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Abstract  
Background: Chronic Thromboembolic Pulmonary Hypertension (CTEPH) is a rare but life-threatening condition classified 

as Group 4 pulmonary hypertension. It arises from persistent obstruction of the pulmonary arteries by organized 

thromboembolic material, leading to increased pulmonary vascular resistance, progressive pulmonary hypertension, and right 

heart failure. CTEPH is a potential sequela of acute pulmonary embolism, though a significant number of patients have no prior 

embolic history. 

Aim: This article synthesizes the essential knowledge for the diagnosis and management of CTEPH, emphasizing the critical 

need for a systematic, interprofessional approach to improve patient outcomes. It aims to outline the pathophysiological 

mechanisms, diagnostic pathway, and comprehensive treatment strategies. 

Methods: A stepwise diagnostic evaluation is recommended for at-risk patients, beginning with transthoracic echocardiography 

and utilizing ventilation-perfusion (V/Q) scanning as a highly sensitive screening tool. Confirmation requires right heart 

catheterization for hemodynamic assessment and imaging via computed tomography pulmonary angiography (CTPA) or 

pulmonary angiography to define the extent and accessibility of thromboembolic obstructions. 

Results: Pulmonary endarterectomy (PEA) is the cornerstone curative treatment for operable patients, significantly improving 

survival and hemodynamics. For inoperable cases or those with residual hypertension, balloon pulmonary angioplasty (BPA) 

and targeted medical therapy (notably the soluble guanylate cyclase stimulator riociguat) are effective alternatives. Lifelong 

anticoagulation is mandatory for all patients to prevent disease recurrence and progression. 

Conclusion: CTEPH is a complex disorder whose management hinges on early diagnosis within a specialized multidisciplinary 

team to determine the optimal treatment pathway among surgical, interventional, and medical options. 

Keywords: Chronic Thromboembolic Pulmonary Hypertension (CTEPH), Pulmonary Endarterectomy (PEA), Balloon 

Pulmonary Angioplasty (BPA), Riociguat, Anticoagulation, Multidisciplinary Team. 
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Introduction 

Chronic Thromboembolic Pulmonary 

Hypertension Overview 

Chronic thromboembolic pulmonary 

hypertension (CTEPH) represents a severe and 

potentially fatal cardiovascular condition 

characterized by persistent obstruction of the 

pulmonary arteries due to organized thromboembolic 

material. This disorder is associated with significant 

morbidity and mortality, yet advancements in both 

pharmacologic interventions and surgical procedures 

have substantially improved patient prognosis and 

survival rates [1][2][3]. CTEPH is classified as a form 

of precapillary pulmonary hypertension and is 

specifically recognized under group 4 in the World 

Health Organization’s classification of pulmonary 

hypertension [4]. The condition frequently develops as 

a sequela of acute pulmonary embolism, particularly 

in individuals with predisposing risk factors such as 

prothrombotic states, recurrent thromboembolic 

events, genetic susceptibility, and concomitant 

comorbidities. Over time, unresolved thromboembolic 

obstructions can transform into chronic lesions, 

contributing to elevated pulmonary arterial pressures 
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and progressive right ventricular dysfunction. Left 

untreated, this pathological progression can culminate 

in overt right heart failure, severely limiting functional 

capacity and leading to premature mortality [5][6]. 

Consequently, clinicians must maintain a low 

threshold for screening and longitudinal monitoring in 

populations at heightened risk, ensuring timely 

diagnosis and intervention. 

Pulmonary Circulation 
A comprehensive understanding of the 

pulmonary circulatory anatomy and physiology is 

essential to elucidate the pathophysiological 

mechanisms underlying CTEPH. The pulmonary 

circulation functions as a specialized low-pressure 

vascular network, facilitating the transport of 

deoxygenated blood from the right side of the heart to 

the pulmonary parenchyma and returning oxygenated 

blood to the left atrium. Blood is pumped from the 

right ventricle into the main pulmonary arteries, which 

progressively branch into smaller arterioles and 

capillaries that permeate the alveolar tissue. Within the 

pulmonary capillary bed, gas exchange occurs as 

carbon dioxide diffuses from the blood into the alveoli 

for exhalation, while oxygen from inhaled air diffuses 

into the blood to replenish systemic oxygen delivery 

[1][2][3]. The pulmonary vascular system is highly 

compliant and optimized for efficient gas exchange, 

accommodating variations in blood flow while 

maintaining low resistance. This compliance allows 

the right ventricle to generate adequate cardiac output 

without substantial increases in ventricular workload 

under normal conditions. Furthermore, pulmonary 

vessels demonstrate dynamic responsiveness to local 

oxygen tension, enabling redistribution of blood flow 

to regions with optimal ventilation and maintaining 

ventilation-perfusion matching critical for systemic 

oxygenation. Disruption of this finely tuned system, as 

occurs in CTEPH due to persistent thromboembolic 

obstruction, results in increased pulmonary vascular 

resistance, impaired right ventricular function, and 

compromised gas exchange, forming the 

pathophysiological basis for the clinical 

manifestations and progression of the disease. By 

integrating knowledge of thromboembolic 

pathophysiology with the anatomy and dynamics of 

pulmonary circulation, clinicians can better anticipate 

hemodynamic consequences, optimize diagnostic 

evaluation, and implement timely therapeutic 

strategies to mitigate the progression of CTEPH 

[3][4]. 

