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Abstract
Introduction: Anticoagulation clinics have been established to optimize anticoagulant therapy and reduce hemorrhagic and 
thrombotic complications. Objective: To describe the sociodemographic and clinical characteristics of patients followed at an 
anticoagulation clinic in Bogotá, Colombia, and to identify factors associated with anticoagulation-related complications. 
Methods: This was a retrospective, observational, analytical cohort study of ambulatory patients followed for up to three 
years. Sociodemographic and clinical variables and indications for anticoagulation were collected. Univariate and multivariate 
logistic regression models were used to estimate odds ratios (ORs) with 95% confidence intervals (95% CI). A survival analy-
sis was performed according to the type of anticoagulant used (warfarin vs. direct oral anticoagulants [DOACs]). 
Results: A  total of 595  patients were included; 53.7% were women, with a mean age of 62 ± 14.1  years. Warfarin was 
prescribed for 40%, rivaroxaban for 19%, low-molecular-weight heparins for 12.9%, and apixaban for 11.7%. The main indi-
cations were atrial fibrillation (47.1%), hypercoagulable disorders (15.1%), intracardiac thrombi (15.9%), arterial thromboses 
(9.9%), and venous thromboembolisms (11.1%). The factors independently associated with complications were a history of 
thromboembolic events (OR: 11.3; 95% CI: 2.8-44.6) and a HAS-BLED score > 2 (OR: 6.9; 95% CI: 1.01-47.9). Event-free 
survival was lower with warfarin (0.87 per 1,000 person-years) compared with DOACs (0.97 per 1,000 person-years). 
Conclusions: Management within an anticoagulation clinic is associated with a favorable safety profile, with higher event-free 
survival among patients treated with DOACs. A prior history of thromboembolism and an elevated HAS-BLED score identify 
high-risk subgroups requiring closer follow-up.
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Resumen
Introducción: Las clínicas de anticoagulación se han consolidado como una estrategia asistencial para optimizar el uso de 
anticoagulantes y reducir la incidencia de complicaciones hemorrágicas y trombóticas. Objetivo: Describir las características 
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Introduction

Thromboembolic events are a significant cause of 
morbidity and mortality worldwide, with pulmonary 
thromboembolism (PTE) being one of the most promi-
nent entities, due to its high burden of comorbidity and 
mortality.1 In Latin America, deep vein thrombosis 
(DVT) and PTE are estimated to affect approximately 
0.5% of the population, while valve replacement and 
stenosis involve close to 0.3%. Furthermore, antiphos-
pholipid syndrome (APS) and atrial fibrillation have a 
prevalence of about 0.05% in the region.2

In Colombia, the reported prevalence of PTE varies 
and is mainly derived from observational studies, with 
figures of less than 1%.3 This epidemiological context 
has been associated with the progressive growth in the 
demand for care in anticoagulation clinics, where patients 
are treated with direct oral anticoagulants (DOACs) or 
warfarin and require close follow-up to reduce the risk 
of short- and long-term complications.1,4,5

For decades, warfarin was the main oral anticoagu-
lant used. However, the advent of DOACs expanded 
the therapeutic arsenal for secondary prevention of 
VTE. These drugs were progressively approved by the 
FDA after 2010 (rivaroxaban in 2012, dabigatran and 
apixaban in 2014, and edoxaban in 2015).6-9

These diseases place a significant burden on the 
older adult population; an estimated 10% of people over 
the age of 65 have atrial fibrillation, close to 5% expe-
rience strokes, and approximately 2% have venous 
thromboembolic disease. Anticoagulation is one of the 
main prevention and treatment strategies in this age 

group.4 However, anticoagulation in older adults is 
associated with a higher risk of complications, espe-
cially bleeding, requiring an individualized risk-benefit 
analysis. In this regard, clear guidelines and specific 
treatment protocols are essential to guide the safe use 
of anticoagulants, keeping in mind the high burden of 
comorbidities and polypharmacy with their consequent 
risk of drug interactions. The following research ques-
tion was proposed for adult patients needing follow-up 
at an anticoagulation clinic in Bogotá: Are there differ-
ences in the prevalence of anticoagulation-related com-
plications (major bleeding, clinically relevant non-major 
bleeding, thrombotic/embolic events, and death) 
between patients on DOACs and those treated with 
warfarin during a three-year follow-up?

Therefore, the goal of this study was to analyze the 
sociodemographic characteristics, indications for anti-
coagulation, and complications associated with the use 
of anticoagulants in patients enrolled in the anticoagu-
lation program at a specialized clinic in Bogotá.

Methods

This was a retrospective, observational, analytical 
cohort study at a tertiary care hospital in Bogotá. Expo-
sure was defined as patients with diagnoses that 
required chronic anticoagulation therapy under different 
schemes.

Study candidates were identified using the outpatient 
anticoagulation clinic’s records at Hospital Santa Clara in 
Bogotá. A total of 595 patients with complete information 

sociodemográficas y clínicas de los pacientes atendidos en una clínica de anticoagulación en Bogotá, Colombia, e identificar 
los factores asociados a la aparición de complicaciones relacionadas con la anticoagulación. Métodos: Se realizó un estudio 
observacional, analítico, de cohorte retrospectiva, en pacientes ambulatorios seguidos durante tres años. Se recolectaron 
variables sociodemográficas, clínicas e indicaciones de anticoagulación. Se aplicó regresión logística univariada y multivariada 
para estimar la razón de disparidad (OR) con intervalos de confianza del 95% (IC 95%). Adicionalmente, se efectuó un 
análisis de supervivencia según el tipo de anticoagulante (warfarina frente a anticoagulantes orales directos [ACOD]). 
Resultados: Se incluyeron 595 pacientes; el 53.7% fueron mujeres, con edad media de 62 ± 14.1 años. El 40% recibió 
warfarina, el 19% rivaroxabán, el 12.9% heparinas de bajo peso molecular y el 11.7% apixabán. Las principales indicaciones 
fueron fibrilación auricular (47.1%), trastornos de hipercoagulabilidad (15.1%), trombo intracavitario (15.9%), trombosis arte-
rial (9.9%) y tromboembolia venosa (11.1%). Los factores asociados a complicaciones fueron el antecedente de eventos 
tromboembólicos (OR: 11.3; IC 95%: 2.8-44.6) y un puntaje HAS-BLED > 2 (OR: 6.9; IC 95%: 1.01-47.9). La supervivencia 
libre de eventos fue menor con warfarina (0.87 por 1.000 personas-año) frente a ACOD (0.97 por 1.000 personas-año). 
Conclusiones: La atención en una clínica de anticoagulación se asocia con un perfil de seguridad favorable, con mejor 
supervivencia libre de eventos en pacientes tratados con ACOD. Los antecedentes tromboembólicos y un HAS-BLED elevado 
identifican subgrupos de mayor riesgo que requieren seguimiento intensivo.

Palabras clave: Clínica de anticoagulación. Complicaciones. Warfarina. Fibrilación auricular. Eventos tromboembólicos. 
Anticoagulantes orales directos.
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available for analysis from January 1, 2020, to March 30, 
2023, were selected.

Patients over the age of 18 with a diagnosis requiring 
anticoagulation with a vitamin K antagonist or the new 
anticoagulants were included. The information recorded 
in the outpatient anticoagulation clinic’s medical chart 
was accepted for diagnosis.

Pregnant or breastfeeding patients and those who 
were hospitalized or in the intensive care unit were 
excluded.

As far as risk score use, HAS-BLED and CHA2DS2-
VASc are mainly validated in patients with atrial fibril-
lation to estimate hemorrhagic and thromboembolic 
risk, respectively. In our study, these scores were used 
for exploratory and comparative purposes and not as 
definitive diagnostic tools. The objective was to 
describe the baseline risk profile of anticoagulated 
patients being cared for in a structured program, allow 
adjustments for the burden of hemorrhagic/thrombotic 
risk between anticoagulant groups, and explore their 
clinical vulnerability behavior in a heterogeneous 
cohort of real-life anticoagulated patients. We explicitly 
recognize that extrapolation of these scores to indica-
tions other than atrial fibrillation does not constitute 
formal validation; therefore, the findings derived from 
these scores should be interpreted as hypothesis gen-
erators and were complemented with specific clinical 
variables (e.g., history of thromboembolic events, 
chronic kidney disease, and age).

The unit of information was the medical chart, and 
sample size was not calculated since all patients who 
met the established selection criteria were included 
(n = 595).

We performed a descriptive analysis in which quali-
tative variables were presented as absolute and relative 
frequencies. Quantitative variables were presented 
using measures of central tendency and dispersion, 
according to the distribution of the analyzed data eval-
uated with the chi-square test. The mean and standard 
deviation were used when the distribution met the cri-
teria for normality; otherwise, the median and interquar-
tile range were employed. After categorizing the 
variables, the association between the anticoagulants 
used and the composite outcome of anticoagulation 
complications was analyzed using chi-square or Fish-
er’s exact test.

The composite anticoagulation outcome was defined 
as complications due to bleeding while on anticoagu-
lant therapy and thrombotic or thromboembolic events.

Major bleeding was defined according to the Interna-
tional Society on Thrombosis and Haemostasis (ISTH)10 

guidelines as bleeding that causes death, is life-threat-
ening, causes clinical sequelae, or consumes large and 
significant amounts of healthcare resources. Therefore, 
major bleeding11 was defined as:
−	Fatal bleeding.
−	Bleeding in a critical organ or area, such as central 

nervous system, intraocular, intraperitoneal, intra-ar-
ticular, pericardial or intramuscular bleeding that pro-
duces compartment syndrome.

−	Bleeding that causes a more than 2 g fall in hemo-
globin levels or requires two or more units of packed 
red blood cells.
Clinically significant minor bleeding was defined as 

gastrointestinal or genitourinary tract bleeding (macro-
scopic hematuria lasting at least 24 hours) that did not 
meet the criteria for major bleeding. It also included 
recurrent or nonrecurrent epistaxis requiring interven-
tion and lasting at least five minutes; extensive hema-
tomas measuring at least 5 cm in diameter, and cases 
of breakthrough bleeding or menorrhagia.11-13 Other 
bleeding episodes were considered minor. Thrombotic 
or embolic events were recurrent thromboembolic dis-
ease, arterial emboli, cardiac emboli, mechanical valve 
thrombi, and fatal outcomes (documented in the med-
ical chart).

A p value < 0.05 was used to accept the null hypoth-
esis and p > 0.05 to reject the hypothesis, which was 
defined as an association between DOACs (as com-
pared to warfarin) and the existence of anticoagulation 
complications. Subsequently, a simple logistic regres-
sion with its respective OR was run, followed by multi-
ple logistic regression. Finally, a survival analysis was 
performed according to the type of anticoagulant used. 
This was done using the actuarial method followed by 
Cox’s regression. The STATA® 15 program was used.

The HASBLED score was used to describe the risk 
of bleeding, and CHA2DS2VAS for the risk of thrombotic 
events, both of which are validated for patients with 
atrial fibrillation. However, the research group extrapo-
lated these scores to the population that required 
anticoagulation.

The pattern and proportion of missing data were 
evaluated, by variable, prior to analysis. Variables with 
a low proportion of missing data underwent com-
plete-case analysis. Multiple imputation by chained 
equations (MICE) was considered for relevant clinical 
variables with non-negligible and plausibly missing at 
random (MAR) data, for which sociodemographic vari-
ables, comorbidities, the indication for anticoagulation, 
the type of anticoagulant, and outcomes were used as 
predictors.
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Finally, the protocol was approved by the ethics com-
mittee at the reference center involved in the study, 
classified as “no-risk.” The ethical principles estab-
lished in the Declaration of Helsinki were adhered to.

Results
A total of 595 patients were collected from the med-

ical chart system database from January 1, 2020, to 
December 31, 2023. The sociodemographic character-
istics of the anticoagulation program were distributed 
as follows: average age 62 years (± 14.1 years); 53.7% 
females (Table 1). Of the total population, 25.3% had a 
history of hypertension, 7% had type 2 diabetes melli-
tus, 8.7% had chronic kidney disease, 3.7% had hypo-
thyroidism, 1.1% had antiphospholipid syndrome, and 
1.51% had dyslipidemia. The following diagnoses were 
recorded: nonvalvular fibrillation (13.7%), followed by 
valvular fibrillation (33.4%) and hypercoagulable disor-
der (15.1%), with a lower prevalence of intracardiac 
thrombi (15.9%), arterial thrombi (9.9%), and thrombo-
embolic events, either deep vein thromboses or pulmo-
nary emboli (11.09%) (Table 1). Additional information 
on patient characteristics can be found in the supple-
mentary material - table S1.

Most of the patients with heart prostheses and an 
indication for anticoagulation were reported to have an 
aortic mechanical prosthesis (58%), with a lower prev-
alence of a combination of mitral (41.2%) and aortic 
(6.98%) mechanical prostheses. The complications 
associated with anticoagulation were reported to be 
minor bleeding (1.185%), major bleeding (0.3%), and 
valvular thromboses (0.5%) (Table 1). Altogether, 12.9% 
of the patients were on low molecular weight heparin, 
mainly dalteparin and enoxaparin.

In the laboratory tests reported for patients taking 
warfarin, mean time in therapeutic range (TTR) for this 
cohort was 63.4%; similarly, the reported INR was 2.5 
(± 1.6). The GFR was 82.9 ml/min/m2 (± 24.5 ml/min/m2), 
while the GFR reported by the CKD-EPI formula was 
81.2 ml/min/m2 (21.9 ml/min/m2), and 60-90 ml/min/m2 

for patients on warfarin. However, there was no anemia, 
with a hemoglobin level of 12.2  g/dL (SD ± 15  g/dL). 
The average body mass index was 26.5  kg/m2 and 
there were only three deaths. The most frequent HAS-
BLED score was 2, while 8% of patients with atrial 
fibrillation had a CHA2DS2-VAS score of less than 2 
(Table 2).

Univariate logistic regression revealed that female 
sex (OR: 0.68; 95% CI: 0.49-0.94), age (OR: 1.04; 95% 
CI: 1.03-1.06), atrial fibrillation (OR: 27.2; 95% CI: 

8.5-87.5), thromboembolic events (OR: 1.8; 95% CI: 
1.05-3.14), a HASBLED score greater than 2 (OR: 2.91; 
95% CI: 1.91-4.45), and a CHA2DS2VAS score greater 
than 4 (%) (OR: 1.71; 95% CI: 1.40-20.08) (Table  3), 
acted as risk and protective factors for developing com-
plications when patients were anticoagulated with 
DOACs versus warfarin but with no statistically signifi-
cant differences. Table 3 shows the logistic regression 
results, with their respective ORs and confidence 
intervals.

After the above exploration, a multivariate analysis 
was performed with the main goal of identifying the 
sociodemographic and clinical factors associated with 
anticoagulation complications. According to the logistic 
regression analysis, patients with atrial fibrillation (OR: 
27.2; 95% CI: 8.5-87.5), thromboembolic events (OR: 
11.3; 95% CI: 2.8-44.6), and a HASBLED score greater 
than 2 (OR: 6.9; 95% CI: 1.01-47.9), had a statistically 
significant association with a composite event consist-
ing of thrombosis, major bleeding, minor bleeding, and 
death (Table 4).

The survival analysis revealed that the overall rate of 
complications was 1.2 x 1,000 person-years. In a sur-
vival rate analysis by group, comparing warfarin to 
DOACs, the survival rate of the first group was 0.87 per 
1,000 person-years, while that of the DOAC group was 
0.97 per 1,000 person-years (Fig. 1).

Discussion
In this cohort, warfarin continued to be the most pre-

scribed anticoagulant (40%), which is consistent with 
the predominant indications for treatment at the antico-
agulation clinic, particularly for patients with mechani-
cal prosthetic valves (mainly aortic) and atrial fibrillation 
(in those with moderate-severe rheumatic mitral steno-
sis). This finding reflects the persistent clinical rele-
vance of vitamin K antagonists in settings in which 
DOACs have not shown safety or efficacy or are even 
associated with a higher risk of thrombotic events, as 
occurred in the context of mechanical valves in the 
RE-ALIGN study with dabigatran.14

From a clinical perspective, warfarin continues to be 
a pillar of treatment and secondary prevention for 
thromboembolic events including deep vein thrombo-
sis, pulmonary thromboembolism, and cardiac embo-
lism in select atrial fibrillation contexts, as well as in 
patients with mechanical prosthetic valves.15 Warfarin 
is recommended for patients with prosthetic valve 
replacement since it lowers the risk of thromboembolic 
complications; DOACs tried to play a significant role in 
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Table 1. Sociodemographic and clinical characteristics of the anticoagulated patients

Variable Warfarin 
(n = 239)

Apixaban
(n = 70)

Rivaroxaban  
(n = 115)

p

Female sex, n (%) 108 (45) 96 (60) 60 (52.1) 0.001

Age (SD) 57.5 (11.6) 70.2 (13.2) 65.4 (12.6) 0.000

Medical history, n (%)

Hypertension 70 (29.1) 34 (21.2) 29 (25.2) 0.276

Diabetes mellitus 17 (7.0) 13 (8.1) 7 (6.0) 0.952

Chronic kidney disease 24 (10) 13 (8.1) 9 (7.8) 0.908

Hypothyroidism 9 (3.7) 6 (3.7) 3 (2.6) 0.915

Antiphospholipid syndrome 6 (2.5) 1 (0.8) 0.255

Dyslipidemia 5 (2.0) 2 (1.2) 2 (1.7) 0.867

Diagnosis, n (%)

Nonvalvular fibrillation 3 (1.2) 45 (28.1) 33 (28.7) 0.000

Valvular fibrillation 143 (59.5) 15 (9.3) 7 (6.0) 0.000

Hypercoagulable disorder 34 (14.1) 28 (17.5) 14 (12.1) 0.000

Cardiac thrombus 28 (11.6) 27 (23.1) 19 (16.5)

Arterial thrombus 11 (4.5) 16 (10) 23 (20)

Thromboembolic events (DVT‑PE) 20 (8.3) 18 (11.2) 17 (14.7)

Anticoagulation complications, n (%)

Minor bleeding 5 (2.0) 3 (1.8) 0.843

Major bleeding 2 (0.8)

Valve thrombosis 2 (0.8) 1 (0.8)

Clinical variables 

Body mass index (kg/m2) (SD) 26.5 (4.5) 26.4 (5.1) 28.9 (7.1) 0.629

Mortality, n (%) 2 (1.9) 1 (2.6) 0.725

Table 2. Anticoagulation therapy and risk scores in 
patients with nonvalvular atrial fibrillation 

Variable Warfarin
(n = 104)

DOACs
(n = 95)

p

HAS‑BLED, n (%)
0
1
2
3
4
5

94 (90.3)
4 (3.8)
3 (2.8)
2 (1.9)
1 (0.9)

45 (47.3)
18 (18.9)
23 (24.2)

8 (8.4)

1 (1.0)

 
0.000

CHA2DS2‑VASc, n (%)
1
2
3
4
5
6

2 (1.9)
5 (4.81)
3 (2.8)
4 (3.8)
2 (1.9)
1 (0.9)

2 (2.1)
8 (8.4)

14 (14.7)
19 (20)
9 (9.4)
2 (2.1)

 
0.000

mechanical valve replacement anticoagulation but had 
a higher risk of thrombotic events.16

The study population had a mean age of less than 
80 years but a significant burden of comorbidity and a 
less favorable kidney function profile than reported by 
the large, pivotal clinical DOAC trials. Also, patients with 
nonvalvular atrial fibrillation had higher CHA₂DS₂-VASc 
scores, indicating a higher baseline thromboembolic 
risk. This “real-life” profile partially explains the differ-
ences found when compared to the highly selected pop-
ulations of the randomized clinical trials and reinforces 
the value of observational studies in Latin American 
contexts. Despite this higher risk profile, the rates of 
hemorrhagic and thrombotic events found in our cohort 
were lower than those reported in some international 
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Table 4. Multivariate analysis between patients anticoagulated with DOACs versus warfarin for the complications 
outcome

Results Warfarin
(n = 264)

DOACs
(n = 331)

OR (95% CI)

Female sex, n (%) 128 (48.4) 192 (58) 0.61 (0.29‑1.26)

Age (SD) 57 (11.9) 65.8 (14.8) 0.97 (0.95‑1.0)

History of thromboembolic events (DVT‑PE), n (%) 20 (7.5) 5 (10.5) 11.3 (2.8‑44.6)

HASBLED score greater than 2, n (%) 3 (1.1) 9 (2.7) 6.9 (1.01‑47.9)

CHA2DS2VAS score greater than 4, n (%) 3 (1.1) 11 (3.3) 0.16 (0.01‑1.51)

Table 3. Univariate analysis between patients anticoagulated with DOACs vs. warfarin for the complications outcome

Results Warfarin
(n = 264)

DOACs
(n = 331)

OR (95% CI)

Female sex, n (%) 128 (48.4) 192 (58) 0.68 (0.49‑0.94)

Age (SD) 57 (11.9) 65.8 (14.8) 1.04 (1.03‑1.06)

Atrial fibrillation, n (%) 143 (54.1) 23 (6.9) 27.2 (8.5‑87.5)

History of thromboembolic events (DVT‑PE), n (%) 20 (7.5) 5 (10.5) 1.8 (1.05‑3.14)

HASBLED greater than 2, n (%) 3 (1.1) 9 (2.7) 2.91 (1.91;4.45)

CHA2DS2VASC greater than 4, n (%) 3 (1.1) 11 (3.3) 1.71 (1.40‑2.08)

Hypertension, n (%) 71 (26.8) 80 (24.1) 0.86 (0.59‑1.25)

Type 2 diabetes mellitus, n (%) 17 (6.44) 25 (7.55) 1.18 (0.62‑2.24)

Chronic kidney disease, n (%) 24 (9.0) 28 (8.4) 0.92 (0.52‑1.63)

Hypothyroidism, n (%) 9 (3.4) 13 (3.9) 1.15 (0.48‑2.74)

Dyslipidemia, n (%) 5 (1.8) 4 (1.2) 0.61 (0.16‑2.31)

Body mass index (kg/m2) (SD) 26.5 (4.5) 27.6 (6.1) 0.98 (0.93‑1.04)

Creatinine (SD) 1.7 (8.8) 0.9 (0.3) 1.15 (0.41‑3.19)

Mortality, n (%) 2 (1.9) 1 (1.0) 0.45 (0.03‑6.5)

registries, which could be attributed to structured fol-
low-up at an anticoagulation clinic and optimized thera-
peutic control.17 The expected outcomes of complications 
with the use of DOACs in nonvalvular fibrillation, hyper-
coagulable disorders, cardiac thrombi, arterial thrombo-
ses, and thromboembolic events in our study were 
similar to those in previous studes.14-18 These findings 
support the use of DOACs for approved indications and 
in carefully selected patients, especially those with non-
valvular atrial fibrillation, in whom DOACs have proven 
to have a favorable safety profile with a lower risk of 
intracranial hemorrhage compared to warfarin.17

Low molecular weight heparins (LMWHs) were used 
in less than 12% of our cohort, predominantly for ambu-
latory treatment in specific scenarios like hypercoagu-
lable disorders, mechanical prosthetic valves, 
intracardiac thrombi, and some cases of deep vein 
thrombosis that required bridging therapy or titration 
before beginning oral anticoagulation. This pattern con-
curs with the evidence derived from the CLOT19 study 
that positioned LMWHs as the preferred strategy for 
cancer patients with venous thromboembolism and is 
still valid in selected subgroups.

