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ABSTRACT

Pulmonary hypertension (PH) is often present in patients presenting for kidney transplant listing. While PH can complicate 
kidney transplantation (KTx), it can be managed with multidisciplinary management that includes both the transplant 
center and pulmonary hypertension center, or with experts both pre- and post-transplant. This review summarizes the 
approach and management of PH in KTx candidates and recipients, along with expected outcomes and controversies sur-
rounding arteriovenous fistula and graft management.
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INTRODUCTION
Pulmonary hypertension (PH) is a progressive dis-
ease with significant morbidity and mortality. Recent 
guidelines, both from the 2019 World Symposium on 
Pulmonary Hypertension (WSPH) and the European 
Society of Cardiology/European Respiratory Society 
(ESC/ERS), have updated our understanding of this dis-
ease as we gain more experience over time within our 
community. In 2019, the Sixth WSPH proposed the follow-
ing definition of pulmonary arterial hypertension (PAH): 
1) mean pulmonary arterial pressure (mPAP) >20 mmHg; 
2) pulmonary artery wedge pressure (PAWP) <15 mmHg; 
and 3) pulmonary vascular resistance (PVR) >3 Wood 
units. In 2022, the ESC/ERS guidelines further refined the 
definition, which adjusted the PVR to ≥2 Wood units.

Both classifications divide patients with PH into 5 
groups (Table 1, Figure 1). Group 1 is pulmonary arterial 
hypertension (PAH), which is comprised of diverse dis-
eases that result in similar pathological changes within 
the pulmonary vasculature. The remaining 4 groups of 

PH are secondary to other conditions, including group 2 
(heart disease), group 3 (lung disease), group 4 [chronic 
thromboembolic disease (CTEPH)], and group 5 (multi-
factorial). Treatment for these groups is focused on cor-
recting the underlying original condition.

Group 1 PAH is a progressive disease that, without ther-
apy, has poor outcomes. Over the last 3 decades, there 
have been significant advances in the field. Thirteen 
approved therapies have been introduced for PAH, 
which have improved outcomes for these patients. 
There is, however, still no cure for this progressive dis-
ease, and this remains an unmet challenge.

Group 5 PH is increasingly recognized as a condition 
associated with a variety of systemic disorders, includ-
ing chronic kidney disease (CKD), with important prog-
nostic implications for survival and outcomes before 
and after kidney transplantation (KTx). In this review, we 
summarize current knowledge related to the impact of 
PH among KTx candidates and patients.
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Epidemiology in Kidney Transplantation
Published studies suggest that the prevalence of elevated 
pulmonary pressures, most often detected on routine testing 
with echocardiography, is estimated in 13%-40% of patients 
before and 17%-48% after kidney transplantation. In an analy-
sis of Medicare-insured KTx recipients, 8.2% had a diagnos-
tic code for PH within 2 years preceding the transplant.1 By 3 
years post transplant, PH was diagnosed in 10.6% of the study 
cohort.1 After adjustment, posttransplant PH was more likely 
in KTx recipients who were older (adjusted hazard ratio [aHR] 
2.40 for age >60 vs. 18-30 years) or female (aHR 1.24), who had 
pretransplant PH (aHR 4.79), coronary artery disease (aHR 
1.15), valvular heart disease (aHR 1.32), peripheral vascular 
disease (aHR 1.18), chronic pulmonary disease (aHR 1.31), 
obstructive sleep apnea (aHR 1.28), longer dialysis duration, 
pretransplant hemodialysis (aHR 1.37), or who underwent 
transplant in the more recent era (aHR 1.39 for 2012-2016 vs. 
2006-2011).1

Clinical Manifestations and Diagnostic Tools
Clinically, PAH initially presents as dyspnea on exertion with 
symptoms classified by the New York Heart Association/WHO 
functional class (FC). Patients with FC IV symptoms have a 
mean survival of less than 6 months.2 Right heart catheteriza-
tion (RHC) remains the gold standard for the diagnosis, classi-
fication, and severity of PH. As RV function worsens, the mean 
pulmonary arterial pressure (mPAP) may decrease, allowing the 
use of mPAP and cardiac index to help determine the severity of 
PH.3 In addition to diagnostic information, RHC can guide treat-
ment options by ascertaining the response to acute vasodilator 
testing in some patients with group 1 PH to determine the effi-
cacy of calcium channel blockers (CCBs). Right heart catheter-
ization, along with other studies, also helps in considering when 
to refer patients for lung transplantation.4 Although RHC is the 
definitive study to evaluate PH, an echocardiogram is a reason-
able initial screening test and, as a baseline, can be a valuable 
tool for serial monitoring. Echocardiogram is also important as 
it provides vital information on other valvular disease, congeni-
tal heart diseases, and left ventricular function. Noninvasive 
measures of exercise testing, such as the 6-minute walk test and 
cardiopulmonary exercise testing, have prognostic value and 
categorize the severity of PH.5 Pulmonary function tests and 
screening for acute or chronic pulmonary embolism should be 
conducted. Additional tests such as overnight oximetry, sleep 
study, serological testing for connective tissue disease, screen-
ing for HIV and sickle cell aid in identifying underlying or super-
imposed conditions with PH for treatment.3

Along with the somewhat historic ACCF/AHA 2009 Expect 
Consensus Document on Pulmonary Hypertension, the 
2022 ESC/ERS Guidelines for the Diagnosis and Treatment 

MAIN POINTS

•	 Pulmonary hypertension is common in chronic kidney dis-
ease patients both pre- and post-kidney transplantation

•	 Kidney transplant candidates with pulmonary hypertension 
can be transplanted, but careful evaluation, monitoring, and 
management of pulmonary hypertension by a pulmonary 
hypertension center or expert. 

