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Introduction
Pulmonary hypertension (PH) is a hemodynamic condition 

defined by a mean pulmonary artery pressure of > 25 mm Hg at 
rest as measured by right heart catheterization. Pulmonary arteri-
al hypertension (PAH) is PH with a normal pulmonary capillary 
wedge pressure or left ventricular end diastolic pressure without 
structural cardiac, pulmonary parenchymal, pulmonary vascular, 
or thrombotic disease.1 PH contributes to patient symptoms, is a 
marker of disease severity, and increases morbidity and mortality 
in many of the diseases it complicates. Additionally, PH has the 
capacity to affect pre- and posttransplant survival in patients re-
quiring solid organ transplantation. Prior reviews have addressed 
the frequency of lung transplantation as a treatment for PAH and 
the adverse impact of the Lung Allocation Score on lung transplant 
access for these patients and on posttransplant outcomes in those 
who do undergo lung transplantation.2,3 This review will concen-
trate on those patients with other lung diseases and other end-
stage organ diseases that can be complicated by PH. 

Lung Diseases Complicated by Pulmonary 
Hypertension
Chronic Obstructive Pulmonary Disease 

One of the most common causes of death in the United States 
is chronic obstructive pulmonary disease (COPD). According to 
the American Lung Association, COPD is the third-leading cause 
of U.S. deaths,4 and patients with COPD represent about one-third 
of all lung transplant recipients.5 A meta-analysis of 10 papers re-
viewing COPD and hemodynamically confirmed PH concluded 
that very high pulmonary artery (PA) pressures were relatively 
rare, that exercise provoked substantial increases in PA pres-
sure, and that survival was inversely proportional to pulmonary 
vascular resistance.6 The authors emphasized the importance of 
treatment that focused on the underlying disease state—for exam-
ple, treating COPD with bronchodilators and oxygen therapy. A 
review of 4,305 COPD lung transplant candidates from May 2005 
compared those with PH (defined as either PA mean > 25 or > 35) 
to propensity score-matched candidates without PH. Using either 
definition of PH, there was a significant decrease in survival prob-

ability that was both clinically and statistically significant (HR of 
3.4 for mortality with PH ≥ 35 [95% CI  2.410, 4.888] P < .001).7 In 
another cohort of COPD patients who survived to lung transplant, 
the presence of pretransplant PH was defined by an increase in 
transpulmonary gradient (TPG), which is the difference between 
PA mean and wedge pressure (with normal being < 12). COPD 
patients so characterized as having PH had a 1.74-times higher risk 
of 1-year posttransplant mortality (P = .001), and this relationship 
increased at higher levels of TPG. In these COPD patients, a TPG 
greater than 28 mm Hg conferred a 2-fold increase in relative risk 
for death compared to COPD patients without PH.8 Interestingly, 
this impact of PH on posttransplant mortality described in this 
study was not observed in patients with cystic fibrosis or idiopath-
ic pulmonary fibrosis. 

Idiopathic Pulmonary Fibrosis
The incidence of PH in patients with idiopathic pulmonary 

fibrosis (IPF) is variably described from 8% to 86% depending on 
the method used to assess PH (echocardiography or heart cathe-
terization) and the timing of the hemodynamic assessment relative 
to the time of the transplant and disease duration (Figure 1).9,10 An 
interventional study that attempted to evaluate the noninvasive 
predictors of hemodynamically proven PH demonstrated that the 
presence of PH is best predicted by parameters derived from formal 
exercise testing (VE vs VCO2 slope and peak VO2). What was most 
important, however, was that the authors demonstrated that pre-
transplant survival was severely impaired in IPF patients with PH. 

In contrast to what was seen in patients with COPD, the presence 
of PH in patients with a diagnosis of IPF does not appear to confer 
a survival risk after transplant.8,11 The issue, then, with patients with 
IPF and PH is whether or not there is a place for pretransplant treat-
ment with PAH disease-modifying medications. Multiple studies 
done with endothelin receptor antagonists (macitentan, bosentan, 
and ambrisentan) have been uniformly negative, and in some cases 
the data have suggested the potential for irreversible disease wors-
ening. 

