean (SD) and
frequency (percentage). P value was significant if less

than 0.05.

Correlations between PASP and other variables are
shown in Table 3 and Figs. 2 and 3.

PASP had a significant positive moderate correlation

with calcium level (» = 0.413, P < 0.001).

PASP had a significant positive weak correlation with
hemoglobin level (r=-0.297, P < 0.001).

PASP had a significant positive weak correlation with
phosphate level (» = 0.367, P < 0.001).

PASP had a significant positive moderate correlation

with parathormone hormone (r = 0.418, P < 0.001).

PASP had asignificant positive moderate correlation with

alkaline phosphatase (r = 0.495, P < 0.001).
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PASP had a significant positive weak correlation
with duration of dialysis (» = 0.291, P < 0.001). Other

correlations were insignificant.
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Table 1 Demographic data of studied patients

n=80

Age (years)

Mean+SD (range) 49.25+9.41 (20.0-60.0)

Sex
Male 38 (47.5)
Female 42 (52.5)

Duration of HD (years)
Mean+SD (range)
Primary cause

4.73+2.44 (1.5-13.0)

DM 25 (31.3)
HTN 20 (25)
Obstructive uropathy 10 (12.5)
NSAID abuse 8 (10.0)
ADPKD 6 (7.5)
Reflux nephropathy 5 (6.3)
Chronic UTI 1(1.3)
FMF 1(1.3)
Unknown cause 4 (5.0)

Data were expressed in form of mean+SD and frequency
(percentage).ADPKD, adult polycystic kidney disease; DM,
diabetes mellitus; FMF, familial Mediterranean fever; HD,
hemodialysis; HTN, hypertension; NSAIDs, nonsteroidal anti-
inflammatory drugs; UT], urinary tract infection.

Table 2 Characteristics of studied patients based on
presence of pulmonary hypertension

Without PHTN  With PHTN [n (%)] P
[n (%)]
Age
Mean+SD 48.99+8.76 51.5+10.11 (20-58) 0.345
(23-60.0)
Sex
Male 30 (51) 8 (38) <0.001
Female 29 (49) 13 (62)
Duration of dialysis (years)
Meanx(SD) 3.88+1.01 8.54+3.53 (5-13) <0.001
(1.5-6)

PHTN, pulmonary hypertension.

A total of 69 (86.3%) patients had AVE,whereas Permicath
presented in only 11 (13.8%) patients. The average
interdialytic weight gain in the studied patients ranged
between 1 and 6 kg. Of the studied patients, 15 (18.8%)
patients had mitral and aortic valvular calcification. It
was noticed that all patients who developed PHTN had
AVEF. A total of 15 (71.4%) patients with PHTN had
valvular calcification, whereas none of those without
PHTN had valvular calcification. The average interdialytic
weight gain was significantly higher in patients with
PHTN (P < 0.001). Table 4 shows possible risk factors in
studied patients based on the presence of PHTN.

Discussion

Thereisaclear difference in the prevalence of pulmonary
hypertension in HD patients in different studies. Our
finding corresponded with the study by Tarrass and
colleagues in 2006 in Casablanca [11], where the
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Table 3 Correlation between pulmonary artery systolic
pressure and other variables

Laboratory investigations PASP
r P

Calcium level (mg/dl) 0.413 <0.001
Hemoglobin (g%) -0.297 <0.001
Platelets count (x10%/1) -0.001 0.991
Blood urea (mg/dl) 0.122 0.281
phosphate level (mg/dl) 0.367 <0.001
Serum albumin (mg/dl) -0.217 0.053
Serum creatinine (mg/dl) 0.032 0.781
Parathormone hormone (pg/ml) 0.418 <0.001
Alkaline phosphatase (Ul/l) 0.495 <0.001
Duration of dialysis (years) 0.291 <0.001

Data were expressed in form of r value (indicated to strength of
correlation), and P value (indicated to significance of correlation
and considered significant if <0.05).PASP, pulmonary artery
systolic pressure.

Table 4 Possible risk factors in studied patients based on
presence of pulmonary hypertension

Without With P
PHTN PHTN
Vascular access
AVF 48 (81.3) 21 (100) 0.03
Permicath 11 (18.7) 0
Vulvular calcification 0 15 (71.4)  <0.001
Average interdialytic weight 2.26+0.79 4.62+0.76  <0.001
gain (kg)

Data were expressed in form of mean+SD and frequency
(percentage). P value was significant if <0.05. AVF, arteriovenous
fistula; PHTN, pulmonary hypertension.

prevalence was 27%. Our finding is in contrast to that
obtained by the study by Fabbian ez a/[4] in 2011 in
Italy, where the prevalence of pulmonary hypertension
in their study was 58%, and also in contrary to the
study by Faqih and colleagues, 2016, in Casablanca [3],

where the prevalence was 16%.

The variability in the prevalence of pulmonary
hypertension in different studies may be owing to
the following: first, the timing of performance of
echocardiography may affect the estimation of PASP
plus the interdialytic weight gain. A higher prevalence
of 58% in Italy may be owing to the estimation of PASP
with echocardiogram a day after HD [4], whereas
lower prevalence of 29% in a study by Amin ez a/.[12]
may be owing to the estimation of PASP 4 h after the
end of HD.