•	  For successful kidney transplant, multidisciplinary manage-
ment by the transplant team in conjunction with a pulmonary 
hyperatension center or expert is essential. 

Table 1.  World Health Organization Pulmonary Hypertension Classification (Sixth World Symposium on Pulmonary Hypertension, 2018)108

1. Pulmonary arterial hypertension
  1.1 Idiopathic PAH
  1.2 Heritable PAH
  1.3 Drug- and toxin-induced PAH
  1.4 PAH associated with:
    1.4.1 Connective tissue disease
    1.4.2 HIV infection
    1.4.3 Portal hypertension
    1.4.4 Congenital heart diseases
    1.4.5 Schistosomiasis
  1.5 PAH long-term responders to CCBs
  1.6 �PAH with overt features of venous/capillaries (PVOD/PCH) 

involvement
  1.7 Persistent PH of the newborn syndrome
2. PH due to left heart disease
  2.1 PH due to HF with preserved LVEF
  2.2 PH due to HF with reduced LVEF
  2.3 Valvular heart disease
  2.4 �Congenital/acquired cardiovascular condition leading to post-

capillary PH

3. PH due to lung diseases and/or hypoxia
  3.1 Obstructive lung disease
  3.2 Restrictive lung disease
  3.3 Other lung disease with mixed restrictive/
obstructive pattern
  3.4 Hypoxia without lung disease
  3.5 Developmental lung disorders
4. PH due to pulmonary artery obstructions
  4.1 Chronic thromboembolic PH
  4.2 Other pulmonary artery obstructions
5. PH with unclear and/or multifactorial mechanisms
  5.1 Hematological disorders
  5.2 Systemic and metabolic disorders
  5.3 Others
  5.4 Complex congenital heart disease

CCBs, calcium channel blockers; HIV, human immunodeficiency virus; LVEF, left ventricular ejection fraction; PAH, pulmonary arterial hypertension; PCH, pulmonary 
capillary hemangiomatosis; PH, pulmonary hypertension; PVOD, pulmonary veno-occlusive disease.
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of Pulmonary Hypertension and the Proceedings of the 
2019 sixth World Symposium on Pulmonary Hypertension 
provide a comprehensive review of treatment modalities 
for PH.3,6-8 A low-salt diet with judicious use of diuretics to 
establish euvolumia is particularly important. Supplemental 
oxygen is recommended to maintain oxygen saturation 
>90%. Medication such as calcium channel blockers, 
prostanoid derivates (epoprostenol, treprostinil, and iloprost), 
endothelin receptor antagonists (bosentan, macitentan, and 
ambrisentan), and phosphodiesterase-5 inhibitors (PDE5-I) 
(sildenafil and tadalafil) are usually employed in combination 
therapy to improve hemodynamics (Table 2).

Pulmonary Hypertension in Kidney Transplantation
Chronic kidney disease patients, including transplant 
candidates and recipients, demonstrate many of the 
morbidities characterizing pulmonary hypertension (Table 1). 
Given that the incidence of many comorbidities increases with 
increased age, the prevalence of PH also rises among older 
end-stage kidney disease (ESKD) patients.9 Chronic kidney 
disease has somewhat different implications, etiologies, and 
characteristics within each PH group. For example, the right 
heart failure in those candidates with group 1 PH (PAH) may 
result in recurrent bouts of acute kidney injury, with eventual 
progression to a formal CKD diagnosis.10 In a small series of 

31 ESKD patients with unexplained dyspnea, RHC identified 
precapillary PH [PAH in the absence of elevated pulmonary 
capillary wedge pressure (PCWP)] in 13% (4/31).11 Additionally, 
there is some modest support in the connective tissue disorders 
literature that supports the coexistence of kidney dysfunction 
and PAH,12-14 including 1 larger registry of 2459 patients with 
systemic sclerosis that demonstrated that 0.5% had histories of 
both scleroderma renal crisis and PH.15

By far, the most common type of PH among persons with kid-
ney failure is group 2. This frequency is attributed to the 30%-
50% prevalence of left heart failure in patients with CKD.16-18 
The transplant list is further enriched for this PH type, as there 
are new-onset heart failure diagnoses within 3 years for about 
32% of candidates on the transplant waiting list.19 Left ven-
tricular (LV) systolic and diastolic function abnormalities result 
in elevated LV and left articular (LA) pressures. Chronically 
elevated LA pressures, in turn, led to pulmonary vascular con-
gestion and, ultimately, the elevated PAP and PH needed to 
maintain the pressure gradient required for the pulmonary 
arterial circuit. In addition to coronary artery disease or isch-
emic cardiomyopathy, LV dysfunction is further exacerbated by 
myocardial damage and stiffening due to the uremia, diabetes 
mellitus, and chronic hypertension that are common in CKD 
patients.20

Figure  1.  Conceptual framework for the physiology of pulmonary hypertension based on underlying disease states intrinsic to or affecting the pulmonary 
vasculature, as currently categorized by the World Health Organization. Reproduced from Lentine et al.109,115 COPD, chronic obstructive pulmonary disease; LAP, 
left atrial pressure; LV, left ventricle; NO, nitric oxide; OSA, obstructive sleep apnea; PAH, pulmonary arterial hypertension; PCWP, pulmonary capillary wedge 
pressure; PH, pulmonary hypertension.
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To further complicate the CKD patient, even those CKD patients 
with normal LV systolic function have a high prevalence of 
abnormal LV diastolic function that worsens LV compliance. 
Echocardiographic measures of diastolic pathology, such as 
elevated LV mass, LV hypertrophy, and measures of diastolic 
dysfunction, are associated with adverse cardiovascular 
outcomes for both kidney transplant candidates and recipients, 
even with normal LV systolic function.21-23 Finally, valvular 
disease is a potential cardiogenic contributor of group 2 PH 
and should be carefully assessed.24,25 Thus, the impact of group 
2 PH on transplant candidacy is modified by the presence and 
severity of multiple cardiac parameters, underlying coronary 
artery disease, LV and RV systolic function, LV diastolic function, 
LV hypertrophy, and symptom severity.

