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of estrogen, which would explain why women, although 
to a lesser degree than men, have higher than normal 
averages of this echocardiographic parameter. The 
end-diastolic left ventricular internal diameter was 

preserved in both sexes, with or without a history of 
heart transplantation, although it was not statistically 
significant in women. This parameter indicates cardiac 
and left ventricular function28, which suggests that the 

Figure 2. CHAID tree for classifying echocardiographic left ventricular wall measurements associated with heart failure 
in women with or without a history of heart transplantation.

Figure 1. CHAID tree for classifying echocardiographic left ventricular wall measurements associated with heart failure 
in men with or without a history of heart transplantation. 
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internal ventricular wall could be less affected by the 
maladaptive changes of heart failure under pharmaco-
logical or surgical treatment.

There was a slightly higher frequency of left ventricu-
lar dilation in patients with heart failure and transplanta-
tion. This abnormality has been reported in transplanted 
patients with genetic left ventricular dilation29. However, 
this increased frequency may be due to the fact that the 
maladaptive mechanisms of heart failure which trig-
gered the need for transplantation are likely to reappear 
in transplanted patients over time. These include ven-
tricular enlargement, with over-stretching of the muscu-
lar wall, which weakens, affecting the heart’s ability to 
pump blood efficiently. This entails five-year survival 
estimates of approximately 50% in patients with heart 
failure without heart transplantation30, and therefore the 
prognosis may be less encouraging in transplanted 
patients with this structural abnormality.

The CHAID tree showed that the classifications asso-
ciated with heart failure in transplant and non-transplant 
patients differed according to sex, both in their measure-
ments and the associated characteristics. In men, the 
echocardiographic measurements associated with 
changes in left ventricular morphology in transplanted 
and non-transplanted patients with heart failure were 
end-diastolic interventricular septal thickness and 
end-diastolic left ventricular internal diameter. End-dia-
stolic posterior wall thickness was excluded, which sug-
gests that the maladaptive changes in heart failure in 
patients with a history of heart transplantation have less 
effect on the left ventricular posterior wall than on other 
components of this heart chamber. This could be a 
characteristic of the male sex, itself, as the associated 
echocardiographic measurements in women were dif-
ferent: end-diastolic posterior wall thickness and end-di-
astolic interventricular septal thickness. This suggests 
that the type of impact on echocardiographic ventricular 
wall measurements of patients with current heart failure 
and a history of heart transplantation differs by sex.

Limitations include the fact that the data came from a 
secondary source and therefore may have introduced 
information bias. Also, although two or more echocardio-
grams were performed on each of the 24,689 patients in 
the study from which the data were obtained, there is still 
variability in their interpretations. Furthermore, detailed 
information regarding the degree, severity and stage of 
heart failure was not available, as the original study 
included patients beginning with stage B, without detailing 
other stages or degrees. Another limitation was the lack of 
records of rejection phenomena and time elapsed since 
transplant, as myocardial thickness decreases initially 

and then, approximately four years later, increases. The 
proportion of transplant patients (n = 510) was much 
lower than that of non-transplant patients (n = 24,179), 
although the number of transplanted patients may be 
higher than that of many heart transplant-related studies. 
Likewise, there was a significant limitation in the fact that 
normal ventricular diameter and thickness measurements 
differ between transplanted and non-transplanted hearts, 
but since we had a secondary data source, the trans-
plant-adjusted normal values were not available, and 
therefore the same reference values were used for trans-
planted hearts. Furthermore, we did not have access to 
the clinical history of the donor hearts, which can affect 
ventricular function after transplant31.

Conclusions
Left ventricular echocardiographic measurements 

are higher in adults with class B or greater heart failure 
and heart transplantation, with ventricular dilation being 
1.66  times more frequent than in non-transplanted 
hearts. The characteristics of echocardiographic mea-
surements associated with transplanted and non-trans-
planted hearts also differ according to sex.
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Abstract
Introduction: Cardiac rehabilitation is a secondary prevention strategy with proven benefits in patients with cardiovascular 
disease; however, the quality of the content and form of administration can vary. The use of quality indicators has helped to 
control this variability, providing efficacy and evidence of increased participation and adherence to cardiac rehabilitation pro-
grams. Objective: To describe the content validity of quality indicators for cardiac rehabilitation programs considering feasi-
bility, relevance, interpretability, and pertinence for Colombia. Methods: We conducted a literature search, selection, certified 
translation, and cross-cultural validation of quality indicators used internationally by cardiology societies, selecting the Aus-
tralian Society’s quality indicator. Subsequently, we used the Delphi method, with expert consensus, to develop and validate 
quality indicators for cardiac rehabilitation. Results: A  total of 11 indicators were evaluated, and six process indicators and 
two outcome indicators were ultimately accepted. Conclusions: The eight quality indicators for cardiac rehabilitation programs 
in Colombia are a starting point for evaluating service quality, promoting continuous improvement aimed at positive cardiac 
rehabilitation outcomes for patients.

Keywords: Cardiac rehabilitation. Quality indicators. Quality improvement. Delphi method.

Resumen
Introducción: la rehabilitación cardíaca es una estrategia de prevención secundaria, que tiene beneficios demostrados en 
pacientes con enfermedad cardiovascular; sin embargo, la calidad del contenido y la forma de administración pueden variar. 
El uso de indicadores de calidad ha contribuido a controlar dicha variabilidad, con lo cual ha aportado eficacia y se ha eviden-
ciado un aumento en la participación y adherencia a los programas de rehabilitación cardiaca. Objetivo: describir la validez 
del contenido de los indicadores de calidad para los programas de rehabilitación cardiaca considerando la factibilidad, rele-
vancia, interpretabilidad y pertinencia para Colombia. Métodos: se realizó búsqueda de la literatura, selección, traducción 
certificada y validación transcultural de los indicadores de calidad internacionales, utilizados por sociedades de cardiología, 
seleccionándose el de la Sociedad Australiana; posteriormente, se utilizó el método Delphi con el consenso de expertos para 
el desarrollo y la validación de indicadores de calidad para rehabilitación cardiaca. Resultados: se evaluaron un total de once 
indicadores y finalmente se aceptaron seis indicadores de proceso y dos de resultado. Conclusiones: los ocho indicadores 
de calidad para programas de rehabilitación cardiaca en Colombia son un punto de partida para la evaluación de la calidad 
del servicio que promueve la mejora continua en pro de los resultados de la rehabilitación cardiaca sobre los pacientes.

Palabras clave: Rehabilitación cardíaca. Calidad de la atención de salud. Indicadores. Técnica Delphi.
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Introduction
Cardiovascular diseases are the main cause of mor-

tality worldwide. In 2019, there were an estimated 
18.6  million deaths, accounting for 31% of deaths 
around the world1. In Colombia, they are a concern for 
the Colombian healthcare system because they are the 
leading cause of mortality and a significant contributor 
to disability2.

The prevalence of cardiovascular risk factors and 
major cardiovascular events is growing, especially in low 
and middle-income countries, leading to the need for 
accessible and effective healthcare facilities for treating, 
rehabilitating and slowing the progression of this dis-
ease3. Cardiac rehabilitation is one of the available treat-
ment strategies, considered to be a beneficial and 
effective intervention with a Class I Grade A recommen-
dation in the international cardiology guidelines5-8.

Patients´ participation in cardiac rehabilitation pro-
grams has proven to reduce morbidity and mortality 
and improve overall health, as well as physical-func-
tional capacity and health-related quality of life, thus 
lowering the economic burden of cardiovascular dis-
eases9. Thus, cardiac rehabilitation is a multidisci-
plinary and multicomponent intervention whose 
services have so far only been characterized in fewer 
than half of the countries in which it is offered. This 
leads to differences in the quality of cardiac rehabilita-
tion, ultimately affecting the benefits for patients10,11.

International cardiology associations have proposed 
minimum standards in an effort to increase the quality of 
cardiac rehabilitation programs6,12,13, showing that quality 
indicators (QIs) guide and provide specific methods for 
quality improvement14. Hence, QIs are explicitly defined 
statements whose objective is to measure adherence to 
the evidence-based aspects of care which are necessary 
for achieving optimal patient outcomes15.

In addition, the implementation of QIs has proven to 
increase participation in and long-term adherence to 
cardiac rehabilitation programs16. Few articles have 
been published on cardiac rehabilitation programs in 
Colombia. Thus, there is a need to propose a list of QIs 
that is feasible, relevant and applicable to the socio-
economic and healthcare setting of low and middle-in-
come countries like Colombia, and which also takes 
into account the minimal and optimal standards pub-
lished by the international scientific societies.

Considering the above, the objective of this study is 
to describe the content validity of QIs for cardiac reha-
bilitation programs in Colombia, using a Delphi expert 
consensus method.

Methods
This was an instrumental design study in which the 

QIs were chosen first, and then the content was vali-
dated using the Delphi technique, a method employed 
to develop healthcare quality indicators17. Each step is 
described below.

Literature search and QI selection
The cardiac rehabilitation QIs proposed by the vari-

ous international societies were identified and col-
lected. The search was done by three authors (RR, AC, 
NG) in the following electronic databases: PubMed, 
Web of Science, Scopus and Google Scholar, with lit-
erature published between 2000 and 2020, in English 
and Spanish. In order to be selected for the list, they 
needed to allow free access for use, distribution and 
translation into Spanish.

Translation and transcultural adaptation
The list of selected QIs and their specifications 

underwent certified translation into Spanish. After this, 
three medical specialists who were fluent in English 
conducted transcultural adaptation and content valida-
tion, evaluating criteria like the equivalence of medical 
terminology in Spanish and the wording and clarity of 
the text, considering the international guidelines for 
adapting and validating health questionnaires18.

Delphi technique, expert panel meeting
In selecting the panel, individuals were considered 

experts if they met the following criteria: a) specialists 
in cardiology, sports medicine or physiatry, which are 
the medical specialties responsible for leading cardiac 
rehabilitation in Colombia.

b) A minimum of five years of certified experience in 
cardiac rehabilitation in the Colombina healthcare sys-
tem. Since there should be a minimum of seven pan-
elists, this study included nine experts (an uneven 
number in case of a tie), and two interactive rounds 
were agreed upon, seeking consensus guided by the 
recommendations provided in the literature17.

In the first round, a questionnaire was distributed 
electronically, showing the translated list of QIs with a 
description of each. The experts were to score the QIs 
based on four aspects: a) feasibility: the plausibility of 
measuring and implementing the indicator in the 
Colombian healthcare system, b) relevance: the 
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importance for patients´ health in Colombia, c) inter-
pretability: the degree to which a professional can 
understand what the results mean, and d) pertinence: 
the item evaluates what it is intended to evaluate.

Each aspect was scored using a 1-5 point Likert 
scale in which higher scores indicate greater agree-
ment, with 1 = totally disagree and 5 = totally agree19. 
In addition, the index of agreement to obtain content 
validity was established; this was calculated using the 
proportion of opinions that concurred with the proposed 
definition and the total opinions emitted (agreements 
and disagreements)20.

In the second round, the participants who answered 
the first questionnaire received a new electronic ques-
tionnaire with the list of QIs that did not achieve con-
sensus in the first Delphi round. An 80% agreement 
index was established for the first round, and 75% for 
the second21. The data were analyzed using Microsoft 
Excel 2018 and IBM SPSS version 25. The study was 
approved by the Universidad de Boyacá Ethics 
Committee.

Results

Literature search and selection of the list 
of QIs

The following lists of cardiac rehabilitation QIs were 
found in the international arena:
–	The Canadian Cardiovascular Society and the Cana-

dian Association of Cardiovascular Prevention and 
Rehabilitation developed pan-Canadian indicators 
with 30 QIs, consisting of cardiovascular rehabilita-
tion referral, access/waiting time, process, infrastruc-
ture and outcome domains22.

–	 In the United States, the American Association of 
Cardiovascular and Pulmonary Rehabilitation, AHA 
and ACC developed outcome indicators in 2007 and 
2018 aimed at measuring the quality of care and iden-
tifying opportunities for improvement, proposing nine 
indicators to evaluate inpatients and outpatients7,12.

–	 In the United  Kingdom, the British Association pro-
posed six main components and minimum quality 
standards for cardiac rehabilitation programs, pro-
posing the importance of certifying and classifying 
cardiac rehabilitation programs according to QIs8.

–	 In 2014, the European Society of Cardiology pub-
lished the QIs and main components for referral to 
and provision of cardiac rehabilitation services, aim-
ing to provide clinical practice guidelines to improve 
quality and clinical outcomes23.

–	 In Australia in 2014, the Australian Cardiovascular 
Health and Rehabilitation Association proposed five 
basic components for providing quality cardiac reha-
bilitation. Subsequently, together with the National 
Heart Foundation of Australia, they proposed a list of 
10 cardiac rehabilitation indicators, using the modi-
fied Delphi method, notably including the QIs pro-
posed by Canada, United States, the United  King-
dom and Europe as references15,24,25.

–	 In 2022, the International Council of Cardiovascular 
Prevention and Rehabilitation published the variables 
for evaluating cardiac rehabilitation in low-income 
settings where cardiovascular diseases are most 
prevalent. These QIs were refined using the Delphi 
expert panel method26.

Translation and transcultural adaptation

The Australian Cardiovascular Health and Rehabili-
tation Association´s list was selected, that includes 10 
QIs, which underwent certified translation and adapta-
tion to Spanish. It should be noted that this list, pub-
lished in 2020, considers and summarizes the most 
relevant QIs of the Canadian, American and European 
societies15.

Delphi technique, expert panel meeting

A total of nine experts (three cardiologists, three 
sports medicine specialists, two physiatrists and a 
health quality professional) answered the first-round 
questionnaire. In the second round, one expert did 
not provide answers during the established time, and 
therefore the number of experts in the second round 
was eight. In the first round, four of the ten indicators 
(QI-3, QI-6, QI-7, and QI-8) surpassed the 80% 
agreement index, and therefore were included in the 
final list.

