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“The strongest arguments prove nothing so long as 
the conclusions are not verified by experience. 

Experimental science is the queen of sciences and 
the goal of all speculation”.

(R. Bacon)
Linkov F, Lovalekar M, LaPorte R.

Journal of the Royal Society of Medicine. 
2006;99:596-8.

Introduction
Scientific journals continue to be the main source for 

updating and renewing global knowledge. They have 
been essential for scientific advances over the last 
three centuries and have allowed the scientific world to 
express its results and opinions in the search for truth, 
helping us to make the best decisions for our patients, 
based on the best evidence.

The Revista Colombiana de Cardiología has been 
advancing in an improvement process. However, it is 
facing great challenges and threats, such as greater 
availability of information on the internet, social networks 
and the proliferation of predatory journals. These global 
conditions help explain the radical change that medical 
literature and learning have undergone in the last decade.

Today, more than ever, we must strengthen our Journal 
with articles that have higher scientific quality, the latest 
news and critical analysis of the available literature.

The word “review” seems simple but is loaded with great 
complexity. Reviewers have the enormous responsibility 

of facing these radical changes and improving our 
periodical. The “art” of functioning as an arbitrator 
requires knowledge, ethics, impartiality, sensitivity and 
a great deal of generosity to guide the authors toward 
a better manuscript which showcases their main results. 
The availability of an appropriate and rigorous peer 
review aligned with the scientific method is a funda-
mental principle of scientific journals. The reviewers’ 
goal of maintaining objectivity, preserving scientific 
soundness, stating conflicts of interest and preventing 
fraud are essential characteristics of their function. 
Peer reviewers ensure the quality and suitability of the 
journal. Their good work enables the Journal to main-
tain credibility and the readers’ “faith” in the Journal’s 
publishing process.

In this issue, we would like to pay tribute to our reviewers; 
distinguished and highly selected professionals who prac-
tice their profession in Colombia and other countries, and 
in whom we have placed all our trust throughout more 
than three decades of existence. Thank you for your 
selfless, quiet and valuable work, which is the essential 
basis of the Journal’s editorial process. We hope that 
you will be strengthened in your work and will continue 
with much passion, discipline and responsibility as 
reviewers, for the good of science.

Our sincere thanks to the following reviewers:
Pedro Abad, Claudia V. Anchique, Manuel Álvarez, 

Carlos Arias, Dagnóvar Aristizábal, Julián M. Aristizábal, 
Álvaro Avezum, José R. Azpiri, Ana M. Barón, 
César Barrera, Daniel Berrocal, Juan C. Briceño, John 
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The word “criterion” comes from the Latin criterĭum, 
which comes from the Greek kritḗrion, derived from 
krínein, “to judge.” In the medical field, it refers to health-
care professionals’ ability to interpret the information 
provided by patients and their families; therefore, acting 
on it involves the patients, as well as their families, the 
physician, and the healthcare facility, among others1.

Traditionally, medical criteria have been the core of 
clinical decision making. This professional judgement 
is based on three fundamental pillars: theoretical knowl-
edge and clinical experience, curiosity, the ability to 
reflect on errors, and an understanding of each patient’s 
individual context. As proposed in the article “What do 
clinicians mean by good clinical judgment: A qualitative 
study”2 good clinical judgement requires solid training 
in medical knowledge as well as the ability to analyze 
and adapt to complex situations. The curiosity to review 
diagnoses and the wisdom obtained from reflection on 
previous mistakes are also essential. Furthermore, phy-
sicians must be able to evaluate and prioritize the rel-
evant factors in each case, considering the patients’ life 
context1,2.

However, in today’s changing medical continuum, 
technological advances, the growing use of algorithms 
and patients’ easy access to information have trans-
formed medical practice. While technology has facili-
tated diagnosis and treatment, it has also created the 
risk of dehumanizing health care by favoring automated 

decisions that do not always consider each person’s 
particular characteristics3.

With the Hippocratic Oath, physicians assume the 
responsibility of saving lives. But, what does this 
phrase refer to? I think it sometimes goes beyond pre-
serving life; therefore, in many cases, medical judge-
ment must be used rather than incurring in what we 
call “therapeutic obstinacy.” Providing quality of life is 
just as or more important than merely preserving life. 
This is where medical judgement comes into play, 
based on science, knowledge of the factors involved 
in the prognosis, and how much a disease can affect 
the person, his/her independence, interpersonal rela-
tionships and mental health, to make decisions from 
this holistic perspective4.

According to the World Health Organization (WHO), 
health is complete physical, mental and social wellbe-
ing, not merely the absence of disease. This compre-
hensive perspective should guide medical practice, 
considering how the illness affects the patient’s inde-
pendence, interpersonal relationships, mental health 
and ability to have a functional, quality life. Thus, med-
ical criteria should be integrated with a careful assess-
ment of the prognosis and quality of life the treatment 
will provide5.

In the age of evidence-based medicine (EBM), rigor-
ous research and clinical trials have allowed treatments 
to be standardized. However, medical judgement 
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should not be displaced by this trend toward protocols. 
We must remember that clinical guidelines are useful 
tools, but do not replace the need to personalize treat-
ment according to each patient’s particularities6, as 
medical judgement allows protocols to be adapted to 
individual needs, considering aspects like age, comor-
bidities, personal preferences, and the socioeconomic 
context. The phrase, “we treat patients, not diseases,” 
reflects this reality; each patient is unique, and physi-
cians must make decisions that benefit that specific 
person, regardless of what general studies dictate. This 
means that, although a given treatment may be consid-
ered the gold standard for a disease, the physician 
should evaluate if this treatment is appropriate for 
his/her particular patient, or if it should be modified1,7.

Furthermore, the incursion of artificial intelligence 
(AI) and advanced technologies in the field of medicine 
has been very helpful in many ways, as they improve 
diagnostic precision and treatment efficiency. Despite 
this, they also posed new challenges for medical judge-
ment. In some cases, trust in machines and algorithms 
has displaced clinical judgement, causing a dangerous 
disengagement between physicians and patients. More 
and more patients access information online and, with-
out appropriate professional interpretation, fall into the 
trap of self-diagnosis and self-medication, putting their 
health at risk. In addition, content creators without aca-
demic and scientific training publish incorrect informa-
tion and, with their high degree of social influence, 
produce treatment changes that are inappropriate for 
people’s health3.

Medical judgement should function as a counter-
weight to this trend. Physicians should continue to be 
the main guides for interpreting information and design-
ing personalized treatment. While technology is a pow-
erful tool, it can never replace the experience, in-depth 
knowledge and empathy that characterize good clinical 
judgement.

Medical judgement is based not only on science and 
clinical knowledge, but also on the relationship a phy-
sician establishes with his/her patients. Empathy and 
compassion are essential for creating an environment 
of trust in which the patients can share their fears, con-
cerns and wishes. Through this relationship, physicians 
can better understand the patients’ individual needs 
and adapt the treatment to be not only effective from a 
clinical standpoint, but also satisfactory for the patients7.

Personalized care, based on an in-depth knowledge 
of the patient, is what makes medical judgement an 
indispensable tool for health care. Although technology 
and AI can improve many aspects of diagnosis and 

treatment, the human component of medical judgement 
is essential for achieving quality care that respects 
patients’ dignity3,7.

It is worth noting that respect for patient autonomy is 
one of the most important principles in modern health 
care. Each person has the right to make informed deci-
sions about his/her health, even when these are con-
trary to medical recommendations. Statutory Law 1751 
of 2015, together with the guarantee in the 1991 Colom-
bian Constitution, protect the patients’ freedom to 
choose, recognizing that their dignity and autonomy 
must be respected, even when these decisions may 
entail risks8,9.

This approach poses an ethical dilemma for health-
care professionals, since, although medical judgement 
is designed to preserve the patients’ life and wellbeing, 
physicians must respect the patients’ decisions, even 
when they do not coincide with their own clinical judge-
ment. This reinforces the need for clear communication 
and informed consent, in which physicians provide all 
the necessary information regarding the risks, benefits 
and available alternatives, but the patients always have 
the final word on their health. This emphasizes the 
need for medical judgement to be flexible and adapt to 
each patient’s individual circumstances10.

In conclusion, this is a call to action to rescue med-
ical judgement, which is not simply a matter of profes-
sional preference, but rather an ethical and practical 
imperative to improve health care. Recognizing and 
valuing the uniqueness of clinical judgement not only 
improves the quality of care but also strengthens the 
doctor-patient relationship and restores confidence in 
a healthcare system that prioritizes the comprehensive 
wellbeing of each individual.

As medicine moves forward, we should ensure that 
medical judgement continues to be not only relevant 
but essential for clinical excellence and humanized 
health care. It is in the science and art of medicine 
where we find the true promise of comprehensive 
health care that honors the individuality and complexity 
of each human being.

Medical judgment must be rescued in modern clinical 
practice. Technology and AI can be valuable tools, but 
they should never replace clinical judgement based on 
knowledge, experience, ethics, empathy and compas-
sion. Physicians should continue to develop their skills 
and knowledge, adapting to the individual needs of 
each patient and empowering the patients, their fami-
lies and caregivers, always maintaining a holistic view 
of health.
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ORIGINAL ARTICLE

Abstract
Introduction: balloon valvuloplasty is currently the first-line therapy in neonates with critical pulmonary valve stenosis, con-
sidered to be less invasive, with a lower risk of complications and death, compared to surgery. Objective: to determine the 
clinical and hemodynamic characteristics of patients with this condition who underwent balloon valvuloplasty, along with the 
immediate and short-term outcomes of this procedure. Method: this was a retrospective cohort study at a cardiovascular 
referral center. Results: there was a high success rate for valvuloplasties, with a significant reduction in the transvalvular 
gradient and right ventricular systolic pressure, with few complications (these being rhythm disturbances and infundibular 
rupture, with no major clinical repercussions). In general, there were few severe infundibular reactions and mortality related 
to the interventional procedure was nil. Conclusion: balloon valvuloplasty is an effective and safe procedure for the treatment 
of neonates with critical pulmonary valve stenosis, with good immediate and short-term results.

Keywords: Balloon valvuloplasty. Pulmonary valve stenosis. Newborn. Cardiac catheterization. Complications.

Resumen
Introducción: en la actualidad, la valvuloplastia con balón es la terapia de primera línea en neonatos con estenosis valvular 
pulmonar crítica, pues es considerada como un procedimiento menos invasivo y que acarrea menor riesgo de complicaciones y 
muerte en comparación con la cirugía. Objetivo: definir las características clínicas y hemodinámicas de los pacientes con este-
nosis valvular pulmonar crítica, llevados a valvuloplastia con balón y sus desenlaces inmediatos a corto plazo. Método: estudio 
de seguimiento retrospectivo de una cohorte, en un centro de referencia cardiovascular. Resultados: se evidenció un alto por-
centaje de valvuloplastias exitosas, con disminución significativa del gradiente transvalvular y de presión sistólica del ventrículo 
derecho (VD), con pocas complicaciones, dadas por alteraciones del ritmo y ruptura infundibular, sin mayores repercusiones 
clínicas. En general, las reacciones infundibulares graves se dieron en baja frecuencia y la mortalidad relacionada con el proce-
dimiento intervencionista fue nula. Conclusión: la valvuloplastia pulmonar con balón es un procedimiento efectivo y seguro para 
el tratamiento de neonatos con estenosis valvular pulmonar crítica, que arroja buenos resultados inmediatos y a corto plazo.

Palabras clave: Valvuloplastia con balón. Estenosis valvular pulmonar. Neonatos. Complicaciones. Cateterización cardíaca.
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Introduction
Pulmonary valve stenosis is a type of right ventricular 

(RV) outflow tract obstruction characterized by fused or 
absent commissures with thickened pulmonary valve 
leaflets. Critical stenosis is the most serious case and 
leads to insufficient anterograde pulmonary blood flow. 
As a result, the survival of affected patients depends 
on maintaining a patent ductus arteriosus to ensure 
pulmonary blood flow1.

This condition is the third most common congenital 
heart malformation, with an overall incidence of 6.6 per 
1,000 live births, accounting for 5.8% of congenital 
heart diseases. Furthermore, pulmonary stenosis is a 
component of half of all congenital heart defects1.

It sometimes occurs in a familial form, especially with 
dysplastic valves, with a 2.9% possibility of recurrence 
in siblings1.

It presents with intense cyanosis and is a neonatal 
emergency due to its high mortality, which in some 
studies reaches 50% within the first two weeks and 
85% in the first six months of life. Currently, balloon 
pulmonary valvuloplasty is the first-line treatment2-4.

The Colombian literature does not provide its current 
prevalence, but hemodynamics studies show that up to 
22.5% of patients undergoing balloon valvuloplasty had 
a diagnosis of critical pulmonary stenosis5.

The procedure has high short and medium-term suc-
cess rates, at 93.8%, defined as a single valvuloplasty 
event6.

After the good initial results reported with pulmonary 
valvuloplasty, few articles have been published explor-
ing outcomes in patient subgroups like newborns, in 
whom clinical complexity, interventional risk and other 
unanalyzed variables could lead to other outcomes. 
Therefore, we posed the need to determine the clinical 
and hemodynamic characteristics of patients with neo-
natal critical pulmonary valve stenosis who underwent 
balloon valvuloplasty at a pediatric cardiology center in 
Medellín, Colombia.

Method
This was a retrospective cohort study in which all 

patients underwent balloon pulmonary valvuloplasty to 
treat critical pulmonary valve stenosis. These patients 
were followed for 30 days.

Newborn patients (under 30 days old) of both sexes 
with critical pulmonary valve stenosis diagnosed by 
echocardiography and confirmed through a hemody-
namics study at Clínica Cardio VID in Medellín, 

Colombia (a congenital heart disease referral center) 
were included. These patients underwent percutane-
ous balloon valvuloplasty between January 1, 2010, 
and May 30, 2021. All completed the follow-up period.

The participants were found in a database created 
by the pediatric interventional cardiologists which was 
constructed prospectively immediately after each cath-
eterization, and was recently reviewed by one of the 
investigators (ICS) looking for missing data.

The study’s dependent variable was 30-day out-
comes after valvuloplasty. Other independent variables 
included: a) clinical data: age, weight, height, total body 
surface area, prematurity, birth weight, mechanical 
ventilation, intraprocedural bleeding, the need for trans-
fusions, and the use of prostaglandins and vasopressor 
support; b) hemodynamic data: pulmonary annulus 
diameter, pulmonary annulus Z-score, balloon/annulus 
ratio, right ventricular systolic pressure (RVSP) before 
and after the procedure, right ventricular end-diastolic 
pressure (RV EDP) before and after the procedure, 
pulmonary artery (PA) pressure before and after the 
procedure, transvalvular gradient before and after the 
procedure, infundibular gradient, type of right ventricle, 
other heart anomalies, and patent ductus arteriosus: 
diameter of the pulmonary and aortic ends; c) angio-
plasty information: access site, fluoroscopy time, cath-
eterization time, balloon diameter, and other procedures; 
d) outcomes: reintervention, complications, length of 
hospital stay and mortality related to the interventional 
procedure.

Success and the primary outcome were defined as 
valvular opening and a reduced transvalvular 
gradient.

For this study, critical pulmonary valve stenosis was 
defined as the need for prostaglandin infusion, baseline 
desaturation, signs and symptoms of low cardiac output 
and ductal -dependent pulmonary blood flow7.

The pulmonary valve was considered dysplastic 
when it was significantly thickened, with restricted leaf-
let mobility8.

Reintervention was described as a surgical or other 
transcatheter intervention during follow-up, which was 
required after successful balloon valvuloplasty8.

Right heart pressures were measured with an intra-
cardiac catheter, and systemic arterial pressure was 
measured noninvasively or invasively if the patient had 
an arterial line.

The following procedures were performed:
–	Hemodynamics: balloon valvuloplasty was performed 

under general anesthesia. There were no significant 
differences in techniques or equipment throughout 
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the study, and the same pediatric interventional car-
diologists performed follow-up. Heparin (50-100  IU 
per kilogram of weight) was administered intravenous-
ly as soon as the femoral vein was cannulated.
Right chamber pressures were measured and right 

antero-posterior (AP) ventriculography was performed 
with cranial angulation and lateral projection using a 
Phillips® biplane system (Allura Xper). Then, the guide-
wire was advanced through the pulmonary valve and 
placed distally in the left pulmonary artery or in the 
descending aorta, passing through the ductus arterio-
sus. The valve annulus was measured, and the mea-
surements were compared to those of the previous 
echocardiogram to select the balloon diameter, main-
taining a 1.2 to 1.4 balloon/annulus ratio. After this, the 
balloon was advanced over the guidewire, and valvu-
loplasty was performed, inflating the balloon to 2 to 4 
atmospheres of pressure until the balloon waist disap-
peared. Subsequently, the balloon was withdrawn, and 
the pulmonary artery and right ventricular pressures 
were measured again. If the pulmonary transvalvular 
pressure gradient remained higher than 30  mmHg, a 
1-mm larger balloon was inserted, the balloon was 
inflated again, and the pulmonary and ventricular pres-
sures were measured once more. Finally, follow-up 
ventriculography was done to evaluate the final out-
come and rule out complications. The patient was then 
taken to the pediatric cardiovascular intensive care unit 
for post-intervention monitoring and follow-up 
echocardiography.
–	Echocardiography: the patients were initially diag-

nosed with transthoracic echocardiography performed 
using two machines (Philips® Epic and Vivid 7). The 
findings associated with critical pulmonary valve ste-
nosis were a transvalvular gradient greater than 
40 mmHg without right ventricular dysfunction or tri-
cuspid valve regurgitation with a transvalvular gradi-
ent reflecting a right ventricular systolic pressure 
greater than 75% of the systemic arterial pressure, as 
well as bidirectional or right-to-left shunting through 
the foramen ovale and a patent ductus arteriosus.
Selection bias was controlled by consecutively 

including all patients who underwent balloon valvu-
loplasty for critical pulmonary stenosis during the study 
period. Information bias was minimized by the high 
quality of the data, as it was derived directly from the 
person who performed the procedure (RLV/LHD). Fur-
thermore, each medical chart was retrospectively 
reviewed to verify the information. When in doubt, the 
principal investigator verified any inconsistencies with 
the person who extracted the information. Follow-up 

bias was minimized as all patients were followed for a 
minimum of 30 days. Finally, the database was cleansed 
by two of the investigators (AC, DR), one of whom had 
experience in database management, looking for dupli-
cate or inconsistent records.

All cases who were sequentially admitted to the insti-
tution with a diagnosis of critical valve stenosis and 
underwent balloon valvuloplasty during the study 
period were included in the study.

The quantitative variables in the analysis were 
treated as detailed below, according to the clinical 
judgement of the interventional cardiologist (RLV/
LHD). Age was taken as a continuous variable; the 
figure recorded during angioplasty (in millimeters of 
mercury [mmHg]) was used for the pre- and post-val-
vuloplasty transvalvular gradient. Then, 30  mmHg 
was taken as the reference value and, based on this, 
the case was reclassified as successful or having 
residual stenosis.

Finally, a descriptive analysis of the sociodemo-
graphic and clinical variables was done. The raw com-
plication rate 30  days after pulmonary valvuloplasty 
was used as an epidemiological indicator. Qualitative 
variables were presented using absolute and relative 
frequencies; summary measures like medians and 
interquartile range were used for quantitative variables, 
because the Shapiro-Wilks test indicated that the quan-
titative variables were not normally distributed. Possible 
associations between 30-day complications and the 
patients’ age and weight were explored using the Wil-
coxon signed-rank and Mann-Whitney U non-paramet-
ric tests. A p value < 0.05 was considered significant. 
The SPSS® version  21.0 software (SPSS® Inc.; Chi-
cago, Illinois, USA) was used for data analysis, under 
a covered license.