Group 3 PH is defined by hypoxic lung disease, which is often 
colinear with acute or chronic kidney dysfunction. In a large 
series of chronic obstructive pulmonary disease patients, 26% 
were affected by CKD or ESKD.26 Obstructive sleep apnea (OSA) 
is prevalent in 60% of ESKD patients, which is 5 times the preva-
lence of OSA in the healthy general population.17,27,28 End-stage 
kidney disease patients are often obese,29 which is correlated 
not only with OSA and elevated PAP but also with increased lev-
els of the pulmonary vasoconstrictor endothelin 1.30

End-stage kidney disease and CKD are known to be associ-
ated with hypercoagulability, which is associated with vascular 
thromboembolic events (VTEs). The risk of pulmonary VTEs is 
about 3-fold and 8-fold higher among CKD and ESRD patients, 
respectively.17,31 This risk directly translates to a risk of CTEPH 
(group 4 PH).

Importantly, not all PH in the CKD/ESKD population can be 
explained by the conditions currently comprised by groups 
1-4. “Unexplained PH in patients with renal failure” is a distinct 

subcategory of group 5, first recognized when a review of an 
echocardiographic series of 691 patients with PAP >45 mmHg 
identified 3 patients receiving hemodialysis via arteriovenous 
fistulas (AVF) who did not have significant cardiac or pulmonary 
disease.32 While careful clinical evaluation including history, 
echocardiography, chest radiography, pulmonary function 
testing, computed tomography scans, and ventilation/perfu-
sions scans has identified group 1-4 conditions in 40%-70% of 
hemodialysis cohorts with PH,33-37 unexplained PH (group 5 PH) 
remains a common classification for PH in CKD/ESKD patients.

Finally, some kidney transplant recipients may have comor-
bidities from more than 1 PH group. Uremicia in ESKD patients 
results in elevated endothelin and angiotensin II, both of which 
are potent vasoconstrictors that contribute to PH.38 High car-
diac output (CO) can be exacerbated by anemia. Additionally, 
there are conflicting reports on the effects of lower hemoglobin 
levels for PH patients.33,35,37,39,40-44 The implications of the cardi​
opulm​onohe​patic​orena​l axis are well known to the transplant 
community. Maladaptive neurohormonal activation, oxidative 
stress, and abnormal immune cell signaling can cause derange-
ments of this axis, resulting in end-organ damage and recipro-
cal disease progression.45 While PH classification is complex, 
correct identification of PH etiology helps guide therapy and 
determine transplant candidacy. An algorithmic approach to 
the evaluation of kidney transplant candidates with echocar-
diographic evidence of elevated pulmonary artery systolic pres-
sure (PASP) is shown in Figure 2.

Impact of Arteriovenous Fistula on Pulmonary Pressures
Kidney replacement modality before transplant can impact 
PH incidence and severity.46 In 1 small study, hemodialysis 
patients with an AVF had 4 times the prevalence of PH (40% 
vs. 10%) when peritoneal dialysis or catheter-based dialysis,33 
likely as an iatrogenic (but intentional) result of the extra CO 

Table 2.  Vasodilator Therapy Directed Toward Pulmonary Arterial Hypertension

Class of Agent (Mechanism of Action) Name Administration Route Adverse Effects

Endothelin receptor antagonist (blocks binding of 
endothelin 1 to its receptors A/B)

Ambrisentan PO Headache, sinus congestion, lower 
extremity edema, anemia, and 
hepatotoxicity (10%) w/ bosentanBosentan PO

Macitentan PO

Phosphodiesterase type 5 inhibitor (prevents 
breakdown of cGMP, the downstream mediator of 
nitric oxide)

Sildenafil PO, IV Headache, flushing, sinus congestion, 
and visual color changesTadalafil PO

Soluble guanylate cyclase stimulator (stabilizes 
soluble guanylate cyclase to nitric oxide binding to 
enhance production of cGMP)

Riociguat PO Hypotension, headache, and 
gastrointestinal

Prostacyclin analog (activates adenylate cyclase to 
produce cAMP)

Epoprostenol IV, inhalation Most severe, including flushing, 
headaches, jaw pain, lightheadedness, 
N/V, diarrhea, myalgia, and skin rashesIloprost IV, Inhalation

Treprostinil PO, IV, SC, inhalation

IV, intravenous; PO, by mouth; SC, subcutaneous.
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and shunted volume from the left to the right side. Mature AVF 
is also associated with increased RV diameter and reduced 
tricuspid annular plane systolic excursion, consistent with RV 
wall stiffening on echocardiography, which is not present in 

those dialyzing with catheters.47Further evidence of the long-
term impact of the left-to-right shunt. Although AVF has been 
implicated as exacerbating or causing PH in some hemodialysis 
cohorts,35,48-50 other studies have shown no significant 

Figure 2.  Suggested algorithm for the evaluation of kidney transplant recipients with echocardiographic evidence of pulmonary hypertension. Reproduced from 
Lentine et al.109 ACC, American College of Cardiology; AHA, American Heart Association; AVF, arteriovenous fistula; CO, cardiac output; HTN, hypertension; PAP, 
pulmonary artery pressure; PASP, pulmonary artery systolic pressure; PCWP, pulmonary capillary wedge pressure; PH, pulmonary hypertension; PVR, pulmonary 
vascular resistance; RHC, right heart catheterization; RV, right ventricle; WT, weight.
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relationship between the presence of AVF and PH,51 suggesting 
that AVF flows, dialysis adequacy, and patient factors interact 
to mitigate or exacerbate the impact. In a serial evaluation of 
6 patients with AVF who underwent echocardiography before 
and after initiation of hemodialysis, mean PASP rose from 37 to 
45 mmHg in 4 of 6 patients.33 In a prospective study of 100 AVF 
patients, AVF occlusion led to reduced CO and improved oxygen 
delivery.52 These changes were even seen in asymptomatic 
patients, although larger CO changes during AVF occlusion were 
associated with a trend toward increased symptomatic heart 
failure risk.