In the second round, after sharing and summarizing 
the first-round scores, the experts reevaluated the QIs 
that did not achieve consensus and, ultimately, QI-9 
and 10 were excluded, with 50 and 62.5% agreement 
indices, respectively. The other indicators (QI-1, QI-2, 
QI-4, and QI-5) achieved agreement; the first and sec-
ond round results tables are described further in the 
supplementary material.

The final list of eight indicators for Colombia is shown 
in table 1. It is composed of six indicators to evaluate 
care processes and two indicators to evaluate cardiac 
rehabilitation outcomes.
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(Continues)

Table 1. Final list of quality indicators for cardiac rehabilitation in Colombia 

QI‑1
Referral to 
cardiac 
rehabilitation

Description: percentage of eligible hospitalized patients who are referred to a cardiac rehabilitation program within 
three calendar days of hospital discharge. 

Numerator: number of patients who were referred to a cardiac rehabilitation program within three calendar days of 
hospital discharge. 

Denominator: number of hospitalized patients who are eligible for cardiac rehabilitation during a reference period. 

Calculation method: numerator/denominator * 100

QI‑2
Time to 
enrollment 

Description: percentage of patients who are enrolled in a cardiac rehabilitation program within 28 calendar days of 
hospital discharge. 

Numerator: total number of patients included in a cardiac rehabilitation program within 28 calendar days after 
hospital discharge. 

Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

Calculation method: numerator/denominator * 100

QI‑3
Comprehensive 
assessment 

Description: patients beginning cardiac rehabilitation who have undergone comprehensive cardiovascular risk 
factor assessment. 

Numerator: total number of patients included in a cardiac rehabilitation program who underwent comprehensive 
cardiovascular risk assessment during the reference period. 

Denominator: total number of patients enrolled in a cardiac rehabiliation program during the reference period. 

Calculation method: numerator/denominator * 100

QI‑4
Depression 
assessment 

Description: patients beginning cardiac rehabilitation who are assessed for depression at the onset and during 
reassessment and are offered counseling (or a referral for counseling) if symptoms are detected. 

QI‑4a: depression detection during the initial evaluation
Numerator: total number of patients enrolled in a cardiac rehabilitation program who were evaluated for depression 
during the reference period.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

QI‑4b: depression detection on reassessment
Numerator: total number of patients enrolled in a cardiac rehabilitation program who were reassessed for 
depression during the reference period.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

QI‑4c: patients who tested positive for depression and who were offered therapy (or a referral to therapy)
Numerator: total number of cardiac rehabilitation patients who tested positive for depression (mild, moderate or 
severe) and were offered therapy or were referred to therapy during the reference period.
Denominator: total number of cardiac rehabilitation patients who tested positive for depression (mild, moderate, 
severe) during the reference period.

Calculation method: numerator/denominator * 100

QI‑5
Smoking 
assessment 

Description: patients beginning a cardiac rehabilitation program who are evaluated for cigarette smoking during the 
assessment and are offered or reffered to smoking cessation therapy if they are current or recent smokers. 

QI‑5a: patients’ cigarette smoking on the initial assessment
Numerator: total number of patients enrolled in a cardiac rehabilitation program who were assessed for smoking 
during the reference period.
Denominator: total number of patients enrolled in the cardiac rehabilitation program during the reference period. 

QI‑5b: patients’ cigarette smoking on reassessment.
Numerator: total number of patients enrolled in a cardiac rehabilitation program who were reassessed for smoking 
during the reference period.
Denominator: total number of patients enrolled in the cardiac rehabilitation program during the reference period. 

QI‑5c: current or recent smokers who were offered smoking cessation therapy (or a referral for therapy).
Numerator: total number of cardiac rehabiliation patients identified as current or recent smokers who were offered 
smoking cessation therapy during the reference period.
Denominator: total number of cardiac rehabilitation patients identified as current or recent smokers during the 
reference period. 

Calculation method: numerator/denominator * 100
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Discussion

Using the Delphi method, this study proposes a list 
of eight indicators to evaluate the quality of cardiac 
rehabilitation programs in Colombia. The final pro-
posal consists of: a) referral to cardiac rehabilitation, 
b) time to enrollment, c) comprehensive assessment, 
d) detection of depression, e) smoking assessment, 
f) evaluation of adherence to medication, g) evaluation 
of exercise capacity, and h) evaluation of health-related 
quality of life (Fig. 1).

This study proposes QIs for the Colombian setting 
that will allow comparisons between the national stan-
dards and those published internationally, responding 
to the need to propose QIs that are relevant, feasible 

and applicable in the local setting but accepted 
internationally13,27.

The QIs proposed for Colombia consist of six indi-
cators that evaluate the care process and two indica-
tors that evaluate the outcome of the intervention. This 
structure concurs with the reports published by the 
various cardiology societies specializing in CR8,12,24. To 
date, most reports related to the development of QIs 
for cardiac rehabilitation have been published in 
high-income countries and have used the Delphi 
method of expert consensus. In Colombia, this is the 
first study using the Delphi method with this specific 
objective. Previously, a descriptive study by the Socie-
dad Suramericana de Cardiología [South American 
Society of Cardiology] and Mayo Clinic in 2010, using 

Table 1. Final list of quality indicators for cardiac rehabilitation in Colombia (continued)

QI‑6
Assessment of 
adherence to 
medication 

Description: patients who were assessed for adherence to medication initially and on reassessment. 

QI‑6a: adherence to medication on the initial assessment.
Numerator: total number of patients enrolled in a cardiac rehabilitation program who were assessed for adherence 
to medication on the initial assessment.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

Cardiac rehabilitation QI‑6b: adherence to medication on reassessment.
Numerator: total number of patients enrolled in a cardiac rehabilitation program who were assessed for adherence 
to medication on reassessment.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

Calculation method: numerator/denominator * 100

QI‑7
Exercise 
capacity 

Description: patients beginning cardiac rehabilitation who have an initial assessment and reassessment to 
determine their change in exercise capacity. 

QI‑7a: exercise capacity was assessed on the initial assessment
Numerator: total number of patients enrolled in a cardiac rehabilitation program whose exercise capacity was 
assessed on the initial assessment.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

QI‑7b: exercise capacity was reassessed
Numerator: total number of patients enrolled in a cardiac rehabilitation program whose exercise capacity was 
evaluated on reassessment.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

Calculation method: numerator/denominator * 100

QI‑8 
Health‑related 
quality of life 
assessment 

Description: change in health‑related quality of life between the initial assessment and the reassessment. 

QI‑8a: health‑realted quality of life was evaluated on the initial assessment
Numerator: total number of patients enrolled in a cardiac rehabilitation program whose health‑related quality of life 
was measured on the initial assessment.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

RC QI‑8b: health‑related quality of life was reassessed
Numerator: total number of patients enrolled in a cardiac rehabilitation porgram whose health‑related quality of life 
was evaluated on the reassessment.
Denominator: total number of patients enrolled in a cardiac rehabilitation program during the reference period. 

Calculation method: numerator/denominator * 100

List of the eight quality indicators validated using the Delphi method, based on the 2020 Australian quality indicators15. 
QI: quality indicator, CR: cardiac rehabilitation.
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questionnaires in cardiac rehabilitation programs in 
South American countries, reported that 75% of the 
programs in Colombia used the Superintendencia 
Nacional de Salud [National Health Superintendency] 
QIs, which are indicators for general healthcare ser-
vices, but are not specific for quality in cardiac reha-
bilitation programs28.

This consensus identified a set of indicators that reflect 
the importance of referrals to cardiac rehabilitation and 
comprehensive patient assessment at the beginning and 
end of the program, showing how essential these ele-
ments are for the quality of cardiac rehabilitation pro-
grams29. Furthermore, this expert consensus considers 
that measuring and following process indicators will help 
identify a reduction in the morbidity, mortality and hospi-
talizations of patients with cardiovascular diseases in 
Colombia, as the scientific literature has been indicat-
ing5,9. It is imperative for all patients with cardiac reha-
bilitation criteria at hospital discharge to be given a 
referral and enrolled promptly in a cardiac rehabilitation 
program, to improve low referral rates, clinicians´ lack of 
approval of cardiac rehabilitation, and awareness of the 
evidence, efficacy and use of cardiac rehabilitation30,31.

The expert panel considers and notes the fact that 
there are difficulties in measuring some QIs in the 
Colombian setting, where the lack of a unified national 
medical record makes it difficult to measure process 
indicators like the referral QI, which is, for now, more 
feasible in inpatient cardiac rehabilitation programs. 
They also highlight the variability in initial and follow-up 
patient assessments performed in the different cardiac 
rehabilitation programs around the country. Therefore, 

the panel recommends and proposes the creation of a 
nationwide unified registry of cardiac rehabilitation pro-
grams, as well as the creation of a cardiac rehabilitation 
accreditation system that takes into account the level 
of adherence to and compliance with QIs, as suggested 
by the literature32.

To ensure quality, the international guidelines recom-
mend multidisciplinary team participation in the optimal 
running of cardiac rehabilitation programs. This health-
care team is also responsible for administering and 
monitoring QIs 7,8,33. On admission to the cardiac reha-
bilitation program, the patients should be assessed by 
a team that includes a medical specialist, a registered 
nurse, physical therapists and nutritionists with training 
in the skills needed to administer the main components 
of cardiac rehabilitation. Some programs may include 
other healthcare professionals like psychologists, social 
workers and pharmacists. Effective cardiac rehabilita-
tion requires close collaboration between patients, 
caregivers and service providers34. A  comprehensive 
and specific interdisciplinary assessment of risk factors 
like depression, smoking and medications, using QIs, 
can help determine the impact on cardiovascular risk 
factors, changing the progression of cardiovascular 
disease35,36.

Other key cardiac rehabilitation goals include improved 
exercise capacity and health-related quality of life, 
which are cardiac rehabilitation outcome indicators that 
have been associated with a lower risk of hospitalization 
and death7,37. The expert panel emphasizes the impor-
tance of initial assessment and follow-up of exercise 
capacity, using objective evidence like physical exercise 

Figure 1. Percentage agreement in the first and second round of the Delphi method. The dark bars show the indicators 
that reached agreement and the grey bars show those that did not reach agreement in the first and second rounds, 
respectively. QI: quality indicator. Source: authors’ own.
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tests. An initial assessment should be used as a guide 
for prescribing each patient´s exercise sessions, and a 
new test during follow-up helps determine if the patient 
meets the functional capacity improvement goals. 
Improving physical ability is associated with reduced 
mortality, facilitates physiological adaptations to regular 
exercise throughout life, and promotes a change in 
physical activity behavior34,38.

There is evidence today of the quality-of-life benefits 
of cardiac rehabilitation for people with coronary dis-
ease. However, most studies have been done in high-in-
come country settings. The growing literature on and 
relevance of ischemic heart disease in low-  and mid-
dle-income countries creates the need to evaluate and 
monitor this dimension to determine the benefit of the 
routine use of cardiac rehabilitation in Colombia39,40.

One of this study´s strengths is that it followed the stan-
dardized and systematic steps proposed by the Canadian 
Cardiovascular Society for good practices in the construc-
tion and application of QIs in health care. These steps 
consider that communicating the explicit process for devel-
oping QIs allows an efficient use of time and resources 
and is useful for professionals who want to propose indi-
cators in other regions or different social levels41.

Unlike QI publications in North America, Europe and 
Oceania8,12,24, this study was not directly based on an 
academic society’s initiative. However, there is a grow-
ing demand and opportunity for cardiac rehabilitation 
healthcare staff to increase the literature on this topic. 
While the panelists did not propose new QIs in this QI 
development process, there are other domains or 
dimensions in the literature that should be addressed 
in the future. One example is structure, whose goal is 
to evaluate the physical plant, spaces, supplies and 
trained healthcare staff that should constitute cardiac 
rehabilitation22. Therefore, future studies must evaluate 
the importance of other cardiac rehabilitation QIs in 
Colombia.

Limitations
First, in the QI section, literature was retrieved from 

public databases, and therefore publication bias may 
exist; and second, bias may exist because all the panel 
participants were physicians and other healthcare 
areas did not participate (however, physicians are the 
ones in charge of directing cardiac rehabilitation pro-
grams in this country). Given the above, the general-
izability and adaptability of the cardiac rehabilitation 
indicators identified in this study should also be exam-
ined and applied considering the different clinical 

settings, government conditions, and social and health 
policies.

Conclusions

In this study, an expert panel identified eight candidate 
QIs for evaluating the quality of cardiac rehabilitation in 
Colombia, revealing that these can help improve the 
quality of care and health status of people with cardio-
vascular diseases.

Evaluating and measuring QIs can facilitate registra-
tion and enrollment in, as well as adherence to, reha-
bilitation programs in this country, thus increasing the 
population benefiting from cardiac rehabilitation. The 
experts considered that the final list is consistent and 
feasible within the country’s current healthcare and socio-
economic system. However, more studies are needed to 
clarify and augment the literature on quality in cardiac 
rehabilitation.
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Assessment of the risk of cardiovascular adverse events in 
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Abstract
Chronic lymphocytic leukemia (CLL) is a common hematologic malignancy that has found an excellent treatment option in 
Bruton’s tyrosine kinase inhibitors, with significant improvement in its overall prognosis. However, this medication has been 
linked to an increased risk of cardiovascular adverse events, leading most frequently to high blood pressure, atrial fibrillation, 
ventricular arrhythmias and/or heart failure. Proper patient characterization is needed to aid joint decision making with hema-
tologists, choosing the best treatment strategy to achieve adequate efficacy with the best possible control of the risk of car-
diovascular adverse events.