The study was approved by the Institutional Review 
Board.

Results
Twenty-five newborns with a diagnosis of critical pul-

monary valve stenosis who underwent balloon valvu-
loplasty were included in the study. Only one of the 
patients had undergone previous surgery with BT fis-
tula implantation and subsequently developed stenosis 
of the distal end, which was found during the interven-
tional procedure.

The analyzed variables were not normally distributed, 
and therefore the median was used as the measure of 
central tendency, with interquartile range for the 
measure of dispersion.
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The gender distribution was predominantly male. 
Demographic and clinical characteristics are listed in 
table 1.

Five patients had other associated heart defects, 
each with a 4% incidence: atrial septal defect, ventric-
ular septal defect, aortic valve stenosis, pulmonary 
annular hypoplasia and RV hypoplasia. All patients had 
a tripartite RV, and for those with PDA, the median 
measurement of the aortic end was 4.5 mm (IQR: 2.8) 
and the median of the pulmonary end was 3.0  mm 
(IQR: 1.0).

During the interventional procedure, the patients 
received ventilatory support with orotracheal intubation 
or a laryngeal mask (n = 23, 92% and n = 2, 8%, 
respectively), 18 patients (72%) required prostaglandin 
infusion, and no patients warranted vasopressor sup-
port (n = 25, 100%). The approach was mostly through 
the right femoral vein (n = 18, 72%), followed by the 
right femoral vein and artery (n = 3, 12%), left femoral 
vein (n = 3, 12%) and, finally, the left femoral artery 
(n = 1, 4%). As far as fluoroscopy time and total cath-
eterization time, the median was 12 minutes (IQR 1.13) 
and 40  minutes (IQR: 19), respectively. One of the 
patients received simultaneous stent implantation in a 
PDA that was wide and tortuous, with critical stenosis 
at the pulmonary end. This patient had a very small jet 
through the stenotic pulmonary valve during systole.

As far as immediate outcomes, 100% (n = 25) of the 
valvuloplasties were successful, with a statistically sig-
nificant reduction in the transvalvular gradient and RV 
systolic pressure. There were no statistically significant 
differences in RV EDP or PA pressure, as shown in 
table 2.

The patients with associated congenital heart anom-
alies had statistically significant differences on the Wil-
coxon test (Z –3.517, p < 0.001) in the change 
intravalvular gradient, compared with those who had 
pure stenosis (Z –1.826, p = 0.068).

Two patients had complications (8%); one had an 
abnormal heart rhythm (n = 1, 4%), due to increased 
atrial automatism with an atrio-ventricular conduction 
disorder; and the other patient (n = 1, 4%) suffered 
infundibular perforation during attempted passage 
through the pulmonary annulus, without hemodynamic 
instability and with satisfactory progress during fol-
low-up. Three patients had a severe infundibular reac-
tion. The reinterventions were not associated with the 
pulmonary annulus Z-score (Mann-Whitney U 44.000, 
p = 0.921).

Complications were not associated with a weight 
under 2.5 kg (p = 0.70), prematurity (p = 0.77), having 

other associated cardiac anomalies (p = 0.63) or having 
a dysplastic valve (p = 0.45). None of the patients bled 
during the procedure or required a transfusion.

Three patients had reinterventions (12%), one of whom 
underwent another balloon valvuloplasty and stent 
implantation in the ductus arteriosus, and two of whom 
required surgical treatment, both for BT fistulas.

Neither of the two deaths during follow-up were due 
to conditions related to the procedure; both patients 
developed septic shock, one secondary to gastrointes-
tinal sepsis and the other secondary to multilobar 
pneumonia.

Regarding the patients’ clinical characteristics, one was 
premature; the ages at valvuloplasty were 11 and 18 days; 
one had a dysplastic valve and the other had associated 
heart defects (atrial septal defect). Both patients had suc-
cessful valvuloplasties, with no associated complications 
and no immediate procedures required. Both required 
invasive mechanical ventilation. During follow-up, one 
underwent another surgical procedure, and his hospital 
stays were two and six days, respectively.

There was no relationship between mortality and 
weight under 2.5 kg (p = 0.30), prematurity (p = 0.23) 
or other procedures (p = 0.92).

Table 1. Sociodemographic, clinical and 
echocardiographic characteristics of the study 
population

Characteristics n (%)

Sex
Female
Male

9 (36)
16 (64)

Birth weight (kg) 2.92 (0.64)*

Prematurity 3 (12)*

Age (days) 7.3 (5.25)*

Weight (kg) 3.0 (0.6)*

Length (cm) 49.0 (3.0)*

BSA (m2) 0.20 (0.01)*

Pulmonary annulus diameter 6.30 (1.32)*

Pulmonary annulus Z‑score 0.4240

Balloon/annulus ratio 1.32 (0.10)*

Dysplastic valve 17 (68.0)

PDA 23 (92.0)

Other cardiac anomalies 5 (20.0)

*Median (IQR); PDA: patent ductus arteriosus.
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Some possible associations between successful val-
vuloplasty and other study variables were explored. No 
association was found between age and successful 
valvuloplasty (Mann-Whitney U 5.50, p = 0.18), nor was 
there an association with birth weight, the timing of the 
procedure, sex or body surface area (p > 0.05). A sig-
nificant association was found between the pulmonary 
annulus Z-score and successful angioplasty (p = 0.04). 
(Table 3).

Discussion
Balloon valvuloplasty has been a widely accepted 

technique ever since it was performed by Kan et al. In 
19829 to treat patients with pulmonary valve stenosis, 
with its safety and success supported by several 
studies2,6,7,9,10-12.

This study’s follow-up time and sample size were 
comparable to those of other studies7,13-15. The study 
by Alsawah et al. included a larger sample of 72 new-
borns, but with a longer follow-up time (10 years), and 
the average age at the time of the procedure was 
13.8 days (SD: 7.8), which was similar to ours. Likewise, 
in Yucel et al.’s study which included 56 newborns with 
critical pulmonary stenosis, the average age and weight 
at the time of the procedure were 7 days (1-28 days) 
and 3,100  g (1,600-4,500  g), respectively, which are 
similar to what we found in our study8.

As far as valve characteristics, the mean pulmonary 
valve annulus diameter in the previously mentioned 
study by Yucel et al. was 6 + 0.9 mm and the pulmonary 
annulus Z-score was –1.74 + 1 (–4.34 to 0.05), compa-
rable to our study, which found a median pulmonary 
valve diameter of 6.25 (IQR: 2.45) and a pulmonary 
annulus Z-score of –0.1600. Regarding the right ven-
tricular morphology, 100% of our patients had a tripar-
tite RV, differing from Yucel et al., who found that 12.5% 

of the patients with critical pulmonary stenosis had a 
bipartite RV. As far as the balloon/annulus ratio, these 
same authors reported an average of 1.29 + 0.12 (1.06-
1.55), similar to our results8.

On another note, in Loureiro et al.’s study, 33.3% had 
a dysplastic pulmonary valve on echocardiography7, 
which differs from our findings, in which seven out of 
ten valves were classified as dysplastic on angiogra-
phy. This difference could be partially explained by the 
different techniques used for diagnosis.

Males predominated in the enrolled patients, similar 
to what has been reported previously12. As far as pre-
maturity, the study by Vall Camell et al. included four 
preterm patients (17.4%)11, which is slightly higher than 
what we found (n = 3, 12%). There was a high incidence 
of PDA in this group of patients, similar to what our 
group found. In Loureiro et al.’s study, all of the patients 
had PDA7. Regarding associated heart defects, these 
have been reported in 27.8%5, and in our study, one 
out of five patients had them.

During the interventional procedure, six out of seven 
patients required prostaglandin infusion to keep the 
PDA open, which was higher than in other studies, in 
which 92% of the patients required these infusions7, as 
well as Alsawah et al.’s study, in which 80% required 
them. The difference could be explained by the earlier 
use of balloon valvuloplasty at our center. All of the 
reported patients received general anesthesia, similar 
to what other authors have described2.

As far as the puncture site, in seven out of ten of our 
patients, access was gained through the left femoral 
vein, followed by the right femoral vein, which is similar 
to other studies13. Regarding the transjugular approach 
described by Hoetama et al. in a series of eight patients, 
the total procedure, pulmonary cross-clamp and 
fluoroscopy times were significantly lower compared 
with the femoral approach14. Other access routes have 

Table 2. Hemodynamic variables before and after valvuloplasty

Variable Balloon valvuloplasty Pulmonary annulus Z score p

Before After

RVSP 82.88 47.84 –4.319 < 0.0001

RV EDP 10.40 10.40 –1.117 0.264

PA pressure 31.60 32.04 –1.688 0.91

Transvalvular 
gradient

48.88 7.7 –4.287 < 0.0001

RVSP: right ventricular systolic pressure; RV EDP: right ventricular end‑diastolic pressure; PA pressure: pulmonary artery pressure.
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been described, like arterial and umbilical catheters2. 
However, our institutional procotol does not include 
these approaches.

In regard to the immediate outcomes, the effective-
ness of this procedure is defined by the reduction in the 
transvalvular gradient. Juárez et al, as well as other 
groups, found an association between procedure failure 
and age, a dysplastic valve morphology, the pre-angio-
plasty pulmonary valve gradient and elevated RV sys-
tolic pressure prior to the procedure15,16. We did not find 
these associations in our study. Overall, high effective-
ness rates have been reported for this procedure. 
Alsawah et al. reported an effectiveness of 94.4%, and 
Manica et al. reported 100%, similar to our study12.

As far as PDA stenting, Alsawah et al.’s study reported 
difficulties in crossing the pulmonary valve in two 

premature infants (2.7%), due to severe tricuspid regur-
gitation and severe RV hypertrophy; therefore, they 
decided to place a stent in the PDA2. One patient in 
our study required PDA stenting.

Balloon valvuloplasty is more complex and prolonged 
in newborns compared to other pediatric age groups, 
especially for critical pulmonary valve stenosis, due to 
the right ventricular morphology and hypoplasia and 
the size of the tricuspid annulus, with high complication 
rates during the procedure that range from 14 to 31%. 
Our rate of complications fell within this range. Mortality 
has been reported in 4.2% of cases10,15,17,18; there were 
no deaths associated with the procedure in our study.

The main complications reported in these patients 
are related to rhythm disorders. In Hoeatama et al.’s 
study, six out of 15 patients had atrio-ventricular block 
and right bundle branch block with transient sinus 
bradycardia7.

In our study, one patient experienced infundibular 
rupture (4%); other authors, like Ronai et al., have 
reported this complication in seven out of 127 proce-
dures (5.5%). Like theirs, our case was managed 
medically19.

Reinterventions have been reported in 10-34%10,13,15 

of cases, and the incidence of reintervention in our 
patients fell within this range. In some studies, the pul-
monary annulus Z-score was significantly lower in 
those who required reintervention:  -  2.4 (IQR:  –2.9 
to  –0.95) vs. –0.59 (IQR:  –1.3 to –0.15, p = 0.02)10. 
A  Z-score less than – 1.69 predicted the need for 
increased pulmonary flow, with a sensitivity of 74%8. In 
our study, the average pulmonary annulus Z-score was 
lower in the reintervention group (–0.800 vs. –0.6169), 
but the difference was not significant (p = 0.891).

Previous studies have reported that a final pulmonary 
transvalvular gradient > 25 mmHg is associated with a 
higher likelihood of reintervention6. Furthermore, in 
some studies, a bipartite RV was a significant predictor 
of the need for reintervention (OR 9.6), which does not 
apply to our case, because 100% of the cases were 
tripartite.

Limitations

Due to its nature as a retrospective cohort study, the 
associations found are exploratory and should in no 
way be interpreted as causal. Moreover, this study did 
not have a control group, which also limits the scope 
of the results. Likewise, the small sample size limits the 
incidence of low-prevalence complications, and, finally, 

Table 3. Bivariate analysis: angioplasty success and 
other variables included in the study 

Transvalvular gradient < 20 mmHg p

Variables Yes No

n % n %

Prematurity
Yes
No

3
22

12
88

0
2

0
100

0.786

Dysplastic valve
Yes
No

18
7

72
28

1
1

50
50

0.513

Other cardiac anomalies
Yes
No

6
19

24
76

0
2

0
100

0.598

Ventilation
Yes
No

23
2

92
8

2
0

100
0

0.855

Other procedures
Yes
No

1
24

4
96

0
2

0
100

0.926

Use of prostaglandins
Yes
No

17
8

68
32

1
1

50
50

0.564

Support
Yes
No

1
24

4
96

0
2

0
100

0.926

Mortality
Yes
No

0
23

16
84

0
2

0
100

NC*

Complications
Yes
No

2
23

8
92

0
2

0
100

0.855

*Not calculable.
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follow-up was only for 30  days, and therefore some 
later-onset complications and outcomes were not found.

Conclusions
Our study confirms that balloon pulmonary valvu-

loplasty is a safe and successful procedure for new-
borns with critical pulmonary valve stenosis. The 
complications found in this case series were similar to 
those reported by other investigators.
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ORIGINAL ARTICLE

Abstract
Introduction: atherosclerotic cardiovascular disease (ASCVD) is the leading cause of morbidity and mortality worldwide, 
associated with subendothelial deposits of ApoB-rich particles such as LDL cholesterol (LDL-C). Multiple clinical studies 
highlight the importance of reducing LDL-C and ApoB levels to prevent and manage atherosclerosis. This requires addressing 
modifiable risk factors and utilizing pharmacological therapies such as statins, ezetimibe, PCSK9 monoclonal antibodies, 
inclisiran, and bempedoic acid. Objective: to review the available evidence on pharmacological therapies and their impact 
on LDL-C reduction, and cardiovascular event prevention, with a focus on adherence and long-term implementation. 
Method: a review of the scientific literature was conducted, focusing on the effects of lipid-lowering therapies and evaluating 
their potential impact on cardiovascular event prevention and public health relevance. Results: the evaluated therapies reduce 
the risk of cardiovascular events, with long-term adherence being a key factor. Inclisiran, a small interfering RNA therapy, 
sustainably lowers LDL-C, and simulation studies demonstrate a significant impact in preventing thousands of cardiovascular 
events over 10 years, with improved adherence. Conclusion: pharmacological therapies, such as inclisiran, represent a 
significant advance in the management of ASCVD. Their large-scale implementation, combined with lifestyle modifications, 
can substantially mitigate the burden of cardiovascular disease.

Keywords: Atherosclerotic cardiovascular disease. LDL cholesterol. Atherosclerosis. Cardiovascular mortality. Statins.  
Ezetimibe. Monoclonal antibodies against PCSK9. Inclisiran.

Resumen
Introducción: la enfermedad cardiovascular aterosclerótica (ECA) es la principal causa de morbimortalidad mundial, y está 
relacionada con el depósito subendotelial de partículas ricas en ApoB, como el colesterol LDL (C-LDL). Diversos estudios 
clínicos destacan la importancia de reducir el C-LDL y la Apo B para prevenir y tratar la aterosclerosis. Esto requiere abordar 
los factores de riesgo modificables y terapias farmacológicas, como estatinas, ezetimibe, anticuerpos monoclonales contra 
PCSK9, inclisirán y ácido bempedoico. Objetivo: revisar la evidencia disponible sobre las terapias farmacológicas y su 
impacto en la reducción del C-LDL y la prevención de eventos cardiovasculares, con enfoque en la adherencia e implemen-
tación a largo plazo. Método: se realizó una revisión de la literatura científica centrada en los efectos de las terapias 
hipolipemiantes, y se evaluó el potencial impacto de estas estrategias en la prevención de eventos cardiovasculares y su 
relevancia en salud pública. Resultados: las terapias evaluadas reducen el riesgo de eventos cardiovasculares, con la 
adherencia a largo plazo como elemento clave. Inclisirán, una terapia de ARN pequeño de interferencia, reduce, en forma 
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Introduction
Atherosclerotic cardiovascular disease (ASCVD) is 

the main cause of morbidity and mortality, worldwide1. 
Atherosclerosis, in turn, results from subendothelial 
deposits of ApoB-rich particles, particularly low-density 
lipoprotein cholesterol (LDL-C), remnant particles and 
lipoprotein a [Lp(a)]2. Ample evidence, derived from 
observational, genetic and pharmacological interven-
tion studies, underscores the goal of lowering LDL-C 
and ApoB levels not only to prevent atherosclerosis, 
but also to provide treatment for established vascular 
lesions and atherosclerosis3.

According to the Departamento Administrativo Nacio-
nal de Estadística [National Administrative Department 
of Statistics] (DANE, in Spanish) 2023 report, the main 
cause of morbidity and mortality in Colombia over the 
last 10 years has been cardio-cerebrovascular disease, 
similar to what has been reported in all countries in our 
continent and the world. Approximately one out of three 
Colombians die from this cause, with a constant 
increase that is greater in men than women. This group 
of diseases generates substantial costs for the health-
care system and a significant number of 
disability-adjusted life years (DALYs), without consider-
ing the associated social, familial and work impact. 
Therefore, early detection and comprehensive treat-
ment of modifiable cardiovascular risk factors is one of 
the most cost-effective strategies to reduce the conse-
quences of this disease in the population4,5.

It should be noted that most cardiovascular events 
will occur in people without extremely high cholesterol, 
which reflects an inherited genetic vulnerability to accu-
mulating, retaining and responding to cholesterol accu-
mulation in the vessel wall. Atherosclerosis prevention 
requires a global approach and management of all risk 
factors, including the adoption of healthy lifestyles. This 
specifically includes lowering LDL-C levels with both 
non-pharmacological methods (like diet) and pharma-
cological strategies based on LDL-C-lowering drugs 
like statins, ezetimibe, PCSK9 monoclonal antibodies, 
inclisiran and bempedoic acid, either as single-drug or 
combination therapy. The choice is made based on the 

patient’s risk profile and treatment goals, such as the 
desired blood lipoprotein levels or values. These drugs, 
supported by different levels of evidence, have proven 
to lower the risk of future cardio-cerebrovascular 
events, and the magnitude of this effect depends on 
the initial LDL-C level, the risk profile, the LDL-C level 
achieved and the duration of pharmacological therapy. 
These drugs are generally well tolerated and are 
cost-effective in local settings. However, since these 
drugs are usually taken chronically, the main challenge 
lies in achieving adherence to and persistence in these 
therapies6-9.

Treatment effectiveness has been shown to reduce 
up to 80% when taken intermittently or discontinued for 
several weeks. For patients in secondary prevention, 
this increases the risk of having another myocardial 
infarction by 12% when doses are intermittent and by 
26% when treatment is suspended for more than one 
month in the 24 months after the first event. In addition, 
the risk of experiencing new cardiovascular events 
increases by 22% in the following five years and may 
reach 50% in the following 10 years7,9.

Despite the availability and proven efficacy of statins, 
ezetimibe and PCSK9 monoclonal antibodies, 83.5% of 
adults with established ASCVD have LDL-C levels 
≥ 70 mg/dl, due to a lack of implementation of clinical 
practice guidelines. Furthermore, long-term, the actual 
or perceived tolerance to first-line treatments (statins) 
and low adherence to medication may result in deficient 
long-term persistence in lipid-lowering regimens that 
require daily doses or patient self-administration10.

Prescription and long-term follow-up patterns must 
be changed to ensure that treatment changes follow 
the risk profiles and can change over time. In general, 
prescriptions change very little over time (therapeutic 
inertia). According to the 2023 DANE report in Colom-
bia, less than half of patients with high and very high 
risk are achieving their treatment goals, and medium 
and long-term adherence to this strategy is less than 
30%. This is compounded by the difficulties related to 
obtaining new prescriptions, medication dispensing and 
disease follow-up over time8-12. Initiatives are needed 

sostenida, el C-LDL, y los estudios de simulación muestran un impacto significativo en la prevención de miles de eventos 
cardiovasculares a diez años y con mayor adherencia. Conclusión: las terapias farmacológicas, como inclisirán, representan 
un avance importante en el manejo de la ECA. Su implementación a gran escala, junto con el control de estilos de vida, 
puede mitigar de manera significativa la carga de la enfermedad cardiovascular.