As far as the distribution of DOACs, the drug most 
used for nonvalvular atrial fibrillation was rivaroxaban 
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Figure  1. Event-free survival: warfarin (0.87 per 1,000 
person-years) versus DOACs (0.97 per 1,000 person-years).

(19%), followed by apixaban, while dabigatran was the 
least prescribed. This pattern of use is consistent with 
the trends found in other real clinical practice trials in 
which rivaroxaban and apixaban are usually preferred 
due to their pharmacokinetic profile, dosing schemes, 
and perceived safety in patients with a higher comor-
bidity burden.20

One relevant finding was the prognostic utility of the 
HAS-BLED and CHA₂DS₂-VASc scores for predicting 
complications, even when applied in an exploratory 
fashion in a diverse population of anticoagulated 
patients. A HAS-BLED score > 2 and a CHA₂DS₂-VASc 
score > 4 were particularly associated with a higher risk 
of adverse events, which concurs with reports in the 
literature and suggests that these tools could provide 
added value for baseline risk stratification, beyond the 
strictly validated context of atrial fibrillation.20 However, 
these findings must be cautiously interpreted and con-
sidered as hypothesis generators for future prospective 
studies. Finally, the survival analysis showed a lower 
global rate of long-term complications in patients 
treated with DOACs compared to warfarin, with a pat-
tern consistent with the observations of previous stud-
ies and international registries (Fig.  1).19 This finding 
supports the relative superiority of DOACs in terms of 
overall safety in appropriate scenarios, although it does 
not invalidate warfarin’s central role for specific high 
thrombotic risk indications.

Study limitations

One limitation is that this was a retrospective study, 
which does not allow for adequate follow-up. For now, 
we are describing prevalence measurements, as the 
amount of data collected is minimal for determining a 
causal relationship (cause-effect or effect-cause), and 

therefore this population’s risk and prognostic factors 
cannot be precisely determined. There is a likelihood 
of information bias due to data collection from a 
dynamic system and the lack of reliable information in 
the medical charts. Referral center bias is also likely 
since the study was conducted at a public institution, 
with significant financial limitations and poor adherence 
and follow-up in the outpatient department. However, 
this is one of the first studies in anticoagulated patients 
at a low-income state hospital, which contributes valu-
able information regarding the local dynamics at the 
anticoagulation clinic. This provides an opportunity to 
promote national research and will therefore serve as 
a reference framework for generating new studies.

Conclusions
Structured care at an anticoagulation clinic is asso-

ciated with a favorable safety profile for both patients 
treated with warfarin and those treated with DOACs, 
with higher event-free survival in patients treated with 
the latter during long-term follow-up. A history of throm-
boembolic events and a high HAS-BLED score identify 
subgroups with a higher risk of complications, including 
bleeding, recurrent thrombi, and death. These data 
underscore the need for individualized risk stratification 
and closer clinical follow-up. These findings support the 
role of anticoagulation clinics as an effective strategy 
for optimizing anticoagulant treatment safety in real 
clinical practice settings, especially in populations with 
a high comorbidity burden.
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ORIGINAL ARTICLE

Abstract
Introduction: Direct oral anticoagulants have demonstrated a superior safety profile compared to warfarin; however, their 
efficacy and safety depend on appropriate administration. Clinical studies report a high prevalence of inappropriate prescribing, 
which is associated with an increased risk of adverse outcomes. Objective: To evaluate the appropriateness of direct oral 
anticoagulant prescriptions in patients with venous thromboembolism and/or atrial fibrillation. Methods: A retrospective obser-
vational cross-sectional study of hospitalized adult patients between August 1, 2023, and July 31, 2024, who were prescribed 
direct oral anticoagulants at discharge for atrial fibrillation and/or venous thromboembolism. Results: A total of 610 patients 
were included: 53.9% with atrial fibrillation, 41.2% with venous thromboembolism, and 4.9% with both conditions. Apixaban 
was prescribed in 76.9% of cases, rivaroxaban in 22.6%, and dabigatran in 0.5%. Inappropriate prescriptions were identified 
in 20.5% of cases, more frequently in venous thromboembolism (27.5%) and in patients with both conditions (30%) than in 
atrial fibrillation (14.3%) (p = 0.001). The main causes of inappropriate prescription were omitted or incomplete loading doses 
in acute venous thromboembolism (42.4%), followed by subtherapeutic (29.6%) and supratherapeutic doses (18.4%). 
Conclusions: A high rate of inappropriate direct oral anticoagulant prescribing was found in our institution. Educational and 
monitoring strategies must be implemented to optimize the prescription of these medications and improve clinical outcomes.

Keywords: Inappropriate prescribing. Direct-acting oral anticoagulants. Atrial fibrillation. Venous thromboembolism.

Resumen
Introducción: Los anticoagulantes orales de acción directa han demostrado tener un perfil de seguridad superior al de la 
warfarina; sin embargo, su eficacia y seguridad dependen de la administración adecuada. Estudios clínicos reportan una alta 
prevalencia de prescripción inadecuada, lo que se asocia a un mayor riesgo de desenlaces adversos. Objetivo: Evaluar la 
idoneidad de la prescripción de anticoagulantes orales de acción directa en pacientes con tromboembolia venosa y/o fibrila-
ción auricular. Métodos: Estudio observacional de corte retrospectivo, de pacientes adultos hospitalizados entre el 1.° de 
agosto de 2023 y el 31 de julio de 2024, prescritos al egreso con anticoagulantes orales de acción directa para fibrilación 
auricular y/o tromboembolia venosa. Resultados: Se incluyeron 610 pacientes: 53.9% con fibrilación auricular, 41.2% con 
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Introduction
Atrial fibrillation (AF) and venous thromboembolism 

(VTE) are common cardiovascular disorders associated 
with serious thromboembolic events and a high burden 
of morbidity and mortality.1,2 Anticoagulant therapy plays 
an essential role in their prevention and treatment.2,3 In 
this regard, direct oral anticoagulants (DOACs) are cur-
rently recommended by various guidelines as first-line 
anticoagulants in VTE2,4,5 and AF unassociated with 
moderate to severe rheumatic mitral stenosis or mechan-
ical heart valves.1,6 However, their efficacy and safety 
largely depend on appropriate administration,7 and one 
of their main disadvantages is that their dosing may vary 
depending on the indication and must be adjusted, 
under certain circumstances, to achieve anticoagulation 
without increasing the risk of bleeding.1,7 Various studies 
have found a high percentage of inappropriate DOAC 
prescribing in clinical practice, with up to 34.6% of cases 
being prescribed different doses than those recom-
mended by the guidelines.7,8,9 This is associated with a 
higher risk of adverse cardiovascular events and greater 
mortality compared to using the standard dose.10-12 
There are no studies published in Colombia evaluating 
the extent to which this group of drugs is appropriately 
prescribed in clinical practice. Therefore, this study was 
conducted to evaluate the appropriateness of DOAC 
prescribing in patients with VTE, AF, or both.

Methods
A retrospective observational study was conducted 

that included adult patients hospitalized between August 
1, 2023, and July 31, 2024, at Hospital Alma Mater in 
Antioquia who were discharged with a prescription for a 
DOAC for AF, VTE, or both. Eligible patients were iden-
tified by screening DOAC prescriptions in discharge 
papers during the study period. For patients with multiple 
hospitalizations, only data from the first hospitalization 
was considered. The researchers ensured that the 

indication for anticoagulation was AF, VTE, or both (which 
included pulmonary thromboembolism [PTE] and/or 
deep vein thrombosis [DVT] of the lower extremities), 
either as a prior medical condition or diagnosed during 
hospitalization. Patients with VTEs in unusual sites and 
those with insufficient information to evaluate the appro-
priateness of the prescription were excluded. Probability 
sampling was done through random selection of 50% of 
the eligible patients. The medical charts were used to 
evaluate the appropriateness of each prescription, which 
was considered appropriate if it met the recommenda-
tions for use established in the existing Food and Drug 
Administration (FDA) data sheets in June 2024.13-15 Inap-
propriate prescriptions were classified according to rea-
son, as follows: subtherapeutic dosing (prescribing a 
lower dose than required); supratherapeutic dosing (pre-
scribing a higher dose than required); incorrect frequency 
(prescribing an administration frequency outside of the 
recommended parameters); prohibitive interaction (pre-
scribing a DOAC along with a drug that is contraindicated 
due to interaction); non-recommended use (prescribing 
a DOAC for a clinical situation in which its use is advised 
against); or incomplete or omitted loading dose (omission 
or incomplete administration of the loading dose and 
period recommended for the initiation phase in acute 
VTE, according to the DOAC used: 21 days for rivarox-
aban, 7 days for apixaban and 5 days of parenteral anti-
coagulation for dabigatran).16

The information was collected in a REDCap® data-
base designed by the research group; sociodemo-
graphic, clinical and laboratory data were extracted 
from the electronic medical chart. Risk scores for 
embolism and bleeding6 were evaluated, along with the 
presence of major bleeding on hospital admission, 
using the International Society on Thrombosis and 
Haemostasis definition. Patients were classified into 
three groups according to their indication for anticoag-
ulation: those with AF, those with VTE, and those with 
both conditions. Venous thromboembolism was classi-
fied as acute (a new event diagnosed during 

tromboembolia venosa y 4.9% con ambas condiciones. El 76.9% recibió apixabán, el 22.6% rivaroxabán y el 0.5% dabigatrán. 
Las prescripciones fueron inadecuadas en 20.5% de los casos, siendo más frecuentes en tromboembolia venosa (27.5%) y 
ambas condiciones (30%), que en fibrilación auricular (14.3%) (p = 0.001). Las principales causas de prescripción inadecuada 
fueron la omisión o administración incompleta de carga en tromboembolia venosa aguda (42.4%), seguida de dosis subte-
rapéuticas (29.6%) y supraterapéuticas (18.4%). Conclusiones: Se encontró un elevado porcentaje de prescripción inade-
cuada de anticoagulantes orales de acción directa en nuestra institución. Es crucial la implementación de estrategias 
educativas y de monitoreo, para optimizar la prescripción de estos medicamentos y mejorar los desenlaces clínicos.

Palabras clave: Prescripción inadecuada. Anticoagulantes orales de acción directa. Fibrilación auricular. Tromboembolia 
venosa.
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hospitalization), early (an event within the last six 
months), or late (an event more than six months prior). 
The decision to give extended anticoagulation treat-
ment was made at the clinician’s discretion.

STATA®15 was used for statistical analysis. Measures 
of central tendency and dispersion were used for quan-
titative variables, and measures of frequency for qual-
itative variables. A  bivariate analysis was done to 
compare groups and anticoagulants, using Student’s t 
test for parametric variables and Chi-square or Fisher 
for nonparametric variables, as applicable.

This study was designed according to the ethical 
guidelines for human subject scientific research and 
was approved by the technical research committee 
at Hospital Alma Mater de Antioquia prior to its 
implementation.

Results
During the study, 2,272 discharge prescriptions for 

DOACs were recorded for 1,414 patients; 194 patients 
had indications for anticoagulation other than AF or 
VTE and were not included. Fifty-eight patients were 
excluded: 14 due to DVTs at unusual sites and 44 due 
to insufficient data to evaluate the appropriateness of 
the prescription. After randomizing 1,220 eligible 
patients, 610 were included in the study, 329 of whom 
were anticoagulated due to AF, 251 due to VTE, and 
30 due to both conditions.

Table  1 shows the sociodemographic data and 
comorbidities, highlighting the following: a median age 
of 75 years, 52.5% females, 77.7% from urban areas, 
and 51.3% from the contributive healthcare system. 
The most frequent comorbidities were hypertension 
(69.2%), heart failure (40.5%), dyslipidemia (33%), and 
diabetes mellitus (30.2%). None of the participants had 
stage 5 chronic kidney disease, antiphospholipid syn-
drome, or mechanical heart valves, or were pregnant. 
Altogether, 205 participants (33.6%) had a history of 
AF, and 93  (15.2%) had a history of VTE. A  total of 
39.3% (240 participants) were already on anticoagula-
tion therapy on admission, with their distribution shown 
in table 2. On the other hand, 361 participants (59.2%) 
were diagnosed with a condition requiring anticoagula-
tion during their hospitalization: 148  (41%) had new 
onset AF, 207 (57.3%) had acute VTE, and 6 (1.7%) had 
both conditions.

The medians (and interquartile ranges [IQRs]) of 
the evaluated laboratory variables were as follows: creati-
nine 0.93 mg/dL (0.73-1.19), hemoglobin 11.9 g/dL (9.98-13.5), 
platelets 250,000 cells/µL (191,000-341,000), total bilirubin 

0.64  mg/dL (0.42-1.08), AST 27.8 U/L (19.1-45), and INR 
1.05 (0.99-1.12). The estimated GFR (CKD-EPI-2021) was 
75  ml/min/m² (55-93), weight was 67.5  kg (59-78), and 
length of hospital stay was 9 days (6-18).

Of the 610 prescriptions, 469 were for apixaban 
(76.9%), 138 were for rivaroxaban (22.6%), and 3 were 
for dabigatran (0.5%). Most were written by internal med-
icine (68.7%), followed by vascular medicine (21.8%), 
cardiology (2.6%), general medicine (2.3%), and neurol-
ogy (1.8%). Altogether, 7.4% of the participants were 
prescribed an antiplatelet drug at discharge.

A total of 20.5% of the prescriptions (125 cases) were 
inappropriate. The figure 1, main figure, shows the pro-
portion of inappropriate prescription by indication and 
anticoagulant. Inappropriate prescribing was signifi-
cantly lower (p = 0.001) in patients with AF (14.3%) com-
pared to those with VTE (27.5%) or both conditions 
(30%). There were no significant differences between 
anticoagulants. The reasons for inappropriate prescrip-
tion are listed in table 3; the main reason was an incom-
plete or omitted loading dose (42.4%), followed by 
subtherapeutic (29.6%) and supratherapeutic (18.4%) 
doses. There were six cases of prohibitive drug interac-
tions: three with rifampicin, two with phenytoin, and one 
with low-molecular-weight heparin. There were also 
three cases of inappropriate frequency (all involving 
apixaban every 24 hours), and two cases of 
non-recommended use (rivaroxaban for patients with 
Child-Pugh B liver cirrhosis). In the total group, there was 
a lower percentage of inappropriate prescriptions when 
they were written by vascular medicine (15%), compared 
to internal medicine (22%) and other specialties (22.4%), 
although this difference did not reach statistical signifi-
cance (p = 0.078).

Of the 240 patients who were already on anticoagu-
lation therapy, 11 (4.6%) consulted for major bleeding: 
nine with bleeding in the gastrointestinal tract and two 
in the central nervous system. The anticoagulants they 
used were apixaban in four cases (3% of those on 
apixaban), rivaroxaban in four cases (4.8% of those on 
rivaroxaban), and warfarin in three cases (18.8% of 
those on warfarin), with no significant differences 
(p = 0.298). Furthermore, 36  patients had a different 
anticoagulant at discharge, with warfarin being changed 
in 16 cases, rivaroxaban in 13, apixaban in 4, dabiga-
tran in 2, and enoxaparin in 1. The newly prescribed 
anticoagulants were apixaban in 30 cases, rivaroxaban 
in 5, and dabigatran in 1; 5 of these patients had been 
admitted for major bleeding.
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Table 1. Sociodemographic variables and comorbidities

Sociodemographic variables Atrial fibrillation
(n = 329) 

Venous thromboembolism
(n = 251)

Both conditions
(n = 30)

Total
(n = 610)

Age (years), Md (IQR) 79 (71‑86) 67 (53‑77) 79 (72‑89) 75 (65‑83)

Female sex, n (%) 161 (48.9) 147 (58.6) 12 (40) 320 (52.5)

Urban dwellers, n (%) 270 (82.1) 183 (72.9) 21 (70) 474 (77.7)

Healthcare insurance system 
Contributive, n (%)
Subsidized, n (%)
Other, n (%)

 
185 (56.2)
114 (34.7)

30 (9.1)

 
109 (43.4)
91 (36.3)
51 (20.3)

 
19 (63.3)
11 (36.7)

0 (0)

 
313 (51.3)
216 (35.4)
81 (13.3)

Prior conditions

Atrial fibrillation, n (%) 181 (55) ‑ 24 (80) 205 (33.6)

Venous thromboembolism, n (%) ‑ 73 (29.1) 20 (66.7) 93 (15.2)

Hypertension, n (%) 269 (81.8) 131 (52.2) 22 (73.3) 422 (69.2)

Diabetes mellitus, n (%) 121 (36.8) 56 (22.3) 7 (23.3) 184 (30.2)

COPD, n (%) 107 (32.5) 39 (15.5) 11 (36.7) 157 (25.7)

Heart failure, n (%) 200 (60.8) 30 (12) 17 (56.7) 247 (40.5)

Coronary disease, n (%) 89 (27.1) 13 (5.2) 6 (20) 108 (17.7)

Peripheral vascular disease, n (%) 41 (12.5) 21 (8.4) 4 (13.3) 66 (10.8)

Cerebrovascular disease, n (%) 58 (17.6) 8 (3.2) 6 (20) 72 (11.8)

Hypothyroidism, n (%) 88 (26.7) 36 (14.3) 7 (23.3) 131 (21.5)

Dyslipidemia, n (%) 140 (42.6) 47 (18.7) 14 (46.7) 201 (33)

Neoplastic disease, n (%) 30 (9.1) 48 (19.1) 4 (13.3) 82 (13.4)

Liver cirrhosis, n (%)
Child‑Pugh A, n (%)
Child‑Pugh B, n (%)

5 (1.5)
3 (60)
2 (40)

7 (2.8)
2 (28.6)
5 (71.5)

2 (6.7)
1 (50)
1 (50)

14 (2.3)
6 (42.9)
8 (57.1)

Chronic kidney disease, n (%)
Stage 2, n (%)
Stage 3, n (%)
Stage 4, n (%)
Kidney transplant, n (%)

100 (30.4)
30 (30)
61 (61)

9 (9)
0 (0)

42 (16.7)
15 (35.7)
14 (33.3)

4 (9.5)
9 (21.4)

9 (30)
1 (11.1)
5 (55.6)
2 (22.2)
1 (11.1)

151 (24.8)
46 (30.5)
80 (53)
15 (9.9)
10 (6.6)

Sleep apnea, n (%) 19 (5.8) 6 (2.4) 2 (6.7) 27 (4.4)

Smoking, n (%) 172 (52.3) 82 (32.7) 18 (60) 272 (44.6)

Alcohol use, n (%) 46 (14) 22 (8.8) 3 (10) 71 (11.6)

Dementia, n (%) 18 (5.5) 14 (5.6) 1 (3.3) 33 (5.4)

Epilepsy, n (%) 5 (1.5) 3 (1.2) 0 (0) 8 (1.3)

Md: median; IQR: interquartile range; COPD: chronic obstructive pulmonary disease.

Patients anticoagulated due to atrial 
fibrillation

In this group, 74.8% of the DOAC prescriptions were 
written by internal medicine, 12.5% by vascular medi-
cine, 4.6% by cardiology, and 8.2% by other specialties. 

