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Over half of the 6.5 million Americans with heart failure (HF)

have HF with preserved ejection fraction (HFpEF) and the preva-

lence continues to increase [1] . Pulmonary hypertension (PH) is

a common, highly morbid complication of HFpEF. Levine et al.

present an important new synthesis of clinical features and out-

comes in patients with HFpEF and PH (PH-HFpEF) [2] . The authors

estimate that the prevalence of PH in HFpEF is approximately 35%;

based on the above statistics, over 1 million Americans are affected

by PH-HFpEF, which is the most common cause of PH in the US

and around the world [3] . Despite this high prevalence, little is

known about the mechanisms and pathobiology of HFpEF-PH, and

there are no specific therapies available in clinical practice. 

HFpEF-PH is subclassified into isolated pre-capillary PH (Ipc-

PH) and combined pre- and post-capillary PH (Cpc-PH) in whom

there is hemodynamic evidence of pulmonary vascular remodel-

ing. This discrimination is important because Cpc-PH is associated

with worse outcomes and, theoretically, may be responsive to pul-

monary vasodilator therapy [4,5] . Current definitions are controver-

sial and may underestimate the prevalence of Cpc-PH. This can be

explained by reliance on the diastolic pulmonary gradient (DPG)

in the definition and the sporadic use of provocative maneuvers

in clinical practice. The current consensus definitions recommend

using a DPG > 7 mmHg to discriminate Ipc-PH and Cpc-PH in pa-

tients with PH and an elevated pulmonary capillary wedge pres-

sure. In several cohorts, significantly more patients are classified

as Cpc-PH based on TPG (transpulmonary gradient) or PVR (pul-

monary vascular resistance) alone compared with the proportion

of patients classified by DPG, and thus, classification by DPG rather

than by TPG or PVR may underestimate the prevalence of Cpc-

PH [6–8] . As a result, clinicians may underappreciate the scope of

this sub-phenotype of HFpEF-PH. The DPG does not incorporate a

measure of right ventricular (RV) stroke volume. This may explain

why, unlike TPG and PVR, the DPG is not consistently associated

with mortality and may be less sensitive for the presence of pul-

monary vascular disease [9] . The prevalence of Ipc-PH is also un-

derestimated by the lack of routine use of provocative maneuvers
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t the time of right heart catheterization. Fluid challenge and exer-

ise reclassify up to a quarter of subjects with Ipc-PH who would

ave been classified as pre-capillary PH based on resting measure-

ents alone [10–12] . Using these maneuvers routinely is impor-

ant because the management of pulmonary arterial hypertension

nd HFpEF-PH are markedly different and misclassification may

ut patients at risk. The authors present a nuanced discussion sur-

ounding the controversy of these hemodynamic definitions. The

th World Symposium on Pulmonary Hypertension was held ear-

ier this year and included discussion of the clinical and hemody-

amic classification of these phenotypes. We await publication of

evised consensus definitions, which is expected later this year. 

Cpc-PH and Ipc-PH share similar comorbidity profiles, making

iscrimination based on clinical features alone challenging. As a

esult, clinicians often assume that Cpc-PH is simply a sequela of

ong-standing severe left-heart disease and that the chronic pul-

onary vascular congestion of Ipc-PH is sufficient to cause vas-

ular remodeling seen in Cpc-PH. As aptly summarized by this

eview, recent literature suggests that Cpc-PH and Ipc-PH may

epresent two distinct disease states. For example, patients with

pc-PH are younger on average than patients with Ipc-PH despite

 similar LV filling pressure and remodeling [5] . One inference

rom these observations is that patients with Cpc-PH may harbor

 molecular predisposition to developing pulmonary vascular dis-

ase when exposed to elevated left atrial pressure. Unfortunately,

olecular data in this population are extremely limited. A recent

xploratory genetic analysis suggested that Cpc-PH may share ge-

etic architecture with pulmonary arterial hypertension but the

imited sample size prevents any definitive conclusions [13] . Meoli

t al. showed that Cpc-PH is characterized by elevated PA wedge

T-1 levels compared with Ipc-PH, suggesting that pulmonary mi-

rovascular production of ET-1 contributes to vasoconstriction in

pc-PH [14] . These findings suggest a “two-hit” mechanism for

pc-PH in which exposure to elevated left atrial pressure triggers

asoconstriction and vascular remodeling in genetically predis-

osed individuals. The field badly needs further molecular profil-

ng studies, which may permit identification of individuals at high

isk, reveal underlying mechanisms, and guide treatment. Forth-

oming results from the NHLBI-funded Pulmonary Vascular Dis-

ase Phenomics Program may help address some of these pressing

nowledge gaps. 

