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Table 1. Surgical procedures studied (ICD-9-CM) of head and
neck surgery

ICD-9-CM*  Intervention n %

30.1 Hemilaryngectomy 3 0.7
30.21 Epiglottidectomy 0 0

30.22 Vocal cordectomy 168 40
30.29 Other partial laryngectomy 30 7.1
30.3 Total laryngectomy 63 15
30.4 Radical laryngectomy 24 57
31.45 Open biopsy of larynx or trachea 24 57
40.40 Radical neck dissection, not 12 2.9

otherwise specified

40.41 Radical neck dissection, unilateral 87 20.7
40.42 Radical neck dissection, bilateral 6 2.2
Total 423 100

*ICD-9-CM: international classification of diseases, 9" revision, clinical modification

antibiotic prophylaxis; and surgery-related variables,
such as date of intervention, duration of surgery, type
of surgical procedure, degree of contamination of sur-
gery (clean, clean-contaminated, contaminated and
dirty), American Society of Anesthesiologists (ASA)
anesthetic risk and the CDC National Nosocomial
Infection Surveillance (NNIS) index. When a patient
was diagnosed with SSI, we collected the date of
diagnosis, infection site, result of culture (positive or
negative), and microorganisms isolated.

SSlIs were diagnosed by reference to the CDC’s SSI
criteria, and taking into account the patient’s signs
and symptoms, his/her clinical progress, surgical
wound assessment, plus results of microbiological
cultures where requested. Depth of infection was clas-
sified into superficial, deep, and organ-space.?

Patients were clinically followed up by daily visit
from the date of admission to discharge, and thereaf-
ter through visits to outpatient clinics and emergency
services, or from primary care through the review of
electronic medical records (Selene®) or clinical infor-
mation visor HORUS®. The study follow-up and total
time were set in accordance with CDC criteria for
implant surgery and were 1 year.

Statistical analysis

We used frequency distributions to describe the
qualitative variables, which were then compared using

the Pearson Chi-square test or Fisher's exact test,
where the conditions of application were not met
(expected values < 5). In the case of the quantitative
variables, these were described using the mean and
standard deviation (SD), or the median and interquar-
tile range (IQR) in those cases where the normality
criteria were not fulfilled. To compare the quantitative
variables, we used the Student’s t-test or the Mann—
Whitney U test in those cases where the data were
not normally distributed. When the quantitative vari-
ables were compared in more than two groups, we
used the analysis of variance test if the variables fol-
lowed a normal distribution, or the Kruskal-Wallis
non-parametric test on the contrary.

The incidence of infection was estimated by calcu-
lating the cumulative incidence of surgical infection
across the follow-up period. SSI incidence was calcu-
lated by stratifying the risk according to the NNIS
index. We standardized the incidence of infection by
the indirect method, taking into account the cumula-
tive incidence of SSlIs in our region, in our country,
and those reported by the CDC. The different risk
factors were evaluated by calculating the relative risk
(RR) of infection, both individually and grouped, with
explanatory logistic regression models being built with
the “backstep” method to control for confounding and
interaction among different factors. In the internal cali-
bration of the model (goodness-of-fit), we used the
Hosmer-Lemeshow test.

The sample size was calculated using the Epidat
4.2 epidemiological software program, and the analy-
ses were performed using the Statistical Package for
the Social Sciences v.27 statistical software program,
with statistical significance set at p < 0.05.

Results

The study covered a total of 423 surgical interven-
tions of the head and neck. The breakdown showed
that the patients were 81.4% men and 18.6% women,
with a mean age of 65.8 years (SD = 12.4), 68.1 years
in men and 55.5 years in women (p < 0.01). Table 2
shows the data on the patients’ perioperative clinical
situation and comorbidities.

The interventions were distributed as shown in
Table 1: vocal cordectomy was the most frequent type
(40%), followed by unilateral radical dissection of the
neck (20.7%). The median overall hospital stay was
3 days (IQR = 13): the median stay among patients
who did not develop SSlIs was 3 days (IQR = 12) and
26 days (IQR = 26) among those with surgical
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Table 2. Preoperative clinical situation and comorbidities of
patients intervened

Comorbidity n %

Drainage 201 479
Shaving 18 4.3
Transfusion 9 2.1

Kidney failure 18 43
Malnutrition 18 4.3
Diabetes mellitus 123 29.3
Neoplasm 345 82.1
COPD 78 18.6
Cirrhosis 15 3.6
Obesity 36 8.6
Immunodeficiency 3 0.7
Total 423 100

COPD: chronic obstructive pulmonary disease.

infection (p < 0.001). The mean time from admission
until diagnosis of infection was 10.6 days (SD = 6.9).
The earliest case was diagnosed 2 days after surgery,
and the latest, 24 days after surgery.

A total of 86.7% of intervened patients received
appropriate presurgical preparation (95% CI: 83.8-89.1),
with the most common cause of inappropriateness
being non-application of mouthwash (67.1%). Of the
228 patients who required antibiotic prophylaxis, 189
received it, and among these, it was appropriate in
162 (85.7%; 95% CI: 80.8-90.1). The principal cause of
inappropriateness was the choice of antibiotic (65.0%).

For the calculation of the NNIS index, we used the
variables of classification of ASA anesthetic risk,
degree of contamination of surgery, and duration of
surgery (75" percentile, 225 min). While most patients
(47.1%) had an NNIS of 0, no patient with an NNIS of
3 underwent surgery. Table 3 shows the mean stay of
patients according to the NNIS index.

There were a total of 27 infections across the follow-
up period, amounting to an overall SSI incidence of
6.4% (95% CI: 4.1-8.7). Most of the infections (44.4%)
occurred in patients with an NNIS index of 1. Of the
27 surgical infections, 18 were superficial (66.7%) and
9 deep (33.3%). There were no organ-space SSls
within the 16 years analyzed.

A microbiological culture was performed in all infec-
tions and tested positive in 15. The microorganism
most frequently found was Enterobacter cloacae

Table 3. Mean stay of patients according to the NNIS index (n = 423)

NNIS index n (%) Days (SD)
0 199 (47.1) 3.4 (5.8)
1 160 (37.9) 111 (12.6)
2 64 (15.0) 19.9 (14.2)
3 0(0)

NNIS: National Nosocomial Infections Surveillance System; SD: standard deviation.

(43.0%). In six cases, two microorganisms were iso-
lated, with the microorganisms responsible for the
infections being shown in figure 1.

Cumulative SSI incidence at our hospital was com-
pared to cumulative incidences, regionally and nation-
wide, issued by the INCLIMECC work group (Clinical
Continuous Quality Improvement Indicators) and strat-
ified according to NNIS risk (Table 3). Furthermore,
these figures were also compared to the cumulative
incidence rates issued by the CDC. Indirect standard-
ization was performed by calculating the standardized
infection ratio (SIR). The SIR at the hospital was:
1.48 (95% CI: 0.51-2.45) with respect to the Region;
1.94 (95% CI: 0.67-3.21) with respect to the country
as a whole; and 2.07 (95% Cl: 0.72-3.42) with respect
to the CDC.

SSl risk factors were studied univariate. The statisti-
cally significant variables (p < 0.05) were as follows:
malnutrition; duration of surgery above the 75" per-
centile; and the presence of drainage. Table 4 shows
the univariate analysis of the various SSI risk factors:
it omits the risk factors which had very low prevalence
and those that did not present with infection in some
of the groups.

The multivariate analysis (Table 4) studied the inde-
pendent SSI risk factors shown to be statistically sig-
nificant by the univariate analysis. Duration of surgery
above the 75" percentile was the sole factor to prove
statistically significant (p = 0.01).

Discussion

Overall SSI incidence in our study was 6.4% (95%
Cl: 4.1-8.7), a figure lower than that of most of the
papers reviewed.'*'® There were no significant differ-
ences after standardization with existing data, neither
for the region nor the country, nor those reported by
the CDC."2

Surgery of the head and neck is a complex surgery
that encompasses many procedures and different
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Enterobacter cloacae
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Streptococcus viridans M Streptococcus anginosus

Figure 1. Etiology of surgical site infection in head and neck surgery
(%), n=15.

Table 4. Univariate and multivariate analysis for SSI risk factors

Univariate analysis

Risk factors SSI(n:9) NoSSI(n:131) RR' 95%CI? p

n (%) n (%)

Mean age (SD®) 65.7(9.3)  65.8(12.7) 1 09-1.1 099
Diabetes mellitus 3 (33.3) 38 (29.0) 122 0351 052
COPD* 1(11.1) 25(19.1) 053 0.1-44 048
Malnutrition 2(22.2) 4(3.1) 9.1 1.4-58.3 0.048
Cirrhosis 1(11.1) 4(3.1) 40 0.4-39.8 0.29
NNIS® index

0 2(22.2) 64 (48.9) Ref.

1 4 (44.4) 49 (37.4) 2.61 0.5-14.9 0.28
2 3(33.3) 18 (13.7) 5.33 0.8-34.4 0.08
ASA8> 2 4(44.4) 57 (43.5) 1.04 0.3-4.0 0.61
Duration of 6 (66.7) 28 (21.4) 7.36 1.7-31.3 0.007
surgery (> P75)

Inappropriate 2(286) 7(125)of56 28 0.4-17.3 0.26
prophylaxis of 7

Drainage 7(77.8) 60 (45.8) 4.14 0.8-20.7 0.06

Multivariate analysis

Risk factors RR 95% IC p
Malnutrition 6.57 0.9-49.2 0.07
Duration of 6.52 1.5-28.6 0.01

surgery (> P75)

"Relative risk.

2Confidence interval.

3Standard deviation.

“Chronic obstructive pulmonary disease.

National nosocomial infections surveillance system index
5American Society of Anesthesiologists.

surgical techniques. It should be stressed here that
there is great variability in the diagnosis of SSls in this
type of patient, for example, due to the possibility that

different complications might arise as a result of par-
tial/total flap compromises or vascular failures, which
could account in part for the wide variability in SSI
incidence rates found in the literature.”®213

In our study, patients with SSIs had hospital stays
longer than patients who did not present with surgical
infections, in line with the literature.””'® The 23-day
increase in hospital stay was higher than that reported
by Al-Qurayshi et al.” for surgeries of the head and
neck, estimated at 8 days, with our case being more
in line with that described by Badia et al.,5 who found
wide variability in the six countries included in their
systematic review, with hospitalization always being
longer in patients with surgical infection.

The microorganisms isolated in infections of head
and neck surgery vary widely, particularly the com-
mon bacterial colonization of the respiratory tract. In
our study, there were a very small number of infec-
tions, with the pathogens most frequently encountered
being E. cloacae and gram-negative bacteria, a find-
ing that agrees with other studies of surgical infection
at this site.'®-22

The risk of developing a surgical infection depends
on various factors, some of them of intrinsic to the
patient him/herself (age, sex, obesity, nutritional sta-
tus, or comorbidities), and others extrinsic (presurgical
preparation, antimicrobial prophylaxis, use of drain-
age or transfusion, duration of intervention, appropri-
ate instrumental sterilization or surgical technique
used)."2® Updated antibiotic prophylaxis and surgical
preparation protocols based on the existing literature
have been implemented at our teaching hospital and
are periodically reviewed by the Infections Committee.
Based on these, prophylaxis and preparation were
rated appropriate or inappropriate in each case, citing
the reason for inappropriateness where this existed.

Antibiotic prophylaxis failed to prove statistically sig-
nificant in terms of reducing SSls, probably due to the
negligible number of infections found. We found stud-
ies that did not reflect a reduction in incidence of
infection, despite appropriate antibiotic prophylaxis,
such as those by Mitchell et al.2* and Sepehr et al.,?®
though the majority tended to corroborate the exis-
tence of a lower incidence of SSls in head and neck
surgery when such prophylaxis was performed cor-
rectly,?62® including systematic reviews and meta-
analyses in clean-contaminated surgeries.?®

When it came to the percentage of presurgical prep-
aration of patients, this was also very high (86.7%),
as in the case of prophylaxis, with the main cause of
inappropriateness being the non-administration of
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mouthwash, which prevents post-operative pneumo-
nia but has no influence on the development or lack
of development of surgical infection.

While ASA anesthetic risk,* age,®" obesity™ and
diabetes®?34 are risk factors described in the literature
for this type of surgery, in our study, they failed to
achieve statistical significance. Other risk factors for
the development of SSls, such as the patient’s sex,
use of drainage, or comorbidities such as COPD and
cirrhosis, or described in other types of interven-
tions®-%° were also not statistically significant in our
study.

The study’s univariate analysis displayed two sig-
nificant variables: duration of surgery above the
75" percentile; and presence of malnutrition in the
patient. Duration of surgery is a risk factor reported in
other studies for this same surgical site;®3! in our
study, its RR was 6.5 (95% Cl: 1.5-28.6) following the
multivariate analysis. The rise in risk among such
patients may be due to a more prolonged exposure to
the wound’s contaminants, longer duration of oropha-
ryngeal secretions in the field, or increased difficulty
of the surgical act. In this respect, an important factor
for the appearance of SSls is the surgeon’s experi-
ence, as highlighted by McHugh et al.*> or Mallol
et al.*" This variable was not evaluated in the study,
since ours is a university teaching hospital where
there is thus a higher turnover of surgeons and physi-
cians in training during interventions.

In the multivariate logistic regression analysis, the
RR associated with malnutrition was 6.6 (95% CI: 0.9-
49.2). Malnutrition was assessed at our hospital using
body mass index (BMI), with malnutrition being
deemed to exist if BMI < 18. In this study, the percent-
age of patients who presented with malnutrition was
lower than in others consulted:?"%? this may be due to
the fact that malnutrition was measured with the BMI,
whereas other authors considered malnutrition to exist
if there was a loss of weight > 10% in the 3 months
prior to surgery, or with measurement of serum albu-
min. Our study shows a higher risk of suffering SSls
if the patient is malnourished, a finding in line with
other papers.?"30

There are studies in which the association between
malnutrition and SSls has been seen, and hence Bas-
set and Dobie*® report the relationship between mal-
nutrition and worse prognosis in neck cancer. In this
type of neoplasm, there may be a deficit of food intake
due to gastrointestinal tract occlusion, plus the place-
ment of tracheotomies for lengthy periods of time,
which could entail severe malnourishment. Moreover,

there are tumor factors that promote endocrine altera-
tions and systemic responses, such as the release of
cytokines, which trigger the protein catabolism and
stages of cachexia. Malnutrition also affects the
wound-healing process, favoring the development of
septic complications.