The most frequently prescribed DOAC was apixaban 
(78.4%), followed by rivaroxaban (21%) and dabigatran 
(0.6%). Altogether, 14.4% of the prescriptions were inap-
propriate, with similar figures for apixaban and rivarox-
aban; there were no inappropriate prescriptions for 



107

R. Zubieta-Rodríguez et al.  Appropriateness of DOAC prescription

Table 2. Prior pharmacological treatment and risk scores

Pharmacological treatment prior to admission Atrial fibrillation
(n = 329) 

Venous thromboembolism
(n = 251)

Both conditions
(n = 30)

Total
(n = 610)

Anticoagulants, n (%)
Apixaban, n (%)
Rivaroxaban, n (%)
Warfarin, n (%)
Dabigatran, n (%)
Enoxaparin, n (%)

170 (51.7)
101 (59.4)
57 (33.5)

9 (5.3)
3 (1.8)
0 (0)

48 (19.1)
19 (39.6)
20 (41.7)
7 (14.6)
1 (2.1)
1 (2.1)

22 (73.3)
15 (68.2)
7 (31.8)

0 (0)
0 (0)
0 (0)

240 (39.3)
135 (56.2)

84 (35)
16 (6.7)
4 (1.7)
1 (0.4)

ASA, n (%) 39 (11.9) 13 (5.2) 5 (16.7) 57 (9.3)

P2Y12 inhibitors, n (%) 4 (1.2) 0 (0) 1 (3.3) 5 (0.8)

NSAIDs, n (%) 1 (0.3) 2 (0.8) 0 (0) 3 (0.5)

Carbamazepine, n (%) 1 (0.3) 1 (0.4) 0 (0) 2 (0.3)

Phenytoin, n (%) 2 (0.6) 0 (0) 0 (0) 2 (0.3)

Embolism and bleeding risk scores 

CHA2DS2‑VA, Md (IQR) 4 (3‑5) ‑ 2 (2‑5) 4 (3‑5)

HAS‑BLED, Md (IQR) 1 (1‑2) ‑ 1 (1‑2) 1 (1‑2)

VTE‑BLEED, Md (IQR) ‑ 3 (1.5‑3) 3 (1.5‑3.5) 3 (1.5‑3)

Md: median; IQR: interquartile range; ASA: acetylsalicylic acid; P2Y12 inhibitors: P2Y12 platelet receptor inhibitors; NSAIDs: nonsteroidal anti‑inflammatory drugs.

dabigatran, but it was infrequently used (two prescrip-
tions). There were no significant differences in inappro-
priate prescribing for AF patients by specialty.

Table  3 describes the reasons for inappropriate pre-
scribing. Of the 258  patients on apixaban, 78  (30.2%) 
required a dose reduction; 15 of these (19.2%) did not 
have their dose adjusted, and 14 (7.8%) of the 180 patients 
who did not require an adjustment were inappropriately 
prescribed a lower dose. Among the 69  patients on 
rivaroxaban, 9  (13%) required a dose reduction; 2 of 
these (22.2%) did not have their dose adjusted, and 
7 patients had their dose lowered unnecessarily.

Patients anticoagulated due to venous 
thromboembolism

Of the 251 patients in this group, 73  (29.1%) had a 
history of at least one prior episode of VTE: 55 late and 
18 early, and 48 were on ambulatory anticoagulation 
therapy, mainly with rivaroxaban (41.7%), apixaban 
(39.6%), and warfarin (14.6%). Among the 18 patients 
with early VTE, 15 (83.3%) were being treated with an 
oral anticoagulant and three had an inferior vena cava 
filter. Of the 55 with late VTE, 35  (63.7%) were on 
ambulatory anticoagulant therapy. A total of 202 acute 
VTE events were diagnosed during hospitalization: 132 

DVTs (65.3%), 55 PTEs (27.2%), and 15 simultaneous 
DVTs and PTEs (7.4%). Among these patients with 
acute events, 11.9% (24 cases) had a history of at least 
one prior VTE episode.

A total of 251 DOAC prescriptions for VTE were ana-
lyzed, 75.7% of which were for apixaban, and 24.3% 
for rivaroxaban. It is worth noting that 27.5% of all pre-
scriptions were considered inappropriate, mainly 
because the loading dose was incomplete or was not 
administered (72.5%), with a median of 4 loading days 
(IQR: 2-5): 3 days (IQR: 1-4) for apixaban and 8 days 
(IQR: 5-12) for rivaroxaban. The second reason was 
that the doses were subtherapeutic (15.9%); all of these 
were for apixaban. Altogether, 60.6% of the prescrip-
tions were written by internal medicine, 33.9% 
by vascular medicine, and 5.6% by other specialties. 
Inappropriate prescribing was significantly lower when 
prescriptions were written by vascular medicine (14.1%) 
versus internal medicine (32.9%) and other specialties 
(50%) (p = 0.005).

Patients anticoagulated due to atrial 
fibrillation and venous thromboembolism

Of the 30 patients anticoagulated due to AF and VTE, 
25  (83.3%) had a history of at least one of these 
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Table 3. Reasons for inappropriate prescribing, by anticoagulant and group

All participants

Reason for inappropriate prescribing Apixaban Rivaroxaban Total

n % n % n %

Incomplete or omitted loading dose 38 40.9 15 46.9 53 42.4

Subtherapeutic dose 29 31.2 8 25.0 37 29.6

Supratherapeutic dose 17 18.3 6 18.8 23 18.4

Prohibitive interaction 5 5.4 1 3.1 6 4.8

Incorrect frequency 3 3.2 0 0.0 3 2.4

Non‑recommended use 1 1.1 2 6.3 3 2.4

Total 93 100 32 100 125 100

Atrial fibrillation group

Subtherapeutic dose 14 37.8 7 70.0 21 44.7

Supratherapeutic dose 15 40.5 2 20.0 17 36.2

Prohibitive interaction 4 10.8 1 10.0 5 10.6

Incorrect frequency 3 8.1 0 0.0 3 6.4

Non‑recommended use 1 2.7 0 0.0 1 2.1

Total 37 100 10 100 47 100

Venous thromboembolism group

Incomplete or omitted loading dose 35 71.4 15 75.0 50 72.5

Subtherapeutic dose 11 22.4 0 0.0 11 15.9

Supratherapeutic dose 2 4.1 4 20.0 6 8.7

Prohibitive interaction 1 2.0 0 0.0 1 1.4

Non‑recommended use 0 0.0 1 5.0 1 1.4

Total 49 100 20 100 69 100

Atrial fibrillation and venous thromboembolism group 

Incomplete or omitted loading dose 3 42.9 0 0.0 3 33.3

Subtherapeutic dose 4 57.1 1 50.0 5 55.6

Non‑recommended use 0 0.0 1 50.0 1 11.1

Total 7 100 2 100 9 100

conditions: 5 with only AF, 1 only VTE, and 19 both. 
Among the 20 with a history of VTE, 19 had had late 
VTE and 1 early. Twenty-two patients in this group were 
already anticoagulated on admission, 68.2% with apix-
aban and 31.8% with rivaroxaban. During hospitalization, 
new onset AF was diagnosed in 6  patients and acute 
VTE in 10  (5 PTEs, 4 DVTs and 1 simultaneous DVT 
and PTE). Discharge prescriptions were written by 

internal medicine (70%), vascular medicine (23.3%), and 
other specialties (6.7%). Apixaban accounted for 70% of 
the prescribed DOACs, and rivaroxaban accounted for 
30%; 30% of the group’s prescriptions (9/30) were inap-
propriate, mainly due to subtherapeutic doses (5 cases) 
and incomplete or omitted loading doses (3  cases). In 
this group, no significant prescription differences were 
found according to specialty or anticoagulant.
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Discussion

There were notable differences in sociodemographic 
characteristics and comorbidities between the groups 
according to the indication for anticoagulation, with 
participants anticoagulated for AF being older and hav-
ing a higher prevalence of cardiovascular diseases 
(like hypertension, heart failure, diabetes mellitus, and 
coronary disease, among others) compared to the 
group anticoagulated for VTE. These differences could 
be explained by the increased prevalence of AF with 
aging and the role of cardiovascular diseases as pre-
disposing factors and contributors to the development 
of this arrhythmia.1,6 The age and prevalence of comor-
bidities found in the AF group in our study were con-
sistent with what has been reported by similar studies 
in the literature.10,17,18 Patients with VTE were found to 
have a higher prevalence of neoplastic diseases than 
those with AF. This finding could be explained by the 
close relationship between cancer and TVE due to 
cancer-induced hypercoagulability, either through 
direct mechanisms like tumor cell production of proco-
agulant factors, or indirect mechanisms related to can-
cer treatments.2,4,5

As far as the proportion of prescriptions for different 
DOACs at our institution, apixaban stands out as 
the most prescribed, in 76.9% of cases, followed by 

rivaroxaban in 22.6%, while dabigatran was only pre-
scribed in 0.5% of cases. These results contrast with 
the findings of previous studies in our country; one 
study evaluated 257  patients anticoagulated for any 
reason in the anticoagulation clinic at Fundación Santa 
Fe de Bogotá between 2008 and 2013, and found that 
71.2% received warfarin, 5.05% enoxaparin, and 
23.7% DOACs. Among those on DOACs, 62.3% were 
on rivaroxaban, 34.4% were on dabigatran, and 3.3% 
were on apixaban.19 A  study evaluating DOAC pre-
scription patterns and costs in patients affiliated with 
the general national healthcare insurance system in 
2014 showed that, among 1,310 patients who received 
a DOAC prescription, the most frequently prescribed 
was rivaroxaban, with 52.9%, followed by dabigatran 
with 44.6%, and apixaban with 2.4%.20 Another study 
of 502 patients with any indication for anticoagulation 
treated in the anticoagulation clinics at Hospital Uni-
versitario Fundación Santa Fe de Bogotá (HUFSFB) 
and Hospital Universitario San Vicente Fundación de 
Medellín (HUSVF) from 2015 to 2016 showed that 
100% of the HUSVF patients were treated with warfa-
rin, while at HUFSFB, 23.08% were on warfarin, and 
64.8% were on DOACs (49.1% on rivaroxaban, 39% on 
apixaban, and 11.9% on dabigatran).21 Later, another 
study evaluating patients treated in the anticoagu-
lation clinic at Subred Centro Oriente (belonging to the 

Figure 1. Main Figure. Summary of prescriptions written, inappropriate prescriptions, and the percentage of inappropriate 
prescriptions by group and anticoagulant. AF: atrial fibrillation. VTE: venous thromboembolism. 
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Bogotá District Secretariat of Health) between 2018 
and 2019 showed that, out of 306 patients anticoagu-
lated for any reason, 75.1% were on warfarin, 21.9% 
were on DOACs, and 2.9% were on low-molecu-
lar-weight heparin. The 67  patients on DOACs were 
distributed as follows: 59.7% apixaban, 38.8% rivarox-
aban, and 1.5% dabigatran.22 An analysis of the pre-
scription trends for the various DOACs over the last 
few years in our country, using the data presented and 
the findings of our study, shows a progressive rise in 
the proportion of apixaban prescriptions along with a 
progressive reduction in dabigatran prescriptions over 
time. This finding has also been reported in studies of 
other regions. For example, a study in the Netherlands 
evaluated the change in DOAC prescription patterns 
for AF from 2015 to 2019, showing a 191% increase in 
apixaban prescriptions, while dabigatran prescriptions 
fell 44%.23 In addition, a United States study evaluating 
DOAC prescription trends for Medicare beneficiaries 
with AF and VTE from 2013 to 2018 showed a 100-fold 
increase in apixaban prescriptions, with a 31% reduc-
tion in dabigatran prescriptions.24 One possible expla-
nation for this change in prescription patterns is the 
evidence that, although low quality, suggests a more 
favorable safety profile for apixaban compared to other 
DOACs, potentially affecting prescription decisions.23,25 
The Colombian Registry of Anticoagulation Clinics 
(RECCANT, in Spanish) is currently being imple-
mented. This study will help characterize patients 
treated at anticoagulation clinics around the 
country, providing an overall assessment of current 
anticoagulation trends in Colombia, drug adherence, 
and complications and outcomes associated with 
anticoagulation.26

As far as prescription appropriateness, 20.5% of 
the DOAC prescriptions at our institution were inap-
propriate, which is consistent with the findings of 
international studies, in which the proportion of inap-
propriate prescribing ranges from 8.4% to 34.6%.7-9 
It should be noted that the proportion of inappropriate 
prescribing in our study was significantly higher in 
patients with anticoagulation indicated for VTE 
(27.5%) compared to those anticoagulated for AF 
(14.3%), due to the high percentage of omitted load-
ing doses, which are required for patients with acute 
VTE. This finding is similar to what was reported in 
an international multicenter registry of DOAC antico-
agulation for VTE, in which a similar percentage of 
omitted loading doses were the main cause of inap-
propriate anticoagulation.27

The group of patients with concomitant AF and VTE 
had the most inappropriate prescriptions, possibly due 
to the complex treatment they require, with potentially 
different DOAC doses recommended for each indica-
tion. Patients with an indication for a reduced dose for 
AF may require full doses for VTE and vice versa. As 
far as the specialties writing the prescriptions, vascular 
medicine had the lowest percentage of inappropriate 
doses. This difference was statistically significant in the 
VTE group and showed a similar trend in the overall 
group, although it did not reach statistical significance. 
These findings suggest that specific training and expe-
rience are determinant factors in the proper use of 
these drugs.

Given the high percentage of inappropriate DOAC 
prescribing found in our study, and considering the 
documented relationship between inappropriate DOAC 
prescription and adverse outcomes, we believe it is 
important to implement institutional measures to opti-
mize prescription, emphasizing educational interven-
tions aimed at improving adherence to clinical guidelines 
and strengthening prescription monitoring. Various 
studies have shown that monitoring protocols imple-
mented by the pharmaceutical service, along with 
institutional management and control programs, can 
improve anticoagulant prescription.28,29

The main limitations of this study include its retro-
spective design. This design restricted the available 
information to the data recorded in the medical charts, 
limiting, for example, accurate identification of the pre-
disposing or triggering factors in a high percentage of 
patients with VTE. Furthermore, since the study was 
conducted at a single tertiary care facility and reference 
center, the findings may not be generalizable to other 
healthcare institutions in our country, due to referral 
bias.

Conclusions
The results of this study indicate a problem that may 

be underestimated in our clinical practice and that, 
due to its magnitude, deserves attention. We believe 
that new studies are needed to evaluate the prescrip-
tion of DOACs in other regions and thus provide an 
accurate measurement of the problem in our country. 
An evaluation of drug adherence and the clinical 
impact of inappropriate prescribing and poor adher-
ence is also relevant. Finally, educational and moni-
toring strategies must be implemented to optimize 
the prescription of these drugs and improve clinical 
outcomes.
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ORIGINAL ARTICLE

Abstract
Introduction: Thoracic endovascular aortic repair (TEVAR) is the preferred strategy for treating descending aortic disease. 
However, aortic arch involvement remains challenging, especially in proximal landing zones (0, 1, or 2), due to the presence 
of supra-aortic trunks. Hybrid techniques combining supra-aortic debranching with TEVAR offer an alternative to open surgery. 
Objective: To describe the experience and outcomes of patients undergoing supra-aortic debranching followed by TEVAR 
at a tertiary care cardiovascular center in Colombia. Methods: A  retrospective cohort study (2021–2023) was conducted, 
including patients who underwent supra-aortic debranching followed by TEVAR. Clinical characteristics, procedural details 
and outcomes, including complications, mortality, and reinterventions, were analyzed. Shapiro-Wilk, Kruskal-Wallis, and 
Chi-squared/Fisher’s exact tests were used, as applicable. Results: A  total of 21  patients were included (mean age: 
70.71 years, SD ±12.21). The most common comorbidities were chronic kidney disease (61.90%), diabetes (61.90%), and 
dyslipidemia (66.66%). The most frequently performed procedure was left subclavian-carotid debranching (52.38%). Major 
complications included pneumonia (52.38%), atrial fibrillation (28.57%), and myocardial infarction (38.09%). No mortality was 
reported at 6, 12, or 24  months. Conclusions: Supra-aortic debranching followed by TEVAR demonstrated high patency 
rates, technical success, and favorable survival outcomes. It remains a viable alternative in centers without access to 
advanced endovascular technologies.

Keywords: TEVAR. Supra-aortic debranching. Hybrid aortic repair. Thoracic aortic aneurysm. Vascular surgery. 
Carotid-subclavian bypass.

Resumen
Introducción: La reparación endovascular del aneurisma torácico (TEVAR) es la estrategia preferida para tratar patologías 
de aorta descendente. El compromiso del arco aórtico sigue siendo un desafío, especialmente en zonas de anclaje proxima-
les debido a la presencia de troncos supra aórticos. Técnicas híbridas, como el debranching supra aórtico con TEVAR, 
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Introduction

Thoracic endovascular aortic repair (TEVAR) has 
largely replaced traditional open surgery for treating 
descending aortic pathologies, due to its lower morbid-
ity and mortality rates.1,2 However, when the aortic arch 
is involved and requires a proximal landing in zones 0, 
1, or 2, TEVAR presents significant challenges due to 
the presence of supra-aortic trunks. Over-stenting 
these vessels can lead to complications such as stroke, 
upper limb ischemia, or even spinal cord ischemia, 
particularly if long aortic stent grafts obstruct multiple 
intercostal arteries or their origins.3

Over the years, various strategies have been devel-
oped for managing the supra-aortic trunk. Hybrid tech-
niques include pre-TEVAR cervical debranching 
procedures, such as carotid-carotid subclavian bypass 
and left subclavian artery (LSA) transposition to the left 
common carotid artery (LCCA).4 Endovascular 
approaches involve the use of parallel grafts (PGs) 
combined with TEVAR, as well as specially designed 
or physician-created branched or fenestrated devices.5-7 
However, customized devices have significant draw-
backs, including high costs, a manufacturing period of 
one to two months, unavailability in emergency situa-
tions, and limited accessibility for specialized centers 
in foreign countries.8

This retrospective, single-center study examines 
patients with aortic arch involvement who underwent 
TEVAR between 2021 and 2023. The aim is to describe 
the experience of treating these patients with supra-aor-
tic trunk debranching followed by TEVAR. Outcomes 
were assessed in terms of patient demographics, dis-
ease characteristics, procedural details, and clinical 
results, including mortality, complications, and reinter-
ventions in both the short and long term.

Methods
We conducted a single-center retrospective cohort 

study, including patients who underwent supra-aortic 
trunk debranching followed by TEVAR at a tertiary care 
institution between 2021 and 2023. The analyzed data 
included patient demographics, disease characteris-
tics, operative details, and postoperative outcomes, 
with follow-up assessments for mortality and reinter-
vention. Patient follow-up was conducted in accor-
dance with hospital protocols for up to 24  months 
post-TEVAR.

The aortic pathologies analyzed in this study included 
degenerative aortic aneurysms, post-dissection false 
lumen aneurysms, and penetrating aortic ulcers extend-
ing proximally from the LSA, requiring LSA coverage 
with a thoracic stent graft to ensure adequate proximal 
sealing.

Institutional review board approval and patient 
informed consent were not required for this retrospec-
tive study, as per local regulations. This study was 
conducted following the STROBE guidelines.9

The main indication for debranching was the pres-
ence of Stanford B aortic dissection and descending 
thoracic aortic aneurysms. The most performed proce-
dures were the left common carotid artery to subclavian 
artery (LCCA-SCA) bypass and the carotid-carotid 
right-to-left SCA bypass. The carotid-carotid right-to-left 
crossover bypass was performed using a 6-  to 8-mm 
Gore-Tex graft (Propaten® Vascular Graft, W. L. Gore 
and Associates, Inc., Newark, Delaware, United States), 
as illustrated in figure 1. Retropharyngeal tunneling was 
conducted using blunt digital dissection anterior to the 
prevertebral fascia, followed by an LCCA-SCA bypass. 
For the LCCA-SCA bypass, a skin incision was made 
either above or below the clavicle and neck area. After 
clamping the proximal and middle sections of the LCCA, 

representan una alternativa a la cirugía abierta. Objetivo: Describir los desenlaces de pacientes sometidos a debranching 
supra aórtico seguido de TEVAR en un centro cardiovascular terciario en Colombia. Métodos: Estudio de cohorte retrospec-
tivo de pacientes sometidos a debranching supra aórtico y TEVAR con análisis de características clínicas, detalles del pro-
cedimiento y desenlaces. Se emplearon las pruebas Shapiro-Wilk, Kruskal-Wallis y Chi-cuadrado/Fisher según el tipo de 
variable. Resultados: Se incluyeron 21 pacientes (edad media: 70.71 años, DE ±12.21). Las comorbilidades más frecuentes 
fueron enfermedad renal crónica (61.90%), diabetes (61.90%) y dislipidemia (66.66%). El procedimiento más común fue el 
debranching subclavio-carotídeo izquierdo (52.38%). Las principales complicaciones fueron neumonía (52.38%), fibrilación 
auricular (28.57%) e infarto de miocardio (38.09%). No hubo mortalidad en periodo de seguimiento. Conclusiones: El 
debranching supra aórtico con TEVAR presentó altas tasas de permeabilidad, éxito técnico y supervivencia favorable. Es 
una alternativa viable en centros sin acceso a tecnologías endovasculares avanzadas.