Etiology 
Chronic thromboembolic pulmonary 

hypertension (CTEPH) arises from a complex 

interplay of thromboembolic, hemodynamic, and 

vascular remodeling processes. Its pathogenesis bears 

resemblance to that of deep vein thrombosis and acute 

pulmonary embolism, wherein organized thrombotic 

material embolizes into the pulmonary vasculature, 

obstructing blood flow and triggering maladaptive 

vascular remodeling that culminates in sustained 

pulmonary arterial hypertension. This chronic 

obstruction increases pulmonary vascular resistance, 

leading to progressive right ventricular strain and 

eventual right heart dysfunction. The precise 

molecular and hemostatic mechanisms underlying the 

persistence of thrombi in CTEPH remain incompletely 

elucidated; however, several risk factors and 

predisposing conditions have been identified, 

emphasizing a multifactorial etiology [7]. 

Hypercoagulability has emerged as a central factor in 

the development of CTEPH. Elevated levels of 

phospholipid antibodies, lupus anticoagulant, and 

prothrombotic factor VIII have been frequently 

observed in affected patients. In particular, increased 

factor VIII levels are present in approximately 41% of 

CTEPH cases, highlighting the importance of 

coagulation dysregulation in the disease’s 

pathogenesis [8]. These findings suggest that an 

underlying prothrombotic state contributes to the 

failure of thrombus resolution and the persistence of 

vascular obstruction, establishing a substrate for 

chronic pulmonary hypertension. 

Clinical and epidemiological studies have 

further delineated risk factors associated with CTEPH 

development. A prior history of pulmonary embolism 

markedly increases the likelihood of subsequent 

CTEPH, with an odds ratio reported as high as 19.0. 

Younger age appears to confer elevated risk, 

increasing approximately 1.79 times per decade, while 

larger perfusion defects identified on lung imaging 

also correlate with heightened susceptibility, with 

odds ratios increasing 2.22 times per decile decrement 

in perfusion [9]. Acute pulmonary embolism precedes 

nearly 90% of CTEPH cases, and recurrent 

thromboembolic events are observed in nearly half of 

all patients [10]. Despite the high prevalence of acute 

pulmonary embolism, most thrombi resolve 

spontaneously, restoring pulmonary circulation. The 

factors contributing to incomplete thrombus resolution 

remain uncertain, though hypotheses include the 

presence of large, fibrin-rich emboli with red blood 

cells resistant to lysis, or intrinsic deficiencies in 

endogenous fibrinolytic activity. Additional risk 

factors implicated in the pathogenesis of CTEPH 

encompass a broad spectrum of conditions, including 

thrombophilias, immunologic disorders, 

ventriculoatrial shunts, pacemaker leads, peripherally 

inserted central catheters, malignancy, chronic 

inflammatory diseases such as inflammatory bowel 

disease or osteomyelitis, splenectomy, and endocrine 

disorders such as diabetes and hypothyroidism 

[11][12]. Hemodynamic perturbations, such as right 

ventricular dysfunction or the presence of large arterial 

thrombi, may further exacerbate disease progression. 

Determining whether patients develop CTEPH de 

novo following pulmonary embolism or harbor pre-

existing pulmonary hypertension that mimics acute 

embolic presentations presents a diagnostic challenge, 

complicating both epidemiologic assessment and early 

intervention strategies [13]. Overall, the etiology of 
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CTEPH reflects a multifactorial process involving 

thromboembolic events, underlying hypercoagulable 

states, immune-mediated mechanisms, and vascular 

remodeling. Understanding these contributing factors 

is essential for identifying at-risk populations, guiding 

early diagnostic evaluation, and implementing timely 

therapeutic interventions aimed at mitigating 

progression and improving long-term outcomes. 

Epidemiology 
Chronic thromboembolic pulmonary 

hypertension (CTEPH) remains a relatively rare 

condition, and its epidemiology has not been 

extensively characterized, partly due to 

underdiagnosis and misclassification [14]. Current 

estimates suggest that the incidence of CTEPH ranges 

between 2% and 6% among individuals who 

experience a pulmonary embolism, with prevalence 

figures reported at approximately 26 to 38 cases per 

million in the general population [15]. The risk of 

developing CTEPH after an acute pulmonary 

embolism is temporally dependent, with an estimated 

1% incidence at six months and rising to 3% at one 

year post-event [9]. Beyond two years following an 

embolic episode, the development of CTEPH is 

considered exceedingly uncommon, indicating a 

relatively narrow window for disease emergence [16]. 

In the United States, post-pulmonary embolism 

incidence estimates vary widely, ranging from 0.1% to 

9.1%, reflecting heterogeneity in study design, patient 

populations, and diagnostic approaches [17]. Meta-

analytic data suggest that fewer than 1% of all patients 

with a prior pulmonary embolism are subsequently 

diagnosed with CTEPH at the population level. This 

low figure underscores the challenge of accurate 

epidemiologic assessment, as the condition is often 

overlooked or misattributed to other cardiopulmonary 

disorders. Contributing factors include limited 

awareness among clinicians and the so-called 

“honeymoon period,” which describes the 

asymptomatic interval between the initial 

thromboembolic event and the gradual onset of 

clinical manifestations of CTEPH [18]. This latency 

complicates early recognition and contributes to 

underestimation of disease prevalence. 

