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Abstract

Objective: Pulmonary hypertension (PHT) has recently been described as a cardiovascular complication of chronic kidney
disease (CKD). There are many studies on the prevalence of PHT in patients undergoing hemodialysis (HD); however, there are
no data on the presence or prevalence of PHT in patients with early-stage kidney disease.

Material and Method: The demographic and laboratory findings for 172 adult patients with stage 1-5 CKD, as well as Doppler
echocardiographic findings were evaluated. Systolic pulmonary arterial pressure (sSPAP) was compared according to CKD stage,
and also between the patients in stages 1-4 and those in stage 5 with and without AVF.

Results: Mean age of the patients was 55.4+15.2 years. Mean sPAP in the entire study group was 34.5+5.7 mmHg and PHT was
noted in 90 (52.3%) patients. Mean sPAP and the prevalence of PHT were similar in the stage 1-4 patients and stage 5 patients,
regardless of HD (p=0.86). The serum calcium level was significantly lower and the serum intact parathyroid hormone level was
significantly higher in patients with PHT than in those without PHT (p=0.02, and p=0.03).

Conclusion: The present findings show that the prevalence of PHT in patients with early stage CKD was similar to those with
stage 5 CKD. Due to the high morbidity and mortality rates associated with PHT, follow-up of sSPAP via Doppler echocardiography
might be indicated in all patients with CKD.
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in cases of non-dialysis-dependent CKD stage 5 patients,
18.8-68.8% in regular HD patients, and 0-42% in peritoneal
dialysis patients, but there are no data on the prevalence of
PHT in patients with stage 1-4 CKD (4). As such, the present
study aimed to determine the prevalence of PHT via Doppler
echocardiography in patients with early-stage (stage 1-4) CKD
and the factors associated with PHT.

Material and Methods

Introduction

Pulmonary hypertension (PHT) is a serious cause of morbidity
and mortality, regardless of its etiology. Elevated pulmonary
arterial pressure (PAP) can be observed secondary to heart, lung,
or systemic disorders (1). PHT, defined as systolic pulmonary
artery pressure (sPAP) >35 mmHg at rest as estimated via
Doppler echocardiography, has been reported with variable
prevalence’s in patients with chronic kidney disease (CKD),

both predialysis and during hemodialysis (HD) (2). According
to Dana Point classification, CKD combined with dialysis is
causes of PHT not clear (3).

PHT was first described in a group of HD patients in 1996, after
that time many studies have investigated the prevalence of PHT
in CKD patients. The prevalence of PHT ranges from 9-39%

Patient selection

The study included 172 stage 1-5 CKD patients that regularly
received treatment between January 2013 and January 2014
at Balikesir Ataturk State Hospital, Clinic of Nephrology,
Balikesir, Turkey. CKD was defined as kidney damage or a
glomerular filtration rate (GFR) <60 mL min-! 1.73 m-2 for <3
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months, irrespective of cause (5). GFR was calculated according
to the 4-variable Modification of Diet in Renal Disease (MDRD)
(6), and the patients were considered stage 1-5 based to their
GFR according to Kidney Disease Outcomes Quality Initiative
guidelines (5,6). Stage 5 CKD patients were divided into 2
subgroups based on the presence or absence of an arteriovenous
fistula (AVF). All patients with an AVF were undergoing HD.
The Ankara Numune Education and Research Hospital Ethics
Committee approved the study protocol (625/2013) and written
informed consent was obtained from all participants.

Clinical and laboratory investigations

Patient’s data, including age, gender, comorbidities, etiology of
renal disease, and the presence of an AVF, were obtained from the
patients and their records. Laboratory investigations, including
serum urea, creatinine, serum calcium (Ca), phosphorus,
hemoglobin, hematocrit, and intact parathyroid hormone
(iPTH), were analyzed the same day that echocardiographic
evaluation was performed. All patients underwent a complete
clinical evaluation, and those with an sPAP >35 mmHg
underwent chest radiography, pulmonary function tests, and
standard 12-lead electrocardiography to exclude pulmonary
diseases. All echocardiographic examinations were performed
by the same experienced technician using a Philips HDHXS.
Two-dimensional and M-mode Doppler echocardiographic
images were obtained from apical or parasternal windows while
patients were in the left lateral recumbent position.