Palabras clave: TEVAR. Debranching supra aórtico. Reparación aórtica híbrida. Aneurisma aórtico torácico. Cirugía vascular. 
Bypass carótido-subclavio.
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Figure 1. A: grafted LCCA. B: course of grafted LCCA from left to right. 

a b

Figure 2. A: RCCA to LCCA debranching. B: LCCA to LSA anastomosis.

a B

the proximal end of a beveled 6-  to 8-mm Gore-Tex 
graft (Propaten® Vascular Graft, W. L. Gore and Asso-
ciates, Inc.) was anastomosed to the side of the LCCA 
using a 6-0 polypropylene continuous suture, as shown 
in figure 2. The vascular graft was then tunneled sub-
cutaneously, and its distal beveled end was anastomo-
sed to the middle segment of the LSA using a 6-0 
polypropylene continuous suture. A  vascular plug 
(Amplatzer Vascular Plug, Abbott Laboratories, Chi-
cago, USA) was placed in the LSA, and angiography 
was performed to confirm graft patency and proper plug 
placement.

Approximately one week later, TEVAR was performed, 
completing the second stage of the procedure with the 
deployment of a Medtronic-Valiant endoprosthesis 
(Medtronic, Galway, Ireland). Figure 3 shows the result 
of post-debranching aortic arch repair using TEVAR.

Mortality data were obtained from medical records, 
reports from cardiac and vascular surgeons, and fol-
low-up phone calls. Upon discharge, all patients under-
went a computed tomography (CT) scan. Follow-up 
evaluations were conducted 6, 12, and 24 months after 
surgery.

Continuous variables were tested for normality using 
the Shapiro-Wilk test, which is particularly suitable for 
small sample sizes, as it provides greater sensitivity in 
detecting deviations from normality. Since none of the 
continuous variables followed a normal distribution, 
they are reported as medians with interquartile ranges 
(IQRs), which offer a more robust summary of central 
tendency and variability in skewed data. To compare 
continuous variables across groups, we used the 
Kruskal-Wallis test, a non-parametric alternative to 
ANOVA. This test was chosen because it does not 
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Figure 3. 3D reconstruction showing LCCA-LSA post-TEVAR.

assume normality or homogeneity of variances, making 
it appropriate for the sample characteristics in this 
study. Categorical variables are presented as frequen-
cies and percentages and were compared using either 
the Chi-squared test or Fisher’s exact test, depending 
on the expected cell counts. The Chi-squared test was 
used when all expected frequencies were ≥ 5, as it is 
effective for detecting associations between categorical 
variables in larger contingency tables. In cases where 
expected frequencies were < 5, Fisher’s exact test was 
preferred, as it provides more accurate results in small 
sample sizes. All statistical analyses were performed 
using Stata v.14 (StataCorp LLC, College Station, TX, 
USA), with a significance threshold of p < 0.05.

Results
During the study period, 21  patients underwent 

supra-aortic trunk debranching. Table  1 summarizes 
their baseline characteristics. The average age of the 
cohort was 70.71  years (SD ±12.21). Of the total 
patients, nine (42.85%) were male and 12 (57.14%) were 
female. Smoking was reported in 12 patients (57.14%), 
while hypertension was present in 8 patients (38.09%). 
Chronic kidney disease and diabetes mellitus were 
each observed in 13 patients (61.90%). Regarding func-
tional status, based on the New York Heart Association 
(NYHA) classification, four patients (19.04%) were clas-
sified as Class I, two (9.52%) as Class II, six (28.57%) 
as Class III, and nine (42.85%) as Class IV.

According to the American Society of Anesthesiolo-
gists (ASA) classification, one patient (4.76%) was clas-
sified as Class II, seven patients (33.33%) as Class III, 
and 13 patients (61.90%) as Class IV, with no patients 
classified as Class  I. Laboratory tests reported an 

average albumin level of 4.01 g/dL (SD ±0.43) and total 
protein levels averaging 7.12 g/dL (SD ±0.96). The aver-
age body mass index (BMI) was 26.75 (SD ±4.87). Ten 
patients (47.61%) were anemic (47.61%). Regarding the 
type of procedure, six patients (28.57%) underwent 
urgent procedures due to complicated type  B aortic 
dissections, whereas 15  patients (71.42%) underwent 
elective procedures.

Table 2 summarizes the patients’ operative charac-
teristics. All 21  patients (100%) underwent type  I 
debranching. Regarding cervical debranching, the 
most performed procedure was LSA  -carotid 

Table 1. Baseline characteristics

Preoperative variables n = 21

Average age (SD) 70.71 (12.21)

Sex, n (%)
Male
Female

9 (42.85)
12 (57.14)

Smoking, n (%) 12 (57.14)

Hypertension, n (%) 8 (38.09)

Chronic kidney disease, n (%) 13 (61.90)

Diabetes mellitus, n (%) 13 (61.90)

Dyslipidemia, n (%) 14 (66.66)

COPD (%) 12 (57.14)

Heart failure, n (%) 13 61.90)

Ejection fraction, n (%)
> 30%
< 30%

8 (38.09)
13 61.90)

NYHA functional class, n (%)
I
II
III
IV

4 (19.04)
2 (9.52)

6 (28.57)
9 (42.85)

ASA classification, n (%)
I
II
III
IV

1 (0)
1 (4.76)

7 (33.33)
13 (61.90)

Albumin (SD) 4.01 (0.43)

Total proteins (SD) 7.12 (0.96)

Body mass index (SD) 26.75 (4.87)

Anemia, n (%) 10 (47.61)

Procedure type, n (%)
Urgent
Elective

6 (28.57)
15 (71.42)

SD: standard deviation; COPD: chronic obstructive pulmonary disease; NYHA: New 
York Heart Association Classification; ASA: American Society of Anesthesiologists 
Classification.
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debranching, conducted in 11 patients (52.38%). The 
carotid-carotid-carotid-subclavian procedure was per-
formed in 9 patients (42.85%), while double subclavi-
an-carotid debranching was performed in one patient 
(4.76%), due to a Kommerell’s diverticulum in a patient 
with type  B dissection. In terms of TEVAR landing 
zones, nine patients (42.85%) were treated in zone 1, 
11 patients (52.38%) in zone 2, and one patient (4.76%) 
in zone 3.

Postoperative outcomes are summarized in table 3. 
A total of 15 patients (71.42%) required blood transfu-
sions. Bleeding or hematomas were found in one 
patient (4.76%), while pneumonia occurred in 11 patients 
(52.38%). Among cardiovascular complications, six 
patients (28.57%) had atrial fibrillation, eight patients 
(38.09%) experienced myocardial infarction, and one 
patient (4.76%) had a documented cerebrovascular 
event. Regarding postoperative myocardial infarction, 
it is relevant to mention that this has been a widely 
reported and frequent complication in major cardiovas-
cular surgery, with reported incidence rates of up to 
20% depending on the procedure performed and the 
patient’s comorbidities.10 An elevated incidence of this 
outcome could implicitly indicate the prevalence of con-
comitant coronary disease (often silent and underdiag-
nosed), which will, in turn, increase the risk of 
postoperative ischemic disease alongside the physio-
logical response to surgical stress. Considering the 
elevated rate of pneumonia and myocardial infarction, 
the absence of associated in-hospital mortality is a 
relevant factor to mention. Notably, there were no 
cases of pulmonary embolism or mediastinitis, given 
the fact that all procedures were performed via a cer-
vical approach. The median intensive care unit (ICU) 
stay was 8  days (IQR 4–17), while the average total 
hospital stay was 24.19 days (SD ±15.53). Importantly, 

no deaths were recorded at 6, 12, or 24 months of fol-
low-up (Fig. 4. Main Figure).

Discussion
Supra-aortic vessel debranching is a well-established 

surgical approach for treating various conditions, includ-
ing aortic dissection, coarctation, aneurysm, arterial 
occlusive disease, and Kommerell’s diverticulum. It is 
also a key component of hybrid endovascular treatment 
for aortic diseases, ensuring the preservation of ante-
grade blood flow in the supra-aortic vessels in both 
planned and emergency scenarios. With advancements 
in endovascular technology and increasing physician 
expertise, fully endovascular techniques for LSA revas-
cularization have been developed. However, these 
techniques remain limited by high costs and restricted 
availability in low-resource settings.11-12

In hybrid aortic procedures, cervical debranching of 
the supra-aortic vessels has demonstrated high patency 
rates, but is correlated with an increased risk of post-
operative complications, particularly pulmonary and 
cardiovascular events such as pneumonia, atrial fibril-
lation, and myocardial infarction, as observed in our 
cohort.13 Interestingly, while neurological complications 
are frequently reported in the literature, the incidence 
of cerebrovascular disease after the debranching 

Table 3. Postoperative outcomes

Postoperative outcomes n = 21 

Transfusion, n (%) 15 (71.42)

Reintervention, n (%) 3 (14.28)

Bleeding or hematoma, n (%) 1 (4.76)

Pneumonia, n (%) 11 (52.38)

Atrial fibrillation, n (%) 6 (28.57)

Cerebrovascular accident, n (%) 1 (4.76)

Myocardial infarction, n (%) 8 (38.09)

Pulmonary embolism, n (%) 0 (0)

Intensive care unit stay (Days) (IQR) 8 (4‑17)

Total length of stay (SD) 7 (3)

6‑Month mortality, n (%) 0 (0)

12‑Month mortality, n (%) 0 (0)

24‑Month mortality, n (%) 0 (0)

IQR: interquartile range; SD: standard deviation.

Table 2. Operative characteristics 

Type of debranching (%) n = 21

Type I 21 (100)

Cervical debranching, n (%)
Carotid‑carotid‑carotid‑subclavian
Left subclavian‑carotid
Double subclavian‑carotid

8 (42.85)
11 (52.38)

1 (4.76)

TEVAR zone, n (%)
Zone I
Zone II
Zone III

9 (42.85)
11 (52.38)

1 (4.76)

TEVAR: thoracic endovascular aortic repair.
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Figure 4. Main Figure. Extra-anatomical left common carotid and subclavian artery bypass followed by thoracic 
andovascular aortic rapair: a cohort study.

procedure in our study was lower (4.8%) than previ-
ously published data.

This study presents findings from a tertiary care car-
diovascular center in Colombia over a two-year period, 
with most procedures performed in an elective setting. 
As expected, older patients exhibited a higher preva-
lence of comorbidities. Our key findings indicate:
–	A significant association between smoking (seen in 

12 patients [57.14%]), hypertension (present in 8 pa-
tients [38.09%]), diabetes mellitus (in 13  patients 
[61.90%]), dyslipidemia (in 14 patients [66.66%]), and 
COPD (in 12  patients [58.14%]), and the need for 
aortic arch debranching.

–	A strong correlation between aortic arch debranching 
and higher postoperative complication rates, most 
notably the need for blood transfusions in 15 patients 
(71.42%) and pneumonia in 11 patients (52.38%).

–	A mean length of stay of seven days, taking into ac-
count a wide variety of perioperative complications.
However, there were no significant differences in 

short- or long-term survival rates based on procedure 
type, type of debranching, or TEVAR landing zone.

According to the 2009 guidelines, prophylactic carot-
id-subclavian bypass is mandatory in elective TEVAR.14 
This approach is particularly necessary in cases where 
LSA coverage could compromise blood flow to critical 

structures including the brain, spinal cord, heart, or left 
arm. Patients at highest risk include those with:
–	A patent left internal mammary artery supporting cor-

onary circulation.
–	A functioning arteriovenous fistula for dialysis.
–	A dominant left vertebral artery.
–	Extensive thoracic aortic coverage (> 20 cm), especial-

ly in the presence of internal iliac artery occlusion.
In our cohort, 52% of patients required a single 

carotid-subclavian bypass, reinforcing the importance 
of prophylactic revascularization in selected cases.

Most studies on supra-aortic debranching outcomes 
have small sample sizes and primarily focus on chronic 
aneurysmal disease rather than acute type  B aortic 
dissection. While it is difficult to quantify the exact num-
ber of patients undergoing hybrid procedures for aortic 
arch or upper descending thoracic aortic conditions, 
available evidence suggests a steady increase in these 
interventions, with aortic arch debranching rates rising 
from 3% to 11% over a 12-year period.15

Study limitations
This study describes the experience of a single cen-

ter using retrospectively analyzed data, which may 
introduce selection bias. Additionally, the small sample 
size limits the generalizability of the findings to broader 
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populations. Another important limitation is the fol-
low-up period, which, as in most retrospective studies, 
may be inherently suboptimal due to patient attrition 
over time. Consequently, our results are primarily lim-
ited to early-  and mid-term outcomes, and long-term 
effects remain to be determined.

Conclusions
Supra-aortic trunk vessel cervical debranching demon-

strated excellent short-, mid-, and long-term patency 
rates, with a high technical success rate and favor-
able survival outcomes. However, despite its benefits, 
the risk of complications must be carefully considered. 
This technique remains a viable and effective alternative 
in settings where advanced endovascular technologies 
are unavailable or inaccessible, providing a prac-
tical solution for managing complex aortic pathologies in 
resource-limited environments.
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Abstract
Endothelin-1 is a vasoconstrictor peptide originating in the endothelium. It is a highly potent vascular regulator involved in the 
pathophysiology of hypertension. People of African American descent, obesity, and resistant hypertension are prone to car-
diovascular events, according to studies that have found high levels of endothelin-1 in these subjects. Although information 
about its circulating levels in essential hypertension is contradictory, data support its relevance as a local agent in vascular 
walls. The design of endothelin receptor antagonists validates endothelin’s pathophysiological role and allows new therapeu-
tic options to emerge. This review summarizes how endothelin-1 is involved in several factors that contribute to endothelial 
dysfunction, arterial stiffness, vascular remodeling, and blood pressure control, all key processes in hypertension. It also 
emphasizes this peptide’s potential as a biomarker and therapeutic target to optimize the detection and treatment of this disease.

Keywords: Endothelin-1. Arterial hypertension. Endothelin receptors. Endothelial dysfunction. Oxidative stress.

Resumen
La endotelina-1 es un péptido vasoconstrictor que se origina en el endotelio. Es un regulador vascular muy potente, que está 
involucrado en la fisiopatología de la hipertensión arterial. La población con ascendencia afroamericana, obesidad e hiper-
tensión resistente es propensa a sufrir eventos cardiovasculares, según estudios en los que se han encontrado niveles altos 
de endotelina-1 en estas personas. Pese a que la información acerca de sus niveles circulantes en la hipertensión esencial 
es contradictoria, los datos respaldan su relevancia como agente local en las paredes vasculares. El diseño de antagonistas 
de los receptores de endotelina valida su participación en la fisiopatología y permite el surgimiento de nuevas opciones 
terapéuticas. Esta revisión sintetiza cómo la endotelina-1 está involucrada en varios factores que contribuyen a la disfunción 
endotelial, la rigidez arterial, la remodelación de los vasos y el control de la presión arterial, todos ellos procesos clave en 
la hipertensión. Asimismo, enfatiza su potencial para ser un biomarcador y un blanco terapéutico para optimizar la detección 
y el tratamiento de esta enfermedad.

Palabras clave: Endotelina-1. Hipertensión arterial. Receptores de endotelina. Disfunción endotelial. Estrés oxidativo.
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Introduction
Hypertension (HTN) is one of the main causes of 

morbidity and mortality worldwide, with a significant 
impact on the development of cardiovascular, cerebro-
vascular, and kidney diseases.1 Endothelial dysfunction 
plays an essential role in the pathophysiology of HTN 
and is characterized by an imbalance between vaso-
constrictive and vasodilatory factors.2 In this context, 
endothelin-1 (ET-1) stands out as a potent endotheli-
um-derived vasoconstrictor whose overexpression has 
been linked to processes like oxidative stress, arterial 
stiffness, and vascular remodeling.3 Recent studies 
have found elevated ET-1 levels in patients with resis-
tant and essential HTN, suggesting its active involve-
ment in the pathogenesis of this condition.4 However, 
the exact mechanisms through which ET-1 contributes 
to the onset of HTN are still under study.3,5

This article is a recent narrative review of ET-1’s 
molecular processes and how it affects the develop-
ment of HTN. It describes this peptide’s behavior within 
the mechanisms of endothelial dysfunction, arterial 
stiffness, vessel restructuring, and blood pressure con-
trol. It also underscores ET-1’s potential value as a 
biomarker and pharmacological target to improve the 
detection and treatment of HTN.

Methods
This was a narrative scientific literature review 

focused on the role of ET-1 in the pathophysiology 
of HTN and its possible therapeutic and diagnostic 
implications.

A thorough literature search was performed from 
January 2000 to March 2025 in the following data-
bases: SciELO, Web of Science, Scopus, and PubMed/
MEDLINE, using free-text terms and MeSH/DeCS 
descriptors in English. The most important combina-
tions included “Endothelin-1,” “Hypertension,” “Endo-
thelial Dysfunction,” “Vascular Remodeling,” “Arterial 
Stiffness,” “Oxidative Stress,” “Endothelin Receptors,” 
and “Endothelin Receptor Antagonists.”

Close to 100 potentially relevant articles were found. 
After reading the titles, abstracts, and topical fit, 50 
articles were selected that met the inclusion criteria and 
dealt in depth with the clinical evidence as well as the 
pathophysiological mechanisms and treatment 
advances linked to ET-1 in hypertension. Original 
papers (like basic research with translational impor-
tance, clinical trials and observational studies) and 

systematic or narrative reviews published in English 
were considered. Letters to the editor with no original 
information, duplicate reports, and documents without 
full-text access were excluded.

Among the analyzed articles, the following were 
selected as essential for the discussion:
–	Kostov K3: “The causal relationship between endo-

thelin-1 and hypertension: focusing on endothelial 
dysfunction, arterial stiffness, vascular remodeling, 
and blood pressure regulation.”

–	Banecki K, Dora KA4 “Endothelin-1 in health and 
disease.”

–	Schiffrin EL, Pollock DM: “Endothelin system in hy-
pertension and chronic kidney disease.”
The selected articles were critically analyzed and 

classified according to the most important thematic 
lines:
–	Pathophysiologial mechanisms: vascular remodeling, 

arterial stiffness, inflammation in the vascular sys-
tem, oxidative stress, and endothelial dysfunction.

–	Clinical evidence: population studies, local and circu-
lating ET-1 levels, as well as experiments with endo-
thelin receptor antagonists.

–	Therapeutic applications: proven efficacy and safety 
of endothelin receptor antagonists in cardiovascular 
diseases and resistant hypertension.

Results

Vascular tone regulation

The endothelium maintains vascular homeostasis by 
regulating the balance between vasodilation and vaso-
constriction.6 A healthy endothelium has a vasodilating 
phenotype, with nitric oxide (NO) and prostacyclin 
(PGI2) synthesis and very low concentrations of reac-
tive oxygen species (ROS).2

The endothelium also synthesizes vasoconstrictors 
like endothelin-1 (ET-1), prostaglandin H2 (PGH2), and 
thromboxane A2 (TXA2).4 Especially in small arteries 
and arterioles (particularly in the lungs), it produces 
angiotensin-converting enzyme (ACE), part of the 
renin-angiotensin system that converts angiotensin I 
into angiotensin II, which is important in vascular tone 
regulation. The endothelium also produces ACE2 that, 
unlike ACE, catalyzes the formation of angiotensin-(1-7) 
(Ang-1-7) from Ang II. This reduces Ang II-stimulated 
inflammation and oxidative stress, as Ang 1-7 has 
opposite effects like vasodilation and anti-inflammation.5
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Endothelin-1 (ET-1)
Endothelin-1 is a 21-amino acid peptide with vaso-

constrictive properties, considered to be the most 
potent vasoconstrictor known today, more potent even 
than Ang II.3,4 The endothelins are a family consisting 
of three 21-amino acid peptides: ET-1, 2 and 3, with 
very similar peptide structures (Fig. 1).4,7 The structure 
of ET-1 is unusual among mammalian bioactive pep-
tides, as it has two intramolecular disulfide bonds 
between Cys residues at positions 1 and 15, and 3 and 
113,4,8 (Fig. 1). The residues at positions 10, 13, 14, 17, 
18, and 21 are crucial for receptor binding, and loss of 
Trp21, for example, completely cancels the activity.8 
Endothelins are distributed throughout a variety of cells 
and tissues, with different levels of expression, where 
they modulate vasomotor tone, cellular proliferation, 
hormone production, sodium balance, neurotransmis-
sion, and neural crest development.5

Biosynthesis and regulation
Endothelin-1 is the most abundant isoform in the 

human cardiovascular system, mainly sourced from 
vascular endothelial cells, although the peptide is pro-
duced by other types of cells, including epithelial cells 
in, for example, the lungs, kidneys and colon; macro-
phages and monocytes; peripheral enteric glia; as well 
as the choroid plexus and certain neurons and reactive 
glial cells in the central nervous system.9 Endothelin-1 
has been detected in endothelial cells in all types of 
vessels, from large conducting arteries to resistance 
arteries (which contribute to maintaining blood pres-
sure), great veins, and venules.4

Endothelin-1 is synthesized and released continu-
ously from the endothelial cells, and pre-pro endothelin 
(prepro-ET-1) levels are mainly modulated at the tran-
scription level, with evidence implicating numerous 
transcriptional factors, including activator proton 1 
(AP-1), nuclear factor-kappa B, FOXO1, VezF1, HIF-1 
and GATA2.4 Both physical and chemical stimuli con-
tribute to altered prepro-ET-1 mRNA levels under phys-
iological and pathophysiological conditions (e.g., stress, 
hypoxia, thrombin, and vasoactive factors like Ang II).4 
Hypoxia, for example in tumors, also plays an important 
role in increasing the expression of endothelial genes, 
including ET-1, that contain hypoxic response elements 
in their promoters, contributing to disease progression.4 
One of the most important regulators of ET-1 produc-
tion in endothelial cells is transforming growth factor 
(TGF-β). Bovine aortic endothelial cell cultures have 

shown that TGF-β signaling through the ALK5/Smad 3 
pathway increases prepro-ET-1 levels through an AP-1 
site and/or a Smad binding element, giving rise to a 
mature cell phenotype.4,10,11

ECE-1 synthetic pathway
Endothelin-1 is synthesized in a three-step process. 