Palabras clave: Enfermedad cardiovascular aterosclerótica. Colesterol LDL. Aterosclerosis. Mortalidad cardiovascular. Esta-
tinas. Ezetimibe. Anticuerpos monoclonales contra PCSK9. Inclisirán.
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to improve the prescription of and access to treatments 
with proven effectiveness, like statins and ezetimibe, 
as well as the development of strategies to implement 
the new therapies and drugs, like RNA, peptide and 
monoclonal antibody based therapies, which are pow-
erful additions to the oral agents and greatly improve 
the capacity to achieve lower LDL-C and Apo B levels 
with a highly favorable specificity and safety profile.

Global multidisciplinary collaborative work groups are 
needed to optimize equitable access to treatments with 
sufficient evidence and the implementation of new ther-
apies, involving the industry, regulatory agencies, the 
government and the community. In this context, a call 
to action for new global approaches to pharmacological 
solutions for cardiovascular diseases published by the 
American Heart Association (AHA) in 2021 highlights 
the need to phenotype patients, moving away from 
syndromic approaches and delving into patient stratifi-
cation based on biological mechanisms and identifying 
those who progress faster, especially in the context of 
ASCVD and heart failure, and working on all the 
measures that will allow the population to participate 
more in dyslipidemia control11-14.

If we are to fulfill the commitment to reduce the num-
ber of premature deaths related to noncommunicable 
diseases by 25% by 2025, according to the World 
Health Organization’s Global Action Plan 2013-203015, 

as well as the Colombian Decennial Public Health Plan 
2022-2031 to reduce the burden of preventable disease 
and disability in individuals, families and communities 
according to the regional realities, easily scalable strat-
egies must be created and implemented to reduce the 
population’s risk, along with intersectoral and trans-sec-
toral policies focused on the biological, social, eco-
nomic and political determinants, to improve health and 
wellbeing16. Healthcare professionals and public health 
and policy institutions should measure and highlight the 
impact of cardiovascular risk factor changes main-
tained over time in many people, on cardiovascular 
outcomes in the population (Fig. 1).

To accomplish this, Monte Carlo is a mathematical 
multiple probability simulation tool used to estimate the 
possible outcomes of uncertain events. It helps evalu-
ate the impact of risk in real situations and analyzes 
the sensitivity to evaluate the impact of individual 
entries on a given outcome, calculate the correlation 
between entries to understand the relationships 
between the variables, and create a model of possible 
outcomes using a probability distribution. The Monte 
Carlo simulation method allows data from short-term 
clinical trials to be extrapolated to long-term health 
outcomes in the population, estimating how the imple-
mentation of interventions against ASCVD in the 

Figure 1. Cardiovascular risk in Colombia.
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population could alleviate a large part of the future bur-
den on patients and healthcare systems17.

Inclisiran is a small interfering RNA (siRNA) therapy 
designed to produce sustained PCSK9 inhibition and, 
therefore, lower LDL-C. Inclisiran has been shown to 
effectively lower LDL-C levels with each six-month dose. 
Since LDL-C reduction through different strategies has 
been shown to reduce cardiovascular events in propor-
tion to its absolute reduction, the LDL-C reduction found 
in the ORION 10 and 11 trials, if maintained for another 
nine years with 18 additional inclisiran injections, could 
reduce the 10-year cardiovascular risk15-18. The potential 
cardiovascular health benefits of inclisiran, combined 
with statins, have been evaluated using Monte Carlo 
simulation with 500,000 individuals similar to the ORION 
10 and ORION 11 trial populations. To do this, the base-
line 10-year cardiovascular risk was calculated for the 
ORION 10 and 11 populations, using the Second Mani-
festations of ARTerial diseases (SMART) equation in 
patients with prior cardiovascular disease19. The SMART 
equation has external validation in cohorts from Western 
Europe, Southern Europe, United States, Canada, Mex-
ico, South Africa, Australia and New Zealand20.

A simulation study of a healthcare system intervention 
to estimate the cardiovascular health benefits of an 
siRNA approach, shows significant potential cardiovas-
cular benefits of using inclisiran in individuals with a high 
risk of cardiovascular events (25% predicted 10-year risk 
and an LDL-C of 104 mg/dl). The simulation predicts that 
31,522 potential cardiovascular events could be pre-
vented in the first 10  years by using inclisiran plus 
statins, compared with a projected increase of 1,426 first 
cardiovascular events in the group with placebo injec-
tions and statins alone in this simulated population. In 
individuals with a ≥ 20% risk of cardiovascular events, 
inclisiran treatment could prevent up to 23,552 cardio-
vascular events (first events) over 10 years, highlighting 
the potential benefit in high-risk populations19.

These findings suggest that significant gains could 
be made in the population’s health over 10  years by 
implementing large-scale strategies with the capacity 
to provide substantial and sustained LDL-C reductions, 
beyond the gains that can be achieved with statins. 
This highlights inclisiran’s potential to have an impact 
on public health by reducing the incidence of cardio-
vascular events. This article concludes that the cardio-
vascular outcomes with inclisiran are awaited to confirm 
its long-term benefits and cardiovascular safety, along 
with studies in real-world settings, providing a more 
complete understanding of its potential benefits and 
limitations19-22.

Conclusions

These promising population-level results are a refer-
ence point for Colombia and reflect the potential benefits 
of large-scale strategies. Using data from the ORION 10 
and 11 studies, enrolling a very high cardiovascular risk 
population on maximum statin doses, baseline LDL-C 
levels were lowered by 52.3% (United States population, 
ORION 10) and 49.9% (European and African popula-
tion, ORION 11). This indicates a 50% global reduction 
in LDL-C, equivalent to 52 mg/dl, which remains stable 
over time with just two doses per year and minimal side 
effects. Although there is insufficient data in Colombia to 
replicate the simulations described or extensive second-
ary prevention follow-up cohorts, there is reliable evi-
dence that the impact on humans of a 38 mg/dl reduction 
in LDL-C results in an approximately 10% reduction in 
cardiovascular mortality and 22% reduction in cardiovas-
cular events, if maintained for five years, without consid-
ering the initial risk profiles. Adjusting for the risk profile, 
there would be an absolute rate difference (ARD) for 
all-cause mortality of  –1.33 (–1.76;  –0.76), which, 
undoubtedly, would have a very positive impact on the 
national vital statistics. It is also important to point out that 
inclisiran has significant advantages in its twice-yearly 
dosing schedule (due to its mechanism of action). This 
ensures sustained LDL-C reductions and promotes high 
long-term patient adherence and persistence, overcom-
ing the current barriers, facilitating large-scale implemen-
tation, and ensuring a sustained positive impact on 
cardiovascular risk reduction in the population.
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Atrial appendage occlusion in patients with atrial fibrillation on 
renal replacement therapy
Cierre de orejuela en pacientes con fibrilación auricular en terapia de reemplazo renal
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ORIGINAL ARTICLE

Abstract
Introduction: left atrial appendage occlusion (LAAO) is a therapeutic alternative in patients with nonvalvular atrial fibrilla-
tion (NVAF) when anticoagulation is contraindicated. In patients with NVAF on renal replacement therapy, the embolic risk 
is accompanied by a very high risk of bleeding. Anticoagulant therapy has not shown an adequate risk-benefit relationship. 
Objective: to describe the population of patients with atrial fibrillation on renal replacement therapy who undergo percu-
taneous atrial appendage occlusion, and the immediate results of the intervention. Method: this was a retrospective, 
multicenter, descriptive study of patients with NVAF and chronic kidney disease on renal replacement therapy who 
underwent LAAO from 2017 to 2022. Results: this series of 25  patients had the following characteristics: average age: 
68.8 years; 68% were men, 100% had hypertension, 52% had type 2 diabetes mellitus, and 36% had coronary disease. 
The average CHA2DS2-VASc score for measuring embolic risk was 4 points. The average systolic function measured by 
left ventricular ejection fraction (LVEF) was 55%. A total of 48% were on anticoagulation. As far as the devices used, 76% 
were WATCHMAN and 24% were Amulet devices. The procedure was successful in 96%. There were four non-serious 
complications. There were no intervention-related ischemic cerebrovascular events or deaths. Conclusion: LAAO in 
patients on renal replacement therapy has proven to be an effective and safe alternative, with a low rate of complications 
and a favorable initial follow-up.

Keywords: Atrial fibrillation. Renal replacement therapy. Atrial appendage. Anticoagulants. Vascular closure devices.

Resumen
Introducción: el cierre de la auriculilla izquierda es una alternativa terapéutica en pacientes con fibrilación auricular no 
valvular (FANV) con contraindicación para anticoagulación. Los pacientes con terapia reemplazo renal y FANV tienen alto 
riesgo embólico, acompañado de un elevadísimo riesgo de sangrado. La anticoagulación no ha demostrado una relación 
adecuada de riesgo-beneficio. Objetivo: describir la población de pacientes con fibrilación auricular en terapia de reemplazo 
renal que son llevados a cierre percutáneo de orejuela y los resultados inmediatos de la intervención. Método: estudio des-
criptivo retrospectivo, multicéntrico, de pacientes con FANV y enfermedad renal crónica en terapia de reemplazo renal lleva-
dos a LAAO desde 2017 a 2022. Resultados: serie de 25 pacientes cuya edad promedio fue 68.8 años; 68% fueron hombres, 
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Introduction
In patients on renal replacement therapy with nonval-

vular atrial fibrillation (NVAF), the risk of embolism is 
accompanied by a very high risk of bleeding; therefore, 
anticoagulant therapy has not categorically shown an 
appropriate risk-benefit ratio, and the best treatment for 
this population has not yet been determined1. The left 
atrial appendage is a lethal source of emboli in patients 
with atrial fibrillation; therefore, left atrial appendage 
occlusion (LAAO), with its lower embolic risk and long-
term bleeding reduction (by avoiding anticoagulation), 
is an alternative with a solid pathophysiological basis 
and encouraging results in initial studies of patients 
around the world1. Atrial appendage occlusion can also 
reduce the risk of stroke in patients for whom oral anti-
coagulation is contraindicated. Oral anticoagulant 
(OAC) therapy has proven to be feasible in mild to 
moderate chronic kidney disease (CKD). On the other 
hand, the optimal antithrombotic treatment for patients 
with atrial fibrillation and end-stage renal disease is not 
known and has is insufficient evidence to support it2,3.

Chronic kidney disease is associated with the onset 
of cardiovascular disease and can also increase the 
risk of atrial fibrillation; therefore, these conditions have 
a reciprocal relationship. Regardless of its severity, 
CKD is associated with a higher prevalence of atrial 
fibrillation and a greater risk of stroke or systemic 
thromboembolism and bleeding4-6. The risk of major 
bleeding in patients on hemodialysis increases signifi-
cantly with anticoagulant and antiplatelet therapy7.

Oral anticoagulants are not associated with a lower 
risk of thromboembolism in patients with atrial fibrilla-
tion on long-term dialysis. Warfarin, dabigatran and 
rivaroxaban are associated with a significantly higher 
risk of bleeding compared with apixaban and no anti-
coagulant. The risk-benefit ratio of OACs in patients 
with atrial fibrillation on dialysis is not well established 
and, therefore, percutaneous occlusion of the atrial 
appendage in this group of patients is an encouraging 
alternative for reducing embolic risk8. Anticoagulation 

is an effective measure for reducing this risk; however, 
there are groups of patients for whom evidence is lack-
ing or anticoagulation is contraindicated. Despite hav-
ing the option of percutaneous occlusion of the atrial 
appendage, the short and long-term outcomes in 
patients on renal replacement therapy are unknown2,8.

Thus, percutaneous occlusion could become a ther-
apeutic option for reducing embolic risk in patients with 
atrial fibrillation on renal replacement therapy for whom 
evidence is lacking or anticoagulation is contraindi-
cated. The objective is to describe the population of 
patients with atrial fibrillation on renal replacement ther-
apy who undergo percutaneous atrial appendage 
occlusion, as well as the immediate outcomes of the 
intervention.

Method

This was a retrospective multicenter study of patients 
with NVAF and CKD on renal replacement therapy who 
underwent LAAO between January 2017 and Decem-
ber 2022. The study sample was collected using 
non-probability convenience sampling. All patients who 
met the inclusion criteria during the study period 
(patients over the age of 18 with NVAF and CKD on 
renal replacement therapy who underwent atrial 
appendage occlusion, with a high embolic risk measured 
by CHADS-VASc and an indication for anticoagulation) 
were included. Patients with total functional depen-
dency, CKD without renal replacement therapy, 
mechanical heart valves and anticoagulant therapy pre-
scribed for a reason other than atrial fibrillation were 
excluded.

A chart review was done of the patients available at 
the various healthcare facilities. An exhaustive search 
was done for all cases that met the inclusion criteria. 
The charts were reviewed and analyzed, selecting the 
patients who underwent LAAO and had CKD. After the 
exhaustive search, the data was extracted from the 
charts. A digital data collection form was filled out for 

100% hipertensos, 52% diabéticos y 36% con enfermedad coronaria. El riesgo embólico por CHA2DS2-VASc promedio fue 
4 puntos. La función sistólica medida por FEVI fue, en promedio, 55%. El 48% recibía anticoagulante previamente. Respecto 
al tipo de dispositivo, 76% tenía WATCHMAN y 24% Amulet. El procedimiento fue exitoso en el 96%. Hubo cuatro compli-
caciones no graves. No se presentaron eventos cerebrovasculares isquémicos ni muertes relacionadas con la intervención. 
Conclusión: el cierre de la auriculilla izquierda en pacientes con terapia de reemplazo renal ha mostrado ser una alternativa 
efectiva y segura, con una baja tasa de complicaciones y un seguimiento inicial favorable para los pacientes.

Palabras clave: Fibrilación atrial. Terapia de reemplazo renal. Apéndice atrial. Anticoagulación. Dispositivos de cierre vas-
cular.
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each patient, and the data was stored in a previously 
designed Excel form. A  Google spreadsheet was 
designed by the investigators and stored in the cloud 
on Google Drive, which allowed the data to be accessed 
and edited at any time from mobile devices or comput-
ers. Editing access to the database was restricted and 
only available for the study investigators. Considering 
the potential information bias due to the data collection 
tool (which was controlled through proper database 
handling and appropriate patient selection based on 
the inclusion and exclusion criteria), unified criteria 
between the investigators was essential to ensure 
proper data collection. Data processing for statistical 
analysis was done using SPSS Statistics 24.0. The 
data was managed on Windows 8, and Microsoft Excel 
2010 was used to generate the database. For the anal-
ysis plan, qualitative variables were analyzed using 
frequencies and percentages, and quantitative vari-
ables with averages and standard deviation. For asym-
metric variables (with noncentral distribution), medians 
and percentiles were calculated. The bivariate analysis 
was done using Chi2 and the comparison of means or 
medians (T test, U test, ANOVA). A  p less than 0.05 
was considered statistically significant. Approval was 
received from the ethics committees of the participating 
institutions, respecting the principles of beneficence, 
nonmaleficence and justice. According to Article 11 of 
Resolution 008430 of 1993, our research project was 
considered to be “no-risk.”

Results
Twenty-five patients were analyzed, with an average 

age of 68.8  years; 68% were male and 100% had 
hypertension, 52% had type 2 diabetes mellitus, 36% 
had coronary disease, 36% had dyslipidemia, 28% had 
prior cerebrovascular disease, 24% had hypothyroid-
ism, 20% had heart failure and 8% had chronic obstruc-
tive pulmonary disease (Table 1).

Of the 100% of patients with atrial fibrillation and 
CKD on renal replacement therapy, 92% were on 
hemodialysis and 8% on peritoneal dialysis. The aver-
age CHA2DS2-VASc score for embolic risk was 4 
points, classified as high risk (a minimum of 1 point and 
a maximum of 6 points). The main indication for percu-
taneous atrial appendage occlusion was renal replace-
ment therapy in 100%, along with a history of 
gastrointestinal bleeding in 20%, another type of bleed-
ing in 20% and a brain bleed in 8%.

The average systolic function measured by left ven-
tricular ejection fraction (LVEF) was 55% (minimum of 

33% and maximum of 70%). A  total of 48% were on 
prior anticoagulant therapy (28% on warfarin and 20% 
on apixaban). As far as the device, 76% had a WATCH-
MAN device and 24% an Amulet device, with an aver-
age size of 26 mm. The mean fluoroscopy time during 
the procedure was 16  minutes, and the mean total 
procedure time was 78 minutes (Table 2); intracardiac 
echocardiography was used in 52% of the patients. The 
procedure was successful in 96% of the patients.

There were four complications related to the proce-
dure, corresponding to 16% of the patients: one hema-
toma at the access site that did not require intervention, 
one AV fistula that required surgery, one cardiac tam-
ponade that required pericardial drainage, and one 
intracavitary thrombus in which percutaneous atrial 
appendage occlusion could not be performed. There 
were no deaths related to the intervention.

After the procedure, pharmacological management 
involved direct oral anticoagulants in 48%, dual anti-
platelet therapy in 28%, single antiplatelet therapy in 
24%, low-molecular-weight heparin in 4% and no ther-
apy in 4%. None of the patients had clinically docu-
mented ischemic cerebrovascular disease (one patient 
had a mild cerebral hemorrhage that did not require 
surgical drainage while on single antiplatelet therapy). 
The overall mortality in this population was 28%, and 
none of these deaths were related to the procedure or 
intervention; 20% died from kidney disease complica-
tions, 4% due to diabetes complications, and 4% due 
to advanced cancer (Table 3).

Table 1. Sociodemographic and clinical characteristics 
of the patients 

Characteristic n (%)

Sex
Female
Male

 
8 (32)

17 (68)

Age, average ± SD 68.80 ± 7.30

Hypertension 25 (100)

Type 2 diabetes mellitus 13 (52)

Hypothyroidism 6 (24)

Dyslipidemia 9 (36)

Cerebrovascular disease 7 (28)

Chronic obstructive pulmonary disease 2 (8)

Heart failure 5 (20)

Coronary disease 9 (36)
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Discussion
The incidence, prevalence and outcomes of atrial 

fibrillation reported in patients with end-stage renal dis-
ease vary, as do the outcomes in patients on renal 
replacement therapy9. Fink et al.2 described a popula-
tion of 604  patients with CKD, and only 49 were on 
renal replacement therapy. In this study, we reported 
25 cases in fewer study centers, which could be con-
sidered a significant sample. The population in Fink’s 
study also had similar characteristics, despite having a 
higher mean age (76  vs. 68  years)2: shared percent-
ages of comorbidities like hypertension, diabetes and 
vascular disease; the same embolic risk with a 
CHA2DS2-VASc score of 4 vs. 4; and a contraindica-
tion for anticoagulation. Considering the paucity of evi-
dence for using OACs in patients on renal replacement 
therapy, as well as the high risk of bleeding, studies 
report wide differences in the use of anticoagulant and 
antiplatelet therapy in these patients. For instance, 
Sood et al.’s study reported a range of 0.3-18%, while 
our study found a high percentage (48%) of pharmaco-
logical treatment, even in patients on renal replacement 
therapy10.

On the whole, despite the high burden of comorbid-
ities in patients with CKD and atrial fibrillation, they 
generally have preserved systolic function2; our study 
found preserved left ventricular systolic function, with 
an average of 50%. In some studies, percutaneous 
atrial appendage occlusion has been done exclusively 
using the Amulet device11, while in others, only the 
WATCHMAN device has been used12. In our study, 
different available techniques and devices were 
employed for atrial appendage occlusion, 76% using 
WATCHMAN devices and 24% Amulet devices, which 
allows a comparative analysis of outcomes with the 
different techniques.

