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Cardiovascular diseases are the leading 
cause of death in the world. Among them, 

the presence of sudden cardiac death (SCD) 
stands out.1 The prompt activation of the 
emergency medical service (EMS), the early 
initiation of CPR by witnesses, and the use 
of the AED improve the prognosis of survival 
and complications of the victim.2 In this 
context, international CPR recommendations 
increasingly insist on teaching these maneuvers 
to first responders and witnesses, especially in 
the context of out-of-hospital cardiac arrest 
(OHCA),3 which is where witnesses are the 
ones who can initiate the rescue maneuver’s 
attention to victims.4 In Mexico, there is no free 
CPR training program for the open population 
either at the government level or by Non-
governmental Organizations (NGOs). There 
are only separate efforts, and most of them are 
not free and are taught mainly to people who 
request them and at some cost. Furthermore, 
we think that the fact that SCDs are mostly 
produced as OHCA and the evidence that the 
performance of early detection by witnesses 
leads to greater survival. It should be the 
reason for providing education that reaches 
the majority of the population,5 as I said 
before, for free. In this sense, we think that 
the recommendations made by ANCAM in 
its initial program to save a life with just your 
hands should be a turning point to extend CPR 
education to the Mexican population by an 
NGO, but taking advantage above all of the 
learning capacity of the school population6 
this should also be a government program at 
the national level in primary schools. Multiple 
studies show that teaching CPR and CPR 

maneuvers in schoolchildren is accompanied 
by a7-9 reduction in morbidity and mortality 
in patients with OHCA. We think that this 
type of writing should raise awareness among 
political authorities to consider the importance 
of teaching this type of maneuver in training not 
only at the level of the school population but 
also at the secondary level where it is shown that 
the population is more receptive and potentially 
suitable for the application of CPR maneuvers 
and make it mandatory in high-risk populations 
such as those seeking to obtain a driving license, 
and places with a high concentration of people 
such as airports, stadiums, shopping centers, 
airports, gyms, sports centers, etc. Finally, the 
idea is to reduce a real health problem that 
causes great deterioration in the health of 
Mexicans, their families, and their workplaces, 
and that also translates into economic problems 
for the country since most of the victims are 
people of productive age.

Let us help raise awareness in the general 
population and especially in our governments 
and make it easier for the teaching of CPR to 
reach the majority of Mexicans finally.
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RESUMEN

Introducción: las escalas de riesgo son útiles en la prevención 
primaria de las enfermedades cardiovasculares (CV) para 
detectar sujetos de alto riesgo. En México se utilizan escalas 
desarrolladas en poblaciones muy diferentes a la nuestra. 
Recientemente, se ha propuesto el uso de la herramienta de 
Globorisk para la población mexicana. Hemos demostrado 
que el baremo ACC/AHA subestima el riesgo medido con el 
índice TG/C-HDL y el llamado puntaje Lindavista. Ahora 
comparamos estos últimos con el riesgo calculado con la 
herramienta Globorisk, cuyas estimaciones originales se 
ajustaron a los datos nacionales. Material y métodos: la 
sumatoria de las anormalidades de los datos de 2,602 sujetos 
sanos (edad, género, masa corporal, cintura, perfil de lípidos 
y glucemia) conformaron el puntaje Lindavista. Éste y los va-
lores cuartilares del índice TG/C-HDL se compararon con la 
estimación del riesgo Globorisk para México. Resultados: el 
riesgo Lindavista y los valores del cociente TG/C-HDL tienen 
una muy alta correlación lineal, pero Globorisk subestima 
gruesamente el riesgo. Conclusión: ningún baremo que no 
tome en cuenta rasgos y factores muy prevalentes en nuestra 
población (obesidad abdominal y tríada lipídica) expresa 
correctamente el riesgo. En espera de desarrollar nuestro 
propio baremo que tome en cuenta los rasgos antropométricos 
y cardiometabólicos de la población mexicana, se propone al 
índice TG/C-HDL como una herramienta útil, económica y 
práctica para la estimación del riesgo de nuestra población.

ABSTRACT

Introduction: risk scales are helpful in the primary prevention 
of cardiovascular (CV) diseases to detect high-risk subjects. 
In Mexico, scales developed in populations very different 
from ours are used. Recently, the use of the Globorisk tool 
in Mexico has been proposed. We have shown that the ACC/
AHA scale underestimates the risk measured with the TG/
HDL-c index and the so-called Lindavista score. We now 
compare these last to the risk calculated with the Globorisk 
tool, whose original estimates were adjusted to national data. 
Material and methods: the sum of the abnormalities in 
the data of 2,602 healthy subjects (age, gender, body mass, 
waist, lipid profile, and blood glucose) is the Lindavista 
score. This and the quartile values of the TG/HDL-c index 
were compared with the Globorisk risk estimate for Mexico. 
Results: Lindavista risk and TG/HDL-c ratio values have a 
very high linear correlation, but Globorisk underestimates the 
risk. Conclusion: any scale that does not consider traits and 
factors that are highly prevalent in our population (abdominal 
obesity and lipid triad) can correctly express the risk. While 
waiting to develop our scale that encloses the anthropometric 
and cardiometabolic traits of the Mexican population, the 
TG/HDL-c index is proposed as a valuable, economical, 
and practical tool for estimating the risk of our population.

In search of an appropriate risk scale 
for Mexicans. The insufficiencies 
of the Globorisk scale
En busca de una escala de riesgo adecuada para los 
mexicanos. Las insuficiencias de la escala Globorisk
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INTRODUCTION

Until now, one of the most solid paradigms 
of contemporary cardiovascular (CV) 

medicine is that estimating risk to tailor 
specific prophylactic measures according to the 
magnitude of the calculated danger is essential 
in the primary prevention of CV diseases.1 
Under that idea, several risk scores have been 
introduced in the last decades based on ample 
adult population cohorts comprising both 
sexes.2-10 Using multiple regression analysis, 
where the different risk factors were used 
as independent or explanatory and diverse 
fatal and non-fatal outcomes as dependent 
or predicted variables, multiple regression 
equations were generated to predict the 
absolute risk of those outcomes, generally 
over ten years. Because these seminal cohort 
studies are expensive, complex, and long-
lasting, without exception, they were generated 
in developed countries. Physicians from less 
advanced nations are forced to use these 
risk scales even though their populations are 
strikingly different from an ethnic, nutritional, 
anthropometric, and cultural point of view. 
However, as Ueda stated, «Risk equations 
developed in one population cannot be applied 
to other populations, or even used in the same 
population years after they were developed 
because mean CVD risk and CVD risk factor 
levels vary across populations and over time».6

In our country, the risk scales that are more 
attractive to physicians are the United States 
American College of Cardiology/American 
Heart Association atherosclerotic cardiovascular 
disease (ASCVD) risk scale (ACC/AHA ASCVD 
risk scale),7 the European SCORE2 and 
SCORE2OP,8,9 and the international Globorisk.10

However, our group has insisted on 
the necessity of developing a risk scale 
appropriate to Mexicans, given the peculiar 
and distinctive features of our predominant 
mestizo population: high prevalence, mainly 
of the central type, of overweight and obesity 
(O/O), genetic predisposition to insulin 
resistance and the so-called «metabolic 
syndrome», atherogenic dyslipidemia, and type 
2 diabetes (DM2).11-14

A clinical guide on dyslipidemia focused 
on the Mexican population was recently 

published,15 in which, among many debatable 
topics and conclusions, the use of the Globorisk 
tool for risk estimation in primary prevention 
was recommended. Although the guide is 
intended to be a product of a broad national 
consensus, many concepts and findings 
of several national research groups, such 
as ours, are not reflected in many of the 
recommendations and conclusions of the 
document mentioned above.

More recently, our group published a work 
in which we showed that since the ACC/AHA 
ASCVD risk scale does not consider some 
highly prevalent risk factors in our country, 
its calculation grossly underestimates the 
cardiovascular risk of the Mexican population.16 
We compared the risk estimated by the US 
scale against the values of the ratio between 
triglycerides (TG) to the cholesterol of the high-
density lipoproteins (HDL-c), the TG/HDL-c 
index, a simple, inexpensive, and easy-to-get 
risk marker, and also with the Lindavista scale, 
still under study, derived from anthropometric 
data, blood glucose, lipids, and blood pressure 
from the primary prevention study of the same 
name.13 The ACC/AHA ASCVD scale coincides 
with the TG/HDL-c index and the Lindavista 
score only at the extremes. Still, in patients 
with high or moderate risk, according to our 
markers, the US scale continues to consider 
them at intermediate risk. The present work 
is an extension of the previous one but now 
scrutinizes the usefulness of another risk score 
system, the Globorisk tool, to correctly assess 
the CV risk of Mexicans.

MATERIAL AND METHODS

The Lindavista study’s methodology and results 
and the «Lindavista scale» proposal have been 
described elsewhere.13,16 A non-probabilistic 
sample was assembled with subjects of both 
sexes, aged 35 or older, without a history 
of atherosclerotic diseases, diabetes, or any 
systemic severe disease, who were invited to 
participate in a long-range primary prevention 
program on cardiovascular (CV) risk factors. 
The participants were randomly allocated into 
two groups: one, in which the follow-up was 
done by cardiologists trained in prevention, and 
another cared for by their private or institutional 
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general physicians. Institutional ethics and 
research committees approved the protocol, 
which was conducted under the standards 
of Good Clinical Practices,17 and following 
ethical18 and legal19 standards, including the 
mandatory obtention of informed consent.