The ET-1 gene codes for a 212 amino acid precursor, 
prepro-ET-1. Eliminating the signal from 17 amino acids 
through a signal peptidase produces proET-1. This pro-
tein, in turn, is cleaved at the C and N terminals by furin 
enzymes that eliminate 35 and 122 amino acids, respec-
tively, to produce Big ET-18,12 (Fig. 1). The final conversion 
is affected by an unusual but selective hydrolysis of Trp 
21-Val 22 by endothelin-converting enzyme-1 (ECE-1).8 
This enzyme belongs to the type II membrane-bound zinc 
metalloprotease family and exhibits maximum Big ET-1 
excision activity at a pH of 7.0.8 Endothelin-converting 
enzyme-1 comprises a short cytoplasmic N-terminus tail, 
a region that encompasses the membrane, and a large 
extracellular domain that contains a zinc binding motif that 
is essential for enzyme activity.8

Endothelin-1 is unusual among vasoactive peptides, 
as it is synthesized through a dual pathway.4 Endothe-
lin-converting enzyme-1 has been found in small secre-
tory vesicles in the constitutive pathway, from which 
ET-1 is believed to be continually secreted to maintain 
normal vascular tone.4 Endothelin-1 has also been 
found, along with ECE-1 and ECE-2, in specialized 
Weibel-Palade storage granules exclusive to endothe-
lial cells, which are an essential component of the reg-
ulated pathway4 (Fig.  2). These structures undergo 
degranulation following an external physiological or 
pathophysiological stimulus (chemical or mechanical), 
releasing ET-1 to produce more vasoconstriction.4 
Endothelin-converting enzyme-1 has also been found 
in the smooth muscle cells of human blood vessels and 
is upregulated in atherosclerosis.5,13 Given the greater 
volume of smooth muscle compared to the single 
endothelial layer, smooth muscle ECE can be a more 
significant source of ET-1 under pathophysiological 
conditions.4,5 Plasma ET-1 levels typically range from 
3-5 pmol/L, which suggests a locally released, rather 
than circulating, peptide; in contrast, Big ET-1 plasma 
levels are around 1 pmol/L.7

Endothelin receptors
Endothelin receptors (ETRs) are comprised of two 

subtypes (ETAR 1 and ETBR 2), with 60% sequence 
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similarity.14 They both belong to the AG class of G pro-
tein-coupled receptors (GPCRs) and are activated by 
three types of endothelin (ET-1, ET-2, and ET-3), which 
are 21 amino acid peptide hormones.14 Two ETR 
subtypes exert opposite vasoregulatory actions: ETAR 
activation mediated by ET-1 promotes prolonged vaso-
constriction, while ETBR mediates vasodilation and can 
inhibit the ET-1-mediated effects when activated by 
ET-3, making it a physiological ETAR antagonist.14

Higher ET-1 concentration and clinical 
conditions

The endothelin system has raised great interest 
due to its importance in cardiovascular regulation. 

Endothelin system dysfunction, especially ETAR dys-
function, is closely related to HTN, atherosclerosis, 
heart failure, kidney disease, and diabetes, among oth-
ers, making ETRs promising targets for treating these 
diseases.9,15,16

Hypertension

Hypertension is now recognized, in part, as an immu-
nological disorder, with inflammation underlying the 
abnormal rise in blood pressure.17 Endothelin was ini-
tially discovered as a long-lasting and extremely pow-
erful vasoconstrictor; therefore, it was implicated in the 
pathogenesis of HTN.15 Macrophage ETB receptors, 
which protect against HTN, have also proven to have 

Figure  1. ET peptide structure and processing. Includes key stages like prepro-peptide conversion to Big ET and 
subsequent maturation of ET-1 by ECE-1 and ECE-2 in endothelial cells. Alternative pathways for Big ET-1 conversion 
and ET-2 and ET-3 synthesis are also shown. Figure created using BioRender.com. mRNA: messenger RNA; Prepro-ET-1/
Prepro-ET-2/Prepro-ET-3: endothelin-1, endothelin-2, and endothelin-3 precursors; Big-ET-1/Big-ET-2/Big-ET-3: 
intermediate form (large peptide precursor) of endothelin-1, endothelin-2, and endothelin-3; ET-1: endothelin-1; 
ET-2: endothelin-2; ET-3: endothelin-3; ECE-1: endothelin converting enzyme-1; ECE-2: endothelin converting enzyme-2; 
KELL: Kell protein (metalloprotease enzyme involved in ET-3 maturation); ET-A receptor: endothelin type  A receptor; 
ET-B receptor: endothelin type B receptor.
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Figure 2. ET-1 synthesis and release from human endothelial cells through two secretory pathways. ET-1 interacts 
mainly with ET-A receptors in smooth muscle, mediating vasoconstriction, while ET-B receptors can regulate this 
response. ET-1/ETA-R and ET-1/ETB-R complex internalization and their subsequent recycling or degradation are 
also important mechanisms in vascular response modulation. Figure created using BioRender.com. ET-1: endothelin-1; 
Big-ET-1: a large precursor of endothelin-1; ETA-R: endothelin type A receptor; ETB-R: endothelin type B receptor; 
ECE-1/ECE-2: endothelin-1 and  -2 converting enzyme; PLC: phospholipase C; PIP2: phosphatidylinositol 
4,5-bisphosphate; IP3: inositol triphosphate; DAG: diacylglycerol; PKC: protein kinase C; Ca²+: calcium ion; 
CaM: calmodulin; NO: nitric oxide; NOS: nitric oxide synthase; PGI2: prostacyclin; COX: cyclooxygenase; cGMP: cyclic 
guanosine monophosphate; cAMP: cyclic adenosine monophosphate; GC: guanylate cyclase; AC: adenylate cyclase; 
ER: endoplasmic reticulum.
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an autocrine role, further corroborating the immune 
system’s role in the pathogenesis of HTN.17,18 Mice 
whose endothelial cells lack ET-1 are hypotensive and 
do not raise their blood pressure in response to psy-
chosocial stress.19 Studies using heterozygous or 
homozygous ET-1 overexpression in mice showed not 
only increased blood pressure but also harmful effects 
of endothelium-derived ET-1 on vascular function and 
end-organ damage.4,5

On the other hand, the development of orally active 
endothelin receptor antagonists (ERAs), available since 
the mid-1990s, allowed researchers to study whether 
endogenous endothelin contributes to the pathophysi-
ology of HTN, which is a highly prevalent polygenic 
disease.20

Consequently, the vasodilator response after acute 
ERA infusion, which displaces receptor-bound ET-1, is 
higher in patients with HTN than in normotensive sub-
jects.4,21 The ERAs effectively lower blood pressure in 
patients with essential hypertension. In clinical practice 
today, bosentan, ambrisentan and macitentan are used 
for pulmonary arterial hypertension (PAH). Aprocitentan 
is the most recent ERA, approved in Europe (EMA, 
2024) for resistant hypertension and in the evaluation 
phase in the United States. Others, like sitaxentan, 
darusentan and tezosentan stalled in trials or were 
withdrawn (Table 1).

Endothelin-1 in human hypertension
One of the first ET-1 concentration comparisons in 

people with HTN was between patients with pheochro-
mocytoma and healthy controls.3 Patients with pheo-
chromocytoma had higher ET-1 levels, establishing 
that, in these patients, HTN depends mainly on 
catecholamines but may be secondarily dependent 
on ET-1.3 These data are supported by previously 
reported cases of patients with hemangioendothelio-
mas who had significantly elevated ET-1 levels along 
with HTN.3,29

Furthermore, resistant HTN with elevated ET-1 levels 
has been found more often in patients with African 
American ancestry or obesity, who have a higher risk 
of developing cardiovascular and kidney disease.3,30 
Also, high plasma ET-1 levels are associated with the 
onset of HTN in people with normal blood pressure 
(Table 2).4 The role of ET-1 in the development of HTN 
is also supported by data from patients with essential 
or resistant HTN, who show that blood pressure falls 
significantly when treated with a nonselective ET 
receptor antagonist, bosentan, or the selective ETAR 

antagonist darusentan.20 These data also concur with 
meta-analyses showing that patients with HTN have 
higher plasma ET-1 concentrations than control sub-
jects.3,31 Other authors have reported normal ET-1 lev-
els in patients with essential HTN, but elevated levels 
in the vascular wall.3,4 The controversial and sometimes 
inconsistent ET-1 concentration results in patients with 
HTN may be due to two main reasons. First, ET-1 is 
eliminated from the blood too rapidly (plasma half-life 
of 1-2 min.),3,4 and second, ET-1 secretion by the ECs 
is mainly polarized to the underlying VSMCs, leading 
to a minimal increase in circulating levels.3,4 Other pos-
sible causes of these disparate results are the speci-
ficity of the antibodies used in the immunoassay, the 
degree of cardiovascular damage, dietary salt intake, 
obesity, diabetes, and race.3,4 All these findings support 
the hypothesis that ET-1 may play a significant patho-
genic role in the development of HTN. 

Pathogenesis of hypertension

Oxidative stress, inflammation, and 
endothelial dysfunction

Several studies support the role of ET-1 in ROS for-
mation and its relationship to oxidative stress and endo-
thelial dysfunction in humans (Main Figure).3,27,38-40 The 
main mechanism for increased ROS production in HTN 
is increased expression of vascular NAD(P)H oxi-
dase.3,38 Elevated ROS production in the vascular wall 
leads to nuclear factor-kappa B activation, stimulating 
the synthesis of proinflammatory cytokines, chemo- 
kines, and adhesion molecules, which are associated 
with the vascular inflammatory response.41 Low-grade 
vascular inflammation is an important factor in the 
pathophysiology of HTN.42 Actually, oxidative stress 
and inflammation form a vicious cycle in the develop-
ment of endothelial dysfunction, in which ET-1 actively 
participates.43 Endothelin-1 can activate the macro-
phages that lead to the release of proinflammatory and 
chemotactic mediators like tumor necrosis factor alpha, 
interleukin (IL)-1, IL-6, and IL-8. These proinflammatory 
cytokines, in turn, can stimulate ET-1 production, poten-
tially leading to increased BP.43,44

Involvement in the pathogenesis of 
arterial stiffness

Several experimental and clinical studies have shown 
that ET-1 is responsible for maintaining arterial 
stiffness.45 In endothelial dysfunction, in which NO 
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production is reduced and ET-1 production increases, 
the balance changes to increase arterial stiffness.3 
Arteriosclerosis encompasses the pathological changes 
characterized by arterial wall thickening and loss of elas-
ticity. Its most frequent form, with the greatest clinical 
impact, is atherosclerosis, which involves focal plaque 
formation in the vascular intima. Both diffuse abnormalities of 
the vascular framework as well as atherosclerotic plaques 
contribute decisively to increased arterial stiffness, a con-
dition which potentiates hemodynamic injury and favors 
cardiovascular disease progression.46

Involvement in arterial remodeling 
processes

In HTN, changes in the structure of resistance arteries 
involve two processes: inward eutrophic remodeling and 
hypertrophic remodeling.47 In eutrophic remodeling, the 
external diameter and lumen decrease, with no change 
in the cross-sectional area of the media.47 In humans, 
eutrophic remodeling is found in mild and essential 
HTN.3 On the other hand, hypertrophic remodeling 

involves an increase in the cross-sectional area of the 
media and a reduction in the lumen.3 Endothelin-1 plays 
an important role in abnormal vascular function and 
resistance artery remodeling.3,48 Endothelin-1 has a 
direct hypertrophic effect on the vasculature, especially 
the small arteries, and hypertrophic remodeling is a sign 
of ET-1 involvement in the hypertensive process.3,4

Involvement in blood pressure regulation 
mechanisms

Blood pressure regulation is an integrative process 
involving complex interactions between nervous system 
structures, the cardiovascular system, hormones, and 
kidney fluid balance, which engage in continuous feed-
back with specialized receptors that help monitor the 
circulating volume and hemodynamic parameters.49 
Endothelin-1 can increase blood pressure by altering 
some of these regulating mechanisms, in particular, 
maintaining intravascular fluid volume, peripheral vas-
cular resistance, and cardiac contractility.3,4 It also par-
ticipates in intravascular volume maintenance, as it 

Table 1. Endothelin receptor antagonists (ERAs) in clinical use 

Drug Selectivity/route Main indication Regulatory status/clinical use Comments

Bosentan Dual (ETAR/ETBR)/oral PAH Approved (FDA, EMA) First oral ERA approved (2001). 
Requires hepatic monitoring22

Ambrisentan Selective ETAR/oral PAH Approved (FDA, EMA) Better hepatic tolerance than 
bosentan; risk of peripheral 
edema23

Macitentan Dual (ETAR/ETBR, greater 
affinity for ETAR)/oral

PAH Approved (FDA, EMA) Long half‑life, better safety 
profile than bosentan24

Sitaxentan Selective ETAR/oral PAH Withdrawn from the market Withdrawn due to 
hepatotoxicity20,21

Aprocitentan Dual (ETAR/ETBR)/oral Resistant 
hypertension

Approved by EMA (2024); 
under evaluation by FDA 

(2025)

A trial showed significant 
blood pressure reduction in 
resistant HTN25

Tezosentan Dual/intravenous Acute heart failure 
(trials)

Not approved Useful in studies; 
hemodynamic effects but no 
clinical impact on fatal 
outcomes26

Darusentan Selective ETAR/oral Resistant 
hypertension (trials)

Not approved Showed efficacy in trials but 
had regulatory and safety 
issues27

Atrasentan Selective ETAR/oral Diabetic 
nephropathy, cancer 

(clinical trials)

Not approved
(drug is in Phase 3)

Has shown efficacy in 
reducing proteinuria and 
delaying kidney function 
deterioration28

ETAR: endothelin receptor type A; ETBR: endothelin receptor type B; ERA: endothelin receptor antagonists; PAH: pulmonary arterial hypertension; HTN: hypertension; 
FDA: Food and Drug Administration; EMA: European Medicines Agency.
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Table 2. Main human subject trials on ET‑1 and hypertensive characteristics (2005‑2025) 

Study design/population Main outcome (summary) p (reported significance)

Flack JM et al.32

Subanalysis of the Phase 3 PRECISION 
trial in black people with resistant HTN 
(n = 82)

Aprocitentan lowered blood pressure and albuminuria 
in black people with resistant hypertension

p < 0.05

Horvit A et al.33

Cohort study of hypertensive patients/
hemodialysis
(n = 66, Texas)

ET‑1 was associated with extracellular volume 
overload and higher ambulatory BP

p = 0.01

Rethy L et al.34

Jackson Heart Study (subanalysis); 
Association between blood pressure 
variability↔ET‑1 and menopause
(black women, n = 660; Mississippi)

Higher BP variability was associated with higher ET‑1 
levels in postmenopausal women; suggests a link 
between ET‑1 and hemodynamic abnormalities 
associated with hypertensive risk

p = 0.019

Kaze AD et al.30

Jackson Heart Study
(population cohort, black adults; n = 1,197 
without baseline HTN, Mississippi)

Each unit increase of the baseline log (ET‑1) was 
associated with a higher risk of BP category 
progression and the onset of HTN over seven years 

p < 0.05

Schlaich MP et al.25

Phase 3 multicenter trial in resistant 
hypertension
(n = 730, worldwide)

12.5 and 25 mg of aprocitentan were superior to 
placebo in lowering SAP at 4 weeks; sustained effect 
at 40 weeks

SAP difference vs. placebo at 
4 weeks: –3.8 mmHg (12.5 mg), 
p = 0.0042; –3.7 mmHg (25 mg), 
p = 0.0046. 

Kostov K and Blazhev A.7
Case‑control study, essential HTN (n = 60) 
vs. controls (n = 20, Bulgaria)

Serum ET‑1 was higher in essential HTN 
(5.01 ± 2.1 pg/mL) than in controls (3.2 ± 1.0 pg/mL)

p = 0.0144

Verweij P et al.35

Randomized dose‑response trial with 
aprocitentan for essential HTN
(n = 490, different countries)

Aprocitentan (10, 25 and 50 mg) lowered BP compared 
to placebo; dose‑dependent effects

p = 0.014

Xu M et al.31

Meta‑analysis of clinical trials (1990-2017).
(n = 450 hypertensive patients and 328 
controls)

Higher plasma ET‑1 in hypertensive patients; mean 
difference between the groups: 1.57 pg/mL 
(global effect)

p = 0.005

Akter S et al.36

Cross‑sectional study
(n = 2,543 rural women) (Bangladesh‑Asia)

Higher serum ET‑1 levels in hypertensive vs. 
normotensive women (3.08 vs. 2.01 pg/mL)

p = 0.001

Dhaun N et al.37

Trial in subjects (n = 27) with chronic 
kidney disease treated with an ETAR 
antagonist (Edinburgh‑Scotland)

ETAR inhibition lowered blood pressure and endothelial 
dysfunction markers

p < 0.01

Black H et al.27

Randomized, double‑blind, controlled trial 
with darusentan in resistant hypertension 
(n = 115) (USA) 

Darusentan significantly lowered SAP and DAP 
compared to placebo

p < 0.015 SAP
p < 0.002 DAP

ET‑1: endothelin‑1; HTN: hypertension; BP: blood pressure; SAP: systolic arterial pressure; DAP: diastolic arterial pressure; PRECISION: name of a Phase 3 clinical trial on 
aprocitentan; n: number of study participants; log (ET‑1): logarithmic transformation of endothelin‑1 levels; mg: milligrams (drug dose); pg/mL: picograms per milliliter (unit 
of serum or plasma ET‑1 concentration); ETAR: endothelin type A receptor.

regulates tubular water and electrolyte reabsorption in 
the kidneys, affecting aldosterone production and car-
diac secretion of vasopressin and natriuretic peptides.3,4 
Endothelin-1 affects peripheral vascular resistance 
through its powerful vasoconstrictive effect, regulation 

of adrenal catecholamine secretion, and synergistic 
interactions with AT II.3,50 In several pathological pro-
cesses, overstimulation of ET-1/ETA signaling can 
unbalance the regulation of these mechanisms, thus 
leading to the onset of HTN.3
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Conclusions

The evidence supports the fact that ET-1 is a multi-
factorial pathogenic mediator of HTN, as it causes 
endothelial dysfunction, oxidative stress, vascular 
inflammation, arterial stiffness, and resistance artery 

remodeling. These mechanisms show how they can 
foster not only chronic blood pressure elevation but 
also target organ damage and cardiovascular risk.

From a clinical perspective, ET-1 is a biomarker that 
serves to diagnose and predict resistant hypertension 
and high-risk populations, under circumstances in 

Figure  3. Main Figure. ET-1 mechanism and its role in oxidative stress, low-grade inflammation, and endothelial 
dysfunction. Increased ET-1 reduces the production of NO by suppressing NOS and fosters superoxide formation, which 
reduces NO activity and increases vasoconstriction, oxidative stress, and inflammation in endothelial dysfunction. 
Figure created using BioRender.com. ET-1: endothelin-1; Prepro-ET-1: endothelin-1 precursor; Big-ET-1: intermediate 
form of endothelin-1; ECE: endothelin-converting enzyme; ETA-R: endothelin type A receptor; ETB-R: endothelin type B 
receptor; PLC: phospholipase C; IP3: inositol triphosphate; DAG: diacylglycerol; Ca²+: calcium ion; PKC: protein kinase 
C; NADPH ox: NADPH oxidase; ROS: reactive oxygen species; NO: nitric oxide; ONOO⁻: peroxynitrite; NOS: nitric oxide 
synthase; NF-κB: nuclear factor-kappa B; ICAM-1: intercellular adhesion molecule-1; VCAM-1: vascular cell adhesion 
molecule -1; IL-1, IL-6, IL-8: interleukins 1, 6, and 8; TNF-α: tumor necrosis factor alpha; MCP-1: monocyte chemoattractant 
protein-1; GC: guanylate cyclase; cGMP: cyclic guanosine monophospate.
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which conventional treatments are insufficient. Like-
wise, the existence and progress of endothelin receptor 
antagonists indicate that these receptors are a new 
therapeutic target with the potential to increase treat-
ment options in specific patients.