Ligation of high-flow AVF can result in improvements or reso-
lution of symptomatic PH and improved pulmonary hemo-
dynamics,53,54 including ligation reserved for after kidney 
transplantation (Table 3).55 In a single-center study of 12 kidney 
transplant recipients who underwent AVF flow reduction pro-
cedures or ligation, improvements in heart failure symptoms 
and cardiac status were universal. The single patient with poor 
cardiac function who underwent AVF ligation had dramatic car-
diac improvements.56 In the other 11 who underwent precision 
banding procedures with real-time flow monitoring, AVF access 
flow was reduced from 2280 mL/min (1148-3320 mL/min) before 
access banding to 598 mL/min (481-876), with clinical signs of 
heart failure resolving. In a larger series of 113 kidney transplant 
recipients in Austria referred for evaluation of high-flow AVF, 29 
(27.5%) underwent shunt intervention in the form of ligation 
in all but 1 with residual kidney function; 15 had shortness of 
breath at referral, all of whom reportedly had symptom resolu-
tion after ligation.57

A randomized trial of elective AVF ligation was performed 
among 64 kidney transplant recipients in Australia, with 54 
patients completing the study evenly divided between AVF liga-
tion and control.58 Compared to preintervention cardiac mag-
netic resonance (CMR), CMR after ligation showed a decrease of 
22.1 g (95% CI, 15.0-29.1) in LV mass in the AVF ligation group. 
The control group demonstrated a small rise of 1.2 g (95% CI, 
−4.8-7.2) (P < .001). The AVF ligation group also demonstrated 
significant decreases in LV end-diastolic volumes, LV end-sys-
tolic volumes, CO, cardiac index, atrial volumes, and N-terminal 
pro-brain natriuretic peptide (NT-proBNP), although LV ejection 
fraction or pulmonary artery velocity did not change signifi-
cantly. Similarly, a small retrospective Belgian study demon-
strated elevation of diastolic blood pressure, drop of serum 
NT-proBNP levels, reduction of LV/LA dimensions, and stable 
estimated glomerular filtration rate (eGFR) slope.59

These data suggest that elective AVF ligation for stable kid-
ney transplant recipients may lead to a reduction in LV myo-
cardial mass. There are obvious pros and cons to ligation, as 
ligation results in the loss of the access site in a population 
that may need the AVF someday. The decision process for liga-
tion is often guided by the likely difficulty of establishing new 
vascular access in the patient, the volume of flow in the AVF, 

and the degree of PH and/or congestive heart failure.60 Close 
collaboration and clear communication between the vascular 
access surgeon, transplant nephrologist, and PH specialist is 
essential to maximizing patients’ life expectancy, as well as 
their expectations of kidney function, PH and CHF, and future 
vascular access difficulties. Of note, a study of USRDS data 
demonstrated that posttransplant atrioventricular (AV) access 
ligation is relatively uncommon and generally seen in patients 
with steal syndrome or other direct access-related complica-
tions such as AVF aneurysms, although highly variable trans-
plant center-specific rates were noted (Figure 3).61 The same 
study did not find an association between AV access ligation 
and allograft failure or all-cause mortality.

Posttransplant Outcomes
Echocardiographic PASP estimates are only vaguely accurate, 
as they depend upon volume status at the time of the study and 
image quality, which are impacted both by habitus and user 
expertise. Despite these limitations, PASP can have prognostic 
significance for kidney transplant candidates and recipients. 
In a single-center study of the echocardiographic parameters 
of 739 New Zealand transplant candidates,23 older age, dia-
betes, transplant listing status, severely impaired LV ejection 
fraction, echocardiographic regional wall motion abnormali-
ties, and the presence of PH or RV dysfunction were indepen-
dently associated with all-cause mortality over an average of 
4.2 years of follow-up after the echocardiographic evaluation 
(Table 3). Furthermore, a graded mortality increase was seen 
with increasing number of such risk factors. Taken together, 
these data demonstrate the interaction of PH with other clini-
cal and echocardiographic comorbidities that must be weighed 
and balanced during transplant evaluation.

Figure  3.  Center-level variation in posttransplant atrioventricular access 
ligation. On average, 4.2% of kidney transplantation patients underwent 
atrioventricular access ligation. From Hicks et  al (2019),61 used with 
permission.
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Pulmonary artery systolic pressure measured before KTx has 
been found to be relevant to posttransplant outcomes. In a ret-
rospective study of 215 transplant recipients in 2004-2007, over 
an average of 22.8 months of follow-up, pretransplant RVSP 
>50 mmHg was associated with nearly 4 times posttransplant 
mortality compared to RVSP <50 (aHR, 3.75; P = .025).62 This 
association persisted with individuals adjusted for age, hypo-
albuminemia, and DGF, but not EF. In a single-center study of 
55 kidney transplant recipients with preoperative echocardio-
grams that included adequate evaluation of the PASP, PASP >35 
mmHg was seen in 38% (21/55)63 (Table 4). Using a combined 
endpoint of early, slow, or delayed graft dysfunction, living 
donor recipients were not at risk. However, graft dysfunction was 
more common in deceased donor transplant recipients (56% vs. 
11.7% for deceased donor recipients without PH, P = .01). PH 
was associated with early graft dysfunction among deceased 
donor transplant recipients even after adjusting for recipient, 
donor, and transplant factors [aOR 15.0 (95% CI, 1.2-189), P = 
.03]. By using a PASP threshold of >45 mmHg, the specificity of 
PASP to predict the combined graft function outcome increased 
from 56% to 80%, with only a modest sensitivity change (75% 
vs. 88%). These data suggest an association between PH in the 
recipient and allograft perfusion, likely through a process of 
venous hypertension reducing effective allograft perfusion.

