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Introduction
Pulmonary hypertension (PH) is a group of diseases 

characterized by elevated mean pulmonary artery pressure 
(> 20 mm Hg) at rest, measured invasively during right 
heart catheterization. PH may be due to derangements in 
pulmonary vascular resistance from a variety of causes, 
resulting in elevated pre-capillary pressures (pre-capillary 
PH), or to left ventricular dysfunction, where increased left 
ventricular illing pressures are transmitted retrograde to the 
pulmonary capillary bed (post-capillary PH). PH is frequently 
found in patients with end stage renal disease (ESRD) on 
hemodialysis (HD). The pathogenesis of PH in ESRD is not 

completely known, but has been attributed to cardiovascular 
abnormalities, anemia, high cardiac output due to A-V 
istula, hormonal and metabolic changes. Cardiovascular 

abnormalities include left ventricular (LV) hypertrophy, and 
systolic and diastolic dysfunction. PH due to left heart disease 
is classi ied in Group II of the World Health Organization 
(WHO) classi ication, and can be caused by elevation of 
pulmonary capillary pressure (PCP) alone or in combination 
with pulmonary arteriopathy [1]. PH included in Group II of 
the WHO is due to LV systolic and diastolic dysfunction due 
to valvular and non-valvular causes, and hypertrophic and 
dilated cardiomyopathies, both congenital and acquired. 
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Abstract 

Introduction: Pulmonary hypertension (PH) is prevalent in hemodialysis (HD). In the general 
population, more women than men have PH due to left ventricular (LV) disease with preserved 
ejection fraction (EF). Little is known about the gender-specifi c prevalence of PH and associated 
LV abnormalities in patients with end stage renal disease (ESRD) on HD. Our aim was to evaluate 
gender differences and LV structural and functional changes in PH among ESRD patients on HD. 

Methods: Ninety-four patients (ages 23-77 years) underwent echocardiography after HD. 
Patients were divided based on estimated pulmonary artery systolic pressure (PASP) (Group A 
PASP < 40 mm Hg, Group B PASP ≥ 40 mm Hg). LV measurements included LV mass, LV internal 
dimensions, and LV ejection fraction (EF). LV diastolic function (LVDF) was assessed from mitral 
infl ow deceleration time (DT) and E/A ratio. 

Results: Fifty-fi ve patients (59%) had PH, including 32 of 49 men (65%) and 23 of 45 women 
(51%). LVEF was lower in Group B (46.4 ± 17.6 vs. 62.4 ± 14.4%, p < 0.001). Men with PH had higher 
LVIDd, cm (5.52 ± 0.89 vs 4.78 ± 0.75, p < 0.001), LVIDs, cm (3.75 ± 0.94 vs 3.14 ± 0.91, p = 0.03) 
LV mass, g (236 ± 74vs 189 ± 56, p = 0.02) and lower LVEF (40.0 ± 16.7 vs 52.0 ± 15.6, p = 0.008) 
than women. 

Conclusion: Patients on HD have a high prevalence of PH. PH was not associated with clear 
LV structural changes. There was a depression in LV systolic function without changes in LVDF. PH 
patients were more often men with hypertrophied LV with depressed LV systolic function.

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jcn.1001041&domain=pdf&date_stamp=2019-08-26
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Left heart dysfunction has been recognized as the most 
common etiology of WHO Group II PH. Recently, heart failure 
(HF) due to left heart dysfunction has been classi ied as HF 
due to reduced ejection fraction (HFrEF, EF ≤ 40%) and 
HF due to preserved ejection fraction (HFpEF; EF ≥ 50%). 
Both types of HF are known to cause signi icant PH but 
recent studies in the general population have increasingly 
recognized HFpEF as the predominant cause of PH in both 
acute and chronic HF associated with left heart disease [2,3]. 
Accordingly, the 2009 WHO classi ication of PH recognizes 
HFpEF as the most frequent cause of PH due to left heart 
disease in the general population. However, it is not known 
whether patients with ESRD on HD with HFpEF have more 
severe PH than those with HFrEF. Speci ically, WHO-II does 
not include patients with PH due to ESRD on HD, although, 
left heart abnormalities including impairment of LV function 
are common in these patients. 