In the future, multicenter and translational clinical 
trials will be required to determine the usefulness of 
ET-1 as a risk marker, as well as studies to improve the 
safety and efficacy profile of new ET-1 receptor antag-
onists. These findings open the door to using ET-1 in 
the design of personalized prevention and treatment 
strategies to improve the prognosis of HTN and its 
related cardiovascular diseases.
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Abstract
Pulmonary arterial hypertension (PAH) is a progressive and potentially life-threatening disease characterized by vascular 
remodeling and right ventricular dysfunction. While therapies targeting classical pathways exist, new options such as sotater-
cept and seralutinib show promise. However, their impact will depend on timely diagnosis and sustained treatment, which 
face challenges in Colombia due to structural inequities and the lack of specialized centers. The Colombian Pulmonary 
Hypertension Network (HAPredCO) has developed a model based on regional nodes and a central operational core that 
promotes research, equitable access to knowledge, and the ethical management of clinical data. Studies from the network 
have revealed low concordance between non-invasive diagnostic methods and hemodynamic measurements, as well as a 
high prevalence of malnutrition and a predominance of PAH associated with congenital heart disease. Moreover, altitude 
influences the clinical profile and therapeutic response, underscoring the need for risk assessment tools adapted to the local 
context.

Keywords: Pulmonary hypertension. Treatment. Pathophysiology. Right ventricle.

Resumen
La hipertensión arterial pulmonar (HAP) es una enfermedad progresiva y potencialmente mortal, caracterizada por remode-
lación vascular y disfunción del ventrículo derecho. Aunque existen terapias dirigidas a vías clásicas, nuevas opciones como 
sotatercept y seralutinib, muestran potencial, pero su impacto dependerá de un diagnóstico oportuno y un tratamiento sos-
tenido, lo cual enfrenta desafíos en Colombia debido a inequidades estructurales y falta de centros especializados. La Red 
Colombiana de Hipertensión Pulmonar (HAPredCO) ha desarrollado un modelo basado en nodos regionales y un núcleo 
operativo que promueve investigación, equidad en el acceso al conocimiento y manejo ético de datos clínicos. Estudios de 
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Introduction
Pulmonary hypertension (PH) is a chronic, multifac-

torial disease associated with high mortality.1-4 There 
have been significant advances over the last decades 
in understanding its pathophysiological mechanisms as 
well as in available diagnostic and therapeutic tools.1,2 
This condition encompasses five well-differentiated 
groups of diseases, which must be carefully distin-
guished in the initial diagnostic approach (Table 1).3-8 
Pulmonary arterial hypertension (PAH) is one of the 
less frequent forms within this spectrum, characterized 
by progressive vascular involvement, increased pulmo-
nary vascular resistance (PVR), and right ventricular 
(RV) dysfunction.4-6

Pulmonary arterial hypertension has an estimated 
incidence of one to two cases per million inhabitants 
per year, with a higher prevalence in women and a 
usual age of onset between 20 and 50 years.2-7 In the 
80s, mean survival after diagnosis was approximately 
2.8  years. This was directly related to the patients’ 
functional class (FC): 6 years for FC I-II, 2.5 years for 
FC III, and only 6  months for FC IV.2-5 The first pro-
spective studies offered a somewhat more encouraging 
perspective, with estimated survival rates of 68-77% for 
the first year, 40-56% at three years, and 22-38% at 
five years.4-11

Today, thanks to the implementation of new treatment 
regimens, survival has improved significantly, reaching 
levels of 95 and 90% in the first and second years, 
respectively.1,8,10 Nevertheless, in Latin America, and 
particularly in Colombia, epidemiological data continue 
to be scarce and are derived from institutional registries 
at specialized centers and from collaborative stud-
ies.12-15 Observational studies suggest that the most 
frequent causes of PH are left heart failure (55%), 
chronic obstructive pulmonary disease (COPD) (42%), 
and PAH (3%).7,8,13

A firm diagnosis is established through right heart 
catheterization (RHC), when the mean pulmonary 
artery pressure (mPAP) is > 20  mmHg at rest.3,4,7-16 
A  pulmonary artery occlusion pressure (PAOP) 
≤ 15 mmHg and a PVR ≥ 2 Wood units confirm the 
diagnosis of precapillary PH. On the other hand, a 
PAOP > 15 mmHg indicates postcapillary PH.9,10,14

Pathophysiology of the disease

To understand PH, we must consider two inter-re-
lated components: pulmonary vascular network abnor-
malities and their impact on the right ventricle, which 
ultimately leads to systemic cardiovascular dysfunction 
and determines the clinical prognosis.12-18

The vascular component

In the pulmonary vasculature, the pathological pro-
cess begins in the endothelium.17,18 This is one of the 
body’s most extensive and functionally complex 
organs.8-15 It has been postulated that a key event is 
an endothelial-to-mesenchymal transition promoted by 
several mediators: transforming growth factor β (TGF-β), 
cellular metabolic mechanisms, noncoding RNA, epi-
genetics, oxidative stress, inflammation, the Wnt/β-catenin 
pathway, and fibroblast growth factors, among others.11-13 
These mechanisms also play a role in other cardiovas-
cular diseases like coronary and valve diseases.11-17

As a result, endothelial characteristics (tubule forma-
tion, thrombin production, lectin binding, LDL uptake) 
are lost and mesenchymal properties (invasion, migra-
tion, contraction, and collagen synthesis) are gained.12-15 
This imbalance creates a pathological cellular microen-
vironment that favors endothelial dysfunction and alters 
the production of vasoactive mediators. There is a pre-
dominance of vasoconstrictive, proinflammatory, and 
prothrombotic substances (endothelin-1, thromboxane 
A2) over vasodilating, antiproliferative, and anticoagu-
lant substances like nitric oxide (NO).4,9,11-14 These 
alterations lead to pulmonary vasoconstriction, cellular 
proliferation, vascular remodeling and in situ thrombosis.

The above is coupled with smooth muscle cell prolif-
eration, chronic inflammatory activation, extracellular 
matrix component (fibronectin, elastin, and collagen) 
accumulation, apoptosis resistance, and the adoption 
of a cancer-like phenotype.14-21 All this contributes to 
medial, intimal, and adventitial thickening of the pulmo-
nary vessels, fostering vascular hypertrophy and sus-
tained PVR elevation.5,9-18-22 Table 2 summarizes some 
of the mechanisms involved in this disease’s charac-
teristic pulmonary vascular damage.

la red han evidenciado baja concordancia entre métodos diagnósticos no invasivos y mediciones hemodinámicas, así como 
alta prevalencia de desnutrición y predominancia de HAP asociada a cardiopatías congénitas. Además, la altitud modifica el 
perfil clínico y la respuesta terapéutica, lo que resalta la necesidad de herramientas de riesgo adaptadas al contexto local.

Palabras clave: Hipertensión pulmonar. Tratamiento. Fisiopatología. Ventrículo derecho.
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Inflammatory component and fibrosis
The histopathology of patients with PAH shows 

inflammatory infiltrates in the pulmonary vascular 
lesions composed of lymphocytes, macrophages, den-
dritic cells, and mastocytes.5,9,12-14 Increased circulating 
concentrations of inflammatory cytokines have also 
been described, including interleukins (IL) 1β, 2, 4, 6, 
8, 10 and 12p, tumor necrosis factor α (TNF-α), and 
chemokines like CX3CL1 (fractalkine), CCL2 (monocyte 
chemoattractant protein 1), and CCL5 (RANTES).19-29

On the other hand, fibroblasts isolated from the adven-
titia of PAH patients’ pulmonary arteries as well as animal 
models with chronic hypoxia-induced pulmonary hyper-
tension have a hyperproliferative, apoptosis-resistant phe-
notype with proinflammatory characteristics.18-22 These 
fibroblasts produce inflammatory mediators and express 
characteristic mesenchymal lineage markers. An interac-
tion with monocytes, acting as mesenchymal cell precur-
sors, has been described in this process.20-23 This cellular 
exchange is supported by studies showing that adventitial 
fibroblasts in human and experimental PAH induce a 
proinflammatory phenotype in macrophages through 
STAT3 activation, mediated by IL-6 overexpression.10-22

The lymphocytic component is also involved in PAH 
pathophysiology. T  cell, B cell and natural killer (NK) 
cell subgroups play a role.14-18 Animal models have 

Table 1. Pulmonary hypertension classification

1. Pulmonary arterial hypertension

1.1 Idiopathic

1.2 Hereditary

1.2.1 BMPR2

1.2.2 ALK‑1, ENG, SMAD9, CAV1, KCNK3, other mutations

1.3 Drug‑ or toxin‑induced

1.4 Associated with:

1.4.1 Connective tissue diseases

1.4.2 Human immunodeficiency virus infection

1.4.3 Portal hypertension

1.4.4 Congenital heart disease

1.4.5 Schistosomiasis

1’ �Pulmonary veno‑occlusive disease/pulmonary capillary 
hemangiomatosis 

1’1 Idiopathic

1’2 Hereditary

1’2.1 EIF2AK4 mutation

1’2.2 Other mutations

1’3 Drug‑, toxin‑, and/or radiation‑induced

1’4 Associated with

1’4.1 Connective tissue disease

1’4.2 Human immunodeficiency virus infection

1’’or Persistent pulmonary hypertension of the newborn 

2. Pulmonary hypertension due to left heart disease

2.1 Diastolic left ventricular dysfunction

2.2 Systolic left ventricular dysfunction

2.3 Valve disease

2.4 �Acquired and/or congenital left ventricular outflow 
and/or inflow tract obstruction and congenital 
cardiomyopathy 

2.5 Acquired or congenital pulmonary vein stenosis

3. Pulmonary hypertension due to lung disease and/or hypoxia 

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other restrictive and obstructive lung diseases 

3.4 Sleep‑related breathing disorders

3.5 Alveolar ventilation disorders 

3.6 Chronic high‑altitude exposure

3.7 Developmental lung disease 

Table 1. Pulmonary hypertension classification (continued)

4. Chronic thromboembolic pulmonary hypertension

4.1 Chronic thromboembolic pulmonary hypertension

4.2 Other causes of pulmonary artery obstruction

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2.4 Congential pulmonary artery stenosis

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear multifactorial 
mechanisms 

5.1 �Hematological disorders: chronic hemolytic anemia, 
myeloproliferative disorders, splenectomy 

5.2 �Systemic disorders: sarcoidosis, histoplasmosis, 
lymphangiomatosis 

5.3 �Metabolic disorders: glycogen storage disease, Gaucher 
disease, thyroid disorders

5.4 �Others: tumor obstruction, fibrosing mediastinitis, chronic 
kidney disease, segmental pulmonary hypertension

(Continues)
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shown the modulating role of T lymphocytes, with vary-
ing functions according to species. Humoral immunity 
and excessive B cell activation have been demon-
strated through detection of circulating autoantibodies 
and ectopic spread of lymphoid tissue in the lung.11-23

Dysfunction of innate lymphoid cells like NK cells has 
also been found. These cells, which, under physiolog-
ical conditions, contribute to vascular remodeling by 
producing angiogenic cytokines and matrix-degrading 
enzymes, adopt an altered phenotype in PAH.21-25 In 
this context, they produce more TGF-β and matrix 
metalloproteinases like MMP-9. Deficiencies in NK cells 
and cytotoxic CD8+ T lymphocytes have been associ-
ated with a higher risk of mortality in small cohorts of 
patients with various forms of PAH.26-29

Right ventricular abnormalities

Pulmonary hypertension is characterized by sus-
tained PVR elevation leading to right ventricular 

pressure overload, triggering progressive dysfunction 
and, eventually, right heart failure.20-29 This deterioration 
results in a significant impact on patients’ quality of life 
and survival. The hemodynamic modifications and prog-
nosis depend on the interaction between various patho-
physiological mechanisms, including vascular 
remodeling, increased PVR, and RV adaptability.22-27

Right ventricular dilatation clinically precedes ventric-
ular failure; therefore, reversing this process is a main 
goal of treatment in PAH management.20-24 Right heart 
reverse remodeling (RHRR), defined as a reduction in 
right atrial (RA) and RV area, as well as in the left ven-
tricular eccentricity index, has been associated with 
greater survival.22-26 The probability of achieving RHRR 
follows a sigmoid relationship with PVR reduction, which 
supports the use of more aggressive treatment strate-
gies aimed at preserving right ventricular function.22-25

Right ventricular dilatation and systolic dysfunction 
are associated with a worse prognosis in patients with 
PH, regardless of their clinical stage, and could be 

Table 2. Mechanisms involved in this disease’s characteristic pulmonary vascular damage 

Damage Pathophysiological event Result

Cytosolic calcium 
and calcium 
channels12‑14

Increased cytosolic calcium
Activation of store‑operated calcium 
channels like TrpC6, and reduced 
voltage‑dependent potassium channels like 
Kv1.5.

Contractile, hyperproliferative and antiapoptotic phenotype 

Mitochondrial 
metabolic 
dysfunction13,15

Uncoupled aerobic glycolysis (Warburg 
metabolism)

Disproportionately high glycolysis increasing cell growth 
activity
Mitochondrial hyperpolarization, apoptosis resistance 

Genetic 
abnormalities13,16,17

Altered bone morphogenetic protein type 2 
receptor signaling and other bone 
morphogenetic signaling mutations 

Increased signaling and cellular proliferation along with 
heightened cellular apoptosis
Increased mitochondrial dysfunction 

Epigenetic factors

DNA 
methylation13,18

Silencing of the gene coding for superoxide 
dismutase 2 enzyme causes a 50% reduction 
in the expression of superoxide dismutase 2 
protein in the pulmonary artery 

Upregulation of the Warburg effect by increasing PDK and 
glutathione expression, modifying smooth muscle cell 
proliferation in the pulmonary artery
Inhibits Kv1.5 channel function/expression, causing 
vasoconstriction 

Histone 
modification13,19

Increased nuclear accumulation of histone 
deacetylase 4 and 5 enzyme

Reduced expression of myocyte enhancer factor 2 transcription 
factor and a reduction in the various genes involved in 
pulmonary vascular integrity and homeostasis, including 
Krüppel‑like factors 2 and 4 and connexins 37 and 40

Micro RNA13,20-24 miR‑17‑92
miR‑124
miR‑140‑5p
miR‑143/145
miR‑138 and miR‑25
miR‑150
miR‑204
miR‑424/503

Increases smooth muscle cell proliferation in the pulmonary 
artery
Elevated in lungs of patients with pulmonary arterial 
hypertension, hypoxic pulmonary artery smooth muscle cells, 
and overexpression of interleukin 6
Associated with low survival



134

Rev Colomb Cardiol (Eng). 2026;33(2)

used as risk stratification tools.27-38 Right heart reverse 
remodeling is also related to an improved cardiac index 
(CI), FC, and event-free survival. The available evi-
dence indicates that combination therapy, especially 
with high-dose prostanoids, has a significant hemody-
namic impact, with up to 69% PVR reduction and a 
higher rate of RHRR.25-28

To date, there are no prospective studies evaluating 
the direct effect of prostacyclins on the RV.23-29 The 
available information is scarce, retrospective, and 
derived from small groups of patients belonging to a 
single center or geographic region.30-34 Likewise, data 
regarding the effect of RHRR on risk scales is limited 
and restricted to very specific populations.29-31

Echocardiography as a right ventricular 
assessment tool

Echocardiography is a pivotal tool for managing PAH, 
especially for estimating RV contractility.30-37 Although 
the RV’s unique anatomy poses a technical challenge, 
there is an increasing number of parameters available 
to establish relevant prognostic indexes. For patients 
with PAH, the key echocardiographic aspects include 
the RV dimensions, fractional area change (FAC), 
eccentricity index, RV myocardial performance, tissue 
Doppler of the tricuspid annulus, size of the right atrium, 
and the presence of pericardial effusion.30-33

Echocardiography continues to be a promising tool for 
evaluating right-sided heart morphology and function. It 
surpasses magnetic resonance imaging in terms of 
accessibility in settings with well-trained personnel and 
provides valuable information for PAH follow-up.30-33

The current four-level stratification guidelines have 
incorporated echocardiographic parameters beyond 
pericardial effusion, with a growing emphasis on RV 
volumetry.31-35 These parameters provide a better prog-
nostic value and are closely related to the functional 
status of the right heart.31-34 While studies exist that 
evaluate the impact of treatment on RV function, most 
have limitations like a small number of patients and no 
significant effects on the echocardiographic variables 
evaluated during follow-up.30,32,33

Furthermore, studies exploring the added value of 
echocardiography in disease follow-up have shown 
progressive RV deterioration in patients considered to 
have “stable” risk using non-invasive tools.30-37 This 
highlights the need for a more accurate understanding 
of echocardiographic parameters to identify patients 
who require treatment intensification beyond the initial 
regimen.34,38

No specific data on RV dysfunction at diagnosis is 
available in Colombia .39-41 There is an urgent need to 
integrate multiple centers to characterize the echocar-
diographic findings of patients recently diagnosed with 
PAH and evaluate their progress during follow-up.37-42

Understanding right ventricular function 
in pulmonary arterial hypertension

Right ventricular function assessment is based on 
four basic parameters: RV diameter, contractility, 
RV-pulmonary artery coupling (RV-PA), and RV 
strain.35-39 The combination of these indicators allows 
a comprehensive assessment of RV performance, 
especially in the context of PAH.

Right ventricular diameter

Right ventricular diameter is an essential marker for 
evaluating its adaptation to increased afterload.30-38 
Progressive dilatation indicates pathological remodel-
ing and functional deterioration. Monitoring this param-
eter helps assess the prognosis, guide treatment, and 
evaluate its efficacy. The basal RV diameter should be 
< 42 mm and < 35 mm at mid-cavity in adults.35-39 The 
RV may initially adapt to increased pulmonary pres-
sure, but sustained stress leads to dilatation and loss 
of function.36 This dilatation is associated with worse 
clinical outcomes, and is therefore a key marker for risk 
stratification.37-39

Right ventricular contractility and 
deformation

Right ventricular contractility is evaluated using 
parameters like TAPSE, FAC and strain. These provide 
information on RV systolic function and are essential 
for the prognosis.
–	Tricuspid annular plane systolic excursion (TAPSE): 

measures the longitudinal displacement of the tricus-
pid annulus, with normal values ≥ 17  mm. Lower 
values suggest reduced RV contractility.38-44

–	Fractional area change (FAC): evaluates the percent-
age area change of the RV between systole and di-
astole. An FAC > 35% is normal; lower values indi-
cate systolic dysfunction.39-42

–	Strain (deformation): longitudinal deformation of the 
RV free wall is a sensitive indicator of contractility. 
Normal values are ≤ 20%; less negative values in-
dicate RV dysfunction and worsening PAH.40-44
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A combined analysis of these parameters provides a 
comprehensive assessment.39,40 Deformation is espe-
cially useful, as it detects subclinical abnormalities that 
are not seen with APSE or FAC, enabling timelier 
intervention.41,45,46

Right ventricular-pulmonary artery 
coupling

Right ventricular-PA coupling reflects the relationship 
between RV contractility and the afterload exerted by 
the pulmonary circulation.33-38 Proper coupling sug-
gests good RV adaptation, while uncoupling indicates 
dysfunction and a worse prognosis. The TAPSE/PASP 
ratio is a common measure of this coupling, with a 
value > 0.31 considered optimal; lower figures indicate 
uncoupling and worse outcomes.42,44 In early phases, 
coupling may be maintained by compensatory mecha-
nisms but as the disease progresses, this relationship 
is lost, signaling imminent ventricular failure.43,47

Right ventricular-PA uncoupling predicts adverse 
events in PAH, underscoring the need for interventions 
aimed at reducing afterload and preserving RV 
function.44,48

Integration and clinical relevance
Pulmonary arterial hypertension is a significant clin-

ical challenge, especially in assessing and managing 
the RV, whose function and ability to adapt to elevated 
pulmonary pressures are key prognostic determi-
nants.47-50 Multiple variables, like basal RV diameter, 
RV contractility, and ventricular-arterial coupling must 
be integrated to achieve a comprehensive assessment 
of cardiac function in these patients.30-39 While each of 
these measurements provides valuable information on 
its own, analyzing them together creates an RV func-
tional profile that helps classify patients in specific sub-
groups.40-48 This classification not only improves 
diagnostic accuracy but also helps personalize treat-
ment, optimizing the therapeutic response according to 
each patient’s ventricular phenotype.25-31

Simultaneous assessment of RV diameter, contrac-
tility (including myocardial strain), and RV-PA coupling 
provides a detailed understanding of RV functional sta-
tus.24-29 Right ventricular dilatation is usually associated 
with decreased contractility, and strain abnormalities 
may indicate dysfunction before clear dilatation is seen. 
Deteriorated RV-PA coupling further highlights the ven-
tricle’s inability to adapt to increased pulmonary after-
load.34-39 Together, these measurements help make 

more informed clinical decisions, enabling prompt inter-
ventions and improving the treatment approach to 
patients with PAH.24-29

The Right Ventricular Function Integration Tool 
(RV-FIT) has been developed specifically to integrate 
key RV function variables in patients with PAH (Fig. 1). 
This tool combines three essential parameters in a 
Cartesian system that classifies patients in different 
prognostic categories according to their ventricular 
function.30-35 By providing a visual and integrated 
depiction of RV status, RV-FIT helps stratify risk and 
personalize treatment.20-30

The Cartesian plane proposed by the RV-FIT tool is 
divided into six quadrants, forming groups that combine 
three essential variables:30-33 RV basal diameter, con-
tractility, and ventricular-arterial coupling. These vari-
ables allow patients to be classified into categories that 
reflect different RV functional statuses and their poten-
tial prognostic implications.30-58 The distribution into 
quadrants is defined according to the following 
criteria:
–	Right ventricular basal diameter: this parameter is 

used as an indicator of RV size and degree of remod-
eling. The established cut-off points of 35  mm and 
45 mm classify the diameter as low, intermediate or 
high.