The following data were obtained from 
all participants’ clinical examinations and 
laboratory tests: age, sex, and smoking status 
were registered. From weight (in kg) and 
height (in cm), body mass index was calculated 
(BMI, kg/m2). Abdominal circumference 
was measured in cm. According to standard 
specifications, systemic systolic and diastolic 
blood pressures (SBP, DBP) were measured in 
mm Hg with mercurial sphygmomanometers.20 
Fasting glycemia and lipid profile: total 
cholesterol (TC), TG, HDL-c were obtained 
in mg/dL by colorimetric assay kits following 
manufacturers’ instructions. Low-density 
lipoprotein cholesterol (LDL-c) was estimated 
through the Friedewald formula21 (LDL-c = TC-
HDL-c/(TG/5) if concentrations of TG were 
below 300 mg/dL. If not, instead of LDL-c, the 
non-HDL cholesterol estimation was used as a 
substitute: non-HDL-c = TC-HDL-c.

The summation of these eleven variables 
yields the «Lindavista score» (LS). Each variable 
was assigned a value between -3 to +3, 
according to its amount, following established 
criteria and, sometimes, arbitrarily. The greater 
the sum, the higher the CV risk, according to 
the concept of «risk aggregation».22 The highest 
possible value of the sum would be 33. The 
LS was estimated in all subjects of the cohort.

The TG/HDL-c index23 was estimated 
f rom the  l ip id  va lues  a s  a  CV and 
cardiometabolic index.

CV risk was also assessed using the Globorisk 
tool based on data from eight prospective 
cohort studies.10 The laboratory version 
of the score considers smoking, systolic 
blood pressure, diabetes, and TC to develop 
regression equations predicting the 10-year 
risk of sudden death and fatal and non-fatal 
episodes of ischemic heart disease and stroke.6 
There are risk-colored-code charts for 182 
nations, recalibrating the original risk score 
according to country-specific mean risk factor 
levels and CVD rates. According to the color 
code of the charts, it can be assumed that 

the first two categories in green (< 5, 5-9%) 
correspond to the lowest risk; the yellow one 
(10-19%) to moderate risk; the one in orange 
color (20-29%) to high risk and those with 
different tones of red (30-39, 40-50, and more 
than 50%) to very high risk (Table 1).24

Statistical analysis. Data was analyzed 
using GraphPad Prism version 7.00 for Windows 
(GraphPad Software Inc., San Diego, CA, USA). 
Correlation coefficients among the Globorisk, 
Lindavista risk, and TG/HDL indexes were 
done using Pearson’s correlation coefficient 
formula. A p-value < 0.05 was considered 
statistically significant.

RESULTS

We test the LS score in all cohort subjects, 
comparing its values against the TG/HDL-c 
index, a risk score proposed since the 
Framingham observations.23 To calibrate the 
LS, their values were divided into quartiles 
and compared against those of the TG/HDL-c 
quotient, corresponding to the quotient figures 
of < 3.3, 3.3-4.6, 4.7-6, and > 6 to quartile 
values of the LS of Q1, 0 to 4.9; Q2, from 5 to 
8.9; Q3, from 9 to 13; and Q4, greater than 
13 scores.16 Arbitrarily, we named those LS 
intervals of low, borderline, intermediate, and 
high-risk categories, following the ACC/AHA 
ASCVD risk scale nomenclature.7,16

The comparison between the TG/HDL-c 
index and the Globorisk score is shown in Figure 
1, while the relation between Globorisk and LS 
is shown in Figure 2.

DISCUSSION

Humanity, despite belonging to a single race, 
comprises numerous ethnic groups that have 
marked phenotypical differences. Although 
this statement is a truism, it has not been 
completely assimilated into the modern 
medical imagination. For example, not long 
ago, the results of the INTERHEART study 
indicated another truism: that a set of nine 
well-known risk factors is responsible for 
90% of the attributable risk of coronary heart 
disease (CHD).25 Although this study produced 
some nonsense results, like considering that 
«psychosocial stress» is the third most important 
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Table 1: Lindavista risk score.

Risk factor grading Scoring Risk factor grading Scoring

Female, (years) Systemic diastolic blood pressure, (mmHg)
< 30 -3 < 90 0
30-39 -1 90-99 1
40-49 0 100-109 2
50-59 1 ≥ 110 3
> 60 2 Fasting glycemia, (mg/dL)

Male, (years) < 100 0
< 30 -1 100-126 1
30-39 0 127-140 2
40-49 1 ≥ 140 3
50-59 2 Total cholesterol, (mg/dL)
> 60 3 < 200

200-239
240-279
≥ 280

0
1
2
3

Smoking, (daily consumption)
Never smokers or former smokers 
(at least in the last year)

0

Cigarette consumption
1-5 1 Triglycerides, (mg/dL)
6-10 2 < 150 0
> 10 3 150-199 1

Body mass index, (kg/m2) 200-499 2
< 25 0 ≥ 500 3
25-29.9 1 HDL-c, (mg/dL)
30-34.9 2 ≥ 60 0
≥ 35 3 40-59 1

Abdominal circumference in women, (cm) 30-39 2
< 80 0 < 30 3
80-84.9 1 LDL-c, (mg/dL)
85-89.9 2 < 100 0
≥ 90 3 100-129 1

Abdominal circumference in men, (cm) 130-159 2
< 90 0 ≥ 160 3
90-94.9 1 Total score
95-99.9 2
≥ 100 3

Systemic systolic blood pressure (mm Hg)
< 140 0
140-159 1
160-179 2
≥180 3

The sum expresses the number and severity of risk factors. The grading of some factors was done, in some cases, taking 
the standard categories (BMI or BP, for example). In other cases, the different gradation was arbitrary, as in the case of 
abdominal obesity.



Meaney A et al. A risk scale for mexicans10

www.cardiovascularandmetabolicscience.org.mxCardiovasc Metab Sci. 2024; 35 (1): 6-15

Low risk Moderate risk

TG
/H

DL
-c 

qu
ar

tile
s

Q4

Q3

Q2

Q1

10

9

8

7

6

5

4

3

2

1

0

r = 0.9327
p < 0.001

GLOBORISK score
TG/HDL-c quotient vs Globorisk score

1514131211109876543210

Figure 1: 

TG/HDL-c index vs 
Lindavista score.

A straight linear relation 
exists between TG/

HDL-c quotient and 
Globorisk scores, with 

a high correlation 
coefficient. However, 
the highest values of 
the TG/HDL-c index 

correspond to the 
lowest Globorisk scores 

categories, signaling that 
this system significantly 

underestimates the 
cardiovascular risk 

of the Lindavista 
study population.

Figure 2: 

GLOBORISK score 
vs Lindavista score.
Despite a straight linear 
correlation between both 
risk scales, Globorisk 
does not coincide with the 
estimations of the Lindavista 
score. Even those with the 
highest LS summations are 
qualified in the low and 
moderate Globorisk scores.
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determinant of CHD, above even obesity, 
hypertension, and diabetes, its worst defect is to 
state that these results are observed «worldwide 
in both sexes and at all ages in all regions»,25 
a way to reject the fact of the biodiversity that 
characterizes the human gender. To begin 
with, only six Latin American countries were 
considered (Argentina, Brazil, Colombia, 
Chile, Guatemala, and Mexico), leaving out 
most of the American nations.26 Secondly, the 
Mexican population studied reached a meager 
number of 8 cases and 17 controls from a single 
research center.26 What solid conclusions can 
be derived from this scanty number, which, 
in addition to making matters worse, did not 
constitute a paired set? Thirdly, the results 
of a previous, more rigorous although much 
less extensive, Latin America case-control 
study were already known (and probably 
inspired the INTERHEART design), assembling 
data from the FRICAL study (enclosing the 
subjects of four Latin American countries: 
Argentina, Cuba, Mexico, and Venezuela).27 
Our country contributed with 200 cases and 
200 controls, still a small number, but without 
doubt considerably larger than that of the 
Mexican contribution to the INTERHEART 
study. The FRICAL study showed remarkable 
differences among the participating nations, 
entirely dissimilar from the anthropometric, 
nutritional, and ethnic points of view. For 
example, hypercholesterolemia was very 
important in Cuba as an infartogenic risk factor 
while having a bordering consequence among 
Mexicans. On the contrary, diabetes mellitus 
was prominently significant in Mexico and 
almost negligible in Cuba. The phenotypic 
differences between the distinct ethnic groups 
and their mixtures turn Latin America just into 
a geographical or geopolitical term rather than 
a homogeneous ethnic region. So, the problem 
is not determining the CV risk factors but rather 
their relative importance, which changes from 
community to community and country to 
country. Due to the above facts, the risk scales 
developed for a particular population cannot 
be applied to another.

