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Pulmonary Hypertension in Patients with End Stage Renal
Disease on Maintenance Hemodialysis-A Cross-sectional Study
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Abstract
Background: Pulmonary Hypertension (PH) in End Stage Renal Disease (ESRD) on
Maintenance Hemodialysis (HD) portends a poor outcome in patients undergoing
dialysis.
Methods: 50 patients with ESRD undergoing regular hemodialysis for at least 3
months were included. Biochemical parameters- hemoglobin, urea, creatinine,
albumin, calcium, phosphorus and PTH assessed post dialysis. All patients
underwent 2D echocardiography one hour after dialysis to avoid overestimation
of pulmonary artery pressures. Measurement of various parameters was carried
out including right atrial and ventricular dimensions, tricuspid annular plane
systolic excursion, flow across tricuspid and pulmonary valves and tissue doppler
imaging of the annular plane. PH was defined as mean right ventricular systolic
pressure ≥25 mmHg. Variables were compared between two groups- subjects
with PH and Non-PH.
Results: Seventeen patients were detected to have PH. All baseline biochemical
parameters did not show significant difference between two groups. On ECHO,
right atrial and ventricular enlargement and pulmonary vascular resistance were
significantly higher in PH group. LA vol index greater than 34ml/m2 was detected
in 94.1% patients with PH as opposed to 51.5% in non PH. LVEDP was detected
to be significantly higher in PH compared to Non PH (p=0.001; 94.1% vs 39.4%).
Mean values of ejection fractions were also significantly different.
Conclusion: This study suggests that up to one third of ESRD patients on HD
develop PH. Echocardiography findings reveal a significant association between
raised LVEDP and increased pulmonary artery pressures. Thus, volume overload
and diastolic dysfunction (heart failure with preserved ejection fraction) appear
to be the main contributors to development of PH.

Introduction

P

ulmonary hypertension (PH) is
characterized by raised pulmonary
artery pressure which can eventually
lead to right ventricular dysfunction
and failure. PH in patients with chronic
kidney disease (CKD) has previously
been attributed to co-existing conditions
such as left heart disease, sleep apnea
etc. but it has been recently identified
to occur as a complication of CKD itself.
Estimates of pulmonary hypertension
in population with CKD are 30-50%. 1
Development of PH due to CKD per
se most likely involves interaction
between multiple alterations in
cardiovascular physiology that occur

such as increased peripheral vascular
resistance and increased cardiac
output (due to arteriovenous fistula). 1
Hormonal and metabolic derangements
in CKD can alter endothelial function
leading to imbalance in the vasodilators
and vasoconstrictors affecting tone of
pulmonary vasculature.2,3 Development
of pulmonary hypertension has been
found to be an independent predictor of
increased mortality and poor outcome
in patients undergoing dialysis and
renal transplant. 1

Arteriovenous fistulas has
been commonly implicated in the
development of PH in CKD patients
on hemodialysis as it increases cardiac
output and pulmonary circulation
f l o w . 1,4 S t a t e o f c h r o n i c v o l u m e
overload often existing in CKD
patients undergoing dialysis as well
as development of diastolic dysfunction
have been found to contribute to PH,
as they reflect increased pressures
upon the pulmonary vasculature. 5
In a study by Agarwal et al, use of
vitamin D activators was associated
with lesser occurrence of PH 6. Other
associations found in various studies
with development of PH in ESRD
patients have been greater dialysis
vintage,7 lower hemoglobin4 and
smoking. 8 However these associations
were only seen in single studies.
There are very few studies available
from India which have studied the
prevalence of pulmonary hypertension
in CKD/ESRD patients. The paucity of
data prompted us to take up the present
study to find the occurrence and
determinants of PH in ESRD patients
on hemodialysis. Once the magnitude
of the problem i.e. PH in ESRD patients
is determined and its propensity to lead
to poor outcomes realized, measures
to prevent its development can be
instituted to achieve better long-term
outcomes.
The standard test for confirmation
of pulmonary hypertension is right
heart catheterization, 9 but the present
study utilized echocardiography to
screen patients of ESRD on maintenance
hemodialysis for presence of pulmonary
hypertension because of its noninvasive nature, ease of application and
repetition if required.
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Table 1: Demographic and biochemical
profile
Variables