In recent years, the European Society of 

Cardiology and the European Respiratory Society 

have introduced the concept of “chronic 

thromboembolic pulmonary disease” (CTEPD), a 

classification that encompasses patients with 

persistent pulmonary vascular obstructions and 

perfusion defects regardless of resting pulmonary 

hypertension [19]. CTEPD highlights the spectrum of 

thromboembolic pulmonary disease, identifying 

individuals who may present with comparable 

symptomatology and functional limitations yet do not 

fulfill hemodynamic criteria for CTEPH at rest. 

Epidemiologic data indicate that approximately 20% 

of patients evaluated for suspected CTEPH meet 

criteria for CTEPD. Notably, these patients tend to be 

younger and exhibit better functional status, as 

evidenced by longer distances achieved in the six-

minute walk test, suggesting that early identification 

and intervention could potentially improve long-term 

outcomes and prevent progression to overt pulmonary 

hypertension. Overall, epidemiologic evidence 

demonstrates that while CTEPH is uncommon, it is 

frequently underrecognized, and the broader spectrum 

of chronic thromboembolic disease warrants increased 

clinical vigilance to ensure timely diagnosis and 

management. 

Pathophysiology 
The underlying pathophysiological 

mechanisms of chronic thromboembolic pulmonary 

hypertension (CTEPH) remain incompletely defined, 

reflecting the complex interplay between 

thromboembolic events and pulmonary vascular 

remodeling [20]. The prevailing model posits that 

CTEPH typically develops following one or more 

episodes of pulmonary embolism, most often 

originating from deep vein thrombosis. In these cases, 

thrombotic material fails to undergo complete lysis, 

leading to persistent vascular obstruction, which 

subsequently promotes progressive pulmonary arterial 

hypertension. The organized thrombi induce structural 

remodeling of the pulmonary arteries, including 

intimal fibrosis and medial hypertrophy, which 

increase pulmonary vascular resistance and impose a 

chronic afterload on the right ventricle. Over time, this 

hemodynamic burden can precipitate right ventricular 

dilation, hypertrophy, and eventual right heart failure 

if untreated. An alternative, increasingly recognized 

mechanism involves the formation of in situ 

thrombosis within the pulmonary vasculature, 

independent of prior embolic events. This process may 

be driven by primary arteriopathy, endothelial 

dysfunction, and abnormal local coagulation, 

resembling the vascular pathology observed in 

pulmonary arterial hypertension (PAH) [21]. This 

model provides a plausible explanation for the 

significant proportion of CTEPH cases—reported as 

high as 63%—in which patients do not have a 

documented history of acute pulmonary embolism. In 

such instances, local vascular factors, including 

impaired fibrinolysis, endothelial injury, and 

prothrombotic states, may predispose to persistent 

obstruction and vascular remodeling. Overall, the 

pathophysiology of CTEPH represents a convergence 

of embolic persistence, abnormal thrombus 

organization, and intrinsic pulmonary vascular 

pathology. The resulting vascular obstruction and 

remodeling elevate pulmonary pressures and 

compromise right ventricular function, establishing 

the hemodynamic and clinical sequelae characteristic 

of this serious condition. Understanding these 

mechanisms is essential for targeted therapeutic 

strategies, including surgical and medical 

interventions, aimed at restoring pulmonary perfusion 

and mitigating right heart strain. 
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Histopathology 
Histopathological examination of lung tissue 

from patients diagnosed with chronic thromboembolic 

pulmonary hypertension (CTEPH) who have 

undergone pulmonary thromboendarterectomy reveals 

distinctive vascular alterations that contribute to the 

disease’s pathophysiology [22]. The most consistent 

finding is the presence of small vessel arteriopathy, 

characterized by structural changes in the distal 

pulmonary arteries and arterioles. These changes 

include intimal thickening, proliferation of smooth 

muscle cells, and fibrosis, which collectively narrow 

the vascular lumen and increase pulmonary vascular 

resistance. The progressive luminal narrowing 

contributes to elevated pulmonary arterial pressures, 

further burdening right ventricular function. 

Microvascular thrombosis is another critical 

histopathological feature observed in CTEPH. This 

involves the presence of organized thrombotic 

material within small pulmonary vessels that fails to 

undergo complete lysis, perpetuating chronic 

obstruction. These microthrombi often contain fibrin-

rich elements and entrapped red blood cells, rendering 

them resistant to natural fibrinolytic processes. This 

persistent vascular obstruction promotes localized 

ischemia and contributes to ongoing endothelial 

dysfunction, which exacerbates vascular remodeling 

and the pathogenesis of pulmonary hypertension. 

Intimal proliferation, frequently observed in these 

histological specimens, is a hallmark of the 

remodeling process. Endothelial cells and 

subendothelial fibroblasts undergo hyperplasia, 

leading to thickened vessel walls and reduced cross-

sectional area of the pulmonary arteries. The 

combination of organized thrombotic material, 

microvascular changes, and intimal proliferation 

results in a heterogeneous pattern of obstruction, 

affecting both proximal and distal pulmonary vessels. 