Considering that CV risk is substantially 
different across populations due to known 
multiple determinants from genetic, epigenetic, 
nutritional, environmental, psychosocial, 

educational, and cultural nature, plus the 
differences in the quality, the access, and the 
coverage amplitude of the health systems, the 
Globorisk tool recalibrates the original data 
replacing age-and-sex-specific average risk 
factor and the levels of the risk factors observed 
in the health surveys of several nations, and 
also with the CVD death rates from the 
World Health Organization.28 The Cohorts 
Consortium of Latin America and the Caribbean 
(CC-LAC), led by the researchers of the Harvard 
T.H. Chan School of Public Health, one of the 
leading institutions in the development of the 
Globorisk tool, estimated the discriminatory 
and calibration capacities of the system in 
the risk estimation using pooled data from 
nine prospective Latin American cohorts 
enclosing 21,378 subjects.29 By using Harrell’s 
C-statistic or concordance index, which signals 
the discriminatory power of a predictive 
system model, the researchers determined 
a reasonable index higher than 0.7. The 
data’s calibration was obtained by estimating 
the slopes (close to 1) of different linear 
regression equations. Despite the impeccable 
mathematical management, and focusing only 
on the Mexican situation, we can say that the 
two cohorts used in the Consortium exercise 
have significant limitations. The Mexican 
Teachers’ Cohort30 is a cancer-oriented project, 
enclosing mainly premenopausal female 
schoolteachers (just 1.8% of participants were 
male, from a single Federal state), relatively 
young. As far as we know, no biochemical or 
blood pressure data were collected, and except 
for a single sub-study on the role of sunlight 
in preventing the increase in carotid intima-
media thickness, the study group has had no 
other publication directed at the cardiovascular 
or cardiometabolic areas.31 Although this 
study may be important for studying the 
epidemiological behavior of different tumors 
in women, as designed, it has no use in 
determining cardiovascular risk. For its part, the 
cohort of the Health Workers study32 comprised 
personnel from Mexican governmental health 
institutions. Just 9,267 of all participants were 
adults from two cities in Central Mexico 
(Cuernavaca, Morelos, and Toluca, State of 
Mexico), relatively young (mean age around 
43.6 ± 14 years). The sample was biased 
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towards women (70%). Although at baseline, 
BMI, waist circumference, glycemia, the whole 
basic lipid profile, and blood pressure were 
measured, and their results are concordant with 
other cohort and epidemiologic studies,11,13 
the following assessment, done six years 
later, just comprised 1,855 persons, to which 
1,286 new recruited subjects were added. 
To our knowledge, only one cardiovascular 
study has been published with data from 
this cohort, a binational comparison with US 
citizens of Mexican origin, which showed 
that the nationals of our country have a lower 
proportion of traditional CV risk factors than 
their counterparts living in the United States.33 
The limited regional representativeness, the 
young mean age of the cohort, the fact that 
the participants were part of the medical and 
paramedical staff, the bias towards women, 
and the lack of follow-up to determine CV 
outcomes, make this study unsuitable for any 
adjustment of the original Globorisk equations.

On the other hand, GLOBORISK charts 
utilize only a reduced number of risk factors, 
which are insufficient to encompass the 
complex genetic, nutritional, and metabolic 
conditions of the Mexican population plagued 
by a dysmetabolic O/O epidemic.34-36

In the study preceding the current one, 
already mentioned,16 we documented the 
underestimation of risk provided by the ACC/
AHA ASCVD risk scale. In comparison, the 
Globorisk tool performs even worse. As shown 
in Figures 1 and 2, while a high cardiovascular 
and cardiometabolic risk, secondary to a high 
frequency of dysmetabolic abdominal obesity, 
characterizes the Lindavista study population, 
the Globorisk scale grossly underrates the risk. 
As the more atherogenic milieu in the current 
Mexican population is given for the ominous 
consequences of the binomial insulin resistance/
hyperinsulinism, essentially atherogenic 
dyslipidemia and systemic inflammation, any 
score risk system that no includes abdominal 
obesity and concentration of TG is improper to 
test in a population like ours.

The LS was only used as proof of the 
concept called the aggregation of risk, i.e., 
meaning that the more risk factors a person 
accumulates, and the higher or more serious 
they are, the more pronounced the CV risk. 

In this context, the LS keeps a close linear 
correlation with the TG/HDL-c index, a reliable 
and worldwide accepted CV risk marker, with 
prognostic and therapeutic relevance.16,23,37-41 
It is surprising that despite the numerous works 
recently published in national and international 
journals from several Mexican research groups, 
the use of this valuable risk marker is entirely 
ignored by most clinicians and lipid researchers 
in our country.

The data shown here indicate that the 
Globorisk tool performs poorly in detecting CV 
risk in our population. The highest values of 
both the LS and the TG/HDL-c correspond to 
a low GLOBORISK score. The three tools only 
coincide in low-risk subjects. In a country where 
40-50% of the adult population suffers from the 
so-called metabolic syndrome,13,34,42 whose 
pathophysiological basis is binomial insulin 
resistance/hyperinsulinism, the concentration 
of TG cannot be ignored.

A common argument used to disregard the 
value of hypertriglyceridemia as a vascular risk 
factor is based on the debatable relative failure 
of fibrates to lower the CV risk, which underpins 
the refusal of many of our lipid experts, in 
line with the US guidelines, to consider the 
pathogenic power of TG. This attitude was 
further reinforced by the results of the recent 
study with pemafibrate, a new selective 
peroxisome proliferator-activated receptor α 
modulator, which did not demonstrate any 
reduction in cardiovascular risk in patients 
with diabetes despite a descent of 26.2% of 
TG concentration.43 In comparison, twenty-
five years ago, the VA-HIT study encompassing 
a male population on secondary prevention 
with low HDL-c levels and LDL-c levels < 140 
mg/dL, with or without hypertriglyceridemia, 
tested the use of gemfibrozil (without statins) on 
coronary risk reduction. The active treatment 
reduced TC by 4%, TG by 31%, and increased 
HDL-c by 6% without any significant reduction 
of LDL-c. An absolute risk reduction of coronary 
events was observed of 4.4% (with an NNT 
[number necessary to treat] of just 22) and 
a 22% descent of relative risk compared to 
placebo.44 It was evident that the risk reduction 
was a consequence mainly of the descent of 
triglyceridemia and not because of the decrease 
in LDL-c. The reanalysis of several studies on 
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different fibrates shows that these reduce CV 
risk in patients with hypertriglyceridemia and 
low HDL-c (as commonly seen in dysmetabolic 
O/O). This reduction is not observed in subjects 
without dyslipidemia, as it is entirely expected.45 
Faced with all this evidence, the failed results 
of the pemafibrate study only disqualify 
this drug itself and not the entire group of 
fibrates. The indisputable fact is that one of 
the consequences of hypertriglyceridemia is 
the increased production of small, dense LDL 
particles, highly atherogenic. On the other 
hand, there is increasingly robust evidence 
worldwide that elevated TG concentrations 
are an important, unavoidable vascular risk 
factor.46-53 There is some evidence, which 
needs to be confirmed and expanded, that 
atherogenic dyslipidemia, a result of insulin 
resistance, is the most critical lipid mechanism 
of myocardial infarction in our country.54

Until a prospective study is carried out to 
determine the relative weight of the different 
determinants of CV risk in our heterogeneous 
population, it would be advisable to use the 
more straightforward and reliable TG/HDL-c 
index to estimate it.
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RESUMEN

La transposición congénitamente corregida de grandes arterias 
(TccGA) es una cardiopatía congénita poco común. Muchos 
pacientes permanecen asintomáticos cuando no hay lesiones 
cardiacas presentes (TccGA aislada). En la TccGA, el sistema 
de conducción auriculoventricular puede ser anormal, lo 
que resulta en una disfunción progresiva y, finalmente, en un 
bloqueo auriculoventricular (BAV) completo. En la TccGA 
con situs inversus, la vía de conducción se asemeja a un 
tracto normal, pero el nódulo auriculoventricular se ubica 
posteriormente. En comparación con el situs solitus, el BAV 
completo espontáneo es poco común en pacientes con TccGA 
con situs inversus. Se presenta el caso de una mujer de 40 
años sin enfermedades previas ni con antecedentes familiares 
o personales de cardiopatías que presentó pérdida de con-
ciencia. Al ingreso, el electrocardiograma reveló bradicardia, 
BAV completo e hipertrofia del ventrículo derecho. Estudios 
de imagen cardiaca detectaron una TccGA aislada con situs 
inversus y levocardia. El monitoreo Holter reveló BAV completo 
intermitente. Las pruebas de esfuerzo demostraron incompe-
tencia cronotrópica. Se le implantó un marcapasos epicárdico 
y la paciente fue dada de alta asintomática. Tras dos años de 
seguimiento permaneció asintomática. Este caso ilustra la 
importancia de imagen cardiovascular para definir la anatomía 
cardiaca, descartar otras cardiopatías congénitas y facilitar la 
terapia de estimulación cardiaca en cardiopatías congénitas 
complejas. Los pacientes con cardiopatías congénitas deben 
ser tratados por un equipo multidisciplinario con experiencia 
en estimulación cardiaca permanente.