Keywords: Cardio-oncology. Cardiovascular safety. Atrial fibrillation. Leukemia. Bruton´s tyrosine kinase (BTK) inhibitors.

Resumen
La leucemia linfocítica crónica es una malignidad hematológica frecuente, que ha encontrado en los inhibidores de la tirosina 
cinasa de Bruton una excelente alternativa para su tratamiento, el cual aporta una mejoría importante en su pronóstico 
general. Sin embargo, esta medicación ha sido relacionada con el aumento del riesgo de eventos adversos cardiovasculares, 
entre ellos hipertensión arterial, fibrilación auricular, arritmias ventriculares y/o falla cardiaca como los más frecuentes. Es 
necesario lograr una caracterización adecuada de los pacientes para definir, en conjunto con los hematólogos, la mejor 
estrategia de tratamiento para lograr eficacia con el mejor control posible del riesgo de eventos cardiovasculares adversos.

Palabras clave: Cardio-oncología. Seguridad cardiovascular. Fibrilación auricular. Leucemia. Inhibidores de tirosina cinasa 
de Bruton (iBTK).
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Introduction
We reviewed the available literature on databases 

like PubMed, Embase and Scopus, using keywords like 
chronic lymphocytic leukemia (CLL), adverse cardio-
vascular effects, atrial fibrillation, and Bruton’s tyrosine 
kinase inhibitors. The most relevant review articles 
published over the last five years, with the most cita-
tions, were manually selected.

Chronic lymphocytic leukemia is a common hemato-
logical disease with a reported incidence of approxi-
mately 4.5  cases/100,000 inhabitants in the United 
States. It usually occurs in older adults, with an average 
age of 70  years1, which implies a high prevalence of 
comorbidities. It is typically an incidental diagnosis, and 
most patients do not need to begin treatment, except 
for those with B symptoms, splenomegaly and/or pro-
gressive lymphadenopathy2.

Bruton’s tyrosine kinase (BTK) is a predominantly 
cytosolic enzyme that is almost exclusively found in B 
lymphocytes and a few normal cells, with an important 
role in cell growth and proliferation signaling as well as 
cellular survival and multiplication in different types of 
leukemias and lymphomas3.

The development of medications that directly inhibit 
BTK-mediated signaling cascades, following B lympho-
cyte receptor (BCR) activation, prevents the amplifica-
tion, proliferation and growth of tumor B-cell clones. 
These drugs have proven to be very effective in hema-
to-oncological diseases like CLL, mantle cell lym-
phoma, and Waldenström macroglobulinemia, 
conditions for which their use is currently approved4.

Today, for patients with CLL who meet the criteria for 
starting treatment, conventional chemoimmunotherapy 
has been progressively replaced by BTK inhibitors, 
which various clinical trials have shown to have equal 
or better efficacy in disease or progression-free sur-
vival, average survival and a lower incidence of serious 
adverse events. They also facilitate treatment, making 
these types of drugs the treatment of choice, either 
alone or combined with anti-CD 20 monoclonal 
antibodies2,5.

The BTK inhibitors’ mechanism of action inhibits 
BTK-mediated intracellular signaling, with consequent 
alteration of the synthesis of second messenger 
enzyme families (like Tec, Scr, EGFR and other tyro-
sine kinase-dependent families), which are essential for 
normal cellular growth and reproduction. Therefore, 
their use is related to multiple potential systemic and/
or cardiovascular side effects like infections, diarrhea 
and cardiac arrhythmias4. This medication is usually 

needed for long treatment periods (generally several 
years), and therefore the reported incidence of side 
effects is also directly related to the length of use and 
tends to be the most important reason for discontinuing 
therapy, even more than progression of the disease 
itself6.

Specifically in the cardiovascular setting, BTK has 
been found in the heart atria, with increased density in 
response to pre-existing atrial fibrillation, which explains 
the increased incidence of adverse cardiovascular 
effects, mainly atrial fibrillation (AF), although arterial 
hypertension (HTN), ventricular arrhythmias, heart fail-
ure and/or bleeding phenomena have also been 
reported7.

The first BTK inhibitor (ibrutinib), was approved for 
use in CLL in 2014, and has been the benchmark for 
treating patients with this disease ever since, stimulat-
ing the subsequent development of covalent (acalabru-
tinib, zanubrutinib) and non-covalent (reversible) 
molecules like 9 seeking more specific BTK-modulated 
enzyme family inhibition, with fewer adverse cardiovas-
cular effects8.

It is important for hematologists to identify patients 
with a potentially higher likelihood of adverse cardio-
vascular effects early, selecting medications with a 
higher safety profile to improve global outcomes in this 
group of patients.

We consider it essential, therefore, for clinical cardi-
ologists to have tools to properly assess the patients’ 
risk of developing cardiovascular events associated 
with this treatment and work together with hematolo-
gists to select the safest therapies.

Cardiovascular adverse events associated 
with BTK inhibitors

The relationship between both first generation (ibru-
tinib) and second generation (acalabrutinib, zanubruti-
nib) BTK inhibitors and adverse cardiovascular effects 
has been consistent in different studies. The most fre-
quent findings related to these drugs are, first, the 
onset or worsening of HTN; second, the onset of AF; 
third, ventricular arrhythmias or sudden death; and, 
finally, the onset of left ventricular dysfunction or heart 
failure decompensation9.

There are different mediating mechanisms for these 
risks, which are mainly related to the off-target enzyme 
inhibition effects of BTK inhibitors, with descriptive 
studies linking phosphatidylinositol 3-kinase (PI3K) and 
the Scr receptor family as the most likely mechanisms 
of arrhythmia induction. Likewise, there is evidence of 
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BTK inhibitor-mediated alteration of intracytoplasmic 
calcium ion flow, inflammation induction, and the onset 
of myocardial fibrosis, events that have even been 
shown through cardiac magnetic resonance imaging 
(MRI)10.

Hypertension
The onset of BTK inhibitor-induced HTN has not 

been evaluated as a primary outcome in clinical trials, 
but rather as a secondary safety outcome in efficacy 
assessment studies. In these analyses, its prevalence 
has been reported to range from 20 to 70%, depending 
on the methods used for evaluation and the 
pre-established follow-up time. The RESONATE 2 
study with ibrutinib reported an up to 26% incidence, 
indicating that the longer the follow-up time, the higher 
the incidence of HTN, although it occurs most fre-
quently within the first six months of this antineoplastic 
drug’s use. It may debut as a new-onset condition in 
previously healthy patients, but is often related to 
uncontrolled prior hypertension, which usually requires 
progressive titration of antihypertensive medications11.

Hypertension has also been reported with second 
generation BTK inhibitors (acalabrutinib, zanubrutinib), 
with approximately 6-10% average incidence rates. 
A comparative study between ibrutinib and acalabruti-
nib reported slightly less than half the HTN for the 
second (22  vs. 13%), with a follow-up time of almost 
36 months12.

Follow-up studies have confirmed that both new-onset 
as well as worsening HTN are directly related to a 
higher incidence of other cardiovascular adverse events 
such as the onset of AF, induction of heart failure and 
increased mortality11,12.

Hypertension is not usually a common reason for 
discontinuing antineoplastic therapy as, despite the 
incidence rates described, more serious uncontrolled 
blood pressure tends to only have incidence rates of 
around 2 to 3%5.

Atrial fibrillation
Atrial fibrillation in patients with cancer is a multifac-

torial condition that depends on the interaction between 
the patients’ specific conditions, heart structure abnor-
malities, the existence of risk factors, and the location 
and severity of their oncological process. In fact, the 
incidence of AF in cancer is two to ten times more 
related to the population group and the type of cancer 
studied13.

As mentioned previously, AF is the second most 
common cardiovascular adverse event related to the 
use of BTK inhibitors. However, it is usually the one 
that causes the highest rate of treatment suspension, 
additional oncology and cardiology assessments, 
unscheduled hospitalizations, cancer treatment modifi-
cations and initiation of long-term anticoagulation 
strategies14.

A frequency of 12 to 18% has been reported for 
patients treated with ibrutinib15, and 5 to 7% in second 
generation BTK inhibitor (acalabrutinib, zanubrutinib) 
studies16. It generally appears within the first year of 
antineoplastic treatment but may also occur at any 
time during pharmacological intervention, especially 
considering the need for prolonged treatment strate-
gies (open-ended treatment). In the head-to-head 
comparative study between acalbrutinib and ibrutinib, 
ELEVATE RR12, the incidence of the onset of AF was 
6% vs. 16%, respectively, with a mean rate of onset of 
approximately 28 months of treatment17. Since this is 
not a pre-specified safety outcome, there is usually no 
active search strategy for early detection, and there-
fore the incidence of presentation may even be 
underestimated.

There is a proven relevant impact on the medi-
um-term rate of treatment suspension related to the 
onset of AF. A North American side effects database 
documented a 22% rate of antineoplastic therapy sus-
pension for acalabrutinib and 32% for ibrutinib, after 
adjusting for comorbidities and follow-up18.

New-onset AF is a huge challenge for clinicians, as 
BTK inhibitors themselves have been related to a sig-
nificant increase in the risk of bleeding (mainly minor 
bleeding) and platelet aggregation disorders, and there-
fore the use of long-term anticoagulation strategies 
causes a higher risk of major bleeding than that of 
non-cancer patients with AF. Likewise, dose reduc-
tions, temporary treatment suspension or a change in 
pharmacological strategy are often required when this 
complication occurs19.

The increased risk of incident AF related to BTK 
inhibitors has been found primarily in patients with a 
history of pre-existent AF, those over the age of 75, 
those with three or more traditional cardiovascular risk 
factors or those with heart structure abnormalities like 
atrial dilatation, heart failure or relevant valve diseases 
(Table 1)20.

There are no specific clinical trials in this population 
to support the recommendation of instating long-term 
anticoagulation in patients with high embolic risk 
scores. However, conventional clinical practice and 
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overwhelming evidence of the use of direct anticoagu-
lants in patients with high embolic and bleeding risks 
in different settings suggest that the use of low-dose 
direct anticoagulants, preferably apixaban (due to its 
lower risk of drug interactions or gastrointestinal bleed-
ing), is the recommended treatment. Dabigatran 
increases the risk of drug interactions due to its effect 
on glycoprotein P21.

The need for concomitant platelet inhibitors should 
be critically reevaluated, as this only appears to have 
a significant impact on the increased risk of bleeding 
complications.

The use of pharmacological rhythm control strategies 
(propafenone, dronedarone or amiodarone) should also 
be avoided due to their expected interference with the 
degree of BTK inhibition of the hepatic CYP family. 
Thus, except in select cases, these patients are usually 
candidates for frequency control strategies with beta 
blockers or BTK inhibitor dose adjustment or 
suspension22.

Ventricular arrhythmias
Their incidence is even more difficult to determine, 

as they are not usually actively searched for and are 
occasionally reported as incidental findings or related 
to sudden death. A  retrospective study aimed specifi-
cally at detecting ventricular arrhythmias in patients on 
ibrutinib reported rates of non-sustained ventricular 
tachycardia (NSVT) of up to 22%15, 23.

Various studies evaluating the efficacy of BTK inhib-
itors at different CLL patient stages have reported 
cases of unexplained sudden death. There were 13 
sudden death events in both arms of the FLAIR study, 
which were initially related to the use of ACE inhibitors 
or ARBs, but were later attributed to the participation 
of patients with more cardiovascular risk factors that 
were not controlled during the study period24.

Patients with structural heart disease, underlying pro-
longed QTc, channelopathies or ischemic cardiomyop-
athy have been proven to have a higher predisposition 
to ventricular tachycardias with the use of BTK inhibi-
tors. Therefore, this should be taken into account when 
deciding on treatment, and if these conditions are pres-
ent, joint assessment with cardio-oncology should be 
considered to create an individual risk profile20.

Heart failure
Multiple cases of BTK inhibitor-triggered heart failure 

have been described. However, its incidence in the 

largest efficacy assessment studies has not exceeded 
1%. In fact, multiple patients with stable heart failure 
have been treated, with no contraindication for BTK 
inhibitor use, and most of these patients have had sat-
isfactory cardiovascular outcomes. As of now, the gen-
eral recommendation is to exercise caution when using 
BTK inhibitors in patients with recently decompensated 
heart failure or LVEF less than 30%, as they have a 
higher risk of cardiovascular adverse events22,25.

Conduction disorders

This is a recently described side effect, as it was not 
reported with significant frequency in long-term study 
assessments. However, the Flatiron side effects data-
base reported an incidence of up to 2% for sinus dys-
function and different degrees of AV block, with the 
need for stimulation device implantation. Therefore, this 
new finding should be considered when stratifying 
these patients’ risk and during long-term clinical fol-
low-up throughout treatment18.

Characterization of patients with a higher 
risk of adverse events

Critical analysis of known cardiovascular risk factors 
in patients with CLL and an indication for antineoplastic 
pharmacological therapy is considered to be the 

Table 1. Factors related to the onset of atrial fibrillation 
with the use of BTK inhibitors in chronic lymphocytic 
leukemia

Risk factor Clinical 
characteristics

Estimated 
increase in 

RR 

Age Over 75 years 1.2‑2.5 

History of AF Pre‑existent AF 2.2‑4.0 

Presence of 
traditional 
cardiovascular risk 
factors

More than three 
(diabetes, HTN, 
dyslipidemia, 
smoking) 

1.1‑1.8

Left atrial dilatation Area greater than 34 
cm2 

1.1‑1.5

Heart failure LVEF less than 40% 1.6‑2.2

Valve disease Aortic or mitral 
stenosis or 
regurgitation 

1.2‑2.0

AF: atrial fibrillation; HTN: hypertension; LVEF: left ventricular ejection fraction. 
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essential tool for personalizing the risk of developing 
cardiovascular side effects and choosing the proper 
BTK inhibitor.