–	Right ventricular contractility: evaluated through 
echocardiographic parameters like fractional area 
change (FAC > 35%), tricuspid annular plane systolic 
excursion (TAPSE > 17 mm) and RV global longitu-
dinal strain (<  -20%). These values help distinguish 
between preserved and reduced contractility.

–	Ventricular-arterial coupling: evaluated using the 
TAPSE/PASP ratio. A value > 0.31 indicates proper 
coupling between the RV and pulmonary circulation, 
while lower values suggest decoupling and RV diffi-
culty in adapting to an elevated afterload.

Formation of functional groups
By combining these three variables, RV-FIT defines 

six groups that represent different RV functional 
profiles:
–	Group  A: normal contractility, low basal diameter, 

adequate coupling. Represents patients with pre-
served RV function and good hemodynamic adapta-
tion, associated with a better prognosis.

–	Group B: normal contractility, intermediate basal di-
ameter, adequate coupling. Indicates preserved func-
tional adaptation, although with a certain degree of 
RV overload.
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–	Group  C: normal contractility, high basal diameter, 
adequate contractility. Describes a dilated but still 
compensated RV that maintains coupling despite sig-
nificant remodeling.

–	Group  D: reduced contractility, low basal diameter, 
impaired coupling. Corresponds to a smaller RV with 
early functional deterioration, possibly in an initial 
decompensation phase.

–	Group  E: reduced contractility, intermediate basal 
diameter, impaired coupling. Represents an interme-
diate ventricular dysfunction phase with partial dila-
tation and hemodynamic uncoupling, associated with 
a higher clinical risk.

–	Group F: reduced contractility, high basal diameter, 
impaired coupling. This group reflects advanced RV 
dysfunction with significant dilatation, severely im-
paired contractility, and deficient coupling, entailing 
a worse prognosis.
This classification not only provides a comprehensive 

assessment of RV function but also establishes a prog-
nostic stratification that helps guide individualized treat-
ment and predict the response to different treatment 
strategies in patients with PAH.50-58 The graphical rep-
resentation provided by RV-FIT helps identify the vari-
ous phenotypes of RV response to increased afterload, 
offering a clear and structured visualization of each 
patient’s functional status.30-34 Besides reflecting the 
RV’s current status, this tool can be useful in predicting 
disease progression and relevant clinical outcomes, 
allowing more precise treatment adjustments.59-65

As a whole, RV-FIT offers a comprehensive assess-
ment of RV function, providing key information for clin-
ical decision-making.30-35 Classifying by groups 

provides a solid basis for personalized treatment adap-
tations and maximizing treatment benefits according to 
ventricular phenotype.37-48 However, this tool must be 
validated in future studies and evaluated in relation to 
clinical outcomes to confirm its prognostic and thera-
peutic utility.30-35

Treatment of pulmonary arterial 
hypertension

After a, usually late, diagnostic process, a sequential 
treatment regimen is instated that includes general 
measures involving oxygen therapy, anticoagulation, 
calcium channel blockers, and medications aimed at 
blocking the pathophysiological pathways involved in 
disease management. These medications are started 
either sequentially or aggressively, depending on the 
patient’s clinical condition.35-40 Figure 2 shows the ther-
apeutic pathways acted upon to manage the disease, 
according to the approved treatment options.

Table 3 shows the treatment options employed, with 
their recommended doses for managing the disease 
and respective studies supporting the available treat-
ment options.41-45 Options were approved mainly based 
on their therapeutic impact on (mostly indirect) bio-
markers, rarely considering direct RV function assess-
ment. Some of these therapies are already available in 
our country or are undergoing the approval process, 
while others are in the research phase, with promising 
preliminary results.41-45

Current treatments are focused on nitric oxide, pros-
tacyclin and endothelin pathways, and new promising 
treatments, like sotatercept (aimed at the TGF-β/activin 
pathway) and seralutinib (a PDGFR/c-KIT/Src inhibitor) 
are emerging. However, the real impact of these ther-
apies will depend on prompt diagnosis, risk stratifica-
tion, and treatment continuity, aspects that face 
significant challenges in countries like Colombia due to 
structural gaps, data fragmentation, territorial inequal-
ity, and a lack of specialized facilities.46-49

Pulmonary hypertension in Colombia: 
inequalities, fragmentation and the need 
for a local risk strategy under scientific 
governance

In countries like Colombia, these pillars are under-
mined by structural gaps, territorial inequalities, clinical 
data fragmentation, and limited consolidation of centers 
of expertise. Understanding this disconnection between 
scientific progress and the reality of the healthcare 

Figure  1. Evaluation of right ventricular function in 
pulmonary arterial hypertension. TAPSE: tricuspid annular 
plane systolic excursion; PASP: pulmonary artery systolic 
pressure; FAC: fractional area change; RV: right ventricle.



137

R. Conde-Camacho et al.  Pulmonary hypertension in Colombia

system is essential for designing strategies adapted to 
our context that do not just transfer global knowledge 
but rather transform it into sustainable and effective 
local action.

Red Colombiana de Hipertensión Pulmonary 
(HAPredCO) [the Colombian Pulmonary Hypertension 
Network] was created in response to these limitations. 
This entity is a collaborative platform aimed at integrat-
ing PH-related research and clinical practice activities 
in Colombia.62-67 Its main objectives include character-
izing the PH problem in this country, addressing epide-
miological and clinical questions, and fostering scientific 
activities related to this disease. It functions as a trans-
disciplinary and transinstitutional network that fosters 
ongoing scientific exchange, shared data use, and 
research initiatives to benefit PH patients, with potential 
scalability to other Latin American countries.62-67 Its 
structure includes a “nucleus” and “node” model to 
manage governance and collaboration among its mem-
bers, ensuring shared objectives and coordinated 
efforts.62-67

The importance of HAPredCO lies in its ability to unite 
actors around common objectives, strengthening the 
quality of research, standardizing knowledge, and, ulti-
mately, improving patient care. It also stimulates 
regional research and development, capacity strength-
ening, and the potential to expand to other Latin Amer-
ican countries.62-67

At a diagnostic level, multicenter studies conducted 
by the network have documented low concordance 
between noninvasive tools like echocardiography and 
right catheterization (Lin’s coefficient: 0.32),63 which can 
lead to stratification errors and ill-adapted treatment 
decisions in settings that depend highly on noninvasive 
imaging. A poor correlation has also been found between 
functional tests like the six-minute walk and key hemo-
dynamic variables like pulmonary vascular resistance or 
cardiac output.62-70 This is a critical situation considering 
that, in many clinical settings around the country, ther-
apeutic decisions are based exclusively on noninvasive 
parameters that lack solid validation against invasive 
hemodynamic measurements.63,66,67

Figure 2. Therapeutic pathways involved in pulmonary arterial hypertension management.
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Table 3. General characteristics of pulmonary arterial hypertension treatment

Medication Study Effects Dosing

Sildenafil SUPER44,45 ↑ 6MW
↓ NYHA
↓ mPAP

Starting dose: 20 mg/8 h
Max: 40‑80 mg/8 h

Tadalafil PHIRST46 ↑ 6MW
↑ Time to event
↓ % of events

40 mg/24 h

Riociguat PATENT47 ↑ 6MW
↓ FC

↓ PVR
↓ BNP

↑ Time to event

Starting dose: 1 mg/8 h
Max: 2.5 mg/8 h

Bosentan EARLY48 ↑ 6MW
↓ FC

↓ mPAP and PVR
↑ Time to event

Starting dose: 62.5 mg/12 h
Max: 125 mg/12 h

Ambrisentan ARIES49 ↑ 6MW
↓ FC

↓ BNP

Starting dose: 5 mg/24 h
Max: 5‑10 mg/24 h

Macitentan SERAPHIN50 ↑ Time to first event, mortality or 
morbidity
↑ 6MW

↓ FC

10 mg/24 h

Intravenous 
epoprostenol 

Rich et al.51

Kimura et al.52

Sitbon et al.37

McLaughlin et al.53

↑ 6MW
↓ FC

↓ mPAP and PVR
↑ Survival

Starting dose: 1‑2 ng/kg/min
Max: 20‑40 ng/kg/min

Subcutaneous 
treprostinil 

Simmoneau et al.54

Barst et al.55

Lang et al.38

Sadushi‑Kolici et al.39

↑ 6MW
↓ NYHA

↓ mPAP and PVR
↑ CI

Starting dose: 2‑4 ng/kg/min
Max: 40‑80 ng/kg/min

Inhaled 
iloprost 

AIR56 ↑ 6MW
↓ NYHA

↓ mPAP and PVR

2.5‑5 mcg/inh/6‑9 v
Max: 30 mcg/day

Selexipag GRIPHON57 ↓ PVR and
↑ CI

↑ Time to first event, mortality or 
morbidity

400 to 3200 mcg/day

Sotatercep PULSAR40

STELLAR41

ZENITH42

Efficacy and safety
↑ PVR, 6MW

↓ NT‑proBNP for 18 months
↓ Reduced risk of disease 

progression, improved clinical 
parameters

↓ Risk of death 
↓ Pulmonarytransplant

↓ Hospitalization and a strong benefit in 
hard clinical outcomes

Starting dose: 0.3 mg/kg administered  
SQ every 3 weeks

Target dose: After 3 weeks on the starting dose, 
if tolerated, increase to the target‑recommended 
dose of 0.7 mg/kg every 3 weeks via subcutaneous 

injection

Seralutinib TORREY43 ↓ PVR at 24 weeks
↓ NT‑proBNP

↓ Improvement in echocardiographic 
variables

Starting dose: 60 mg inhaled twice  
a day for the first 2 weeks.

Target dose: If tolerated, increase to 90 mg 
inhaled twice a day for the rest of treatment  

(up to 24 weeks in the study)

6MW: 6‑minute walk; FC: NYHA functional class; NYHA: New York Heart Association; PVR: pulmonary vascular resistance; mPAP: mean pulmonary artery pressure; 
NT‑ Pro BNP: N‑terminal pro‑B‑type natriuretic peptide; BNP: B‑type natriuretic peptide; CI: cardiac index.
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In another vein, the HAPredCO databases show a 
high prevalence of extreme nutritional syndromes, with 
6.5% of patients having underweight at diagnosis, 
along with higher vascular resistance and mortality 
(33%).65,68 This pattern contrasts with the profile of 
European or North American populations included in 
studies that provide the bases for international scales 
like REVEAL or COMPERA.65,68-71

A particular characteristic of the Colombian popula-
tion is a high proportion of patients with PH associated 
with congenital heart disease, accounting for 50% of 
all cases in some cohorts.62-73 This etiology has been 
correlated with favorable survival rates, with 95.8% sur-
vival at one year and 86.8% at five years in specialized 
centers located more than 2,600 meters above sea 
level. These figures far surpass those reported in inter-
national registries for other etiologies like idiopathic or 
connective tissue diseases.62-73

This finding has direct implications for designing risk 
scores in our country, as the relative weight of the eti-
ology and functional profile of Colombian patients dif-
fers significantly from that of the cohorts that support 
the current mortality prediction models (ESC/ERS, 
REVEAL).62-73 The lack of local validation of these tools 
may lead to classification errors and suboptimal treat-
ment decisions.63-65

Geographic altitude is a highly relevant differential 
clinical and pathophysiological factor.66-70 More than 
70% of the patients in the main Colombian cohorts live 
at more than 2,500 MASL, where chronic exposure to 
hypoxia causes unique hemodynamic adaptations that 
can modify both the clinical phenotype and the response 
to treatment.68 These patients have shown a positive 
response to intensive treatment strategies at high-alti-
tude centers, suggesting a degree of physiological 
adaptation to chronic hypoxia that has not been con-
sidered in scales developed at sea level.68

Toward multi-scale implementation of the 
strategy

In view of this reality, public and scientific policies 
must be aligned to four strategic pillars:62-70

–	Consolidation of accredited reference centers with 
minimum standards of experience, diagnostic and 
therapeutic infrastructure, and patient volume that 
can act as clinical and training nodes for the national 
network.

–	 Implementation of a national risk scale based on lo-
cal multicenter data that incorporates clinical, etiolog-
ical, functional, and geographic variables (including 
altitude), allowing more accurate classification and 
leading to objective prioritization of care.

–	Development of strategies for screening and early 
diagnosis aimed specifically at high-risk populations 
like patients with congenital heart disease, connec-
tive tissue disease, prior thromboembolism, or rela-
tives of patients with PAH, with integrated protocols 
to accelerate access to hemodynamic diagnosis and 
prevent underreporting.

–	Strengthening of a national, interoperable clinical 
data platform managed by HAPredCO to ensure 
traceability, anonymization, patient monitoring, and 
ongoing analysis, as well as facilitate clinical re-
search, therapeutic surveillance, and decision-mak-
ing based on local evidence.

To implement this strategy, joint action is required at 
three levels:
1. Scientific; it is essential to:

–	 Integrate the national and international scientific 
societies to construct technical consensuses.

–	Complement the current registries with more inclu-
sive data describing the vulnerable 
subpopulations.

–	Construct a true clinical-progress roadmap for pa-
tients with PAH, from diagnosis to progression or 
transplant.

–	Generate real-life studies to evaluate the impact of 
treatments in different settings and identify re-
sponder subgroups beyond the pivotal criteria.

–	Strengthen care with interdisciplinary teams (car-
diology, pulmonology, rheumatology, rehabilitation, 
nutrition, palliative care). 

–	Promote the formation of specialized treatment 
groups to act as units of excellence and lead the 
implementation of good practices. 

2. Local government; should:
–	Reinforce integrated healthcare service networks, 

ensuring continuity of care and quality standards.
–	Promote the creation of specific care routes for 

PAH, articulated with effective referral and feed-
back mechanisms.

–	Ensure access to hemodynamic diagnostic cen-
ters and specialized units in all the strategic 
departments.

3. National government; it is urgent to:
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–	Devise a national policy for pulmonary vascular 
diseases that will ensure sustainable access to 
diagnosis and treatment.

–	Establish an incentive system for centers that meet 
quality, research, and training criteria.

–	Consolidate long-term funding mechanisms to 
guarantee the availability of high-cost treatments 
based on cost-effectiveness and local evidence.

–	 Incorporate the national registry results within the 
Ten-Year Public Health Plan strategies and health 
technology evaluations.

Conclusions
Pulmonary arterial hypertension is a complex, pro-

gressive, and potentially lethal disease whose under-
standing requires a multidimensional approach 
integrating vascular, inflammatory and RV mechanisms. 
Despite therapeutic advances that have improved sur-
vival, challenges persist in early diagnosis, echocardio-
graphic follow-up, and risk stratification, especially in 
settings like Latin America. Comprehensive assess-
ment of the RV using functional and RV-PA coupling 
parameters is essential for optimizing treatment and 
improving the prognosis. Local research must be 
strengthened to adapt treatment strategies to our clin-
ical reality.
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CASE PRESENTATION

Abstract
Hereditary hypertrophic cardiomyopathy (HCM) is a leading cause of sudden cardiac death in young people.1 The most com-
mon form is autosomal dominant, making the identification of implicated genetic variants crucial for determining the etiology, 
potentially stratifying risk, and providing family counseling. We present the case of a patient with a history of syncope and an 
echocardiogram suggestive of HCM with a significant obstructive gradient, who underwent a 156-gene sequencing panel that 
identified a pathogenic MYH7 c.2207T>C variant. The patient presented with severe septal hypertrophy, syncope, and a risk 
of sudden death. She required an implantable defibrillator and septal reduction surgery, with a subsequently positive clinical 
course. We emphasize the importance of family screening and a comprehensive approach, including genetic evaluation, 
imaging, and management of comorbidities such as hypertension. The pathogenic variant MYH7 c.2207T>C has been pre-
viously reported and related to sarcomeric dysfunction. This case highlights how genetic diagnosis supports risk stratification, 
guides individualized treatment, and enables early detection through family screening, improving HCM outcomes.

Keywords: Hypertrophic cardiomyopathy. Mutation. Missense. Myosin heavy chains. Risk assessment.

Resumen
La miocardiopatía hipertrófica hereditaria puede ser la etiología de muerte súbita cardiaca en pacientes. Se hereda de forma 
autosómica dominante y, por tanto, la identificación de variantes genéticas es crucial para definir la causa, estratificar el 
riesgo y orientar el asesoramiento familiar. Se describe el caso de una paciente con historia de síncopes y ecocardiograma 
sugestivo de miocardiopatía hipertrófica con gradiente obstructivo significativo, a quien se le realizó panel de secuenciación 
de 156 genes, identificando la variante patogénica MYH7 c.2207T>C. Debido a hipertrofia septal grave, síncopes y riesgo 
de muerte súbita, requirió el implante de un cardiodesfibrilador y cirugía de reducción septal. La evolución posterior fue 
favorable. Se destaca la importancia del tamizaje familiar y del abordaje integral, incluyendo evaluación genética, imageno-
logía y manejo de comorbilidades como hipertensión. La variante patogénica MYH7 c.2207T>C ha sido reportada previamente 
y relacionada con disfunción sarcomérica. Se ilustra el impacto del diagnóstico genético en la estratificación del riesgo, el 
tratamiento personalizado y el tamizaje familiar, con el fin de mejorar el pronóstico en la miocardiopatía hipertrófica.

Palabras clave: Miocardiopatía hipertrófica. Mutación de cambio de sentido. Cadenas pesadas de miosina. Evaluación del 
riesgo.
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Introduction
Hereditary hypertrophic cardiomyopathy (HCM) was 

once described as a rare, difficult-to-diagnose heart 
disease with no effective treatment options. With 
advances in cardiac imaging and genetic tests, the 
ability to detect it has increased, and treatment options 
have advanced, with excellent results.1 It has an esti-
mated prevalence of 1:200-1:500 in the general popu-
lation; however, it remains an important cause of 
sudden cardiac death in young patients.2

This condition is autosomal dominant with variable 
penetrance, associated with variants in genes that code 
for contractile proteins in the cardiac sarcomere. Eleven 
or more genes have been identified in patients with HCM, 
but MYBPC3 and MYH7 are the two most common.3 
Some researchers have reported that patients with 
pathogenic variants in sarcomere protein genes have a 
higher burden of disease than those without these muta-
tions; however, this hypothesis is still controversial.

Clinically, HCM may present with significant heart 
failure symptoms, angina, syncope, arrhythmias, and a 
higher risk of atrial fibrillation. A higher risk of arrhyth-
mic sudden death has also been reported, with an 
indication for cardioverter defibrillator implantation.4

Echocardiography and cardiac magnetic resonance 
imaging are established diagnostic imaging strategies, 
based on a non-dilated hypertrophic left ventricle with 
no other cardiac, metabolic or systemic diseases.5

Medical treatment with beta blockers and nondihy-
dropyridine calcium antagonists, along with septal 
reduction therapy in cases that are refractory to the 
initial medical treatment, have shown favorable results 
that change the prognosis for these patients.6

Below, we describe the case of a patient with a his-
tory of repeated syncope and an echocardiogram sug-
gestive of HCM, who had a positive genetic test for a 
pathogenic variant.

Clinical case
This case involved a 68-year-old female patient with 

a personal history of hypertension, atrial fibrillation, 
hypothyroidism and diabetes, and a family history of 
sudden death of unknown etiology in a 40-year-old 
brother. She presented with a complaint of recurrent 
syncope with multiple emergency room visits. A  trans-
thoracic echocardiogram showed asymmetric septal 
hypertrophy (18 mm thickness) (Fig. 1), a maximum gra-
dient across the left ventricular outflow tract of 111 mmHg 
(Fig. 2), and a preserved left ventricular ejection fraction 

(60%). Due to her high risk for sudden death, she 
required cardioverter-defibrillator implantation. She 
underwent arrhythmic substrate modulation for arrhyth-
mias that were not specified in the medical chart. Finally, 
she required surgical septal reduction as well as phar-
macological management with a beta blocker.

An NGS gene panel test for 156 genes related to 
hereditary cardiomyopathies was conducted, with a 
pathogenic heterozygous variant found in the MYH7 
(c.2207T>C) gene.

Since placing the implantable cardioverter defibrilla-
tor (ICD) and instating the aforementioned treatment, 
the patient has had a favorable clinical response with 
no hospitalizations for cardiovascular causes or syn-
cope and no device discharges.