Similar studies done with phosphodiesterase inhibitors have 
shown modest improvements in hemodynamics but worsening 
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brain natriuretic peptide levels (suggesting ventricular overload) 
as well as worsening 6-minute walk test (6MWT) results.12 A 12-
week study in 180 IPF patients randomized to placebo or sildenafil 
failed to meet the primary end point of improvement in effort 
tolerance as measured by the 6MWT; however, there were some 
encouraging though nonsignificant trends toward improvement in 
other physiological measures and symptom scores.13

Liver Disease and Pulmonary Hypertension
Pulmonary hypertension is variably reported to occur in 2% to 

10%1 of cirrhotic patients and in as many as 16% of patients with 
advanced liver disease considered for liver transplantation.14,15 The 
histological appearance of the plexiform lesions seen in patients 
with severe portopulmonary hypertension are indistinguishable 
on H&E staining from classical PAH.16 A review of patients under-
going liver transplantation in the face of varying degrees of PH 
demonstrated 100% mortality in those with a mean PA pressure 
> 50 mm Hg and 50% mortality in those with a mean PA pressure 
between 35 and 49.17 In addition, data from the REVEAL registry 
have demonstrated that patients with newly diagnosed portopul-
monary hypertension have a significantly worse survival (57% ± 
8% at 24 months) compared to individuals with idiopathic PAH 
whether newly or previously diagnosed (82% ± 2% vs 86% ± 1%, 
respectively).18 

In patients undergoing liver transplantation with a prior diag-
nosis of portopulmonary hypertension, and having received stan-
dardized Model for End-Stage Liver Disease (MELD) exception 
points for this diagnosis and its treatment, there is an increased 
risk of both death and graft failure (HR 2.25 and 1.96, respectively) 
in the first year after liver transplant compared to those without 
portopulmonary hypertension.19 This substantial risk may be due 
to lack of adherence to the carefully defined requirements for res-
olution and adequacy of hemodynamics prior to transplantation.20 
Hence, the presence of PH in those with liver disease confers an 
increased risk of mortality with or without transplant. 

It is important to recognize that liver transplant recipients are 
probably the sickest patients to undergo organ transplant. Though 

PH confers additional risk, this should be considered in the context 
of a 23.4% mortality rate in liver failure patients within the ICU at 
time of transplant, and a 1.54-fold risk of death within 3 months 
of transplant in patients with a MELD score of > 35 compared to 
those with a MELD score between 30 and 34 at transplant. 

Pulmonary Hypertension in End-Stage Renal Disease
In the first prospective study of PH in U.S. patients with end-

stage renal disease (ESRD), all patients at a single center under-
went echocardiograms prospectively.21 Of the 90 total patients, 
47% met echocardiographic criteria for PH (tricuspid regurgitant 
jet > 2.5 m/s) and 20% had severe PH (tricuspid regurgitant jet > 
3.0 m/s); mortality in those with echocardiographic evidence of 
severe PH was 26% compared to 6% in those without PH. Echocar-
diographic findings were consistent with left ventricular and fluid 
overload as the cause of PH.21 

Consistent with the premise that left heart disease is a major 
risk factor for PH in this patient population is the observation that 
systemic hypertension is more frequent in ESRD patients with PH 
than in those without PH (33% vs 15%).22 Additionally, PH also 
impacted transplant outcomes in ESRD patients. Among patients 
receiving a living donor kidney, early graft dysfunction was not 
observed regardless of PH status. However, in patients receiving a 
deceased donor kidney, those with PH had a significant increased 
risk of early graft dysfunction versus those without PH (56% vs 
11.7%, P = .01).22 Univariate and multivariable logistic regression 
supported this observation as an independent risk factor beyond 
potentially confounding recipient, donor, and graft-based risk fac-
tors for early graft dysfunction (P < .05).23

An extensive review of survival following renal transplant 
defined pretransplant PH by the echocardiographic estimate of 
right ventricular systolic pressure (RVSP).23 Out of 215 patients, 
68% had normal RVSP (< 35 mm Hg), 22% had mild to moderately 
elevated RVSP (36-50 mm Hg), and 10% had markedly elevated 
RVSP (> 50 mm Hg) suggestive of severe PH. Time on dialysis was 
the strongest correlate of an elevated RVSP (r = .253, P < .001).23 An 
RVSP greater than 50 was associated with significantly reduced 
posttransplant survival (HR = 3.75, 1.17-11.97; P = .016). This rela-
tionship was independent of other variables including older age, 
reduced left ventricular ejection fraction, low serum albumin, and 
delayed graft function.

