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Abstract: Chronic thromboembolic disease (CTEPH) is one of the causes for developing pulmonary
hypertension (PH). PH is characterized by an increase in pulmonary vascular pressure and resistance,
ultimately leading to chronic overload. This study describes the clinical, functional, and hemody-
namic characteristics as well as the established treatment strategy for a cohort of patients diagnosed
with CTEPH in Bucaramanga, Colombia. In Colombia, PH is considered as an orphan disease with
limited epidemiological data. We aim to provide useful information in order to help guide future
clinical decisions for PH treatment and prevention. We conducted a cross-sectional study, obtaining
clinical data from patients under follow-up, over 18 years of age, with hemodynamic confirmation of
CTEPH in two pulmonary outpatient centers in Bucaramanga, Colombia between 2012 and 2018.
35 patients with diagnosis of CTEPH were included. Mean age was 52.3 ± 17.9 years. The mean
time between the onset of symptoms to diagnosis was 14 months. 71% had a previous thrombotic
event and 69% had functional class III and IV according to the world health organization (WHO)
criteria. Most of the patients were classified as at high risk of mortality according to the European
Society of Cardiology (ESC) and the European Respiratory Society (ERS/ESC) criteria and 60%
were referred to undergo thromboendarterectomy. Most of the patients were under monotherapy
treatment with Bosentan, the most prescribed medication in both monotherapy and dual therapy.
This study identified a high number of patients in advanced stages of CETPH due to late diagnosis,
related to health care limitations. This resulted in worse prognosis and quality of life. In addition, low
adherence to non-pharmacological interventions was evidenced in patients who were not candidates
for thromboendarterectomy despite the onset of pharmacological therapy.

Keywords: pulmonary embolism; chronic thromboembolic pulmonary hypertension; mortality;
venous thromboembolic disease

1. Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a leading cause of Pul-
monary hypertension (PH) which is defined as a resting mean pulmonary artery pressure
of 25 mmHg or above. CTEPH is the most serious long-term complication of pulmonary
embolism and is classified as group 4 according to the World Health Organization (WHO).
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It is characterized by thrombotic emboli and vascular remodeling that occludes the pul-
monary arteries, generating an increase in pulmonary vascular pressure and resistance,
leading to right heart dysfunction and finally to death due to heart failure [1].

CTEPH is defined by the hemodynamic confirmation of a mean pulmonary artery
pressure (PAPm) ≥25 mmHg, pulmonary occlusion pressure <15 mmHg and pulmonary
vascular resistance ≥3 Woods units in the right cardiac catheterization at rest [2], associ-
ated with chronic infusion defects on pulmonary ventilation/perfusion scintigraphy in
computed tomography angiography (with bands or total occlusions), nuclear magnetic
resonance imaging and/or pulmonary arteriography performed after at least three months
of effective anticoagulation [3].

The incidence of CTEPH after an acute episode of pulmonary embolism has been
reported in prospective studies as between 0.4% and 6.2% with a pooled incidence of around
3.4% [4]; however, in up to 30% of patients there was no history of venous thromboembolic
disease, suggesting that other risk factors such as thrombosis in situ or recurrent silent
pulmonary embolism might be present [5,6]. In Colombia PH is considered as an orphan
disease with limited epidemiological data. Up to date the most recent study published in
Colombia reported a prevalence and incidence of 52 and 20 cases per million inhabitants,
respectively [7].

Prior to new treatment strategies the overall survival of patients with CTEPH was on
average 2.8 years after diagnosis. Currently CTEPH is the only group of PH with potential
interventional management through pulmonary thromboendarterectomy (PTE), which
remains the treatment of choice [8]. This approach shows a clear improvement in survival
rates. However, determining the intervention eligibility requires evaluation by an experi-
enced multidisciplinary group. In selected cases balloon pulmonary angioplasty may serve
as an alternative in specialized centers. In patients not meeting criteria, or those refusing
surgery, Riociguat is the only medication approved for CTPEPH treatment. Riociguat is also
approved for patients with persistent or recurrent PH even after thromboendarterectomy.
Medications such as Macitentan have been studied but there is limited data supporting its
use [9–12].

Multidisciplinary expert assessment is required for evaluation and indication of PTE
in each individual case. Moreover, the complexity of CTEPH presentation paired with late
diagnosis leads to poor prognosis and low survival rates.