These histopathological insights not only corroborate 

the hemodynamic abnormalities seen in CTEPH but 

also inform surgical and medical strategies aimed at 

restoring pulmonary perfusion and mitigating right 

ventricular strain. 

 

History and Physical 
Chronic thromboembolic pulmonary 

hypertension (CTEPH) frequently presents with 

nonspecific symptoms that evolve insidiously, 

complicating early diagnosis. Patients often report 

exertional dyspnea as the initial manifestation, which 

progressively limits physical activity and exercise 

tolerance. Over time, this symptom may escalate to 

breathlessness at rest, reflecting the increasing 

pulmonary vascular resistance and impaired right 

ventricular function [23]. Fatigue, generalized 

weakness, and exercise intolerance are common 

complaints, while chest discomfort or atypical chest 

pain may occur, reflecting strain on the right ventricle 

or episodic pulmonary ischemia. Dizziness, syncope, 

or presyncope can also be present, particularly during 

exertion, indicating advanced right heart compromise. 

Less frequent symptoms include cough, episodic 

hemoptysis, and palpitations, which may mimic other 

cardiopulmonary conditions, thereby delaying clinical 

recognition [23]. 

 
Fig. 1: Pathophysiology of chronic thromboembolic 

pulmonary hypertension. 

During the early stages of CTEPH, physical 

examination may be largely unremarkable, as many 

characteristic findings develop only after prolonged 

pulmonary vascular obstruction and right ventricular 

overload. In later stages, signs of right heart 

dysfunction become prominent. Peripheral edema, 

hepatomegaly, ascites, and jugular venous distension 

are indicative of systemic venous congestion 

secondary to right ventricular failure. Fatigue and 

dyspnea during activities of daily living signal the 

progression of pulmonary hypertension and declining 

cardiac output [23]. 

Cardiac auscultation may reveal an 

accentuated second heart sound (P2), reflecting 

increased pulmonary artery pressures. An S4 gallop 

may be present due to right ventricular hypertrophy, 

and systolic ejection clicks over the pulmonary artery 

can occasionally be detected. More specific to CTEPH 

are pulmonary flow murmurs, which present as subtle, 

high-pitched, blowing bruits over the lung fields, often 

accentuated on inspiration and heard best with breath-

holding. These murmurs arise from turbulent blood 

flow through partially obstructed medium-to-large 

pulmonary arteries [24]. As pulmonary hypertension 

advances, tricuspid regurgitation murmurs may 

develop, correlating with right ventricular dilation and 

valvular incompetence. Peripheral edema, ascites, and 

hepatomegaly progress in severity. Hypoxemia is 

common due to ventilation-perfusion mismatch, with 

arterial oxygen levels inversely proportional to 

pulmonary vascular resistance and the extent of 

vascular obstruction. The degree of hypoxia also 

reflects the mean pulmonary artery pressure and 
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overall hemodynamic burden [25]. Collectively, these 

historical and physical findings underscore the 

importance of vigilant evaluation in patients with 

unexplained exertional symptoms, particularly in 

individuals with a prior history of pulmonary 

embolism or known thromboembolic risk factors, to 

facilitate timely recognition and intervention in 

CTEPH. 

Evaluation 
The evaluation of chronic thromboembolic 

pulmonary hypertension (CTEPH) requires a 

methodical and stepwise approach, particularly 

because early clinical manifestations are frequently 

nonspecific and overlap with other cardiopulmonary 

conditions. Diagnostic assessment is generally 

recommended for patients presenting with persistent 

or new-onset dyspnea, exercise intolerance, or other 

suggestive symptoms, particularly after a minimum of 

three months of anticoagulation following an acute 

pulmonary embolism [26]. This timeframe ensures 

that residual thromboembolic material is chronic and 

excludes transient hemodynamic alterations 

associated with acute embolic events. Early 

recognition is challenging, as initial physical and 

radiographic findings may not reveal the full spectrum 

of pathophysiologic changes, necessitating a 

combination of imaging modalities and hemodynamic 

assessments. The initial evaluation typically begins 

with a chest radiograph, which can be unremarkable in 

early CTEPH. In contrast, advanced disease often 

demonstrates indirect signs of pulmonary 

hypertension, including right heart chamber 

enlargement, prominent pulmonary arteries, and 

segmental oligemia. Secondary changes such as 

pleuroparenchymal scarring or atelectasis may also be 

observed in areas of prior thromboembolic obstruction 

[27]. However, chest radiography lacks sensitivity for 

detecting smaller or subsegmental chronic thrombi, 

necessitating adjunctive imaging modalities for 

definitive assessment. 

 
Fig. 2: Diagnosis of Chronic thromboembolic 

pulmonary hypertension. 

Computed tomography (CT) of the chest is 

frequently employed to identify obstructive thrombus, 

evaluate pulmonary vasculature, and detect 

anatomical anomalies consistent with CTEPH. 

Suspicion for the disease is heightened in patients with 

a history of venous thromboembolism or characteristic 

auscultatory findings such as pulmonary flow bruits. 