Age
BMI

<50

6 (35.3)

4 (12.1)

0.052

47.2 yrs

50.79 yrs

0.921

50 - 60

10 (58.8)

18 (54.5)

0.773

0.64

>60

1 (5.9)

11 (33.3)

0.031

Mean

(49.7)

(57.8)

0.018

22.11 kg/m2 23.43 kg/m2

0.623

History of
Hypertension

15 (88.2%)

28 (84.8%)

1.00

H/o
Cardiovascular
Ds

4 (23.5%)

3 (9.1%)

0.210

2.45 yrs

2.21 yrs

0.485

Hemoglobin
(g/dl)

9.22 ± 1.42 9.45 ± 1.62

0.511

Albumin (g/
dl)

3.62 ± 0.45 3.77 ± 0.52

0.33

Calcium (mg/
dl)

8.90 ± 0.76 8.87 ± 0.91

0.902

Phosphorus
(mg/dl)

4.62 ± 1.95 4.63 ± 1.73

0.987

PTH (pg/ml)

517.94 ±
542.47

510.82 ±
591.44

0.967

Urea (mg/dl)

81.18 ±
36.62

81.94 ±
32.23

0.981

5.01 ± 1.77

4.89 ± 1.71

0.816

Table 2: Echocardiography examination
PH group
(Mean±SD)

Non-PH p values
group
(Mean±SD)

Right heart
parameters
RA pressure
(mmHg)

7.65 ±
1.00

7.45 ± 1.17

Right atrial
volume index
(ml/m2)

38.8 ±
7.60

22.8 ± 3.77 <0.001

RV base
diameter (cm)

4.08 ±
0.41

2.96 ± 0.37 <0.001

Pul. Vasc.
Resistance
(wood units)

1.83 ±
0.49

1.32 ± 0.46 <0.001

RVSP (mmHg)

35.29 ±
6.24

15.37 ±
5.67

<0.001

1.6 ± 0.5

1.9 ± 0.6

0.113

PCWP mean
(mmHg)

12.28 ± 5.2

9.71 ± 3.1

0.035

LA volume
index (ml/m2)

48.5 ± 13.6

38.6 ± 19.1

0.064

LV mass index
(ml/m2)

169.59 ±
46.80

148 ± 52.36

0.159

TAPSE (mm)

P value

p value

16 (48.5%)

Variables

PHTN+
PHTNfrequency frequency
(%)
(%)

Non- PH
group
(n=33)

7 (41.2%)

Creatinine
(mg/dl)

Ejection
fraction

PH group
(n=17)

History of
Diabetes

Duration of
hemodialysis

Table 3: Ejection fraction

0.567

Left heart
parameters

Material and Methods
The study was conducted at a tertiary
care hospital in North India. The study
was approved from Institutional Ethics
Committee. Fifty consecutive patients
undergoing regular hemodialysis for
at least 3 months were included in
the study. Data was collected over 16
months. All patients were explained in
detail about the purpose of the study