Up to date there is no clinical data that includes the clinical presentation, treatment,
and overall outcomes of patients with CTEPH in Colombia. We aimed to describe a cohort
of patients from northeastern Colombia diagnosed with CTEPH and hence help guide
future clinical decisions.

2. Methods
2.1. Ethical Considerations

This study was considered as a risk-free study due to its descriptive nature. The study
was conducted in accordance with the Declaration of Helsinki of 2000 and Colombian
legislation according to Resolution 8430 of 1993 of the Ministry of Health, complying with
all the requirements stipulated in article 11. This research was approved by the Ethics
Committees from Universidad Industrial de Santander (Minutes N◦ 25 of 3 November
2017) and the participating institutions: Instituto Neumologico del Oriente and Fundacion
Cardiovascular—Hospital Internacional de Colombia (Minutes N◦ 454 of 17 July 2018),
who guaranteed the adherence to the ethical commitments in all conducted research and
waived patient consent. Informed consent was obtained from all subjects involved in
the study.

2.2. Study Design

This was a retrospective cross-sectional study with concurrent non-probability sam-
pling in two pulmonary centers in the city of Bucaramanga, Colombia, between 2012
and 2018.
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2.3. Patients

Sociodemographic, clinical, diagnostic and treatment information were collected from
patients over 18 years of age with diagnosis of CTEPH. CTEPH was defined by right cardiac
catheterization (pulmonary artery pressure ≥25 mmHg and pulmonary vascular resistance
≥3 Woods units), and/or ventilation perfusion images or pulmonary angio-tomography
(with evidence of perfusion or filling defects) at the time of inclusion. Patients with other
forms of pulmonary hypertension and those lacking more than 20% of clinical data were
excluded.

2.4. Statistical Analysis

Descriptive analysis was performed using measures of central tendency (mean and
median), measures of dispersion (standard deviations, ranges), percentages and 95%
confidence intervals.

3. Results

519 electronic medical records corresponding to ICD-10 code for primary pulmonary
hypertension were filtered from the two participating institutions. 484 participants were
excluded due to misdiagnosis (177), non-CTEPH (177), pediatric population (27) and lack
of clinical data (35). A total of 35 patients diagnosed with CTEPH were included in the
study (Figure 1). Patient baseline characteristics are shown in Table 1.

Figure 1. Screening, inclusion and exclusion criteria of the medical records from patients diagnosed
with Pulmonary Hypertension (PH). * PAH: Pulmonary arterial hypertension (group I).

Table 1. Patient baseline characteristics.

Variable N Mean ± SD or (%)

Age at diagnosis [years] 35 52.3 ± 17.9
Time from onset of symptoms to

diagnosis (months) 35 13.8 ± 15

Gender (Male n (%)) 35 17 (48.6%)
BMI (kg/m2) 29 25.3 ± 4.2

Alive at enrolment time 35 27 (77.1%)
Location

Urban area 35 23 (65.7%)
Rural area 35 12 (34.3%)

Past medical history
Pulmonary embolism 25 (71.4%)

Deep venous thrombosis 13 (37.1%)
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Table 1. Cont.

Variable N Mean ± SD or (%)

Thrombophilia 12 (34.3%)
Antiphospholipid syndrome 8 (66%)

Protein C deficiency 1 (8.3%)
Protein S deficiency 1 (8.3%)

Antithrombin III deficiency 1 (8.3%)
No past medical history 1 (8.3%)

Cancer 0
Comorbidities

Arterial hypertension 12 (34.3%)
COPD 9 (25.7%)

Chronic kidney disease 4 (11.8%)
Diabetes Mellitus 3 (8.6%)

Coronary heart disease 1 (2.8%)
Interstitial lung disease 1 (2.8%)

Dyslipidemia 1 (2.8%)
Cerebrovascular disease 1 (2.8%)

Atrial fibrillation 1 (2.8%)
Functional class according to WHO

II 11 (31.4%)
III 16 (45.7%)
IV 8 (22.9%)

Symptoms
Dyspnea 35 (100%)

Chest pain 20 (57%)
Syncope 8 (22.8%)

Clinical parameters
BNP [pg/mL] 14 338 ± 342

Computed tomography Angiogram
(CT-Angiogram) 35 30 (85.7%)

Pulmonary ventilation/perfusion scan 35 15 (42.8%)
6 min walking test (6MWT) (meters) 7 365.3 ± 127

VO2 Max (ml/kg/min) 6 12.9 ± 3.8
VE/VCO2 6 43.4 ± 9.1

Median and interquartile range values are described. Acronyms: COPD: Chronic Obstructive Pulmonary Disease,
NT ProBNP: N-terminal brain natriuretic peptide.