Accordingly, we feel that a prior nutritional assess-
ment should be made of all patients undergoing head
and neck surgery, due to its close relationship with
states of malnutrition, and that other anthropometric
and specific biochemical parameters should be
assessed, and not only BMI. A number of studies have
sought to counteract malnutrition by means of enteral
formulae (with arginine, glutamine, omega-3 fatty
acids, and nucleotides), with evidence of a reduction
in SSI and hospital-stay figures following the use of
such formulae.*-46

One of our study’s possible limitations is that the
incidence of infection may have been underestimated
due to some mild cases of superficial SSIs with mini-
mal symptoms having been missed, where the patient
might not have made use of the emergency, outpatient
ear, nose, and throat, or primary care services. We
would expect the infections missed to be negligible,
in view of the fact that patients were followed up after
discharge and over the course of a year. Similarly, the
identification of some risk factors for surgical infec-
tion, detected through the patient’s clinical history,
may not be wholly accurate: for instance, if there are
different forms of measurement (such as malnutrition)
that pose problems when it comes to making compari-
sons with other studies in the literature which use
different measurements. Finally, though the sample
size was calculated for the assessment of SSI inci-
dence, some of the risk factors studied may not be
represented because they are factors with a very low
prevalence. We endeavored to control for losses to
follow-up by estimating a percentage of possible
losses in the pre-calculation of sample size, in order
not to lose statistical power.

Conclusions

Incidence of SSIs in head and neck surgery at our
hospital during the study period was low. According
to the results of this study, in order to reduce the
risk of infection among the patients intervened, spe-
cial attention should be paid to optimizing surgical
time and ensuring an improvement in the nutritional
status of patients who undergo these types of
interventions.
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A low SSI incidence rate is a good measure for
assessing surgical practice and, by extension, quality
in healthcare; hence, it is essential for infection rates
to be evaluated and the possible risk factors identi-
fied. In this regard, prospective hospital surgical
infection surveillance and control programs should be
implemented, thereby allowing for continuous assess-
ment of SSI incidence and the adoption of early pre-
ventive measures targeting potentially modifiable risk
factors.
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Abstract

Objective: This study examines the dietary supplement consumption behaviors and ethical attitudes aiming to contribute to a more
conscientious and ethical consumption culture within the health industry. Methods: A descriptive cross-sectional study was con-
ducted from October to December 2019 with a sample size of 384 individuals aged 20-65 in Turkey. Analysis was performed using
the Statistical Package for the Social Sciences 22.0, including exploratory factor analysis and statistical tests. Results: About 55.5%
of participants used dietary supplements, with Vitamin D, Vitamin B, Omega-3, and multivitamin complexes being common. Ethical
concerns included inadequate label information, price discrepancies, and legal oversight issues. Statistically significant differences
were observed in gender regarding the dimensions of meeting needs and promotion, in age regarding the legal dimension, and in
the reasons for visiting a dietitian in the other four dimensions, except for the legal dimension (p < 0.05). Conclusions: This study
revealed that factors such as gender, age, and dietary preferences influence individuals’ supplement choices. Men were found to
be more inclined toward the meeting needs and promotion aspects of dietary supplement purchases than women. In addition, age
group and dietary preferences were found to affect the sensitivity of individuals in their supplement choices.

Keywords: Dietary supplements. Consumer behavior. Health ethics. Supplement regulation.
Resumen

Objetivo: Examinar los comportamientos de consumo de suplementos dietéticos y las actitudes éticas con el objetivo de con-
tribuir a una cultura de consumo mds consciente y ética dentro de la industria de la salud. Métodos: Se realizé un estudio
descriptivo transversal de octubre a diciembre de 2019 con un tamafio de muestra de 384 individuos de entre 20 y 65 afios,
en Turquia. El andlisis se realizé utilizando SPSS 22.0, incluido el andlisis factorial exploratorio y las pruebas estadisticas.
Resultados: E/ 55.5% de los participantes utilizaron suplementos dietéticos, siendo comunes la vitamina D, la vitamina B, los
acidos grasos omega-3 y los complejos multivitaminicos. Las preocupaciones éticas incluian informacion inadecuada en las
etiquetas, discrepancias en los precios y problemas de supervision legal. Se observaron diferencias estadisticamente significa-
tivas en el sexo en relacion con las dimensiones de satisfaccion de las necesidades y promocion, en la edad en relacion con
la dimensidn legal, y en los motivos para acudir al dietista en las otras cuatro dimensiones, excepto en la dimension legal
(p < 0.05). Conclusiones: Este estudio reveld que factores como el sexo, la edad y las preferencias dietéticas influyen en la
eleccion de suplementos por parte de los individuos. Se observo que los hombres se inclinaban mds que las mujeres por los
aspectos de satisfaccion de las necesidades y promocion de la compra de suplementos dietéticos. Ademds, se encontré que
el grupo de edad y las preferencias dietéticas influian en la sensibilidad de los individuos en el momento de elegir suplementos.
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Today, people in pursuit of healthy living and lon-
gevity are turning to various food supplements to sup-
port their diets. Food supplements are generally
defined as products containing nutrients such as vita-
mins, minerals, amino acids, herbs, or herbal dietary
ingredients. The use of these products has increased
due to successful sales strategies, advertisements,
and the widespread use of the internet.! However, the
ethical use of food supplements is an important issue
in terms of public health and safety. One area of par-
ticular focus for ethical questions about food supple-
ments is their impact on intake behavior. Factors such
as consumers’ reasons for using food supplements,
their level of trust in these products, and their reac-
tions to health claims are important factors shaping
consumer purchasing behavior. Therefore, ethically
evaluating the purchasing behavior of food supple-
ments is an important step that can affect both the
health and well-being of individuals and the overall
health of society. In this context, food safety and ethi-
cal principles should be active at every stage of agri-
culture and food systems.2

Based on this idea, the aim of this study was to
determine the intake behaviors of individuals taking
food supplements and to examine their ethical attitudes
in this field. The results of this study aim to contribute
to the creation of a more conscious and ethical con-
sumption culture in the health industry by shedding
light on the ethical evaluations of consumers regarding
the use of food supplements. In addition, the results of
this research will be a valuable source of information
for health policy makers and marketing experts.

Conceptual framework
Food supplement use in other countries

Food supplements are carbohydrates, protein, fat,
minerals, vitamins, herbs, and nectars. Many studies
have shown that the characteristics of people who use
food supplements are that they tend to be older, have
a low body mass index, exercise, do not smoke, and
have a high level of education.®° and are more pre-
ferred by those who strongly believe in the importance
of treating certain diseases and athletes.012

In the last 30 years, there has been a great increase
in the types and sales of food supplements. The Min-
istry of Food, Agriculture, and Livestock is the main

regulator in Turkey, and the total sales of food supple-
ments in 2020 are estimated to be 885 million TL. The
National Health and Nutrition Examination Survey
began to investigate motivations for the use of food
supplements for the first time in 2007. The purpose of
this analysis was to examine the types of food used
as well as the motivations for food supplement use by
adults.”® A search of the Web of Science database
with the keyword “Dietary Supplements” yielded 2,666
publications. The distribution of these publications by
country is shown in the figure below.

Figure 1 shows that 1,320 of the 2,666 studies on
dietary supplements were published in the USA. This
is followed by the UK with 154 publications, Germany
with 111 publications, Australia with 107 publications,
and Italy with 98 publications.

As a result of the search of the Web of Science
database on food supplements, the top 10 most cited
studies were analyzed. Among these studies, the
study “Standard methods for the determination of anti-
oxidant capacity and phenolics in foods and dietary
supplements” by Prior et al. in 2005 ranks first with
2579 citations. This is followed by “Cellular antioxidant
activity assay for evaluating antioxidants, foods and
dietary supplements” by Wolfe and Liu in 2007, with
571 citations, and “Adverse cardiovascular and central
nervous system events associated with dietary sup-
plements containing ephedra alkaloids” by Haller and
Benowitz in 2000, with 557 citations.

In Turkey, in a study conducted by Coskun and
Turan in Istanbul on 1000 people representing four
different sociocultural groups, 34.6% reported using
dietary supplements. In 2017, in the study on the use
of food supplements published by the Food Supple-
ment and Nutrition Association (GTBD) and Ipsos
Social Research Institute, the rate of use of food sup-
plements was reported as 13% after a survey of 1750
people over the age of 18 with telephone support in
81 provinces. In 2019, in the study titled “Evaluation
of Food Supplement Intake Behaviors and Related
Factors of Individuals Between the Ages of 18-65
Applying to the Family Health Center” conducted by
Karadag, 32.3% of the participants reported that they
took supplements.

Ethical dimension of food supplements
use behaviors

Ethics are principles, values, and standards that
define how individuals behave correctly toward other
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Figure 1. Number of studies on dietary supplements by countries.

beings' Professional ethics, which is a sub-branch of
ethics, can be expressed as the sum of ethical prin-
ciples and standards that guide behaviors in profes-
sional life and guide what to do and what not to do.
Businesses feel the need to behave ethically and
make decisions in order to increase their reputation
and thus gain profit in the medium and long term, and
it is beneficial to see the expenditures made for this
purpose as one of the most valuable asset items of
the business.”

Related to this issue, Torok and Murray in their 2008
study “Using the sword of professional ethics against
misleading dietary supplements,” tried to understand
how dietary supplements are currently regulated for
scientists who want to take a more prominent role in
protecting the integrity of the interests of science and
society. In general, the Food and Drug Administration
(FDA) oversees safety, manufacturing, labeling, and
product literature for drugs and medical devices, while
the Federal Trade Commission (FTC) regulates how
products are marketed. Mannatech Inc. is a publicly
traded multinational multi-level marketing company
founded in 1993 by Samuel Caster that markets
dietary supplements and personal care products.'®
Due to consumer complaints filed with the FDA and
unethical use of credit advertising, Mannatech’s sales
declined by 50% after 2006. Scientists should provide
informational materials to consumers to prevent mis-
use and unethical production. The FTC and agencies
such as the FDA and the Office of Dietary

Supplements should have supplement manufacturers
and contact information on their websites, and con-
sumers should be able to check whether a supple-
ment has been tested for safety and efficacy through
the government.

Proactive steps are needed to prevent public mistrust
of food supplements. One such measure could be to
develop educational materials and training activities that
can be used by medical schools and professional asso-
ciations, such as the American Medical Association, to
ensure that doctors and medical students are effective
in countering suspicious claims. Doing so would not
only address the lack of reliable information on dietary
supplements available to the public, but would also give
the science community a level of respectability to other
professionals. In establishing standards for the proper
labeling and manufacture of food supplements, the FDA
has been confronted with the lack of information on the
efficacy of some supplements and the lack of data to
determine adequate dosage for children. Children are
not just small adults in terms of dosage; untested mold
supplements pose the potential for harm when admin-
istered to children. Moreover, it is clear that even benign
substances such as vitamins taken in excessive
amounts can be harmful."”

Methods

In this section of the study, the purpose and impor-
tance of the study, the data collection tool, and the
analysis of the data will be discussed.
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Purpose and hypothesis of the study

The aim of this study is to determine the intake
behaviors of individuals taking food supplements to
examine their ethical attitudes in this field. For this
purpose, the following hypotheses were tested to
determine the ethical dimension of dietary supplement
use behaviors in the areas of needs satisfaction, eth-
ics, monitoring, promotion, and legal areas.

- Hypothesis 1. Gender differs according to (a)
Meeting needs (b) Ethical dimension (c) Monitor-
ing dimension (d) Promotion dimension (e) Legal
dimension of individuals’ food supplement use
behaviors

- Hypothesis 2. Age differs according to (a) Meet-
ing needs (b) Ethical dimension (c) Monitoring
dimension (d) Promotion dimension (e) Legal di-
mension of individuals’ food supplement use
behaviors

- Hypothesis 3. Dietitian Visiting Status differs ac-
cording to (a) Meeting needs (b) Ethical dimen-
sion (c) Monitoring dimension (d) Promotion
dimension (e) Legal dimension of individuals’
food supplement use behaviors.

Population and sample of the study

The descriptive and cross-sectional study was con-
ducted in October 2019 and December 2019. The
research population consisted of individuals between
the ages of 20 and 65 residing in Turkey. At the end
of 2017, the population between the ages of 20 and
65 in Turkey was 48,355,065 (TUIK, 2017); the sample
size that can represent the research population was
determined as 384 people with a 95% confidence
interval. Convenience sampling method was used
among the sampling methods.

Data collection tool of the study

While collecting the research data, the “Knowledge,
attitude and usage behavior about food supplements”
scale taken from the thesis of Karadag, 2019, was
used. After interviewing with medical representatives
and pharmacies within the scope of expert opinion,
the scale was answered as “| think ethical values are
observed in food supplement information, | think ethi-
cal values are observed in pricing policies, | think
ethical values are observed when obtaining legal per-
missions of food supplements, | think ethical values

are observed when determining the amount of use, |
think that there is not enough supervision in the pro-
duction and distribution processes of food supple-
ments, | am hesitant that the prices on the internet
and pharmacy prices are not the same, and | do not
find it right to advertise food supplements in print and
visual media” were added and the question “Food
supplements are supervised by the Ministry of Food,
Agriculture and Livestock” was removed.

After the questions to be asked in the questionnaire
were determined, it was determined whether the ques-
tions in the draft questionnaire were compatible with
the application, the aims, and assumptions of the
application. Then, the questionnaire was tested by 10
pharmacists and 3 medical representatives before it
was applied to the individuals and the questions that
caused misunderstandings were rearranged. The
questionnaire form can be classified as follows; in the
first 24 questions of the questionnaire, it is aimed to
obtain information about the general health status of
individuals, such as gender, body mass index, sleep
levels, chronic disease status, and quality of life.

Questions 24-30 of the questionnaire aimed to find
out which supplements individuals who use food sup-
plements take, the reasons for taking supplements,
where they obtain supplements, and how much they
spend on supplements in a year. Finally, in the
31st question, a 3-point Likert-type scale was used to
determine the behaviors and attitudes of individuals
toward food supplements. The answering scale for
each statement of the 31%t question in the scale is a
3-point Likert; 1 = No Idea, 2 = No, 3 = Yes.

Information was collected from social media and
social media platforms (LinkedIn, Facebook, etc.)
through the Google form. The survey method was
chosen due to its ability to collect a wide range of
information, speed, and cost advantages, while the
face-to-face and social media survey method was
chosen due to its high response rates and the ability
to eliminate misunderstandings. A total of 474 ques-
tionnaire forms were collected.

Data analysis

The data obtained at the end of the research were
analyzed with the Statistical Package for the Social
Sciences 22.0 package program. First, frequencies
and percentages were given according to the indi-
vidual and demographic characteristics of the partici-
pants. Exploratory factor analysis was applied to the
scale. At this stage, the Independent Samples t-test
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Table 1. Factor analysis table

Ethical

Meeting needs Ethics Monitoring Promotion Legal

| believe ethical values are observed when obtaining legal permissions for

dietary supplements

| believe ethical values are observed in pricing policies.

| believe ethical values are considered when determining the usage amount.

| believe ethical values are observed in dietary supplement information.