and an informed consent was taken.
Patient’s details were incorporated
into a proforma. Biochemical
parameters were assessed via blood
samples drawn after hemodialysis
session, including hemoglobin, blood
urea, serum creatinine, albumin,
calcium, phosphorus and PTH. All
patients then underwent 2D Doppler
echocardiography one hour after the
dialysis to avoid overestimation of
pulmonary artery pressures due to fluid
overload. 1 Pulmonary hypertension
wa s c o n s i d e r e d a s a m e a n r i g h t
ventricular systolic pressure (RVSP)
greater than 25 mmHg. Mean RVSP
was preferred as it has been found to
correlate with invasively measured
pulmonary artery pressures greater
than peak RVSP. 1,10 Echocardiographic
assessment was done using the Phillips
HD 15 machine, 2D M mode CW/PW/
Tissue doppler techniques were used
in assessment of cardiac structure
and hemodynamics by an experienced
echocardiologist, as per guideline of
American Society of Echocardiography.
Standard echocardiography techniques
were applied in assessment of cardiac
chamber structure and function. 11,12
Various parameters were measured
including right atrial and ventricular
dimensions, TAPSE (tricuspid annular
plane systolic excursion), flow across
tricuspid and pulmonary valves
with continuous wave Doppler and
TDI (tissue doppler imaging of the
annular plane). PH was calculated by
adding estimated right atrial pressure
(RAP) to tricuspid regurgitant (TR) jet
velocity. To get a better estimate of
right atrial pressure, inferior vena cava
collapsibility was used. The TR jet peak
was utilized to obtain RVSP according
to Bernoulli’s equation: 4× (peak
tricuspid regurgitant jet velocity) 2 +
estimated right atrial pressure. Mean
RVSP was calculated by planimetering
TR jet envelop obtained by Doppler.
Mean RAP was added to it to give true
mean PAP.
Statistical testing was conducted
with SPSS v 17.0. The comparison
of normally distributed continuous
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variables between the groups was
performed using Student’s t test.
Nominal categorical data between
the groups were compared using Chisquared test or Fisher’s exact test as
appropriate. For all statistical tests,
a p- value less than 0.05 was taken
to indicate a statistically significant
difference.

Results
F i f t y p a t i e n t s ( 2 5 m a l e s ) we r e
enrolled in the study. Seventeen patients
were detec ted to h a ve pu l m o n a r y
hypertension. Most of the patients
enrolled in the study were in the age
group of 51-60 yrs (28%). Mean values
of all the biochemical parameters under
study did not show any significant
differing factor in the two populations
(PH and Non- PH group) (Table 1).
One patient in the non-pulmonary
hypertension group had an AV graft
as vascular access, all other patients
underwent dialysis via AV fistulas.

Echocardiography examination
On echocardiography, right atrial
volume index, right ventricular base
diameter and pulmonary vascular
resistance were significantly higher in
patients with pulmonary hypertension.
Mean PCWP was significantly higher
in the PH group. Mean LA volume and
LV mass indices were not significantly
different in both groups (Table 2).
However LA vol index greater than
34ml/m 2 was detected in 16 out of 17
patients with PH (94.1%) as opposed
to 17 patients out of 33 in the non-PH
group (51.5%). This difference was
found to be statistically significant (p
value- 0.004). Despite similar albeit
raised LV mass indices in both the
groups, left ventricular end diastolic
pressure was detected to be high in
94.1% patients in PH group. Whereas
it was detected as high in only 39.4%
patients in non-PH group. This
difference was found to statistically
significant (p value- 0.001). Mean values
of ejection fractions were significantly
different in both the groups (Table 3),
being 49.7% in patients with pulmonary
hypertension and 57.8% in patients
without pulmonary hypertension (p
value- 0.018).

