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Abstract

Chronic thromboembolic pulmonary hypertension (CTEPH) occurs when thromboemboli travel to the pulmonary vasculature, fail
to resolve, and cause elevated pulmonary arterial pressure. Untreated, this disease leads to progressive right heart failure and
death. It develops in approximately 1% to 5% of patients who suffer an acute pulmonary embolism (PE) and has an overall inci-
dence of 3 to 30 per million in the general population. While it is not entirely evident why most but not all people are able to clear
this clot burden, there are known risk factors for the development of CTEPH. These include signs of right heart strain at the time
of incident PE, inherited coagulopathies, inflammatory conditions, hypothyroidism, and a history of splenectomy. Since CTEPH
can be treated both surgically and medically, it is critical to understand the pathophysiology of the disease so affected patients

can be identified and diagnosed appropriately.

Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH)
is characterized by thromboembolic obstruction of the pul-
monary arteries and vascular arteriopathy leading to vascular
remodeling and pulmonary hypertension (PH). Untreated,
this results in progressive right ventricular failure and death.!
According to the updated clinical classification of PH, CTEPH
continues to be designated as Group 4 PH due to its unique
pathophysiologic mechanisms.? Although the exact incidence
of the disease is unknown, registry data suggest that it affects
between 3 to 30 people per million.> CTEPH causes a signifi-
cant burden on society due to excessive health care utilization,
high-cost therapy, and increased mortality.* Importantly, many
patients with the disease can be surgically cured with pulmo-
nary endarterectomy, which is the treatment of choice. Patients
who undergo this operation have improved survival compared
to patients treated with medical therapy alone.® This review
gives an overview of disease prevalence, pathophysiology, and
clinical risk factors to enhance physician understanding and
help them accurately identify and diagnose patients with this
disease.

Epidemiology

Registry data suggest that the prevalence of CTEPH is approx-
imately equal in men and women, with an average age of onset
in the sixth decade of life.® Although CTEPH is thought to be a
sequela of chronic thromboembolic disease, a subset of patients
ultimately diagnosed with the condition do not have a known
prior history of venous thromboembolic disease or pulmonary
embolism (PE). Some initial studies reported that up to 63% of
patients seen at a center specializing in the treatment of CTEPH
did not report a history of venous thromboembolism.” However,
a more recent large registry from Europe showed that 75% of
patients did report a history of PE.® Given that patients diagnosed
with CTEPH may not have a prior history of thromboembolic dis-
ease, all patients with PH should undergo a work-up to exclude
CTEPH.

The incidence of CTEPH after acute PE remains unclear. His-
torically, between 0.1% and 0.5% of patients with PE were thought
to develop CTEPH.! This range came into question when a study
looking at serial echocardiographic data obtained at the time of PE
and at 1 year of follow-up found that RV dysfunction was present
in up to 8% of patients with acute PE.® A landmark study pub-
lished in 2004 enrolled 223 serial patients with acute PE who did
not have a history of heart disease, lung disease, or other condi-
tions that could have predisposed them to the development of PH.
On follow-up, patients with unexplained shortness of breath were
evaluated with a right heart catheterization (RHC). A total of 3.8%
of patients developed CTEPH after 2 years of follow-up.” Another
study published 2 years later showed a rate of 1% after acute PE,
but this study excluded patients with known permanent risk fac-
tors for thromboembolic disease such as cancer.’’ Subsequent stud-
ies have reported a prevalence ranging between 0.4% and 4.8%.""”
Differences in rates are likely due to differences in populations
studied, screening methods for CTEPH, and length of follow-up.

Most studies suggest that CTEPH develops within 2 years of
the acute PE.21%1%17 At least one study has evaluated the utility of
a formal screening program for CTEPH after an incidental PE, but
the program was ineffective in diagnosing additional patients with
CTEPH as compared to those receiving usual care.’? Current guide-
lines state that there is insufficient evidence to recommend screen-
ing patients with acute PE for CTEPH." A claim database analysis
suggests that less than 50% of patients with PE are evaluated with
a follow-up echocardiogram.’” Whether or not this is sufficient
remains to be determined.

Pathophysiology
Although various pathophysiologic mechanisms have been

proposed to explain the development of CTEPH, questions remain
as to why this condition only occurs in a minority of patients fol-
lowing an acute PE. Historically, two competing hypotheses were
proposed. One early hypothesis was that local in situ thrombosis
of smaller arteries resulted in a distal arteriopathy and subsequent
PH.? An important critique of this proposed mechanism is that it
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does not explain the proximal vascular occlusion commonly seen
in CTEPH. The alternate hypothesis, therefore, is the thromboem-
bolic theory: in this model, emboli from the systemic circulation
become lodged within the pulmonary vasculature and fail to
resolve. Various factors cause these emboli to progress and stabi-
lize. A distal microvascular arteriopathy can develop subsequently
due to elevated pulmonary pressures or from other effects trig-
gered by the presence of these stabilized thrombotic lesions.?