PH is strongly associated with diastolic dysfunction and 
has been increasingly recognized among ESRD patients on 
HD [4]. PH may contribute to limiting symptoms including 
dyspnea and is predictive of poor outcomes, including 
early graft dysfunction following renal transplantation [5]. 
Presence of pulmonary hypertension has also been shown 
to be an independent predictor of mortality in patients on 
hemodialysis [6]. Subclinical LV dysfunction is common 
in ESRD patients, with diastolic dysfunction being the 
hallmark functional abnormality [7]. 2-D echocardiography 
with Doppler is a validated tool for assessing parameters of 
diastolic illing [8]. Further, echocardiography is validated as 
a screening tool for assessing for PH, though the cut off value 
of PASP ≥ 40 mm Hg is only modest [9].

Though ESRD is strongly associated with structural 
changes and LV hypertrophy, depressed LV systolic function 
and CHF, the relationship of these alterations in structure 
and function to PH is unclear. Despite evidence that some 
parameters of LV remodeling (LM mass index) may improve 
with initiation of HD, there remains concern that factors 
intrinsic to HD may be implicated in the pathogenesis of PH 
[10]. The relationship to systolic dysfunction is less clear, 
as most studies addressing PH in the ESRD population have 
excluded patients with LV systolic dysfunction. In some 
studies, PH appears to be related to time on HD and overall 
LF systolic function, though data have been inconsistent [11]. 

In the general population, more women than men have 
pulmonary hypertension (PH) due to left ventricular (LV) 
disease with preserved LV systolic function [12-14]. Little 
is known, however, about the gender-speci ic prevalence 
of PH and associated LV abnormalities in patients with end 
stage renal disease (ESRD) maintained on hemodialysis 
(HD). Studies in the United States HD population are limited. 
Further, there are signi icant variations in demographic 
trends with respect to utilization of HD for treatment of 
ESRD, worldwide, so the applicability of international studies 

to the domestic U.S. HD population is uncertain. Those 
published are relatively small, and use variable estimates 
of LV function (fractional shortening, estimated cardiac 
index), and did not consider parameters of diastolic function 
directly. Curiously, PH has been associated with greater mid-
wall fractional shortening and better cardiac index, though 
increased left atrial diameter indexed to body surface area 
[15]. Other studies in the United States have demonstrated 
an inverse relationship between increasing TR jet velocity 
and LVEF, though patients with high TR velocity (≥ 3 m/s) 
demonstrated preserved EF of 53%. These authors also 
observed a correlation between estimated PASP and PCWP, 
though it is not clear how PCWP was derived or estimated, 
and there were no other parameters of diastolic iling or 
LV illing pressure provided [16]. In addition, most studies 
evaluating PH in ESRD patients have excluded patients with 
coronary artery disease (CAD), wall motion abnormalities, 
and abnormal LV systolic function, with a few exceptions 
[16], and these abnormalities are common among patients 
with ESRD on HD.

Therefore, the aims of the present investigation were to 
examine in hemodialysis patients the severity of PH using 
American Society of Echocardiography (ASE) guidelines 
[17], left heart abnormalities including EF, and to identify 
the gender differences of PH and LV structure and function 
among male and female HD patients in a single-center, cross-
sectional study.

Methods
Prevalent HD patients (n=94) were recruited from a 

facility operated by Dialysis Clinic Inc (DCI). Patients ranged 
in age from 22-77 years. Of the 94 patients enrolled, 45 
were females and 49 were males. Inclusion criteria were 
limited to age ≥18 yrs, on maintenance HD, with agreement 
to participate in study. The study was approved by the 
University of New Mexico (UNM) Institutional Review Board 
and all subjects gave informed written consent prior to 
participating in the study. Patients were on HD from < 1 to 
greater than 5 years. 