Since | started using dietary supplements, | feel healthier.

| am aware of which dietary supplements | need for my health.
Dietary supplements can meet all nutritional needs.

The information on the labels of dietary supplements is sufficient.

| am concerned about the side effects of dietary supplements.

Dietary supplements should be prescribed and monitored by a physician.

Taking dietary supplements along with prescribed medications can cause

drug interactions.

Vitamin and mineral levels should be regularly monitored with laboratory

tests.

| believe there is not enough supervision in the production and distribution

processes of dietary supplements.

| do not approve of dietary supplement advertisements in print and visual

media.

The fact that internet prices and pharmacy prices are not the same makes

me skeptical.
Dietary supplements are regulated by the Ministry of Health.
Physicians should have more information about dietary supplements.

Dietary supplements should be covered by health insurance.

0.839
0.748
0.684
0.675
0.814
0.788
0.543
0.445
0.781
0.597
0.591
0.799

0.818

0.720

0.565

0.751
0.632
0.557

and One-way analysis of variance (ANOVA) test were
applied since the data were normally distributed and
the variances were homogeneous. After conducting
the ANOVA analysis, post hoc tests (Tukey) were uti-
lized to determine between which groups the differ-
ences originated.

Validity and reliability of the research scale

In the study, factor analysis with varimax rotation
was applied to 18 statements to reveal the construct
validity of the ethical scale of dietary supplement
intake behaviors. As a result of the analysis, five
dimensions were reached as meeting needs, ethical
dimension, monitoring dimension, promotion dimen-
sion, and life dimension. The rate of explaining the
total variance of the five factors obtained was 69.543%,

the Kaiser-Meyer-Olkin value was 0.810, and the
Bartlett Sphericity test value was 1240.994 and was
significant (p < 0.05). The distribution table of the fac-
tor analysis according to the dimensions is given in
table 1.

There are many methods to measure the reliability
of scales. Cronbach’s Alpha coefficient, which is one
of them, is a method frequently used in reliability cal-
culations of scales based on total score, such as
Likert-type scales."® The Cronbach’s Alpha value
used for the research was found to be quite reliable,
with 0.73.

Findings

A total of 474 people participated in this study con-
ducted on individuals living in Turkey. Of the 474
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participants, 49.6% were female, and 50.4% were
male. 47.6% of the individuals participating in the
study were between the ages of 21 and 30. 62% of
the participants are married, and 60.3% of them live
with their spouse and children. When the participants
are analyzed in terms of education and occupational
groups, 41.6% are university graduates, 34% are pub-
lic sector employees, and 32.9% are private sector
employees. 53% of the participants are Social Secu-
rity Institution (SSI/SSK) members, and 37.1% of them
have an income level between 2000 and 4000, 27.4%
between 4000 and 6000.

When the healthy living behaviors of the individuals
participating in the study were evaluated, 47.26% were
normal weight, and 37.97% were slightly overweight.
While 38.80% of the participants do not exercise,
38.60% do mild exercise, and 46.60% do not go to
general health check-ups. The proportion of the par-
ticipants who consulted a nutrition and diet specialist
was 26.2%, and 56.6% of them went to lose weight.
When the nutritional status of the participants is ana-
lyzed; 51.70% of them apply equal weight from carbo-
hydrates. 36.50% of the participants consume 1-15 L
of water/day, 26.60% sleep between 7 and 8 h. In
addition, 67.9% do not smoke, and 84% do not con-
sume alcohol. Only 26.2% of the participants reported
having a chronic disease. The most common diseases
were hypertension and migraine, with 18%, followed
by asthma with 14%. Among the participants with
chronic diseases, 41.9% used medication when nec-
essary, while 39.5% reported that they used medica-
tion every day. 55.5% of the participants reported
taking food supplements. Among these, 57.8% use
them every day. 41.8% spend 200 TL or less on food
supplements in a year, while 38.8% spend between
200 and 500 TL. 70.7% of the participants obtain food
supplements from pharmacies.

Table 2 shows that 15.8% of the participants take
vitamin D, 12.8% vitamin B, 11.3% Omega 3, and
9.30% multivitamin complex.

When the reasons for using food supplements are
analyzed in table 3, 17.60% of the participants use
food supplements to “Increase body performance and
energy during the day,” 16.50% to “Promote general
health,” 16.20% to “Treat specific health problems,”
and 14.70% to “Increase immune power.” Weight gain
(0.40%) and weight loss (0.10%) are the least pre-
ferred reasons for use.

In table 4, when the participants’ food supplement
purchasing behaviors were examined in terms of
ethics, 78.7% stated that physicians should have

Table 2. Distribution of food supplements used by the participants

Supplements n %  Supplements n %
Vitamin D 126 15.80 Coenzyme Q10 23 290
Vitamin B 102 12.80 Sports drinksand 18 2.30
foods

Omega-3 90 11.30 Calcium 15 1.90
Multivitamin/ 74 930 Selenium 14 1.80
multimineral complex

Vitamin C 53 6.60 Alpha lipoic acid 9 1.10
Iron 53  6.60 Melatonin 9 1.10
Herbal supplements 52  6.50 Glucosamine 8 1.00
Probiotic 41 510 Protein Bar 5 0.60
Magnesium 39 490 Other* 4 050
Vitamin K 33 410 Amino Acid 3 040
Zinc 26 3.30 Protein Powder 2 030

*Indicates statistically significant difference (p < 0.05).

Table 3. Distribution of reasons for use of food supplements
by participants

Reasons for use n %
To enhance daytime physical performance and 121 17.60
energy

To promote general health 113 16.50
To treat specific health issues 11 16.20
To boost immunity 101 1470
As recommended by a doctor 81 11.80
To improve nutrition 62 9.00

As recommended by a nutrition and diet specialist 25 3.60

To reduce stress 20 2.90
As recommended by a pharmacist 14 2.00
As recommended by a life/sports coach 14 2.00
Based on family, friends, and community 13 1.90
recommendations

After seeing on social media 7 1.00

(TV/radiof/internet/phone/ads)
To gain weight 3 0.40

To lose weight 1 0.10

more information about food supplements, 76.8%
stated that vitamin and mineral levels should be
regularly monitored with laboratory tests, 72.6%
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Table 4. Results of the ethical analysis of participants’ food supplement intake behavior scale

Variables

Food supplements should be prescribed and monitored by a doctor.
Doctors should have more knowledge about food supplements.

Food supplements should be covered by health insurance.

176 66.9 62 236 25 95
207 78.7 34 129 22 84
191 726 46 175 26 99

Vitamin and mineral levels should be regularly monitored with laboratory tests. 202 76.8 39 148 22 84

Food supplements are regulated by the Ministry of Health.
I'am concerned about the side effects of food supplements.

The information on the labels of food supplements is sufficient.

128 48.7 76 289 59 224
151 57.4 77 293 35 133

75 285 149 567 39 148

Food supplements may cause drug interactions when taken with prescribed medications. 141 53.6 42 16 80 304

| am aware of which food supplements | need for my health.
| feel healthier since | started using food supplements.

All nutritional needs can be met with food supplements.

172 65.4 51 194 40 152
171 65 54 205 38 144
57 21.7 166 63.1 40 1562

| believe ethical values are considered in the information provided about food supplements. 81 308 115 437 67 255

| believe ethical values are considered in pricing policies.

58 221 136 517 69 262

| believe ethical values are considered when obtaining legal permits for food supplements. 77 293 104 395 82 312

| believe ethical values are considered when determining the dosage.

96 36.5 91 346 76 289

| believe there is not enough control in the production and distribution processes of food 127 485 74 282 61 233
supplements.

The discrepancy between internet and pharmacy prices makes me hesitant. 189 719 50 19 24 91
I do not think it is correct to advertise food supplements in print and visual media. 142 54 89 338 32 122

stated that food supplements should be covered by
health insurance, and 71.9% stated that they were
hesitant about the fact that internet prices and phar-
macy prices were not the same. 63.1% of the par-
ticipants think that food supplements do not meet all
nutritional needs, 56.7% think that the information
written on the labels of food supplements is insuf-
ficient, and 51.7% think that ethical values are not
observed in pricing policies.

According to this table, statistically significant differ-
ences were not found between the sub-dimensions of
the scale. According to table 5, Hypotheses 1a, 1d,
2e, 3a, 3b, 3c, and 3d are accepted while the other
hypotheses are rejected.

Discussion

The purpose of this study is to determine the pur-
chasing behaviors of individuals who take dietary sup-
plements to examine their ethical attitudes in this field.
The finding that men pay more attention to the meeting

needs and promotion processes when buying dietary
supplements than women is supported by various lit-
erature studies. This difference reflects differences in
men’s and women’s behaviors and motivations for sup-
plement use. First, women generally use supplements
at higher rates than men. According to a study con-
ducted in the USA, 63.8% of women used any food
supplement in the past 30 days, compared to 50.8% of
men.'® Although women have a higher propensity to
use food supplements, men generally use supplements
more strategically for specific health goals (e.g.,
increasing muscle mass or preventing a specific dis-
ease). Men generally appear to be more motivated to
use supplements to achieve specific health goals. In
this context, men are more careful in their choice of
supplements to meet their needs and to ensure conti-
nuity of use. For example, men place more emphasis
on muscle health and performance-enhancing supple-
ments, whereas women generally prefer supplements
that focus on general health and bone health.® Further-
more, among the factors that increase men’s motivation
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Table 5. Hypothesis test results

Category Meeting Ethical Monitoring Promotion Legal
needs (a) dimension (b) dimension (c) dimension (d) dimension (e)
Women Avg 2.30 1.96 2.50 2.37 2.53
Women SD 0.40 0.58 0.44 0.59 0.45
Men Avg 2.31 2.10 2.46 2.51 2.53
Men SD 0.52 0.58 0.47 0.51 0.51
T -0.283 -1.938 0.695 -2.105 0.142
p 0.000* 0.623 0.089 0.047* 0.267
Hypothesis accepted 1a Accepted 1d Accepted
20-30 Avg (1) 2.25 1.94 2.50 2.38 2.59
20-30 SD 0.49 0.57 0.44 0.60 0.47
31-40 Avg (2) 2.33 2.00 247 2.38 2.60
31-40 SD 0.43 0.58 0.43 0.53 0.38
41-50 Avg (3) 2.39 217 2.48 2.54 242
41-50 SD 0.44 0.70 0.58 0.47 0.51
51-65 Avg (4) 2.30 2.09 2.46 2.55 2.36
51-65 SD 0.43 0.46 0.41 0.54 0.52
F 1.092 1.875 0.065 1.727 3.866
p 0.35 0.13 0.98 0.16 0.010*
Post hoc test 1-4p=0.03
2-4p=0.04

Hypothesis accepted 2e Accepted
Weight loss Avg (1) 2.38 2.05 2.50 2.54 2.41
Weight loss SD 0.37 0.55 0.37 0.48 0.53
Weight gain Avg (2) 1.86 1.48 1.93 1.94 2.33
Weight gain SD 0.55 0.39 0.57 0.70 0.47
Healthy eating Avg (3) 2.28 2.19 2.42 2.31 2.56
Healthy eating SD 0.45 0.50 0.49 0.48 0.38
Doctor's recommendation 2.44 1.84 2.28 2.00 2.71
Avg (4
Doctor’s recommendation SD 0.42 0.63 0.49 0.69 0.28
F 4.83 5.25 5.16 5.8 1.64
p 0.000* 0.000* 0.000* 0.000* 0.19
Post hoc test 1-2 p =0.002 1-2 p =0.008 1-2 p =0.001 1-2p =0.004

2-3p=0.029 2-3p =0.001 2-3p=0.013 1-4 p =0.037

2-4p =0.021
Hypothesis accepted 3a Accepted 3b Accepted 3c Accepted 3d Accepted

*Indicates statistically significant difference (p < 0.05)

Avg: average; SD: standard deviation.
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and commitment to supplement use, scientific evidence
and the desire to be informed about the efficacy of
products play an important role. Men often conduct
extensive research on the health effects and scientific
basis of a particular supplement before choosing it.?!
This attitude increases their tendency to use supple-
ments regularly and consistently.

Another result of this study shows that individuals
aged 31-40 years are more concerned about the legal
regulations of dietary supplements than other age
groups. This age group may focus on legal concerns.
Individuals in this age group are generally more con-
scious about protecting their health and improving their
quality of life. This awareness is coupled with a desire
to learn more about the safety and efficacy of the food
supplements consumed.?? People in the 31-40 age
group are aware that legal regulations are important
to ensure the quality and safety of supplements.

The study found that individuals who go on a diet to
gain weight are more sensitive to the meeting of needs,
ethical standards, monitoring processes, and promotion
methods when choosing dietary supplements. These
individuals place greater importance on these factors,
which play a decisive role in their diet choices. The lit-
erature supports this finding. The study by Cialdini and
Trost emphasizes the important role of social norms and
the meeting of individual needs in people’s diet choices.?
Individuals who start a diet to gain weight place more
importance on the meeting of their needs because it
increases their motivation and adherence to the diet.
The study by Puhl and Brownell shows that ethical stan-
dards play a significant role in individuals’ attitudes
toward diet programs and dietary supplements. Wing
and Phelan highlight the importance of monitoring pro-
cesses in the success of diet programs. Individuals
participating in weight gain programs are more sensitive
to regular monitoring and feedback processes because
these processes ensure healthy and sustainable weight
gain.®* Jeffrey and Wing demonstrate that incentive
methods increase individuals’ adherence to diet pro-
grams. The weight gain group is more sensitive to
incentive methods because they increase their motiva-
tion and strengthen their adherence to the diet.?

In addition, the most frequently used food supple-
ments in the study were Vitamin D, Vitamin B, Omega
3, and multivitamin complex. A study by Bailey et al.
found that multivitamin-mineral products and fish oils
were the most commonly reported food sup-
plements.™ Supplement use was also found to be related
to more appropriate health and lifestyle choices, and less
than a quarter of supplements were recommended by a

doctor or dietitian. For this reason, it is recommended
that food supplements should be used consciously in line
with the recommendation of a doctor or dietitian. Simi-
larly, Coskun and Turhan argued that if individuals do
not have sufficient knowledge about vitamins, they
should act by getting information from experts.

In the information on food supplements, pricing and
obtaining legal permissions, not observing ethical values,
pharmacy prices not being the same as internet prices,
being sold without a prescription, and insufficient informa-
tion written on it are the results reached within the scope
of this study and are not ethically appropriate. Acting in
line with ethical principles in this regard will prevent both
individual and social damages that may occur.