ABSTRACT

Congenitally corrected transposition of the great arteries 
(ccTGA) is a rare congenital heart disease. Many patients 
remain asymptomatic when no cardiac lesions are present 
(isolated ccTGA). In ccTGA, the atrioventricular conduction 
system may be abnormal, resulting in progressive dysfunction 
and, eventually, a Complete Heart Block (CHB). In ccTGA 
with situs inversus, the conduction pathway resembles 
a normal tract, but the atrioventricular node is located 
posteriorly. Compared with situs solitus, spontaneous CHB is 
uncommon in ccTGA patients with situs inversus. We report 
the case of a 40-year-old female without previous medical 
conditions or having a family or personal history of heart 
disease presented with loss of consciousness. At admission, 
electrocardiography revealed bradycardia, CHB, and 
hypertrophy of the right ventricle. Cardiovascular imaging 
tests detected an isolated ccTGA with situs inversus and 
levocardia. The Holter monitor revealed intermittent CHB. 
Exercise testing demonstrated chronotropic incompetence. 
An epicardial pacemaker was implanted, and the patient 
was discharged symptom-free. At a two-years follow-up 
remains asymptomatic. This case illustrates the importance of 
cardiovascular imaging in defining cardiac anatomy, ruling out 
other congenital heart defects, and facilitating pacing therapy 
in complex congenital heart disease. Congenital heart disease 
patients should be treated by a multidisciplinary team with 
expertise in permanent pacing.

Complete heart block in an adult patient with 
isolated congenitally corrected transposition 
of the great arteries and situs inversus
Bloqueo auriculoventricular completo en un paciente adulto con transposición 
congénitamente corregida de grandes arterias aisladas y situs inversus
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INTRODUCTION

A congenitally corrected transposition 
of the great arteries (ccTGA) is a rare 

congenital heart disease characterized by 
discordant atrioventricular and ventriculo-
arterial connections.1,2 The right atrium (RA) 
enters the morphological left ventricle (LV), 
which rises to the pulmonary artery, and 
the left atrium (LA) communicates with the 
morphological right ventricle (RV), which 
gives rise to the aorta.2 Among the associated 
lesions are ventricular septal defects (70%), 
pulmonary stenosis (40%), and dysplastic 
systemic tricuspid valves.1 The clinical course 
of adults with ccTGA is relatively unknown, 
with cases of isolated ccTGA rarely developing 
complications before adulthood.1,3,4 In most 
cases, the position of the atrioventricular node 
and the bundle of his is abnormal, resulting 
in abnormal atrioventricular conduction.1 
In patients with ccTGA and situs inversus, 
complications are lower than in patients 

with situs solis, including Complete Heart 
Block (CHB).4 Visceroatrial situs inversus with 
ccTGA is a rare congenital condition.5,6 Given 
the rarity of this condition, there are limited 
reports of CHB in adult patients with isolated 
ccTGA and situs inversus. Therefore, we report 
a case of symptomatic intermittent CHB in an 
adult patient with ccTGA, situs inversus, and 
levocardia who required pacing therapy.

CASE PRESENTATION

A 40-year-old female was admitted to the 
emergency department after briefly losing 
consciousness at work in the last 12 hours. 
The patient felt well before and immediately 
following the episode, and there was no 
apparent trauma or confusion. As part of 
her initial evaluation at another center, an 
electrocardiogram revealed a CHB (Figure 1), 
which led to her referral to this facility. The 
patient denied having any previous medical 
conditions or having a family or personal 
history of heart disease and also denied taking 
any medications.

On examination at admission, she was 
afebrile, with a blood pressure of 125/67 
mmHg and a heart rate of 40 beats/min. The 
cardiovascular examination revealed a high-
pitched and loud grade 4/6 pansystolic murmur 
in the tricuspid valve area, which increased 
upon inspiration.

On admission, electrocardiography revealed 
a CHB with right ventricular hypertrophy (Figure 
2). In addition, the blood tests were relevant for 
high cholesterol and triglyceride levels, with the 
rest of the studies in the normal range (Table 1).

Transesogapheal echocardiography revealed 
a mirror-image atrial arrangement, with right-
sided LA connected to a morphological RV with 
an emerging aorta, a left-sided RA connected 
to a morphologic LV with an arising pulmonary 
artery, a right ventricular ejection fraction 
(RVEF) of 38%, an estimated pulmonary 
artery systolic pressure of 106 mmHg, mild 
pulmonary regurgitation, intact interatrial and 
interventricular septums, moderate tricuspid 
regurgitation, and no intracavitary thrombus. 
Cardiac computed tomography revealed an 
isolated ccTGA with visceroatrial situs inversus 
and levocardia (Figures 3 and 4).

Figure 1: Initial 12-Lead electrocardiogram: atrioventricular dissociation, 
right ventricular hypertrophy, normal QRS voltage and duration, a prolonged QT 
interval, no ST-segment elevation or depression, and negative T waves in leads DI, 
aVR, and aVL.
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The Holter monitor showed intermittent 
CHB alternated with sinus rhythm and 
premature ventricular contractions (Figure 
5). In the exercise testing , the patient 
achieved 4.6 METS, showed chronotropic 
incompetence, and was suspended by 
fatigue (Figure 6).

Based on the results of these studies, 
a permanent epicardial pacemaker was 
implanted; the patient was discharged symptom-
free and with a functioning pacemaker. At 
a two-year follow-up, the patient remained 
asymptomatic, and a TTE showed RVEF 38% 
with moderate tricuspid regurgitation with a 
functional pacemaker.

DISCUSSION

Described by Von Rokitansky in 1875, 
ccTGA accounts for approximately 0.5% 
of all congenital heart defects, with limited 
information on adult patients.7

Concerning the conduction system, the 
atrioventricular node and His bundle follow 
an unusual path, and many patients have dual 
AV nodes. Second anomalous AV nodes and 
bundles are usually anterior, and the long, 
penetrating bundle is prone to fibrosis with 
increasing age. As a result, the conduction 
system is somewhat tenuous, with the 

Table 1: Blood tests on admission.

Test Result
Reference 

[range]

Leukocytes (103/μL) 7.02 5-10
Hemoglobin (g/dL) 14.4 14-18
Hematocrit (%) 45.7 42-52
MCV (fL) 78.9 80-95
MCH (pg) 24.9 27-31
MCHC (g/dL) 31.7 32-36
Platelets (103/μL) 280 130-400
Glucose (mg/dL) 103 74-106
Creatinine (mg/dL) 1.02 0.6-1.2
Urea (mg/dL) 30.3 18-50
AST (U/L) 39 13-39
ALT (U/L) 52 7-52
Total bilirrubin  
(mg/dL)

0.56 0.3-1

Albumin (g/dL) 3.9 3.5-5.7
Globulin (g/dL) 2.9 1.9-2.7
Total protein (g/dL) 6.8 6.4-8.9
LDH (U/L) 195 140-271
GGT (U/L) 60 9-64
AP (U/L) 114 34-104
Creatin kinase (U/L) 83 21-232
Creatin kinase  
MB (U/L)

13.8 0-10

Troponin I (ng/L) < 1.5 0-19
Sodium (mEq/L) 136 136-145
Potassium (mEq/L) 4.2 3.5-5.1
Chloride (mEq/L) 106 98-107
Total cholesterol  
(mg/dL)

223 0-200

Triglyceride (mg/dL) 232 0-150
HDL (mg/dL) 46 32-92
HbA1c (%) 5.7 4-6.5
Total T3 (ng/mL) 0.87 0.87-1.78
Total T4 (μg/dL) 8.41 6.09-12.23
Free T4 (ng/dL) 0.83 0.61-1.12
TSH (UI/mL) 1.73 0.34-5.6

MCV = mean corpuscular volume. MCH = mean 
corpuscular hemoglobin. MCHC = mean corpuscular 
hemoglobin concentration. AST = aspartate 
aminotransferase. ALT = alanine aminotransferase. 
LDH = lactate dehydrogenase. GGT = gamma 
glutamyltransferase. AP = alkaline phosphatase.  
HDL = high-density lipoprotein. HbA1c = glycosylated 
hemoglobin. T3 = thiiodothyronine. T4 = thyroxine.  
TSH = thyroid-stimulating hormone.