A significant amount of knowledge regarding the disease
process has been gained by evaluating pathologic specimens of
lungs obtained from CTEPH patients. Such studies have shown
a number of different types of vascular lesions in these patients.
One characteristic finding is organized thrombus; these lesions are
described as fibrotic obstructing lesions within the vessel lumen,
which may or may not have channels of recanalization. Other vas-
cular lesions mimic those seen in pulmonary arterial hypertension
(PAH), including medial hypertrophy of the muscularis layer of
pulmonary arterioles, concentric laminal internal fibroelastosis,
and plexiform lesions. These lesions were even seen in vessels
located in regions of the lung where there were no proximal
thrombotic lesions causing decreased perfusion. These results gen-
erated additional hypotheses. First, they highlight the possibility
that there are some mechanistic similarities between PAH and
CTEPH. Second, the presence of vascular lesion in regions of the
lung not affected by thrombotic disease suggests that systemic
vascular mediators could be triggering the development of these
lesions.” In general, these pathologic findings support the throm-
boembolic hypothesis.?

One of the first important steps towards the pathogenesis of
CTEPH is the non-resolution of thromboemboli that enter the
pulmonary vasculature. In normal physiology, the first step in clot
resolution is fibrinolysis. Next, an inflammatory response recruits
neutrophils that continue the process of breaking down the clot.
Endothelial progenitor cells and monocytes are also recruited to
the region to promote angiogenesis and reorganization of the clot,
respectively.”? In CTEPH, a number of the steps involved in throm-
bus breakdown could be abnormal. An early hypothesis suggested
that the process of fibrinolysis itself was deranged; however,
studies evaluating this process showed it was relatively normal
in CTEPH patients.” The structure of fibrin appears to be abnor-
mal in certain patients, suggesting that dysfibrinogenemia could
contribute to the pathogenesis of the disease.?*? Other studies
suggest that inflammation itself could affect the normal process of
clot breakdown given that levels of C-reactive protein and certain
cytokines have been shown to be elevated in CTEPH patients.?*
The process of angiogenesis, which is thought to be an important
step in the recanalization of the clot,” may also be deranged in
CTEPH.” Some data suggest that a superimposed infection of the
thromboembolus could play a role in its lack of resolution.?”

The pathologic lesions in CTEPH show that the thromboem-
boli in the pulmonary vasculature not only fail to resolve but also
proliferate and stabilize over time. The clots become organized
and fibrous, replacing the normal intima of the arterial wall.”> One
study showed that multipotent mesenchymal progenitor cells have
been found within endarterectomized tissue; these could contrib-
ute to the fibrosis and stabilization of the clot.*

Vascular changes were noted not only in large vessels directly
affected by clots but also in small distal arteries.?* This aspect of
the disease is of crucial importance, as patients with primarily dis-
tal disease are considered poor surgical candidates. Additionally,
small-vessel occlusion is thought to contribute to residual post-
endarterectomy PH.? Since there are small-vessel lesions found in

History of pulmonary embolism (PE)

Signs of right heart strain at the time of initial PE

Certain inherited hypercoagulable states
e Elevated factor VIl levels
e Factor V Leiden mutation
e | upus anticoagulant/antiphospholipid antibodies

Prior splenectomy

Hypothyroidism

Inflammatory medical conditions

Ventriculoatrial shunts, pacemakers

Table 1. Risk factors for chronic thromboembolic pulmonary hypertension.

vascular beds not affected by thromboembolism, the pathogenesis
of this process could be secondary to the release of abnormal medi-
ators from platelets or endothelial cells or due to dysregulated
pulmonary blood flow.* Precapillary and postcapillary vasculature
has been implicated.*? A recent study highlights the importance
of this small-vessel involvement by demonstrating how hemody-
namic data obtained before and after endarterectomy correlated
with the degree of pulmonary arteriopathy.*

The timeline for developing PH in patients with CTEPH is
unclear. As noted above, studies monitoring the development
of CTEPH after initial PE suggest that most cases are identified
within 2 years. One of these studies, however, suggested that the
process of thromboembolic disease may have been ongoing prior
to the initial diagnosis of PE. Computed tomography scans were
used to look for signs of CTEPH such as organized mural thrombi,
arterial webs or bands, dilated bronchial arteries, and mosaicism
of the pulmonary parenchymal perfusion. Interestingly, patients
diagnosed with CTEPH had at least two of these signs at the time
of index PE."*®