Conclusions

This study revealed that factors such as gender, age,
and dietary preferences influence individuals’ supple-
ment choices. Men were found to be more inclined
toward the meeting needs and promotion aspects of
dietary supplement purchases than women. In addition,
factors such as age group and dietary preferences
were found to affect the sensitivity of individuals in their
supplement choices. It was found that individuals
between the ages of 31-40 gave more importance to
legal regulations, and those who were trying to gain
weight were more sensitive to need fulfillment, ethical
standards, monitoring, and promotion processes. In
conclusion, a conscious and ethical use of dietary sup-
plements should be encouraged. This can help adopt
a credible approach to improving individuals’ health and
quality of life. The findings may also contribute to health
management practices by supporting consumer aware-
ness, ethical marketing strategies, and regulatory policy
development regarding dietary supplements.
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Is there any effect of lycopene’s preventing peritoneal adhesion
formation in rats: an experimental study

¢ Tiene el licopeno algtn efecto en la prevencion de la formacion de adherencias
peritoneales en ratas? Un estudio experimental
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Abstract

Objective: Effects of lycopene in prevention of intra-abdominal adhesion formation in a rat model. Methods: Twenty-eight rats
were divided into four groups consisting of 7 rats each. Group 1 (only adhesion), Group 2 (adhesion + corn oil), Group 3 (adhe-
sion + 5 mg/kg lycopene), Group 4 (adhesion + 20 mg/kg lycopene). Adhesion score, histopathology, vascular endothelial growth
factor (VEGF) H-score, malondialdehyde (MDA), total antioxidant capacity, and VEGF values were measured. Results: There
were significantly higher extent, severity, degree, and total adhesion scores in the control and corn-oil group than in the low
lycopene and high lycopene group. VEGF H-scores were significantly lower in lycopene-given groups, regardless of dose. When
the low lycopene and high lycopene groups were compared in terms of anti-VEGF H-score, no significant difference was observed.
Malondialdehyde levels were statistically significantly lower in the control and high lycopene group. Conclusions: Biochemical
parameters, histopathological examination, and adhesion scoring revealed that lycopene significantly reduced adhesion formation.

Keywords: Adhesion. Lycopene. Peritoneum. Rat. Vascular endothelial growth factor.
Resumen

Obijetivo: Evaluar los fectos del licopeno en la prevencion de la formacion de adherencias intraabdominales en un modelo con
ratas. Métodos: Veintiocho ratas se dividieron en cuatro grupos de siete cada uno: grupo 1, solo adhesion; grupo 2, adhesion
mas aceite de maiz; grupo 3, adhesion mas 5 mg/kg de licopeno; y grupo 4, adhesion mas 20 mg/kg de licopeno. Se midieron
la puntuacion de adherencia, la histopatologia, la puntuacion H del factor de crecimiento endotelial vascular (VEGF), el malo-
ndialdehido, la capacidad antioxidante total y los valores de VEGF. Resultados: Hubo puntuaciones de extension, gravedad,
grado y adhesion total significativamente mds altas en los grupos control y con aceite de maiz que en el grupo con bajo y alto
licopeno. Las puntuaciones VEGF H fueron significativamente mds bajas en los grupos que recibieron licopeno, independiente-
mente de la dosis. Cuando se compararon los grupos con niveles bajos y altos de licopeno en términos de puntuacion H anti-
VEGF, no se observaron diferencias significativas. Los niveles de malondialdehido fueron mas bajos en los grupos de control
y alto en licopeno, con una diferencia estadisticamente significativa. Conclusiones: Los pardmetros bioquimicos, el examen
histopatoldgico y la puntuacion de adherencias revelaron que el licopeno redujo significativamente la formacion de adherencias.

Palabras clave: Adhesion. Licopeno. Peritoneo. Rata. Factor de crecimiento endotelial vascular.
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Although our knowledge about peritoneal cavity
physiology and peritoneal healing mechanisms is
increasing, post-operative adhesions continue to be
a problem for surgeons from different disciplines. In
different studies, the direct relationship between
intra-abdominal surgical interventions and adhesion
formation has been revealed, and it has been stated
that the most important cause of intestinal obstruction
is adhesions due to previous surgeries.? Post-
operative adhesions are fibrous connections that can
be seen between organs that are not normally
combined with each other and are surrounded by
serous membranes following injury or surgical
operations.! Approximately 30% of intestinal
obstructions develop due to intra-abdominal adhesion,
and post-operative peritoneal adhesion occurs in
more than 90% of all laparotomies. In addition, they
may lead to post-operative mortality, morbidity, and
cost increase due to their ability to extend the length
of hospital stay.® Despite advanced surgical
techniques and medical treatment options, post-
operative intra-abdominal adhesions are still an
unsolved problem. When the literature is searched, it
is seen that many experimental, clinical studies, and
theoretical reports on adhesion prevention have been
published since the beginning of the century. Various
chemical agents used as adhesion inhibitors prevent
fibrin  organization by inhibiting fibroblastic
proliferation. Therefore, many agents such as non-
steroidal anti-inflammatory drugs, corticosteroids,
calcium channel blockers, histamine antagonists,
antibiotics, fibrinolytic drugs, antioxidants, and
vitamins have been tried to inhibit this proliferation.*
Lycopene is a pigment belonging to the carotenoid
family, naturally found in vegetables and fruits.
Lycopene is a potent antioxidant substance; besides
protecting cells from free radical damage, it
strengthens the bonds between cells and improves
cell metabolism.5'® There have been reports
supporting lycopene’s effect on reduced risk of many
diseases, including Alzheimer’s disease, peripheral
nerve damages," cardiovascular disease, skin
health,'>'® and even some types of cancer (breast and
uterine)." Lycopene also slows down the aging
process with its antioxidant properties.” In this
observational rat study, we investigated the
effectiveness of lycopene use in preventing adhesions
after gynecological surgery.

Methods
Ethical statement

This study was approved by our University Animal
Experiments Local Ethics Committee (April 26, 2017,
Protocol No: 2017/011).

Study design

Twenty-eight female Wistar albino rats were included
in the study. Inclusion criteria in the study were as
follows: the animals were female Wistar albino spe-
cies, weighing between 160 and 250 g, and survived
from the beginning to the end of the study. The exclu-
sion criteria were as follows: the animals were out of
the female Wistar albino species, their weight was not
between 160 and 250 g, and they died before the
study was completed. Experimental animals were kept
in our University Animal Laboratory at a room tem-
perature of 24°C and a 12/12 h day and night cycle.
Fed with standard rat food and water without restric-
tions. Each rat was anesthetized with ketamine hydro-
chloride (40 mg/kg 1V). Before surgery, the abdominal
area of the rats was shaved and wiped with 1% povi-
done iodine and prepared for the operation. Approxi-
mately 4 cm lower midline laparotomy was performed
on the umbilical region. Before surgery, the rats were
randomly divided into four groups each consisting of
7 rats. The operations performed on groups of rats
were as follows:

— Control group (CG): a standard adhesion was
created; no adjuvant was given. Corn oil group
(CoG): After the injury, 1 mL of corn oil was ad-
ministered daily by direct intraperitoneal injection
method. The same dose was continued intraperi-
toneally for 14 days

- Low-dose lycopene group (LLG); After the injury,
5 mg/kg lycopene was administered daily by di-
rect intraperitoneal injection method. The same
dose was continued intraperitoneally for 14 days

- High-dose lycopene group (HLG): After injury,
only a single dose of 20 mg/kg lycopene was
administered intraperitoneally.

Lycopene is a powder compound. It has been used
in a liquid-based substance, corn oil, to make lyco-
pene suitable for intraperitoneal injection. To deter-
mine the effect of corn oil alone, the CoG was created
as a separate group. The dose of lycopene was
chosen based on a previous study.'



After a 4 cm abdominal incision, the uterine horns
were exposed and a lesion was created on the
antimesenteric surface of each uterine horn (free part
of the bicornual rat uterus in the pelvic area) surface
with the help of a 10-volt bipolar cautery as previously
described."” At the same time, extra adhesion was
created by scraping operations on the visceral surface
until serosal bleeding occurred. After the procedure
was completed, the abdomen was closed continu-
ously using 4.0 Vicryl. The rats were then allowed to
recover for 2 weeks. A total of 4 animals died of lung
infection before starting the experiment. Animals that
died were excluded from the study. After the recovery
period, the animals were sacrificed and evaluated for
adhesion formations. The researchers who evaluated
the adhesions had no prior knowledge of which group
the rat belonged to. Adhesion scoring based on extent,
severity, and resistance to applied force is summa-
rized in table 1.8

The sum of the three parameters was used as the
total score for each group. Tissue samples taken from
the peritoneum and adhesion area were sent for his-
topathological examination. Adhesion examples are
shown in figure 1.

Histopathological examination

Tissues were fixed with formaldehyde for 48 h and
washed with phosphate-buffered saline at pH 7.4.
Dehydration was achieved by passing the tissues
through increasing concentrations of ethyl alcohol
(from 80%, 90%, 90%, 96% and to 96%) for 45 min
in each ethanol series. After dehydration, specimens
were cleared in xylene and embedded in paraffin
wax.?® Paraffin tissue blocks (5-um thickness) were
cut using a rotary microtome. Tissue sections were
stained with hematoxylin and eosin staining for
histomorphological analysis.?' Tissue slides were
visually assessing with a Nikon Eclipse 80i image
analysis system. A total of 100 fields were scored per
tissue in 10 random slide of view taken with a x10
objective for evaluation of tissue inflammation and
edema.

Anti-vascular endothelial growth factor
(VEGF) immunohistochemical staining

For immunohistochemistry (IHC), sections were
incubated with H,O, (3%) for 30 min to eliminate
endogenous standard activity and blocked with protein

A. Bilgi et al. Lycopene to prevent peritoneal adhesion

Table 1. Macroscopic adhesion scoring method

Score Extend Severity Degree
0 No No No
1 < 25% Filmy avascular Detached with

gentle traction

2 Between 25and  Opaque, translucent, Detached with

50% avascular moderate traction
3 Between 50 and  Vascular or opaque  Detached with
75% sharp traction

4 More than 75%  Opaque, thick veins

available

The adhesion score is equal to the sum of the scores from each part of the adhesion.
The highest possible score is 11

Figure 1. Adhesion examples. A: adhesions between bowel and uter-
ine horn. B: fibrous adhesion between bowel and uterine horn. C and
D: complete adhesion to the anterior abdominal wall and bowel.

block for 20 min at room temperature. Later, sections
were incubated with primary antibody (anti-VEGF,
Santa Cruz Biotechnology, Inc.; dilution 1/100)
overnight at 4°C. Antibody detection was performed
with the UltraTek HRP Anti-Polyvalent Staining System
(ScyTec Inc., USA), and 3,30-diaminobenzidine was
used to visualize the final product.??

Immunostaining was evaluated semiquantitatively
using H-score analysis. Immunostaining intensity was
categorized under the following scores: 0 (no stain-
ing), 1 (weak staining), 2 (moderate staining), and 3
(intense staining). H-score value was derived for each
specimen by calculating the sum of the percentage of
cells for the cytoplasmic and nuclear immunoreaction
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of the sections that were stained at each intensity
category multiplied by its respective score, by means
of the formula H-score = XPi (i + 1), where i = intensity
of staining with a value of 1, 2, or 3 (weak, moderate,
or strong, respectively) and Pi is the percentage of
stained cells for each intensity, varying from 0% to
100%. For each slide, 10 different fields were
microscopically evaluated at x20 magnification.
H-score evaluations were independently performed by
at least two investigators blinded to the source of the
samples as well as to each other’s results.

Biochemical analysis
MEASUREMENT OF LIPID PEROXIDE LEVEL

Measurement of lipid peroxides in tissue samples
was made by the Uchiyama and Mihara methods.?
Malondialdehyde (MDA) levels in the samples were
calculated from the calibration curve prepared from
standard solutions. Results are given as nmoL/mg
protein.

Measurement of VEGF level

Measurement of VEGF levels in tissue samples was
carried out with an enzyme-linked immunosorbent
assay (ELISA) kit (Sun Red, Shanghai Sunred
Biological Technology Co. Ltd.). First of all, standard
samples were prepared. Standard prefixes of 50, 100,
200, 400, 800, and 1600 ng/L were prepared from the
stock solution. 0.05 mL standard and 0.05 mL HRP-
streptavidin were added to the wells determined in the
ELISA plate. Samples were pipetted. The plate was
covered and incubated at 37°C for 90 min. For tissue
samples, 0.04 mL of sample, 0.01 mL VEGF antibody,
and 0.05 mL of the HRP-streptavidin were added. The
ELISA plate was incubated at 37°C for 60 min. At
the end of the period, all samples were removed from
the ELISA plate with a pipette and washed 3 times
with washing buffer. At the end of the washing process,
chromogen A (0.05 mL) and B solutions (0.05 mL)
were added to the wells, and the plate was incubated
at 37°C for 15-30 min. At the end of the period, the
reaction was stopped by adding 0.05 mL of stop
solution to the wells. The optical density of the
resulting yellow color was read in a microplate reader
(Thermo Scientific® Multiskan Go) at 450 nm
wavelength. Results were evaluated according to the
standard calibration curve.

Measurement of total antioxidant capacity
(TAC)

Measurement of TAC in tissue samples was performed
spectrophotometrically with a commercial kit (Rel Assay
Diagnostics). According to the principle of this method,
the antioxidant molecules in the studied sample cause
the formation of a lighter colored compound by reducing
the dark blue-green colored ABTS radical. The
absorbance of the resulting color is read in the
spectrophotometer at a wavelength of 660 nm.2* The
level of antioxidant molecules in the sample is calibrated
with the stable antioxidant compound Trolox Equivalent
(a vitamin E analog) present in the kit.

Statistical analysis

The Statistical Package for the Social Sciences 25
(SPSS 25) (IBM Corp. Released 2017. IBM SPSS Sta-
tistics for Windows, Version 25.0. Armonk, NY: IBM
Corp. The statistical package program was used to
evaluate the data. Histopathological changes between
experimental groups were analyzed comparatively.
Experiments were done independently in 6 replicates.
Variables are expressed using mean =+ standard devi-
ation, percentage, and frequency values. Variables
were evaluated after checking the preconditions for
normality and homogeneity of variances (Shapiro Wilk
and Levene test). For comparison of three or more
groups, the one-way ANOVA test and the Tukey Hon-
estly Significant Difference test, one of the multiple
comparison tests, were used. For the significance
level of the tests, p < 0.05 and p < 0.01 values were
accepted.