Figure 2: 12-Lead electrocardiogram on admission: atrioventricular 
dissociation, right ventricular hypertrophy, normal QRS voltage and duration, a 
prolonged QT interval, no ST-segment elevation or depression, and negative T 
waves in leads DI, aVR, and aVL.
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Figure 3: Cardiac computed tomography: visceroatrial situs inversus: left-sided inferior cava vein, right-sided 
abdominal aorta, right-sided liver, left-sided stomach, mirror-image atrial arrangement with L-looping of ventricles. 
Ventriculoarterial discordance: a right-sided morphologic right ventricle with an arising aorta and a left-sided 
morphologic left ventricle with an emerging pulmonary artery. Atrioventricular discordance: right-sided left atrium 
receiving pulmonary vein drainage communicates with the tricuspid valve to right ventricle, while left-sided right 
atrium receiving cava vein drainage communicates with the mitral valve to left ventricle.
RV = right ventricle. LV = left ventricle. LA = left atrium. RA = right atrium. Ao = aortic. PA = pulmonary artery. PV = pulmonary 
vein. SCV = superior cava vein.
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incidence of complete AV block rising at 2% 
per year.2,8,9

In 10% of ccTGA cases, situs inversus is 
present; in this condition, the conduction 
pathway resembles a normal tract with an 
atrioventricular node located posteriorly.4,10 
Levocardia usually exists with situs solitus, 
but dextrocardia can complicate the 
anatomical presentation in approximately 25% 
of the cases.10

In the literature, no significant differences 
in ventricular septal defect, pulmonary tract 
stenosis, and long-term mortality were found 
between ccTGA with situs inversus or situs 
solitus. There was, however, a lower incidence 
of nonsurgically related CHB (0 vs 42%, 
p = 0.032), development of CHB in 7.4 years 
(12.5 vs 57%, p = 0.045), tricuspid valve 
anomalies (0.0 vs 50%, p = 0.01), overall 
complications (25 vs 73%, p = 0.034) and heart 
failure (p = 0.038).4

Figure 4: Cardiac computed tomography: 3D 
reconstruction exhibiting right-sided anterior aorta 
emerging from right ventricle with a left-sided posterior 
pulmonary trunk arising from left ventricle.
RV = right ventricle. LV = left ventricle.
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The radiographic and electrocardiographic 
findings often lead to the diagnosis of ccTGA 
when symptoms are absent and physical 
findings are subtle.1,8,10 Electrocardiograms 
frequently reveal ventricular hypertrophy and 
atrial enlargement, even in the absence of other 
cardiac lesions.1,10 To confirm the diagnosis 
of ccTGA, cardiac imaging is essential, which 

aids in defining cardiac anatomy despite 
clinical suspicion.1

Pacemaker implantation may be justified 
in patients who suffer from symptomatic 
chronotropic incompetence.  Current 
recommendations for cardiac pacing in 
patients with congenital heart disease and high-
degree atrioventricular block are as follows: a) 

Figure 5: Holter monitor: intermittent complete heart block alternated with sinus rhythm and premature ventricular 
contractions.

Figure 6: 

Exercise testing: chronotropic incompetence.  
A) Rest. B) Maximum effort. C) Recovery phase.

A B

C
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symptoms, b) pauses > 3 times the cycle length 
of the ventricular escape rhythm, c) broad QRS 
escape rhythms, d) prolonged QT interval, e) 
complex ventricular ectopy, and f) the mean 
daytime heart rate < 50 beats/min.11

The patients have a reduced life expectancy; 
50% would still be alive at 60 years of age if they 
did not have associated lesions. Additionally, 
no evidence exists that medical treatment is 
associated with preventing heart failure or 
improving outcomes.1

Surgery  i s  genera l ly  reserved for 
symptomatic and asymptomatic patients with 
evidence of deteriorating RV function and 
worsening tricuspid regurgitation. Intervention 
in asymptomatic patients with preserved RV 
and tricuspid valve functions without any other 
septal defects is controversial.10

CONCLUSIONS

Isolated ccTGA usually does not manifest 
symptoms until adulthood; CHB results 
from abnormalities in the atrioventricular 
conduction system associated with discordant 
atr ioventricular and ventriculoarterial 
connections. Patients with situs inversus and 
ccTGA have a lower incidence of CHB than 
those with situs solitus. In this group of patients, 
cardiovascular imaging studies are essential 
for defining cardiac anatomy and facilitating 
pacing therapy.
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RESUMEN

El avance en la tecnología de los dispositivos de estimula-
ción eléctrica cardiaca (DEEC) ha permitido que ocupen 
un papel relevante en enfermedades cardiacas. Aunque las 
complicaciones han disminuido, la infección relacionada con 
DEEC persiste como uno de los problemas que mayor impacto 
tienen para el paciente y el sistema de salud. Las infecciones 
por gérmenes inusuales generan morbilidad adicional y 
costos aumentados en la atención, pero pueden cursar con 
una evolución favorable con un diagnóstico y tratamiento 
tempranos. Se presenta por primera vez en la literatura, 
el caso de un paciente con signos y síntomas clínicos de 
infección de bolsillo de DEEC por Vagococcus fluvialis, sin 
infección sistémica ni endocarditis. El tratamiento oportuno 
permitió una evolución favorable. Nuevos retos diagnóstico y 
terapéuticos vienen de la mano de pacientes más complejos.

ABSTRACT

Advances in cardiac implantable electronic devices (CIED) 
technology have enabled them to play a relevant role in 
heart disease. Although complications have decreased, 
CIED-related infection persists as one of the problems that 
has the greatest impact on the patient and the health system. 
Infections due to unusual germs generate additional morbidity 
and increased costs of care but can have a favorable course 
with early diagnosis and treatment. The case of a patient 
with clinical signs and symptoms of CIED pocket infection 
by Vagococcus fluvialis, without systemic infection or 
endocarditis, is presented for the first time in the literature. 
Timely treatment allowed a favorable evolution. New 
diagnostic and therapeutic challenges come from the hand 
of more complex patients.

An unexpected germ: atypical presentation 
of Vagococcus fluvialis pocket infection 
in a cardiac pacing device
Un germen inesperado: presentación atípica de infección de bolsillo 
de dispositivo de estimulación cardiaca por Vagococcus fluvialis
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INTRODUCTION

Advances in cardiac implantable electronic 
devices (CIED) technology have enabled 

them to play a relevant role in complex diseases 
such as heart failure or sudden arrhythmic 
death. Although complications have decreased, 
CIED-related infection persists as one of the 
problems that has the greatest impact on the 
patient and the health system.1

Antibiotic prophylaxis has consistently 
reduced infection rates2 and is a settled 

How to cite: Marín-Velásquez JE, Velásquez J, Sotelo-Narváez JE, Aristizábal-Aristizábal JM, Díaz-Martínez JC, Duque-Ramírez 
M. An unexpected germ: atypical presentation of Vagococcus fluvialis pocket infection in a cardiac pacing device. Cardiovasc Metab 
Sci. 2024; 35 (1): 22-26. https://dx.doi.org/10.35366/115001

recommendation.3,4 However, various 
series report current infection rates close 
to 1-2%. The causative agents are usually 
Staphylococcus aureus and Staphylococcus 
epidermidis (or another coagulase-negative). 
Other infectious microorganisms such as 
Enterococcus, Streptococcus, Candida, 
etc.4 have also been reported. Atypical 
microorganisms,  such as  Vagococcus 
fluvialis, have a different clinical course, 
from slowly developing infections to rapidly 
progressive courses.5
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CASE PRESENTATION

An 84-year-old male patient with a history of 
type 2 diabetes mellitus, arterial hypertension, 
atrial fibrillation, and heart failure with reduced 
left ventricular ejection fraction (LVEF) (30%). 
Additionally, an atrioventricular block was 
documented, reason for which he has a 
cardioresynchronizer (CRTD) as a primary 
prevention strategy and treatment of heart failure.

After a trauma in the vicinity of the device 
implantation site, a larval picture of local 
inflammatory signs began that was intensifying 
and made him consult four months after the 
initial event. Significant edema, warmth, and 
redness in the device area are documented 
on initial evaluation. He had no fever or 
compromised general condition. The initial 
paraclinical tests included a normal blood count 
and CRP. A transesophageal echocardiography 
was performed, which showed a normal LVEF 
and ruled out endocarditis. Blood cultures 
were negative. A PET CT was performed that 
showed increased uptake, thickening of the 
walls of the generator pocket, a moderate 
amount of surrounding inflammatory fluid, 
and mediastinal lymphadenopathies (Figure 1).

Due to evidence suggestive of infection 
at the device implant site, he was taken to a 
CRTD explant with electrode extraction and 
temporary pacemaker implantation.

During the procedure, abundant fibrotic 
but very friable tissue was observed that 
compromised the capsule and the underlying 
tissue, which was mostly resected and without 
evidence of purulent material coming out. 
Subsequently, manual extraction of electrodes 
is performed. Resected tissue and electrode 
tips are sent for microbiological analysis and 
pathology (Figure 2).

Immediately after withdrawal, empirical 
antibiotic therapy recommended by infectology 
with cefazolin and daptomycin is initiated, 
which is received for three days. The subsequent 
evolution of the patient is favorable. The final 
report of the electrode and tissue culture 
shows growth of Vagococcus fluvialis (Figure 3), 
for which antibiotic therapy with ampicillin-
sulbactam was adjusted, which he received 
for an additional 11 days. At the end of the 
antibiotic cycle, a single-chamber pacemaker 
was implanted on the contralateral side, with 
antibiotic prophylaxis with vancomycin.