At the time of data collection, 25% of the patients had died and information was
obtained by consulting the Unique Affiliate Database (BDUA) from the General System
of the Department of Health and Social Care, which is updated according to the reports
generated by the major medical insurance companies (EPS). 33 of these deaths were
attributed to CTEPH.

Dyspnea was present in all the patients in the cohort, followed by chest pain and
syncope (57% and 23%, respectively). At the time of diagnosis, the echocardiographic
variables in the cohort showed preserved systolic ventricular function by ejection fraction
of the left ventricle measurements (mean: 58.2% (± 5.2)). 20% had pericardial effusion,
which is a determinant of poor prognosis. Regarding the invasive hemodynamic variables,
means were calculated for the systolic pressure of the pulmonary artery (PASP), diastolic
pressure for the pulmonary artery (PADP), mean pressures of the pulmonary artery (MPAP),
wedge pressure of the pulmonary artery, cardiac index, and pulmonary vascular resistance
(See Table 2).

In this cohort, 38% underwent PTE and no patient was referred to balloon angioplasty.
89% received pulmonary vasodilator treatment. Monotherapy was administered in 64.5%
of cases, Bosentan being the most prescribed medication (60%) followed by sildenafil (25%),
Riociguat (10%) and nifedipine (5%). Only 32.2% received combined therapy (Table 3).
All patients were under anticoagulant treatment with warfarin (60%), Rivaroxaban (29%),
and low molecular weight heparin (11%). 63% had home oxygen therapy.
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Table 2. Baseline Invasive Echocardiographic and Hemodynamic Variables.

Variable N Mean ± SD or (%)

Basal echocardiography
LVEF (%) 35 58.2 ± 5.2

TAPSE (centimeters) 16 13.5 ± 3.8
Pulmonary systolic pressure (mmHg) 35 86.2 ± 20.9

Pericardial effusion 35 7 (20.6%)
Hemodynamics measured by right cardiac

catheterization.
Mean PAP (mmHg) 35 48.9 ± 10.7

MPAP 25–30 (mmHg) 2 (5.7%)
MPAP 30–35 (mmHg) 2 (5.7%)
MPAP > 35 (mmHg) 31 (88.5%)

Wedge pressure of the pulmonary artery (mmHg) 26 15.3 ± 7.2
Cardiac output (L/min) 25 3.9 ± 1.4

Cardiac index (L/min/m2 median –RIQ) 25 1.89 (RIQ 1.38)
Pulmonary vascular resistance (U Wood) 30 13.5 ± 8.4

Pulmonary vascular resistance (U Wood) > 12 15 (50%)
LVEF: Left ventricular ejection fraction. TAPSE: Tricuspid Ring Systolic Excursion. TAPSE: Tricuspid annular
plane systolic excursion. Mean PAP: Mean pulmonary arterial pressure.

Table 3. Description of vasodilator treatment.

Vasodilator Drug N n (%)

Patients under pharmacological therapy 35 31 (89%)
Monotherapy 20 20 (64.5%)

Bosentan 12 (60%)
Sildenafil 5 (25%)
Riociguat 2 (10%)

Nifedipine 1 (5%)
Therapy Dual 10 10 (32.2%)

Sildenafil + Bosentan 5 (50%)
Riociguat + Bosentan 1 (10%)

Sildenafil + Nifedipine 1 (10%)
Sildenafil + Iloprost 1 (10%)
Bosentan + Iloprost 1 (10%)

Nifedipine + Bosentan 1 (10%)
Therapy Triple 1 1 (100%)

Sildenafil + Nifedipine + Bosentan 1 (100%)

Follow-up visits were performed in 51% of the patients. Control echocardiogram
was performed in 11 patients, where a decrease in the PASP was evidenced (from 78.9 ±
18.0 mmHg to 59.0 ± 24.4 mmHg). Regarding the invasive echocardiographic findings and
hemodynamics, the cohort saw remarkable changes from the first cardiac catheterization
to the follow-up, especially in the mean pulmonary artery pressure (51.6 ± 7.2 mmHg to
43.3 ± 16.48 mmHg) and pulmonary vascular resistances (14.3 ± 9.2 Wood Units to 7.0 ±
5.8 Wood Units), but did not display differences in cardiac output (Table 4).
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Table 4. Invasive Echocardiographic and Hemodynamic Variables at Follow-up.