Discussion
A clinically significant missense genetic mutation was 

found in this patient, related to the MYH7 (c.2207T>C) 
gene (Table 1). It has already been reported in HGMD 
and meets the ClinVar conditions for a pathogenic vari-
ant. Variants in this gene (which codes for myosin 
heavy chain 7, also known as β-myosin) are among the 
most common genetic causes of HCM and account for 
30 to 50% of the cases.7 This mutation caused a sub-
stitution of thymine for cytosine at position 2207 of the 
gene’s coding DNA. This sequence change replaces 
isoleucine, which is a neutral and apolar amino acid, 
with threonine, which is a neutral and polar amino acid, 
at position 736 of the myosin heavy chain (p.I736T). 
Position 736 of the amino acid lies within the β-cardiac 
myosin converter domain (which is key in transducing 
the movement generated by ATP hydrolysis into 
mechanical work during muscle contraction), and mul-
tiple in silico algorithms predict that this change is 
harmful.8 Furthermore, since this is a functionally 
important domain, other similar missense variants have 
been associated with cardiomyopathy.9 Specifically, 
other isoleucine substitutions (for methionine, leucine 
and valine) have been reported for this same position, 
also related to the same HCM phenotype.

Other cases related to the MYH7 gene have also 
been reported in the literature, in which the essential 
pathophysiological mechanism consists of increased 
myofilament sensitivity to calcium that translates into 
excessive sarcomere contraction, contributing to heart 
muscle hypertrophy and dysfunction.10 This is also 
linked to negative outcomes like a higher risk of sudden 
death, arrhythmias, advanced conduction disorders, 
and greater ventricular hypertrophy.
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Although HCM is usually associated with sarcomeric 
gene variants, up to 40% of cases have no clear genetic 
cause. These cases are known as non-familial HCM, 
and their underlying causes are still not fully under-
stood.11 Reports have indicated that these patients tend 

to be older males with asymmetric hypertrophy and 
coexistent hypertension.

The patient in this case had a family history of the 
disease, a diagnosis of hypertension, a history of syn-
cope, and no record of sudden death but considerable 
risk, for which she had received an ICD. Furthermore, 
she had significant septal hypertrophy (18 mm) at diag-
nosis, with a very high obstructive peak gradient across 
the LVOT (111 mmHg) requiring surgical septal reduction 
in addition to pharmacological treatment. She also had a 
history of arrhythmic substrate modulation due to unspec-
ified arrhythmias. These findings correlate with descrip-
tions in the literature reporting an association between 
cardiovascular events and this specific variant.

After treatment, she had a septal thickness of 13 mm, 
with no obstructive gradient across the LVOT, highlight-
ing the role of medical management, including thera-
pies like septal reduction, and underscoring the role of 
beta blockers in this type of cardiomyopathy. Beta 
blockers have proven to be indispensable in symptom-
atic individuals with obstructive gradients, as they alle-
viate a large percentage of the dynamic obstruction and 
improve the quality of life and NYHA functional class.12

Family screening is essential in these cases. A family 
screening study of 209 index patients with HCM, pub-
lished by van Velzen et al.,13 found the disease in 30% 
of the relatives on the first screening, with another 16% 
developing it later, during seven years of follow-up with 
repeated assessments. These data indicate that there 
can be a significant prevalence of the disease among 
relatives and underscore the importance not only of 
family assessment but also periodic follow-up over time.

Furthermore, finding hypertension in this type of car-
diomyopathy has a special connotation. There has 
been a notable increase in the global prevalence of 
hypertensive heart disease;14 however, there is no con-
sensus on the exact prevalence of hypertension in this 
type of condition. Even so, there is evident overlap 
between hypertension and HCM, which acts as a risk 
factor contributing to the progression of these diseases. 
Luo Q, et al.15 showed how hypertension impacts the 
clinical phenotype of these patients, but also how, over 

Table 1. Genotypic description of a patient with hypertrophic cardiomyopathy and its association with cardiovascular 
events and prognosis

Phenotype Gene Type of variant Variant Meaning Syncope Aborted SD Use of ICD Appropriate ICD 
discharges

HCM MYH7 Missense c.2207T>C Pathogenic Yes No Yes No

HCM: hypertrophic cardiomyopathy; ICD: implantable cardioverter defibrillator.

Figure  2. Transthoracic echocardiogram with continuous 
Doppler showing dynamic obstruction of the left ventricular 
outflow tract (“dagger sign”).

Figure 1. Transthoracic echocardiogram (parasternal long 
axis view) showing severe concentric hypertrophy of the 
left ventricle, with a septal thickness of 18 mm. 
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five-year follow-up, the prognosis tends to worsen. This 
indicates the need for a comprehensive care approach 
to assess and promptly treat this condition, as well as 
intensify active case finding.

Finally, this report highlights the importance of using 
a multimodal approach and incorporating the genetic 
diagnosis into the clinical treatment of HCM. Genotyp-
ing not only confirms the diagnosis and helps in under-
standing the underlying pathophysiological mechanism. 
It also provides essential information for risk stratifica-
tion, the detection of affected relatives through timely 
screening and, thus, individualized therapeutic decision 
making. At the same time, echocardiographic assess-
ment and the evaluation of risk factors like hypertension 
and associated arrhythmias enable attending physi-
cians to adjust and offer optimal treatments like surgical 
septal reduction and the use of beta blockers. This 
comprehensive approach is based on how this combi-
nation of genetic studies, imaging, and periodic fol-
low-up helps improve quality of life and reduce serious 
cardiovascular events in patients and their families.

Conclusions
This case illustrates the key value of genetic diagno-

sis for risk stratification in patients with HCM. Identify-
ing the pathogenic variant in the MYH7 gene confirmed 
a solid etiological diagnosis, clearly differentiating sar-
comeric cardiomyopathy from other causes of ventric-
ular hypertrophy. It also helps predict the risk of serious 
cardiovascular events like sudden death, arrhythmias, 
or hypertrophic progression, providing a basis for 
ordering ICD and septal reduction treatment. Finally, it 
is especially valuable for guiding family screening and 
periodic follow-up of asymptomatic carriers, improving 
early detection and preventing complications.

Together, these findings highlight how genetic diag-
nosis has a direct impact on prognosis and clinical 
decision-making, fostering personalized treatment and 
reduced morbidity and mortality in HCM.
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CASE PRESENTATION

Abstract
Mechanical prosthetic valves are rarely used in the pulmonary position, and their dysfunction is infrequent but clinically 
significant. We report the case of a 34-year-old woman with congenital pulmonary valve dysplasia who underwent double-disc 
mechanical valve replacement and presented two years later with signs of right-sided heart failure. Imaging revealed significant 
stenosis and moderate intraprosthetic regurgitation due to one immobile disc, associated with subtherapeutic INR levels. 
Surgical exploration identified pannus and chronic thrombus. Cleaning the prosthesis restored full mobility and improved 
clinical status. This case emphasizes the importance of anticoagulation control and the role of multimodal imaging and timely 
intervention in managing mechanical valve dysfunction in the pulmonary position.

Keywords: Pulmonary valve. Prosthetic valve dysfunction. Pannus. Thrombosis. Right heart failure. Multimodality imaging.

Resumen
Las válvulas protésicas mecánicas en la posición pulmonar se utilizan en contadas ocasiones, y su disfunción, aunque poco 
frecuente, reviste importancia clínica. Se presenta el caso de una mujer de 34 años, con displasia congénita de la válvula 
pulmonar, a quien se le realizó un reemplazo valvular mecánico de doble disco y dos años después acudió con signos de 
insuficiencia cardíaca derecha. Las pruebas de imagen revelaron estenosis significativa y regurgitación intraprotésica mode-
rada debida a un disco inmóvil, asociada a niveles de INR subterapéuticos. La exploración quirúrgica identificó un pannus y 
un trombo crónico. La limpieza de la prótesis restableció la movilidad completa y mejoró el estado clínico. Este caso subraya 
la importancia del control de la anticoagulación, el papel de las técnicas de imagen multimodales y la intervención oportuna 
en el manejo de la disfunción de las válvulas mecánicas en la posición pulmonar.

Palabras clave: Válvula pulmonar. Disfunción de la válvula protésica. Pannus. Trombosis. Insuficiencia cardíaca derecha. 
Imagenología multimodal.
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Introduction
Mechanical prosthetic valves are rarely placed in the 

pulmonary position; this is typically reserved for cases 
of congenital heart disease requiring durable valve 
replacement.1 Despite their mechanical durability, right-
sided prosthetic valves are at increased risk of throm-
bosis due to lower flow velocities and pressure gradients 
compared to left-sided valves.2 Thrombotic events and 
pannus formation may lead to partial or complete 
obstruction, presenting clinically as progressive right 
heart failure.3

Although rare, mechanical valve dysfunction in the 
pulmonary position poses significant diagnostic and 
therapeutic challenges. Echocardiographic and fluoro-
scopic imaging, along with the anticoagulation history, 
play central roles in the evaluation. We present a case 
of prosthetic valve dysfunction in the pulmonary posi-
tion due to pannus and chronic thrombus, leading to 
symptomatic right heart failure in a young adult.

Case history
A 34-year-old woman with congenital dysplasia of the 

pulmonary valve and dilation of the main pulmonary 
artery underwent mechanical pulmonary valve replace-
ment with a double-disc prosthesis and Gore-Tex patch 
reconstruction in 2021. The indication for a mechanical 
valve was the need for long-term durability due to struc-
tural valve disease and prior surgical history.

Two years after surgery, she presented with two 
months of progressive exertional dyspnea (NYHA 
class  III), bendopnea, orthopnea, paroxysmal nocturnal 
dyspnea, and lower extremity edema. On physical exam, 
she had jugular venous distension, hepatomegaly, and a 
grade III/VI midsystolic murmur over the pulmonary area.

Initial labs revealed a subtherapeutic international nor-
malized ratio (INR 1.6). N-terminal pro-brain natriuretic 
peptide (NT-proBNP) was elevated at 3,800  pg/mL. 
Transthoracic echocardiography showed restriction of 
one prosthetic disc, right ventricular dilation, a peak 

cb
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Figure 1. Transthoracic echocardiogram of a mechanical pulmonary valve showing restricted disc mobility, increased 
transvalvular gradients, and moderate regurgitation on color Doppler. A: transthoracic echocardiogram  - parasternal 
short-axis view of the great vessels showing moderate pulmonary regurgitation (yellow arrow). B: parasternal short-axis 
view of the mechanical pulmonary valve prosthesis. C: continuous-wave Doppler across the pulmonary valve revealing 
increased gradients and velocities, suggestive of significant stenosis.
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velocity of 3.1  m/s, and mean and peak gradients of 
22 and 38 mmHg, respectively. Color Doppler showed 
a moderate central regurgitant jet. These findings sug-
gested significant prosthetic stenosis and moderate 
regurgitation (Fig. 1).

Transesophageal echocardiography confirmed leaflet 
restriction, and fluoroscopic imaging revealed one 
immobile disc while the other moved normally (Fig. 2). 
Given the chronicity of symptoms and high suspicion 
of mechanical obstruction, the patient was referred for 
surgical exploration.

Intraoperative findings included pannus formation 
along the sewing ring and one prosthetic leaflet, along 
with organized thrombus and fibrosis (Fig. 3). The pros-
thesis was cleaned without the need for replacement. 
Full leaflet mobility was restored, and the patient had 
an uneventful postoperative course with symptom res-
olution and improvement to NYHA class I.

Anticoagulation management was optimized with 
warfarin and regular INR monitoring. Education regard-
ing therapeutic ranges and adherence was reinforced.

Discussion
The main causes of mechanical valve dysfunction 

include thrombus, pannus overgrowth, and infective 

endocarditis.3-5 In right-sided valves, particularly in the 
pulmonary position, reduced flow and pressure increase 
the risk of thrombosis and make clinical signs more 
subtle.2,6 The incidence of prosthetic thrombosis in pul-
monary valves has been reported to be as high as 1.7% 
per patient-year, compared to 0.6% in left-sided valves.2

Our patient had both thrombus and pannus, likely 
reflecting chronic suboptimal anticoagulation. Pannus 
typically appears as a fibrous tissue overgrowth that 
interferes with leaflet motion and is more frequent in 
women and those with small prosthetic valves.4,7 It is 
often indistinguishable from thrombus by echocardiog-
raphy alone and may require fluoroscopy or direct sur-
gical inspection.

Echocardiographic features suggesting prosthetic 
obstruction include elevated transvalvular gradients, 
restricted disc motion, and turbulent flow. In our case, 
multimodal imaging provided a comprehensive evalua-
tion. Fluoroscopy was especially useful in visualizing 
asymmetric disc mobility, consistent with prior reports.6

Surgical intervention is recommended in cases where 
thrombolysis is contraindicated or when structural ele-
ments like pannus are involved.5,8 Valve cleaning, 
rather than replacement, may be sufficient if the pros-
thesis is structurally intact. Our case reinforces the 
value of early surgical referral to avoid irreversible right 
ventricular dysfunction.

dc

ba

Figure  2. Fluoroscopy of the prosthetic valve with 
sequential frames showing restricted movement of one of 
the discs (blue arrow), while the other disc opens and 
closes normally (yellow arrow). A: frame 13 of the 
sequence. B: frame 24. C: frame 25. D: frame 50.
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Figure  3. Surgical reintervention of the mechanical 
pulmonary valve for cleaning, showing A: chronic thrombi 
(yellow arrow), B: pannus formation (yellow arrow), and 
C and D: adequate postoperative mobility of both discs 
following prosthetic valve cleaning.
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Conclusions
This case highlights the importance of considering 

mechanical valve dysfunction in the differential diagno-
sis of right-sided heart failure, particularly in patients 
with subtherapeutic anticoagulation. Multimodality 
imaging is essential for accurate diagnosis, and early 
surgical intervention can restore valve function and 
improve patient outcomes. Patient education and con-
sistent INR monitoring are critical for long-term success 
in patients with mechanical pulmonary valves.
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Dear Editor:
I would like to congratulate the group of authors for 

their valuable contribution published in the January-Feb-
ruary 2025 issue of your journal, titled “Interventional 
treatment of critical neonatal pulmonary valve stenosis: 
An effective and safe alternative”.1 This article rep-
resents an important clinical and scientific effort in the 
field of pediatric interventional cardiology, dealing with 
a critical disease using a minimally invasive approach.

The article is a valuable contribution to clinical and 
hemodynamic knowledge for dealing with critical pul-
monary valve stenosis in neonates using balloon val-
vuloplasty. I would like to highlight the importance of its 
findings and provide some thoughts that may enrich 
scientific discussion and open new research lines in 
pediatric interventional cardiology.

The study is methodologically rigorous in describing 
a clinical experience showing a 100% success rate for 
balloon valvuloplasty in 25 neonates with critical pul-
monary stenosis, with no procedure-related mortality, 
thus supporting its efficacy and safety. The paper also 
contributes to regional knowledge of this intervention, 
where data is still limited.

I also believe it is pertinent to discuss an aspect that the 
study does not address much: the limited follow-up time.2 

Only evaluating 30-day outcomes may be insufficient, as 
many of the most relevant complications, like valvular 
restenosis, progressive right ventricular dysfunction, or 
the need for reintervention, appear after the first post-
operative month.3

Likewise, the study reports a 12% reintervention rate 
but does not delve into the criteria that led to these new 
interventions or the time elapsed between the initial 
valvuloplasty and subsequent events.4 In future studies, 
it would be helpful to establish a standardized mid- and 
long-term echocardiographic follow-up protocol to eval-
uate the impact of the procedure on heart growth and 
hemodynamic function in this vulnerable population.

Based on the above, I believe it is pertinent for future 
studies to:
–	 Incorporate long-term follow up (> 6 to 12 months) to 

evaluate the clinical, functional and hemodynamic 
course.

–	 Include comparison groups or multicenter designs to 
increase external validity.

–	Apply regression models to identify independent pre-
dictors of success or adverse events.5

–	Evaluate quality of life, neurological development, and 
heart function variables, besides immediate technical 
success.

Comment on the article “Interventional treatment of critical 
neonatal pulmonary valve stenosis: an effective and safe 
alternative”
Comentario sobre el artículo “Tratamiento intervencionista de la estenosis valvular 
pulmonar crítica neonatal: una alternativa eficaz y segura”
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I reiterate my congratulations to the authors and edi-
torial team for promoting the publication of original 
studies with high clinical impact. This letter seeks to 
contribute, critically but respectfully, to a scientific dis-
cussion that will undoubtedly enrich pediatric cardiol-
ogy in our setting.
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Dear Editor:
Acute coronary syndrome (ACS) continues to be one 

of the main causes of cardiovascular morbidity and 
mortality worldwide, with platelet inhibition playing a 
central role in reducing recurrent ischemic events. In 
this context, ticagrelor and prasugrel, both powerful 
P2Y12 inhibitors, have been ranked as superior alterna-
tives to clopidogrel in various international guidelines.1,2 
However, there is still debate over which constitutes the 
best platelet inhibition strategy in patients with per-
sistent ACS, especially after the publication of the 
ISAR-REACT 5 trial in 2019 and its subsequent analy-
ses. This discussion is especially relevant today, when 
new evidence and critical analyses suggest important 
nuances in the interpretation of results and clinical 
application of both drugs.2,3

The above-mentioned trial became a tipping point by 
reporting the superiority of prasugrel over ticagrelor for 
reducing the composite primary outcome (death, myo-
cardial infarction or stroke at 12 months) in patients with 
coronary syndrome undergoing an invasive strategy. 
However, this apparent advantage should be interpreted 
with caution, as the study used an open-label design, 
which can introduce biases in adherence and event 
reporting. Furthermore, the administration strategy dif-
fered: ticagrelor was prescribed early for all patients, 
while prasugrel was prescribed after determining the 

coronary anatomy through angiography, potentially 
favoring its biosafety profile. Finally, there was a signifi-
cantly higher discontinuation rate in the ticagrelor 
group, which raises more questions about adherence 
than the drug’s intrinsic efficacy. Despite this, 
ISAR-REACT 5 set a precedent and led several Euro-
pean guidelines to consider prasugrel as the prime 
choice for patients with ACS and percutaneous coro-
nary intervention. However, more recent guidelines, like 
the AHA/ACC guidelines, maintain a more balanced 
approach, as they emphasize that the choice between 
prasugrel and ticagrelor must be individualized.4,5

Subsequent analyses of ISAR-REACT 4 have pro-
vided complementary information. A  study published in 
2022 evaluated the influence of the timing of hospital 
admission on outcomes. The authors found that prasu-
grel’s superiority over ticagrelor persisted in patients 
admitted both during and outside of working hours, which 
suggested that the availability of hospital resources did 
not change the observed difference between both drugs.6 
Likewise, a sub-analysis published in JAMA Network 
Open in 2021 evaluated patients undergoing percutane-
ous coronary intervention and confirmed a reduction in 
the composite outcome with prasugrel versus ticagrelor, 
although without statistically significant differences in 
major bleeding.7 While these findings reinforce the per-
ception that prasugrel has greater efficacy, they also call 
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attention to methodological limitations, especially the 
impact of treatment abandonment with ticagrelor.

Besides clinical outcomes, pharmacodynamics studies 
have directly compared the effects of ticagrelor and pra-
sugrel on platelet reactivity. A meta-analysis published in 
Frontiers in Cardiovascular Medicine in 20228 concluded 
that ticagrelor produces more powerful and sustained 
platelet inhibition measured through tests like VerifyNow 
PRU and VASP, while prasugrel shows less inter-individ-
ual variability. This finding is clinically relevant, as ticagre-
lor’s greater inhibition could translate into a higher risk of 
bleeding for certain profiles, while prasugrel’s consistency 
could make it a better choice for patients with a high 
thrombus burden. Thus, rather than a general superiority 
of one drug over the other, the evidence points to differ-
ential advantages, depending on the patient’s profile.

Another article published in 20259 analyzed the cumu-
lative evidence and questioned the simplistic interpreta-
tion of ISAR-REACT 5. The authors pointed out that, in 
broader clinical scenarios, including observational studies, 
ticagrelor and prasugrel do not always show statistically 
significant differences in mortality or major cardiovascular 
events.9 Furthermore, they highlighted the importance of 
considering adherence, tolerability, and availability as 
deciding factors in clinical practice. In fact, some current 
registries show that ticagrelor continues to be widely used 
due to its universal administration in any type of ACS, 
including patients with no indication for percutaneous cor-
onary intervention, while prasugrel maintains an advan-
tage in subgroups with elective percutaneous coronary 
intervention and a low risk of bleeding.

The debate between ticagrelor and prasugrel in ACS 
goes beyond a mere comparison of two drugs. ISAR-RE-
ACT 5 caused a significant impact, but evidence gath-
ered subsequently shows that the reality is more 
complex and nuanced. Ticagrelor offers more powerful 
and flexible platelet inhibition in various ACS scenar-
ios, while prasugrel appears to offer compelling 
advantages for patients undergoing percutaneous 
coronary intervention, especially when seeking to 
reduce hard ischemic events with less pharmacody-
namic variability.

In clinical practice, the challenge is not to choose an 
absolute “winner,” but rather to individualize treatment 
based on risk, adherence, and context. Current studies 
that include real-world data, cost-effectiveness analyses, 
and personalized medicine strategies should be encour-
aged, so the choice between ticagrelor and prasugrel is 
based not on a single trial but rather a comprehensive 
body of evidence. In conclusion, rather than a closed 
debate, ticagrelor vs. prasugrel is an invitation to advance 

toward a modern approach to platelet antiaggregation: 
personalized, evidence-based, and patient-centered.
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