At enrollment all patients underwent history and physical 
examination and baseline laboratory assessment. Those with 
signi icant valvular disease, LV wall motion abnormalities, 
and active ischemic heart disease with angina or recent 
revascularization were excluded. Upon completion of HD, 
patients were admitted to the Clinical Research Center 
at UNM and were placed on a renal-replacement, luid-
restricted diet. Baseline laboratories were obtained in 
the fasting state. Trans-thoracic 2-D echocardiography with 
Doppler (TTE) was completed 10-12 h after HD. Patients were 
evaluated per ASE guidelines: for LV dimensions, LV mass, 
relative wall thickness (RWT), LV systolic function (EF%), 
LV diastolic function (E/A, DT), and left atrial (LA) size. 
Studies were completed by experienced sonographers, and 
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were interpreted by two experienced echocardiographers. 
EF was assessed qualitatively. In cases where there was 
disagreement, prior EF assessments by alternate methods 
(nuclear ventriculography and nuclear stress-imaging) were 
considered. Pulmonary artery systolic pressure (PASP) 
was estimated from maximal tricuspid regurgitant (TR) jet 
velocity plus estimated right atrial pressure, derived from IVC 
dimensions, per current ASE guidelines. PH was considered 
present when estimated PASP was greater than or equal to 
40 mm Hg, in an effort to avoid over-diagnosis. Patients were 
divided into two groups based on estimated PASP; Group A 
(PASP < 40 mm Hg) and Group B (PASP ≥ 40 mm Hg). 

Wilcoxon rank sum test was used for comparing groups, 
and Fisher’s exact test was used to calculate p-values for 
duration of HD and presence of PH with Mantzel-Hantszel 
test for trend utilized for relationship between time on HD 
and presence of HD. The Spearman correlation was used in 
evaluating the relationship between age and EF. Data are 
presented as mean ± SD, with P< 0.05 considered signi icant.

Results
Of the 94 patients, 39 (41%) were classi ied into Group A 

(PASP < 40 mm Hg). Fifty- ive patients (59%) were classi ied 
into Group B (PASP ≥ 40 mm Hg), including 32 of 49 men 
(65%) and 23 of 45 women (51%). Systolic blood pressures 
did not differ between Group A (148 ± 25 mm Hg) and Group 
B (155 ± 29 mm Hg), p = 0.3 respectively. Diastolic blood 
pressures were also similar between Group A (84 ± 13 mm 
Hg) and Group B (82 ± 15 mm Hg), p = 0.38 (Table 1). 

LVIDd (4.87 ± 0.84 vs. 5.21 ± 0.88 cm, p = 0.05); LVIDs (3.07 
± 0.76 vs. 3.45 ± 0.96 cm, p = 0.05); IVS and PW thicknesses 
(1.09 ± 0.19 vs. 1.03 ± 0.15 cm, p = 0.19; and 1.12 ± 0.17 vs. 
1.07 ± 0.16 cm, p = 0.25); and LV mass, (113 ± 34 vs. 123 
± 38 g/m2, p = 0.12) were all similar between Group A and 
B, respectively. The LVEF was lower in Group B compared 
to Group A, respectively (46.4 ± 17.6 vs. 62.4 ± 14.4%, p < 
0.001). Both groups exhibited DTs of > 200 ms (257 ± 52 vs. 
215 ± 47 ms, p = 0.006), with no signi icant between-group 
difference in the E/A ratio (E/A 1.15 ± 0.44 vs. 1.48 ± 0.74, p 
= 0.06) (Figure 1).

Men with PH had signi icantly higher LVIDd, cm (5.52 
± 0.89 vs 4.78 ± 0.75, p < 0.001), LVIDs, cm (3.75 ± 0.94 vs 
3.14 ± 0.91, p = 0.03) LV mass, g (236 ± 74 vs 189 ± 56, p = 
0.02) and lower LVEF (40.0 ± 16.7 vs 52.0 ± 15.6, p = 0.008) 
than women with PH. There were no differences in other 
parameters, including LV wall thickness, diastolic function 
parameters and blood pressure, between men and women 
with PH. All LV measurements were similar in men and 
women with PASP < 40 mmHg (Figure 2).