One Italian multi-center registry analyzed 142 patients 
on hemodialysis who underwent percutaneous atrial 
appendage occlusion and compared their clinical and 
procedural outcomes with those of patients on 

hemodialysis who received OACs or no antithrombotic 
therapy. They found few periprocedural complications, 
as well as significantly lower overall mortality during the 
21-month follow-up in patients who underwent percu-
taneous occlusion13. The rate of periprocedural compli-
cations was 16%, and these were very mild and did not 
require complex interventions; in addition, there was a 
lower rate of hemorrhagic complications, which coin-
cides with information from Luani’s studies14. A  pro-
spective registry found that, despite patients with CKD 
having a higher cardiovascular risk profile, device 
implantation was safe, and percutaneous atrial append-
age occlusion was associated with effective stroke pre-
vention in all CKD stages15. Our study found a 0% rate 
of ischemic embolic complications (only one case had 
mild hemorrhagic cerebrovascular disease that did not 
require complex interventions and could be related to 
residual antiplatelet therapy). Of those who underwent 
atrial appendage occlusion with a device, patients with 

Table 2. Procedural characteristics and left ventricular ejection fraction (LVEF) characteristics

n Minimum Maximum Mean Standard dev.

LVEF (%) 25 33.0% 70.0% 54.9% 8.7%

Size of the device (mm) 25 18.0 35.0 26.40 5.3

Fluoroscopy time (min) 16 6.0 35.0 15.9 8.0

Procedure time (min) 15 40.0 150.0 78.5 31.5

Table 3. Outcomes of the intervention 

Characteristic n (%)

Success of the procedure 24 (96)

Amulet device 6 (24)

WATCHMAN device 19 (76)

Exclusive use of intracardiac echocardiography 13 (52)

Single antiplatelet therapy after the intervention 6 (24)

Dual antiplatelet therapy after the intervention 7 (28)

Oral anticoagulant therapy after the intervention 12 (48)

Low‑molecular‑weight heparin after the intervention 1 (4)

No pharmacological therapy after the intervention 1 (4)

Ischemic cerebrovascular event 0 (0)

Hemorrhagic cerebrovascular event 1 (4)

Procedure‑related complications 4 (16)
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CKD and those with normal kidney function had similar 
procedural safety16, which favors the indication for 
occlusion in patients on renal replacement therapy.

A retrospective cohort found that apixaban was asso-
ciated with a lower risk of bleeding17. In our study’s 
postoperative treatment, the most frequently used anti-
coagulant was apixaban, which could confer a protec-
tive effect against the elevated risk of bleeding after the 
intervention.

Mortality varies, and despite being patients with a 
high burden of comorbidities, most deaths after device 
implantation are related to the kidney disease itself as 
well as the patients’ own diseases. Our study found a 
mortality rate of 28%, and none of the deaths were 
related to the procedure or the intervention; 20% were 
secondary to kidney disease complications. The mor-
tality rate in other studies has been lower, from 10-18%2.

Patients on dialysis have been under-represented in 
cardiovascular trials that have shown a net benefit from 
commonly used preventive treatments (e.g., antihyper-
tensive treatment, low-dose aspirin, carotid revascular-
ization and thromboprophylaxis for atrial fibrillation), 
and there is still uncertainty regarding the safety and 
efficacy of many of these treatments in this high-risk 
population18-20.

Limitations
Having a chart review as the only source of data 

could be a source of bias, and therefore the charts 
were exhaustively reviewed and patients with more 
than 90% of the data recorded were included. In view 
of the lack of evidence for anticoagulation in patients 
with kidney disease, patients were selected according 
to the criteria of at least two specialists, to ensure they 
were good candidates for the procedure.

Conclusion
The experience with LAAO in patients on renal 

replacement therapy has proven to be an effective and 
safe alternative, which also has a low rate of complica-
tions. These are patients with multiple comorbidities but 
preserved systolic function, in whom anticoagulation is 
contraindicated due to a lack of evidence to support its 
use and who benefit from this treatment option, with a 
low rate of periprocedural complications. Despite hav-
ing high mortality, this mortality is not due to either the 
intervention or embolic events. New studies are needed 
in larger populations to validate these results in other 
patient groups.
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Abstract
Introduction: aortic valve replacement is one of the most common cardiac surgeries today, traditionally performed through 
open-heart surgery (median sternotomy). However, alternative surgical approaches, such as minimally invasive surgery 
through a mini-median sternotomy and transcatheter aortic valve implantation (TAVI), have been developed. Objective: to 
describe the experience of a cardiovascular center in Tolima with aortic valve replacement using different surgical approaches 
between 2018 and 2021. Method: a descriptive, cross-sectional study was conducted. A descriptive and bivariate analysis 
was performed of the surgical approach used. Results: the population consisted of 131 patients. Degenerative aortic valve 
disease was found in 71.7% (n = 94) of cases, followed by congenital conditions in 28.2% (n = 37). Regarding the surgical 
approach, 64.9% (n = 85) underwent open-heart surgery, followed by 24.4% (n = 32) who had minimally invasive surgery, 
and in third place, 10.7% (n = 14) with transcatheter replacement. Bivariate analysis revealed that the minimally invasive 
approach showed better results. Conclusions: the open surgical approach is the most commonly implemented; however, the 
minimally invasive approach should be considered as an option due to its excellent results and a similar cost. This approach 
offers benefits such as reduced postoperative pain and a smaller surgical scar. Transcatheter access is preferred for patients 
at high surgical risk.

Keywords: Aortic valve. Aortic valve stenosis. Aortic valve insufficiency. Transcatheter aortic valve replacement.

Resumen
Introducción: en la actualidad, el reemplazo valvular aórtico es una de las cirugías cardiacas que más se realiza. Durante 
décadas, se hizo por vía abierta (esternotomía media); sin embargo, se han desarrollado otros accesos quirúrgicos, como la 
miniesternotomía media (mínima invasión) y el reemplazo vía transcatéter (TAVI). Objetivo: describir la experiencia de un 
centro cardiovascular en el reemplazo de válvula aórtica por los diferentes accesos quirúrgicos entre 2018 y 2021. Método: se 
llevó a cabo un estudio descriptivo, de corte transversal, que incluyó un análisis descriptivo y bivariado respecto al acceso 
quirúrgico utilizado. Resultados: la población estuvo conformada por 131 pacientes. Se registró valvulopatía aórtica de 
origen degenerativo en el 71.7% (n = 94), seguida de la origen congénito en el 28.2% (n = 37). Respecto al abordaje quirúrgico, 
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Introduction
Heart valve disease is a public health problem around 

the world, due to its heightened incidence. Thus, an 
estimated one out of eight people over the age of 75 
have this condition1. Aortic valve disease is the most 
prevalent, which is secondary to heart valve stenosis 
in 40 to 50% of those affected 2. Its prevalence ranges 
from 2.8% in people 60 to 74 years of age to 13.1% in 
those over the age of 752,3. In high-income countries, 
aortic valve disease is mainly degenerative; on the 
other hand, in middle and low-income countries, the 
main cause is rheumatic3.

Currently, valve replacement is the second most 
common heart surgery procedure4, with the main val-
vular surgery being aortic valve replacement5, which for 
decades was done with open surgery using median 
sternotomy. However, over the years, different surgical 
approaches have been developed for valve replace-
ment, such as mini-median sternotomy (minimally inva-
sive) and transcatheter aortic valve implantation (TAVI), 
whose goal is to reduce surgical trauma and hospital-
ization time, and leave smaller surgical scars2,4,6. How-
ever, their use will depend on the patients’ characteristics 
and the surgeons’ expertise. Therefore, the objective of 
this paper is to describe the aortic valve replacement 
experience of a tertiary care cardiovascular center in 
Tolima, using different surgical approaches, between 
2018 and 2021.

Method
This was a descriptive, cross-sectional study at a 

tertiary care institution in a city in Tolima, between 
September 2018 and September 2021.

Patients over the age of 18 who underwent aortic 
valve replacement surgery with no other heart proce-
dure between September 2018 and September 2021 
were included. Patients under the age of 18 or those 
with incomplete medical records were excluded.

A total of 131  patients who met the inclusion cri-
teria were found in the medical chart system in the 

cardiovascular surgery department. A  data collection 
tool was structured that included sociodemographic, lab-
oratory and imaging variables, the characteristics of the 
surgical procedure, immediate postoperative complica-
tions and total cost for each type of surgical approach 
employed.

A descriptive analysis was done in which qualitative 
variables were expressed as absolute values and 
percentages, while quantitative variables were 
described as measures of central tendency and dis-
persion, according to their normality. In addition, the 
average total cost of the procedures in Colombian 
pesos was recorded, from the preoperative to the 
postoperative stage, which included the cost of the 
hospital stay, and was converted to dollars using the 
international exchange rate. A bivariate analysis was 
done for the type of surgical approach used in the 
valve replacement procedure (open-minimally inva-
sive-transcatheter). Student’s t and Mann-Whitney U 
tests were used for quantitative variables, and 
Chi  square and Fisher’s test were used for dichoto-
mous variables, as required, considering a p value 
less than 0.05 to be statistically significant. The sta-
tistical analysis was done using R-Studio Desktop 
version  1.3.1073. The study was reviewed and 
approved by the institutional ethics and research 
committee with code CICAI-02-2023.

Results

The population consisted of 131  patients, 60.3% 
(n  =  79) of whom were male, with a median age of 
66 years (interquartile range [IQR]: 56.5-73.5). The pro-
cedures were scheduled in 98.5% (n = 129) of the study 
population, and only 1.5% (n = 2) were emergency 
procedures. Hypertension was the most frequent 
pre-existing condition, with 77.1% (n = 101); heart failure 
with Framingham criteria and proBNP levels with a 
cutoff point of 750  mg/dl was in second place, with 
60.3% (n = 79); and dyslipidemia and smoking were in 
third and fourth place, with 39.7% (n = 52) and 38.2% 

fue abierto en el 64.9% (n = 85), mínimamente invasivo en el 24.4% (n = 32) y transcatéter en el 10.7% (n = 14). El análisis 
bivariado mostró que el abordaje mínimamente invasivo tenía mejores resultados. Conclusiones: el acceso abierto es el 
más implementado; no obstante, el mínimamente invasivo se debe plantear como una opción que ofrece excelentes resul-
tados y un costo económico similar, además de beneficios como la disminución del dolor posoperatorio y una cicatriz quirúr-
gica menor. Se prefiere implementar el acceso transcatéter en pacientes con alto riesgo quirúrgico.

Palabras clave: Válvula aórtica. Estenosis de la válvula aórtica. Insuficiencia de la válvula aórtica. Reemplazo de la válvula 
aórtica transcatéter.
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(n = 50), respectively. The rest of the sociodemographic 
variables studied are shown in table 1.

Table 1 also mentions the presurgical scales used to 
measure morbidity and mortality: EUROscore II, which 
reported a median of 2.2% (IQR: 1.3-5.1) and the STS 
morbidity and mortality score, that reported a median 
of 11.8% (IQR: 7.9-18.7), with a mortality value of 4.02% 
(1.78-5.8). As far as diagnostic imaging, the presurgical 
echocardiogram reported a left ventricular ejection 
fraction (LVEF) of 52% (IQR: 39-62), with peak and 
mean gradients of 75  mmHg (IQR: 38.6-100.3) and 
44 mmHg (IQR: 31-56), respectively.

Degenerative valve disease was present in 71.7% 
(n  = 94), followed by congenital disease in 28.2% 
(n = 37), 49.6% (n = 65) of whom had signs of mixed 
structural damage (regurgitation and stenosis), with the 
remaining 50.4% (n = 69) having stenosis (28.3%) or 
regurgitation (23.7%). Regarding the surgical approach, 
64.9% (n = 85) were open procedures, that is, using a 
median sternotomy with central cannulation for extra-
corporeal circulation (arterial access through the 
ascending aorta and venous access directly in the right 
atrium). These were followed by 24.4% (n = 32) using 
the minimally invasive approach with a minithoracot-
omy through the fifth intercostal space with peripheral 
cannulation, which was done using both arterial and 
venous femoral access. In third place, 10.7% (n = 14) 
were transcatheter procedures which were all done 
using femoral access, where it is important to mention 
that the patients with a history of atrial septal defects 
received pericardial patching in an open procedure 
(n = 2) and minimally invasive surgery (n = 2). The open 
and minimally invasive procedures were performed with 
extracorporeal circulation, in which extracorporeal cir-
culation and aortic clamp times of 82 (IQR 73-97.3) and 
64  minutes (IQR 57.7-73) were reported, respectively. 
The type of valve most frequently implanted was a bio-
logical valve, with 90.8% (n = 119) and the most fre-
quently used prosthetic valve size was 23 cm2, in 
29.8% (n = 39), followed by 21 cm2 in 25.2% (n = 25.2); 
these sizes were determined during the surgical proce-
dure, when the respective valve annulus was measured 
with a set of scientifically supported valve measurers 
(Table 2).

The most frequent postoperative outcome was post-
operative atrial fibrillation, with 24.4% (n = 32), followed 
by prolonged mechanical ventilation (more than 
24 hours after surgery) and dialysis, which occurred in 
6.1% (n = 8) of the population. Reinterventions for any 
reason were performed in 2.3% (n = 3), and the post-
operative mortality rate was 3.0% (n = 4), with 2.4% 

Table 1. Description of patients undergoing aortic valve 
replacement surgery

Characteristics n = 131

Sociodemographic characteristics

Sex, n (%)
Male
Female

  
79 (60.3)
52 (39.7)

Age (IQR) 66 (56.5‑73.5)

Emergency surgery, n (%)
Yes
No

  
2 (1.5)

129 (98.5)

History

Hypertension, n (%) 101 (77.1)

Diabetes mellitus, n (%) 25 (19.9)

Stroke, n (%) 6 (4.6)

Dyslipidemia, n (%) 52 (39.7)

Chronic obstructive pulmonary disease, n (%) 30 (22.9)

Asthma, n (%) 2 (1.5)

Cancer, n (%) 4 (3.1)

Peripheral artery disease, n (%) 2 (1.5)

Coronary disease, n (%) 18 (13.7)

Atrial fibrillation, n (%) 8 (6.1)

Atrial septal defect, n (%) 4 (3.1)

Obesity, n (%) 14 (10.7)

Smoking, n (%) 50 (38.2)

Chronic kidney disease, n (%) 35 (26.7)

Endocarditis, n (%) 3 (2.3)

Heart failure, n (%) 79 (60.3)

Preoperative risk scales

ASA classification, n (%)
III
IV

  
18 (13.7)

113 (86.3)

Euroscore II (IQR) 2.18 (1.3‑5.1)

STS morbidity and mortality score (IQR) 11.84 (7.92‑18.36)

STS mortality score (IQR) 4.02 (1.78‑5.8)

Preoperative echocardiogram

Preoperative LVEF% (IQR) 52.5 (39‑62)

Peak gradient (IQR) 75 (38.6‑100.3)

Mean gradient (IQR) 44 (31‑56)

AVA by CE (IQR) 0.7 (0.6‑0.9)

Vmean (IQR) 0.8 (0.7‑0.9)

Vmax (IQR) 4.3 (3.4‑4.9)

Vmean/Vmax (IQR) 0.15 (0‑0.2)

IQR: interquartile range.
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(n = 2) for open repair, and 14.3% (n = 2) for transcath-
eter repair. The postoperative intensive care unit stay 
was five days (IQR 4-5). The remaining postoperative 
outcomes are found in table 3.

The costs related to the type of surgical approach are 
those billed by the institution and are summarized in 
table  4. The open approach was the least expensive, 
followed by the minimally invasive approach, and the 
transcatheter approach was the most expensive (Table 4).

On the bivariate analysis of the type of surgical 
approach for aortic valve replacement, the patients 
who underwent transcatheter and sternotomy interven-
tions had a higher average age (67 years vs. 59 years) 
than those undergoing minimally invasive procedures. 
Furthermore, there was a higher percentage of preop-
erative medical conditions like diabetes mellitus and 
prior coronary disease in those who underwent 
transcatheter or open interventions, which is related to 
higher percentages on the EUROSCORE II scale and 
STS score. As far as postoperative outcomes, a large 
percentage of patients with transcatheter replacement 
were found to require dialysis and mechanical ventila-
tion (Table 5).

Discussion
Aortic valve disease is the most common valve dis-

ease and causes high morbidity and mortality rates 
around the world. In Tolima, aortic valve disease has 
had a significant impact, and it is ranked as the seventh 
Colombian department with the most total valve 
replacements; aortic valve replacement is the most 
frequent, with a significant figure (75% of the total)7. 
This situation reflects the impact of the disease not only 
on the individuals’ quality of life, but also on the health-
care system’s finances, due to the costs of valve dis-
ease treatment. Technical advances have allowed the 
use of different approaches for aortic valve replace-
ment in selected patients, including open, minimally 
invasive and transcatheter procedures.

In our study, the median age of patients undergoing 
surgery was 66 years, similar to the data published by 
Revista Colombiana de Cardiología regarding valve 
surgery in Colombia, in which the highest number of 
valve replacements occurred in the 60-to-79-year age 
range7. In contrast, the median age of the study popu-
lation in a registry of 25 centers in the United States, 
Canada and Germany was higher, at 85 years for the 
open group and 84 years for the transcatheter group8. 
This age difference could be attributed to increased life 
expectancy in developed countries, possibly due to 

health-related improvements and progress which 
results in progressive population aging.

On the other hand, the previously mentioned analysis 
showed that more than half of the patients who underwent 
transcatheter or open surgery interventions were male 
(57.8 vs. 56.7%), which does not differ from our study or 
Revista Colombiana de Cardiología’s study which have 
already been discussed, in which males were found to be 
most affected in both types of procedures. There was a 
similar trend in a randomized clinical trial in the 
United Kingdom and an article published by the Massa-
chusetts Medical Society9,10. This could be explained by 
the fact that males have the highest proportion of cardio-
vascular risk factors like smoking and dyslipidemia, which 
makes them more prone to developing the disease.

We should also highlight that, in our study, hyperten-
sion was the most important pre-existing condition, with 

Table 2. Clinical and aortic valve replacement procedure 
characteristics

 Characteristics n = 131

Clinical characteristics of aortic valve disease

Cause of aortic valve disease, n (%)
Congenital
Rheumatic
Degenerative

  
37 (28.2)

0 (0)
94 (71.8)

Type of valve lesion, n (%)
Regurgitation
Stenosis
Regurgitation + stenosis

 
35 (26.8)
31 (23.7)
65 (49.6)

Surgical procedure

Type of prosthesis, n (%)
Biological
Mechanical

  
119 (90.9)

12 (9.2)

Valve number, n (%)
19 mm
21 mm
23 mm
25 mm
26 mm
27 mm
28 mm
29 mm
34 mm

 
12 (9.2)

33 (25.2)
39 (29.8)
16 (12.2)

4 (3.1)
13 (9.9)
1 (0.8)

11 (8.4)
2 (1.5)

Surgical approach, n (%)
Open
Ministernotomy
Transcatheter

 
85 (64.9)
32 (24.4)
14 (10.7)

Pump time (IQR) 82 (73‑97.3)

Clamp time (IQR) 64 (57.7‑73)

IQR: interquartile range. 
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77.1%, followed by heart failure, with 60.3%, while dys-
lipidemia and smoking were third and fourth, with 39.7 
and 38.2% respectively. These findings concur with the 
results reported in a registry in California11. This study 
showed that hypertension was the most relevant prior 
condition, followed by heart failure and smoking. Very 
similar data were reported in an article by the European 
Society of Cardiology12. In contrast, significant differ-
ences were found in a registry by the Mayo Founda-
tion13, which showed that the most frequent prior 
medical condition in the population was heart failure, 
followed by coronary artery disease, hypertension and 
kidney failure.