Variable
CTEPH

N Basal
Average ± SD o n y (%)

Follow-up
Average ± SD on y (%)

LVEF (%) 11 61.5 ± 5.6 58.4 ± 5.7
Pulmonary systolic pressure (mmHg) 9 78.9 ± 18.0 59.0 ± 24.4 **

Hemodynamics measured by right cardiac catheterization
Pulmonary artery systolic pressure (mmHg) 11 89.5 ± 16.1 69.5 ± 28.0

Diastolic pressure of the pulmonary artery (mmHg) 11 29.9 ± 8.2 23.3 ± 11.0
Mean pulmonary arterial pressure (mmHg) 10 51.6 ± 7.2 43.3 ± 16.48

Wedge pressure of the pulmonary artery (mmHg) 7 15.3 ± 5.3 14.3 ± 8.2
Cardiac output (L / min) 8 4.1 ± 1.9 4.6 ± 1.7

Pulmonary vascular resistance (U Wood) 9 14.3 ± 9.2 7.0 ± 5.8

LVEF: Left ventricular ejection fraction. ** Wilcoxon test (sum of ranges) to evaluate differences between baseline and follow-up (p < 0.05).

4. Discussion

CTEPH is a progressive disease of the pulmonary vasculature that leads to high
morbidity and mortality. The pathophysiological mechanisms and patient characteristics
differ from other forms of PH, therefore, characterizing the population and establishing the
most accurate treatment is highly relevant. In Colombia, CTEPH is considered an orphan
disease due to difficulties in establishing the right diagnosis and treatment. This results in
a burden on the health system due to the high demand on limited resources in order to
cover the cost of the health providers, diagnostic testing and medications [13].

The apparent low prevalence of CTEPH in the Colombian northwest may be due to
underreporting, due to the fact that the patient registry comes from highly specialized
centers and, in addition, most CTEPH cases are referred to one single reference center,
which may not reflect the real incidence. Importantly, apart from Villaquirán et al. who
reported data (n = 5 (2010) and n = 52 (2015)) from patients with CTEPH in Bogotá [14],
no other similar study has been published in Colombia on CTEPH. The Spanish registry
of pulmonary arterial hypertension REHAP for the year 2012 reported an incidence of 0.9
cases per year and a prevalence of 3.2 cases per million adults [14]. Taken together this
highlights the need to publish more data on the prevalence and characteristics of CTEPH
in order to improve patient outcomes.

REHINO is a study of patients with PH in northeastern Colombia. It aimed to include
patients diagnosed with PH focusing on group 4; there was no sex and age difference in
patients diagnosed with CTPEH (mean age over the sixth decade of life). However, age
may have been a non-modifiable variable associated with onset of thrombotic events prior
to the development of CTEPH in some patients. In our cohort, there was no previous
history of Pulmonary Embolism (PE), even in up to 60% of cases, which contrasts with
other registries where 71% of the patients a had history of PE, and 37% had deep vein
thrombosis [15].

The time from onset of symptoms to CTEPH diagnosis appears to have decreased glob-
ally due to improvement in the diagnosis of venous thromboembolic diseases including
better interpretation of radiological chest studies. In our cohort the time to diagnosis was
similar to the one reported in more recent studies (mean: 14 months) [10]. Exertional dys-
pnea, chest pain, tachypnea and syncope were the most frequent symptoms and signs
in our cohort, which did not differ from other registries [1]. In the registry published by
Villaquirán et al., a higher number of patients were in functional class III and IV at the time
of diagnosis (87%), in contrast to our study (68.6%). This might be explained by the later
detection and progression of the disease [15].

Interestingly, many patients did not have reports of natriuretic peptides, 6-min walk
test or integrated cardiopulmonary test, due to administrative, geographical and socioe-
conomic barriers. Presence of cardiovascular limitation for exercise and ventilatory in-
efficiency was evident in the limited number of patients who underwent the stress test
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(n = 6). Those barriers represent challenging targets for improving the comprehensive
clinical evaluation of patients with CTEPH in the area.