Risk Factors

Many risk factors for the development of CTEPH have been
identified (Table 1). These clinically derived predisposing con-
ditions provide support for the pathogenic model of the disease
described above. Given the now-accepted thromboembolic
hypothesis of the disease, it is perhaps unsurprising that having
a prior thromboembolic event is a risk factor for the development
of this condition.*** Although a subset of patients eventually
diagnosed with CTEPH have no history of thromboembolic dis-
ease, older data suggests that these patients comprise a relative
minority.®

Certain hypercoagulable states are shown to confer a higher risk
of CTEPH development, including elevated factor VIII levels,**
lupus anticoagulant/antiphospholipid antibodies,* and factor V
Leiden mutations.*” There is no evidence supporting the idea that
deficiencies of antithrombin, protein C, or protein S are linked to
CTEPH; in addition, prothrombin gene mutations are not shown
to occur with higher frequency in those who develop this disease.
Splenectomy, which in itself is thought to create a prothrombotic
state, has been identified in a disproportionate number of CTEPH
patients in multiple studies.***** History of malignancy confers
an increased risk of developing this condition,* as does being on
thyroid hormone replacement, although it is unclear if this is due to
the possible prothrombotic characteristics associated with the hypo-
thyroid state or a direct effect of the thyroid hormone replacement.®
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While traditionally there were no known familial or genetic
links in CTEPH, some recent studies have suggested that a
genetic predisposition could be present. One case of familial
CTEPH has been reported,* and BMPR2 mutations have been
found in patients with CTEPH.* A recent Chinese study found
that patients with CTEPH had a higher frequency of mutations
in the known PAH-related genes.*? Although these results are
preliminary, they offer insight into the pathophysiology of this
disease.

Certain medical conditions characterized by high levels of
inflammation have been linked to CTEPH. Specifically, inflamma-
tory bowel disease and osteomyelitis have been found to increase
the odds of developing this condition.”® The link between inflam-
matory conditions and non-resolution of thrombotic disease is
supported by data suggesting that inflammatory markers are high
in patients with CTEPH compared to controls.” Having foreign
structures implanted in the heart also appears to increase the risk
of CTEPH. In a number of studies, the presence of ventriculoatrial
shunts for the treatment of hydrocephalus has been shown to
increase the chance of developing this condition.***** The pres-
ence of pacemaker wires also increases risk.** It is hypothesized
that superimposed infection of these exogenous structures could
contribute to the delayed resolution of thromboemboli within the
pulmonary vascular bed.”

A number of studies have evaluated the risk of developing
CTEPH based on characteristics noted at the time of PE. Elevated
pulmonary artery systolic pressure on echocardiogram and larger
perfusion defects at the time of initial PE were shown to be predic-
tive for the development of CTEPH.?**16'7 Additionally, increased
right ventricular/left ventricular ratio and high B-type natriuretic
peptide levels were also predictive of CTEPH development.'64
Older patients were more likely to develop CTEPH,*' as were
those who had an idiopathic unprovoked PE.?*?* One group of
researchers developed a clinical risk predictive score to identify
patients with PE who are at high risk for developing CTEPH.
While such tools are promising, further validation will be required
before they can be adopted in clinical practice.*

Conclusion

Although it is a rare disease seen in 3 to 30 people per million,
CTEPH uses extensive health care resources and is associated with
high mortality. Approximately 0.4% to 4.8% of patients diagnosed
with acute PE will go on to develop CTEPH. The pathophysiology
of the disease is characterized by thrombi within the pulmonary
vasculature that fail to resolve, persist, and stabilize with time.
Although this results in large-vessel pathology, small-vessel
disease plays an important role in the pathophysiology of this
disease, particularly in patients who have persistent PH after end-
arterectomy and in those with primarily distal disease who may
not be deemed surgical candidates. Known risk factors for CTEPH
include prior thromboembolic disease, certain hypercoagulable
states, chronic inflammation, splenectomy, and history of malig-
nancy. Pulmonary artery endarterectomy is the recommended
treatment of choice for patients deemed to be surgical candidates.
With an improved understanding of the prevalence, pathogenesis,
and risk factors for CTEPH, we hope that physicians will be better
able to promptly identify and treat affected patients.

Key Points:
¢ Chronic thromboembolic pulmonary hypertension (CTEPH)
is a rare disease seen in 3 to 30 per million and is associated
with a high mortality.

e Approximately 0.4% to 4.8% of patients diagnosed with acute
pulmonary embolism will go on to develop CTEPH.

¢ Known risk factors for CTEPH include prior thromboembolic
disease, certain hypercoagulable states, chronic
inflammation, splenectomy, and history of malignancy.

e Early recognition of this disease and appropriate treatment
is the key to improve outcome. Pulmonary artery
endarterectomy is the recommended treatment of choice for
patients deemed to be surgical candidates.
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