However, while CT can identify central or segmental 

thromboembolic obstruction, it may not reliably detect 

microvascular disease or distal vessel involvement, 

emphasizing the need for additional confirmatory 

studies. Ventilation/perfusion (V/Q) scanning remains 

a highly sensitive and specific first-line screening tool 

for CTEPH, with reported sensitivity and specificity 

rates ranging from 90% to 100% and 94% to 100%, 

respectively [29][30]. A normal V/Q scan effectively 

excludes chronic thromboembolic disease, although 

central obstructions may be underestimated, and 

alternative causes of V/Q mismatch should be 

considered. Transthoracic echocardiography is 

instrumental in estimating pulmonary artery pressures 

and evaluating right ventricular function. Although it 

is a key noninvasive tool, echocardiography is 

nonspecific for CTEPH and cannot distinguish chronic 

from acute pulmonary embolism [28]. Pulmonary 

function tests may provide supportive evidence by 

revealing restrictive or obstructive patterns, though 

their primary role lies in baseline assessment rather 

than definitive diagnosis. 

Definitive diagnostic criteria for CTEPH 

include a mean pulmonary artery pressure exceeding 

20 mmHg, a pulmonary arterial wedge pressure below 

15 mmHg, pulmonary vascular resistance greater than 

3 Wood units (>240 dynes·s·cm⁻⁵), and objective 

evidence of chronic thromboembolic material on CT 

or V/Q imaging. Right heart catheterization remains 

the gold standard for diagnosis, allowing direct 

hemodynamic measurement and confirmation of 

pulmonary hypertension. Conventional pulmonary 

angiography performed concurrently provides 

anatomical delineation critical for determining 

surgical candidacy [31]. Negative CT findings do not 

exclude CTEPH, highlighting the necessity of invasive 

evaluation in suspicious cases. Advanced imaging 

techniques have increasingly complemented 

traditional modalities. Dual-energy CT allows 

improved visualization of perfusion defects and 

assessment of thrombus composition, whereas 

dynamic contrast-enhanced magnetic resonance 

imaging (DCE-MRI) facilitates the evaluation of both 

central and distal pulmonary vasculature. Optical 

coherence tomography and digital subtraction 

pulmonary angiography further enhance the precision 

of vessel imaging and thrombus characterization. The 

combination of these modalities enables 

comprehensive assessment, informs therapeutic 

decision-making, aids in surgical planning, and allows 

monitoring of post-intervention outcomes. Integration 

of multiple diagnostic tools is essential not only to 
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confirm the presence of CTEPH but also to optimize 

individualized patient management, stratify surgical 

risk, and identify candidates for pulmonary 

thromboendarterectomy or alternative interventions. 

Overall, the evaluation of CTEPH requires a 

multidimensional strategy, leveraging clinical 

assessment, noninvasive imaging, functional studies, 

and invasive hemodynamic measurements. Early and 

accurate diagnosis is critical to prevent progression of 

pulmonary hypertension, minimize right ventricular 

compromise, and improve patient prognosis. 

Employing a structured diagnostic pathway ensures 

timely identification, appropriate intervention, and 

optimal outcomes for patients at risk of this complex 

and potentially life-threatening condition. 

Treatment / Management 
Chronic thromboembolic pulmonary 

hypertension (CTEPH) represents a complex 

cardiovascular disorder that requires management 

within specialized centers equipped with the 

appropriate expertise, multidisciplinary teams, and 

advanced diagnostic and therapeutic tools. Initial 

management universally involves anticoagulation 

therapy, administered for a minimum duration of three 

months for all patients with suspected CTEPH. This 

initial period serves a dual purpose: it may induce 

regression of thromboembolic material, facilitating 

partial or complete resolution of pulmonary 

hypertension, and simultaneously functions 

diagnostically by differentiating CTEPH from 

subacute pulmonary embolism, which typically 

involves smaller pulmonary vessels and often resolves 

spontaneously. Persistent symptoms despite 

anticoagulation confirm the chronicity of the 

thromboembolic obstruction, thereby directing 

clinicians toward definitive intervention [32]. Surgical 

management, particularly pulmonary endarterectomy 

(PEA), remains the cornerstone of treatment in 

appropriately selected patients. PEA is a technically 

demanding procedure, necessitating significant 

surgical expertise and careful patient selection. Ideal 

candidates include individuals with proximal 

thromboembolic lesions, significant hemodynamic 

compromise, minimal comorbid conditions, and 

sufficient physiological reserve to tolerate 

cardiopulmonary bypass and deep hypothermic 

circulatory arrest [33]. To standardize the assessment 

of operative feasibility, the University of California–

San Diego developed a classification system that 

stratifies the anatomical complexity of CTEPH 

lesions. This system ranges from Level 0, indicating 

no surgically identifiable disease, to Level 4, which 

denotes subsegmental pulmonary artery obstruction. 

The classification serves as a guide for determining the 

complexity of surgical intervention and anticipated 

postoperative outcomes [34]. 

PEA directly removes organized 

thromboembolic material from the pulmonary arteries, 

restoring patency and significantly improving 

hemodynamic parameters, including mean pulmonary 

artery pressure (PAP), pulmonary vascular resistance, 

and cardiac output. The procedure can also reverse 

right ventricular remodeling by alleviating pressure 

overload, resulting in improved right ventricular 

function. Despite the efficacy of PEA, residual 

CTEPH persists in 5% to 35% of cases, highlighting 

the importance of careful postoperative follow-up and 

ongoing anticoagulation to prevent recurrent 

thromboembolism. Vitamin K antagonists have 

demonstrated superior efficacy in reducing the 

recurrence of thromboembolic events compared to 

direct-acting oral anticoagulants, underscoring their 

role in long-term management [35][36][37][38]. 