Another relevant aspect is that the study performed 
in 25 centers that we discussed initially7 found no sig-
nificant differences between the transcatheter and 
open approach groups as far as the median STS score 
for morbidity and mortality (11.8 vs. 11.7%), which does 

not resemble our records, as the STS score was much 
higher for the transcatheter intervention compared to 
open and minimally invasive valve replacement. This is 
related to the fact that, in Colombia, the transcatheter 
approach is selected for patients with a higher surgical 
risk, which does not occur in other countries that prefer 
to use this approach for patients with lower risk and opt 
for the open approach in patients with other character-
istics. The postoperative mortality rate in our patients 
was 3% (4 patients), which is in a similar range to the 
scores used to predict mortality at international level, 
such as the EUROSCORE II and the STS score.8-10.

As far as the etiology of valve disease, our data 
showed degenerative aortic valve disease in 71.7%, 
followed by congenital disease in 28.2%, which coin-
cides with our patients’ advanced median age, due 
mainly to valve hardening and calcification. Thus, we 
can see that valve disease was dominated by degener-
ative processes, which reflects the pattern shown in the 
Euro Heart14 survey and registries like the one compiled 
at a tertiary care center in Portugal15. Regarding the 
types of intervention, our data showed, in descending 
order, that the most frequent was the open approach 
(64.9%), followed by minimally invasive (24.4%) and 
transcatheter approaches (10.7%). These findings coin-
cide with what has been reported by university hospitals 
in Finland, where the percentage of open surgeries 
surpassed the transcatheter interventions16.

With regard to postoperative complications, the most 
frequent ones in our population were postoperative 
dialysis and mechanical ventilation for more than 
24  hours, unlike a study published in Chile, in which 
the most frequent were new-onset atrial fibrillation and 
acute kidney failure (for which only one patient required 
dialysis). Moreover, the mortality (3%), stroke (0.8%) 
and reintervention (2.3%) rates recorded in our data are 
lower than those reported by the Chilean article (14.7, 
4.0 and 5.3%, respectively) despite having a smaller 
study population, which could be due to the patients in 
the Chilean study having a higher mean age and, there-
fore, a higher likelihood of complications17. Thus, our 
results are comparable to those reported earlier using 
open or minimally invasive surgical approaches in low 
or medium-risk patients and the transcatheter approach 
in high-risk patients.

In terms of cost effectiveness, it is important to men-
tion that in more economically developed countries like 
Japan and Singapore18,19, the cost of a TAVI is close 
to $284,267,506 and $344, 860,740 COP, respectively, 
compared to that of our study, which was $27,562.30 
USD. The cost of an open valve replacement in more 

Table 4. Total cost in Colombian pesos of aortic valve 
replacement according to type of surgical approach

Type of surgical 
approach

Open Minimally 
invasive

Transcatheter

Average cost in 
Colombian pesos 

44,400,000 48,100,000 119,400,000

Average cost in 
dollars

10,249.30 11,103.40 27,562.30

Table 3. Postoperative outcomes of the aortic valve 
replacement surgical procedure

Postoperative discharges n = 131

Stroke, n (%) 1 (0.8)

Atrial fibrillation, n (%) 24 (32.4)

Postoperative dialysis, n (%) 8 (6.1)

Pulmonary thromboembolism, n (%) 1 (0.8)

Infarction, n (%) 1 (0.8)

Reintervention, n (%) 3 (2.3)

Mechanical ventilation for more than 24 hours, n (%) 8 (6.1)

Length of stay in the intensive care unit (days) (IQR) 5 (4‑5)

Mortality, n (%) 4 (3.0)

Echocardiogram 30 days after surgery

Postoperative LVEF % (SD) 52.1 (13.9)

IQR: interquartile range; SD: standard deviation. 
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economically developed countries is approximately 
$226,987,689 and $191,931,120 COP, while in our 
study it was $10,249.30 USD. Likewise, in low-income 
countries like Thailand20, the transcatheter approach 
was more expensive than the open approach 
($215,305,241 COP versus $64,146,897 COP, respec-
tively). This difference in costs is related to the added 
cost of the valve for TAVI.

Since this was a cross-sectional study, potential 
biases were evaluated. To address selection bias, all 
aortic valve replacement patients who met the inclu-
sion criteria were included. For information bias, 
which evaluates the process of measuring the differ-
ent variables, the variables were described, and the 
principal investigators’ data collection processes 
were periodically reviewed. As far as the confound-
ing bias, the type of surgical approach could not be 
randomized, as it depended on the surgical team’s 
judgement.

Conclusion
Thus, we present the first outcomes in Tolima regard-

ing the different types of approaches for aortic valve 
replacement, with the open approach being the most 
frequently employed. However, the minimally invasive 
approach should be proposed as an option offering 
excellent outcomes, just like the open approach, with 
a similar cost, less postoperative pain and a smaller 

sternal scar. In addition, the transcatheter approach, 
which reduces surgical trauma, is preferred for patients 
with high risk using the open or minimally invasive 
approach.
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Table 5. Bivariate analysis of the type of surgical approach employed for aortic valve replacement

Variables Open approach
(n = 85)

Minimally invasive 
approach
(n = 32)

Transcatheter 
approach
(n = 14)

p

Age (IQR) 67 (58‑74) 59 (52‑68.5) 67 (62.5‑72) 0.042b

Diabetes mellitus, n (%) 16 (18.8) 2 (6.3) 7 (50) 0.0023a

Prior coronary disease, n (%) 10 (11.76) 2 (6.3) 6 (42.9) 0.0027a

Euroscore II (IQR) 2.3 (1.5‑5) 1.38 (1.0‑2.7) 9.45 (5.1‑16.2) 7.09 x 10‑6

STS score (IQR) 10.42 (7.87‑14.32) 10.05 (6.50‑15.68) 24.01 (23.80‑30.60) 5.45 x 10‑5

Preoperative LVEF, n % (IQR) 55 (25‑75) 55.5 (49.25‑60.0) 37 (33.0‑42.5) 0.0014

Pump time (IQR) 78 (70‑83.3) 102 (94.5‑112.5) 33 (33‑33) 3.04 x 10‑11

Clamp time (IQR) 62 (56‑65) 74 (73‑83) NA 1.33 x 10‑11

Postoperative dialysis, n (%) 4 (4.7) 1 (3.1) 3 (21.4) 0.038a

Mechanical ventilation > 24 h after surgery, n (%) 4 (4.7) 1 (3.1) 3 (21.4) 0.038a

a. Chi‑square.
b. Kruskal test.
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The association between risk scores and clinical outcome  
in acute coronary syndrome patients
La asociación entre las puntuaciones de riesgo y el resultado clínico en pacientes  
con síndrome coronario agudo
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ORIGINAL ARTICLE

Abstract
Introduction: acute coronary syndrome (ACS) and its complication are one of the major health problems worldwide. Nume-
rous clinical risk scores have been used to stratify ACS patients. Objective: To evaluate the relationship between risk scores 
(TIMI, PURSUIT, and GRACE) and short-term outcomes in acute coronary syndrome (ACS) patients. Method: the study 
enrolled 500 patients with ACS. Risk scores were evaluated on admission and correlated with outcomes during the hospital 
stay and three months after discharge. Results: the study included 500 patients with ACS, and a mean age of 57.4 ± 11.8 
years. The mean TIMI, GRACE, and PURSUIT score was 2.7±1.9, 138.8 ± 39.6, and 10.9 ± 4.9, respectively. Higher TIMI, 
GRACE, and PURSUIT scores were associated with higher inpatient and short-term morbidity and mortality. Of the three, the 
PURSUIT score was the most significant predictor of inpatient heart failure, using a cut-off value > 15.5 with a sensitivity of 
82.2% and specificity of 96.9%. At the same time, the GRACE score was the most accurate predictor of recurrent ischemia 
and heart failure during three months of follow-up, using cut-off values>117.5 and >118.5, with a sensitivity of 100%, and 
100%, and a specificity of 64%  and 62.2% respectively Conclusion: risk scores are straightforward, bedside-applicable, and 
capable of predicting adverse outcomes during hospitalization and in the subsequent three months.

Keywords: Acute coronary syndrome. TIMI score. GRACE score. PURSUIT score.

Resumen
Introducción: el síndrome coronario agudo (SCA) y sus complicaciones son uno de los principales problemas de salud a 
nivel mundial. Se han utilizado numerosos puntajes de riesgo clínico para estratificar a los pacientes con SCA. Objetivo: 
evaluar la relación entre las puntuaciones de riesgo (TIMI, PURSUIT y GRACE) y los resultados a corto plazo en pacientes 
con síndrome coronario agudo. Método: el estudio inscribió a 500 pacientes con SCA. Las puntuaciones de riesgo se eva-
luaron al ingreso y se correlacionaron con los resultados durante el ingreso hospitalario y tres meses después del alta. 
Resultados: el estudio incluyó a 500 pacientes con SCA, la edad media fue de 57.4 ± 11.8 años. La puntuación media de 
TIMI, GRACE y PURSUIT fue de 2.7 ± 1.9, 138.8 ± 39.6 y 10.9 ± 4.9, respectivamente. Las puntuaciones más altas de TIMI, 
GRACE y PURSUIT se asociaron con una mayor morbilidad y mortalidad hospitalaria y a corto plazo. La puntuación PURSUIT 
fue el predictor más significativo entre las tres puntuaciones para la incidencia de insuficiencia cardíaca intrahospitalaria 
utilizando un valor de corte > 15.5 con una sensibilidad del 82.2 % y una especificidad del 96.9 %. A su vez, el score GRACE 
fue el predictor más preciso de isquemia recurrente e insuficiencia cardíaca durante tres meses de seguimiento, utilizando 
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Background

Acute coronary syndrome (ACS) and its major 
adverse complication are major health problems world-
wide. They accounts for almost seven million fatalities 
per year1,2.

Initial chest pain assessment aims to identify patients 
with ACS to expedite necessary therapy. Numerous 
well-established clinical risk scores have been utilized 
to stratify risk in undifferentiated individuals with chest 
pain3,4.

Prognostic scoring systems, including GRACE, TIMI, 
and PURSUIT risk scores (RSs), have been shown to 
predict long-term morbidity, mortality, and inpatient out-
comes among ACS patients5,6.

Risk scores were created as a predictive tool for 
short-term outcomes: the GRACE RS for inpatient com-
plications, TIMI RS for 14-day complications, and PUR-
SUIT RS for 30-day complications. However, a 
substantial fraction of complications in non-ST-segment 
elevation acute coronary syndrome (NSTE-ACS) 
patients occur after the first month. It is unknown 
whether these RSs can also predict their occurrence7.

The objective of the study was to determine the rela-
tionship between RSs (TIMI, PURSUIT, and GRACE) 
and ACS patients’ outcomes during their hospital stay  
and three months post-discharge.

Patients and methods

Study design and patient selection

This single-center, observational study was con-
ducted in the coronary care unit at Benha University 
Hospital from December 2019 to March 2021. The 
study included adult male and female patients who 
presented with NSTE-ACS. Following approval from the 
human research ethics committee  at Benha Universi-
ty’s Faculty of Medicine, all participants signed informed 
consent forms.

Patients with ST elevation myocardial infarction, 
rheumatic heart disease, end-stage renal disease, end-
stage liver disease, or those who refused to participate 
were excluded from the study.

Method
All patients underwent the following:
History taking: including age, gender, and coronary artery 

disease (CAD) (hypertension, diabetes mellitus, smoking, 
dyslipidemia, family history of premature CAD). Clinical eval-
uation: including Killip class assessment on admission.

Studies

–	Laboratory tests: complete blood count, serum cre-
atinine, urea, lipid profile, and cardiac enzymes (tro-
ponin & CK-MB).

–	Electrocardiogram (ECG): evaluated for the presence 
or absence of ST segment deviation (elevation or 
depression), sinus or non-sinus rhythm (such as atrial 
fibrillation, ventricular tachycardia, junctional rhythm 
or AV block), and standard or aberrant QRS complex-
es (such as LBBB, RBBB or pacemaker).

–	Echocardiography: all patients were assessed using 
Philips EPIQ 7C, Release 1.7 (Philips Healthcare, 
Andover, MA, USA) machine. Two-dimensional 
breath-holding images were obtained and saved for 
offline analysis. Left ventricular end-systolic volume 
(ESV), Left ventricular end-diastolic volume (EDV), 
and left ventricular ejection fraction (LVEF) were cal-
culated using the biplane Simpson’ method8.

–	Risk scores: we utilized the TIMI, PURSUIT, and GRACE 
RSs. Each score was derived from the clinical history, 
ECG, and laboratory values collected on admission9-11.

Management

All patients received appropriate anti-ischemic ther-
apy, including anticoagulants, anti-platelets, beta-block-
ers, angiotensin-converting enzyme inhibitors, and 
statins.

Outcome

Patient outcomes were evaluated twice; first, during 
the hospital stay, for heart failure, arrhythmia, stroke, 
and death. Then during a three-month follow-up: for 
mortality, heart failure, and recurrent ischemia.

valores de corte >117.5 y >118.5, con una sensibilidad del 100%, 100% y especificidad del 64 %, 62.2% respectivamente. 
Conclusión: los puntajes de riesgo son sencillos, aplicables al lado de la cama y capaces de predecir malos resultados 
durante la hospitalización y los tres meses.

Palabras clave: El síndrome coronario agudo. Puntuación de TIMI. Puntuación de GRACE. Puntuación de PURSUIT.
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Statistical analysis
Statistical analysis was done using SPSS version 22. 

Categorical data were presented as frequencies and 
percentage and compared using the Chi2 test. Contin-
uous data were shown as means ± Standard Deviation 
(SD) and compared using the Mann Whitney U test, 
and Kruskal Wallis test after testing for normality.

Sensitivity analysis was conducted using the ROC 
curve to determine the cut-off points of the TIMI, 
GRACE, and PURSUIT RSs, as well as the sensitivity 
and specificity of this cut-off point.

Results
The study included 500 patients who met the inclu-

sion criteria and completed the follow-up evaluation; 
the mean age was 57.4 ± 11.8 years old, 70.6% were 
male, 37.6% were diabetic, 35.2% were hypertensive, 
57.2% were smokers, 2.8% had a history of stroke, and 
0.6% had a family history of premature CAD. Baseline 
demographic, risk factors, clinical examination, results 
and laboratory findings are shown in table 1.

The average TIMI score was 2.7 ± 1.9, the average 
GRACE score was 138.8 ± 39.6, and the average PUR-
SUIT score was 10.9 ± 4.9.

In-hospital outcome
Heart failure was the most common inpatient compli-

cation (17.8%), followed by arrhythmia (14.8%) and 
death (1.6%).

Correlation between scores and  
in-hospital outcomes

The TIMI, GRACE, and PURSUIT scores were posi-
tively correlated with the incidence of inpatient heart 
failure, with r = 0.51, 0.46, and 0.53, respectively, and 
p = 0.0001. The correlation between the PURSUIT 
score and the development of inpatient arrhythmia was 
minimal, with p = 0.003 and r = 0.24. Inpatient mortality 
was significantly correlated with TIMI and GRACE 
scores (r = 0.11, and 0.18, and p=0.01, and 0.0001, 
respectively) (Table 2).

Outcome after three months’ follow up
Eight patients died during hospitalization therefore, 

only 492 patients were included for follow-up after hos-
pitalization. Within three months of hospital discharge, 

4.8% of patients died, 18.9% developed heart failure, 
and 28.6% had another ischemic attack.

Mortality during the three-month follow-up period 
was positively correlated with TIMI, GRACE, and PUR-
SUIT scores, with r = 0.26, 0.29, and 0.15, respectively, 
and p = 0.0001. The incidence of heart failure during 
the three-month follow-up period was directly linked 
with the TIMI, GRACE, and PURSUIT scores (r = 0.45, 
0.40, and 0.35, and p = 0.0001). In addition, recurrent 
ischemia was significantly correlated with TIMI, GRACE, 
and PURSUIT scores, with r = 0.22, 0.49, and 0.44, 
respectively, and p = 0.0001 (Table 3).

Cut-off values > 2.5 for the TIMI score, > 155 for the 
GRACE score, and > 15.5 for the PURSUIT score had 

Table 1. Demographic characters and risk factors of the 
included patients

n %

Age (Mean ± SD) 57.4 11.8

Sex
Male
Female

353
147

70.6%
29.4%

Obesity (BMI ≥ 30) 164 32.8%

Diabetes mellitus 188 37.6%

Hypertension 176 35.2%

Smoking 286 57.2%

Old stroke 14 2.8%

Positive family history 3 0.6%

Use of ASA last 7 days 37 7.4%

> 1 episode of resting angina in ≤ 24 hours 212 42.4%

Arrest at admission 11 2.2%

ST segment deviation 422 84.4%

Left bundle branch block (LBBB) 5 1.0%

Elevated troponin 438 87.6%

Serum creatinine (mean ± SD) 1.1 ± 0.5

Mean heart rate (beats/min) 84.4 ± 18.3

Mean systolic blood pressure (mmHg) 129 ± 29

Killip class
I
II
III
IV

405
59
18
18

81%
11.8%
3.4%
3.4%

ACS: acute coronary syndrome; ASA: acetyl salicylic acid; BMI: body mass index
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the highest diagnostic accuracy in predicting inpatient 
heart failure, with sensitivities of 82.4%, 100% and 
88.2%, and specificities of 78.3%, 92.2%, and 96.9% 
respectively. Of the three, the PURSUIT score was the 
most significant predictor of inpatient heart failure (Fig. 
1).

The prediction of recurrent ischemia was substan-
tially related to all studied scores; a cut-off value > 1.5 
for TIMI, > 117.5 for GRACE, and > 10.5 for PURSUIT 
scores had the highest diagnostic accuracy, with sen-
sitivities of 100%, 100% and 100%, and specificities of 
36%, 64%, and 40%, respectively. The GRACE score 
was the most accurate predictor of recurrent ischemia 
within three months (Fig. 2).

Sensitivity analysis revealed that a TIMI score cut-off 
value of > 1.5 predicts the incidence of heart failure 
during three month follow-up, with a sensitivity of 100% 
and a specificity of 33.1%. Using a GRACE score cut-off 
value > 118.5 will significantly predict the occurrence of 
heart failure during three months of follow-up, with 
100% sensitivity and 62.2% specificity. Finally, for the 

PURSUIT score, a cut-off value >9.5 strongly predicts 
the occurrence of heart failure during follow-up with 
100% sensitivity and 30% specificity (Fig.  3). The 
GRACE score was the most accurate for heart failure 
within three months.

Discussion
Acute coronary syndrome covers a broad spectrum 

of distinct clinical entities with a common etiology that 
ranges in severity from unstable angina (UA) to non-
ST-segment elevation myocardial infarction (NSTEMI) 
and ST-segment elevation myocardial infarction 
(STEMI)12.

Despite the advances in management strategies, 
ACS is a significant cause of death, worldwide13. Iden-
tifying high-risk patients and selecting those who would 
benefit from more aggressive therapy and close fol-
low-up is essential for managing ACS14,15.

Multiple RSs have been developed based on clinical 
parameters to aid physicians in risk stratification, as a 
complement to clinical judgment16. Risk stratification of 
patients with ACS using RSs models is recommended 
by the guidelines17. Our study aimed to correlate coro-
nary RSs and outcomes during hospital admission and 
after three months of follow-up.

