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Abstract

Chronic thromboembolic pulmonary hypertension is a notoriously underdiagnosed cause of
severe pulmonary hypertension. It is a form of precapillary pulmonary hypertension (PH) that
results from intraluminal thrombus organization and fibrous formation which ultimately results
in the complete obliteration of pulmonary arteries, resulting in increased pulmonary vascular
resistance which leads to the development of pulmonary hypertension and as a result right
heart failure. The mechanism involves the narrowing of the pulmonary artery which increases
blood pressure within the lungs and impairs blood flow which increases the workload of the right
side of the heart ultimately causing right heart failure. Pulmonary hypertension can also cause
arrhythmias, blood clots, and bleeding in the lungs. Even though CTEPH is a deadly condition,
among all forms of pulmonary hypertension, CTEPH is the only curable form. Echocardiography
is the initial assessment tool for suspected PH. A right heart catheterization may be performed
to confirm the presence of pulmonary hypertension. Confirmation of CTEPH requires a V/Q
scan. Although ventilation/perfusion scintigraphy has a major role in the evaluation of patients
with suspected CTEPH, nowadays CTA chest is being used widely as it produces much better-
quality images compared to V/Q scan. Without treatment, the prognosis is very poor. Out of three
treatment modalities such as; pulmonary endarterectomy (PEA) surgery, balloon pulmonary
angioplasty (BPA), and medical therapy, surgery is the gold standard. The physician must be
familiar with the disease entity, early diagnosis, and appropriate treatment to improve survival.
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Here we present a literature review on this topic.

Introduction and Background

Chronic thromboembolic pulmonary hypertension results
from occlusion of pulmonary arteries due to the incomplete
or partial resolution of pulmonary embolism which ultimately
organizes as fibrotic material resulting in major pulmonary
arteries obstruction [1,2]. As a result, pulmonary vascular
resistance and pulmonary artery pressure (PAP) increase
manifesting as pulmonary hypertension (PH), which in long
term results in progressive right heart failure [2]. Pulmonary
hypertension is defined as a pulmonary artery mean pressure
greater than 20 mmHg or a pulmonary artery systolic
pressure greater than 30 mmHg. Most cases of acute PE with
treatment resolve with minimal abnormalities and normal
hemodynamics. However, a small percentage of the patient
population develops “post-PE syndrome”. Which presents
exercise intolerance, and difficulty with daily activities
resulting in quality-of-life impairments. These persistently
symptomatic patients who have residual pulmonary vascular
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obstruction fall into two main groups: chronic thromboembolic
disease (CTED) and chronic thromboembolic pulmonary
hypertension (CTEPH) [3]. CTED patients have normal resting
cardiopulmonary hemodynamics but there is proof of chronic
pulmonary thromboembolism on imaging. On the other hand,
CTEPH results from persistent obstruction of the pulmonary
vasculature due to incomplete resolution of thrombus which
results in pulmonary vascular re- modeling ultimately leading
to pulmonary hypertension (PH) and right heart failure. CTED
does not have pulmonary hypertension because of a lack of
peripheral microvascular disease even though the patient has
a thrombotic burden.

Even though untreated CTEPH is a deadly condition.
Among all forms of pulmonary hypertension, CTEPH is the
only curable form. CTEPH and/or CTED should be considered
if dyspnea persists for more than 3 months after a confirmed
PE diagnosis [4]. When CTEPH/CTED is suspected, a stepwise
evaluation and management are needed to prevent morbidity
and mortality.
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Discussion

CTEPH is the result of single or recurrent pulmonary
emboli arising from sites of deep vein thrombosis most
common sites are veins of the lower extremities. Other less
common risk factors are coagulation disorder, ventriculoatrial
shunt, indwelling central catheters, pacemaker leads, anti-
phospholipid antibody syndrome, and cancer [5]. The natural
course of most pulmonary emboli is resolution, either
complete or partial after treatment. In some cases, minimal,
organized residual abnormalities with the restoration of
normal pulmonary function are noticed [6].

Numerousalgorithmshavebeenusedtoevaluate pulmonary
hypertension, and all of these algorithms recommended to use
ventilation/perfusion scan as a preferred screening tool for
thromboembolic disease [7-9]. Confirmation of the diagnosis
is done by digital subtraction pulmonary angiography.
Surgical pulmonary thromboendarterectomy (PTE) is the
only potentially curative option. In non-operable disease or
residual disease after PTE, interventional balloon pulmonary
angioplasty and/or pulmonary-vasodilator therapies can be
offered, in collaboration with interventional and vascular
pulmonary colleagues. As it is a disease that can cause high
morbidity and mortality, CTEPH requires a high index of
suspicion to diagnose and treat patients following PE [10]. In
this article, we review the current state of understanding of
CTEPH, diagnosis, treatment, and prognosis Figure 1.

If CTEPH develops, incomplete resolution of the emboli
results in either complete obstruction or significant
narrowing of the central pulmonary vessels by forming
fibrous scars. Which causes an increase in right ventricular
(RV) afterload, right ventricular dilation, and right heart
failure. The pathology behind this incomplete resolution is not
clear but the combined results of age, the extent of embolus
extension, coexisting pulmonary disease, and compliance

Pulmonary embolism

Incomplete resolution of thrombus
and formation of scar tissue

Complete occlusion <:> Vascular remodeling of

non-occlusive vessels

Increase pulmonary artery pressure
and pulmonary vascular resistance

CTEPH

Figure 1: Current Hypothesis about the development of CTEPH due to pulmonary
embolism.
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with anticoagulation play an important role in the process
[6]. The estimated incidence of CTEPH after acute pulmonary
thromboembolism is 2% - 4% [7].