Discussion
The present study highlights PH and LV abnormalities in 

Figure 1: LV measurements in Group A (PASP < 40 mm Hg) vs. Group 
B (PASP > 40 mm Hg).  Panel A demonstrates EF vs. PASP.  Panel B 
demonstrates LV Mass/BSA vs. PASP.  Panel C demonstrates DT vs. PASP.  
Panel D demonstrates E/A ratio vs. PASP.  Panel E demonstrates LVIDd 
vs. PASP.  Panel F demonstrates LVIDs vs. PASP.  Abbreviations: PASP, 
pulmonary artery systolic pressure; EF, ejection fraction; LV, left ventricular; 
BSA, body surface area; DT, deceleration time; LVIDd, left ventricular internal 
diastolic dimensions; LVIDs, left ventricular internal systolic dimensions.

Figure 2: Gender differences in LV measurements in Group A (PASP < 40 
mm Hg) vs. Group B (PASP > 40 mm Hg).  Panel A demonstrates EF vs. 
PASP.  Panel B demonstrates LV Mass vs. PASP.  Panel C demonstrates E/A 
vs. PASP.  Panel D demonstrates DT ratio vs. PASP.  Panel E demonstrates 
LVIDd vs. PASP.  Panel F demonstrates LVIDs vs. PASP.  Abbreviations: 
PASP, pulmonary artery systolic pressure; EF, ejection fraction; LV, left 
ventricular; DT, deceleration time; LVIDd, left ventricular internal diastolic 
dimensions; LVIDs, left ventricular internal systolic dimensions.
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the majority of patients with ESRD on HD. LVEF was lower in 
patients with PASP > 40 mm Hg compared to those with PASP 
< 40 mm Hg. Unlike the general population, PH patients were 
more often men with enlarged and hypertrophied LV with 
depressed LV systolic function. Further studies are warranted 
to clarify the role of gender-speci ic LV abnormalities in the 
pathogenesis of PH among HD patients.

Our study showed that patients with LVEF ≤ 40% had more 
severe LV abnormalities and higher PA pressures compared 
to those with EF ≥ 40%. The HFrEF group had dilated LVs 
with increase in systolic and diastolic dimensions and severe 
LVH with severe PH. However, in patients with HFpEF, LV 
size was normal with borderline LVH and moderate PH. 
There was moderate (Grade II) diastolic dysfunction in both 
groups, which was somewhat more severe in the HFrEF 
group. Systolic blood pressure was borderline elevated with 
normal diastolic pressure in both groups. 

Our study, similar to prior studies, found PH in the 
majority of patients with ESRD. The etiology for PH in ESRD 
patients on HD is unknown, but several mechanisms may 
be responsible including the presence of the A-V istula 
resulting in a left to right shunt with increased cardiac output 
and increased low to the pulmonary circulation. Patients 
with PH appear to have higher istula low, lower EF, and 
the site of istula as well as renal transplant status appear to 
impact low and PASP respectively [18]. Manipulating istula 
low experimentally, however does not appear to impact 

PASP [19,20]. Compression of the AV istula has been shown 
in some studies to lower CO and PASP, and PH may regress 
following renal transplant [21], although results have been 
inconsistent. 