Postoperative outcomes frequently include 

normalization of gas exchange, enhanced exercise 

capacity, and substantial improvements in quality of 

life, further emphasizing the transformative impact of 

surgical intervention [33]. For patients deemed 

inoperable due to distal thromboembolic burden, 

comorbidities, or other contraindications to PEA, 

balloon pulmonary angioplasty (BPA) has emerged as 

a viable therapeutic alternative. BPA involves 

percutaneous dilation of obstructed pulmonary arteries 

and has demonstrated significant improvements in 

hemodynamics, exercise tolerance, and functional 

capacity. Recent meta-analyses suggest that BPA may 

surpass medical therapy with riociguat in ameliorating 

exercise intolerance and pulmonary vascular 

resistance [39][40][41]. However, BPA is not without 

risk. Complications include procedural issues such as 

wire perforation, vessel dissection, or rupture, as well 

as reperfusion pulmonary edema, pulmonary 

parenchymal bleeding, and hemothorax. The 

procedural risks necessitate careful patient selection, 

operator expertise, and postprocedural monitoring. 

Targeted pulmonary vasodilators may be reserved for 

individuals exhibiting severe pulmonary hypertension 

or right ventricular failure to optimize hemodynamics 

prior to or following BPA. 

Medical management serves as an adjunct or 

primary therapy in patients ineligible for surgical 

intervention. Standard medical therapy encompasses 

anticoagulation, diuretics, supplemental oxygen when 

indicated, and targeted pulmonary hypertension 

therapies. Lifelong anticoagulation is mandated for 

confirmed CTEPH patients to prevent recurrent 

thromboembolism and in situ thrombosis. Direct oral 

anticoagulants—including dabigatran, rivaroxaban, 

apixaban, and edoxaban—represent the first-line 

therapy, with vitamin K antagonists and low-

molecular-weight heparins reserved for second- and 

third-line therapy, respectively. Placement of an 

inferior vena cava filter may be considered in patients 

with elevated bleeding risk, with initiation of 

anticoagulation deferred until hemostatic stability is 

achieved [42]. 

Pharmacologic agents traditionally used in pulmonary 

arterial hypertension (PAH) have demonstrated 

efficacy in CTEPH. Endothelin receptor antagonists, 

phosphodiesterase type-5 inhibitors, and prostanoids 
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such as treprostinil and macitentan have shown 

hemodynamic and functional benefits in both operable 

and inoperable patients. Among these, riociguat, a 

soluble guanylate cyclase stimulator, has emerged as 

the treatment of choice for patients who are either 

ineligible for surgery or who continue to exhibit 

residual pulmonary hypertension following PEA. 

Clinical trials have consistently demonstrated that 

riociguat reduces pulmonary vascular resistance, 

improves exercise capacity, and enhances quality-of-

life metrics, solidifying its position as the preferred 

targeted medical therapy in CTEPH management [43]. 

Bilateral lung transplantation is considered the 

ultimate therapeutic option for patients with severe, 

refractory disease who have either failed surgical or 

medical therapy or possess contraindications to both. 

While transplantation carries inherent perioperative 

risks, it offers a potential definitive resolution of 

pulmonary hypertension and right heart dysfunction in 

carefully selected individuals. 

In conclusion, optimal management of 

CTEPH necessitates a multidisciplinary approach that 

integrates anticoagulation, surgical intervention, 

percutaneous therapies, and targeted medical 

treatment. Pulmonary endarterectomy remains the 

standard of care for operable patients, providing 

substantial hemodynamic improvement, reversal of 

right ventricular remodeling, and enhanced functional 

capacity. For inoperable cases, BPA offers a 

minimally invasive option with proven efficacy in 

improving exercise tolerance and pulmonary 

hemodynamics, although procedural risks must be 

carefully managed. Lifelong anticoagulation remains 

a fundamental component of therapy across all patient 

subgroups to prevent recurrence and further 

thromboembolic events. Targeted PAH therapies, 

particularly riociguat, provide significant 

hemodynamic and functional benefits for patients with 

persistent disease, while lung transplantation serves as 

a salvage therapy in refractory cases. The integration 

of these therapeutic modalities within a specialized, 

multidisciplinary framework ensures individualized 

patient care, maximizes treatment efficacy, and 

optimizes long-term outcomes in this complex and 

potentially life-threatening condition. 

Differential Diagnosis 
Chronic thromboembolic pulmonary 

hypertension (CTEPH) requires careful differentiation 

from other disorders that affect the pulmonary 

vasculature and may present with thrombotic or 

fibrotic changes. Accurate distinction is critical 

because CTEPH is potentially curable, unlike many 

other causes of pulmonary hypertension. A primary 

condition requiring differentiation is idiopathic 

pulmonary arterial hypertension (IPAH). 

 
Fig. 3: Treatment guidelines for chronic 

thromboembolic pulmonary hypertension. 

 

IPAH is characterized by precapillary 

pulmonary hypertension without thromboembolic or 

fibrotic obstructions in the pulmonary arteries. 