DISCUSSION

Improvements in CIED technology have 
allowed their use in increasingly complex 
diseases and patients. Likewise, the longevity 
of the population and the higher prevalence of 
heart rhythm diseases in older patients explain 
the notable increase in implantation rates in 
various countries.6 Concomitantly, the risks 
related to the procedure may increase given 
the profile of patients operated on: CIED-
related infection has significant impacts on 
morbidity, mortality, and costs for the health 
system,7 therefore it is important to perform 
an active search once the suspicion is made. 
Antibiotic prophylaxis has proven to be an 
indispensable resource to reduce the risk of 
infection. Several studies have evaluated the 
use of combined therapies and compared them 
with cephalosporins as an initial alternative. 
However, they have not consistently shown 
additional benefits: incremental therapy with 
vancomycin reduced the risk of infection by 
23% (although not statistically significantly).8

Despite prophylaxis, infection rates between 
1-4% continue to be reported in various series. 
In a recent study reported by the authors, 
the device infection rate was less than 1% in 

Figure 1: Positron emission tomography-computed 
tomography ( PET-CT ) scan: hyperenhancement in the 
pocket area, thickening of the generator pocket walls, 
moderate amount of inflammatory fluid around it, and 
mediastinal adenopathies.
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997 patients.9 In addition, it is known that 
multiple factors can influence a higher risk 
of infection: diabetes, heart failure, previous 
anticoagulation, the presence of two or more 
electrodes, and the time of the procedure, 
among others.10

Related risk factors can be classified as 
patient-related, procedure-related, and device-
related. Regarding the patient, chronic kidney 
disease, diabetes mellitus, chronic obstructive 
pulmonary disease, the use of corticosteroids, 
and a history of previous device infection are 
important. In those related to the procedure, 
postoperative hematoma and the use of 
anticoagulants are important. Moreover, in 
relation to the device, abdominal pockets, 
and epicardial leads, the use of a defibrillator 
(with or without resynchronization therapy) 
increases the risk.10,11 The PADIT authors found 
significant risk factors for infection and created 
a score to predict that risk (prior procedures 
[P], age [A], depressed renal function [D], 
immunocompromised [I], and procedure type 
[T]). A score ≥ 7 poses a risk of hospitalization 
for infection ≥ 3.4%.12

The pathogens responsible for the infection 
are predominantly gram-positive (72.3%), with 
Staphylococcus aureus (31.6%) and coagulase-
negative Staphylococcus (29.9%) being the 
most frequent.8 Less frequent germs are 
Corynebacterium species, Propionibacterium 
acnes, Gram-negative bacilli, Candida spp, and 
non-tuberculous mycobacteria.

There are even unusual germs called 
atypical. A recent series found that they were 
responsible for 5.4% of device infections. 
Among the pathogens identified were Pantoea 
species, Kocuria species, Cutibacterium 
acnes, Corynebacterium tuberculostearicum, 
Corynebacterium striatum, Stenotrophomonas 
maltophilia, and Pseudozyma ahidis. They 
are recognized as pathogens when there 
are two positive blood cultures or tissue or 
electrode cultures with the growth of said 
microorganism.5 Infection by such atypical 
germs usually evolves favorably and responds 
well to directed antibiotic treatment and 
removal of the device.

The case presented is, to our knowledge, 
the first reported case of CIED infection related 
to Vagococcus fluvialis. Vagococcus spp. is a 
gram-positive, catalase-negative, facultatively 
anaerobic coccus that comprises 14 species, 
of which only 2 cause infection in animals, 
including Vagococcus fluvialis. It is associated 
with infections in pigs, cattle, cats, and horses.13 
It was initially described by Hashimoto et al. 
in 1974, then in 1989, it was classified by 
Collins et al.,14 but the first time it was reported 
in humans was in 1997 by Teixeira et al.,15 
when it was isolated from the peritoneal fluid 
of a dialysis patient who had been bitten by 
a lamb. Subsequently, it has been reported 
in bone infections,16 dental infections,17 and 
in some cases of endocarditis.18 Vagococcus 
fluvialis infections usually occur in skin, soft, 

Figure 2: A-B) Fatty fibrotic tissue involving capsule and underlying tissue, absence of purulent material. C) Very friable tumor-like tissue, 
which is mostly resected. D) Sent for analysis, including electrode tip.
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and osteoarticular tissues and more frequently 
in diabetic patients. In humans, it is difficult to 
identify their role as a pathogen because they 
are usually part of polymicrobial cultures.13

The evolution of the patient was very 
favorable after the extraction. Latent 
presentation, with few systemic inflammatory 
symptoms and scant inflammatory response 
in paraclinical tests, should guide the search 
for unusual germs. The clinical history, always 
valuable, shows how a trauma near the 
device implant site could be related to the 
development of the infection. Although 
common pathogens should always be sought 
out, we can sometimes find unusual culprits.

CONCLUSIONS

Infection of the pocket of cardiac electrical 
stimulation devices is a known problem that 
increases the morbidity and mortality of 
patients, therefore it is essential to perform an 
active search once the suspicion is made. The 
diagnostic process not only involves sophisticated 
paraclinical tests, but also a clinical history that 
evaluates risk factors and circumstances that 
favor certain types of germs. Early, targeted 
treatment based on an interdisciplinary group 
favors the best outcomes.
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RESUMEN

Introducción: la oclusión total crónica es la parte más desa-
fiante de la intervención coronaria percutánea. En lesiones 
que no se pueden cruzar con balón, el alambre puede avanzar 
a lo largo de la lesión hasta la parte distal del vaso, mientras 
que el balón no. Reporte de un caso: en este escenario, hay 
muy pocas opciones para realizar. En este documento pre-
sentamos dos casos de oclusión total crónica no superable 
con balón en los que todos los demás métodos no tuvieron 
éxito. Conclusión: llamamos a esta técnica «modificación 
externa del calcio» en la que la lesión que no se puede cru-
zar con el balón se superó rompiendo la placa calcificada 
mediante el inflado del balón en el área subintimal sobre un 
alambre dirigido intencionalmente alrededor del calcio en 
el espacio subintimal.

ABSTRACT

Introduction: chronic total occlusion is the most challenging 
part of percutaneous coronary intervention. In balloon 
uncrossable lesions, the wire can be advanced throughout the 
lesion to the distal part of the vessel, while the balloon can not. 
Case report: in this scenario, there are very few options to 
perform. Herein, we present two cases of balloon uncrossable 
chronic total occlusion, in which all the other methods were 
unsuccessful. Conclusion: we called this technique «external 
calcium modification» in which a balloon uncrossable lesion 
was overcome by cracking the calcified plaque via balloon 
inflation in the subintimal area over an intentionally directed 
wire around the calcium in subintimal space.

External calcium modification technique to overcome 
a balloon uncrossable chronic total occlusion: a 
report of two cases and review of the literature
Técnica de modificación externa del calcio para superar una 
oclusión total crónica no superable con balón
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CASE REPORT

A 66-year-old male with typical angina 
and a history of failed CTO percutan was 
referred to our CTO tertiary center for retry. 
Echocardiography revealed an ejection fraction 
of 45%. MRI study demonstrated viability 
in the LAD region. Coronary angiography 
revealed a long LAD CTO over 20 mm with 
heavy calcification (Figure 1A). The J-CTO 
score was four since the first attempt in 
another center had failed due to the inability 
of the wire passage.1 The cap of the CTO was 

INTRODUCTION

Developing novel equipment and techniques 
enables more challenging chronic total 

occlusion (CTO) lesions. On the other hand, 
despite these improvements, uncrossable 
lesions still remain to be a problem. Herein, 
report the rechanneling of a balloon uncrossable 
heavily calcified left anterior descending artery  
(LAD) artery CTO by cracking the calcified 
plaque with balloon inflation in the subintimal 
area, and we call this technique «external 
calcium modification».
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semi-ambiguous. The wire was able to be 
advanced through the highly calcified lesion 
with the support of a microcatheter, but the 
microcatheter and even low-profile balloons 
could not be advanced despite good backup 
with 7 fr femoral access and an EBU catheter in 
place (Figure 1B). First of all, the microcatheter 
was exchanged with a more supportive one, 
and the calcified lesion was tried to be drilled. 
The second step was using a guide extension 
catheter in order to increase support. Upon 
failure, an anchor balloon was inflated in the 
septal branch. A blimp scoring balloon was 
used in combination with an anchor balloon 
and deep-seated guide extension.2 Leopard 
crawl technique and grenadoplasty were also 
tried, but both failed.3 The other options were 
the STAR technique, which will probably lead 
to the loss of many side branches, and the 
retrograde approach, with a low chance of 
success due to unfavorable collaterals. If we 
wanted to use a rotaablator, we first had to pass 

a rotawire through the microcatheter, and since 
the microcatheter could not be advanced, there 
was a risk of losing the original wire, which was 
in the true lumen due to the long distance of 
the CTO. Moreover, the patient refused.