Patients with chronic obstructive pulmonary disease, chest wall
and parenchymal lung disease, abnormal pulmonary function
tests results (forced vital capacity/forced expiratory volume in
1 5 <0.7), and a left ventricular ejection fraction <50%, mitral
or aortic regurgitation grade >2, significant valvular stenosis,
and an E/E’ ratio >15 via echocardiogram were excluded. The
modified Bernoulli equation was used to estimate SPAP: (sPAP
(mmHg)=4 v2+right atrial pressure) (7). PHT was diagnosed
based on sPAP >35 mmHg (8). sPAP was compared according
to stage 1-5 CKD, was compared according to stage 1-4 and
stage 5 CKD, and according to the presence or absence of an
AVF, so to determine the effect of an AVF on sPAP.

Statistical analysis

Statistical analysis was performed using SPSS v.21.0 for
Windows (IBM Corp., Armonk, NY). Data were expressed as
mean+SD or as median (range), as appropriate. Differences
in numeric variables between two independent groups were
evaluated using the parametric t-test or the non-parametric
Mann-Whitney U test, whereas the Kruskal-Wallis test was
used to compare >2 groups. Categorical variables were analyzed
using the chi-square test. The level of statistical significance
was set at p<0.05.
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Results

The study included 172 CKD patients. Mean age of the patients
was 55.4+15.2 years,and 78 (45.3%) were female and 94 (54.7%)
were male. In all, 36 (21%) patients were stage 1 and 2, 44 (26%)
were stage 3, 38 (22%) were stage 4, and 54 (31%) were stage
5. Among the stage 5 patients, 30 were undergoing HD and 24
were not. Patient clinical characteristics and laboratory findings
are summarized in Table 1. The patients’ primary renal diseases
varied; 42 (25%) had hypertensive glomerulosclerosis, 34 (20%)
had diabetic nephropathy, 28 (16%) had autosomal dominant
polycystic kidney disease, 20 (12%) had tubulointerstitial
nephritis, 12 (7%) had glomerulonephritis/nephrotic syndrome,
12 (7%) had undergone renal transplantation, and 24 (14%) had
an unknown etiology. Mean sPAP in the entire study population
was 34.5+£5.7 mmHg.

sPAP and the prevalence of PHT did not differ significantly
according to disease stage (p>0.05). In addition, sPAP and the
prevalence of PHT did not differ between the stage 1-4 patients
and stage 5 patients (34.246 mmHg and 35.2+4.8 mm Hg,
respectively, and 50.8% and 55.6%, respectively; p>0.05). To
estimate the effect of an AVF on PHT, stage 5 CKD patients
with and without an AVF were compared. All patients with an
AVF were undergoing HD. PHT was diagnosed in 16 (53.3%)
patients with stage 5 CKD that were undergoing HD and in 14
(58.3%) stage 5 CKD patients not undergoing HD (p>0.05);
mean sPAP did not differ significantly between these 2 patient
subgroups (34.5+5.3 mmHg vs. 36+6.3 mmHg respectively,
p>0.05) (Table 2).

In total, PHT was diagnosed in 90 (52.3%) patients via
echocardiography. There weren’t any significant differences
in age, gender, systolic and diastolic blood pressure, or the
hemoglobin concentration between the patients with and
without PHT. The serum Ca level was significantly lower and
the serum iPTH level was significantly higher in the patients
with PHT than in those without PHT (8.8+1 mg dL-1 vs. 9.3+0.6
mg dL-1 (p=0.02), and 133.5 pg mL-1 vs. 79.6 pg mL-! (p=0.03),
respectively). On the other hand, the prevalence of hypertension
was significantly lower in the patients with PHT than in those
without PHT (p=0.03). PHT-related data are shown in Table 3.
There wasn’t an association between the prevalence of PHT and
the etiology of the primary renal disease.

Discussion

To the best of our knowledge, the present study is the first to
determine the prevalence of PHT in patients with early-stage
CKD. The present findings show that 52.3% of the patients
with stage 1-5 CKD and 50.8% of patients with stage 1-4 CKD
had PHT. Additionally, the prevalence of PHT in the stage
1-4 CKD patients and stage 5 patients was similar. Studies on
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non-dialysis-dependent stage 5 CKD patients reported that the
prevalence of PHT ranges from 9-39% and that the prevalence
of PHT is higher in patients undergoing dialysis than in non-
dialysis patients (9-12). In the present study the prevalence
of PHT in patients with stage 5 CKD not undergoing HD was
58.3%, which is higher than reported earlier (9,11,13,14). In
addition, there weren’t any significant differences in sPAP or
the prevalence of PHT between the patients undergoing and not
undergoing HD.