Discussion
The paucity of Indian data prompted
us to take up the present study to find
the occurrence and determinants of PH
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in ESRD patients on hemodialysis. In the
study seventeen patients, constituting
one third of the study population
were found to have raised pulmonary
artery pressures as measured by mean
right ventricular systolic pressure
( RV S P ) o f ≥ 2 5 m m H g a s s e s s e d b y
echocardiography. The mean of (mean)
RVSP in this subpopulation was higher
than in the non-PH population. In
different studies the prevalence of
P H h a s b e e n f o u n d t o va r y f r o m
3 0 - 5 0 % 1; u t i l i z a t i o n o f d i f f e r e n t
definitions for PH as per ECHO and
different timings of echocardiograms
with relation to hemodialysis have
probably lead to obtaining variable
prevalence estimates. No significant
a s s o c i a t i o n wa s d e t e c t e d b e t we e n
pulmonary hypertension and age,
gender, BMI, history of comorbidities
such as diabetes and hypertension and
duration of hemodialysis.
Lower hemoglobin levels have been
associated with PH in studies as done
by Yigla et al in Israel 4, Zhilian et al
in China 13 and Patel et al in Chennai. 14
This however was not detected in our
study, no significant association was
also seen with calcium, phosphorous
or PTH levels.
Assessment of cardiac function
on echocardiography revealed a
significant difference in right atrial
volumes and right ventricular base
diameters in both the groups. Chamber
dilation is expected in patients with
chronic pulmonary hypertension as
resistance to outflow would cause
initially myocardial hypertrophy
followed by chamber enlargement to
increase preload and maintain right
ventricular output by Starlings law.
This at a later stage may be followed
by decompensation, development of
rising filling pressures, annular dilation
and tricuspid regurgitation which may
result in right heart failure. 15 Tricuspid
annular systolic plane excursion
(TAPSE), which is a marker of right
ventricular function, did not show
a statistically significant difference
in both the groups. Reduced right
ventricular function develops with
increasing pulmonary artery pressures,
however this is a time dependent
development and thus was not seen
with all patients of PH in this study
population.16 Emerging techniques such
as strain imaging are able to identify
right ventricular dysfunction at an
earlier stage 17 , this was however not

utilized in our study.
Rise in pulmonary vascular
resistance was also seen with higher
right ventricular systolic pressures.
This modality which is obtained by
conventional doppler techniques
can be used in assessing pulmonary
artery pressures as well. In situations
whe r e in ri g h t ven tri c u l a r s y s tol i c
function decreases which do not lead
to rise in pulmonary artery pressures
despite occurrence of PH, PVR is a
useful marker. 17,18 It is also useful in
distinguishing raised pulmonary artery
pressures occurring from increased
vascular flow or from raised vascular
resistance. 12
PCWP were significantly different in
both the populations. The results were
consistent with study by Ramsubbu
et al that PCWP was found to be
significantly raised in patients with
PH and was detected to be a major
contributor to its development. 19 This
finding may arise in patients due to left
heart systolic or diastolic dysfunction
or from volume overload which is
commonly seen in patients of chronic
kidney disease on hemodialysis.
Left atrial volume index was also
significantly raised in the population
with PH as majority of patients had a
value ≥34ml/m 2 as compared to non-PH
group. In the study by Agarwal et al, 6
left atrial diameter was also found to be
significantly associated with PH. Left
ventricular end diastolic pressures were
however significantly raised in patients
with PH than in the non-PH group. This
factor may arise from chronic volume
overload or LV diastolic dysfunction.
LV E F i n b o t h t h e g r o u p s we r e
significantly different. In the study
done by Yigla et al, 4 ejection fraction
was found to be significantly higher
in the population with PH. In the
study by Fabbian et al, a significant
negative association was revealed
between ejection fractions and PH. 20
In the study by Ramasubbu et al,
mean ejection fraction values were
also found to be lower with rise in
tricuspid regurgitant jet (pulmonary
hypertension), however this was not
found to statistically significant 19 .
Even though the values of ejection
fractions are significantly different in
both the groups in this study, 49.7%
signifies a largely maintained left
ventricular function in the population
with PH. Left ventricular mass index