After treatment of PE with anticoagulation some people
improve, initially, they develop severe dyspnea which gradually
improves. Whether or not the patient receives anticoagulation
for this episode, symptoms improve, and the patient returns
to normal activities. This is known as the honeymoon period.
Rarely need anticoagulation or follow-up lung scans [8]. The
honeymoon period varies from person to person. After the
honeymoon period ends, most patient starts experiencing
hypoxia as a result of decompensated right ventricular
dysfunction Figure 2.

CTEPH should be considered if dyspnea persists for more
than 3 months after a confirmed PE diagnosis [9]. When
CTEPH is suspected, a stepwise evaluation and management
are needed.

If the patient has signs and symptoms of pulmonary
hypertension despite 3 months of anticoagulation following
acute PE, Transthoracic Echocardiogram and 6 minutes walk
test should be done. Echocardiographic findings are right
ventricular dilatation resulting in tricuspid regurgitation (TR)
which presents as tricuspid valve peak systolic gradient of
more than 60mm Hg, if evidence of pulmonary hypertension
is evident, the next step is a V/Q scan. A negative V/Q can
effectively rule out pulmonary embolism, V/Q scintigraphy is
more sensitive than CTAP in detecting CTEPH [10]. But V/Q
scan has some limitations in determining the exact location,
burden, and extent of pulmonary embolism which are very
important information in figuring out the appropriate
management plan. So, if a mismatched segmental defect is
noticed in the V/Q scan, computed tomographic angiography
is done for further evaluation. CT-AP reliably identifies major
vessels clot but it has limitations in diagnosing distal vessels
clot. That's why it is not the initial diagnostic tool for PE
[10]. If computed tomographic angiography shows suspicion
of pulmonary hypertension, the next step is to refer to the
CTEPH center for right heart catheterization with pulmonary

Increase pulmonary vascular resistance
Right ventricular hypertrophy
Additional changes in the pulmonary vascular bed occur

Right heart failure develops

{

Decrease mixed venous Po2 and

worsening ventilation-perfusion(8)

Figure 2: Development of right heart failure due to CTEPH.
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angiogram +/- CT angiogram to quantify the degree of
pulmonary hypertension as well as to assess responsiveness to
vasodilator. If vasodilators respond by resulting in a reduction
of pulmonary artery pressure, it indicates that for the patient
who undergoes pulmonary endarterectomy, the long-term
survival rate will increase [11].

Once the disease is confirmed, the patient showed be
assessed for operability. Right heart catheterization and
CT pulmonary angiography are the gold standards for the
assessment of operability [12]. If the patient is a Candidate
for surgery, pulmonary endarterectomy is the treatment of
choice. Even though it is a complicated procedure, it increases
the quality of life of the patient. Studies have shown that after
a successful thromboendarterectomy, the patient’s condition
improves significantly resulting in decreasing pulmonary
vascular resistance and as a result improving cardiac output
[13]. Complication after PEA includes reperfusion pulmonary
edema, pulmonary artery steal syndrome, residual pulmonary
hypertension, and recurrent thromboembolism [14].

Pharmacological management +/-balloon angioplasty
should be offered for patients who are not candidates for
surgery or recurrent pulmonary embolism despite PEA.

Pharmacological management consists of diuretics,
Riociguat, lifelong anticoagulation therapy, and oxygen
therapy for heart failure and/or hypoxemia [15]. Endothelin
receptor antagonists such as Ambrisentan and bosentan
improve exercise tolerance in patients with PAH [16]. Studies
showed Riociguat was effective and well-tolerated in patients
of advanced age or risk factors for HFrEF. The long-term
extension study demonstrated that the use of Riociguat
is safe to use for up to 3 years after initiation [17]. Adverse
effects of Rlociguatincludes hypotension, dyspnea, dyspepsia,
headaches, and upper respiratory tract infection. Macitentan
also showed benefits in decreasing PVR. Epoprostenol is
also very effective as it works as a pulmonary and systemic
vasodilator, resulting in decreasing pulmonary vascular
resistance and increasing oxygen delivery to the body
[18,19]. In cases of inoperable CTEPH, Balloon pulmonary
angioplasty is a promising alternative to PEA [20]. Balloon
pulmonary angioplasty (BPA) has shown some benefits
in both hemodynamic and functional improvement [21].
It improves right ventricular function, causes myocardial
remodeling, and alleviates dyssynchrony, as well as improves
left ventricular function. By improving pulmonary vascular
resistance, BPA helps in the reduction of troponin-T levels,
suggesting attenuation of myocardial injury. BPA also helps
in improving respiratory function and oxygenation [22,23].
Even though normal pulmonary function cannot be restored
fully, early treatment can prevent permanent damage to
pulmonary vasculature and thus prevent the development of
decompensated heart failure.

Conclusion

CTEPH is the only type of pulmonary hypertension that can
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be cured with appropriate management. But CTEPH diagnosis
is delayed because of poor knowledge of the association
between CTEPH with acute PE. So proper history taking along
with further investigation if there is any suspicion for CTEPH
is crucial. Our case has proven that delayed diagnosis or
treatment can result in decompensated heart failure.
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