An analysis of the population subgroups in the pivotal 
studies confirming the efficacy of BTK inhibitors in 
patients with CLL, both as naive therapy or for relapse 
or refractory treatment, has identified some common 
characteristics in these patients which have helped 
describe a greater predisposition to developing cardio-
vascular side effects. The average age of the patients 
evaluated for BTK inhibitors in these studies is around 
62 years, and therefore an age over 65 has been found 
to be consistently related to a higher risk of cardiovas-
cular side effects. Likewise, the higher the age, the 
higher the risk, which was also found to be true for 
those over the age of 7526.

A history of AF is another condition clearly related to 
an increased risk of adverse events. In the ELEVATE 
RR study, the highest percentage of AF occurred in this 
group. Furthermore, in the RESONATE and ILUMINATE 
studies, a history of AF was the most significant predis-
posing factor for the onset of new AF events17,27,28.

Patients with structural heart disease also proved to 
have a higher likelihood of developing cardiovascular 
adverse events. In this subgroup, those who were classi-
fied as having heart failure, valve disease (both mitral and 
aortic) with at least moderate regurgitation or stenosis, or 
a history of ischemic heart disease, were associated with 
a consistent increase in the risk of developing AF20.

Other studies were able to correlate multiple tradi-
tional cardiovascular risk factors without structural 
heart disease with an increased risk of long-term neg-
ative cardiovascular outcomes16.

For these reasons, older patients and those with a 
history of AF, more traditional risk factors and structural 
heart disease will have a higher likelihood of major 
adverse cardiovascular events and, therefore, will 
require strategies focusing on intensive follow-up and 
risk mitigation.

Recommendations for the cardiovascular 
risk approach in BTK inhibitor users

The use of early AF detection strategies in 
asymptomatic patients who will receive BTK inhibitor 
treatment is not currently documented. However, as 
mentioned above, patients at high risk of developing 
cardiovascular adverse events can be identified based 
on older age, the presence of multiple traditional car-
diovascular risk factors, diastolic dysfunction, left atrial 
enlargement, frequent supraventricular extrasystoles or 

a high arrhythmic burden or history of AF, and these 
patients should have more frequent cardiology and/or 
cardio-oncology follow up visits to detect events early29.

An electrocardiogram is recommended for patients 
who will receive BTK inhibitors to treat CLL or mantle 
cell lymphoma, as it is considered a cost-effective strat-
egy for detecting anomalies that would indicate an 
increased risk of cardiovascular adverse events or the 
need for complementary studies prior to beginning 
onco-specific therapy (Table 2)22,29.

The use of biomarkers has not been systematically 
evaluated; however, considering that most patients 
develop cardiovascular side effects other than heart 
failure, it is unlikely that studies in asymptomatic or 
at-risk patients will provide a benefit. Therefore, their 
use is not currently recommended.

There is no evidence of a benefit from general 
screening with TT echocardiography prior to starting 
BTK inhibitors. Rather, this detection strategy should 
be considered only in patients at very high risk of devel-
oping cardiovascular adverse events or in those in 
whom structural heart disease must be ruled out due 
to clinical findings prior to beginning therapy22,29. Some 
risk assessment guidelines for CLL and mantle cell 
lymphoma, such as those published by the National 
Comprehensive Cancer Network (NCCN) in 2024 or the 
European Society of Cardiology guidelines, suggest 
baseline cardiac function assessment as an expert 
recommendation22,30.

On the other hand, diagnostic tools like 24-hour 
Holter tests have not been routinely evaluated in this 
group of patients or in asymptomatic patients for early 
detection of cardiovascular complications. Therefore, 
for now, this strategy should only be used to detect 
cardiovascular adverse effects in symptomatic patients 
or in those in whom physical exam or follow-up findings 
warrant their detection31.

Cardiology or cardio-oncology assessment should be 
mainly aimed at patients with a high risk of developing 
adverse events during onco-specific therapy and/or 
those with prior refractory HTN or decompensated HTN 
during treatment. It should also be used to identify 
supraventricular and/or ventricular arrhythmias that 
require complementary tests and pharmacological 
adjustments, antiarrhythmic treatment, anticoagulation 
or a medication to control the ventricular response; and 
in patients in whom modification or suspension of 
oncology treatment is being considered, as this deci-
sion should be made jointly with the treating oncology 
group, acting in a coordinated and multidisciplinary 
fashion to improve outcomes22,29.
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The use of anticoagulation strategies to reduce the 
CVA risk in patients with AF-related side effects is a crit-
ical point in caring for these patients, since, as mentioned 
previously, there is a potential increased risk of bleeding 
due to the reported antiplatelet effects of BTK inhibitor 
therapy. Thus, the risk/benefit of beginning this type of 
treatment in specific patients must be carefully weighed, 
as well as the need to adjust anticoagulant doses or 
choose them according to the individual characteristics 
of the evaluated population, with the benefit of anticoag-
ulation therapies often being greater than the risk29.

Conclusions

Awareness of the cardiovascular side effects of using 
medications like BTK inhibitors is essential for design-
ing strategies for assessment, early detection, early 
intervention and surveillance, to reduce complications 
and avoid treatment suspension that will adversely 
affect the oncological outcomes of this group of patients 
with CLL.

Identifying factors like advanced age, a history of AF, 
relevant structural heart disease or multiple traditional 
cardiovascular risk factors prior to the onset of treat-
ment appears to be the factor most related to the onset 
of major adverse cardiovascular events and, therefore, 
should be evaluated prior to beginning antineoplastic 
treatment, to jointly determine risk mitigation strategies 
in this population.

A cooperative effort between hematologists and car-
diologists/cardio-oncologists is essential for improving 
the efficacy and safety impact of new treatment 
strategies.

The European Society of Cardiology guidelines 
establish evidence-based monitoring norms that, while 
limited, help guide follow-up that is applicable to clinical 
practice in our setting.
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Abstract
Cardiorenal syndrome results from a close relationship between the heart and kidney. Five phenotypes of this complex  
interaction have been defined. Type 1 cardiorenal syndrome is characterized by acute heart failure leading to acute kidney 
injury. This syndrome is usually accompanied by volume overload that presents clinically with signs of congestion. The treat-
ment of congestion includes some pharmacological treatment options: loop diuretics, thiazide diuretics, carbonic anhydrase 
inhibitors and sodium-glucose cotransporter inhibitors. When these treatments fail, renal support therapies are suggested, to 
achieve decongestion. The following review aims to analyze the indications, advantages and limitations of each therapy.

Keywords: Cardiorenal syndrome. Acute heart failure. Acute kidney injury. Fluid overload. Diuretics. Ultrafiltration.

Resumen
El síndrome cardiorrenal resulta de una relación estrecha entre corazón y riñón. Se han definido cinco fenotipos de esta com-
pleja interacción. El tipo 1 se caracteriza por insuficiencia cardiaca aguda que genera una lesión renal aguda; usualmente, se 
acompaña de sobrecarga de volumen que se manifiesta con signos de congestión. Para el tratamiento de esta última, existen 
varias opciones como diuréticos de asa, diuréticos tiazídicos, inhibidores de la anhidrasa carbónica e inhibidores del cotrans-
portador sodio-glucosa. Cuando estas medidas fracasan, se propone el uso de terapias de soporte renal, que tienen por obje-
tivo alcanzar la descongestión. Esta revisión pretende analizar las indicaciones, ventajas y limitaciones de cada terapia.

Palabras clave: Síndrome cardiorrenal. Insuficiencia cardíaca aguda. Lesión renal aguda. Congestión. Diuréticos. Ultrafiltración.
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Introduction
There is a very close interaction between the heart 

and kidney, to the point that dysfunction of one of these 
organs can affect the other. This interaction is known 
as cardiorenal syndrome (CRS). The first definition was 
proposed by the National Heart, Lung and Blood Insti-
tute Working Group in 20041, and referred to cases in 
which acute decompensated heart failure (ADHF) leads 
to acute kidney injury (AKI). Despite this, it was rapidly 
evident that this definition was not sufficient to explain 
some cases in which kidney dysfunction caused car-
diac problems. Therefore, in 2008, the Acute Dialysis 
Quality Initiative extended the definition to include five 
sub-types2, which are described in table 1.

It is worth mentioning that this classification is not 
practical, as it is sometimes impossible to determine 
which of the disorders occurs first. This limitation has 
prevented the subtype classification from being univer-
sally accepted3,4.

The objective of this review is to analyze each of 
the pharmacological and nonpharmacological options 
for decongestion in patients with congestion and 
type 1 CRS.

Methods
We conducted a literature search on PubMed and 

Embase, using the MeSH terms “Cardiorenal Syn-
drome”, “Diuretics” and “Ultrafiltration”. We selected the 
most relevant articles, along with clinical trials evaluating 
the different pharmacological and nonpharmacological 
decongestive treatments. We also reviewed the refer-
ences of articles found in the search, some of which 
were included in the final manuscript.

Epidemiology of type 1 cardiorenal 
syndrome

An estimated six million people in the United States 
have heart failure (HF). In this same country, one mil-
lion patients are discharged each year with an ADHF 
diagnosis5,6. The most frequent reason for hospitaliza-
tion in patients with ADHF is signs and symptoms of 
congestion7. Therefore, treatment for patients with 
ADHF is aimed at reducing the excess volume. Despite 
this, 50% of patients hospitalized for ADHF experience 
no change in weight during their stay8, and, worse, at 
discharge, half of them still have some sign of overload, 
known as residual congestion, which is a risk factor for 
readmission and death9,10.

Pathophysiology of type 1 cardiorenal 
syndrome

Among patients with ADHF, 47% develop AKI during 
their hospital stay11. The incidence of AKI has been 
reported to be unrelated to variables like left ventricular 
ejection fraction (LVEF). In the ADHERE registry12, the 
group of patients with ADHF who had reduced LVEF 
had the same frequency of AKI as the group with pre-
served LVEF. This is the basis for the observation that 
kidney dysfunction in patients with ADHF has little to 
do with arterial underfilling and more to do with venous 
congestion. Figure  1 shows the hemodynamic abnor-
malities that occur in type 1 CRS.

Treatment for congestion in cardiorenal 
syndrome

The etiology of renal dysfunction in patients with type 1 
CRS is venous congestion caused by increased volume 
overload. Therefore, treatment is aimed at decongestion 
and can be done using medications or ultrafiltration with 
devices.

Treating venous congestion with diuretics

Diuretics that act on the ascending loop of Henle are 
the cornerstone of pharmacological decongestive treat-
ment. This group includes furosemide, ethacrynic acid, 
torasemide and bumetanide.

Table 1. Cardiorenal syndrome classification

Type 1: acute 
cardiorenal syndrome 

Rapid impairment of cardiac 
function (ADHF, cardiogenic shock) 
that causes AKI. 

Type 2: chronic 
cardiorenal syndrome 

Chronic heart disease that causes 
progressive CKD. 

Type 3: acute 
cardiorenal syndrome 

Rapid renal function 
impairment (glomerulonephritis, renal 
ischemia, acute tubular necrosis) that 
causes cardiac impairment. 

Type 4: chronic 
cardiorenal syndrome 

CKD that contributes to 
deteriorated cardiac function and/
or structure. 

Type 5: secondary 
cardiorenal syndrome 

A systemic condition, like sepsis, that 
causes cardiac and renal 
dysfunction. 

ADHF: acute decompensated heart failure; AKI: acute kidney injury; CKD: chronic 
kidney disease.
Adapted from Ronco3.
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Furosemide (the most widely used) has widely variable 
absorption, ranging from 10-100% (with an average of 
50%)15. Its pharmacokinetics are limited by absorption, 
which means that in some cases, the time it takes to be 
absorbed is greater than its half-life. The latter is approx-
imately two hours, but it varies depending on the pres-
ence of certain comorbidities. This drug has very high 
albumin binding and is 100% metabolized in the kidney.

Figure 2 shows the natriuretic response to furosemide 
in healthy people, those with ADHF and those with 
CRS16.

Furosemide’s target action is to inhibit the Na-K-Cl 
cotransporter, a protein located in the tubular lumen of 
the loop of Henle. This cotransporter acts by producing 
active sodium chloride (NaCl) reabsorption without fluid 
absorption. This is why the thick loop of Henle is also 
known as the diluting segment. The Na-K-Cl cotrans-
porter acts by producing a hyperosmolar medullary 
interstitium, allowing urine concentration. When cotrans-
port is inhibited, a more dilute urine is produced, with 

a higher urinary volume, resulting in more natriuresis. 
However, in patients with ADHF, more Na-K-Cl cotrans-
porter is produced due to renin-angiotensin-aldosterone 
system (RAAS) and autonomic nervous system (ANS) 
hyperactivity, reducing furosemide’s natriuretic effect18.

Diuretic resistance

At a conceptual level, diuretic resistance is consid-
ered to exist when an adequate dose does not produce 
a sufficient volume of urine to resolve the patient’s 
signs of congestion19. This definition makes the concept 
of diuretic resistance subjective and controversial. On 
the other hand, diuretic resistance does not have a 
universally accepted operational definition, either20-22; 
some define it by measuring the urine and others use 
the amount of sodium excreted. As far as the volume 
of urine, an adequate diuretic response is considered 
to be 100 to 150 ml/hour. For sodium, a natriuresis of 
50-70 mEq/l is considered to be an adequate response23.

