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Exercise-induced pulmonary hypertension (EIPH) has been defined as an increase in mean pulmonary arterial

pressure (mPAP) during exercise in otherwise normal values at rest. EIPH reflects heart and/or lung dysfunction

and may precede the development of manifest pulmonary hypertension (PH) in a proportion of patients. It is also

associated with decreased life expectancy in patients with heart failure with reduced ejection fraction (HFrEF) or

left ventricle (LV) valvular diseases. Diastolic dysfunction exacerbated during exercise relates to increased LV filling

pressure and left atrial pressure (LAP). In this context backward, transmitted pressure alone or accompanied with

backward blood flow promotes EIPH. 

exercise-induced pulmonary hypertension (EIPH)  pathophysiology

right heart catheterization (RHC)

1. Introduction

Exercise-induced pulmonary hypertension (EIPH) has been defined as an exaggerated increase in mean

pulmonary artery pressure (mPAP) >30 mmHg and total pulmonary resistance (TPR) > 3 Wood units during

exercise, while an mPAP <25 mmHg is present at rest . Patients are free of symptoms at rest, and they complain

only of fatigue or dyspnea during exercise.

It is increasingly recognized that EIPH may represent an early, mild stage of pulmonary arterial hypertension, and

preliminary data suggest its association with an overall higher morbidity and mortality . Past evidence has shown

the relationship between exercise-induced elevation of pulmonary artery pressure (PAP) with exercise intolerance

and exertional dyspnea in patients without established diagnosis of pulmonary hypertensions (PH), underlining its

clinical importance . In addition to this, EIPH has been associated with reduced exercise capacity and worse

functional status in patients with heart failure with either reduced ejection fraction (HFrEF) or preserved ejection

fraction (HFpEF)  or other cardiac disorders (cardiac restriction, chronotropic incompetence) . Furthermore, the

early appearance of EIPH in patients with left ventricle (LV) valvular diseases, such as mitral regurgitation (primary

or secondary), and mitral and aortic stenosis, may be of clinical relevance, giving a valuable tool for the effective

risk stratification of asymptomatic patients. EIPH may be undiagnosed in a significant proportion of patients with

exertional dyspnea but normal resting PAP because of the considerable limitations of PAP measurements during

exercise. Right heart catheterization (RHC) during exercise seems to be the most objective approach for

conclusive diagnosis, but it is invasive and sometimes complicated, limiting its clinical applicability. Other non-
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invasive, objective, reproducible and easily performed diagnostic methods of EIPH assessment are required in

clinical practice but they have made the exact definition of EIPH a subject of debate using variable cut-off values

(e.g., pulmonary artery systolic pressure (PASP)).

The term “exercise induced pulmonary hypertension” was suspended at the 4th World Symposium of Pulmonary

Hypertension in Dana Point, in 2008, largely due to failures at reaching a consensus. Since then, a plethora of

studies have been published about EIPH, its pathophysiology and methods of assessment. A body of data

increasingly supports EIPH as an important and promising entity for the research and clinical community. Despite

this, its unambiguous association with exertional dyspnea and its clinical usage in the prevention, early diagnosis

and management of cardiopulmonary pathologies remains controversial.

2. Pathophysiology of EIPH

Significant progress has been made in understanding the pathophysiology of the hemodynamic abnormalities of

cardiopulmonary circulation during exercise. Although EIPH pathogenesis is still not completely understood, it can

be attributed to alterations in pulmonary artery flow affected by cardiac output (CO), pulmonary vascular resistance

(PVR) and left atrial pressures (LAP) during exercise, as indicated by the Poiseuille–Hagen equation: mPAP = PVR

× CO + LAP . EIPH appears to be most similar to the WHO group 2 PH , and the following 3 pathophysiological

mechanisms have been proposed:

(A) Increased pulmonary flow: Unambiguously, cardiac output (CO) and, consequently, pulmonary blood flow

significantly increase during exercise in response to the increased oxygen uptake. In parallel, there is a significant

pulmonary vascular dilatation as a compensatory mechanism. The magnitude of the inevitable elevation of PAP

and, to a lesser extent of wedged PAP (wPAP), is a product of increased blood flow balanced by pulmonary

vascular resistance (PVR). In healthy individuals, PVR as a result of pulmonary vascular distensibility is widely

adapted to high pulmonary blood flow in order to maintain PAP within a normal range . Previous invasive

assessments have shown that wPAP and left ventricular filling pressure (named end-diastolic LV pressure) can rise