In a study of 215 kidney transplant recipients, RVSP ≥50 mmHg 
estimated by echocardiography was independently associated 
with an increased risk of posttransplant death (hazard ratio 
[HR] 3.75, P = .016), with time on dialysis as a strong predictor of 
elevated RVSP.62 Mehra et al64 performed a retrospective single-
center analysis of 206 kidney transplant recipients and found 
that PH prior to kidney transplantation (defined as PASP >35 
mmHg or tricuspid regurgitant jet >3 m/s by echocardiogra-
phy) was present in 19%. Further, PH was independently asso-
ciated with decreased graft function in the first 12 months post 
engraftment. Additionally, pilot data from another large center 
demonstrated an association between pretransplant PASP >35 
mmHg and reduced 5-year graft survival.65

More recently, among 192 KTx recipients at 1 center with doc-
umented pretransplant PASP by echocardiography, elevated 
PASP >37 mmHg was present in 26% (n = 51).66 Decreased LVEF 
<50% was more common among those with elevated vs. nor-
mal PASP (13.7% vs. 3.6%, P = .01). While 4-year mortality did 
not differ significantly by pretransplant PASP, in multivariate 
logistic regression adjusted for reduced LVEF, each 1 mmHg 
increase in PASP was associated with an 8.940 mL/min decrease 
in eGFR (95% CI, −15.8 to −2.1, P = .01). One single-center study 
described 363 KTx recipients (2005-2009) with PASP measure-
ment by RHC at anesthesia induction as part of standard intra-
operative monitoring at the center.67 PASP >35 mmHg was 
identified in 36.6% (133/363). Median pretransplant dialysis 
duration was longer in those with PASP >35 mmHg vs. <35 
mmHg (29 vs. 22 months, P = .004). Pretransplant PH was asso-
ciated with a higher mortality risk over up to 8 years (aHR 1.98, 

95% CI, 1.04-3.74, P = .4), after adjustment for comorbidities 
including CAD and heart failure. Pretransplant PH had a border-
line, unadjusted association with graft failure risk (P = .05).

While there is a correlation between PH and increased rates of 
posttransplant morbidity, that in and of itself does not mean 
that it is not worth pursuing a kidney transplant for these 
patients, as the comparison condition is remaining on dialy-
sis—with all its inherent morbidity and mortality. In fact, there 
is literature that supports the idea that successful kidney trans-
plantation may improve PH and associated conditions, includ-
ing elevated systemic blood pressure, LV hypertrophy, and LV 
systolic and diastolic dysfunction. Kidney transplantation has 
been associated with significant improvement in mean ambu-
latory blood pressures and a significant reduction in the LV 
hypertrophy prevalence at 12 months following transplanta-
tion in a small series of 24 patients68—an observation that is 
consistent with another study that demonstrated LVH regres-
sion following kidney engraftment.69 In another small study of 
22 men following successful kidney transplantation, Stokkel 
et al demonstrated a significant improvement in gated-SPECT-
measured LVEF (from 52 ± 11% to 63 ± 10%; P < .001).70 Among 
52 recipients assessed pre- and post-transplant, Iqbal et  al 
detected significant improvements in systolic (from 157 ± 17 
to 126 ± 10 mmHg) and diastolic blood pressures (from 97 ± 
10 to 85 ± 6 mmHg), as well as in LA diameter (from 39 ± 7 to 
34 ± 4 mm), LV mass index (from 275 ± 91 to 159 ± 26 g/m2), 
and LV end-diastolic volume index (87 ± 29 to 49 ± 24 mL/m2) 
on echocardiogram.71 Significant improvements in LV diastolic 
function have been demonstrated following KTx, as assessed 
by tissue Doppler.72 Two small retrospective studies even sug-
gest that there may be no association between pretransplant 
PH and 5-year posttransplant outcome, or at least that can-
didates with PH can be transplanted with good success with 
preoperative interventions and some reasonable candidate 
selection.73,74

Coupled with improvements in left heart failure,68,70,75,76 func-
tional KTx results in improved volume control, which also 
improves PH caused by group 2 physiology (chronic volume 
overload). Yigla et  al, reported that 4 of 5 patients with PH 
(PASP >35 mmHg) on hemodialysis had normalized pulmo-
nary pressures following KTx.33 In another small study of KTx 
patients with a significant portion (80%) having pretrans-
plant LV dysfunction and about half having PH (48.6%), sig-
nificant improvements in LV diameters, wall thickness, and 
PASP were seen within 12 months post engraftment, with 
PH prevalence reduced to 14.3%.77 By 1 year post engraft-
ment, echocardiographic findings normalized in 67% of the 
patients with diastolic dysfunction and 56% with systolic 
dysfunction. A later study compared PASP measured pre-
engraftment 1 hour after dialysis in 124 patients with PASP 
following KTx.78 In that study, pre-engraftment PH was pres-
ent in 28.2%, with 14% having moderate or severe elevations 
in PASP (>45-<55 and ≥55 mm Hg, respectively). There was 
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a significant reduction in PASP in most patients with PH at 
baseline following engraftment, with 65% of those with mild 
PH improving to normal PASP, while most of the patients 
with moderate or severe PH showing improved pulmonary 
pressures.