Anemia and volume overload in ESRD patients worsens 
these circulatory changes. In addition, endothelial dysfunction 
is common among ESRD patients. Decreased basal nitric 
oxide activity in uremic patients has been established, with 
multiple proposed mechanisms. Immediately following HD, 
there is a signi icant increase in circulating NO2 + NO3, though 
this is less pronounced in patients with PH [22]. Studies have 
shown increased levels of endothelin-1 (ET-1) in patients 
with ESRD, as well as decreased nitric oxide metabolites in 
some subsets of patients on HD via AV access [21]. Shear 
stress with vascular remodeling has also been proposed. 
Hormonal and metabolic derangements accompanying ESRD, 
including activation of the renin-angiotensin-aldosterone 
system and increased sympathetic tone lead to increased 

systemic and pulmonary pressures may also be implicated 
in vasoconstriction and increased pulmonary vascular 
resistance in PH. Sub-clinical air microemboli, originating 
from tubing and the HD apparatus, have been detected by 
ultrasound during routine HD sessions both at the AV access 
site and in the carotid circulation [23], though the majority 
are carried to the pulmonary circulation [24]. Microbubbles 
are known to obstruct blood low in capillary beds, resulting 
in tissue ischemia followed by an in lammatory response 
with platelet activation and aggregation with clot formation 
and activation of the complement cascade, and these 
processes may contribute to progressive endothelial damage 
and dysfunction at the capillary level with progressive 
obstruction and ensuing PH [25], after repeated exposures to 
HD and subclinical microemboli.

Extraosseous pulmonary calci ication is commonly 
found in ESRD patients on HD [26], and may involve the 
interstitium of the alveolar septum, bronchial walls and 
walls of the pulmonary vessels, which may also be related 
to the pathogenesis of PH in this population [23]. Although 
extraosseous calci ication is well described, correlation 
between pulmonary calci ication and PH has not been 
obtained. There is also evidence for direct effect of the 
dialyzer membrane composition on PASP. The inverse 
relationship between ultra iltered volume and post HD PASP 
has been correlated only with speci ic dialyzer membrane 
composition [27], and as such some patients will manifest 
high, ixed PASP independent of ultra iltered volume, though 
the mechanisms for this remain unresolved.

Since initial reports describing pulmonary hypertension 
in long-term hemodialysis patients, increasing evidence has 
accumulated supporting the association between ESRD, HD 
and PH [28,29]. Although there appears to be relatively high 
prevalence of PH among all ESRD patients, those on HD are 
more likely to be affected, with prevalence of pulmonary 
hypertension ranging from 17-56%. The wide variations 
in prevalence estimates have been attributed to variable 
estimates of pulmonary artery pressure, ranging from 35mm 
Hg to 45 mm Hg derived by echocardiography. In addition, 
few studies have compared invasive to non-invasive 
measurements in the ESRD population on HD. 

In our study, mean EF was well preserved (53.2%±14.7%) 
with higher estimates of PCWP using echocardiography. 
These indings suggest that diastolic heart failure with 
preserved systolic function may be the mechanism for 
clinical heart failure in a signi icant proportion of patients. 
Studies have shown that clinical heart failure occurs at an 
annual rate of 7%, with nearly a third of HD patients having 
current or prior CHF at initiation of HD [30]. For the entire 
group in our study, the EF was lower in PH than in normal 
PASP patients with echocardiographic evidence of Grade I 
diastolic dysfunction, which is usually not associated with 
high PCWP. 

Table 1: Patient Characteristics.
Group A (PASP < 40 mm Hg) 

(n=39)
Group B (PASP ≥ 40 mm Hg) 