Imaging studies, particularly computed tomography 

(CT), demonstrate markedly decreased diameters in 

segmental and subsegmental pulmonary arteries in 

IPAH. Additionally, a hallmark feature of IPAH is the 

presence of corkscrew-like pulmonary arteries, 

reflecting plexogenic arteriopathy, which is absent in 

CTEPH [44][45]. Doppler echocardiography may 

provide noninvasive insight into distinguishing these 

conditions by assessing pulmonary artery pressure 

waveforms, as pulse pressure is typically more 

pronounced in CTEPH than in IPAH. Primary 

pulmonary arterial sarcoma is another rare but 

significant differential diagnosis. This malignant 

tumor arises in the central pulmonary arteries and is 

often difficult to distinguish from CTEPH due to 

overlapping nonspecific symptoms such as dyspnea, 

fatigue, and chest discomfort. Imaging plays a crucial 

role in differentiation: sarcomas appear as solid, 

lobulated masses on CT or magnetic resonance 

imaging (MRI) and do not respond to anticoagulation 

therapy, which contrasts with the thrombotic nature of 

CTEPH. Positron-emission tomography (PET) with F-

fludeoxyglucose may help differentiate sarcomas from 

CTEPH by highlighting metabolic activity unique to 

malignancy [46]. 

Acute pulmonary thromboembolism with 

associated right heart failure can sometimes mimic 

CTEPH clinically. However, anatomical distinctions 

on imaging can differentiate these conditions. In acute 

pulmonary embolism, thrombi typically form at acute 

angles with the pulmonary arterial wall, whereas 

chronic thromboembolic material in CTEPH forms 

obtuse angles due to organization and fibrosis. 

Additionally, right ventricular hypertrophy is a 

chronic adaptive response seen in CTEPH, but it is less 
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prominent or absent in acute embolic events [47]. 

Several other conditions must be considered in the 

differential diagnosis of CTEPH. These include in situ 

thrombosis, which may occur in hypercoagulable 

states, Takayasu arteritis, congenital proximal 

pulmonary artery interruption, and congenital 

pulmonary artery stenosis. Malignant and benign 

pulmonary artery tumors may also mimic the vascular 

obstruction seen in CTEPH, while fibrosing 

mediastinitis can lead to secondary pulmonary arterial 

compression and perfusion defects. Rare genetic or 

systemic diseases such as Von Recklinghausen disease 

and Osler-Weber-Rendu syndrome may produce 

vascular anomalies that mimic chronic 

thromboembolic obstruction [48][49][50][51]. 

Differentiating CTEPH from these diverse entities 

requires an integrated approach involving clinical 

assessment, advanced imaging modalities, 

hemodynamic studies, and, in selected cases, invasive 

diagnostic techniques. Correctly identifying CTEPH is 

crucial not only for timely surgical intervention but 

also to avoid inappropriate therapies that may not 

address the underlying pathophysiology, ultimately 

affecting morbidity and mortality. The clinician must 

remain vigilant for these mimics to ensure that patients 

receive accurate diagnosis and optimal, potentially 

curative management. 

Prognosis 
Pulmonary endarterectomy (PEA) remains 

the cornerstone intervention for improving survival 

among operable patients with chronic thromboembolic 

pulmonary hypertension (CTEPH). Evidence from 

longitudinal studies highlights that patients 

undergoing PEA demonstrate substantial 

improvements in both functional capacity and 

hemodynamic parameters. A notable study conducted 

in 2017 reported five-year survival rates ranging from 

70% to 80% following PEA, underscoring the 

procedure’s life-extending potential [52]. Beyond 

survival, PEA provides significant reductions in 

pulmonary artery pressures and pulmonary vascular 

resistance, contributing to improved right ventricular 

function and overall cardiac output [53]. The timing of 

surgical intervention also plays a critical role in 

outcomes; extended intervals between the last 

pulmonary embolism episode and PEA have been 

associated with increased in-hospital mortality. This 

relationship emphasizes the necessity for early 

recognition and timely diagnosis of CTEPH to 

maximize patient survival and long-term prognosis. 

Long-term outcomes after PEA are generally 

favorable, particularly when combined with 

comprehensive postoperative care, including 

anticoagulation and management of comorbidities. 

The procedure not only restores pulmonary circulation 

but also alleviates right ventricular remodeling 

induced by chronic pressure overload, improving 

functional status and exercise tolerance. Even in 

patients with residual pulmonary hypertension 

postoperatively, hemodynamic parameters often 

improve sufficiently to enhance quality of life. 

Importantly, lifelong anticoagulation post-PEA is 

recommended to mitigate the risk of recurrent 

thromboembolic events. Collectively, these findings 

underscore that with timely and appropriate 

intervention, the prognosis for patients with CTEPH 

has improved substantially, transforming what was 

once considered a uniformly fatal condition into a 

potentially curable disease. 

Complications 
Chronic thromboembolic pulmonary 

hypertension represents a significant complication of 

unresolved thromboembolic events. In the absence of 

appropriate intervention, the disease exerts 

progressive hemodynamic stress on the right ventricle, 

ultimately leading to severe right heart failure. 