Figure  1. Hemodynamic changes in type  1 CRS.  Patients with ADHF develop elevated right atrial pressure. The 
increased pressure in the right chambers is transmitted in a retrograde fashion, affecting the entire venous bed. 
This hypertension affects the inferior vena cava and renal vein. As renal vein pressure increases, the vasa recta 
in the renal medulla become congested, ultimately increasing the pressure in the efferent arteriole. This increased 
pressure in the efferent arteriole consequently leads to decreased glomerular filtration pressure, reducing the 
glomerular filtration rate13,14. Increased venous pressure affects not only the intravascular compartment, but also 
causes concomitant renal interstitial congestion. This interstitial congestion produces extrinsic compression of 
the renal tubule, which increases intratubular pressure, further reducing the glomerular filtration rate. Authors´ 
own, based on Ronco3.
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From a renal perspective, two factors can cause furo-
semide resistance: decreased secretion and decreased 
pharmacological action24. Decreased secretion is caused 
by decreased renal blood flow (which occurs in AKI and 
CKD) and factors affecting the action of OAT on the 
proximal renal tubule. The decreased renal response 
can be explained by increased RAAS activity and distal 
tubule hypertrophy.

Clinical trials and guidelines for diuretic 
treatment in ADHF

The DOSE25 study tried to answer the question of 
furosemide doses and dosing in patients with ADHF, 

for which 308 of these patients were randomized. Using 
a factorial design, low doses (the milligrams of intrave-
nous furosemide administered were equal to the oral 
dose of furosemide the patients received at home) were 
compared to high doses (in this arm, patients received 
2.5 times the dose received at home). In addition, one 
arm with bolus administration was compared to another 
arm with continuous infusion. The measured outcome 
was changes in symptoms and serum creatinine. There 
was no difference in outcomes when low doses were 
compared to high doses (p = 0.06), nor were there dif-
ferences between continuous infusion and bolus admin-
istration (p = 0.47). The DOSE study showed that high 
doses of furosemide were well tolerated.

Generally, the proposed use of diuretics in patients 
with ADHF is based on the DOSE study results. For 
patients who present to the emergency room with con-
gestion and have not been taking diuretics, the  
proposed furosemide treatment starts with a 20 to 40  
milligram dose. For patients who have been taking furo-
semide as outpatients, the proposed treatment starts 
at a dose one to two times what they were taking at 
home. The recommendation is 50-70 mEq/L sodium 
excretion in a urine sample or a urinary output greater 
than 100-150 ml/hour23. The patient should be reas-
sessed in the following hours; if he/she continues to 
have signs of congestion and has responded to the 
initial dose, this same dose should be repeated every 
12 hours. If, on the other hand, the congestive symp-
toms persist and the proposed goal has not been 
achieved, the dose should be doubled. On the first day 
of furosemide use in patients with ADHF, the expected 
output volume is three to four liters. If this goal has not 
been reached within the first 24 hours, the dose should 
be doubled once more23.

If, after the first 48 hours, a furosemide dose of more 
than 600 mg per day has been reached and signs of 
congestion persist, another treatment option must be 
added23. According to the European Society of Cardi-
ology´s guidelines, the three alternatives are a thiazide 
diuretic, acetazolamide or a sodium-glucose cotrans-
porter 2 (SGLT-2) inhibitor.

The first option could be to add a thiazide diuretic. 
The reason for this option is that furosemide increases 
the sodium load in the distal convoluted tubule. When 
the NaCl cotransporter is blocked with thiazides, 
sodium reuptake is reduced, increasing the volume 
excreted. Despite this theoretical basis, the vast amount 
of evidence on the use of thiazides in cardiorenal syn-
drome comes from observational studies with very few 
patients26. This is because, traditionally, the effect of 

Figure  2. Relationship between serum concentration of 
furosemide (x-axis) and urinary sodium excretion in mEq/L 
(y-axis).  In healthy patients, the diuretic effect evidently 
has a ceiling, as once a given serum furosemide 
concentration is reached, a greater diuretic effect cannot 
be achieved. Conversely, in patients with ADHF, this same 
curve shifts to the right and flattens out (the ceiling is 
lower). This means that, with the same dose of furosemide, 
there is a greater natriuretic effect in healthy individuals 
than in patients with ADHF. These changes in the 
pharmacokinetics of furosemide occur due to greater renin-
angiotensin-aldosterone system (RAAS) and sympathetic 
nervous system (SNS) activity in ADHF. Both RAAS and SNS 
hyperactivity cause greater sodium and water reabsorption 
in the proximal tubule, which lowers the sodium load in 
the thick loop of Henle, where furosemide acts. Furosemide 
is not filtered in the glomerulus. It reaches the ultrafiltrate 
through proximal tubular secretion, thanks to the action of 
organic anion transporters (OATs)17. The OATs do not only 
transport furosemide. They perform the same function for 
organic acids, nonsteroidal anti-inflammatory drugs and 
some antibiotics like the cephalosporins. In CRS, and due 
to AKI, some anionic uremic acids accumulate. These 
uremic acids compete with furosemide for the OATs, 
attenuating their diuretic action. Adapted from Gupta et al17.
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thiazide diuretics has been considered to be reduced 
in patients with glomerular filtration rates (GFRs) of less 
than 30  ml/min. However, there is evidence showing 
efficacy with low GFRs27,28. One of the most recent 
clinical trials, the CLOROTIC study29, enrolled 
230  patients with ADHF who were being treated with 
furosemide. One group was randomized to hydrochlo-
rothiazide and another to placebo. The group that 
received hydrochlorothiazide had greater weight loss 
(2.3  vs. 1.5  kg), with no difference in the rate of 
patient-reported dyspnea after 72 hours (area under 
the curve for the visual analogue scale: 960 versus 
720; p = 0.497). The results were similar 96 hours after 
randomization. Furthermore, patients assigned to 
hydrochlorothiazide had greater 24-hour diuresis 
(1,775 vs. 1,400 ml; p = 0.05) and weight loss for every 
40 mg of furosemide at 72 and 96 hours (p = 0.001). 
On the other hand, the intervention group had higher 
rates of creatinine elevation, with no difference in the 
rate of hypokalemia. There were no differences in mor-
tality or readmissions.

Among the thiazide diuretics, chlorthalidone and 
indapamide have been proposed as a potentially better 
alternative to hydrochlorothiazide, as they are longer 
acting (45-60 hours versus 6-15 hours)23. It should also 
be noted that, if chlorthalidone or indapamide are used, 
they should be administered one to two hours before 
furosemide, as these medications are prodrugs with a 
delayed effect.

As far as other types of diuretics, like potassium 
sparing diuretics, the ATHENA study30 evaluated the 
combined use of furosemide and spironolactone. In the 
intervention group, spironolactone was used at a 
100  mg dose. The control group received 25  mg of 
spironolactone or placebo. The increased dose was 
well tolerated, but there were no changes in the 
NT-proBNP concentration, which was the main out-
come (p = 0.57). Urinary output was a secondary out-
come, but no differences were found between the 
group that received high doses of spironolactone and 
the one that received the usual dose or placebo. No 
changes in mortality or morbidity were found between 
the groups, either.

The third option could be to add acetazolamide to the 
treatment. The ADVOR study31, a multicenter, double 
blind, randomized controlled clinical trial, compared 
intravenous acetazolamide (500 mg/day) to placebo in 
patients with ADHF who were already on furosemide 
and had continued signs of congestion and an 
NT-proBNP level of more than 1,000  pg/ml or a BNP 
greater than 250 pg/ml. The outcome was no signs of 

overload, measured three days after randomization. 
The average baseline serum creatinine was 1.5 mg/dl 
in both groups. Patients who received acetazolamide 
had successful decongestion more often than patients 
who received a placebo (hazard ratio, 1.46; 95% 
confidence interval [CI], 1.17 to 1.82; p < 0.001). The 
group treated with acetazolamide did not have a 
higher frequency of worsened kidney function, hypo-
kalemia or hypotension, nor was there any difference 
in the frequency of death and readmission for heart 
failure between both treatment arms (RR: 1.07; 95% 
CI: 0.78-1.48).

Another proposed option is the use of SGLT-2 inhib-
itors. In the EMPULSE study32, 530 patients with ADHF 
or new onset HF were randomized to 10 mg of empagli-
flozin or placebo, once a day. Randomization was done 
within 72 hours of hospital admission. The main out-
come was improved congestion measured through 
weight loss, weight loss adjusted to the dose of diuretic, 
changes in NT-proBNP concentration, hemoconcentra-
tion and congestion score assessment. The group that 
received empagliflozin experienced a faster, more 
effective and sustained decongestion than the group 
on placebo (p < 0.05), and this difference persisted 15, 
30 and 90 days after randomization. Furthermore, the 
EMPAG HF study33 randomized 60 patients with ADHF 
who were already on furosemide to 25 mg of empagli-
flozin or placebo. The treatment was added within the 
first 12 hours of hospitalization. There was a 25% 
increase in urinary output at five days (10.8 vs. 8.7 liters; 
a difference of 2.2 liters; 95% CI: 8.4-3.6; p = 00.003), 
with no effect on renal function markers, and a greater 
reduction in NT-proBNP levels in the intervention group. 
More robust evidence is still needed, but if these ben-
efits are confirmed in larger clinical trials, SGLT-2 inhib-
itors will likely become an effective way to reduce 
diuretic resistance34.

Use of hypertonic saline solution
Hypertonic saline solution (HSS) is an additional 

alternative that can be used for treating congestive 
patients with diuretic resistance. The reason for using 
HSS in patients with HF is that its osmotic action causes 
the interstitial and intracellular fluid to move to the intra-
vascular compartment, and this increases the effective 
circulating volume, improving renal perfusion and miti-
gating the RAAS activity. The latter helps reduce diuretic 
resistance, and therefore furosemide could recover its 
diuretic effect. Despite this rationale, the evidence is still 
controversial. There are meta-analyses showing an 
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increased diuretic effect when HSS is combined with 
furosemide35.36. However, more evidence is needed to 
confirm the results. Albumin infusion has also been 
used in patients with diuretic resistance, but these stud-
ies have been done on congestive patients with 
nephrotic syndrome or cirrhosis37. Therefore, its use in 
patients with ADHF is very limited to date.

Comparison between decongestive 
treatment with diuretics and decongestion 
by ultrafiltration

Up to 20% of patients do not respond to the medical 
treatment described. Ultrafiltration devices are an 
option for this group of patients. There are several dif-
ferences and very few similarities in the effects caused 
by ultrafiltration versus diuretics, as shown in table 2.

Ultrafiltration modality
In CRS, ultrafiltration can be offered through contin-

uous or intermittent renal support techniques. Contin-
uous renal replacement therapy would be much more 
convenient for patients on vasopressor support. This 
modality can achieve a low ultrafiltration rate that is 
equal to the plasma refill rate (the latter is the volume 
of fluid that passes from the interstitium to the intravas-
cular space), which helps maintain the patients´ hemo-
dynamic stability. If the goal of therapy is only to clear 
fluid, ultrafiltration alone would be sufficient. This type 
of modality can be performed with pump flows as low 
as 50  ml/min, and the ultrafiltration rate may reach 
500 ml/hour39. If solute clearance is also wanted, any 
of the other modalities could be used: hemodiafiltration, 
hemofiltration and continuous veno-venous hemodialy-
sis. It should be noted that there are no studies com-
paring one type of modality against the other, and 
therefore the selection of each type depends on the 
attending physician´s clinical judgement.

Clinical trials that evaluate ultrafiltration 
in patients with cardiorenal syndrome

The first study with this objective that was published 
was RAPID-CHF in 200540, which enrolled 40 patients 
with ADHF; 20 of these were randomized to ultrafiltra-
tion and usual care, and the remaining 20 only received 
the usual care with diuretics. The outcome measured 
was 24-hour weight loss. Patients who underwent ultra-
filtration plus usual care lost more volume (4,650  vs. 
2,838 ml; p = 0.001). However, there was no significant 

difference in weight loss between the two groups 
(2.5 vs. 1.86 kg; p = 0.240). The study´s biggest limita-
tion is its sample size and the fact that the objective is 
restricted to 24-hour weight loss.

The UNLOAD study41 enrolled 200 hospitalized patients 
with heart failure and at least two signs of overload. The 
presence of AKI was not an inclusion criterion in this study. 
Ultrafiltration was compared to the use of intravenous 
diuretics, and a binary outcome of weight loss and a dys-
pnea score evaluation was proposed. The ultrafiltration 
group achieved a significantly greater weight loss than the 
group that only received diuretics (5.0 ± 3.1 kg vs. 3.1 ± 
3.5 kg; p = 0.001). There were no significant differences 
in dyspnea improvement when the ultrafiltration arm was 
compared to the diuretic arm. After 90 days, the group that 
underwent ultrafiltration was found to have lower rates of 
readmission for ADHF and fewer inpatient days.

The CARRESS-HF study42 enrolled patients with 
ADHF, altered renal function and persistent congestion. 
Stepped pharmacological therapy was compared to ultra-
filtration. There were a total of 188 patients. The primary 
outcome measured creatinine elevation and weight 
change at 96 hours. There were no differences in terms 
of weight loss (p = 0.58), but there was a significant 
increase in creatinine in the group of patients undergoing 
ultrafiltration (p = 0.003). Therefore, the authors con-
cluded that ultrafiltration was inferior to pharmacological 
therapy for the bivariate evaluation criterion.

Table 2. A comparison of loop diuretics and ultrafiltration 
therapies

Parameter Diuretics Ultrafiltration

Cardiac output Variable Increased or 
unchanged

Mean arterial pressure Reduced Unchanged

Systolic arterial pressure Reduced or 
unchanged 

Reduced or 
unchanged

Urinary osmotic 
concentration 

Hypo‑osmotic 
diuresis 

Iso‑osmotic 
ultrafiltrate 

Predictability of volume 
to be removed

Unpredictable Accurate 
measurement of 
volume removed

Risk of hypokalemia and 
hypomagnesemia 

Possible Impossible 

Type of vascular access Peripheral 
vein

Peripheral 
or (predominantly) 
central

Taken and adapted from Urban et al38.
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Two meta-analyses have been published, to date43,44, 
evaluating the impact of ultrafiltration and the use of 
diuretics in patients with ADHF. Both agree in showing 
that ultrafiltration is associated with lower readmission 
rates when compared to the use of diuretics. However, 
when mortality is evaluated as an outcome, there are 
no differences between the therapies.