Our findings showed that higher TIMI scores were 
associated with higher inpatient complications, with a 
cut-off value of > 2.5. This concurs with Torralba et al.18, 

Table 3. Correlation matrix between three months 
follow‑up complications and risk scores

Three months follow‑up 
complications

TIMI GRACE PURSUIT

Mortality
r
p

0.267
0.0001

0.298
0.0001

0.152
0.067

Heart failure
r
p

0.452
0.0001

0.405
0.0001

0.359
0.0001

Recurrent ischemia
r
p

0.220
0.0001

0.493
0.0001

0.447
0.0001

Table 2. Correlation matrix between inpatient 
complications and risk scores

Inpatient complications TIMI GRACE PURSUIT

Heart failure
r
p

0.512
0.0001

0.465
0.0001

0.533
0.0001

Arrhythmia
r
p

0.055
0.220

0.055
0.217

0.247
0.003

Death
r
p

0.113
0.011

0.187
0.0001

.

.

Figure 1. ROC curve showing the predictability of in-hospital 
heart failure using the three investigated scores studied 
(PURSUIT score was the most significant predictor among 
the three scores for the incidence of in-hospital heart failure).
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Backus et al.19, Six et al.20, and Sakamoto et al.21, who 
revealed that higher TIMI scores were associated with 
increased inpatient and short-term complications. In 
addition, our results were concordant with the result 
obtained by Iltaf et al.22, which revealed that a high TIMI 
RS correlates significantly with death and complica-
tions like cardiogenic shock and arrhythmias in the 

early post-infarction period. Also, Kumar et al.1 found 
that a TIMI score ≥4 had the best diagnostic accuracy 
in predicting short-term mortality outcomes, with a sen-
sitivity of 77.78% and a specificity of 68.09%. The TIMI 
RS is a simple and practical tool for identifying NSTE-
ACS patients at high risk for 14-day mortality23. This 
tool has the potential to save lives and reduce health-
care costs in cardiac care settings, if utilized cor-
rectly24. Therefore, we recommend its use by clinicians 
for monitoring these patients with planned and tar-
geted therapies.

The current study’s GRACE score was the best pre-
dictor of recurrent ischemia and heart failure within 
three months of follow-up. This was concordant with 
Yanqiao et al.6, who found that the GRACE score had 
higher predictive accuracy than TIMI for inpatient and 
long-term outcomes among East Asian NSTEMI 
patients. Also, Kota et al.5 revealed that, for Japanese 
patients with STEMI or NSTEMI, there was a significant 
association between the GRACE RS and inpatient 
mortality.

In addition, our results were concordant with the 
result obtained by Chotechuang et al.25, which revealed 
that Intermediate-high GRACE risk STEMI patients who 
underwent delayed coronary intervention in facilities 
with restricted PCI capabilities had better 30-day and 
6-month cardiovascular outcomes than low GRACE 
risk patients.

Our finding revealed that the higher the PURSUIT 
score, the higher incidence of inpatient complications, 
and that was concordant with results obtained by 
Brilakis et al.26, which revealed that a higher PURSUIT 
RS correlates with a lower pre-discharge ejection frac-
tion (EF), more severe coronary artery disease stenosis 
detected by coronary angiography, and greater early 
and late mortality of non-selected patients with 
NSTE-ACS.

Our results were also concordant with the result 
obtained by Chen et al.27, which revealed fair to good 
discriminatory accuracy in predicting major adverse 
cardiac events when using RSs established from clini-
cal trials (TIMI) or registry (GRACE) databases for the 
risk stratification of patients with ACS in Western 
countries.

Study limitation
The capacity of physicians to stratify patients accord-

ing to risk may depend on their knowledge and expe-
rience; however, this individual variation could not be 
determined in the present investigation. The whole risk 

Figure 3. ROC curve for predicting heart failure based on 
the scores (the GRACE score was the most accurate for 
heart failure within three months).

Figure 2. ROC curve showing the predictability of recurrent 
ischemia using the three scores studied (the GRACE score 
was the most accurate predictor of recurrent ischemia 
within three months).
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classification process will probably be enhanced by the 
more widespread and systematic implementation of a 
verified RS.

Although our data imply that validated risk ratings 
may improve risk assessment by clinicians, it is yet 
unknown if they will ultimately lead to improved treat-
ment decisions, resource allocation, and patient 
outcomes.

Conclusion
Risk scores are simple, bedside-applicable, and easy 

to use, with the ability to predict adverse outcomes 
during hospital admission and three months post-dis-
charge, with high sensitivity and specificity.

Funding
The authors declare that they have not received 

funding.

Conflicts of interest
The authors declare no conflicts of interest.

Ethical considerations
Human and animal protection. The authors 

declare that the procedures followed complied with 
the ethical standards of the responsible human exper-
imentation committee and adhered to the World Med-
ical Association and the Declaration of Helsinki. The 
procedures were approved by the institutional Ethics 
Committee.

Confidentiality, informed consent, and ethical 
approval. The study design was reviewed and approved 
by the ethical committee at Benha Faculty of Medicine 
(MS 1-12-2019) following the Declaration of Helsinki, 
last updated in 2008. The patients consented through 
written informed consent as regards participation, and 
they accepted.

Declaration on the use of artificial intelligence. 
The authors declare that no generative artificial intelli-
gence was used in the writing of this manuscript.

References
	 1.	 Kumar D, Saghir T, Zahid M, Ashok A, Kumar M, Ali Shah A, et al. 

Validity of TIMI Score for Predicting 14-Day Mortality of Non-ST Elevation 
Myocardial Infarction Patients. Cureus. 2021 Jan 6; 13(1):e12518.

	 2.	 Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Car-
son AP, et al. Heart Disease and Stroke Statistics-2019 Update: A Report 
From the American Heart Association. Circulation. 2019  Mar  5; 
139(10):e56-e528.

	 3.	 Al-Zaiti SS, Faramand Z, Alrawashdeh MO, Sereika SM, Martin-Gill C, 
Callaway C. Comparison of clinical risk scores for triaging high-risk chest 
pain patients at the emergency department. Am J Emerg Med. 2019 Mar; 
37(3):461-467.

	 4.	 Pocock S, Bueno H, Licour M, Medina J, Zhang L, Annemans L, et al. 
Predictors of one-year mortality at hospital discharge after acute coro-
nary syndromes: A new risk score from the EPICOR (long-tErm follow 
uP of antithrombotic management patterns In acute CORonary syn-
drome patients) study. Eur Heart J Acute Cardiovasc Care. 2015 Dec; 
4(6):509-17.

	 5.	 Komiyama K, Nakamura M, Tanabe K, Niikura H, Fujimoto H, Oikawa K, 
et al. In-hospital mortality analysis of Japanese patients with acute coro-
nary syndrome using the Tokyo CCU Network database: Applicability of 
the GRACE risk score. J Cardiol. 2018 Mar; 71(3):251-258.

	 6.	 Yanqiao L, Shen L, Yutong M, Linghong S, Ben H. Comparison of 
GRACE and TIMI risk scores in the prediction of in-hospital and long-term 
outcomes among East Asian non-ST-elevation myocardial infarction 
patients. BMC Cardiovasc Disord. 2022 Jan 7; 22(1):4.

	 7.	 De Araújo Gonçalves P, Ferreira J, Aguiar C, Seabra-Gomes R. TIMI, 
PURSUIT, and GRACE risk scores: sustained prognostic value and 
interaction with revascularization in NSTE-ACS. Eur Heart J. 2005 May; 
26(9):865-72.

	 8.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, 
et al. Recommendations for cardiac chamber quantification by echocar-
diography in adults: an update from the American Society of Echocardio-
graphy and the European Association of Cardiovascular Imaging. J Am 
Soc Echocardiogr. 2015 Jan; 28(1):1-39.e14.

	 9.	 Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, de 
Lemos JA, et al. TIMI risk score for ST-elevation myocardial infarction: 
A convenient, bedside, clinical score for risk assessment at presentation: 
An intravenous nPA for treatment of infarcting myocardium early II trial 
substudy. Circulation. 2000 Oct 24; 102(17):2031-7.

	 10.	 Boersma E, Pieper KS, Steyerberg EW, Wilcox RG, Chang WC, Lee KL, 
et al. Predictors of outcome in patients with acute coronary syndromes 
without persistent ST-segment elevation. Results from an international 
trial of 9461  patients. The PURSUIT Investigators. Circulation. 
2000 Jun 6; 101(22):2557-67.

	 11.	 Antman EM, Cohen M, Bernink PJ, McCabe CH, Horacek T, Papuchis G, 
et al. The TIMI risk score for unstable angina/non-ST elevation MI: A 
method for prognostication and therapeutic decision making. JAMA. 
2000 Aug 16; 284(7):835-42.

	 12.	 Kushner FG, Hand M, Smith SC Jr, King SB 3rd, Anderson JL, 
Antman EM, et al. 2009 focused updates: ACC/AHA guidelines for the 
management of patients with ST-elevation myocardial infarction 
(updating the 2004 guideline and 2007 focused update) and ACC/
AHA/SCAI guidelines on percutaneous coronary intervention (updating 
the 2005 guideline and 2007 focused update) a report of the American 
College of Cardiology Foundation/American Heart Association Task 
Force on Practice Guidelines. J  Am Coll Cardiol. 2009  Dec  1; 
54(23):2205-41.

	 13.	 Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, 
et al. 2020 ESC Guidelines for the management of acute coronary syn-
dromes in patients presenting without persistent ST-segment elevation. 
Eur Heart J. 2021 Apr 7; 42(14):1289-1367.

	 14.	 Bawamia B, Mehran R, Qiu W, Kunadian V. Risk scores in acute coronary 
syndrome and percutaneous coronary intervention: a review. Am Heart 
J. 2013 Apr; 165(4):441-50.

	 15.	 Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, Van de Werf F, 
et al. Prediction of risk of death and myocardial infarction in the six 
months after presentation with acute coronary syndrome: prospective 
multinational observational study (GRACE). BMJ. 2006  Nov  25; 
333(7578):1091.

	 16.	 Chan Pin Yin D, Azzahhafi J, James S. Risk Assessment Using Risk 
Scores in Patients with Acute Coronary Syndrome. J  Clin Med. 2020 
Sep 21; 9(9):3039.

	 17.	 Task Force for Diagnosis and Treatment of Non-ST-Segment Elevation 
Acute Coronary Syndromes of European Society of Cardiology; 
Bassand JP, Hamm CW, Ardissino D, Boersma E, Budaj A, 
Fernández-Avilés F, et al. Guidelines for the diagnosis and treatment of 
non-ST-segment elevation acute coronary syndromes. Eur Heart J. 
2007 Jul; 28(13):1598-660.

	 18.	 Torralba F, Navarro A, la Hoz JC, Ortiz C, Botero A, Alarcón F, et al. 
HEART, TIMI, and GRACE Scores for Prediction of 30-Day Major 
Adverse Cardiovascular Events in the Era of High-Sensitivity Troponin. 
Arq Bras Cardiol. 2020 Mar 13; 114(5):795-802.

	 19.	 Backus BE, Six AJ, Kelder JC, Bosschaert MA, Mast EG, Mosterd A, 
et al. A  prospective validation of the HEART score for chest pain 
patients at the emergency department. Int J Cardiol. 2013  Oct  3; 
168(3):2153-8.

	 20.	 Six AJ, Cullen L, Backus BE, Greenslade J, Parsonage W, Aldous S, 
et al. The HEART score for the assessment of patients with chest pain 
in the emergency department: a multinational validation study. Crit Pathw 
Cardiol. 2013 Sep; 12(3):121-6.



37

S. Farag et al.  Risk scores and acute coronary syndrome

	 21.	 Sakamoto JT, Liu N, Koh ZX, Fung NX, Heldeweg ML, Ng JC, et al. 
Comparing HEART, TIMI, and GRACE scores for prediction of 30-day 
major adverse cardiac events in high acuity chest pain patients in the 
emergency department. Int J Cardiol. 2016 Oct 15; 221:759-64.

	 22.	 Iltaf K, Dar MH, Khan I, Ali U, Hafizullah M, Shah S. Frequency of high 
TIMI score and its short term clinical outcomes. Pak Heart J. 2019; 
52 (01):80-84.

	 23.	 Chan Pin Yin D, Azzahhafi J, James S. Risk Assessment Using Risk 
Scores in Patients with Acute Coronary Syndrome. J  Clin Med. 
2020 Sep 21; 9(9):3039.

	 24.	 Greenslade JH, Chung K, Parsonage WA, Hawkins T, Than M, 
Pickering JW, et al. Modification of the Thrombolysis in Myocardial Infarc-
tion risk score for patients presenting with chest pain to the emergency 
department. Emerg Med Australas. 2018 Feb; 30(1):47-54.

	 25.	 Chotechuang Y, Phrommintikul A, Kuanprasert S, Muenpa R, 
Ruengorn C, Patumanond J, et al. GRACE score and cardiovascular 
outcomes prediction among the delayed coronary intervention after 
post-fibrinolytic STEMI patients in a limited PCI-capable hospital. Open 
Heart. 2020 Mar 18; 7(1):e001133.

	 26.	 Brilakis ES, Wright RS, Kopecky SL, Mavrogiorgos NC, Reeder GS, 
Rihal CS, et al. Association of the PURSUIT risk score with pre-discharge 
ejection fraction, angiographic severity of coronary artery disease, and 
mortality in a non-selected, community-based population with non-ST-ele-
vation acute myocardial infarction. Am Heart J. 2003 Nov; 146(5):811-8.

	 27.	 Chen YH, Huang SS, Lin SJ. TIMI and GRACE Risk Scores Predict Both 
Short-Term and Long-Term Outcomes in Chinese Patients with Acute 
Myocardial Infarction. Acta Cardiol Sin. 2018 Jan; 34(1):4-12. 



38

Prevalence and characterization of tetralogy of Fallot: a 
comprehensive study
Prevalencia y caracterización de la tetralogía de Fallot: un estudio integral

Pablo Pineda-Sanabria1 , María C. León-Sanabria2,5 , Catalina Arbelaez-Hoyos1 ,  
Vyara Harizanov-Parra1 , Ana Ma. Urueña-Serrano3 , Karen Sarmiento4 , and Ignacio Zarante2,5

1Faculty of Medicine, Pontificia Universidad Javeriana; 2Faculty of Medicine, Institute of Human Genetics, Pontificia Universidad Javeriana; 
3Congenital Defects Surveillance, Ministry of Health; 4Department of Physiologic Sciences, Faculty of Medicine, Pontificia Universidad Javeriana; 
5Genetics Department, Hospital Universitario San Ignacio. Bogotá, Colombia

ORIGINAL ARTICLE

Abstract
Introduction: Tetralogy of Fallot (TOF) is a congenital heart defect (CHD) with a global prevalence of 3.56 cases per 10,000 
live births (LBs), according to Liu et. al in 2019. Objective: This study aimed to determine the prevalence of and describe 
TOF cases in Bogotá, Colombia from 2015 to 2021. Method: A retrospective cross-sectional study, based on data obtained 
from the Public Health Surveillance System database. Birth defects were classified according to the International Classification 
of Diseases (ICD-10), and cases were defined as all LBs with TOF, with a birth weight over 500 grams. Results: The esti-
mated prevalence of TOF was 2.21 cases (confidence interval [CI] 1.85-2.61) per 10,000 LBs, with a total of 137 cases. The 
maximum prevalence was found  in 2017, with 3.15 (CI 2.11-4.53), and the lowest prevalence in 2015, with 1.26 (CI 0.67-2.18) 
per 10,000 LBs. The mean birth weight was 2,575.9 g (standard deviation [SD] 660.5), and the average gestational age at 
birth was 35.85 weeks (SD 3.95). The average maternal age was 29.1 years (SD 7.05). The mortality rate was estimated at 
17.51%. Regarding health insurance, 10.95% of cases did not have insurance. Down syndrome and Edwards syndrome were 
found in nine and three cases, respectively. Conclusions: The prevalence of TOF in our city was lower than that reported 
in current global estimates. Nonetheless, there was an increase with regard to previous local data. This change in prevalence 
trends may be attributed to improvements in surveillance programs.

Keywords: Tetralogy of Fallot. Congenital heart defects. Birth defects. Congenital abnormalities. Epidemiology. Public heal-
th surveillance.

Resumen
Introducción: La tetralogía de Fallot (TF) es una anomalía congénita cardiovascular con una prevalencia global de 3.56 
casos por 10.0000 nacidos vivos (NV), según Liu et. Al en el 2019. Objetivo: Este estudio tiene como objetivo determina la 
prevalencia y describir los casos de TF en Bogotá, Colombia desde el 2015-2021. Método: Se realizó un estudio retrospectivo 
de corte transversal, con datos obtenidos del Sistema nacional de vigilancia en salud pública (SIVIGILA). Los casos fueron 
definidos como el total de NV con TF, con un peso al nacer mayor a 500gr. Resultados: La prevalencia estimada para la 
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Introduction
Congenital heart defects (CHDs) are considered the 

most prevalent type of birth defect (BD), with an esti-
mated prevalence rate of 82.4 cases per 10,000 live 
births (LBs)1. Among CHDs, tetralogy of Fallot (TOF) 
is characterized by a tetrad of anomalies: ventricular 
septal defect, an overriding aorta, right ventricular 
outflow obstruction, and right ventricular hypertro-
phy2. Tetralogy of Fallot accounts for approximately 
4.4% of all reported CHD cases, ranking as the fifth 
most frequent CHD, with a prevalence rate of 
3.56  (3.26-3.88) per 10,000 LBs1. The global preva-
lence, as reported by Orphanet, stands at around 
2.5  cases per 10,000 LBs3. In Bogotá, Colombia, a 
comprehensive analysis of 405,408 births between 
2001 and 2014 found 17 TOF cases, corresponding to 
a prevalence of 0.4 cases per 10,000 LBs4.

Tetralogy of Fallot is classified as a conotruncal heart 
defect, arising from abnormal septation of the outflow 
tract in the embryonic heart. The primary hypothesis, 
known as the malseptation hypothesis, suggests an 
anterocephalic deviation of the conus arteriosus, result-
ing in a small infundibulum and a ventricular septal 
defect. Additionally, abnormal morphology of the sep-
toparietal trabeculations contributes to right ventricular 
outflow tract obstruction3.

Recent studies on conotruncal heart defects have 
identified genetic variants as major contributors to the 
development of this group of CHDs, with variants in 
Notch and Wnt pathways being the most frequently 
identified5. Additionally, an association has been found 
between TOF and both DiGeorge and Down syndromes 
6,7. When left untreated, TOF can cause severe com-
plications, potentially leading to premature death or 
disability in early adulthood.

A study conducted in Spain reported a mean age of 
death of 16.28 years among TOF cases. Notably, chil-
dren under the age of five accounted for 48.5% of 
all recorded fatalities8. However, the majority of TOF 

cases can be successfully addressed through surgery, 
yielding favorable outcomes with low mortality rates in 
adulthood9. Nonetheless, certain factors have been 
identified as potential contributors to increased post-sur-
gical mortality, including low weight (p = 0.008), short 
stature (p = 0.002), and arterial oxygen saturation 
below 75% (p = 0.018)10.

The objective of this study was to estimate the prev-
alence of TOF in Bogotá, Colombia, between 2015 and 
2021. The primary aim was to identify and characterize 
cases of TOF to enhance healthcare decision-making 
and positively influence patient prognosis1.