The prevalence of PHT in the present study’s stage 1-4 patients
was 50.8%- the most noteworthy of the present study’s findings.
Accordingly, we think in addition to CKD patients undergoing

Table 1: Clinical and laboratory characteristics of the study
groups

Variables Mean + SD
Age (year) 55.4+15.2
Sex

Male (n, %) 94 (54.7)
Female (n, %) 78 (45.3)
Stage (n, %)

1-2 36 (21)

3 44 (25)

4 38 (22)

5 54 (32)
Etiology (n, %)

HT 42 (25)
DM 34 (20)
PKD 28 (16)
Transplant 12 (7)
Glomerulonephritis 12 (7)

TIN 20 (12)
Unknown 24 (14)
Laboratory variables

Urea (mg/dL) 88.2+49
Creatinine (mg/dL) 3.543.1

Na 137.9+£3.6
K 4.6+0.7

Ca (mg/dL) 9+0.9

P (mg/dL) 4+1.1

PTH (pg/mL) 191.5+£230.1
Hemoglobin (g/dL) 12.542.8
sPAP (mmHg) 34.5+5.7

HT: Hypertension, DM: Diabetes mellitus, PKD: Polycystic kidney disease, TIN:
Tubulointerstitial nephritis, PTH: Parathyroid hormone, sPAP: Systolic pulmonary
arterial pressure, Ca: Calcium, SD: Standard deviation
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HD ecarly-stage CKD patients should also be considered high
risk patients. In most studies on patients with CKD, sPAP has
been estimated as Doppler-derived sPAP and various sPAP cut
offs have been used, ranging from 25 to >45 mmHg (9,11,13-
15). In the present study sPAP >35 mmHg based on Doppler
echocardiography was considered diagnostic for PHT and
the high prevalence of PHT in this study may be explained
due to the lack of uniformity in diagnostic criteria and sPAP
cutoffs in the literature. Right-sided cardiac catheterization
is the gold standard for the diagnosis of PHT, but Doppler
echocardiography measurement of sPAP was also correlated
with measurement obtained via catheterization, without the
risks associated with an invasive test procedure (15). The
present study and most other studies on CKD and PHT used
Doppler echocardiography-derived PAP measurements.

Frucher et al. studied 191 CKD patients and reported that HD
was the third most common cause of PHT, accounting for 13%
of cases of PHT (16). Uremia (leading to pulmonary arterial
vasoconstriction), the presence of an AVF, low bioavailability
of nitric oxide (17), an elevated endothelin level (18,19),
vascular calcification, hypervolemia, exposure to dialysis
membranes, endothelial dysfunction, and anemia (20,21) are
the reported pathogenetic mechanisms for the development of
PHT in patients with CKD. Patients with an AVF had a high
incidence of PHT due to increased cardiac output and it has
been reported that the incidence of PHT in stage 5 CKD patients
with an AVF was 40-50% (12,22). Although Havlucu et al. (11)
showed that the presence of PHT in patients with an AVF was
significantly higher than that in patients without an AVF, Yigla
et al. (9) reported that mean sPAP significantly decreased after
successful renal transplantation in CKD patients, while their
AVF was intact. It was reported that compression of AVF can
decrease cardiac output and sPAP, and that an AVF increases
sPAP via elevation of cardiac output (23). In the present study
the prevalence of PHT in stage 5 CKD patients with and without
an AVF was similar (53.3% vs. 58.3%, respectively) and, as
previously reported, there wasn’t an association between
the presence of an AVF and PHT (24,25). Anemia can also
contribute to the development of PHT by increasing cardiac
output and exacerbating hypoxia (26). In the present study there
wasn’t a significant difference in the hemoglobin level between
the patients with and without PHT, as reported earlier (27,28).