Conclusions
Loop diuretics are the cornerstone of pharmacologi-

cal treatment for ADHF. The one most frequently used 
in our setting is furosemide, which should be used in 
steps, monitoring urinary output and natriuresis. In the 
event of furosemide resistance, the next step is to add 
thiazides, acetazolamide or SGLT-2 inhibitors.

Extracorporeal ultrafiltration techniques are the thera-
peutic option of choice for ADHF cases that are refractory 
to pharmacological treatment. These techniques are asso-
ciated with a lower frequency of readmissions compared 
to medical treatment but have no impact on mortality.
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Infrequent cause of dyspnea and desaturation unresponsive  
to oxygen therapy
Causa infrecuente de disnea y desaturación que no responde a la oxigenoterapia
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CLINICAL CASE

Abstract
Platypnea-orthodeoxia syndrome is a rare and underdiagnosed condition. It is characterized by dyspnea and hypoxemia while 
standing, which improves when lying supine. It is difficult to diagnose, and unawareness can lead to unnecessary studies. 
Generally, it is due to anatomical and functional defects that generate a right-left shunt. We present the case of a patient with 
an atrial septal defect, atrial septal aneurysm and aortic dilatation, an unusual combination. This is the first reported case in 
Colombia.

Keywords: Platypnea-orthodeoxia syndrome. Refractory hypoxemia. Unexplained dyspnea. Unexplained desaturation. Supi-
ne position.

Resumen
El síndrome de platipnea-ortodeoxia es una afección rara e infradiagnosticada. Se caracteriza por disnea e hipoxemia en 
bipedestación, con mejoría en decúbito dorsal. Diagnosticarla es un reto y su desconocimiento puede llevar a estudios inne-
cesarios. En general, se debe a defectos anatómicos y funcionales que generan un cortocircuito derecha-izquierda. Se 
presenta el caso de una paciente con comunicación interauricular, aneurisma septal auricular y dilatación aórtica, una com-
binación inusual. Se trata del primer caso reportado en Colombia.

Palabras clave: Síndrome de platipnea-ortodeoxia. Hipoxemia refractaria. Disnea inexplicable. Desaturación inexplicable. 
Posición prona.
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Introduction
Platypnea-orthodeoxia syndrome (POS) is a rare 

condition, characterized by positional dyspnea (platy-
pnea) and arterial desaturation (orthodeoxia) while in 
the upright position. It is defined as a > 4 mmHg fall in 
PaO2 or > 5% fall in SaO2 when going from a supine 
to an upright position1.

The first case was reported in 1949, caused by a 
post-traumatic intrathoracic arteriovenous fistula2, and 
the terms “platypnea” and “orthodeoxia” were coined 
later3,4. In 1984, it was reported for the first time in a 
patient with a right-to-left intracardiac shunt without hepa-
topulmonary dysfunction or right-sided hypertension5.

Awareness of POS is relevant due to its association 
with hypoxemia that is difficult to interpret. Its patho-
physiology has been a matter of debate, attributed to 
the mixing of deoxygenated venous blood with oxygen-
ated arterial blood through a shunt. Intra- and extracar-
diac mechanisms, along with other etiologies, have 
been identified as being responsible for the syndrome.

This case seeks to raise physicians’ awareness of POS 
when dealing with unexplainable dyspnea and desatura-
tion. The triad of an atrial septal defect, atrial septal 
aneurysm and aortic dilatation is uncommon. To our 
knowledge, this is the first published case in Colombia. 
The CARE guidelines6 were used for writing this article.

Clinical case
This was a 76-year-old female intubated patient who 

was admitted to the emergency room, referred from a 
municipal hospital. She had a history of hypertension, 
atrial fibrillation and poor adherence to treatment. She 
complained of chest pain, dyspnea and episodes of 
vomiting over the previous three days. She was intu-
bated due to altered consciousness and ventilatory fail-
ure. She mentioned having been seen by cardiology and 
internal medicine as an outpatient but could not provide 
information regarding diagnostic impressions and previ-
ous tests. She had never been hospitalized. She had 
experienced dyspnea for one year, but it had worsened 
over the last two months, even with minimal exertion.

During her intensive care stay, she was extubated on 
the same day she was admitted and managed with 
50% oxygen. A coronary event was ruled out. Arterial 
gases showed a serious oxygenation disorder, without 
clinical deterioration, and she was therefore treated 
with continuous positive airway pressure (CPAP) and a 
high-flow nasal cannula, with no improvement. She was 
subsequently transferred to internal medicine with a 

Venturi mask at 50%, which was decreased to 35%, 
maintaining saturations around 84% when lying supine. 
She did not tolerate movement well, as she experi-
enced severe symptomatic desaturation (66%).

Initial tests indicated no important abnormalities, 
except a hemoglobin of 19  g/dl and a hematocrit of 
58%. An EKG showed atrial fibrillation with nonspecific 
ST-T disorders. A  transthoracic (TT) echocardiogram 
showed an LVEF of 48%, dilated cardiomyopathy, con-
centric left ventricular hypertrophy and global hypoki-
nesia. A chest CT revealed cardiomegaly, mild bibasilar 
pleural effusion, passive atelectasis and aortic athero-
matosis. Abdominal and splenic-portal ultrasound was 
normal. Pulmonary angiography tomography ruled out 
pulmonary thromboembolism (PTE) but showed mod-
erate dilation of the anteroposterior axis of the ascend-
ing aorta (43  mm) (Fig.  1). This dilation and its 
relationship to the rest of the vascular structures are 
shown in figure 2.

While hospitalized, she did not experience dyspnea 
when lying down. However, dyspnea and desaturation 
would increase when she was sitting or standing and 
would improve again when she would lie on her back, 
without returning to normal. Lying prone normalized her 
blood gases (Table  1). In addition, she did not have 
difficulty breathing or abnormal heart and lung auscul-
tation, findings which suggested platypnea-orthodeoxia 
syndrome (POS).

A transesophageal (TE) echocardiogram revealed a 
40 mm aortic root, a 5 mm atrial septal defect (ASD) 
and an atrial septal aneurysm (Figs.  3-5). Unfortu-
nately, the shaken saline solution contrast was techni-
cally difficult, and the images were not clear, as the 
patient did not tolerate the position changes. Also, stud-
ies could not be performed due to temporary unavail-
ability of this service. She was referred to confirm the 
findings and evaluate the possibility of percutaneous 
closure of the defect. This was done at a quaternary 
care hospital in Neiva (Clínica Mediláser). Table  2 
shows the main hemodynamic findings of the right-
sided catheterization. After closure, her saturation level 
was 89% on one liter of oxygen by nasal cannula.

Discussion
Platypnea-orthodeoxia syndrome is the clinical 

expression of a right-to-left shunt, located within the 
heart in more than 70% of cases. The most frequent 
causes include patent foramen ovale (PFO), ASD, and 
atrial septal aneurysm (ASA). Extracardiac causes 
include pulmonary arteriovenous malformations (AVMs) 
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Table 2. Right‑sided catheterization data

Parameter Right‑sided catheterization

Right atrium 6 mmHg

Right ventricle 25/5 mmHg

Wedge pressure 12 mmHg

Mean arterial pressure 18 mmHg

Vascular resistance 2.2 WU

Table 1. Characteristics of arterial gases

Parameters Lying 
supine

Sitting Upright Lying 
prone

FiO₂ (%) 35 35 35 35

PaO₂ mmHg 52 48 26 61

Saturation (%) 88 75 66 92

Figure 3. Aortic root.

and hepatopulmonary syndrome (HPS)7. The latter is 
defined by the presence of a triad: abnormal arterial 
oxygenation due to intrapulmonary vessel dilations in 
the context of chronic liver disease and portal hyper-
tension. Chronic liver disease may have various etiol-
ogies, with cirrhosis being the most common. Likewise, 
congenital liver diseases that restrict venous flow 
toward the lung (such as cavopulmonary shunts) and 
Abernethy malformation (congenital portosystemic 

shunt) may be associated with HPS, especially when 
the chronic liver disease includes portal hypertension8. 
Our patient did not have chronic liver disease.

Intracardiac POS requires anatomical and functional 
abnormalities9. Although a right-to-left shunt is expected 

Figure  1. Dilated ascending aorta at its largest diameter 
(43 mm). 

Figure  2. Relationship between the aortic dilatation and 
the rest of the heart structures. RA: right atrium; AD: aortic 
dilation; RV: right ventricle; LA: left atrium; LV: left ventricle.
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Table 3. Main primary anatomical and secondary 
functional defects found in patients with cardiac POS, in 
order of frequency 

Primary anatomical defects

Patent foramen ovale (PFO)
Atrial septal defect (ASD)
Atrial septal aneurysm (ASA)
Partial anomalous pulmonary venous return (PAPVR)

Secondary functional defects

Ascending aortic aneurysm
Aortic valve replacement/repair
Ascending aortic elongation
Tortuous ascending aorta

Modified from Agrawal et al1.

in the context of pulmonary hypertension, pulmonary 
pressures are often normal in POS10, as documented 
in this case. An additional functional defect, like aortic 
dilatation or ASA, is needed to distort the cardiac anat-
omy and redirect blood flow from the inferior vena cava 
toward the ASD9, as also occurred in this case. In 
addition to these atrial septal defects that contributed 
to the right-to-left shunt, it was exacerbated by ascend-
ing aortic dilatation (Table 3).

The patient had a 5 mm ASD, and this defect alone 
would perhaps not explain the syndrome if another 
anatomic abnormality (ASA) and a functional abnormal-
ity (aortic dilatation) were not added to it.

Platypnea-orthodeoxia syndrome tends to manifest 
late, with atrial remodeling, less distensibility of the right-
sided chambers and reorientation of the atrial septum9. 
A prone position improved saturation in this case, sug-
gesting better pulmonary perfusion and less mediastinal 
compression. We propose its use as a diagnostic aid.

Atrial septal aneurysm is a saccular deformity of the 
atrial septum (displacing it more than 10-15 mm in one 
or both directions)11, with a lower prevalence than PFO1. 
It has been associated with ASD and aortic dilatation, 
which can modify right atrial anatomy and favor para-
doxical shunting1.

The chronic nature of the syndrome explains the 
secondary polycythemia.

The diagnosis of POS is subtle and requires high 
clinical suspicion. We recommend evaluating oxygen 
saturation while lying supine and in an upright position. 
A more than 5% fall in oxygen saturation in the upright 
position suggests the diagnosis. Hypoxemia may not 
improve with 100% oxygen.

Figure 4. Atrial septal defect. 

Figure 5. Atrial septal aneurysm.
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A bubble study echocardiogram is the test of choice, 
performed while lying supine, in the upright position, or 
with Valsalva maneuvers. Since cardiac POS is the 
most frequent cause, this test should be the first choice 
in assessment.

Conclusions
A POS diagnosis requires a high degree of suspicion, 

especially in patients with dyspnea of unknown origin. 
Since it may have a cardiac or non-cardiac origin, a 
methodical assessment is essential for identifying the 
underlying cause. The prone position is recommended 
as an additional diagnostic test. Treatment is aimed at 
correcting the cause of POS, and in cases with a car-
diac origin, interventions may relieve the symptoms and 
be potentially curative, as in this case.
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Multifenestrated ventricular septal rupture in a patient with 
ST-segment elevation myocardial infarction
Comunicación interventricular multifenestrada en paciente con infarto agudo de 
miocardio con elevación del ST
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CASE PRESENTATION

Abstract
Mechanical complications following ST-segment elevation myocardial infarction (STEMI) are now relatively rare due to the 
implementation of early percutaneous revascularization therapies. Ventricular septal rupture (VSR) occurs in 0.17-0.21% of 
cases and is corrected via either endovascular or open approaches. We present the case of a 70-year-old male patient with 
STEMI who, following coronary angioplasty, was diagnosed with a multifenestrated ventricular septal defect, subsequently 
repaired using an autologous pericardial patch. The patient presented with oppressive precordial chest pain and was diagno-
sed with STEMI. Angioplasty with a drug-eluting stent was performed on the left anterior descending artery. A  follow-up 
echocardiogram revealed a ventricular septal defect with three openings located in the anteromedial portion of the interven-
tricular septum. The defect was surgically closed through an open approach using an autologous pericardial patch, with no 
evidence of residual shunting on follow-up echocardiography. Mortality associated with STEMI increases significantly when 
mechanical complications, such as VSR, are present, with reported mortality rates of 73.6%. Initial evaluation of the defect 
should prioritize endovascular closure, as it has been associated with lower mortality compared to open repair. However, 
when the defect lacks well-defined borders or is large or multifocal, open repair is preferred. Open repair techniques can be 
categorized into two main approaches: direct defect closure with continuous sutures or closure with a patch.

Keywords: Ventricular septal defects. Myocardial infarction. Pericardium. Echocardiogram.