In an analysis of Medicare beneficiaries, post-KTx PH diagno-
sis was associated with >2.5-fold increased risk of mortality 
(aHR 2.84) and all-cause graft failure (aHR 2.64) within 3 years 
of KTx.1 Outcome associations of newly diagnosed posttrans-
plant PH were similar. Interestingly, KTx was associated with 
an increased likelihood of PH diagnosis within 6 months of 
transplant, although observation bias is certainly possible.1 
In this study, short-term risks included a 70% increase for 
patients aged <45 years (aHR 1.70) and a 3-fold risk for those 
aged >60 years (aHR 3.11) (Figure 4A). However, KTx was asso-
ciated with a 47% reduction in the likelihood of PH after 6 
months for those younger than age 45 years (aHR 0.53) and 
a 25% reduction in those aged 45-60 years (aHR 0.75), when 

Re
fe

re
nc

e,
 

Ye
ar

De
si

gn
 a

nd
 P

ar
tic

ip
an

ts
Ev

al
ua

tio
n 

M
od

al
ity

/
De

fin
iti

on
 o

f P
H

PH
 P

re
va

le
nc

e
Fa

ct
or

s A
ss

oc
ia

te
d 

w
ith

 P
H

As
so

ci
at

io
ns

 o
f P

H
 w

ith
 C

lin
ic

al
 E

ve
nt

s

Is
sa

 e
t a

l, 
20

08
62

•	
Re

tr
os

pe
ct

iv
e,

 c
ro

ss
-s

ec
tio

na
l 

an
d 

lo
ng

itu
di

na
l

•	
Si

ng
le

 c
en

te
r i

n 
U

SA
, 

20
04

-2
00

7
•	

21
5 

KT
x 

re
ci

pi
en

ts
 w

ith
 

m
ea

su
re

d 
pr

e-
KT

x 
RV

SP
 

(a
m

on
g 

47
2 

KT
x 

re
ci

pi
en

ts
, 

32
4 

un
de

rw
en

t T
TE

 b
as

ed
 o

n 
hi

gh
-r

is
k 

fo
r I

H
D;

 in
 1

09
, R

VS
P 

w
as

 n
ot

 re
po

rt
ed

 o
r c

ou
ld

 n
ot

 
be

 m
ea

su
re

d)
 

•	
TT

E
•	

PA
SP

 ≥
35

 m
m

H
g

•	
Pr

e-
KT

x:
 P

H
 3

2%
 

(6
9/

21
5)

 w
ith

 m
ea

su
re

d 
PA

SP
•	

RV
SP

 3
5-

50
 m

m
H

g:
 2

2%
 

(4
7/

21
5)

•	
RV

SP
 >

50
 m

m
H

g:
 1

0%
 

(2
2/

21
5)

•	
Gr

ad
ed

 a
ss

oc
ia

tio
n 

of
 m

or
e 

co
m

m
on

 P
H

 w
ith

 lo
ng

er
 

pr
ea

ss
es

sm
en

t d
ia

ly
si

s 
du

ra
tio

n:
 2

5%
, 2

5%
, 3

8%
, a

nd
 

58
%

 n
ot

 o
n 

di
al

ys
is

, o
n 

di
al

ys
is

 
<

1 
ye

ar
s,

 1
-2

 y
ea

rs
, a

nd
 

>
2 

ye
ar

s,
 re

sp
ec

tiv
el

y
•	

N
o 

as
so

ci
at

io
ns

 o
f P

H
 w

ith
: 

de
m

og
ra

ph
ic

s,
 B

M
I, 

di
ab

et
es

, 
LV

EF
, o

r s
m

ok
in

g

•	
O

ve
r m

ea
n 

22
.8

 m
on

th
s f

ol
lo

w
-u

p,
 

pr
e-

KT
x 

RV
SP

 >
50

 m
m

H
g 

as
so

ci
at

ed
 

w
ith

 n
ea

rly
 4

 ti
m

es
 p

os
t-K

Tx
 m

or
ta

lit
y 

co
m

pa
re

d 
to

 R
VS

P 
<

50
 (a

dj
us

te
d 

H
R 

3.
75

, P
 =

 .0
25

)
•	

As
so

ci
at

io
n 

pe
rs

is
te

d 
w

ith
 in

di
vi

du
al

 
ad

ju
st

ed
 fo

r a
ge

, h
yp

oa
lb

um
in

em
ia

 
an

d 
DG

F,
 b

ut
 n

ot
 E

F
•	

N
o 

as
so

ci
at

io
n 

w
ith

 g
ra

ft 
su

rv
iv

al

AV
F,

 a
rt

er
io

ve
no

us
 fi

st
ul

a;
 C

AD
, c

or
on

ar
y 

ar
te

ry
 d

is
ea

se
; C

O
, c

ar
di

ac
 o

ut
pu

t; 
CO

PD
, c

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e;

 E
F,

 e
je

ct
io

n 
fra

ct
io

n;
 H

D,
 h

em
od

ia
ly

si
s;

 H
TN

, h
yp

er
te

ns
io

n;
 IH

D,
 in

te
rm

itt
en

t h
em

od
ia

ly
si

s;
 

KT
x,

 k
id

ne
y 

tr
an

sp
la

nt
; L

VE
F,

 le
ft 

ve
nt

ric
ul

ar
 e

je
ct

io
n 

fra
ct

io
n;

 P
AP

, p
ul

m
on

ar
y 

ar
te

ry
 p

re
ss

ur
e;

 P
AS

P,
 p

ul
m

on
ar

y 
ar

te
ry

 sy
st

ol
ic

 p
re

ss
ur

e;
 P

CW
P,

 p
ul

m
on

ar
y 

ca
pi

lla
ry

 w
ed

ge
 p

re
ss

ur
e;