Results

The results obtained from the present study are
shown in table 2. The total adhesion scores were 5.86
+ 1.21 for the CG, 6.29 + 1.49 for the CoG, 2.6 + 1.14
for the LLG, and 2 + 1.41 for the HLG. There were
statistically  significant  differences  between
macroscopic adhesion scores between groups.
A statistically significant decrease was found in all
adhesion scores in rats given lycopene compared to
groups not given lycopene, regardless of dose. There
were significantly higher extent (p < 0.05), severity
(p < 0.05), degree (p < 0.05), and total adhesion
(p < 0.05) scores in the CG and CoG than in the LLG
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Table 2. Macroscopic adhesion score, biochemical, histopathological findings, and VEGF H-score results

Variable Mean * standard deviation p* p**
CG CoG LLG HLG
VEGF (ng/L) 283.75 £ 69.88  351.42 + 96.47 313+454 295 + 86.44 p =0.427
TAC (mmoL trolox Eq/L) 077 +0.32 058+0.13 0.68 + 0.37 0.74+0.32 p = 0.636
MDA (nmoL/mL) 13 +3.822 20.48 + 5.29%° 16.08 + 4.27 11.47 £ 1.47°  p=0.005"* p2=0.014"*
p° = 0.007**
Adhesion score
Extend 2.71 £ 0.48°¢ 2.85 +0.374¢ 1.4 £ 0.54°¢ 1.4 £ 0.54b¢ p =0.000"*  p°=0.001"**
p° = 0.001***
pd - 0.001***
pe = 0.001***
Severity 1.71 £ 0.48° 2 £0.819¢ 0.8 + 0.44¢ 0.4 +0.54"¢ p =0.001"*  p°=0.007"**
pd - 0.015***
pe = 0.001***
Degree 1.42 +0.78° 1.42 +0.78° 0.4 +0.54 0.2 + 0.44°¢ p =0.007"** p°=0.029"**
p° = 0.029***
Total 585+ 1.21b¢ 6.28 + 1.49d¢ 2.6+ 1.14¢¢ 2 £ 1.41be p =0.000**  p°=0.002***
p° = 0.000***
pd - 0.001***
pe = 0.000***
Histopathological findings and
VEGF H-score
Inflammation 421+13 4.01+2.30 39+136 110+ 2.1 p' = 0.005***
Edema 242022 2.33 +0.26 2212072 0.11 +0.64f p' = 0.002***
VEGF H-Score 271.30 = 2.41 265.12 £ 0.96 152.23 +1.10¢  132.56 = 1.12¢9 p?=0.01"*
*Data were analyzed using one-way ANOVA test.
**Data were analyzed using the Tukey HSD test.
***p-value was considered statistically significant.
p* comparison between CG and CoG.
p°: comparison between CG and HLG.
p°: comparison between CG and LLG
p®: comparison between CoG and LLG.
p®: comparison between CoG and HLG.
p': comparison between CG, CoG, and LLG.
p%: comparison between CG and CoG.
CG: control group; CoG: corn oil group; LLG: low lycopene group; HLG: high lycopene group; VEGF: vascular endothelial growth factor; TAC: total antioxidant capacity;
MDA: malondialdehyde.
and HLG. Although some adhesion scores (severity, b
degree, and total adhesion score) were lower in the | %:?Lom
— lycopen

HLG compared to the LLG, these differences were not
statistically significant. P-values were 0.73, 0.97, and
0.89, respectively. There was no significant difference
between the CG and CoG in terms of all scoring. The
line charts of the groups according to the adhesion
score are shown in figure 2.

When histopathological findings are evaluated, a high
level of inflammation was observed between the
perimetrium and smooth muscles in the CG and CoG
groups. Hyperemia and intense inflammatory cells have
been detected in vascular structures. Moderate edema
and thickening were also detected in the perimetrium.
Similar to CG and CoG groups, high-level inflammation,
hyperemia, and moderate edema were observed in the

2,50
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Mean

1,50

1,007

T T T
Extend Severity Degree

Adhesion Score

Figure 2. Line charts according to the adhesion score of the groups.
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Figure 3. A: control group (CG), black arrow; high level of inflammation in the perimetrium and between smooth muscles, arrowhead; moderate

edema, h; hyperemia magnification x4. B: CG black arrow; high level of inflammation in the perimetrium and between smooth muscles, arrow-
head; moderate edema, magnification x10. C: corn oil group (CoG), black arrow; high level of inflammation in the perimetrium and between
smooth muscles, h; hyperemia magnification x4. D: CoG arrowhead; moderate edema, magnification x10. E: low-dose lycopene group (LLG),
black arrow; high level of inflammation in the perimetrium, h; hyperemia magnification x4. F: LLG black arrow; high level of inflammation in the
perimetrium, arrowhead; medium edema magnification x10, G: high-dose lycopene group (HLG) black arrow; low level inflammation in the peri-
metrium x4. H: HLG black arrow; low-level inflammation in perimetrium, magnification x10, hematoxylin and eosin staining.

perimetrium in the LLG. Inflammation (p = 0.005) and
edema (p = 0.002) decreased statistically significantly
(p < 0.05) in the HLG group compared to the other
groups, including the LLG group. Symptoms of
hyperemia almost disappeared (Table 2 and Fig. 3).
Anti-VEGF involvement was observed around the
vascular structures and perimetrium in the anti-VEGF
IHC staining of the uterine sections of the experimental
groups. It was observed that VEGF H-score values of
the CG and CoG groups were statistically significantly
different from LLG (p = 0.01) and HLG (p = 0.01) groups
(p < 0.05). VEGF H-scores were significantly lower in
lycopene-given groups, regardless of dose. When LLG
and HLG were compared in terms of anti-VEGF H-score,
no significant difference was observed (Table 2 and
Fig. 4). There was no significant difference between the
groups in terms of VEGF and TAC in biochemical
parameters except for MDA (Table 2). Compared to the
CoG group, MDA levels were statistically significantly
lower in the CG and HLG (p < 0.05). Line charts of the
results of biochemical TAG, MDA, and VEGF markers
according to the groups are shown in figure 5.

Discussion

Post-operative adhesions are a result of the cellular
and biochemical response that occurs after peritoneal
trauma while attempting to repair the peritoneum.
Many methods have been used to reduce adhesion

Figure 4. Anti-vascular endothelial growth factor immunohistochemi-
cal staining. A: control group. B: corn oil group. C: low-dose lycopene
group. D: high-dose lycopene group, magnification of large pictures
is x10, thumbnails represent vascular structures belonging to groups.

formation, such as reducing the initial inflammatory
response, preventing fibrin formation, increasing fibri-
nolysis, preventing collagen deposition, and using a
barrier against adhesion formation, and many studies
have been conducted on them? but today there is still
no drug or method that can be used alone that can
prevent adhesion formation satisfactorily. Many stud-
ies have shown that inflammatory cells and reactive
oxygen species play a role in the formation of adhe-
sion. The anti-adhesion effects of antioxidants have
been tested in various animal models.2® Heparin appli-
cation before and after the operation has been shown
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Figure 5. Line charts of the results of biochemical TAG, MDA, and
VEGF markers according to groups. MDA: malondialdehyde; TAC:
total antioxidant capacity and VEGF: vascular endothelial growth
factor.

to have anti-adhesive efficacy in a rat adhesion model
made by Basbug et al.?” In another anti-adhesion
model with quercetin, the adhesion scores of the
Quercetin + Surgicel group were reported to be lower
than the quercetin group."” In this study, we tried to
examine the potential effect of lycopene, a potent
antioxidant, antiproliferative, anticarcinogenic, and
anti-inflammatory, on adhesion formation in rats with
traumatized uterine serosa.’® To our knowledge, the
present study is the first study that used lycopene as
an adhesion inhibitor in an animal model.

MDA is produced by cells involved in the inflamma-
tory response. It is a by-product formed by oxygen
radicals breaking down lipid-containing structures such
as plasma and cell membranes. It is a parameter used
in evaluating both tissue damage and inflammation
severity.® In our study, a significant difference was
observed between the HLG and CG in terms of MDA
levels (p = 0.007). Although MDA levels were found to
be lower in the HLG than in the LLG, this difference
was not statistically significant.

VEGF is an angiogenic cytokine that participates in
the process of adhesion formation through the forma-
tion of new vessels.?° In this study, although there was
no statistical difference between the groups in terms
of VEGF release, numerically, more VEGF-positive
cells were encountered in the treatment groups com-
pared to the CG. We think that the biochemical and
histopathological VEGF analysis differences between
the experimental groups are due to the difference in the
number of samples evaluated statistically.

A. Bilgi et al. Lycopene to prevent peritoneal adhesion

Substances that prevent oxidation caused by free
radicals and have the ability to capture and stabilize
free radicals are called “antioxidants.” The total effect
of all antioxidants in body fluids is called total TAC.*°
In this study, there was no significant difference
between the groups in terms of TAC. Higher TAC lev-
els were detected in the HLG but it was statistically
insignificant.

Various methods have been used for grading intra-
abdominal adhesions. The systems that are made
according to the percentage of traumatized adherent
area used by Linsky et al.3' and Leach et al.’ systems,
consisting of three different parameters, are the most
commonly used methods.®" We used the system of
Leach et al.’® In this system, adhesions are scored in
three separate categories according to type, preva-
lence, and easy or difficult separation. In our study,
adhesion scores were significantly lower in the lyco-
pene groups compared to the CG, which indicates the
effectiveness of lycopene alone in reducing adhesion
formation, in line with other studies.®? In in vitro stud-
ies, it was found that vitamin E has antioxidant, anti-
inflammatory, anticoagulant, and antifibroblastic
effects to a similar effect of Lycopene. Yetkin et al.
demonstrated that intraperitoneal vitamin E injection
and human amniotic membrane separately reduced
post-operative adhesion in rats; however, a synergistic
increase in their effects could not be demonstrated
with their co-administration.®® The results of our study
are consistent with these studies.

Our study had some limitations. First, it was the
route of application of the anti-adhesion agent. We
chose this method in our study because the intraperi-
toneal route is generally used in the literature. Another
limitation is that the dose of intraperitoneal lycopene
required to prevent adhesion is unknown. In this study,
we used the doses used in animal models of oxidative
stress.

Conclusions

Histological and mechanical parameters obtained in
our study suggest that lycopene, which we use as an
anti-adhesion agent, is effective in preventing intra-
abdominal adhesions and does not negatively affect
wound healing.
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Machine learning for COVID-19 mortality prediction:
enhancing cart models with node-specific odds ratios

Aprendizaje automatico para la prediccion de mortalidad por COVID-19:
mejora de los modelos CART con razones de probabilidad especificas por nodo

Argelia Pérez-Pacheco’®®, Alejandra E. Herrera-Suarez'®, Jonathan Vélez-Mata'®,
Liza M. Magaaleno-Fourlong'®, Amy D. Avendafio-Carrera®, Catalina Casillas-Sudrez®,

and Adolfo Pérez-Garcia®*
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Abstract

Objective: The objective of the study is to evaluate a classification and regression tree (CART) model combined with odds
ratio (OR) to identify key predictors of COVID-19 mortality. Data from 1,432 patients hospitalized at Hospital General de México
during the pandemic’s 1% year were analyzed. Methods: A CART model was constructed using demographic, clinical, and
laboratory data collected at admission. The model’s performance was evaluated using multiple criteria, and ORs were calculated
for each node to measure mortality. Results: Mechanical ventilation emerged as the strongest predictor of mortality. Patients
intubated at admission with hospital stays under 17.5 days had the highest mortality rate (99%, OR = 80). Conversely, non-
intubated patients hospitalized over 5.5 days with glomerular filtration rates above 66.5 had the lowest mortality (5%,
OR = 0.26). The model showed excellent performance, with an F1 score of 0.918, accuracy of 0.903, and area under the curve
of 0.955. Conclusions: The CART model, combined with OR calculations, offers a reliable and comprehensible tool for pre-
dicting COVID-19 mortality risk. This model provides practical utility in various healthcare settings, including resource-limited
contexts, by focusing on readily available clinical parameters. The results emphasize the significant influence of mechanical
ventilation on patient outcomes and the need for timely interventions in high-risk patients.

Keywords: COVID-19. Mortality prediction. Classification and regression tree model. Mechanical ventilation. Machine learning.
Odds ratio.

Resumen

Objetivo: Evaluar un modelo CART con razones de probabilidad para identificar predictores de mortalidad por COVID-19 en
1432 pacientes hospitalizados. Métodos: Se construyd un modelo CART con datos demograficos, clinicos y de laboratorio al
ingreso. Se evalud el rendimiento y se calcularon las razones de probabilidad para medir el riesgo de mortalidad.
Resultados: La ventilacion mecanica fue el predictor mas fuerte. Los pacientes intubados al ingreso con estancias de 5.5
dias con filtracion glomerular > 66.5 tuvieron la menor mortalidad (5%; OR: 0.26). El modelo mostré un excelente rendimiento
(F1 = 0.918, precision de 0.903, AUC = 0.955). Conclusiones: El modelo CART con razones de probabilidad ofrece una
herramienta confiable para predecir la mortalidad por COVID-19, dtil en diversos entornos, incluso con recursos limitados.
Enfatiza la influencia de la ventilacion mecanica y la necesidad de intervenciones oportunas en pacientes de alto riesgo.

Palabras clave: COVID-19. Prediccion de mortalidad. Modelo CART. Ventilacion mecanica. Aprendizaje automatico.
Razones de probabilidad.
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In December 2019, Wuhan, China, became the epi-
center of a global health crisis because of the emer-
gence of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus. This novel virus,
which causes coronavirus disease 2019 (COVID-19),
belongs to the coronavirus family — a group of viruses
capable of infecting both humans and animals. Coro-
naviruses are associated with several illnesses, from
common colds to severe respiratory conditions, such
as severe acute respiratory syndrome (SARS) and
Middle East Respiratory Syndrome." A frequent and
severe complication of these infections is acute hypox-
emic respiratory failure or acute respiratory distress
syndrome (ARDS).2 ARDS is a diffuse inflammatory
lung injury causing low blood oxygen levels; it is
defined as a PaO, under 60 mmHg or a Sa0O, under
88%.% Pulmonary inflammation cytokines and other
proinflammatory molecules damage the capillary
endothelium and alveolar epithelium, disrupting the
barrier between the capillaries and air spaces. As a
result, patients with ADRS suffer severe respiratory
distress that requires oxygenation therapy and respi-
ratory support.*s

On September 25, 2022, 612 million confirmed
cases and 6.5 million deaths were recorded due to
COVID-19 worldwide. In Mexico alone, the global
report included 7,702,809 confirmed cases and
334,958 deaths.® Between 2020 and 2021, mortality
in Mexico secondary to COVID-19 accounted for 47%
of all deaths registered in the country, according to
data from the National Institute of Statistics and
Geography.