>30 mmHg during exercise in athletes and exercising elderly . A disproportional increase in CO over moderately

declined PVR results in high wedged PAP (wPAP) and LAP during exercise. A possible explanation for this derives

from the Frank–Starling mechanism matching of the LV flow output to the peripheral demand . Moreover, the elite

athletes can generate extraordinarily high cardiac flows and exceed mPAP of 30 mmHg at very high levels of

exercise. It has been hypothesized that the additional effect of pericardial constrain, in particular, the increasing LV

diastolic volume, competes for space with the right ventricle within the relatively non-distensible pericardium. In that

case, the LV diastolic compliance is possibly impaired resulting in a remarkable elevation of LAP .

Another factor determining pulmonary blood flow and PAP elevation during exercise is the type of exercise. During

aerobic exercise, pulmonary blood flow has shown a linear progressive increase and thus a linear adjustment in

the mPAP–O correlation may occur, whereas resistance exercise is associated with exaggerated pulmonary

vasoconstriction and higher PVR . The fact that mPAP is a flow-dependent variable, which can reach

“pathologic” values in subjects without cardiopulmonary diseases, remarkably confuses the definition of EIPH.
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(B) Increased LAP: Evidence supports the relationship between EIPH and increased LAP as a result of left cardiac

disorders, such as advanced diastolic dysfunction or severe mitral valvular diseases . Notably, high LAP may

induce an early rise in pulmonary artery systolic pressure (PASP) at early stage of the exercise test . A retrograde

transmission of high LAP to the pulmonary arteries explains most of the rise in mPAP . Hence, EIPH appears to

be associated with increased LV filling pressure upon exertion, in the context of significant diastolic dysfunction

(grade II or III) . In addition, increased LAP due to LV failure, aortic stenosis or mitral stenosis (MS) may

result in elevated mPAP on exertion . Beyond the transmission of augmented LV filling and LAP, the elevation of

wPAP may also indicate exercise-induced volume overload due to mitral regurgitation (MR) . Backward blood

flow from the LA to pulmonary circulation leads to pulmonary congestion and further PAP increase during exercise,

underlying the contribution of dynamic MR on the development of EIPH .

(C) Increased pulmonary vascular resistance (PVR): Another determinant of mPAP is PVR. Normally, an increase

in CO and LAP, during exercise, distends the pulmonary circulation, leading to decreased vascular resistance .

When both disorders are present (increased LAP and PVR), this implicates a mixed cardiopulmonary disorder

often observed in patients with chronic LV diseases (HFrEF, mitral disease, etc.). A prolong exposure of pulmonary

circulation to repeated elevations in PAP in those patients may lead to initially functional/reversible and afterwards

structural restriction of pulmonary vascular distensibility and thereby to progressive impairment of pulmonary

vascular adaptation to exercise-induced pulmonary flow. This will end up in time causing permanent changes in the

pulmonary vasculature and the development of PH at rest. The loss of pulmonary vascular distensibility alone

results in poor exercise adaptation and reflects lung pathology (e.g., chronic obstructive pulmonary disease

(COPD), interstitial lung disease) . Therefore, EIPH without concomitant abnormal elevation in LAP more

likely reflects early pulmonary vascular disease, rather than pathology of the left heart (e.g., heart failure, valvular

diseases, etc.) (Figure 1).
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Figure 1. Pathophysiology of EIPH. LAP: left atrial pressure, LV: left ventricular, PVR: pulmonary vascular

resistance.

Overall, EIPH includes precapillary PH with abnormal pulmonary circulation and post-capillary PH with early rise in

wPAP . The occurrence of EIPH is present in a wide spectrum of left heart diseases, LV diastolic dysfunction,

pulmonary vascular diseases, COPD, auto-immune diseases (e.g., scleroderma) and often a combination of those

entities . Furthermore, EIPH could be a potential marker for the risk of PH establishment in patients with

connective tissue disorders . Additional experimental and clinical studies are important for a better

understanding of EIPH’s underlying pathology and interplay with nosology.
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