 P
D,

 p
er

ito
ne

al
 d

ia
ly

si
s;

 P
FT

, 
pu

lm
on

ar
y 

fu
nc

tio
n 

te
st

in
g;

 P
H

, p
ul

m
on

ar
y 

hy
pe

rt
en

si
on

; P
TH

, p
ar

at
hy

ro
id

 h
or

m
on

e;
 P

VR
, p

ul
m

on
ar

y 
va

sc
ul

ar
 re

si
st

an
ce

; R
H

C,
 ri

gh
t h

ea
rt

 c
at

he
te

riz
at

io
n;

 R
V,

 ri
gh

t v
en

tr
ic

le
; R

VD
, r

ig
ht

 v
en

tr
ic

ul
ar

 d
ys

fu
nc

tio
n;

 R
VS

P,
 

rig
ht

 v
en

tr
ic

ul
ar

 sy
st

ol
ic

 p
re

ss
ur

e;
 T

TE
, t

ra
ns

th
or

ac
ic

 e
ch

oc
ar

di
og

ra
m

; W
H

O
, W

or
ld

 H
ea

lth
 O

rg
an

iz
at

io
n.

Ta
bl

e 
4.

 S
um

m
ar

y 
of

 R
ec

en
t S

tu
di

es
 D

es
cr

ib
in

g 
th

e 
Fr

eq
ue

nc
y,

 C
or

re
la

te
s,

 a
nd

 O
ut

co
m

es
 o

f P
ul

m
on

ar
y 

H
yp

er
te

ns
io

n 
Am

on
g 

Ki
dn

ey
 T

ra
ns

pl
an

t R
ec

ip
ie

nt
s.

 R
ep

ro
du

ce
d 

fro
m

 
Le

nt
in

e 
et

 a
l10

9  (C
on

tin
ue

d
)

Figure 4.  Adjusted association of kidney transplant (within 6 months post 
kidney transplantation (A) and >6 months post kidney transplantation (B) 
with the risk of pulmonary hypertension after listing vs. continued waiting, 
by age at listing. Reproduced from Lentine et al.1
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compared to those on the waitlist. There was no a significant 
impact for older KTx candidates (Figure 4B).1 Also using USRDS 
data, another group found similar inferior outcomes but 
found a 46% reduction in mortality for those listed patients 
who received a transplant compared to those who remained 
on the waitlist (HR 0.54).79

The available data on the impact of PH on KTx have several 
limitations. Many of these studies are single-center retrospec-
tive studies with the typical smaller sample sizes and limited 
follow-up duration; observational designs using administra-
tive data; incomplete reporting of other clinical characteris-
tics that have a continuous rather than binary presentation 
(e.g., coronary artery disease severity); and frequent reliance 
on somewhat inaccurate echocardiography findings to define 
PH. However, a recent systematic review and meta-analysis 
generally supports many of these findings.80 However, the 
overall literature support that the identification of PH by echo-
cardiography as a marker for adverse outcomes following kid-
ney transplantation. However, this outcome difference should 

not inherently exclude transplantation but rather be part of 
the assessment both as a potential modifiable and potential 
unmodifiable risk, as ESKD patients with PH do not do well on 
dialysis either. Multidisciplinary assessment with the integra-
tion of pulmonary hypertension expertise can result in better 
classification of the underlying cause of PH in transplant recipi-
ents and may guide management that can improve outcomes. 
Given the limitations of literature and the usual small sample 
sizes, a prospective study carefully assessing the impact of 
KTx and residual AVF function on cardiac hemodynamics and 
pulmonary hemodynamics is needed. In the interim, the rela-
tive risks of graft dysfunction and mortality after transplant 
among patients with PH when compared to unaffected recipi-
ents should be contextualized with the high mortality faced by 
patients with PH and ESKD who remain waitlisted or on dialy-
sis, as successful KTx with savvy PH management likely offers 
superior outcomes through reduction in volume overload, 
reversal of hemodynamic abnormalities, anemia reversal, 
bone metabolism, and uremia clearance. Intriguingly, there 
is some recent animal model evidence suggesting beneficial 

Figure 5.  Current management strategies for kidney transplant recipients with pulmonary hypertension, including recommendations for general care for all 
affected patients and treatments specific to World Health Organization (WHO) diagnosis group. Reproduced from Lentine et al.109 AVF, arteriovenous fistula; CO, 
cardiac output; CPAP, continuous positive airway pressure; ERAs, endothelin receptor antagonists; NO, nitric oxide; OSA, obstructive sleep apnea; PAH, pulmonary 
arterial hypertension; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PDE-5, phosphodiesterase type 5; PH, pulmonary 
hypertension; RHC, right heart catheterization.
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effects of calcineurin inhibitors on PH,81 which warrants further 
investigation in the human clinical setting.

POSTTRANSPLANT MANAGEMENT
Management strategies for kidney transplant recipients with PH 
are summarized in Figure 5, including general recommendations 
and treatments specific to the WHO diagnosis group. It is 
worthy of comment that the efficacy of treatment for PH in 
patients with ESKD prior to or post-KTx are largely unproven; 
ESKD patients are complex and are often excluded from clinical 
trials, including PH trials.

The most important management consideration if that the 
optimal therapeutic approach depends on which group of PH 
(groups 1-5) the patient is diagnosed with. The importance 
of defining the underlying cause of PH before attempting tar-
geted therapy cannot be overemphasized. Group 1 patients are 
unique in that there are focused therapies that may improve 
outcomes in this group. These same therapies could be detri-
mental to other PH groups.