Globally, the most important risk factors influencing
the progression and severity of infection include
advanced age and comorbidities, such as diabetes,
hypertension, cardiovascular disease, chronic lung
disease, and chronic kidney disease.”® The global
prevalence of overweight and obesity remains
alarmingly high, affecting 62.5% of adults, with
64.1% of men and 60.9% of women falling into this
category.®1°

During the COVID-19 pandemic, a body mass index
(BMI) > 35 kg/m? was strongly associated with an
increased risk of intensive care unit (ICU) admission.
Studies have noted that this BMI threshold not only
heightened the likelihood of ICU admission but also
increased the need for mechanical ventilation and
prolonged hospital stays. Furthermore, overweight

and obese individuals were found to have a greater
likelihood of developing ARDS, accompanied by
higher mortality rates."®

At the peak of the pandemic, most patients hospital-
ized for COVID-19 and/or ARDS required ventilatory
support because of advanced disease progression.
Ventilatory support is a critical intervention for manag-
ing respiratory failure by ensuring adequate oxygen
delivery and gas exchange." Various ventilatory sup-
port methods exist, including non-invasive ventilation
and invasive mechanical ventilation, each with distinct
benefits and risks.”

The decision between non-invasive and invasive
ventilation strategies is influenced by several factors,
such as the severity of respiratory failure, patient
response to initial treatment, and the presence of
comorbidities. Although intubation and invasive
mechanical ventilation remain contentious due to their
association with high morbidity and mortality rates
(reported between 81% and 97%), they often play a
pivotal role in managing severe cases.5'6-1°

Another critical predictor of COVID-19 mortality was
the duration of hospitalization. Prolonged hospital stay
was found to triple the risk of mortality compared with
shorter stays.?®° However, Sousa Neto et al.?! observed
that longer ICU stays paradoxically served as a pro-
tective factor for certain patients. This finding sug-
gests that extended ICU care may benefit those
admitted with extreme disease severity, improving
outcomes despite the high initial risk.

The rapid spread of the virus, its capacity for muta-
tion, patient-specific factors, and the natural history of
the disease have led to a severe shortage of medical
resources and trained personnel. This crisis under-
scores the urgent need for risk stratification models
to optimize healthcare delivery.

Predictive models provide a means to identify
patients at higher risk of mortality, enabling timely and
targeted interventions. Machine learning (ML) classi-
fiers have proven to be valuable tools for supporting
clinical decision-making. As a branch of artificial intel-
ligence, ML leverages large raw datasets to develop
high-quality predictive models. Among these, Classi-
fication and Regression Trees (CART) are ML-based
Al tools that utilize statistical, probabilistic, and opti-
mization techniques to integrate risk factors and gen-
erate profiles of patients at high risk of mortality.?23
CART models have been applied in various medical
domains, including survival analysis,? dyslipidemia
classification,?® and prognosis of heart failure.2¢ CART
can handle non-linear relationships through recursive
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partitioning, creating splits based on different thresh-
olds of the predictor variables.?” Importantly, CART
can manage both categorical and continuous vari-
ables without requiring extensive preprocessing,
which enhances its usability in diverse contexts.?®
This study aimed to identify the key predictors of
mortality in patients admitted to the Hospital General
de México “Dr. Eduardo Liceaga” (HGMEL) during the
1%t year of the COVID-19 pandemic. Using available
clinical and laboratory data, the research employs an
easy-to-use and interpretable model developed with
accessible software capable of presenting results in
a user-friendly, visual format. This approach ensures
its applicability in real-world healthcare settings. Iden-
tifying predictors of mortality in hospitalized patients
with COVID-19 is crucial for improving patient survival
and optimizing healthcare resources. By focusing on
actionable insights, this study seeks to improve
healthcare service delivery and patient outcomes.

Methods

This retrospective study was conducted at the
HGMEL. A total of 1432 patients of both sexes, older
than 18 years, positive for SARS-CoV-2 by poly-
merase chain reaction, hospitalized from the second
quarter of 2020 to the fourth quarter of 2021, were
included. Data were collected upon admission. Demo-
graphical data and laboratory test results were regis-
tered; the latter consisted of complete blood counts,
blood gases, and chemical blood analyses.

The subjects were divided into two groups accord-
ing to the main outcome: survivors and non-survivors.
For the comparison of the variables between groups,
the appropriate statistical test was used according to
the normality of the data, taking a significant differ-
ence p > 0.05.

Research involving human subjects complied with
all relevant national regulations and institutional poli-
cies, which are in accordance with the tenets of the
Helsinki Declaration (as revised in 2013), and was
approved by the Research Ethics Committee of the
HGMEL (Reg. No. DMC-3369-20-20-1).

CART model

The variables to introduce in the model were
selected following a literature survey and consensus
among experts regarding the most pertinent patient
characteristics that could predict mortality. The vari-
ables introduced were sex, age, days of hospital stay,

BMI, type 2 diabetes mellitus, systemic arterial hyper-
tension, glucose (mg/dL), cardiac rate in beats per
minute (CR), respiratory rate in breaths per minute
(RR), oxygen saturation in percentage (SpQ,), lactate
dehydrogenase (LDH) in IU/L, glomerular filtration rate
(GFR), hemoglobin (g/dL), leukocytes (x10°), neutro-
phil/leukocyte ratio (NLR), invasive ventilatory sup-
port, and rejection of invasive ventilatory support.
Subsequently, the variables underwent an analysis for
multicollinearity employing the variance inflation factor
approach, with all scoring between 1 and 5. Three
variables, specifically BMI, HR, and RR rate, exhibited
more than 10% of missing values (10.2, 12.9, and
12.8, respectively). These missing values amounts
were considered acceptable on the one hand because
even with some missing values, the sample size main-
tains sufficient statistical power for analysis, and on
the other hand because CART models can handle
missing data through surrogate splits, a mechanism
that uses alternative splitting rules when the primary
splitting variable is missing, and maintains all obser-
vations in the analysis, even those with missing val-
ues,? therefore identifying important relationships
between variables that could be obscured by imputa-
tion.*® The tree was built considering deceased as the
dependent variable. The growth method selected was
CART with a 10-fold cross-validation as the training
method. The maximum tree depth was three levels,
with 100 minimal subjects in parent nodes and 50 min-
imal subjects in child nodes. The Gini impurity mea-
sure was used as the splitting criterion, with 0.0001
as the minimum improvement required for a split. The
prognostic value for mortality was recorded as a new
variable to build a receiver operating characteristic
curve. Tetrachoric tables with true/false positives and
negatives were used to calculate the Odds Ratio (OR)
of each node and the overall sensitivity, specificity, F1
score, positive and negative predictive values (PPV
and NPV), positive and negative likelihood ratios (LR+
and LR-), area under the curve (AUC), and accuracy
of the model.

All statistical data were analyzed using IBM Statisti-
cal Package for the Social Sciences (SPSS)®
version 27.

Data availability statement

The data that support the findings of this study
are openly available in Figshare at DOI: 10.6084/
m9.figshare.28256057.%' The dataset consists of a csv
file. The data can be accessed without restrictions
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and are provided under the Creative Commons Attri-
bution 4.0 International License. Any additional infor-
mation required to reanalyze the data reported in this
paper is available from the corresponding author upon
request.

Results

A total of 1432 data from confirmed patients of
COVID-19 were evaluated, among whom 583 (41%)
survived and 849 (59%) died. The sex ratio differed
significantly between sexes, with 936 males (66%)
and 496 females (34%), p < 0.001. The mean age +
standard deviation of patients who died was higher
than that of survivors. SpO, on admission was signifi-
cantly lower among patients who died compared to
survivors (p < 0.001). Among the biochemical findings,
elevated LDH levels were observed in patients who
died compared with those who survived (p < 0.001).
The NLR was significantly higher in patients who died
than in survivors (p < 0.001). Regarding the number
of days of hospital stay, there was no significant dif-
ference between the groups. Interestingly, BMI showed
no difference between survivors and non-survivors
(p = 0.167). Demographic data are presented in
table 1.

Figure 1 shows the obtained classification tree,
which identified patients with a high-risk profile for
mortality based on the risk factors present upon
admission.

Patientsintubated on admission who spent< 17.5days
(Node 9) had the highest mortality (466/470; 99%),
with an OR of 80 (confidence interval [Cl] 95% = 12.84-
32.82, p < 0.001). Contrastingly, non-intubated patients
who stayed more than 5.5 days and had a GFR > 66.5
(Node 14) had the lowest mortality (5/95; 5%). More-
over, this profile served as a protective factor
(OR =0.26, Cl 95% = 0.22-0.32, p < 0.001).

The overall performance achieved by the tree was
F1 score =0.918, ACC (accuracy) = 0.903, AUC = 0.955,
Cl 95% = 0.944-0.965, p < 0.001 (Fig. 2). The other
performance metrics were PPV = 0.917, NPV = 0.883,
LR+ = 7.686, and LR- = 0.091.

Discussion

CART models provide a means of identifying high-
risk subgroups to whom prevention and intervention
efforts can be targeted, making them useful tools for
addressing research questions that cannot be
answered by traditional regression methods.32

Our model effectively captures the complex, non-
linear relationship between length of stay and survival,
particularly when considering ventilation status and
subsequent physiological parameters.

Similar studies

Previous studies have compared ML algorithms to
predict mortality in COVID-19 patients. Zakariaece
et al.* used Weka 3.9.2 to compare various algorithms
for mortality prediction in an 815-subject database,
finding that random forest performed best with 97.2%
accuracy, 100% sensitivity, 94.8% precision, 94.5%
specificity, 97.3% F-score, and 99.9% AUC. Other ML
algorithms with an AUC from 81.2% to 93.9% also
showed good performance.

Mohammadi-Pirouz et al.** developed three classi-
fication tree algorithms (Chi-squared Automatic Inter-
action Detector [CHAID], C5.0, and CART) for 5080
COVID-19-positive subjects using R 4.2.1 and SPSS
26. All models indicated that factors such as ICU hos-
pitalization, intubation, age, kidney disease, BUN,
CRP, WBC, NLR, SpO,, and hemoglobin influenced
mortality rates. CART performed best, achieving 0.75
sensitivity, 0.91 specificity, 0.36 precision, 0.90 accu-
racy, 0.41 F-score, and 0.92 AUC.

A Mexican study®® evaluated four ML algorithms in
580,570 COVID-19 patients, namely logistic regres-
sion, Naive Bayes, decision tree, and random forest,
obtaining accuracy values of 0.91, 0.89, 0.91, and
0.91, respectively. An AUC of 0.92 was reported with-
out specifying the algorithm.

These studies undoubtedly provide valuable insights
into the application of ML models for COVID-19 prog-
nosis. However, many are limited by small sample
sizes and lack comprehensively report of all perfor-
mance metrics.

Huyut and Ustiindag studied 686 patients in Turkey
focused on COVID-19 diagnosis and prognosis using
blood-gas data and the CHAID tree algorithm.®® They
achieved a total accuracy of 65.0% in predicting the
prognosis of the disease and 68.2% in diagnosing the
disease. Other performance metrics were not reported.
In this work, the model was developed in SPSS
version 25.

ORs

Previous studies using CART trees have used ORs
for single features.” However, no similar study
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Table 1. Demographics all figures represent means + SD compared by Mann-Whitney’s U except where indicated

Variable Overall Survivors Non-survivors p
(n=1347) (n =583) (n=764)
*Sex Female, n (%) 458 (34) 211 (36) 247 (32) < 0.001
AGE 55.31 + 14.51 50.72 + 13.54 58.82 + 14.25 < 0.001
**Days of hospital stay 11(6-17) 11(7-15) 11(5-18) 0.865
BMI 2822 +£5.42 28.26 £5.14 28.18 £ 5.62 0.436
*DM, n (%) 505 (40) 176 (39) 329 (61) 0.003
*SAH, n (%) 778 (60) 336 (43) 442 (57) < 0.001
Glucose 173.41 + 135.53 146.02 + 128.99 194.40 + 136.75 < 0.001
CR 94.01 + 19.31 89.17 £ 16.3 96.69 + 20.3 < 0.001
RR 26.07 £ 7.37 23.14 £ 4.87 27.7+80 < 0.001
SpO, 75.52 £ 15.82 81.94 + 10.30 70.75 £ 17.44 < 0.001
Serum LDH IU/L 506.74 + 390.26 415,80 + 170.44 577.74 £ 487.04 < 0.001
GFR 86.63 = 53.19 101.68 + 47.41 75.54 + 54.51 < 0.001
HB 14.03 + 3.1 14.42 + 3.04 18.74 + 3.11 0.021
Leukocytes 11.02 + 6.67 9.02 + 5.55 12.51+7.04 < 0.001
NLR 14.36 + 16.34 8.84+7.84 18.58 + 19.57 < 0.001
*Invasive ventilatory support, n (%) 708 (52) 59 (8) 649 (92) < 0.001
*Chi-squared.

**Medians (Interquartile range) compared by the median test.

BMI: body mass index; DM: diabetes mellitus; SAH: systemic arterial hypertension; CR: cardiac rate; RR: respiratory rate; SpO,: oxygen saturation; LDH: lactate dehydrogenase;
GFR: glomerular filtration rate; HB: hemoglobin; NLR: neutrophil-to lymphocyte ratio; SD: standard deviation.

(supervised ML for COVID-19 mortality) combines the
calculation of the OR of each profile. This combination
significantly enhances the model’s utility by:

— Risk quantification, as each patient profile has a

precise OR with Cls

— Terminal nodes with specific risk profiles: For

non-ventilated patients hospitalized for 5.5 days
or less, OR was 0.56, thus acting as a protective
factor (Node 7), while for those with 80.5 or less
SpO, (Node 11), the OR for mortality was
3.36 (77% probability of dying).

While the standard statistical comparison of days of
hospital stay found no differences between survivors
and non-survivors, the tree and OR calculation
showed this variable’s importance. For intubated sub-
jects with hospital stays < 25.5 days, the OR was
20.53 (Cl 95% = 12.84-32.82, p < 0.001), whereas for
those with longer stays, the OR reduced significantly
(1.36, Cl 95% = 0.92-2.00, p < 0.001). This represents
a 58% difference in the probability of dying.

This OR-enhanced analysis strengthens the mod-
el’'s value as a clinical decision support tool, providing
clinicians with precise risk estimates for different
patient subgroups.

Variables

While other studies found laboratory values, comor-
bidities, or demographic factors as primary predictors,
this model identified mechanical ventilation as the
strongest discriminator, even when glucose, hemoglo-
bin, LDH, neutrophils, and lymphocytes were intro-
duced. Prior research has also recognized mechanical
ventilation as a critical factor in predicting mortality
among patients with COVID-19.21383° Qur study quan-
tifies the dramatic impact of mechanical ventilation,
with an OR of 7.55 for ventilated patients compared
to 0.26 for non-ventilated patients.