Most of the patients in our cohort had findings in the right cardiac catheterization,
correlated with greater severity of their symptoms, which also led to higher mortality at
the time of diagnosis. The sub-analysis performed in our cohort showed a weak correlation
between clinical and hemodynamic variables, similar to that described in other cohorts.
Therefore, it is important to develop a comprehensive approach including biomarkers,
functional exercise tests, imaging and hemodynamic evaluation, rather than assessing the
clinical profile alone.

Surgical PTE is currently the treatment of choice, which is only performed in 63%
of patients eligible for surgery in high income countries [16]. In contrast, only 40% of
the patients in our cohort underwent this procedure. No patient was referred to undergo
balloon angioplasty due to the lack of experience in the participating institutions at the
time of data collection [17].

Riociguat is a guanylate cyclase stimulant, indicated for the treatment of patients with
CTEPH who are not candidates for surgery according to the current evidence, which has
been approved by the Colombian local authorities (INVIMA) since 2014. Those recommen-
dations are supported by the CHEST-1 study, which included 261 patients (189 with inoper-
able CTEPH and 72 with persistent PHT after the surgical procedure); compared to placebo,
Riociguat-treated patients improved in the 6-MWT (39-m) and PVR, (246.4 dyn·s·cm-5;
p < 0.0001; CI 95% (303,3 a 189,5)) with no major side effects reported [11]. These improve-
ments were also evident in the long-term extension study CHEST-2 [11]. In this study,
Riociguat was prescribed in less than 10% of the cohort. A total of 64.5% of patients were un-
der monotherapy treatment with Bosentan (60%) and sildenafil (25%) which are generally
known for the management of patients with PAH. Prior to the publication of the CHEST-1
study, the use of Bosentan was supported by studies such as BENEFIT [9,12,18,19].

All patients were under chronic anticoagulation. Warfarin was the most prescribed
anticoagulant (60%); 30% were prescribed with Rivaroxaban, and 10% with low molecular
weight heparin. Currently, the use of vitamin K antagonists (VKA) is considered as the
standard anticoagulation therapy empirically. Nonetheless, studies that support VKA’s
superiority over other oral anticoagulants are still limited. Therefore, the indication of
the best pharmacological agent for anticoagulation should rely on individual risk-benefit
assessment for each patient [20].

Improvement was evidenced in both objective parameters (echocardiogram and car-
diac catheterization) and clinical variables in the cohort. 77% of the patients had changes
in their functional class, from whom improvement was seen in 71%. The lack of follow-up
visits may be due to the constant conflicts between the health care insurance companies
and caregivers, which limit clinical attention given to patients diagnosed with “orphan”
diseases. Despite those difficulties, patients who underwent treatment showed improve-
ment after starting medication, even though the treatment of choice and appropriate health
care programs were lacking.

We recognize several limitations in the present study inherent to the design such as the
lack of information in the medical records (some variables are not systematically described)
and limited clinical follow-up (less than 50%). However, from an epidemiological stand-
point, this study provides valuable data on the health status of the population diagnosed
with CTEPH.

5. Conclusions

This is the first study describing the clinical, hemodynamic and treatment character-
istics of patients diagnosed with CTEPH in northeastern Colombia. The present study
highlights the lack of epidemiological reports on CTEPH and limited health policies to
support this population. Here, we also describe relevant clinical, functional and hemo-
dynamic data, including the diagnostic and treatment approach of the REHINO cohort.
The symptoms of CTEPH are nonspecific and very subtle during the early stages of the
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disease. Therefore, early diagnosis may be challenging and requires a high degree of
clinical suspicion.

Follow-up of patients with risk factors (especially those with a history of PE) is
essential. The organization of multidisciplinary groups in pulmonary centers that offer
PTE are essential, due to the potential that this intervention has for treating CTEPH in the
long-term, which would improve the survival and quality of life of these patients.

For patients who are not candidates for surgical intervention, the best pharmacological
therapy is guanylate cyclase stimulants, according to the current literature. However,
despite the availability of Riociguat in Colombia since 2014 (being the only drug approved
for CTEPH), low adherence to current recommendations by the caregivers was observed,
opting for the traditional prescription of Bosentan and sindenafil instead.
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