Many of the recent findings discussed by Levine et al. were

erived from electronic health record (EHR) cohorts. EHR cohorts
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re an efficient and cost-effective means of studying pulmonary

ypertension epidemiology compared with prospective enrollment

nd data collection. Recent evidence suggests that the prevalence

nd incidence of PH due to left heart disease are increasing; how-

ver, these data were based on ICD codes and other administrative

ata that have poor sensitivity and specificity for PH etiology [15] .

he ability to extract raw data from diagnostic tests (e.g. echocar-

iography and right heart catheterization) is an important advan-

age over using ICD codes because it allows etiology ascertainment

ased on guideline-recommended measurements. EHR cohorts also

ave an advantage over registries (e.g. the Registry to Evaluate

arly and Long-term PAH Disease Management) which tend to en-

oll patients with specific PH etiologies and no healthy or at-risk

ubjects. Inclusion of subjects without PH in EHR cohorts is im-

ortant because it permits investigators to identify risk factors for

isease. Finally, EHR cohorts contain longitudinal data in many

atients which allows investigation of the natural history of pul-

onary hemodynamics [16] . Despite these strengths, EHRs have

mportant limitations that must be considered when interpreting

esults including missing data, referral bias, confounding by indi-

ation, and loss of follow-up, among others. 

Emerging effort s to link EHR dat a with corresponding biospec-

mens will be an important strategy to understanding disease

athophysiology. Ongoing EHR-linked repositories include the Mil-

ion Veterans Program, the eMERGE consortium, and Vanderbilt’s

ioVU program, though focus on HFpEF-PH has been limited. Di-

ect correlation of phenotype to molecular profile including genetic

ariants and protein biomarkers can allow us to better understand

enetic predisposition and predictors of pathology like RV failure,

hich may lend themselves to the development and testing of ad-

itional targeted therapeutics. 

Most trials targeting patients with PH due to left heart disease

ave failed to improve clinical outcomes. As a result, evidence-

ased recommendations for the management of PH-HFpEF is lack-

ng in comparison with HFrEF. While discouraging, these fail-

res highlight the need for molecular profiling of patients with

FpEF-PH to identify both the correct target and appropriate sub-

opulations who might be responsive to a specific therapy. For

nstance, despite data implicating elevated wedge ET-1 in the

evelopment of Cpc-PH, trials of endothelin receptor antagonist

herapies for patients with PH-HFpEF have proven unsuccessful

17,18] . Despite a negative outcome for the cohort as a whole,

t is likely that some subjects had clinical improvement. Future

nd on-going trials in this population should consider responder

nalyses to identify molecular features associated with a favorable

esponse. 

In summary, this review provides an important update on our

volving understanding of the epidemiology and pathogenesis of

FpEF-PH. Variation and disagreement on the diagnostic criteria

or Cpc-PH remains a major challenge to designing clinical tri-

ls. Future effort s to improve outcomes in patients with HFpEF-

H should focus on molecular phenotyping to develop a mecha-

istic understanding of disease risk, progression, and response to
reatment. Linking EHR cohorts to biorepositories may allow in-

estigators to efficiently examine the natural history of HF-PH

nd identify molecular markers associated with disease progres-

ion and risk. 

eferences 

[1] Benjamin EJ , Virani SS , Callaway CW , Chamberlain AM , Chang AR , Cheng S ,

et al. Heart disease and stroke statistics-2018 update: a report from the amer-
ican heart association. Circulation 2018;137(March(12)):e67–492 . 

[2] Levine AR , Simon MA , Gladwin MT . Pulmonary vascular disease in the set-
ting of heart failure with preserved ejection fraction. Trends Cardiovasc Med

2018;18 . 

[3] Lam CSP , Roger VL , Rodehaffer RJ , Borlaug BA , Enders FT , Redfield MM . Pul-
monary hypertension in heart failure with preserved ejection fraction: a com-

munity-based study. J Am Coll Cardiol 2009;53:1119–26 . 
[4] Assad TR , Hemnes AR , Larkin EK , Glazer AM , Xu M , Wells QS , et al. Clinical and

biological insights into combined post- and pre-capillary pulmonary hyperten-
sion. J Am Coll Cardiol 2016;68(December(23)):2525–36 . 