Since the balloon uncrossable lesion was 
covered with a high calcium burden, cracking 
the calcification with a balloon advanced over 
a subintimal hydrophilic wire was another 
option. A fielder XT-A guidewire was advanced 
around the CTO lesion in the subintimal area 
(Figure 1C). A 2*12 mm balloon was inflated 
at 8 atm over the wire in the subintimal 
area to crack the calcification from outside. 
After extraluminal plaque modification, 
the subintimal wire and the balloon were 
withdrawn. A microcatheter was then advanced 
with the support of an anchor balloon over the 
original true lumen wire (Figure 1D). Then the 
procedure was successfully completed with 
balloon predilatation and stent implantation 
(Figure 1E-F).
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Figure 1: A) The blue arrow shows super heavy calcification. B) The wire could be advanced, but the microcatheter 
failed to pass the chronic total occlusion body. C) The blue arrow shows the second wire in the subintima around the 
calcium. D) Following balloon inflation in the subintimal area, the microcatheter then could be advanced with the 
support of an anchor balloon. E-F) Final appearances in cranial and caudal views.
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The second case was a 55-year-old male 
with a history of cerebrovascular disease. He 
was also referred to our CTO tertiary center 
for retry PCI of LAD CTO lesion with heavy 
calcification and a J-CTO score of 3 (Figure 2A). 
MRI revealed viability in the anterior wall and a 
large diagonal at the proximal cap. Again, all the 
steps mentioned above failed to advance the 
microcatheter over the wire, which could be 
advanced to the distal part of the vessel through 
the true lumen (Figure 2B). A hydrophilic wire 
was again knuckled and advanced around the 
CTO body in the subintimal space (Figure 2C). A 
2 × 12 mm balloon was advanced over this wire 
and inflated at 6 atm. After cracking the external 
calcium, the microcatheter could be advanced 
over the wire in the true lumen. A 3 × 38 mm 
Drug-Eluting Stent (DES) was implanted in the 
LAD (Figure 2D). Then, a 2.75 × 20 mm DES 
was implanted in the diagonal branch using the 
TAP technique, and the procedure was finished 
successfully (Figure 2E-F).

DISCUSSION

Herein, we report a bail-out intervention for 
overcoming an uncrossable balloon CTO by 
cracking the calcium with an NC balloon in 
the subintima. We call this technique «external 
calcium modification».

The usual steps to overcome this problem 
are increasing the support by using femoral 
access, longer sheaths, and stronger guide 
catheters such as Amplatz or EBU. Using 
anchor balloon or super anchor balloon 
technique, extra support wires, deep-
seated guiding extension gears, smaller or 
hydrophilic coated dedicated CTO balloons, 
and blimp or dedicated microcatheters 
may also be helpful. Usually, it takes a 
combination of these steps to overcome 
the lesion, but sometimes more advanced 
techniques like leopard crawl and propofol-
soaked or lubricated rota wire passage might 
be needed. Finally, intentional antegrade 

Figure 2: A) The red arrow shows the ambiguous proximal cap. B) The microcatheter could not be advanced despite 
the support of an anchor balloon. C) The red arrow shows the knuckled hydrophilic wire going down in the subintimal 
area around the calcium. D) Implantation of a 3 × 38 mm DES in the left anterior descending artery. E) Implantation 
of a 2.75 × 20 mm DES in the diagonal branch via TAP technique. F) Final appearance.
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dissection reentry (ADR) and external luminal 
plaque modification can be an option. The 
STAR technique was not preferred in our 
case, considering the absence of a stingray 
catheter in the cath lab and the possible 
loss of side branches. To the best of our 
knowledge, the only case in the literature was 
presented by Christopoulos G et al, defining 
the subintimal external crush technique for a 
balloon uncrossable chronic total occlusion. 
Also, in this case, high calcification that 
hampered the crossing of the balloon was 
cracked by subintimal balloon inflation that 
allowed subsequent balloon crossing.4 Some 
review papers presented algorithms for a 
balloon uncrossable lesion, which consists 
of augmented guide catheter support (larger 
guide catheter with a more supportive shape, 
long arterial sheaths, deep engagement, 
guide catheter extension, anchor wire, 
buddy wire, and anchor balloon) and lesion 
modification techniques (grenadoplasty, 
dedicated microcatheters, excimer laser, 
seesaw balloon-wire cutting technique, multi-
wire plaque crushing technique and crowbar 
effect technique). On the other hand, this 
external calcium modification technique is 
mentioned briefly in these papers with a lack 
of experience.5,6 Thus, our paper presenting 
two cases of external calcium modification 
technique will add unique information to the 
balloon uncrossable CTO knowledge.

CONCLUSIONS

Consequently, the external calcium modification 
technique, which consists of plaque modification 
using a balloon in subintimal space (over an 
intentionally directed wire in subintima and 
around the calcium) and cracking the calcium 
from the outer vessel structure, is an advanced 
risky procedure that can be used as a last resort 

in experienced operators’ hands with high 
success and low complication rates.
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RESUMEN

La muerte súbita cardiaca (SCD, por sus siglas en inglés) y 
el paro cardiaco extrahospitalario (OHCA, por sus siglas en 
inglés) es un problema de salud pública mundial que pade-
cen ≈3.8 millones de personas al año. Representa un reto en 
salud pública, por lo que nos lleva a trabajar en reglamentos, 
legislaciones y consensos para lograr implementar la forma-
ción de espacios cardioprotegidos en México. El aumento en 
los espacios cardioprotegidos y uso de desfibrilador automá-
tico externo (DAE) en el mundo, han contribuido a mejorar la 
supervivencia del OHCA. El uso de DAE y la desfibrilación 
temprana de acceso público, requiere de entrenamiento al 
personal no médico, quienes generalmente son los primeros 
en asistir e iniciar la cadena de la supervivencia, con una 
reanimación cardiopulmonar básica (RCP) y eficiente hasta 
que lleguen al lugar del incidente los servicios de emergen-
cias. En este escrito se mencionan los problemas actuales 
en México y alternativas de solución para los mismos. En 
el presente artículo mencionamos una guía estructurada 
de los pasos que se deben seguir para poder acreditar un 
espacio cardioprotegido en México y hacer la diferencia entre 
desfibrilación de acceso público y espacio cardioprotegido.

ABSTRACT

Sudden Cardiac Death (SCD) and Out-of-Hospital Cardiac 
Arrest (OHCA) are global public health problems suffered 
by ≈3.8 million people annually; they represent a challenge 
in public health, which leads us to work on regulations, 
legislation, and consensus to implement the formation 
of protected Cardio areas in Mexico. The increase in 
cardio-protected spaces and the use of Automatic External 
Defibrillators (AED) in the world have contributed to 
improving the survival of OHCA. The use of AEDs and early 
public access defibrillation requires training for non-medical 
personnel, who are generally the first to assist and start the 
chain of survival, with basic and efficient Cardiopulmonary 
Resuscitation (CPR) until emergency services arrive at the 
scene of the incident. In this article, we present a structured 
guide to the steps that must be followed to accredit a cardio-
protected space in Mexico and distinguish between public 
access defibrillation and a cardio-protected area.

Suggested protocol for certification 
as a cardio-protected area in Mexico. 
Positioning of a group of experts
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en México. Posicionamiento de un grupo de expertos

Agustín Urzúa-González,* Jorge Álvarez de la Cadena-Sillas,‡ David Martínez-Dunker,§ 

Manuel Celaya-Cota,¶ Luisa F Aguilera-Mora,|| José Lainez-Zelaya,** 
Fernando Ortiz-Galván,‡‡ Enrique Asensio-Lafuente,§§ Ricardo Allende-Carrera,¶¶ 

Luis Lojero-Weathley,*** Erik H González-Cruz,‡‡‡ Elisa Delgado‡‡‡

Cardiovasc Metab Sci 2024; 35 (1): 00-36 @https://dx.doi.org/00.00000/00000 @

www.ancam.org.mx

How to cite: Urzúa-González A, Álvarez de la Cadena-Sillas J, Martínez-Dunker D, Celaya-Cota M, Aguilera-Mora LF, Lainez-Zelaya J 
et al. Suggested protocol for certification as a cardio-protected area in Mexico. Positioning of a group of experts. Cardiovasc Metab 
Sci. 2024; 35 (1): 31-36. https://dx.doi.org/10.35366/115003 

30% of the mortality of cardiovascular 
origin and 20% of the total causes of death 
in adults.2-4 The actual incidence is hard to 
determine and may vary in each country. 
However, in countries like the United States 
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of America or European Countries, it is 
calculated that it is between 41-155 cases for 
every 100,000 habitants yearly in populations 
older than 45 years;5-7 this incidence is ten 
times less frequent in younger patients.8 The 
survival rate is meager depending on the 
population studied. It is of vital importance 
to have a survival chain. This implies a 
simple and valuable conceptual method that 
requires coordination in each of the actions 
to employ. The successful performance of 
cardiopulmonary resuscitation (CPR) during 
an OHCA requires the intervention of the 
community trained in basic CPR. They can 
initially detect and notify the emergency 
system of the CPR in process and use an 
automated external defibrillator (AED)9,10 

if necessary. Basic CPR (BLS) knowledge is 
relevant to the general population since, 
usually, the first responder of an OHCA is not 
a health-related professional.11,12

Recommendations for public access 
defibrillation (PAD) were first published by 
the American Heart Association in 1992 
and later by the European Resuscitation 
Council in 1998.13,14

Since then, several efforts have been 
made worldwide to increase the use of 
AEDs in areas with high incidence of OHCA, 
prepare community members to use them, 
and create protected areas. These measures, 
immediate CPR bystander and early AED use 
could increase the chance of survival by up 
to 50-74%.15-17

THE PROTOCOL

This article presents a structured guide to 
accredited areas as cardio-protected in México, 
defining them as any space or building that 
can ensure an adequate response to an event 
of sudden cardiac death within its facilities.18 
Therefore, it must be differentiated from public 
access defibrillation, where an AED may be 
available for the general population’s use 
without necessarily being considered a cardio-
protected space.