Resumen
Las complicaciones mecánicas posteriores a un infarto agudo de miocardio con elevación del ST (IAMCEST) son poco fre-
cuentes en la actualidad gracias a la revascularización percutánea temprana. Una de las más graves es la ruptura del 
tabique interventricular, cuya incidencia se estima entre 0.17 y 0.21%. Su corrección puede realizarse por vía endovascular 
o mediante cirugía abierta. Se presenta el caso de un hombre de 70 años con dolor precordial opresivo, en quien se diag-
nosticó IAMCEST y se realizó angioplastia con stent medicado en la arteria descendente anterior. En el ecocardiograma de 
control se documentó un defecto interventricular multifenestrado, con tres orificios en la porción anteromedial. Dada la mor-
fología del defecto, se efectuó cierre quirúrgico abierto con parche autólogo de pericardio, sin shunts residuales en el control 
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Introduction
Mechanical complications after an ST-segment ele-

vation myocardial infarction (STEMI) are quite rare 
today, due to the implementation of early percutaneous 
revascularization therapies, which have drastically 
reduced their incidence to just 0.1% of cases1,2. How-
ever, when these heart structure abnormalities occur, 
mortality indices increase by up to four times, second-
ary to left ventricular free wall rupture, ventricular septal 
rupture, papillary muscle rupture or cardiac chamber 
aneurysms1.

Ventricular septal rupture occurs in 0.17-0.21% of 
patients and is associated with risk factors like female 
sex, advanced age and chronic kidney disease1. From 
a pathophysiological perspective, this complication 
results from decreased or absent blood flow to the 
ventricular septum, leading to a septal defect. In most 
cases, this is a single defect (although it may be mul-
tiple) and creates a left-to-right shunt, causing right 
ventricular, followed by left chamber, overload. Clinical 
signs and symptoms vary widely and include chest 
pain, dyspnea on heavy exertion and even cardiogenic 
shock and pulmonary edema1,2.

Postinfarction mechanical complications are diag-
nosed with an echocardiogram which, in the case of 
ventricular septal defects, shows the defect, its location, 
size and associated flow1-3. The defect can be corrected 
through endovascular repair or open surgery. Inpatient 
mortality is lower when the intervention is carried out 
within seven days of the infarction, compared to proce-
dures performed after this time (54 vs. 18%)1-4. Below, 
we present the case of a patient with STEMI who under-
went coronary angioplasty and in whom a follow-up 
echocardiogram showed a multi-fenestrated ventricular 
septal defect with hemodynamic repercussions. This 
defect was corrected through open heart surgery with 
an autologous pericardial patch.

Clinical case
A 70-year-old male patient with no significant medical 

history presented to the emergency room due to 

moderate-intensity urgent retrosternal pain radiating to 
the back with no associated symptoms. An electrocar-
diogram showed lateral wall ST segment elevation 
(STEMI), and he had positive cardiac enzymes. Since 
primary percutaneous coronary intervention was not 
available, the patient underwent thrombolysis using 
alteplase, without showing reperfusion criteria. There-
fore, he was referred to our institution for invasive cor-
onary stratification and monitoring in the coronary unit.

On admission, his vital signs were within normal lim-
its, with no need for hemodynamic support or supple-
mentary oxygen. Normal heart and lung sounds were 
auscultated on physical exam. Admission laboratory 
tests were drawn, with a report of elevated NT-proBNP 
(7,619), and a transthoracic echocardiogram showed an 
LVEF of 38%, with contractility disorders in the territory 
corresponding to the anterior descending artery.

On the fourth day after the coronary event, coronary 
angiography documented 95% obstruction of the mid-
dle third of the anterior descending artery (ADA). Angio-
plasty was done with an everolimus-eluting stent (3.5 
x 18  mm), with no complications. During cardiology 
follow-up three days after angioplasty, a grade  IV 
mid-systolic heart murmur was detected with a palpable 
thrill, which led to a suspicion of a postinfarction 
mechanical complication. A  follow-up transthoracic 
echocardiogram showed an LVEF of 33% and a ven-
tricular septal defect (VSD) with three openings located 
in the antero-medial portion, measuring 0.2 cm, 0.1 cm 
and 1.1 cm (the latter located further toward the apex), 
with a 2.8 cm apical rim and signs of left-to-right shunt-
ing. The total affected area amounted to approximately 
2.4 cm (Fig. 1).

A surgical committee discarded the possibility of 
endovascular repair of the multi-fenestrated defect, and 
therefore open surgery was proposed using an autolo-
gous pericardial patch. However, surgery was post-
poned for three weeks to allow the heart tissue to heal 
after the infarction. Due to high presurgical risk scores 
(Euroscore II: 7.36% and STS score: 7.58%), hemody-
namic support with ECMO or balloon counterpulsation 
was considered, depending on the intraoperative and 

ecocardiográfico. La mortalidad del IAMCEST aumenta significativamente ante complicaciones mecánicas, alcanzando hasta 
73.6% en casos de ruptura septal. El abordaje endovascular suele asociarse a menor mortalidad, por lo que se considera 
inicialmente la opción de elección. Sin embargo, en defectos grandes, múltiples o sin bordes definidos, se prefiere la cirugía 
abierta. Esta puede realizarse mediante cierre directo con sutura o con la interposición de un parche, técnica utilizada en 
este caso.

Palabras clave: Defectos del tabique interventricular. Infarto del miocardio. Pericardio. Ecocardiograma.
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postoperative course. During preoperative monitoring, 
the patient showed clinical deterioration, with signs of 
decompensated heart failure, dyspnea on mild exer-
tion, grade  I pitting peripheral edema, elevated 
NT-proBNP (44,430) and a chest x-ray suggestive of 
pulmonary edema. He was therefore transferred to 
intensive care, where his pharmacological treatment 
was adjusted and levosimendan therapy was started, 
with a favorable course, showing improved overload 
and resolved pulmonary edema.

Subsequently, surgery was performed with extracor-
poreal circulation. The pump time was 120  minutes, 
and aortic clamping lasted 94 minutes. The ventricular 
septum was accessed through the lateral left ventricu-
lar wall, where the opening to the right ventricle was 
found. An autologous pericardial patch was implanted, 
attached with 4/0 prolene sutures (Fig. 2), and the left 
ventricle was also closed with an autologous patch, 
using “Greek guard” sutures, finishing with layered 
closure.

Coming off the pump, the patient developed cardio-
genic and deep vasoplegic shock, and therefore 

vasopressor support was started with high-dose norepi-
nephrine and dual inotropic support with dobutamine 
and levosimendan. During the first postoperative hours 
he showed progressive improvement of his hemody-
namic profile, allowing weaning of vasopressors and 
inotropic medications. Scheduled extubation was per-
formed the next day, but his oxygenation deteriorated. 
An x-ray showed left apical opacity suggestive of a 
pulmonary contusion, for which high-flow cannula ther-
apy was instated. On the third postoperative day, the 
patient developed hemodynamic deterioration with 
severe hypotension which required increased vaso-
pressor support and inotrope reinstatement. A transtho-
racic echocardiogram was performed due to suspected 
cardiac tamponade, which reported an LVEF between 
25-30% and a surgical patch between the medial and 
apical segments of the ventricular septum, with no 
signs of residual shunting or pericardial effusion (Fig. 3). 
Low-dose vasopressin was started for suspected 
late-onset vasoplegic shock due to adrenal 
insufficiency.

Figure  1. Postangioplasty transthoracic echocardiogram. Evidence of a ventricular septum with three defects in its 
middle segment toward the anterior region measuring 0.3 cm, 0.2 cm and 1 cm, the latter located more apically, with 
an apical rim of 2.8 cm and left-to-right shunting (yellow circle).
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Five days after surgery, the patient once again toler-
ated weaning from vasopressor and inotropic support 
and continued with 2  L of supplementary oxygen via 
nasal cannula. He was therefore transferred to the hos-
pital floor. After five days of management by the cardiol-
ogy service, he was discharged with pharmacological 
treatment and a follow-up transthoracic echocardiogram. 
Three months later, during cardiovascular surgery fol-
low-up, the patient stated that he was asymptomatic, with 
no episodes of angina, dyspnea or peripheral edema. His 
follow-up echocardiogram showed an LVEF of 22% with 
no evidence of a residual ventricular septal defect.

Discussion

Mortality from STEMI increases significantly when 
patients have mechanical complications like ventricular 
septal rupture, which has shown mortality rates of up 
to 73.6% in some studies5. This complication tends to 
occur, in most cases, between the fifth and sixth day 
after the coronary event. However, in some exceptional 
cases, its onset has been documented even more than 
two weeks later, as occurred in this patient. This late 
onset is generally related to delayed early reperfusion 
therapies6.

Figure  3. Postoperative follow-up transthoracic echocardiogram. Surgical patch between the middle and apical 
segments of the ventricular septum with no signs of residual shunting.

Figure 2. Surgical procedure under extracorporeal circulation. A: ventricular septal defect (yellow circle). Ventricular 
septal defect repair using an autologous pericardial patch (red circle). B: lateral left ventricular wall closure using an 
autologous pericardial patch and Greek guard sutures.

ba
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As far as treatment, the first consideration should be 
to evaluate the feasibility of endovascular repair of the 
defect based on its anatomical characteristics (location, 
size and number of openings), as this technique has 
shown lower mortality rates compared to open surgery. 
However, in cases in which the defect does not have 
defined borders or is very large or multifenestrated, an 
open surgical approach is preferred for closure, despite 
the fact that the surgical mortality rate of this interven-
tion may be up to 65%7,8.

The surgical techniques for ventricular septal 
defect closure are grouped into two main categories: 
direct closure using a continuous suture and the 
placement of an autologous patch. The latter allows 
more effective remodeling of the infarcted myocar-
dium, and the patch should be sutured to healthy 
myocardial tissue to improve the procedure’s safety 
and efficacy1. Finally, the preferred surgical approach 
is through a left apical ventriculotomy, as the left 
ventricle’s trabeculation is more anatomically fine 
and uniform, which facilitates proper patch implanta-
tion. Furthermore, right ventricular incisions have 
been associated with a higher incidence of heart 
failure, residual shunting and subsequent functional 
deterioration9.

Conclusion
The onset of mechanical complications after STEMI 

is rare today, thanks to the implementation of early 
reperfusion therapies. However, it is essential to 
remember that these complications may occur days or 
even weeks after the coronary event, and therefore 
patients need close multidisciplinary follow-up. More-
over, the anatomical defect should be corrected 
promptly, using the most appropriate surgical approach, 
in order to reduce the risk of death.
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Right ventricular reverse remodeling in a patient with 
pulmonary arterial hypertension post lung transplant
Remodelación inversa del ventrículo derecho en un paciente con hipertensión arterial 
pulmonar tras un trasplante pulmonar
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CASE PRESENTATION

Abstract
Pulmonary hypertension is a progressive disease with high morbidity and mortality, leading to right ventricular dilation, hyper-
trophy, and dysfunction, as well as tricuspid regurgitation and septal deviation, affecting left ventricular function. Bilateral lung 
transplantation is a viable therapeutic option, with a demonstrated capacity to restore pulmonary vascular resistance and 
reduce afterload. This process promotes structural and functional recovery of the right ventricle and pulmonary vasculature. 
However, few studies document these post-transplant cardiac changes in pulmonary hypertension patients. We present the 
case of a patient undergoing bilateral lung transplantation, detailing pre- and post-procedural echocardiographic findings to 
highlight the effectiveness of transplantation in cardiac function recovery.

Keywords: Pulmonary arterial hypertension. Organ transplantation. Reverse cardiac remodeling.

Resumen
La hipertensión pulmonar es una enfermedad progresiva, que genera alta morbilidad y mortalidad, y que conduce a la dila-
tación, hipertrofia y disfunción del ventrículo derecho, así como a la insuficiencia tricúspide y a la desviación septal, afectando 
la función ventricular izquierda. El trasplante pulmonar bilateral es una opción terapéutica viable, que demuestra la capacidad 
de restaurar la resistencia vascular pulmonar y reducir la poscarga. Este proceso favorece la recuperación estructural y 
funcional del ventrículo derecho y la vasculatura pulmonar. Sin embargo, pocos estudios documentan estos cambios cardia-
cos postrasplante en pacientes con hipertensión pulmonar. Se presenta el caso de un paciente sometido a un trasplante 
pulmonar bilateral, y se detallan los hallazgos ecocardiográficos previos y posteriores al procedimiento para resaltar la efi-
cacia del trasplante en la recuperación de la función cardiaca.

Palabras clave: Hipertensión arterial pulmonar. Trasplante de órganos. Remodelación cardiaca inversa.
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Introduction
In patients with pulmonary hypertension (PH), right 

ventricular (RV) dilation and dysfunction are critical 
predictors of mortality1,2. For those with refractory PH, 
bilateral lung transplantation is beneficial in terms of 
survival, with a median survival of 7.8 years, according 
to the International Society for Heart and Lung Trans-
plantation (ISHLT), compared to seven years with 
selective pulmonary vasodilator therapy2,3. The patho-
physiology of PH involves a progressive rise in pulmo-
nary vascular resistance which leads to chronic 
pressure overload and RV maladaptation3,4.

Restoring RV function is a primary objective in PH 
treatment, as it directly affects survival and quality of 
life1-4. Bilateral lung transplantation not only lowers pul-
monary vascular resistance but also facilitates RV 
recovery by relieving the chronic pressure overload3-5. 
Despite these benefits, the data on RV remodeling after 
bilateral lung transplantation in patients with PH remains 
scarce. Therefore, it is essential to document these 
structural and functional cardiac changes to support 
bilateral lung transplantation as a key therapeutic 
intervention.

Clinical case
Using right heart catheterization, a 27-year-old male 

was diagnosed with severe PH secondary to congenital 
heart disease, after ductus arteriosus closure at age 
two. His hemodynamic parameters showed a mean 
pulmonary arterial pressure of 90  mmHg, a wedge 
pressure of 8 mmHg, a cardiac index of 2.1 L/min/m² 
and a mean right atrial pressure of 16 mmHg. Trans-
thoracic echocardiography revealed severe RV dilation, 
septal deviation to the left, severe tricuspid regurgita-
tion, moderate pulmonary regurgitation, a pulmonary 
artery systolic pressure (PASP) of 65 mmHg, a tricuspid 
annular plane systolic excursion (TAPSE) of 17 mm and 
preserved left ventricular function (Fig.  1). Over the 
previous year, the patient’s functional class had deteri-
orated from WHO CRF II to III. 