Method
A retrospective cross-sectional study was conducted, 

gathering information from the mandatory notification 
of birth defects (BDs) database within the Public Health 
Surveillance System (PHSS) in Bogotá, Colombia. Pas-
sive surveillance is done, with individual notification of 
probable and confirmed cases using a notification form 
with additional data provided to the PHSS. Birth defects 
are classified and described based on the International 
Statistical Classification of Diseases and Related 
Health Problems, 10th  Revision (ICD-10). Cases were 
selected based on the following criteria: all newborns 
(LBs or stillbirths) born in Bogotá, Colombia, with a 
weight equal to or greater than 500g, who were diag-
nosed with TOF using ICD-10 code Q213 and notified 
in the prenatal stage and up to 12 months after birth, 
from 2015 to 2021. As an official surveillance and noti-
fication database, the PHSS makes the necessary 
adjustments for reported cases of BD. Adjustment 3 
specifically addresses cases that have received official 
laboratory confirmation, and Adjustment 4 addresses 
cases that have received clinical confirmation11.

The prevalence of TOF was determined using the 
birth data provided by Bogota´s Secretariaty of Health 
for each year. The prevalence rate was calculated for 
each year and is expressed as the number of TOF 

TF fue de 2.21 (IC 1.85-2.61) casos por 10,000 NV, con un total de 137 casos. La prevalencia máxima se observó en el 
2015, con una tasa de 1.26 (IC 0.67-2.18) por 10,000 NV. La media de peso al nacer fue de 2575.9 g (DE 660.5), con una 
media de edad gestacional al nacer de 35.85 semanas (DE 3.95). La media de edad materna fue de 29.1 años (DE 7.05). 
Se observó una tasa de mortalidad de 17.51%. Se observó que el 10.95% de los casos no se encontraban afiliados al sistema 
de salud. Se identificaron casos de Síndrome de Down (n=9) y Edwards (n = 4). Conclusiones: Le prevalencia de la TF en 
nuestra ciudad fue inferior a la reportada en estimaciones globales existentes. Sin embargo, se observó un aumento en la 
prevalencia con respecto a estimaciones previas en la ciudad de Bogotá, atribuible a mejoras en el sistema de vigilancia.

Palabras clave: Tetralogía de Fallot. Defectos cardíacos congénitos. Defectos de nacimiento. Anomalías congénitas. Epide-
miología. Vigilancia de la salud pública.
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cases per 10,000 LBs per year between 2015 and 2021. 
To assess the precision of the prevalence estimates, a 
95% confidence interval (CI) was calculated using the 
Poisson distribution. Additionally, historical analysis 
was conducted by estimating the linear trend of TOF 
rates over the studied years.

Quantitative variables, categorized as both nominal 
and continuous, were analyzed using frequency distri-
bution. Continuous variables, including maternal age, 
gestational age at diagnosis, number of pregnancies, 
and birth weight, were assessed based on their aver-
age values and standard deviations (SDs). Nominal 
study variables encompassed sex at birth (female, 
male, or indeterminate), prenatal diagnosis, prenatal 
notification, and the presence of multiple pregnancies. 
The distinction between prenatal diagnosis and prena-
tal notification in the mandatory reporting form should 
be noted. Prenatal diagnosis reports refer to postnatal 
cases diagnosed with TOF whos mothers recalled that 
they had been informed during pregnancy that their 
babies had a suspected diagnosis of TOF. On the other 
hand, prenatal notification cases were fetuses with sus-
pected TOF who were reported to the PHSS during 
gestation. This latter parameter is of vital importance 
for the surveillance system as it allows for appropriate 
monitoring and tracking of the pregnancy.

Cases were classified as preterm births if the gesta-
tional age at delivery was less than 37  weeks. Birth 
weight was classified as low (below the 5th percentile), 
normal (from the 5th  to 95th percentile), or high (above 
the 95th  percentile) for gestational age, based on the 
updated 2013 Fenton Growth Chart12.

Cases were categorized into different groups based 
on their characteristics. These categories included iso-
lated cases (LBs with only TOF), complex cases (LBs 
with TOF and other cardiovascular defects), polymal-
formed cases (LBs with TOF and other BDs in a system 
other than the cardiovascular system), and syndromic 
cases (LBs with TOF and other anomalies that correlate 
with each other in a known syndrome). In addition, the 
type of health insurance coverage was analyzed and 
classified into three categories: private, public, and no 
insurance.

Furthermore, the mortality rate was calculated and 
classified into specific categories. Neonatal deaths 
were defined as those occurring between birth and 
28 days of age. Within this category, further divisions 
were made: early neonatal deaths, which occurred 
during the initial seven days of life (0 - 6 days), and late 
neonatal deaths, occurring 7 to 27  days after birth. 

Post-neonatal deaths were characterized as those 
occurring between 28 and 365 days of age.

Data was analyzed using Microsoft Excel 2021. The 
descriptive statistics tool was used to calculate 
measures of central tendency and dispersion. Nominal 
variables were analyzed using the PivotTable function. 
The local ethics committee granted a waiver for ethical 
approval due to the retrospective nature of the study 
and the fact that all procedures performed were part of 
routine care. The approval code assigned was 
FM-CIE-8324-14.

Results
Among the 12,089 reports recorded in the PHSS 

from 2015 to 2021, a total of 137  cases of TOF were 
identified using the Q213 code (ICD-10). The estimated 
prevalence rate for the 2015-2021 period was 
2.21 cases per 10,000 LBs. The analysis of prevalence 
rates over the years did not show a linear trend, but 
rather had two notable peaks in 2017 and 2020. The 
highest prevalence rate was observed in 2017, with a 
rate of 3.15 cases per 10,000 LBs. For a detailed over-
view of the prevalence rates by year, please refer to 
figure 1.

Out of the total number of cases, 84.67% (n = 116) 
were LBs, 8.76% (n = 12) were stillbirths (SB), and 
6.57% (n = 9) did not have a recorded outcome at the 
time of notification (unknown outcome at birth). The 
mean gestational age at birth was 35.85 weeks (stan-
dard deviation [SD] 3.95), with 43.27% of cases classi-
fied as preterm births. Prenatal diagnosis was available 
in 59.12% (n = 81) of cases, while postnatal diagnosis 
occurred in 40.88% (n = 56) of cases. The rate of pre-
natal notification was 6.57% (n = 9). The mean age at 
diagnosis was 1.2  months after birth (SD 2.15). Con-
cerning birth weight, 48.39% of cases had a weight 
below 2,500 grams, 23.67% were born with a low weight 
for gestational age, 73.12% had a normal weight for 
gestational age, and 3.23% had a high weight for ges-
tational age at birth.

Regarding maternal characteristics, 12.41% were 
under 20 old years, 44.53% were over 30, and 26.28% 
were over 35 years of age. Please refer to table 1 for the 
demographic characteristics of the selected cases.

When categorizing the cases according to associated 
BDs, 61.31% (n = 84) were classified as isolated cases, 
22.63% (n = 31) as polymalformated, 6.57% (n = 9) as 
complex cases, and 9.49% (n = 13) as syndromic 
cases. Among the syndromic cases, 69.23% (n = 9) 
were attributed to Down syndrome, while 30.77% (n = 
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4) were associated with Edwards syndrome. Systems 
affected by associated BDs in polymalformated and 
complex cases can be found in table 2.

A total of 24 deaths were documented in the reported 
cases, resulting in a mortality rate of 17.51%. Examining 
the deaths based on the time of occurrence, 18 were 
classified as early neonatal deaths (75%), 1 as a late 
neonatal death (4.17%), and 5 as post-neonatal deaths 
(20.83%).

Discussion
The literature on the prevalence of TOF, both globally 

and within specific regions, shows considerable varia-
tion. The reported prevalence rates are influenced by 
factors such as the effectiveness of neonatal screening 
programs, the diagnostic methods employed, and the 
available economic resources. In a study by Liu et al., 
the estimated global prevalence rate for TOF between 
1970 and 2017 was 3.56 cases per 10,000 LBs1. This 
data differs significantly from the prevalence rate 
observed in our study, which was calculated at 
2.21 cases per 10,000 LBs.

Similarly, the estimated prevalence rates from 
studies conducted in the USA and Europe differ from 
the rate observed in our study. The National Birth 
Defects Prevention Network (NBDPN) conducted a 
study covering the period from 2010 to 2014 in the 
USA, which calculated a prevalence rate of 
4.61 cases per 10,000 LBs13. According to the Euro-
pean Network of Population-Based Registries for the 
Epidemiological Surveillance of Congenital Anoma-
lies (EUROCAT) the prevalence rate in Europe 
between 2015 and 2020 was estimated to be 
4.06  (3.86-4.26) cases per 10,000 LBs14. However, 

a study by Cavero-Carbonell et al. in the Valencia 
district of Spain between 2007 and 2017 reported a 
prevalence rate of 2.2 cases per 10,000 LBs, which 
is very similar to the rate found in our study15.

In Colombia, the prevalence reported by national 
health authorities in 2021 was 0.9  cases per 10,000 
LB15,16, wich differs from our estimates for the city of 
Bogotá. Our study shows an increased the prevalence 
rate compared to previous studies conducted in Bogotá. 
For instance, a study by Tassinari between 2001 and 
2014 estimated prevalence rate to be 0.4  cases per 
10,000 LBs4.

The observed differences in prevalence rates may be 
attributed to improvements in nationwide surveillance 
programs, which have likely contributed to better case 

Figure 1. Tetralogy of Fallot. Prevalence in Bogotá, 
Colombia (2015-2021). Prevalence was calculated as a rate 
per 10,000 live births. A 95% confidence interval (CI) was 
computed using the Poisson distribution.

Table 2. Associated birth defects classified by system

System Count Percentage

Gastrointestinal 10 20.83%

Cardiovascular 9 18.75%

Genitourinary 7 14.58%

Other 6 12.50%

Musculoskeletal 5 10.42%

Nervous 5 10.42%

Cleft lip‑palate 5 10.42%

Pulmonary 1 2.08

Table 1. Demographic characteristics of cases

Continuous Variable Mean Standard 
deviation

Maternal age (years) 29.1 7.05

Gestational age at diagnosis (weeks) 30.36 8.08

Gestational age at birth (weeks) 35.85 3.95

Number of pregnancies 2.07 1.23

Birth weight (grams) 2570.98 678.01

Nominal Variable Count Percentage

Sex at birth
Male
Female
Indeterminate

70
62
5

51.09%
45.26%
3.65%

Multiple pregnancy 9 6.56%

Prenatal diagnosis 81 59.12%

Prenatal notification to the PHSS* 9 6.57%

*PHSS: public health surveillance system.
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identification and reporting. Additionally, it is important 
to interpret the prevalence rate for Bogotá cautiously, 
considering its role as a reference city for the diagnosis 
and treatment of various pathologies in our country. This 
may lead to a potential overestimation of the prevalence 
rate in Bogotá compared to other regions. Furthermore, 
the higher prevalence rate could also be influenced by 
improved healthcare access and diagnostic resources, 
including prenatal checkups, which provide more oppor-
tunities for early detection and diagnosis.

As mentioned in the results, there was no stable 
trend in the prevalence rate of TOF during the years 
studied. This finding is consistent with the national 
trend observed in Colombia, as reported by the 
National Institute of Health, which also noted fluctua-
tions in the rates of TOF between 2015 and 201817. It 
is important to consider that Colombia is an upper-mid-
dle-income country with significant regional disparities, 
which can contribute to variations in the prevalence 
rates of BD, including TOF, between different regions 
within the country.

In terms of demographic characteristics, the popula-
tion in our study exhibited some similarities to the pop-
ulation in the study by Cavero-Carbonell in Valencia, 
Spain15. Firstly, the distribution of sex at birth was sim-
ilar in both studies. However, it is important to note that 
the study in Valencia reported a higher frequency of 
indeterminate sex due to the inclusion of cases involv-
ing induced abortion, which is not recorded in the 
PHSS in Colombia. Secondly, both studies had a high 
percentage of mothers over the age of 30, although the 
percentage (67.3%) in the Spanish study was higher 
than the percentage in our study. At the same time, 
there were some differences between the two studies. 
In terms of birth weight, our study had a higher per-
centage of newborns with a weight below 2,500 grams, 
which could be attributed to poor maternal conditions 
in the perinatal period due to social determinants of 
health. The percentage of preterm births was similar 
between the two studies.15

In terms of associated BDs, our study had a higher per-
centage of cases with gastrointestinal system 
malformations compared to musculoskeletal system mal-
formations in the study from Valencia. However, the three 
most frequent systems involved in associated BDs were con-
gruent between both studies, namely the musculoskeletal, 
gastrointestinal, and genitourinary systems.

Our study reported a lower rate of syndromic cases 
due to chromosomal abnormalities compared to the 
study by Muñoz et al. (2016), which reported that 30-40% 
of cases diagnosed prenatally had chromosomal 

abnormalities, particularly DiGeorge syndrome. These 
findings are not congruent with our results, as in our 
study, the most frequently associated syndromes were 
Down syndrome and Edwards syndrome.18

Our study found a lower rate of prenatal diagnosis 
for TOF, which aligns with the findings by Muñoz et al. 
(2016). Tetralogy of Fallot accounts for 3-7% of prena-
tally diagnosed CHDs, despite being the most common 
conotruncal malformation. Obstetric ultrasound, partic-
ularly with the four-chamber view of the heart, can 
detect over 50% of severe cardiac malformations during 
mid-gestation, with detection sensitivity potentially 
reaching 90%. Fetal echocardiography is the primary 
tool for prenatal CHD diagnosis, detecting up to 90% 
of severe cases from the late first trimester to term18.

In our study, the rate of prenatal diagnosis and noti-
fication was below the threshold set by the Bogotá 
Secretariaty of health’s “Investment Project 7830: 
Unstoppable Childhood”. The project aims to increase 
early detection and comprehensive care for children 
with BDs by 20% in 2024 through interventions focused 
on promoting health and managing preconception, pre-
natal, and postnatal risks19. Improving these indicators 
is crucial for enhancing preconception care, follow-up, 
prognosis, mortality, and other important outcomes18.

According to Gaitan-Duarte, H. et al. (2021), health 
services often exhibit deficiencies in terms of access, 
quality, and sufficiency, particularly affecting certain 
population sectors such as women, indigenous people, 
migrants, people of African descent, and marginalized 
groups who face discrimination and rights violations. 
Health inequity contributes to increased maternal and 
infant mortality and creates disparities in health indica-
tors both within and between countries. In our study, 
we analyzed the impact of the type of health insurance 
on health outcomes, finding that pregnant women with 
public health insurance had a higher risk of adverse 
outcomes than those with private insurance20. We do 
not have specific information about maternal chronic 
diseases present before or during pregnancy, due to 
incomplete data in the PHSS registry.

Conclusions
This study’s limitations primarily stem from the incom-

plete data available in the PHSS database. This limita-
tion is a result of incomplete recording and reporting. 
For instance, not all records were made by physicians, 
potentially impacting the coding and description of 
anomalies. Additionally, human errors during manual 
registration could impose constraints on future analysis 
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and the formulation of study conclusions. Furthermore, 
barriers to healthcare can contribute to underreporting, 
spanning from preconception care to postnatal diagno-
sis, thereby hindering case follow-up and timely treat-
ment. The absence of a formal follow-up program during 
the study period restricts the analysis of outcomes.

However, the significant improvements observed in 
case reporting to the healthcare system in our country 
are worth noting. This study is a unique contribution to 
the existing literature on the subject in our country. 
These advancements inspire high expectations for fur-
ther research in this field and a possible TOF follow-up 
program that could impact the outcomes and prognosis 
of this condition.
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Abstract
Cocaine use is currently a national and international public health problem related to high mortality and morbidity rates. The 
increase in cocaine use by young adults over the last decades has caused multiple medical problems related to its consump-
tion. Although alterations have been found in all body systems, it is especially in the cardiovascular system where cocaine 
exerts its greatest effects, which can be as serious as death. This drug may induce arrhythmias, coronary vasospasm, myo-
cardial ischemia, acute myocardial infarction, and sudden death. The following article presents a descriptive review of the 
effects of cocaine on the different body systems while emphasizing the cardiovascular effects that are associated with higher 
mortality, so as to provide an updated and complete information of this phenomenon that affects a large part of the world’s 
population and, above all, young people.

Keywords: Cocaine. Cardiovascular diseases. Young adults.

Resumen
En la actualidad, el consumo mundial de cocaína es un problema de salud pública relacionado con altas tasas de morbilidad 
y mortalidad. Dicho consumo ha aumentado en las últimas décadas, sobre todo en los adultos jóvenes, y es el responsable 
de la aparición de múltiples enfermedades relacionadas con su uso y consumo. Aunque se han demostrado alteraciones en 
todos los sistemas del organismo, es en especial en el sistema cardiovascular donde la cocaína ejerce sus mayores efectos, 
los cuales pueden ser tan graves como la muerte. Esta droga puede inducir arritmias, vasoespasmos coronarios, isquemia 
del miocardio, infarto agudo de miocardio y muerte súbita. En este artículo se hace una revisión descriptiva de los efectos 
que ejerce la cocaína sobre los diferentes sistemas del cuerpo y se hace énfasis en los efectos cardiovasculares (que son 
los asociados a mayor mortalidad) de tal manera que se brinde una información actualizada y completa de este fenómeno 
que afecta a gran parte de la población mundial, más exactamente a la población joven.
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Introduction
Cocaine use dates back to 1500 B.C., when the Incas 

chewed or macerated the leaves to improve their phys-
ical capacity and work longer hours1. Albert Niemann 
isolated and described cocaine in 1859; later, in 1884, 
Karl Koller used it as a local anesthetic for some sur-
gical procedures and finally, in 1855, Friedrich Gaedcke 
continued the work begun by Albert Niemann to isolate 
cocaine and turn it into the alkaloid compound we know 
today. However, the first complications due to its use 
were reported in 1886, and therefore it was restricted 
to medical use in 1914; despite this, it is used as a 
narcotic today2-6.

Global cocaine use has proved to be a public health 
problem with high rates of morbidity and mortality7. This 
is compounded by the socioeconomic impact associ-
ated with high consumption rates in developed coun-
tries and its production by developing countries. 
Unfortunately, Colombia is the second largest exporter 
of cocaine in the world, after Peru8-11. This high global 
consumption over the last few decades, which has 
grown exponentially, has led to the onset of multiple 
clinical disorders related to the use of this drug6,10,12. In 
regard to illegal substance use, the latest census report 
by the Colombian Drug Observatory (ODC, in Spanish) 
in 2013 stated that 484,109 people consumed any type 
of narcotic, for a prevalence of 12.2%13-15.

Parkin et al.’s study established that risk factors (in 
vulnerable populations, such as poverty, difficulty in 
accessing health care and education, and unemploy-
ment, among others) determine dependence on highly 
addictive psychoactive substances like cocaine and 
crack, which is a cocaine subproduct (dirty cocaine 
waste)11,16. This reflects a public health problem, espe-
cially in young adults, who are the main consumers and 
have higher morbidity and mortality rates11,17. These 
reasons led to a detailed analysis of the cardiovascular 
effects in this population. The goal of this document is 
to describe the pertinent evidence related to the sys-
temic effects (especially cardiovascular effects) asso-
ciated with cocaine use, through a comprehensive 
review of the literature, seeking to stimulate reflection 
on this problem, particularly in young readers who are 
training to be tomorrow’s physicians, and the profes-
sionals who are guiding this new generation.

Method
We conducted a review of the current literature 

through a search of scientific articles published between 

2010 and 2024, available in the Scientific Electronic 
Library Online (SciELO), PubMed, Cochrane, LILACS, 
Embase, Elsevier, Scopus, ScienceDirect and Ovid 
databases. In addition, we used descriptors such as 
cocaine use, cardiovascular diseases, young adults 
and cardiovascular effects of cocaine. Articles address-
ing the topic of cardiovascular diseases and their rela-
tionship to cocaine use in young adults between the 
ages of 18 and 40 were included. References were 
gleaned from the lists of references in the articles 
found. Studies that analyzed patients over the age of 
40, patients with cardiovascular diseases with other 
etiologies, and those with chronic kidney disease and 
rheumatologic disease, were excluded.