The model’s reliance on easily available parameters
(mechanical ventilation, days of stay, GFR, SpO,)
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Figure 1. Classification and regression tree obtained. Improvement is represented as the Gini index. OR is shown for each profile.

represents a significant practical advantage, as all
variables are routinely monitored during standard care
without requiring highly specialized tests or extensive

patient histories. This emphasis on easily obtainable
clinical data, combined with the model’s strong per-
formance metrics, makes it valuable for real-world
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Figure 2. Receiver operating characteristic curve obtained. Area
under curve = 0.955, confidence interval 95% (0.944-0.965),
p < 0.001. Sensitivity = 0.91. Specificity = 0.88.

implementation across various healthcare settings,
including resource-limited environments.

Voluntarily rejected mechanical ventilation

We observed that during the period of study, certain
patients (or their responsible relatives on their behalf)
rejected mechanical ventilation, mainly because of
beliefs about COVID-19 and its treatments, shaped by
misinformation or distrust in healthcare systems.
Research has shown that health misinformation nega-
tively affects individuals’ decisions, leading to poor
health outcomes and continued viral spread.*° These
beliefs may be influenced by fear and uncertainty in
the context of the pandemic and the impact of social
media, where even physicians posted misleading infor-
mation.*' In our study, a small number of patients
rejected mechanical ventilation (86/1432; 6%); how-
ever, this decision had a striking impact on their out-
come, given that none of them survived (Node 4, 0/86;
OR not calculable). Recognizing this finding is crucial
for evaluating the impact of misinformation and its out-
comes within the context of pandemic outbreaks and
could facilitate better-informed discussions on shared
decision-making with patients and their families.

Metrics

The model exhibited strong discriminative perfor-
mance, with balanced accuracy in both positive and

negative predictions. It achieved a high sensitivity of
91.97% and specificity of 88.03%, reflecting its excel-
lent capability to accurately identify both mortality and
survival cases. Furthermore, the model's PPV of
91.76% and NPV of 88.34% demonstrate its reliability
in predicting outcomes. Overall, the model’s predic-
tions are accurate approximately 90% of the time,
regardless of the outcome.

The LR+ value of 7.686 indicates that a positive
prediction is nearly 8 times more likely in true positive
cases, whereas the very low LR- value of 0.0912 sug-
gests that false negatives are rare. These values dem-
onstrate strong diagnostic performance.

The F1 score (91.86%) and overall accuracy (90.36%)
were fairly high, indicating that the model performed
consistently well across all prediction aspects.

Although most published models limit their reporting
to basic metrics such as accuracy, sensitivity, and
specificity, our model provides a complete perfor-
mance assessment through nine distinct metrics. Fur-
thermore, the combination of node-specific ORs with
these metrics (PPV, NPV, AUC) provides a thorough
validation framework that surpasses the partial report-
ing common in published studies.

Compared with other clinical prediction models,
these metrics indicate superior performance, suggest-
ing that the CART model, which also accounts for
intubation refusal, could be a highly reliable tool for
COVID-19 mortality prediction, risk stratification, and
resource allocation planning.

Limitations

This model needs to be tested using data from dif-
ferent centers with lower mortality rates. Potential
temporal variations in COVID-19 treatment should be
considered. Decisions on ventilation are not exempt
from bias. Ultimately, the potential for selection bias
must be acknowledged, as the study aimed to identify
high-risk profiles during the initial phase of the pan-
demic; however, the selected participants may not
accurately reflect the wider population due to the spe-
cific criteria set for inclusion. Finally, there exist con-
founding variables that may not have been considered
in this investigation, including socioeconomic factors
or discrepancies in healthcare practices.

Conclusions

The early identification of patients at high risk of
mortality poses a significant challenge in medical

301



302

Cirugia y Cirujanos (Eng). 2026;94(3)

practice, especially in the context of SARS-CoV-2
infection, where timely intervention is critical.

By combining the CART model with the OR calcula-
tion of the profiles, our approach offers simple perfor-
mance and interpretation, quickness, accessibility,
and reliability, rendering it particularly suitable for
implementation in resource-constrained healthcare
settings, where the usage of perhaps more precise
but indeed more complex tools for Al models (e.g.
Python or R) represent a substantial complication, as
they require much more specialized knowledge for
installation, programming, and interpretation. By
promptly identifying high-risk individuals, healthcare
professionals can prioritize interventions and allocate
resources more effectively, ultimately improving
patient outcomes in the face of SARS-CoV-2 infection.
Furthermore, insight into patients who voluntarily
rejected mechanical ventilation provides real-world
evidence of the impact of misinformation and supports
clinical teams in counseling patients and families
about prognosis.
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The importance of neutrophil-to-lymphocyte ratio
and monocyte-to-lymphocyte ratio to prediction severity
of esophageal injury after corrosive substance ingestion

La importancia del INL y el IML para predecir la gravedad de la lesion esofdgica tras la
ingestion de sustancias corrosivas

Ayse Kefeli'*® and Feyyaz Onayril?

'Department of Gastroenterology, Faculty of Medicine, Tokat Gaziosmanpasa; Service of Internal Medicine, Tokat Gaziosmanpasa University.
Tokat, Turkey

Abstract

Objectives: The ability to predict the severity of corrosive injury in patients remains challenging. This study aims to explore
the potential of the neutrophil-to-lymphocyte ratio (NLR) and the monocyte-to-lymphocyte ratio (MLR) as novel diagnostic
markers to predict the severity of esophageal injury following corrosive substance ingestion (CSI). Methods: We conducted
a retrospective cohort analysis on patients with CSI. Demographic data, complete blood counts, and endoscopic findings were
collected and analyzed. Esophageal injuries were graded using Zargar’s classification. The NLR and MLR were calculated
and evaluated as potential predictors of injury severity. Results: The mean age, NLR, MLR, red distribution width (RDW),
and platelet count were increased in the hospitalized patients. Patients with severe esophageal injury also had higher mean
age, NLR, MLR, and RDW. In receiver operating characteristic analyses for patients with severe esophageal injury, the area
under the curve for NLR and MLR in predicting injury severity and hospitalization was statistically significant. Conclusions:
NLR, MLR, and RDW hold promise as easily accessible and cost-effective inflammatory markers for predicting esophageal
injury severity in patients with CSI. These markers could assist healthcare providers in assessing injury extent, avoiding
unnecessary esophagogastroduodenoscopy, and guiding treatment decisions.

Keywords: Caustic injury. Neutrophil-to-lymphocyte ratio. Monocyte-to-lymphocyte ratio. Red cell distribution.
Esophagogastroduodenoscopy.

Resumen

Obijetivo: Explorar el potencial del indice neutrdfilos-linfocitos (INL) y del indice monocitos-linfocitos (IML) como nuevos mar-
cadores diagndsticos para predecir la gravedad de la lesion esofdgica tras la ingestion de sustancias corrosivas. Métodos: Se rea-
lizo un estudio de cohortes retrospectivo de pacientes con ingestion de sustancias corrosivas. Se recopilaron y analizaron
datos demogrdficos, hemogramas completos y hallazgos endoscdpicos. Las lesiones esofdgicas se calificaron utilizando la
clasificacion de Zargar. EI INL y el IML se calcularon y evaluaron como predictores potenciales de la gravedad de la lesion.
Resultados: La edad media, el INL, el IML, la amplitud de distribucion eritrocitaria y el recuento de plaquetas aumentaron en
los pacientes hospitalizados. La edad media, el INL, el IML y la amplitud de distribucion eritrocitaria aumentaron en los pacien-
tes con lesion esofdgica grave. En los analisis ROC realizados en pacientes con lesiones graves en el eséfago, el AUC del
INL y del IML para predecir la gravedad de la lesion y la hospitalizacion fue estadisticamente significativo. Conclusiones: E/
INL, el IML y la amplitud de distribucion eritrocitaria se muestran prometedores como marcadores inflamatorios de facil acceso
y rentables para predecir la gravedad de la lesion esofdgica en pacientes con ingestion de sustancias corrosivas.
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Estos marcadores podrian ayudar a los proveedores de atencion médica a evaluar la extension de la lesion, evitar una eso-
fagogastroduodenoscopia innecesaria y guiar las decisiones de tratamiento.

Palabras clave: Lesién céustica. Indice linfocitos-neutrdfilos. Indice monocitos-linfocitos. Distribucion eritrocitaria.

Esofagogastroduodenoscopia.

|ntroduction

Corrosive substance ingestions (CSls) constitute a
significant portion of emergency cases and pose a
major health challenge, especially in developing coun-
tries, but also in developed ones. CSls can occur
either intentionally, as suicide attempts (often in ado-
lescents and adults), or accidentally (mainly in chil-
dren). The consequences can be devastating, resulting
in individual suffering, disability, resource utilization,
and costs. Common complications include the forma-
tion of gastrointestinal tract strictures, perforation, and
hemorrhage. In addition, systemic effects such as
disseminated intravascular coagulation, multi-organ
system failure, and sepsis may occur. However, pre-
dicting which patients will develop such complications
is a challenging task. Patient history and clinical fin-
dings are insufficient to reliably predict the severity of
corrosive injury. Several studies have shown that cli-
nical signs are not always reliable indicators of the
degree of injury and the potential outcome of stricture
formation.! Given that patient follow-up and treatment
strategies depend on the severity of the injury, accu-
rately determining the extent of damage is crucial.
While esophagogastroduodenoscopy (EGD) is consi-
dered the gold standard for assessing the severity of
caustic injury, it is invasive, expensive, and yields
negative results in 60-82% of cases.2® Therefore,
there is a pressing need for a quantifiable, rapid, inex-
pensive, and reproducible indicator to predict the
severity of corrosive injury.

The neutrophil-to-lymphocyte ratio (NLR) and the
monocyte-to-lymphocyte ratio (MLR) are inexpensive
and easily accessible inflammatory indicators that can
be calculated using a simple blood count. These
ratios, especially MLR, reflect the balance between
innate and adaptive immunity, offering a straight-
forward measure of immune status and inflammation
level. Numerous studies in the literature have demons-
trated associations between NLR and MLR with
various inflammatory diseases, several types of can-
cer, and various liver conditions.*”

However, the predictive value of NLR and MLR in
assessing the severity of esophageal injury in patients

with CSls has not yet been explored. In this study, we
introduce novel diagnostic markers, NLR and MLR, for
predicting the severity of CSls.

Methods

This retrospective cohort analysis consecutively
enrolled a series of patients with CSls who were admi-
tted to the emergency department and underwent
EGD between May 2016 and December 2022. Data
from medical records included patients’ age, sex,
duration between corrosive ingestion and hospital pre-
sentation, treatment modality, and complications.
A complete blood count (CBC) was obtained upon
admission, and EGD was performed within 48 h of the
initial injury by experienced endoscopists. Esopha-
geal injuries were graded using the method of Zargar
et al. as follows: grade 0: normal; grade 1: mucosal
edema and hyperemia; grade 2a: hemorrhagic, bullous
mucosa, exudates, fibrinous membranes, or superfi-
cial ulceration; grade 2b: circumferential ulceration in
addition to grade 2a; grade 3: scattered small necrotic
areas, multiple and deep ulcerations; grade 3b: exten-
sive necrosis; and grade 4: perforations.® Grades 1
and 2a were defined as mild-moderate lesions, while
grades 2b and 3 were defined as severe lesions. Sub-
sequently, patients were divided into two groups:
mild-moderate injury and severe injury.

General information was collected, including gen-
der, age, and comorbidity. Laboratory blood results
were obtained, including hemoglobin, platelet count
(PLT), neutrophil count, lymphocyte count, monocyte
count, mean platelet volume (MPV), and red distribu-
tion width (RDW). The MLR was calculated as the
ratio between the absolute monocyte and lymphocyte
counts, and the NLR was calculated as the ratio
between the absolute neutrophil and lymphocyte
counts.

Exclusion criteria included the presence of other
conditions such as malignancy, hematologic disease,
use of immunosuppressants, active infection within
1 month before admission, severe hepatic or renal
dysfunction, major trauma, or surgery; and missing
blood parameter data at admission.
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All patients were categorized into two groups:
mild-moderate injury and severe injury. In addition,
they were further divided into two groups: hospitalized
patients and discharged patients. These groups were
then compared in terms of demographic and labora-
tory parameters.

Statistical analysis

Statistical analyses were performed using Statistical
Package for Social Sciences for Windows, Version
25.0, Armonk, NY, USA: IBM Corp. Qualitative data
were expressed as frequency and percentage (n [%)]),
while quantitative data were expressed as mean and
standard deviation (SD). The Chi-square test was
used for qualitative variables, one-way analysis of
variance (F test) for quantitative variables, and post
hoc Tukey honestly significant difference test for
pairwise comparisons. Receiver operating characte-
ristic (ROC) curves were generated, and the area
under the curve (AUC) and 95% confidence intervals
were calculated for the studied hemogram parame-
ters. Sensitivity and specificity values were determi-
ned based on cut-off points identified as the value
closest to 1 in the ROC curves. A p < 0.05 was con-
sidered significant.

Results

EGD was performed on 168 patients due to CSI.
Among them, 123 patients exhibited corrosive damage
during endoscopy. Thirty-three patients were exclu-
ded due to comorbid diseases and missing data.

Of the 90 patients included in the study, 43 were
male, and 47 were female. The youngest patient was
21 years old, and the oldest was 85 years old. The
mean age was 52.5 + 14 years. The distribution of
patients according to Zargar's classification and the
severity of internalization are presented in table 1.

A summary of the comparison of demographic and
laboratory parameters is provided in table 2. Mean
age, NLR, MLR, RDW, and PLT were increased in
hospitalized patients with severe injuries. Mean age,
NLR, MLR, and RDW were also increased in patients
with severe esophageal injuries (Table 2).

The ROC curve analysis for NLR and MLR demons-
trated statistically significant predictive value for both
the severity of injury and hospitalization (Tables 3
and 4, Figs. 1 and 2).

In the ROC analyses conducted for hospitalized
patients, the AUC was found to be 0.821 (95%

Table 1. Endoscopic findings and the distribution of the patients
according to the Zargars’ classification

Grade Outpatient Inpatient Total p
Zargar Grade 0.000
Grade 1 25 0 25
Grade 2a 19 4 23
Grade 2b 1 18 19
Grade 3a 0 12 12
Grade 3b 0 11 11
Total 45 45 90
Severity 0.000
Mild-moderate 45 22 67
Severe 1 22 23
Total 46 44 90

confidence interval: 0.72-0.91) for the selected cut-off
value of 2.1 for NLR, with a sensitivity of 77.7% and
specificity of 77.1%. For MLR, the AUC was found to
be 0.784 (95% confidence interval: 0.68-0.88), with a
sensitivity of 77.3% and specificity of 77.1% for the
selected cut-off value of 0.26 (Fig. 1).