(n=55)
Variable Mean ± SD Mean ± SD P-value

Age 48 ± 13 59 ± 12 0.001
Systolic BP 148 ± 25 155 ± 29 0.30

BMI 25.5 ± 5.9 26.2 ± 7.7 0.81
Hemoglobin 12.8 ± 1.5 12.6 ± 2.0 0.88
Abbreviations: PASP, pulmonary artery systolic pressure; BP, blood pressure; BMI, 
body mass index (kg/m2)
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Analysis of our data using the current AHA/ACC guidelines 
for LVEF for classi ication of heart failure, that is, HFpEF and 
HFrEF, found signi icant differences between the two groups 
with respect to LV hypertrophy and size, diastolic dysfunction 
and PA pressure. The patients with HFrEF compared to those 
with HFpEF had more severe LV abnormalities, as well as PH. 
HFrEF patients compared to those with HFpEF had dilated 
LV with larger end diastolic and end systolic dimensions, and 
more severe LVH. LV diastolic dysfunction was consistent 
with moderate impairment (pseudonormalization or Grade 
II) in both HFrEF and HFpEF, with more severe impairment 
in HFrEF. HFpEF patients had moderate PH, whereas HFrEF 
had severe PH. Overall, our data show that HFpEF with 
moderate PH and mild abnormalities of LV structure and 
diastolic function occurs more frequently in ESRD. On the 
other hand, HFrEF is less common, but is associated with 
severe PH, and more severe LV structural abnormalities. 

Left ventricular structural abnormalities are common 
among patients with ESRD on HD. Grossly, these changes 
include LV dilatation and more commonly LV hypertrophy 
[31]. These structural alterations are accompanied by 
changes in the microvasculature with myocardial ischemia, 
and extraosseous calci ication and ibrosis, microscopically 
[32,33]. Functional abnormalities ensue, with both systolic 
dysfunction and diastolic dysfunction [34-37]. Clinically, 
heart failure occurs at an annual rate of 7%, with nearly a 
third of HD patients having current or prior CHF at initiation 
of HD [38]. Based on our data of more severe LV abnormalities 
and PH in patients with HFrEF vs. HFpEF, we believe ESRD 
patients with HFrEF are at a high risk of cardiovascular 
morbidity and mortality 

Our study included patients with LV dysfunction (both 
systolic and diastolic) and did not exclude those with CAD 
of CHF. As such, our population is a representative “real 
world” sample of the HD patients at one center in the United 
States. The sample size is similar to that in extant studies. 
Further, we feel that our estimate of PASP 10-12 hours after 
completion of HD better represents the dry weight of HD 
patients at steady state, which is more likely to re lect real 
world loading conditions of the LV, in this hemodynamically 
complex patient population. Invasive studies have con irmed 
a high prevalence of PH among dyspneic patients (both 
those receiving and those not receiving dialysis), and have 
demonstrated that dialysis can unmask precapillary PH 
(de ined as pulmonary arterial wedge pressure (PCWP) ≤ 
15 mm Hg) in the presence of PH [39]. PASP was estimated 
per American Society of Echocardiography Guidelines [40], 
using the maximal TR jet velocity added to estimated right 
atrial pressure (RAP) derived from IVC dimensions, and thus 
attempted to include an estimation of the patient’s actual 
volume status, contrary to prior studies which assigned an 
arbitrary number to right atrial pressure [6].

Several limitations may be identi ied within our study. 

This was a single center trial with a small sample size. In 
addition, assessment of diastolic illing was done using 
trans-mitral velocities, a non-invasive and less than ideal 
estimation of PASP. Data suggest that tissue Doppler may 
have a role in evaluating diastolic function in HD patients 
above traditional Doppler measurements [41], but this 
modality was not available at our institution at the initiation 
of the study. Further, signi icant evidence exists showing 
tissue Doppler is not independent of preload in ESRD 
patients [41-44]. The optimal timing of TTE for hemodynamic 
assessment in ESRD is yet to be determined. Some studies 
have completed TTE immediately following dialysis (or 1-2 
hours later) [45], though some have evaluated patients one 
day after completion of HD [45]. The relationship between 
the signi icant luid shifts accompanying HD and timing of 
equilibration, plus the effects of chronic volume overloaded 
states remain areas of investigation. It is uncertain when best 
to asses HD patients, either non-invasively or invasively, as 
there are such large luctuations in circulating blood volume 
and LV loading conditions. Finally, PH is common among 
HD patients and depressed LV systolic function may be 
important in the pathogenesis of PH in HD patients. However, 
ESRD and HD related changes are also likely mechanisms of 
depressed LV function contributing to PH in some degree and 
further research is needed to full understand this complex 
relationship. 
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