[5] Gerges M , Gerges C , Pistritto A-M , Lang MB , Trip P , Jakowitsch J , et al. Pul-

monary hypertension in heart failure. epidemiology, right ventricular function,
and survival. Am J Respir Crit Care Med 2015;192(November(10)):1234–46 . 

[6] Vanderpool RR , Saul M , Nouraie M , Gladwin MT , Simon MA . Associa-
tion between hemodynamic markers of pulmonary hypertension and out-

comes in heart failure with preserved ejection fraction. JAMA Cardiol
2018;3(March(4)):298–306 . 

[7] Tampakakis E , Leary PJ , Selby VN , De Marco T , Cappola TP , Felker GM , et al. The

diastolic pulmonary gradient does not predict survival in patients with pul-
monary hypertension due to left heart disease. JACC Heart Fail 2015;3(Jan-

uary(1)):9–16 . 
[8] Gerges C , Gerges M , Lang MB , Zhang Y , Jakowitsch J , Probst P , et al. Diastolic

pulmonary vascular pressure gradient: a predictor of prognosis in “out-of-pro-
portion” pulmonary hypertension. Chest 2013;143(March(3)):758–66 . 

[9] Brittain EL , Assad TR , Hemnes AR , Newman JH . The diastolic pressure gradi-

ent does not-and should not-predict outcomes. JACC Heart Fail 2015;3(Octo-
ber(10)):845 . 

10] Robbins IM , Hemnes AR , Pugh ME , Brittain EL , Zhao DX , Piana RN , et al. High
prevalence of occult pulmonary venous hypertension revealed by fluid chal-

lenge in pulmonary hypertension. Circ Heart Fail 2014;7(January(1)):116–22 . 
[11] Borlaug BA . Invasive assessment of pulmonary hypertension: time for a more

fluid approach? Circulation 2014;7(January(1)):2–4 . 

12] D’Alto M , Romeo E , Argiento P , Motoji Y , Correra A , Di Marco GM , et al. Clinical
relevance of fluid challenge in patients evaluated for pulmonary hypertension.

Chest 2017;151(January(1)):119–26 . 
13] Leopold JA . Biological phenotyping of combined post-capillary and pre-capil-

lary pulmonary hypertension: focus on pulmonary vascular remodeling. J Am
Coll Cardiol 2016;68(December(23)):2537–9 . 

14] Meoli DF , Su YR , Brittain EL , Robbins IM , Hemnes AR , Monahan KJ . The
transpulmonary ratio of endothelin 1 is elevated in patients with preserved

left ventricular ejection fraction and combined pre- and post-capillary pul-

monary hypertension. Pulm Circ. SAGE PublicationsSage UK: London, England
2018;8(January(1)):2045893217745019 PMCID: PMC5764145 . 

15] Wijeratne DT , Lajkosz K , Brogly SB , Lougheed MD , Jiang L , Housin A , Barber D ,
Johnson A , Doliszny KM , Archer SL . Increasing incidence and prevalence of

world health organization groups 1–4 hypertension: a population-based co-
hort study in Ontario, Canada. Circ Cardiovasc Qual Outcomes 2018;11(Febru-

ary(2)):e003973 . 

16] Assad TR , Maron BA , Robbins IM , Xu M , Huang S , Harrell FE , et al. Prognos-
tic effect and longitudinal hemodynamic assessment of borderline pulmonary

hypertension. JAMA Cardiol 2017;2(December(12)):1361–8 . 
[17] Vachiery J-L , Delcroix M , Al-Hiti H , Efficace M , Hutyra M , Lack G ,

et al. Melody-1: a pilot study of macitentan in pulmonary hypertension due
to left ventricular dysfunction. J Am Coll Cardiol 2017;69(March(11)):1880 . 

18] Koller B , Steringer-Mascherbauer R , Ebner CH , Weber T , Ammer M , Eichinger J ,

et al. Pilot study of endothelin receptor blockade in heart failure with dias-
tolic dysfunction and pulmonary hypertension (BADDHY-Trial). Heart Lung Circ

2017;26(May(5)):433–41 . 

http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30215-9/sbref0018