is increased in both groups but LV
end diastolic pressure is raised in the
group with PH only, since ejection
fraction is largely maintained in this
group, therefore diastolic dysfunction
appears to occur predominantly in
these patients. Thus, the contribution
of volume overload or heart failure
with a preserved ejection fraction is
more likely to lead to the development
of pulmonary hypertension than left
systolic dysfunction in this study
population.
There are several limitations of the
study. Small sample size of the study
which did not allow for a logistic
regression analysis, thus affecting
the assessment of correlation of the
significant associating factors. Right
heart catheterization (RHC) is the
gold standard invasive method for
assessment of cardiac status but
echocardiogram is feasible and best
modality for non-invasive assessment
o f c a r d i a c s t a t u s wa s u t i l i z e d i n
the present study. The study also
excluded non-dialysis CKD patients,
thus a comparison could not be made.
Assessment of Kt/v would have added
value to the study. However present
s t u d y d o e s a d d va l u e t o e x i s t i n g
knowledge, as it provides data in an
Indian population, which so far has not
been much studied.

Conclusion
Among the various complications
that may arise from the end stage
renal disease state, development of
pulmonary hypertension portends a
high cardiovascular risk. Thus, it should
be actively sought in patients of chronic
kidney disease. Optimization of volume
status and maintenance of dry weight as
much as possible should be encouraged,
as it did emerge as a significant factor
in the present study. Further studies
of structural and functional changes in
the heart, especially utilizing emerging
techniques such as strain imaging
should be done. Identification of cardiac
abnormalities in the subclinical state
and early institution of therapy may
help prevent backstream complications
like pulmonary hypertension from
developing.
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Evaluation of Effect of Statins on Erythropoietin Resistance
in Patients of Chronic Kidney Disease on Maintenance
Haemodialysis
N Nand1*, Brijlal2, Atul Mittal2

Abstract
This study was planned to evaluate the effect of statin on erythropoietin
resistance and HsCRP levels in patients of chronic kidney disease on maintenance
haemodialysis.
Methods: Thirty adult patients of end stage renal disease with erythropoietin
hyporesponsiveness undergoing maintenance hemodialysis were included in
the study. Patients were divided randomly into two groups of 15 patients each.
Group A were given atorvastatin in a dose of 20 mg once daily for a period of 4
months along with erythropoietin 6000 IU S/C and IV iron 100mg twice weekly
after each hemodialysis. Group B was given erythropoietin 6000 IU S/C and IV iron
100 mg twice weekly after each hemodialysis without addition of atorvastatin
for 4 months. Hematological, renal parameters, inflammatory parameters such
as erythrocyte sedimentation rate, highly sensitive C reactive protein, serum
ferritin and erythropoietin resistance index were done at baseline and then two
monthly intervals for 4 months.
Results: At the end of study, in group A hemoglobin and haematocrit significantly
increased (p <0.001 for both) while HsCRP, ESR and erythropoietin resistance
index decreased significantly (p=0.001, 0.001 and <0.001 respectively). In group
B, the increase in hemoglobin and haematocrit were not statistically significant
(p >0.05) similarly fall in HsCRP and ERI were also not significant statistically (p
>0.05). The mean rise in hemoglobin between subsequent months was higher
in group A as compared to group B which was statically significant.
Conclusion: Statin can be used as an adjuvant to erythropoietin in management
of anemia in patients of chronic kidney disease, who show hyporesponsiveness
to increased doses of erythropoietin, by its anti-inflammatory properties.

Introduction

A

naemia of end-stage renal
disease patients has been
effectively treated with erythropoietin.
Erythropoietin stimulating agents
h y p o r e s p o n s i ve n e s s i s o n e o f t h e
major issues in dialysis patients.
Improving ESA hyporesponsiveness
not only improve patient’s quality
of life, but also reduce the burden
o f c a r e c o s t . 1–2 F a c t o r s c a u s i n g
erythropoietin hyporesponsiveness
include iron deﬁciency, infections,
inadequate dialysis, chronic blood
loss, hyperparathyroidism, aluminum
toxicity, malnutrition, vitamin
deﬁciency and others. 3 Patients with
end-stage renal disease are prone to
inﬂammation and inﬂammation is
related to erythropoietin-stimulating
agent hyporesponsiveness and
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