Classified as high risk on the ESC/ERS scale, he 
received triple therapy with ambrisentan, sildenafil and 
treprostinil. Despite optimal treatment, worsening RV 
dysfunction prompted an evaluation for lung transplan-
tation. The pre-transplant tests were completed and he 
began pulmonary rehabilitation. After nine months of 
evaluation, a donor was found, and bilateral lung trans-
plantation was performed. The patient required postop-
erative extracorporeal membrane oxygenation.

Postoperative complications included hypovolemic 
shock due to left hemothorax, requiring vasopressors 
and inotropic support, as well as early reintervention 
for left intra-hilar pulmonary vein thrombosis and left 
lower lobectomy due to pulmonary infarction. A trache-
otomy was done in the second postoperative week due 
to difficulty in weaning him off the respirator. The 
patient also developed health care-associated pneu-
monia caused by Burkholderia cepacia, which was suc-
cessfully treated with meropenem.

Three months after transplantation, a follow-up echo-
cardiogram showed normal left ventricular function, 
preserved RV systolic function, a PASP of 22 mmHg, 
a TAPSE of 21 mm and a fractional area change (FAC) 
of 40%. The baseline end-diastolic diameter reduced 
significantly (Fig. 2). In addition, the pulmonary artery 
diameter reduced from 38 mm to 27 mm, confirmed by 
computed tomography (Fig.  3). The patient continued 
pulmonary rehabilitation without supplementary oxy-
gen, achieving WHO CRF I.

Discussion
This case report presents a 27-year-old male with 

severe PH secondary to congenital heart disease, diag-
nosed after ductus arteriosus closure, who despite 
intensive pharmacological treatment required lung 
transplantation due to progressive deterioration. After 
bilateral lung transplantation and subsequent complica-
tions, the patient showed clear hemodynamic and func-
tional improvement. Three months after surgery, his 
echocardiograpic findings confirmed significant recov-
ery of his ventricular function and normalized pulmo-
nary artery pressure, which allowed him to continue 
rehabilitation and improve his functional status to WHO 
FRC I.

Kasimir et al.6 retrospectively analyzed 54  patients 
with idiopathic PH or PH associated with pulmonary 
diseases like interstitial lung disease, chronic obstruc-
tive pulmonary disease and cystic fibrosis, who under-
went bilateral lung transplantation. The patients with 
idiopathic PH required prolonged mechanical ventila-
tion and ICU stays, although none needed postopera-
tive ECMO. In our case, bilateral lung transplantation 
produced a substantial improvement in RV function, as 
shown by the increase in TAPSE from 16.5 to 20 mm, 
a reduction in the baseline RV diameter from 47 mm to 
37  mm and a reduction in RV systolic pressure from 
28.9 mmHg to 24.9 mmHg (Table 1).

The tests lend support to the idea that, in patients 
with lowered pulmonary vascular resistance after 
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Figure 2. Post-transplant transthoracic echocardiogram. A: apical view of the right ventricle (RV): normal ventricular 
size and function. B: short axis: normal left ventricular function with no abnormal septal movement. C: TAPSE. D: great 
vessel view with no signs of pulmonary regurgitation. E: continuous-wave Doppler of the pulmonary valve with no 
regurgitation.

A B C

D E

Figure  1. Transthoracic echocardiogram prior to transplant. A: apical view of the right ventricle (RV): severe RV 
hypertrophy and dilation. B: systolic septal displacement. C: TAPSE. D: great vessel view: moderate pulmonary 
regurgitation. E: continuous-wave Doppler of pulmonary regurgitation.

A B C

D E



323

F. Varón-Vega et al.  Reverse remodeling in lung transplantation

Table 1. Echocardiographic variables before and after 
double lung transplantation

Echocardiographic variable Before 
transplant

After 
transplant

Baseline end‑diastolic diameter 44 mm 37 mm

TAPSE 17 mm 21 mm

FAC 29% 40%

PASP 65 mmHg 22 mmHg

Pericardial effusion Mild None

TAPSE: tricuspid annular plane systolic excursion; FAC: fractional area change; 
PASP: pulmonary artery systolic pressure.

transplantation, RV function can be recovered6-8. Bilat-
eral lung transplantation is beneficial for patients with 
PH who, despite receiving maximum medical treat-
ment, continue to deteriorate7,9. This procedure has 
proven to restore RV morphology and function, allevi-
ating chronic pressure overload even in advanced 
stages of the disease10.

Gorter et al.5 studied RV recovery through cardiac 
magnetic resonance imaging in patients with PH after 
bilateral lung transplantation, showing a significant 
increase in the RV ejection fraction (32 to 64%) and 
reductions in RV volume and mass. These findings 
reinforce the role of bilateral lung transplantation in 
reversing adverse RV remodeling and improving hemo-
dynamics. Our case concurs with these results, as the 
echocardiographic and tomographic data confirmed 
notable improvements in ventricular function and pul-
monary artery dimensions after transplantation.

Conclusion
This case shows that bilateral lung transplantation 

can be a viable treatment strategy for young patients 
with severe PH secondary to congenital heart disease. 
Despite postoperative complications, the patient 
showed normalized ventricular function and reduced 
pulmonary pressure in the three months after trans-
plant. These findings highlight bilateral lung transplan-
tation’s potential for significantly improving clinical 
outcomes, supporting its role in the treatment of 
advanced PH.
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Bibliometric analysis of valvular procedures in Latin 
America is essential for evaluating the current status of 
this specialty and encouraging its development. Exam-
ining scientific production in this field helps identify 
trends, knowledge gaps and research priority areas, 
making it easier to formulate relevant questions in the 
regional context. It also promotes cooperation between 
cardiology and cardiovascular surgery specialists, in-
stitutions and centers, strengthening collaborative net-
works, with a positive impact on clinical practice and 
the outcomes of patients undergoing valvular interven-
tions like prosthetic valve replacement, percutaneous 
valve implantation and annuloplasty. In the academic 
setting, both cardiologists and surgeons with related 
training, as well as practicing professionals, benefit 
from continuing medical education, using bibliometric 
analysis as a key tool for staying up to date on the most 
recent advances and best evidence-based practices, 
contributing to improved quality of care and a consoli-
dated ongoing learning approach1-3.

According to the Web of Science (WoS) database 
(considered to be one of the most extensive databases 
of citations and publications in the world, due to its 
extensive catalogue of indexed and high-impact jour-
nals4,5), (2020-2024) has focused on 10 main topics, 
in the following order of frequency: “Aortic Stenosis”, 
“Infective Endocarditis”, “Atrial Fibrillation”, “Congenital 
Heart Disease”, “Abdominal Aortic Aneurysms”, “Lung 
Transplantation”, “Decellularization”, “Antiphospholipid 
Syndrome”, “Blunt Chest Trauma” and “Coronavirus” 
(Fig. 1A). The years with the highest scientific produc-
tion were 2020 and 2021, with 28 and 30 publications, 
respectively, while the years with the fewest publica-
tions were 2003 and 2006 (Fig. 1B). Bibliometric anal-
ysis of valvular procedures over the last few years 
shows a literary production of 379 publications, con-
sisting mainly of original and unpublished articles, as 
well as reviews (both systematic and nonsystematic) 
(Table 1). The journal Arquivos Brasileiros de Cardio-
logia had the most publications in this area by Latin 
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American authors, with a total of 43 scientific articles 
(Fig.  1C). The academic institution with the highest 
impact in terms of the volume of scientific production 
during these years was the University of Sao Paulo 
(Brazil), with a total of 94 publications on this topic. 
The most prominent author was Professor Flávio Tara-
soutchi (Brazil), with 25 publications on valvular topics. 
The most frequently used keywords were “replace-
ment”; “stenosis” and “outcomes” (Fig. 1D).

The landscape of valvular procedure research in Lat-
in America shows significant advances, but there are 
still many opportunities to deepen knowledge and ex-
pand the frontiers of this specialty. The region’s scien-
tific production should be strengthened through 
high-impact studies addressing existing gaps, promot-
ing technological innovations and optimizing clinical 
outcomes. Collaboration between institutions and 

specialists must be fostered to produce robust evidence 
to help improve clinical practice guidelines and decision 
making in the treatment of valvular diseases. Ongoing 
research will not only provide a better understanding of 
emergent trends, but also help anticipate future chal-
lenges, facilitating the implementation of more effective 
and accessible strategies for the region. Investing in 
science and promoting access to quality information 
sources is key in consolidating a learning and growth 
environment in the cardiovascular setting, stimulating 
the development of solutions to benefit both the scien-
tific community and the patients.

Funding
The authors declare that they received no funding for 

this study.

Figure 1. Key aspects of the bibliometric production on valvular procedures in Latin America over the last 20 years.  
A: thematic map of the ten most frequent topics identified in the Web of Science database, where “Aortic stenosis,” 
“Infectious endocarditis,” and “Atrial fibrillation” represent the areas of greatest regional scientific production.  
B: annual evolution of the number of publications, showing sustained growth since 2008, with peaks in 2020 and 2021. 
C: most productive journals in the field of valve procedures, with Arquivos Brasileiros de Cardiologia and Revista 
Brasileira de Cirurgia Cardiovascular standing out as the main sources of publication. D: word cloud of key terms most 
used in Latin American studies, where “replacement,” “stenosis,” “implantation,” “regurgitation,” and “outcomes” 
predominate, reflecting the clinical-surgical focus of valve research. Source: developed by the authors through a WoS 
database search, with statistical analysis using R®, Rstudio®, Bibliometrix® and Biblioshine®. The following search 
strategy was employed: TS=(“Heart Valve Prosthesis” OR “Heart Valve Prosthesis Implantation” OR “Cardiac Valve 
Annuloplasty”) AND CU=(“PANAMA” OR “HONDURAS” OR “GUATEMALA” OR “EL SALVADOR” OR “PARAGUAY” OR 
“ECUADOR” OR “URUGUAY” OR “PERU” OR “COSTA RICA” OR “CUBA” OR “VENEZUELA” OR “COLOMBIA” OR 
“CHILE” OR “ARGENTINA” OR “MEXICO” OR “BRAZIL”) AND PY=(2000-2024).
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Table 1. General information regarding scientific 
production on valvular procedures in Latin America over 
the last 20 years. 

Description Results

Main information regarding the data 
Period of time
Sources (journals, books, etc.)
Documents
Annual growth rate %
Average age of the documents
Average citations per document
References

2000:2024
124
379
5.95
9.55

17.58
6,837

Document contents
Additional keywords (ID)
Authors’ keywords (DE)

752
742

Authors
Authors
Authors of single‑author documents

2,348
11

Collaboration among authors 
Single‑author documents
Co‑authors per document
International collaborations %

12
10.6

35.09

Types of documents
Article
Article; conference presentation 
Editorial material 
Letter
Congress abstract 
Review

292
15
19
10
14
29

Source: developed by the authors through a WoS database search, with statistical 
analysis using R®, Rstudio®, Bibliometrix® and Biblioshine®. The following search 
strategy was employed: TS = (“Heart Valve Prosthesis” OR “Heart Valve Prosthesis 
Implantation” OR “Cardiac Valve Annuloplasty”) AND CU = (“PANAMA” OR 
“HONDURAS” OR “GUATEMALA” OR “EL SALVADOR” OR “PARAGUAY” OR 
“ECUADOR” OR “URUGUAY” OR “PERU” OR “COSTA RICA” OR “CUBA” OR 
“VENEZUELA” OR “COLOMBIA” OR “CHILE” OR “ARGENTINA” OR “MEXICO” OR 
“BRAZIL”) AND PY = (2000‑2024).
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We read with interest the article by Regitz-Zagrosek 
et al.1 titled: “Sex and gender differences in heart fail-
ure,” which aimed to determine the sex and gender 
differences in heart failure with regard to its treatment. 
Thus, we contribute the following:

Heart failure in women has a preserved ejection frac-
tion (HFpEF), with more serious clinical manifestations 
and a different etiology from that of men. Women have 
been shown to have more severe chronotropic incom-
petence than men, which explains their sensitivity to 
beta blockers. Thus, beta blockers have been deter-
mined to reduce HFpEF mortality, although this does 
not vary with dual therapy1. Despite this, heart failure 
in women has a better prognosis than in men2.

Kaddoura et al.3, determined that beta blocker treat-
ment reduces mortality in patients with HFpEF, in all 
possible etiologies. However, the benefit has only been 
shown in those over the age of 75 (both men and women) 
and does not affect readmissions. Furthermore, Farooqui 
et al.4 showed that women tend to have HFpEF, while 
men more often have advanced heart failure with reduced 
ejection fraction. However, their survival and hospitaliza-
tion risks are similar. Arnold. et al.5 found that the use of 
beta blockers still required more studies to determine 
how beneficial they were in patients with HFpEF, but that 
they increased the risk of hospitalization for HFpEF.

Beta blocker treatment is considered the cornerstone 
of heart failure treatment. However, in the case of 
HFpEF (> 45%), currently considered to be > 50%, this 
article indicates that two studies were unable to find an 
effect on female mortality, while another study did find 
it, but using bisoprolol treatment. In addition, to obtain 
optimal benefits, the dose should be lower than the 
dose for men. Today we know that beta blocker use 
does significantly reduce mortality in both men and 
women, but not hospitalization2,5.

It has also been found that gender deserves a spe-
cific approach and assessment, and therefore differen-
tiated treatment is indispensable for women, to reduce 
their mortality. Despite this, the incorporation of these 
variables into personalized treatment strategies for clin-
ical practice has not been standardized.
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