Second, varying definitions of PASP may have
contributed to these varying percentages of prevalence.
For example, in a study in USA, when the definition
of pulmonary hypertension was an estimate of PASP
greater than 45 mmHg by cardiac Doppler ultrasound,
the prevalence was 19% [13]. However, in our study, the
definition of pulmonary hypertension was an estimate of

PASP greater than 35 mmHg by echocardiography [14].

In our study, 62% of patients with pulmonary
hypertension were females, whereas males with
pulmonary hypertension represented 38%. This agrees
with the study by Mukhtar ez /.[6] in 2014 in Pakistan
where they found a high prevalence of pulmonary
hypertension in female patients (52%). Moreover,
Havlucu ez al[15] reported a high prevalence of
pulmonary hypertension in female patients in their
study in 2007 in turkey, where it was 60% compared
with 40% in male patients.

'This finding is in contrast to the results of the study
by Dagli ez a/[16] in 2009 where they did not find
a significant correlation between sex and pulmonary
hypertension. Our findings support many studies
that have shown a high prevalence of pulmonary
hypertension in female patients, and this may be
explained by the frequency of pregnancy, where the
pregnant women may have deep venous thrombosis
causing subclinical pulmonary embolism, which
may contribute to the development of pulmonary
hypertension in HD female patients.

It was noticed in our study that there were insignificant
differences regarding age between patients with
pulmonary hypertension and those without. This
disagrees with Lee’s finding in a study in 2016 in
Korea [17], where he found a significant correlation
between the older age and the development of
pulmonary hypertension. Our finding agrees with
Mukhtar ez al.[6] who reported no relation between
age and pulmonary hypertension.

Our study showed that the duration of HD was
significantly higher in patients with pulmonary
hypertension than those without (8.54 + 3.53 vs
3.88 + 1.01 years). This agrees with the results reported
by Mukhtar ez a/. in 2014 in Pakistan [6], Fabbian ez al.
in 2011 in Italy [4], and Agarwal in 2012 in USA [18].
All found a significant association between the
development of pulmonary hypertension and the
dialysis duration.

On the contrary, Mousavi e 4l[19] found no
relation between the duration of HD and pulmonary
hypertension. Very few studies like the one by Mousavi
et al[19] reported any correlation between dialysis
duration and pulmonary hypertension, whereas so
many studies yielded a significant correlation. This may
be explained by the longer period of exposure of the
vascular endothelium to hyperphosphatemia (which
is very common in those patients as noticed in our
study) and chronic inflammation with HD, which may
contribute to the hardening and stiffening of vascular
lining.



We used echocardiography to estimate PASP
as well as to detect the presence of any valvular
calcifications. A total of 15 patients had mitral and
aortic valvular calcifications represented 71.4% of
patients with pulmonary hypertension (7 = 21). This
significant correlation between valvular calcifications
and pulmonary hypertension in our study agrees
with the study by Li and colleagues conducted in
2014 in China [2]. On the contrary, Amin e a/.[12]
found no relation between valvular and even vascular
calcifications and pulmonary hypertension.

Our study demonstrated a significant association
between calcium, phosphorus,and alkaline phosphatase
and pulmonary hypertension, which is in contrary to
the study by Fabbian e a/.[4] in Italy who reported
no relation between calcium, phosphorus, and alkaline
phosphatase and pulmonary hypertension.

Our study showed a significant correlation between
high levels of parathormone hormone and the
development of pulmonary hypertension, which agrees
with Akmal ez a/.[20] in USA; they stated that high
levels of parathormone hormone provoked pulmonary
artery calcifications and pulmonary hypertension. Other
studies reported no relation between parathormone
hormone and pulmonary hypertension, such as Havlucu

et al.[15] in turkey and Abdelwahab ez a/.[21] in Egypt.

In addition, our study demonstrated that anemia is
significantly correlated to pulmonary hypertension. This
may be explained by the hypoxia and the hyperdynamic
circulation induced by anemia, which lead to increase
in the blood flow, and cardiac output (especially almost
all of those patients have a degree of fluid overload).
Increased cardiac output may contribute with other
factors to the development of pulmonary hypertension.
'This agrees with the finding of Navaneethan ez a/.[22]
in USA.

'The average interdialytic weight gain was significantly
higher in patients with pulmonary hypertension than
those without (4.62 = 0.76 vs 2.2 + 0.79 kg). This
significant correlation has been found by other studies
like the study by Fabbian e a/.[4] in Italy. The average
interdialytic weight gain in the study by Fabbian and
colleagues was 2.1 + 0.1 kg in patients with pulmonary
hypertensionvs 1.3 + 0.9 kg in those without pulmonary
hypertension.

Our study demonstrated a significant correlation
between the presence of AVE and pulmonary
hypertension. Of the 48 patients having AVEF, 21 had
pulmonary hypertension. It was noticed that all patients
having permanent catheter did not have pulmonary
hypertension. This may be explained by the increase in
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blood flow and cardiac output, which may contribute
to the development of pulmonary hypertension.

This finding agrees with Nakhoul e a/. [23], where
they reported a significant correlation AVFE and
pulmonary hypertension. They also have shown in their
study a significant decline in PASP and cardiac output
in HD patients who underwent successful kidney
transplantation or temporary closure of AVE.

Conclusion

Pulmonary hypertension in patients with ESKD who
are on regular HD is frequent and deserves much
more attention. Blood flow through AVEF, chronic fluid
overload, vascular calcification, and longer periods
of HD may be implicated in the pathogenesis of
pulmonary hypertension in patients with ESKD who
are on regular HD.
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