The protocol is designed so that in the 
vast majority of SCD cases, victims can be 
defibrillated in no more than 5 minutes, with 
initiation of high-quality CPR within the first 

minutes, activation of Emergency Medical 
Services (EMS) in the first 2 minutes of the SCD 
event, and transferred, in the shortest possible 
time, to a health institution with installed 
capacity for subsequent care, with the ultimate 
goal of rescuing the highest percentage of SCD 
victims from death, but also ensuring that they 
have a good neurological recovery and are 
functional in society.19

This protocol is not intended to be an 
error-free and infallible tool for recovering 
SCD victims in the country. It is based on the 
certification protocol for cardio-protected 
spaces of the Spanish Society of Medicine 
and Safety at Work. Since it is a protocol with 
precise and easy-to-apply recommendations, 
it is expected to provide the best results for 
possible victims of SCD within the facilities of 
a cardio-protected space in most cases.

The first step is to have enough AED 
to cover a temporal radius of 2.5 minutes 
between the victim and the AED. Therefore, 
the location and number of AED needed must 
be strategically planned so that any SCD victim 
within the cardio-protected space facilities can 
be detected and have fast access to high-quality 
CPR and an AED.20

Therefore, the following recommendations 
regarding AED equipment must be considered:

DEFIBRILLATOR AND DISTRIBUTOR

1.	 Defibrillator
a. 	 COFEPRIS  mus t  au thor ize  the 

defibrillator equipment used in the 
facilities (Federal Commission for the 
Protection against Health Risks) to be 
used as AED in our country.

b. The AED must have the following 
characteristics: a biphasic wave, patches 
for adults and pediatrics, and batteries 
in good condition.

2.	 Distributor
a. 	 The distributor must be registered as a 

company authorized (COFEPRIS) to sell 
medical-sanitary material.

b. 	 The company must have specific civil 
liability insurance for defibrillators, 
sa les management information, 
expiration dates, and an equipment 
maintenance program.
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WHERE TO PLACE THE AED

1.	 The installation of defibrillators will depend 
on the physical space available, so an AED 
must be within a temporal radius of 2.5 
minutes for timely defibrillation of an SCD 
victim in less than 5 minutes.
a. 	 This may include ample physical space, 

as remote delivery systems, such as 
drones, can ensure the timely delivery 
of the AED anywhere on the property.

2.	 They must be installed in visible and easily 
accessible places, within reach of everyone, 
and used approved displays for easy 
identification.

3.	 They must be identified in the property’s 
evacuation plans.

4.	 There must be a sign identifying the 
existence of the AED and its signage.

Once the first steps of the protocol have 
been covered, it is necessary to have an action 
plan to have sufficient personnel trained in 
basic CPR and the use of AEDs in the cardio-
protected space facilities. It must ensure 
adequate personnel for all the pre-established 
locations of the AEDs and for the time that 
people remain within the cardio-protected 
space. If the building is open 24 hours a day, it 
must have trained personnel on all shifts.

It is essential to emphasize the timed drills of 
the action protocol for an SCD victim within the 
cardio-protected area facilities, with a desirable 
timing of at least four training exercises per 
year, to maintain adequate knowledge of the 
protocol by the staff and ensure attention to a 
victim in less than 5 minutes.

Also, the EMS must be immediately 
activated, with a previously established 
agreement between the cardio-protected 
areas, the EMS provider, and the reference 
hospital where the victims will be transferred 
for subsequent specialized treatment. All 
of this must be supported in writing in a 
physical and virtual manual, accessible and 
known by all staff.

TRAINING FOR THE USE OF THE AED

1.	 Companies that opt for the cardio-protected 
area certification must have sufficient 

workers trained in basic CPR and using 
AEDs to cover all areas where the AEDs 
were installed, for as long as the people 
remain inside the property.

2.	 They must have a certificate of completing 
a course on the importance of public 
access to defibrillation and a current 
course (no older than two years) in 
basic CPR and use of AEDs, given by 
an officially established training center 
and endorsed.21

3.	 In addition, there must be a program of 
quarterly timed drills to ensure personnel’s 
correct action in the event of an SCD event, 
with an adequate response and timely 
defibrillation.
a. 	 Recognition of the SCD victim and 

activation of the EMS in less than 2 min.
b. 	 Start high-quality CPR immediately after 

EMS activation, ideally within the first 2 
minutes of SCD.

c. 	 Timely defibrillation before the first 5 
minutes of SCD.

d. 	The EMS (high-tech ambulance) should 
arrive within the first 15 minutes and, 
if necessary, within 30 minutes of the 
property’s EMS activation.

4.	 Write a response in case of SCD on the 
property and provide evidence on how it 
is disseminated to its workers, especially to 
the personnel directly responsible for an 
AED on the property.

5.	 The protocol must include the full names of 
the people responsible for each DEA and 
the substitute in case of absence from work 
due to any situation.

6.	 There must be a control center or response 
center within the property in charge of:
a. 	 Activate the EMS with the health 

institution with which you have 
the agreement.

b. 	 Ensure  t ime ly  de l i ve ry  o f  the 
AED if  remote delivery systems 
(drones) are used.

c. 	 Maintain direct communication with the 
EMS and those responsible for access 
to the property to avoid delays in your 
arrival and departure.

7.	 The property considered for the certification 
of a cardio-protected area must have a log 
of the care of all SCD that is treated in its 
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facilities, with the specific attention times: 
With the general data of the SCD victim, 
activation time of the EMS, initiation of 
high-quality CPR, timely defibrillation, 
arrival time of the EMS, and time of transfer 
and arrival of the victim to the receiving 
health institution.

8.	 Each SCD event must be registered in 
the RENAPACE (National Registry of Out-
of-Hospital Cardiac Arrests)22 to have 
an adequate incidence of cases at the 
national level and subsequent protocol 
standardization.

9.	 A company or institution legally certified 
and endorsed in advice and evaluation of 
the cardio-protected area program may 
be contracted to implement the response 
protocol for an SCD on the property.

It is worth commenting on the importance 
of maintaining the AEDs that are established 
within the cardio-protected area, which is why 
the following is recommended:

MAINTENANCE

1.	 The correct condition of the equipment 
and its accessories must be guaranteed. 
In addition, the necessary accessories for 
the proper operation of the equipment 
and spare parts must be available, making 
rapid replacement possible or, where 
appropriate, ensuring that the supplier 
can provide the spare part within the 
next 24 hours.

2.	 The necessary spare parts are adult 
and pediatric patches and batteries. 
Likewise, these are within their validity 
dates with their corresponding logs by 
the property or the authorized provider 
of said services.

3.	 The biomedical department of the same 
institution or the authorized supplier must 
have a maintenance program or contract.

As mentioned in step number 3, it is 
crucial to have a service provision agreement 
with a certified hospital with specialized 
care capacity for SCD victims and with the 
EMS provider for safe and quick transfer 
of the victim.

AGREEMENT WITH THE INSTITUTION 
PROVIDING ADVANCED HOSPITAL SERVICES

To be sure the chain of survival will be 
complete in an SCD victim, the building’s 
facilities,23,24 must have:

1.	 An agreement or contract with a health 
services institution that has the possibility 
of continuing to provide adequate 
medical care to a victim of SCD, so it must 
have at least one Intensive Care Unit or 
Cardiovascular Intensive Care Unit, as well 
as access available to a hemodynamics 
room 24/7, 365 days a year.

2.	 Preferably, the agreement should be made 
with a health institution certified under the 
standards of the General Health Council, 
which has high-tech ambulance and medical 
personnel specialized in high-risk transfers.

3.	 In the written protocol for response to 
an MSC in the property, as well as in 
the physical locations of the AEDs, the 
emergency telephone number must be 
specified to which they should call when 
there is a suspicion of an MSC or in default 
is the number 911 for the EMS in the region.

4.	 The person responsible for the property 
must disseminate this emergency number, 
as well as infographics of the response 
protocol for an MSC, not only to its workers 
but to all the public who have access to its 
facilities daily. With the aim that everyone 
knows the protocol and, if necessary, can 
use it promptly.

5.	 Virtual tools available for mobile devices or 
equipment with Bluetooth technology or WiFi 
access may be used to keep people aware of 
the protocol’s existence and activate it in case 
of an MSC within its facilities.

Finally, this process must not be considered 
finite, so it must be carried out bi-annually 
to ensure that the cardio-protected areas 
protocols are current and renewed.

RENEWAL

1.	 The renewal of the certificate must be 
biennial. To obtain this, the requirements 
mentioned above must be met.



35Urzúa-González A et al. Certification protocol cardio-protected areas in Mexico

www.cardiovascularandmetabolicscience.org.mxCardiovasc Metab Sci. 2024; 35 (1): 31-36

2.	 The corresponding renewal process must 
be requested in advance, and all the 
necessary documentation for verification 
will be required.

This protocol covers the most important 
aspects to take into account to carry it out in a 
cardio-protected area to save the lives of SCD 
victims. We are sure they will give us pleasant 
surprises in applying it directly in their spaces, 
such as using new technologies for timely access 
to the AED, such as through drones, remotely 
controlled or autonomous vehicles, virtual CPR 
training, and AED use, etcetera.

These practices must be carried out in 
México to achieve cardio-protection areas 
and, finally, SCD, an important health problem 
in our country.
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