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into 5 major groups. Chronic thromboembolic pulmonary hypertension (CTEPH) is the
main representative of group 4 and the only potentially curable form. This review aimed
to summarize current evidence on the epidemiology, pathophysiology, diagnostic
approaches, and treatment options for CTEPH.

Methods. In this narrative review, we searched PubMed, Scopus, and Google Scholar

databases up to June 2025 using the keywords “Chronic Thromboembolic Pulmonary
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original studies, clinical

Hypertension”, “CTEPH”, “diagnosis”, and “treatment”. Relevant review articles,

guidelines, and authoritative Persian-language sources

published in English or Persian were screened, and pertinent data were extracted.

Results. CTEPH can occur at any age and in both genders, and early diagnosis is
challenging because of its non-specific symptoms. Organized residual thrombi and
small-vessel involvement constitute the core pathophysiology. Risk factors include

coagulation disorders, prior splenectomy, and the presence of lupus anticoagulant.
Diagnosis begins with echocardiography and ventilation—perfusion scanning and is
confirmed by right-heart catheterization and detailed imaging. Treatment consists of
pulmonary endarterectomy as the first-line option, balloon pulmonary angioplasty for
inoperable patients, and medical/supportive therapy such as lifelong anticoagulation.

Conclusion. CTEPH is a treatable cause of pulmonary hypertension, and early detection
combined with appropriate treatment strategies can significantly improve disease course
and patient survival. Multidisciplinary management in specialized centers, advanced
imaging, and regular follow-up are essential to optimize outcomes and minimize

complications.

Practical Implications. Timely recognition in patients with a history of pulmonary
embolism or persistent dyspnea is critical. Prompt referral to experienced centers for
surgery or endovascular intervention can significantly enhance survival and quality of

life.
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epidemiology, diagnosis, and treatment. Med J Tabriz Uni Med Sciences. 2025;47(5):490-499. doi:
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Extended Abstract

Background

Pulmonary hypertension (PH) is not a single
disease but a hemodynamic condition characterized
by elevated pulmonary arterial pressure. It is
classified into 5 major groups based on

pathophysiology and management strategies.
Chronic thromboembolic pulmonary hypertension
(CTEPH) represents Group 4 PH and is unique
among these categories because it is the only
potentially curable subtype. CTEPH occurs when
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organized thromboembolic material persists in the
pulmonary arteries, leading to progressive vascular
obstruction, secondary remodeling of distal small
vessels, and increased pulmonary vascular
resistance. Although it can occur at any age and in
both genders, the true incidence remains
underestimated due to non-specific symptoms and
delayed diagnosis. Early recognition is critical,
since timely surgical or interventional treatment
dramatically improves prognosis and survival. This
narrative review summarizes current evidence on
the epidemiology, pathophysiology, diagnostic
approaches, and therapeutic options for CTEPH,
highlighting the importance of multidisciplinary
care and advanced imaging in optimizing patient
outcomes.

Methods

This study was designed as a narrative review to
synthesize and critically analyze the available
literature on CTEPH. A comprehensive search of
PubMed, Scopus, and Google Scholar databases
was performed up to June 2025 without language
restrictions for English or Persian sources. The
following keywords and Medical Subject Headings
(MeSH) were used alone and in combination:

“Chronic Thromboembolic Pulmonary
Hypertension”, “CTEPH”, “diagnosis”, “treatment”,
“management”, “epidemiology”, and

“pathophysiology”. Eligible publications included
original research articles, clinical guidelines,
observational studies, case series, and narrative or
systematic reviews that addressed at least one of the
following domains: (1) epidemiology and risk
factors, (2) pathophysiological mechanisms, (3)
diagnostic evaluation and imaging modalities, and
(4) therapeutic interventions including surgery,
balloon pulmonary angioplasty, or pharmacologic
therapy. In addition, relevant Persian-language
resources, notably national clinical guidelines and
peer-reviewed articles, were screened to ensure
regional relevance. Reference lists of key papers
were hand-searched to capture additional evidence.
Data were extracted and organized into 4 main
thematic sections: epidemiology, pathophysiology
and risk factors, diagnostic evaluation, and

therapeutic strategies. Particular attention was paid
to studies providing quantitative data on incidence,
prevalence, diagnostic accuracy of imaging
modalities, and outcomes of treatment approaches.
Given that this review is narrative rather than
systematic, no formal quality-assessment scoring
was applied, but landmark trials and high-quality
cohort studies were prioritized in the synthesis.