Group 1 Pulmonary Hypertension (Pulmonary Arterial 
Hypertension)
For patients with group 1 PH (PAH), management needs to be 
individualized by taking into account disease severity, medica-
tion administration route tolerance, patient preferences, side 
effect profile, and local clinician experiences and expertise. 
Patients with PAH and kidney dysfunction should be followed 
either by a PH expert or at a PH center to both carefully diag-
nose as well as manage these therapies. Experience with these 
medication classes among the population with kidney disease 
is limited, and careful dosing, slow titration, and close follow-
up are imperative.

Group 2 Through Group 5
Many patients with kidney disease have group 2 PH, and pul-
monary vasodilation against a noncompliant LV may result 
in worsened volume overload and pulmonary edema,82 and 
these patients should not be treated with PAH-focused ther-
apy. Pulmonary vasodilator treatment may also exacerbate 
the ventilation–perfusion mismatch in patients with group 3 
PH.83,84

Oxygen is the cornerstone of therapy for group 3 PH and should 
be administered to any patient with hypoxic PH. Obstructive 
sleep apnea should be evaluated and treated—likely with CPAP. 
The impact of weight loss therapies, including bariatric surgery 
or newer weight loss medications, on PH and other forms of 
cardiovascular disease in obese OSA patients in the context of 
ESKD is not well studied and is speculative at this point.85-87

Anticoagulation is usually indicated for CTEPH (group 4 PH), but 
carries elevated bleeding risks for CKD patients.88 Pulmonary 
endarterectomy and balloon pulmonary angioplasty (BPA) are 
additional options for patients with CTEPH. During a pulmonary 

endarterectomy, large, proximal thromboembolic material may 
be removed, which may improve or resolve PH. Kidney failure, 
however, may increase surgical risks and may be a contraindi-
cation in some CTEPH centers.89

For group 5 multifactorial PH, it is unclear what therapies for 
conditions such as hyperparathyroidism and anemia accom-
plish. While some experimental models support the protective 
effect of eryth​rocyt​e-sti​mulat​ing agents against PH,90 others 
suggest more of an exacerbating effect.91,92 In a small human 
study, intravenous erythropoietin increased PVR for both those 
with and those without PH.92 The approach to functional vas-
cular AVF is evolving (Table 5). Current literature suggests sup-
port for AVF flow restriction or ligation for a patient with PH with 
high CO hemodynamic profile and high AVF flow (>1.5-2.0 L/min 
and AVF flow >30% CO), as this hemodynamic profile is associ-
ated with an increased risk of high output heart failure.48,52,93,94 
Clinically, many consider symptomatology reflective of high 
output failure as an indication for AVF flow reduction or band-
ing, although outcomes data on such interventions are some-
what limited.53,54 The role of AVF flow reduction through image 
guided banding and other newer techniques in hemodialysis 
patients with a documented high output state and response to 
an AVF occlusion study is a topic of active study.

Even with PH literature limitations, we suggest that volume sta-
tus management is of utmost importance for the CKD popula-
tion. LV systolic dysfunction and group 2 PH result from chronic 
pressure and volume overload.95,96 Chronic volume overload 
creates a vicious cycle with OSA, resistant systemic hyperten-
sion, increased central pressure, and increased PAP, all of which 
contribute to PH. Additionally, the rostral overnight fluid shift 
with decumbency is associated with an increased risk of OSA for 
patients with CKD,97 consistent with the known increased prev-
alence of OSA in CKD patients.98-100 This OSA results in nocturnal 
hypoxia, which further stimulates excess sympathetic nervous 
system activity, hyperaldosteronism, systemic hypertension, 
and PH.101-103 Care must be taken to differentiate between high 
blood pressure requiring antihypertensive medications and 
more aggressive volume management.104 Successful KTx usu-
ally results in better volume control, especially with living donor 
kidneys or other rapidly functioning allografts. Functioning 
kidney transplants are more responsive to diuretics and min-
eralocorticoid receptor antagonists, further facilitating volume 
and consequent blood pressure reduction, with diuretics some-
times necessary to control resistant hypertension.105-107

SUMMARY AND CONCLUSIONS
The following strategies are recommended in KTx recipients in 
whom PH is a concern:

•	 If the patient had significant PH prior to kidney transplant 
(PASP >50 mmHg), it would be reasonable to get a follow-
up echo at 3 months post transplant to reassess pulmonary 
pressures.
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•	 There is no standard for surveillance, but if the patient has 
a history of elevated pulmonary pressures prior to kidney 
transplant (PASP >50 mmHg), then a repeat echocardiogram 
every 1-2 years seems reasonable. If the patient reports a 
change in symptoms, such as increased dyspnea on exertion, 
then this should be sooner.

•	 If the estimated PASP remains >50 mmHg and/or there is new 
evidence of right heart strain (abnormal RV size/function), 
consider right heart catheterization for a full hemodynamic 
profile (consider referral to a pulmonary hypertension 
specialist).

•	 If an AVF is present, consider ultrasound of the AVF to assess 
for high flow rates (>1.5 L/min).

•	 If the RHC demonstrates high CO (>7.5 L/min) that decreases 
with AVF occlusion, the patient has an AVF with high flow, and 
the patient has symptoms of CHF such as significant dyspnea 
on exertion, then consider ligation or banding of the AVF.

•	 There is some cardiac imaging data to suggest a benefit to 
AVF occlusion even in some asymptomatic posttransplant 
patients (improvements in LV mass, LV size, LA volume, and 
NT-proBNP), but the main benefit has been demonstrated to 
improve clinical symptoms. Therefore, there is no formal rec-
ommendation for AVF ligation or flow-restricting interven-
tion in asymptomatic individuals.

•	 Guidelines consistently recommend evaluation, monitoring, 
and management of PH by a PH center or expert. For suc-
cessful KTx, multidisciplinary management by the KTx team 
in conjunction with a PH center or expert is essential.
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