Results

Epidemiology
Over the last few decades, the exponential growth in 

cocaine consumption has become a global public 
health problem, with a mortality rate of 76%, which 
causes a high socioeconomic impact, according to the 
drug report published in 2018 by the United  Nations 
Office on Drugs and Crime6,9. In 2017, approximately 
271 million people, that is, 5.5% of the world’s popula-
tion between the ages of 15 and 64, had used psycho-
active substances in the previous year; a long-term 
projection of the number of people who use these ille-
gal substances shows an increase of approximately 
30% compared to the 2009 rates, when 210 million 
people had used them9,18.

Regarding cocaine consumption in Latin America, 
the countries with the highest consumption are Argen-
tina and Uruguay, with 1.6%, followed by Mexico, Costa 
Rica, Chile, Brazil, Colombia and Venezuela, with aver-
ages ranging from 0.5 to 1.1%19,20. However, it should 
be noted that Colombia is the highest producer of 
cocaine, with an average of 70% relative to the global 
average21. The 2013 National Study on the Consump-
tion of Psychoactive Substances (done by the Ministry 
of Justice and Law) highlighted the significant growth 
in the use of any illegal substance (marijuana, cocaine, 
crack, ecstasy or heroin), both in lifetime prevalence, 
which was 8.8% in 2008 and rose to 12.2% in 2013, as 
well as use during the previous year, which rose from 
2.6 to 3.6%14,18. The 2017 Colombian Drug Report 
(emitted by the ODC) stated that 484,109 people con-
sumed psychoactive substances, including marijuana, 
cocaine and crack14. Cocaine use had increased com-
pared to 2011, going from 2.4 to 2.6% in 201622. Illegal 
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drug use was most frequent in the 18-24-year-old age 
group, with 8.4% of the general population in 2013. The 
highest prevalence of illegal drug use by departments 
was in Antioquia, with 8.2%, while the lowest was in 
Córdoba, with 0.3%; Norte de Santander was below 
the Colombian average (3.6%) at 2.8%, and Bogotá, 
the nation’s capital, was at 5%, and this drug use was 
more common in men, with 2.54%, than in women, with 
0.53%14,18,19,23,24.

General characteristics of cocaine
Cocaine is a highly addictive alkaloid derived from 

coca plant leaves belonging to the Erythroxylum coca 
species, native to South America25,26. It has psycho-
pathological as well as central nervous system (CNS), 
gastrointestinal, respiratory, endocrine and cardiovas-
cular effects12,27. In the cardiovascular system, it causes 
many complications like arrhythmias, myocarditis, car-
diomyopathies, hypertension, aortic dissection, endo-
carditis, acute myocardial infarction, and, in the worst 
case, sudden death2-29.

It is also a local anesthetic and powerful stimulant 
that increases extracellular and presynaptic levels of 
monoamine neurotransmitters like dopamine, nor-
adrenaline and serotonin, involved in the mesocortico-
limbic circuit, where it inhibits reuptake by binding to 
the monoamine transporters at the nerve termi-
nals25,30-32. The main mechanisms of action are: first, 
noradrenaline reuptake inhibition at the peripheral sym-
pathetic nerve terminals, thus increasing noradrenaline 
uptake in the alpha-1 and beta-1 postsynaptic adrener-
gic receptors (this effect is potentiated with the use of 
other substances); second, dopamine reuptake inhibi-
tion, increasing its release, which stimulates the CNS 
and triggers a euphoric effect; and, finally, sodium 
channel blocking, which inhibits action potential gener-
ation and simultaneously blocks the potassium chan-
nels, altering nervous and cardiac tissue33-35. Continuous 
cocaine use triggers decreased dopamine levels and 
leads to serotonin reuptake inhibition, which causes 
depressive disorders, decreased libido, more craving 
and sleep-wake cycle disorders30,36-38.

Cardiovascular effects
Cocaine use triggers many systemic complications, 

but cardiovascular system involvement is notable, with 
the highest-impact damage depending on the hemody-
namic effect caused by a sympathomimetic response 
that stimulates alpha-1 and beta-1 adrenergic receptors, 

triggering early cardiovascular effects like tachycardia 
and hypertension, as well as late effects like bradycar-
dia and circulatory failure39,40 (Table 1).

Blood pressure and heart rate
Cocaine raises blood pressure (BP) in proportion to 

the dose consumed which, in turn, increases ventricu-
lar afterload, altering contractility and increasing the 
heart rate (HR). This occurs due to the response to the 
myocardial oxygen demand 41. Fischman et al.’s study 
evaluated the dose vs. HR relationship, with intrave-
nous cocaine administered to young, healthy patients 
with an average HR of 74 beats per minute (bpm), in 
which the effect of doses higher than 16 and 32  mg 
increased the HR by 100 bpm and 112 bpm, respec-
tively. The effects began within an average of two to 
five minutes, peaking 10 minutes after drug administra-
tion, and returning to a normal HR 46 minutes later42. 
This same study analyzed the dose vs. systolic arterial 
pressure (SAP), where doses of 4 to 8  mg had no 
effect, unlike the administration of 16 to 32 mg, which 
caused a 10 to 15% change, with a SAP of 130-
140 mmHg and an initial effect at 10 minutes42. Some 
studies maintain that simultaneous cocaine and ethanol 
consumption (whose mechanism of action is similar to 
that of cocaine, blocking dopamine reuptake at the syn-
aptic gap) potentiates cocaine’s systemic effects, such 
that this combination exacerbates myocardial oxygen 
demand, which is ultimately compensated by increasing 
the HR and SAP43,44.

Hypertension (HTN) is a common manifestation in 
cocaine use and its mechanism of action is linked to 
potentiation of the sympathomimetic effects through a 
reflex increase in inotropic and chronotropic activity, 
coupled with an increase in factors that cause periph-
eral vasoconstriction. This produces medium and long-
term consequences like atherosclerosis, vascular 
smooth muscle cell apoptosis, abnormal vasorelax-
ation, calcium channel blocking and nitric oxide syn-
thase blocking39,45,46. According to studies, intranasal 
consumption of 2  mg/kg of cocaine increases blood 
pressure by 10 to 25%, due to damage to the barore-
ceptors that regulate BP elevation. It should be noted 
that it takes 72 hours to eliminate cocaine from the 
body, and therefore elevated BP begins to decrease as 
time passes47,48. Although HTN may resolve sponta-
neously, it is important to remember that frequent users 
or those who combine alcohol and cocaine use may have 
a higher risk of complications like hypertensive emergen-
cies, ischemic events and acute aortic dissection36,49,50. 
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In 2004, Mendoza et al. reported the clinical case of a 
patient with HTN due to indiscriminate cocaine use. 
The patient developed hemorrhages and exudates 
compatible with grade  III hypertensive retinopathy, 
along with elevated BP figures. After 24 months of fol-
low up, he maintained a normal BP along with pharma-
cological treatment with lisinopril and hydrochlorothiazide 
plus a low sodium diet and cocaine abstinence, with 
which he achieved target levels.

Vascular tone

Cocaine-induced vasoconstriction is caused by 
adrenergic receptor stimulation in the smooth muscle 
cells of the coronary arterial bed and increased vascu-
lar endothelial permeability due to direct effects on 
endothelin-1 (ET-1) and thromboxane-A2 (TXA2) pro-
duction, which foster endothelial dysfunction. On the 
other hand, nitric oxide (NO) is reduced by this vascular 
damage, thus favoring platelet aggregation38,41. These 
effects support the acute coronary thrombosis mecha-
nism found in patients with acute myocardial infarction 
(AMI) following cocaine consumption, which was seen 
after early coronary angiography confirmed thrombotic 
coronary obstruction which, when resolved (either spon-
taneously or with fibrinolysis), revealed a normal vas-
cular tree. Lange et al.44 analyzed the hemodynamic 
parameters of the coronary arteries after administering 
cocaine and found an acute reduction in vessel caliber 
and blood flow in the coronary sinus, which led them 
to the conclusion that cocaine, by increasing HR and 
BP, leads to increased myocardial oxygen demand, due 
to local vasoconstriction. Furthermore, Turillazzi et al.51 
evaluated coronary artery diameter, which is directly 
affected by a low concentration of cocaine in the blood, 
more specifically, by its metabolites: benzoylecgonine 
and ecgonine methyl ester, which are responsible for 

the arterial vasoconstriction, thus supporting the previ-
ously mentioned theories. Cocaine-induced early vas-
cular smooth muscle cell apoptosis signaling pathways 
have been reported. This process could be mediated 
by a calcium ion overload and low magnesium which 
promotes cell death by the production of calcium and 
magnesium-dependent endonucleases.

Induction of myocardial ischemia and 
acute myocardial infarction

Acute myocardial infarction (according to the fourth 
universal definition) is an acute myocardial injury with 
clinical evidence of acute myocardial ischemia and a 
rise or fall in cardiac troponin levels with at least one 
figure above the upper reference limit of the 99th per-
centile and at least one of the five clinical conditions 
mentioned in the 2018 consensus. Coupled with the 
above, cocaine use is related to the development of 
AMI, which manifests mainly with the onset of arrhyth-
mias that tend to appear due to a prolonged QT interval 
associated with sodium channel blocking, which allows 
it to act as a local anesthetic and, in turn, block the 
potassium channels, altering the interaction between 
these channels40. Deep vein thrombosis and bacterial 
endocarditis are also complications of intravenous 
cocaine use. There is evidence of arterial thrombosis 
facilitated by an antithrombin-3 and protein C deficit in 
chronic cocaine users. However, the risk of these com-
plications decreases when consumption ceases27.

As already mentioned, this alkaloid exacerbates the 
chronotropic and inotropic response, as it increases 
the HR and BP and triggers increased cardiac output 
and myocardial oxygen demand, as a first step, to trig-
ger serious cardiovascular system complications5,39,; 
cocaine users may or may not develop significant cor-
onary artery vasospasms. In addition, sodium channel 

Table 1. Acute effects of cocaine on the cardiovascular system 

Effect Mechanism of action Time of onset Reference studies 

Tachycardia Beta‑1 adrenergic receptor stimulation and increased 
myocardial oxygen demand. 

2‑5 minutes Fischman et al.42

Hypertension Alpha‑1 adrenergic activation and increased ventricular 
afterload. 

10 minutes Fischman et al.42

Vasoconstriction Smooth muscle adrenergic receptor stimulation and increased 
endothelin‑1 and thromboxane‑A2.

Rapid Lange et al., Turillazzi et al.

Increased HR and BP Potentiated by simultaneous ethanol consumption, greater 
oxygen demand. 

Variable Mendoza et al.
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blocking depresses the myocardium and induces myo-
cardial ischemia41.There are four factors involved in the 
generation of ischemia, as follows:
–	 Increased myocardial oxygen demand due to the 

previously mentioned factors and the sympathomi-
metic effect, which causes ischemia with significant 
coronary stenosis, with an increased effect if the user 
has a history of smoking.

–	Alpha-1-adrenergic coronary vasoconstriction; an 
exacerbation of the vasoconstrictive effect on the 
epicardial arteries and the arterioles34,46.

–	Coronary thrombosis: since the alkaloid increases 
platelet aggregation due to the effect of TXA2, it 
allows thrombi to be formed and also causes 
endothelial dysfunction through the procoagulant 
effect, thus decreasing antithrombin III and protein 
C synthesis34,46.

–	Coronary artery aneurysms: in Rodríguez et al.’s 
study, in which 112 cocaine consuming patients (who 
were symptomatic at the time) were examined and 
underwent coronary angiography, 30.4% had coro-
nary artery aneurysms, compared to the control 
group with 7.6%40.
Thus, these factors trigger myocardial ischemia, 

coupled with a prothrombotic state that ends in AMI. 
However, it is pertinent to clarify that excessive con-
sumption of this substance causes a 24 times greater 
risk of AMI within the first hour of consumption40,46. 
When a cocaine user is admitted to the emergency 
room for precordial pain, two aspects should be under-
stood: first, a simple electrocardiogram will always 
show a pathological result because ST segment ele-
vation is common; and second, creatine phosphoki-
nase (CPK) is usually elevated in users due to the side 
effects of consumption (hyperthermia and muscle 
damage), and therefore troponins should always be 
used, specifically troponin I, as the best diagnostic 
marker39.

Furthermore, the study by Veas et al. analyzed cor-
onary microcirculation damage in cocaine users after 
undergoing primary angioplasty, with a group of 
59  patients and a non-user control group of 
142 patients. After a TIMI frame count (which evaluates 
epicardial flow and microcirculation), the evidence 
showed that the user group had a higher count than the 
control group, and therefore the investigators con-
cluded that users have a higher risk of endothelial dam-
age and microcirculation impairment caused by primary 
angioplasty. Bosch et al conducted an observational 
study of 1,240 patients with an average age under 55 
and a complaint of chest pain, in which they analyzed 

the relationship between cocaine use and precordial 
pain and determined that 63 patients reported cocaine 
use associated with precordial pain, and 6% of these 
ultimately suffered an AMI. An autopsy study39 showed 
that those who died from acute coronary thrombosis 
had elevated mastocytes in the coronary segment, a 
finding suggestive of a local proinflammatory state in 
frequent cocaine users. However, this study did not 
consider the history of tobacco addiction.

Arrhythmia induction
Cocaine can cause arrhythmias due to its pharma-

cological properties, as it acts as a local anesthetic and 
sympathomimetic agent (as mentioned previously), 
thus promoting vasoconstriction of the coronary arteries 
and, therefore, reducing oxygen delivery to the myocar-
dium. Coupled with this alteration, there are prolonged 
PR, QRS and QT intervals on the electrocardiogram 
(EKG). These changes are linked to electrical distur-
bances due to the direct effect on the sodium, potas-
sium and calcium channels. The most common 
arrhythmias in cocaine users are sinus tachycardia, 
sinus bradycardia, supraventricular tachycardia, ventric-
ular tachycardia, bundle branch block, complete heart 
block, accelerated idioventricular rhythm, ventricular 
fibrillation, and asystole46.

In addition, we have already mentioned some of the 
complications caused by chronic cocaine use; for 
example, acute myocardial ischemia is associated with 
an elevated extracellular potassium concentration 
within the ischemic area, causing potassium-induced 
depolarization of the membrane potential, as a result 
of sodium channel inactivation; subsequently, there is 
an increased proportion of these inactivated channels 
under resting conditions. Cocaine has been found to 
bind to inactivated sodium channels, reducing even 
further their availability in the involved ischemic area, 
which alters electrical conduction and increases the 
onset of arrhythmias, producing QRS complex prolon-
gation, ST segment elevation (which can even lead to 
a Brugada syndrome) and a predisposition to ventricu-
lar fibrillation on the EKG. Another cause that exacer-
bates sodium channel inhibition is vasoconstriction, 
which patients will compensate with an increased HR3. 
On the other hand, potassium and calcium channels 
are blocked and repolarization is affected by a pro-
longed QT interval and other complications, like ven-
tricular fibrillation and torsades de pointes (rhythms that 
can be seen on the EKG), associated with bradycardia 
derived from the simultaneous channel blocking3. It should 
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be noted that the potassium channels may be altered by 
a direct relationship with human ether-a-go-go-related 
gene (hERG) mutations, which is a direct cause of 
long QT.

Myocarditis and endocarditis
Cocaine addiction increases left ventricular pressure 

and dilation and decreases contractility, which, together 
with the adrenergic impact of cocaine, could mimic 
pheochromocytoma-induced cardiomyopathy or takot-
subo syndrome (takotsubo cardiomyopathy). In some 
cases, myocardial dysfunction is reversible if con-
sumption is stopped, but if it is resumed, the heart 
damage and complications reappear. Dilated cardio-
myopathy is the most frequent complication of chronic 
cocaine use, due to catecholamine reuptake blockade 
in the presynaptic neuron which causes subendocar-
dial ischemic and myocytic necrosis, together with 
hyperadrenergic abnormalities leading to myocardial 
contraction band necrosis, followed by heart failure 
and heart valve defects.

On the other hand, some studies employing endo-
myocardial biopsies indicate that focal myocarditis and 
dilated cardiomyopathy are caused by the toxic effect 
of elevated plasma catecholamines which ultimately 
cause subendocardial ischemia and myocytic necro-
sis in the myocardium34,46. The relationship between 
intravenous cocaine consumption and the onset of 
infective endocarditis is clear when the procoagulant 
effects, endothelial dysfunction and valve abnormali-
ties or disease are taken into account. Autopsies of 
some cocaine users have found myocarditis with lym-
phocytic infiltrates dependent on an inflammatory 
reaction at myocardial necrosis or vascular injury 
points. There are also other myocardial lesions, both 
fibrotic and necrotic; the latter are more evident in 
patients with pheochromocytoma (considering the 
catecholaminergic hyperstimulation produced by 
cocaine). The study by Aguilar et al.52 included eight 
patients who reported intravenous cocaine use, with 
no history of cardiovascular problems. Transthoracic 
echocardiograms showed masses adhered to the 
chordae tendineae, with greater prevalence of tricus-
pid valve involvement. Finally, the direct toxic effect 
of cocaine on the heart and myocardium makes this 
alkaloid a potential risk factor for cardiomyopathies, 
and if this is aggravated by the presence of contam-
inants like heavy metals (manganese) that are often 
mixed with cocaine, its risk contribution increases 
exponentially46.

Great vessel dissection or rupture
Keeping in mind the mechanism of action of cocaine 

and the acute complications it causes, vasoconstriction 
is triggered by increased shear stress in the vessel 
walls, leading to a heightened risk of intimal rupture 
and, ultimately, acute aortic dissection49. There are 
some predisposing factors for this condition that are 
exacerbated by cocaine consumption, such as male 
sex, being a young adult, being of African descent, 
smoking and having untreated HTN49.

Hypertensive crises are one of the most common 
complications of chronic cocaine use and are often 
accompanied by aortic dissection due to cell apoptosis 
and smooth muscle necrosis. This leads to endothelial 
dysfunction and vessel wall weakness that produce 
aortic dissection, which can cause sudden death and 
require immediate surgery. Out of 3,584 acute aortic 
dissections registered in the International Registry for 
Aortic Dissection (IRAD) database from 1996 to 2012, 
1.8% were associated with cocaine use. The same 
institute obtained data from 17 international centers in 
which the prevalence of cocaine addicts in acute aortic 
dissection cases was only 0.5%; however, two sin-
gle-center studies reported that 3.7 and 9.8% of the 
prevalence of cocaine addiction in acute aortic dissec-
tion cases occurs in young adults. The study by Pérez 
et al.53 reported the case of a 25-year-old cocaine user 
who was admitted for cocaine-related AMI and whose 
subsequent coronary angiography showed sponta-
neous dissection of the proximal segment, along with a 
superimposed thrombus and TIMI-III distal flow. He was 
therefore treated pharmacologically, and monitoring was 
ordered one week later to verify dissection closure.

Conclusion
Cocaine addiction is the main cardiovascular disease 

threat in young adults, as it produces effects that vary 
depending on the route of administration and dose 
consumed, causing anywhere from bradycardia due to 
vagal stimulation to sudden death. Cocaine, unlike 
other drugs (like heroin or methamphetamines), can 
cause harmful effects through different pathophysiolog-
ical pathways. It is important to note that there are 
frequent complications of chronic use, like rhinitis, 
nasal mucosa erosion, nasal septum perforation, bac-
terial sinusitis, respiratory diseases, heart arrhythmias, 
seizures, weight loss and malnutrition syndrome, as 
well as systemic involvement with neurologic, respira-
tory, cardiovascular, obstetric, gastrointestinal, renal 
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and endocrine complications. Cocaine use is not just 
a health problem, but also a social threat. It is import-
ant to promote the ongoing search for treatments to 
prevent relapses in chronic users, and for this to 
become a commitment and challenge for healthcare 
professionals.
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