Clinically, patients experience progressive dyspnea, 

marked reduction in exercise tolerance, fatigue, 

syncope, and eventual circulatory collapse. Mortality 

in untreated cases remains high, with a three-year 

death rate estimated at 90% [51]. The 

pathophysiological burden arises from persistent 

obstruction of pulmonary arteries, leading to increased 

pulmonary vascular resistance, right ventricular 

hypertrophy, and impaired cardiac output. Secondary 

complications, including hypoxemia and multiorgan 

dysfunction, may emerge as the disease progresses. In 

addition, patients often experience recurrent 

thromboembolic events, which further compromise 

pulmonary circulation and accelerate clinical 

deterioration. Early recognition and intervention are 

essential to preventing these devastating sequelae [51]. 

Patient Education 
Preventive strategies play a pivotal role in 

reducing the incidence of CTEPH in at-risk 

populations. Measures aimed at preventing acute 

pulmonary embolism can indirectly mitigate the risk 

of subsequent chronic thromboembolic disease. In 

hospitalized patients, pharmacologic prophylaxis with 

anticoagulants and mechanical interventions, such as 

inflatable compression devices or graduated 

compression stockings, can reduce thrombus 

formation. For individuals engaged in long-duration 

travel, particularly air travel, frequent ambulation or 

positional changes every one to two hours is 

recommended to maintain venous flow and minimize 

stasis. For patients diagnosed with CTEPH, structured 

education is critical to optimize adherence to 

anticoagulation therapy and other prescribed 

treatments. Patients should be counseled on the 

importance of regular follow-up visits to monitor 

disease progression, manage comorbid conditions, and 

assess functional capacity. Education regarding the 

potential need for supplemental oxygen during air 

travel is essential, particularly for those with advanced 

disease. By emphasizing lifestyle modifications, 

medication adherence, and timely clinical evaluations, 

healthcare providers can significantly improve both 

short-term and long-term outcomes for individuals 

with CTEPH [51]. 
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Other Issues 
CTEPH is rare but represents the only 

potentially curable form of pulmonary arterial 

hypertension, highlighting the necessity for high 

clinical suspicion in all patients presenting with 

unexplained pulmonary hypertension or progressive 

exercise intolerance. Diagnostic evaluation relies 

heavily on imaging modalities, with ventilation-

perfusion (V/Q) scanning serving as a first-line 

screening tool. Criteria for diagnosing CTEPH include 

a mean pulmonary artery pressure exceeding 20 mm 

Hg, pulmonary arterial wedge pressure below 15 mm 

Hg, pulmonary vascular resistance greater than 3 

Woods units, and objective evidence of chronic 

thromboembolism on CT, MRI, or V/Q scanning. 

Medical management typically involves PAH-targeted 

pharmacotherapy and lifelong anticoagulation, while 

surgical intervention via PEA remains the definitive 

treatment for operable patients [51]. 

Enhancing Healthcare Team Outcomes 
Management of CTEPH necessitates a 

coordinated, interprofessional approach to optimize 

patient outcomes. Delays in diagnosis or treatment 

correlate with significantly higher mortality, 

emphasizing the importance of timely evaluation for 

surgical candidacy. In patients who are not surgical 

candidates, alternatives include balloon pulmonary 

angioplasty (BPA), targeted medical therapy, and 

lifelong anticoagulation. Primary care clinicians, 

nurses, and specialty pharmacists play a critical role in 

patient education, medication management, and 

follow-up. Nurses and pharmacists can advise on 

prophylaxis for hospitalized patients and support 

adherence to complex anticoagulation regimens. 

Clinicians must ensure that comorbid conditions are 

actively managed to maintain functional capacity, 

while considerations for in-flight oxygen 

supplementation may be necessary for patients 

undertaking air travel. Communication and 

collaboration among interprofessional team 

members—including physicians, surgeons, nurses, 

and pharmacists—are essential to implement 

evidence-based strategies effectively and improve 

both clinical and quality-of-life outcomes for patients 

with CTEPH. This multidisciplinary strategy, 

emphasizing early recognition, surgical intervention 

when feasible, and targeted medical management for 

inoperable cases, represents the standard of care and 

offers the best prognosis for this otherwise life-

threatening condition [52]. 

Conclusion: 

In conclusion, Chronic Thromboembolic 

Pulmonary Hypertension (CTEPH) is a complex and 

progressive vascular disorder, yet it remains the only 

potentially curable form of pulmonary hypertension. 

Its management demands a high index of clinical 

suspicion, particularly in patients with unexplained 

dyspnea or a history of pulmonary embolism, to ensure 

timely diagnosis. The cornerstone of treatment is 

pulmonary endarterectomy (PEA), a specialized 

surgical procedure that offers a curative potential for 

patients with proximal obstructive disease, leading to 

dramatically improved hemodynamics, functional 

capacity, and long-term survival. For patients who are 

inoperable due to distal disease or comorbidities, or 

who have persistent symptoms post-surgery, two 

primary modalities have proven effective: balloon 

pulmonary angioplasty (BPA) to mechanically dilate 

obstructed vessels and targeted medical therapy, most 

effectively with riociguat. Lifelong anticoagulation is 

a fundamental component of care for all patients to 

prevent recurrent thromboembolic events. Ultimately, 

optimal outcomes are achieved through a coordinated, 

interprofessional approach within specialized centers. 

This model ensures accurate diagnosis, careful 

selection of the most appropriate intervention—be it 

surgical, interventional, or medical—and 

comprehensive long-term follow-up, thereby 

transforming a once uniformly fatal condition into one 

with a significantly improved prognosis. 
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