Given that the data regarding time on dialysis is found to be 
predictive of pretransplant PH, and given the association of sys-
temic hypertension and PH in the ESRD patient population, it is 
reasonable to predict that PH can also arise de novo following a 
renal transplant. Numerous studies suggest that PH occurs post-
transplant in 5% to 14% of patients. A review of the frequency of 
de novo PH after renal transplant demonstrated that it occurred 
in 8 of 100 renal transplants and was associated with higher renal 
resistive index, higher C-reactive protein, and higher pulse wave 
velocity—all features of chronic injury and vascular stiffness.24 The 
features of right ventricular dysfunction and PH in patients with 
ESRD being considered for renal transplantation are highly pre-
dictive for both all-cause and cardiovascular mortality following 
transplantation.25 

Pulmonary Hypertension in Left Heart Disease
Pulmonary hypertension is a frequent complication of chronic 

left heart disease/failure. Irrespective of the cause—be it left ven-
tricular systolic dysfunction, diastolic dysfunction, or valvular ab-
normalities—pulmonary artery pressure will be disproportionately 
elevated in about one-third of cases. This may be a genetically 

Figure 1. Survival of 133 patients with idiopathic pulmonary fibrosis with and 
without interceding pulmonary hypertension. Reprinted from Gläser et al. 
Pulmonary hypertension in patients with idiopathic pulmonary fibrosis – the 
predictive value of exercise capacity and gas exchange efficiency. PLoS ONE. 
2013 Jun 20;8(6):e65643. 
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determined response to chronic pressure or flow changes in the 
pulmonary vascular bed that results in a histological appearance 
similar to that seen in idiopathic PH. Despite the similarities to 
idiopathic PH, currently available drug therapies for PAH have 
been universally unsuccessful in mitigating PH due to left-sided 
heart disease. 

Attempts to perform transplants on heart failure patients with 
PH were associated with increased mortality.26 Patients with a 
PA systolic pressure > 50 mm Hg associated with an elevated 
transpulmonary gradient (TPG > 16 mm Hg) suffered a 50% oper-
ative mortality rate with cardiac transplant. The higher the PA sys-
tolic pressure and the TPG or pulmonary regurgitant velocity, the 
greater the perioperative mortality. The presence of a pretransplant 
vasodilator response did not impact mortality.26 Consequently, the 
current standard of practice is to use a left ventricular assist de-
vice (LVAD), biventricular assist device, or total artificial heart to 
bridge a patient to transplant. Biventricular assist devices probably 
represent about 20% to 50% of VAD recipients waiting for trans-
plant. Based on this, current studies are looking at PAH-specific 
therapy to facilitate normalization of regurgitant velocity by acting 
on the pulmonary vascular bed in these VAD recipients.

Conclusions
Pulmonary hypertension is a frequent complication of both 

pulmonary and nonpulmonary organ failure. When present, it is a 
marker of disease severity and associated with higher mortality. It 
also complicates or prevents solid organ transplant by conferring 
either immediate perioperative mortality (as is the case in liver and 
heart transplant) or an increased risk of early graft dysfunction 
and long-term mortality (as in kidney failure). Though specific 
therapies for PAH are useful in liver disease, they have not proven 
useful in heart, kidney, or lung disease where such therapies can in 
fact be deleterious.

Key Points:
•	 Pulmonary hypertension is a frequent complication of both 

pulmonary and nonpulmonary organ failure and is a marker 
of disease severity.

•	 PH contributes to patient symptoms and increases morbidity 
and mortality in many of the diseases it complicates, such as 
end-stage renal disease, liver disease, and heart failure. 

•	 PH can affect pre- and posttransplant survival in patients 
requiring solid organ transplantation.
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