Results

Epidemiology

The precise global incidence of CTEPH remains
uncertain. Data indicate that approximately 600000
patients are diagnosed with acute pulmonary
embolism (PE) each year in the United States.
Prospective studies report that 0.1-9.1% of
survivors of acute PE subsequently develop
CTEPH, corresponding to approximately 300-1500
new cases annually. Both men and women of all
ages may be affected. Underestimation is common
because symptoms are non-specific and many
patients lack a clear history of wvenous
thromboembolism. Imaging studies reveal that up to
25% of patients show residual perfusion defects
months after acute PE, placing them at higher risk.

Pathophysiology and Risk Factors

CTEPH is characterized by persistent organized
thrombi adherent to the pulmonary arterial wall.
Histopathology demonstrates fibrotic collagen-rich
yellow thrombi with inflammatory cells and
occasional calcification, distinct from fresh red clots
of acute PE. Progressive fibrosis and endothelial
dysfunction create webs and bands that obstruct
flow, while secondary microvasculopathy, intimal
thickening, fibro-muscular proliferation, and small-
vessel remodeling, resembles idiopathic pulmonary
arterial hypertension (iPAH). Hereditary or acquired
thrombophilia, antiphospholipid antibodies, lupus
anticoagulant, splenectomy, chronic inflammatory
disorders, non-O blood groups, indwelling cardiac
devices, thyroid hormone therapy, and malignancy
have been reported as risk factors. Recurrent
embolic events and inadequate anticoagulation also
contribute.
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Diagnostic Evaluation

Clinical presentation is insidious: progressive
exertional dyspnea, fatigue, palpitations, and
occasionally hemoptysis. The mean diagnostic
delay in specialized centers is 14 months. Initial
screening relies on transthoracic echocardiography
to estimate pulmonary artery pressure. Ventilation—
perfusion (V/Q) scintigraphy remains the most
sensitive test to rule out the disease: a normal or
low-probability scan effectively excludes CTEPH.
Typical findings include segmental perfusion
defects with preserved ventilation, distinguishing it
from small-vessel disorders such as iPAH.
Limitations include poor distinction between acute
and chronic emboli and underestimation of disease
extent. SPECT V/Q provides three-dimensional

imaging and greater sensitivity. Definitive
confirmation requires right-heart catheterization
demonstrating pre-capillary pulmonary

hypertension and high-resolution CT pulmonary
angiography or digital subtraction angiography to
delineate surgical anatomy. CT findings include
mosaic  attenuation, webs or bands within
pulmonary arteries, wedge-shaped scars, bronchial
artery hypertrophy, and enlargement of the main
pulmonary artery (>29 mm).

Therapeutic Strategies

CTEPH is unigue among pulmonary
hypertension subtypes because it is potentially
curable. Management is individualized based on
location of wvascular obstruction, hemodynamic
severity, and operability. Pulmonary
Endarterectomy (PEA): It is the treatment of choice
for surgically accessible disease, capable of
normalizing  hemodynamics and  improving
functional class. When performed in experienced
centers, the three-year survival rate exceeds 90—
95%.  Postoperative  complications  include
reperfusion pulmonary edema (10-40%) and
bleeding (6—-17%), usually managed with supportive
care. Balloon Pulmonary Angioplasty (BPA): It is
recommended for patients deemed inoperable or
with persistent/recurrent PH after PEA. Advances in

this technique have improved safety and efficacy,
allowing staged dilation of distal vessels with
significant reductions in pulmonary vascular
resistance.

Medical Therapy

Lifelong anticoagulation with warfarin or direct
oral anticoagulants is mandatory to prevent in-situ
thrombosis or recurrent embolism. For patients with
residual or inoperable disease, targeted pulmonary
arterial hypertension drugs such as riociguat have
demonstrated hemodynamic and functional benefits.
Supportive measures include oxygen
supplementation and diuretics for right-heart failure.
Early diagnosis and referral to high-volume centers
are pivotal, as delayed treatment markedly worsens
prognosis. Multidisciplinary evaluation, integrating
pulmonologists, cardiologists, radiologists, and
cardiothoracic surgeons, is essential for optimal
outcomes.

Conclusion

Chronic thromboembolic pulmonary
hypertension is a distinct potentially curable cause
of pulmonary hypertension. Despite its rarity,
delayed recognition leads to significant morbidity
and  mortality.  Organized  thromboembolic
obstruction combined with small-vessel remodeling
underscores the need for vigilant screening after
acute  pulmonary  embolism and  timely
hemodynamic assessment. Pulmonary
endarterectomy remains the definitive therapy,
while balloon pulmonary angioplasty and modern
pharmacologic agents expand options for non-
surgical or residual disease. Successful management
demands  early referral to  experienced
multidisciplinary centers, advanced imaging for
precise  anatomical mapping, and lifelong
anticoagulation. Prompt diagnosis and tailored
intervention dramatically improve survival and
quality of life, transforming what was once a fatal
condition into a highly treatable disease.
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