Vascular calcification is a common and important risk factor
for cardiovascular death in patients with CKD. Impaired Ca-
phosphorus balance and secondary hyperparathyroidism play an
important role in the pathogenesis of vascular calcification (29).
Although researches has shown that there isn’t an association
between pulmonary calcification and the PTH level (30,31), it
was also reported that in dogs with experimentally induced CKD
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an elevated PTH level might induce right ventricular pressure,
right ventricular hypertrophy, and pulmonary resistance without
pulmonary calcification (32). Secondary hyperparathyroidism
and an elevated PTH level in a uremic environment have been
implicated in many cases of vascular calcification. The present
study did not evaluate pulmonary calcification formation, but
in this study, as in Havlucu et al. (11) and Kumbar et al. (33),
the serum PTH level was significantly higher and the serum Ca
level was significantly lower in the patients with PHT (p<0.05);
however, Amin et al. (30) and Unal et al. (25,27) reported that
there wasn’t a significant difference in PTH between CKD
patients with and without PHT. They also reported that there
wasn’t a correlation between the Ca level and PHT.

Endothelial dysfunction, a common finding in CKD patients,
and such comorbid conditions as hypertension, diabetes
mellitus, and diastolic dysfunction have also been suggested to
contribute to PHT (31). Although the prevalence of hypertension

was significantly lower in the present study’s CKD patients with
PHT than in those without PHT, blood pressure was similar
and there were no diastolic dysfunction on echocardiographic
measurement between patients with PHT and without PHT.
Although hypertension and diabetes mellitus were the most
common primary diseases in the present study, there wasn’t an
association between the prevalence of PHT and primary renal
disease. The present findings support the notion that hormonal-
metabolic factors play a role in the development of PHT. The
prevalence of PHT was similar in the stage 1-4 CKD patients
and stage 5 patients, there wasn’t an association between PHT,
and an AVF or HD, and the PTH level in the CKD patients with
PHT was higher than in those without PHT.

The present study has several limitations. The sample was
small and sPAP was noninvasively measured via Doppler
echocardiography. Unfortunately, the mechanisms of PHT were
not investigated. To the best of out knowledge the present study

Table 2: sPAP and prevalence of parathyroid hormone in each stages of chronic kidney disease
sPAP (mmHg) | PHT (n, %) |p
Stages
1 34.845.8 16 (57.1) 0.32
2 28.3£2.5 -
3 34.5+4.7 24 (54.5)
4 34.7+7.5 20 (52.6)
5 35.244.8 30 (55.6)
Stage 1-4 34.2+6.0 60 (50.8) 0.86
Stage 5 35.244.8 30 (55.6)
Stage 5 with AVF 34.54£5.3 16 (53.3)
Stage 5 without AVF 36+6.3 14 (58.3) 0.47

AVF: Arteriovenous fistula, sSPAP: Systolic pulmonary arterial pressure, PHT: Pulmonary hypertension

Table 3: Comparison of parametres in patients with and without pulmonary hypertension

Patients without PHT (n=82) | Patients with PHT (n=90) |p
Age (year) 55.2+15.1 55.6£15.5 0.91
Gender (n)
Male 38 56 0.20
Female 44 34
Systolic blood pressure (mmHg) 131.2+£21.5 128.0+£29.8 0.570
Diastolic blood pressure (mmHg) 76.8£14.4 76.9£14.6 0.985
LVEDD (cm) 4.2+0.4 4.34+0.3 0.34
Ca (mg/dL) 9.3+0.6 8.8+1 0.026
p (mg/dL) 3.8+1 4.1£1.2 0.289
Hb (g/dL) 12.4+1.8 12.543.5 0.795
PTH (pg/mL) 79.6 (5.4-1420) 133.5 (9.6-697) 0.032
HT (n, %) 60 (73.2) 44 (48.9) 0.038

LVEDD: Left ventricular end-diastolic diameter, Hb: Hemoglobin, PHT: Pulmonary hypertension, HT: Hypertension, Ca: Calcium
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is the first to assess the prevalence of PHT in early stages of CKD
patients and, based on the present findings, we think additional
larger scale studies are needed to more clearly understand the
long-term effects of PHT in CKD patients.

Conclusion

As the presence of PHT is prognostically important in patients
with end-stage renal disease, the present study investigated PHT
in early-stage CKD patients. The present findings show that the
prevalence of PHT in all stages of CKD was high. Renal disease
itself, rather than an AVF, appeared to be the primary risk factor
for PHT. Due to the high morbidity and mortality rates associated
with PHT, systematic screening using Doppler echocardiography
might be indicated in all CKD patients for early recognition.
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