In the ROC analyses conducted for patients with
severe esophageal injuries, the AUC was found to be
0.841 (95% confidence interval: 0.75-0.93) for the
selected cut-off value of 2.3, with a sensitivity of
76.2% and specificity of 80.0% for NLR. For MLR, the
AUC was found to be 0.796 (95% confidence interval:
0.69-0.88), with a sensitivity of 76.2% and specificity
of 78.3% for the selected cut-off value of 0.27 (Fig. 2).

Discussion

Esophageal corrosive injuries are common clinical
problems, often requiring immediate attention. It is
essential to identify the severity of injury accurately to
determine appropriate treatment and predict the prog-
nosis of patients. However, endoscopy, the gold stan-
dard for evaluating corrosive injuries, is an invasive
procedure that may not always be feasible or safe in
certain clinical scenarios, such as unstable patients
or those with contraindications. Therefore, the search
for non-invasive markers to predict the severity of
corrosive injuries is of great importance. In this study,
we investigated the utility of two easily accessible and
cost-effective markers, NLR and MLR, in predicting
the severity of esophageal injuries in patients with
CSls. Our results indicate that both NLR and MLR are
significantly associated with the severity of corrosive
injuries and hospitalization.
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Table 2. Comparison of the demographic and laboratory parameters of all patients

Variables Outpatient Inpatient p Mild-moderate Severe p
(n=45) (n =45) (n = 46) (n = 46)

Sex (m) 19 24 0.55 32 11 0.23
Age (y) 452 £ 127 55.5+10.6 0.013 46.1 £ 131 55.05 + 10.7 0.015
NLR 1.81+0.6 5.06 +35 0.000 20+18 49+33 0.000
MLR 0.24 £ 0.1 0.53 + 0.40 0.000 0.27 +£0.2 0.51+0.34 0.007
RDW 128+ 1.1 13.7+23 0.000 128 + 1 13.8+2.38 0.000
PLT 231.4 £ 55.8 268.89 + 96.2 0.000 2418+ 713 258.7 £ 89 0.12
MPV 103+ 19 10.6 = 1.1 0.051 99+19 10.8 = 162 0.058

NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; RDW: red cell distribution width; Plt: platelet; MPV: mean platelet volume.

Table 3. ROC curve was used to evaluate the predictive value
of neutrophil-to-lymphocyte ratio and monocyte-to-lymphocyte
ratio for hospitalization

false-negative results.’® Upper gastrointestinal endos-
copy is necessary to assess the severity of the injury.
However, EGD is not always easily accessible, and it

Test AUC Asymptotic  CI Cut sens 1-spes 5 jnyasive, expensive, and yields false-negative
variable (s) significant off . o ” -

results in 70% of cases." In addition, some resear-
NLR 0.821 0.000 0.72-091 21 777 774

MLR 0.784 0.001 0.68-088 0.26 773 771

AUC: area under curve; Sig: significance; Cl: confidence interval; Sens: sensitivity; Spes:
specificity; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

Table 4. ROC curve was used to evaluate the predictive value
of neutrophil-to-lymphocyte ratio and monocyte-to-lymphocyte
ratio for the severity of esophageal injury

chers are cautious about early EGD in cases of sus-
pected esophageal injury due to the risk of perforation.
The supine position during esophagoscopy under
general anesthesia can cause reflux of the corrosive
agent from the stomach to the esophagus, increasing
the risk of damage. Furthermore, EGD does not
always provide an accurate assessment of the degree
of esophageal injury.’'8 Therefore, there is a need for
a more easily accessible, inexpensive, and safe test
to determine the severity of esophageal damage.

Test AUC  Asymptotic — Cl  Cut-Sens Spes 4o 1vitving such a test that can at least predict which
variable (s) significant off )

patients should undergo endoscopy would be
NLR 0.841 0000 075093 23 762 854

MLR 0.794 0.000 0.70-0.89 026 812 69.4

AUC: area under curve; Sig: significance; Cl: confidence interval; Sens: sensitivity; Spes:
specificity; NLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

Looking at the studies on CSI, most of them have
been conducted in children, while the incidence of
caustic substance ingestion in adults is not low. Each
year, a total of 5,000-15,000 CSI cases are reported.®
CSI poses a significant health challenge, particularly
in developing countries. The severity of injury and
subsequent complications can vary greatly among
individuals, making it crucial to identify patients at
risk. Clinical signs alone are often insufficient for
accurately predicting the extent of corrosive injury,
and endoscopy, while considered the gold standard,
has its limitations, including invasiveness and

valuable.

In this study, the gender distribution between the
groups was equal. Patients with severe injury and/or
hospitalized patients were older than the other groups.
The NLR, MLR, RDW, and PLT count showed signifi-
cant differences when evaluating endoscopic severity
and CBC parameters in hospitalized patients. The
mean PLT count was higher in patients with
mild-moderate injury and discharged patients, although
it was only statistically significant for hospitalization.

RDW, NLR, MLR, and PLT count are quantitative
measurements of variability that is routinely reported
in CBC, widely available, inexpensive, and highly
reproducible tests. RDW, calculated by dividing the
MPV by the SD of erythrocytes and then multiplying
by 100 to express the data as a percentage, has long
been used for the differential diagnosis of anemias
and has emerged as a new risk marker for many diffe-
rent diseases associated with acute and chronic
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Figure 1. Receiver operating characteristic curve analysis for hospita-
lization in patient with caustic substance intake.

Source of the
/ Curve
// nir
—mlr
Reference Line

Sensitivity
\\
N\

0.2

0.0 0.2 04 06 08 1.0
1 - Specificity

Diagonal segments are produced by ties.

Figure 2. Receiver operating characteristic curve analysis for the
severity of esophageal injury in patient with caustic substance intake.

inflammation.'*' In our study, we found some impor-
tant results. RDW was higher in hospitalized patients
and patients with severe esophageal injury compared
to others. We speculate that the inflammation caused
by the caustic substance may shorten the half-life of
erythrocytes, alter membrane characteristics, and
increase RDW values.

NLR is an inexpensive inflammatory indicator that
can be calculated by dividing the absolute neutrophil
count by the absolute lymphocyte count from a CBC.
Numerous publications in the literature have shown
that NLR is associated with various inflammatory
diseases, and it has become widely accepted as a
useful tool for evaluating inflammatory activity.'® Azab
et al. determined the normal range of NLR to be

between 1.7 and 2.28 in their study with 9427 indivi-
duals, while Aydin et al. from Turkey determined the
normal range to be between 1.0 and 2.3."'® In our
study, we found that NLR was significantly higher in
patients with severe esophageal injury and hospitali-
zed patients compared to the others. Furthermore, we
demonstrated that an NLR over 2.1 could be used to
predict hospitalization with 77.7% sensitivity and
77.7% specificity, and an NLR of 2.3 could be used to
predict severe esophageal injury with 76.2% sensiti-
vity and 85.4% specificity.

MLR has gained interest as a biomarker. As a new,
inexpensive, and readily available inflammatory and
infectious biomarker, MLR has been shown to be
applicable in predicting and prognosticating various
inflammatory diseases. MLR reflects the balance of
change between innate and adaptive immunity and
provides a simple indicator of immune status and
inflammation level.”®2! To the best of our knowledge,
no studies have reported on the predictive value of
MLR for the severity of esophageal injury in patients
with CSI. In our study, we found that MLR was signi-
ficantly higher in patients with severe esophageal
injury and hospitalized patients compared to the
others. In addition, we demonstrated that MLR values
above 0.26, as determined by the ROC curve, can
predict hospitalization with 77.3% sensitivity and
771% specificity, and predict severe esophageal
injury with 81.2% sensitivity and 69.4% specificity.

PLT, which can be easily and promptly evaluated
upon admission in most clinical settings, was signifi-
cantly decreased in hospitalized patients, although
there was no thrombocytopenia in our study. There is
now a large body of evidence showing that platelets
play a central role in inflammatory reactions. Moreo-
ver, in some studies, thrombocytopenia has been
associated with increased mortality, highlighting the
beneficial roles of platelets in inflammation.?? The
measurement of platelets upon admission to the
emergency room may be one of the most accurate
and convenient parameters for precisely assessing
the prognosis of patients with caustic injury.

Regarding the relationship between age and the
severity of esophageal injury, the literature presents
conflicting results. In our study, we found that patients
with severe esophageal injury and hospitalized
patients were older than the others.'®2 Based on this
finding, we can predict that older patients may develop
more severe esophageal injury.

It is important to acknowledge certain limitations of
our study, including its retrospective design and
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relatively limited sample size. We could not analyze
some contributing factors such as the specific caustic
substances ingested. However, this study is the first
one in the literature to demonstrate the correlation
between NLR and MLR values and the severity of
esophageal injury.

Conclusions

Although EGD is considered the gold standard for
determining the severity of esophageal injury, it has
several disadvantages as previously mentioned. There-
fore, the necessity of endoscopy in patients with caustic
substance ingestion is still controversial, and there is no
definitive recommendation. Our study highlights the
potential of NLR and MLR as valuable and easily acces-
sible diagnostic markers for predicting the severity of
esophageal injury in patients with CSI. By incorporating
these markers into clinical practice, healthcare providers
may be able to better assess the extent of injury, guide
treatment decisions, and improve patient outcomes. Fur-
ther research is needed to fully elucidate the mecha-
nisms underlying the associations observed in this study
and to validate our findings in larger, prospective cohorts.
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Referral and treatment delay for breast cancer treated at a third
level oncology hospital of IMSS, 2019-2020

Retraso en la referencia y el tratamiento por cancer de mama en un hospital oncologico
de tercer nivel del IMSS, 2019-2020
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Abstract

Objective: To compare the referral delay (Dref) and the treatment delay (Dix) of workers with breast cancer (BrCa) treated at
a third level oncology hospital (HOnco) in 2019 and 2020. Methods: A retrospective cohort study was carried out in workers
who attended the HOnco in 2019 and 2020 diagnosed with BrCa. Both, the Dref and the Dix were defined as the elapsed
days from suspicion consultation until the referral to HOnco and from this to the beginning of treatment. The data was gathered
from the clinical file. In order to compare the variables, x? and U Mann y Whitney were used with p < 0.05. Results: With a
fotal of 542 cases, the Dref was 21 days and the Dix was 35 days. When comparing 2019 and 2020, significant differences
were found in the Dref (17 vs. 24 days) advanced stage (32.2% vs. 51%) and primary private care (14.5% vs. 38.8%).
Conclusions: Dref for BrCa was significantly higher for 2020.

Keywords: Breast cancer. Referral delay. Treatment delay. Temporary disability.
Resumen

Obijetivo: Comparar el retraso en la referencia (Rref) y el retraso en el tratamiento (Rtx) de las trabajadoras con cancer de
mama (CaMa) tratadas en un hospital oncoldgico de tercer nivel (HOnco) en 2019 y 2020. Métodos: Se realizé un estudio
de cohorte retrospectivo en trabajadoras con diagndstico de CaMa que acudieron al HOnco en 2019 y 2020. El Rref y el Rix
se definieron como los dias transcurridos desde la consulta de sospecha hasta el envio al HOnco y de este al inicio del
tra-tamiento. Para comparar las variables se usaron X* y U de Mann-Whitney, con p < 0.05. Resultados: En un total de
542 casos, el Rref fue de 21 dias y el Rix de 35 dias. Al comparar 2019 y 2020 se encontraron diferencias significativas en
Rref (17 vs. 24 dias), estadio avanzado (32.2% vs. 51%) y atencion privada previa (14.5% vs. 38.8%). Conclusiones: E/ Rref
por CaMa fue significativamente mayor en el afio 2020.

Palabras clave: Cancer de mama. Retraso de referencia. Retraso de tratamiento. Incapacidad temporal para el trabajo.

*Correspondence: Date of reception: 13-12-2022 Cir Cir (Eng). 2026;94(3):310-315
Sarai Garcia-Salas Date of acceptance: 26-10-2023 Contents available at PubMed
E-mail: sarai.garcias @imss.gob.mx DOI: 10.24875/CIRUE.M23000950 www.cirugiaycirujanos.com

2444-0507/© 2023 Academia Mexicana de Cirugia. Published by Permanyer. This is an open access article under the terms of the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:sarai.garcias%40imss.gob.mx?subject=
http://dx.doi.org/10.24875/CIRUE.M23000950
http://crossmark.crossref.org/dialog/?doi=10.24875/CIRUE.M23000950&domain=pdf

S. Garcia-Salas et al. Delay in referral for breast cancer

|ntroduction

Cancer is one of the greatest public health chal-
lenges. Breast cancer (BC) has a worldwide incidence
of 47.8 per 100,000 inhabitants and a mortality rate of
13.6 per 100,000 inhabitants." Survival in highly devel-
oped populations reaches 75-90%, whereas in less
developed countries it is 47-76%.2 In Latin America, it
is more frequent in women aged 40 to 75 years.®
The Instituto Mexicano del Seguro Social (IMSS)
reports that patients with BC are in stages Il and IV
in 57.5% of cases.*

Medical care at the IMSS

The IMSS divides medical care into 3 levels: the first
provides comprehensive and continuous medical care
to the patient; the second provides diagnostic, thera-
peutic, or rehabilitation care according to the patient’s
condition; and the third consists of highly specialised
medical units, with advanced technology and maxi-
mum diagnostic and therapeutic resolution capacity.?
The referral and counter-referral system was created
to facilitate the channeling of patients between levels
of care, reducing waiting periods and administrative
procedures.®

Nearly 40% of women diagnosed with BC are of
productive working age; of these, nearly 80% are sala-
ried employees,” and the prescription of temporary
work disability (TWD) is part of the treatment of
insured women. In 2016, Campos Raymundo® reported
up to 504 days of TWD due to BC at the HOnco.

Types of delay in the care of oncological
diseases

Several published articles describe the problem of
delay in cancer care, differentiating according to the
place where the delay originates:

— Patient delay: the period during which the patient
has symptoms but does not seek medical
assessment.

— Medical delay: the period during which health
personnel do not have an accurate diagnosis of
the patient’s disease.

— Referral delay (Rref): the period during which the
first-contact physician refers the patient to the
specialist physician.

— Treatment delay (Rtx): the period during which
the patient waits from the consultation with the

specialist physician until the start of definitive
oncological treatment.
— Health system delay: the period during which the
processes and procedures of the system cause
a delay before the patient receives oncological
treatment.®
The objective of the study was to compare the Rref
and Rtx of female workers with BC treated at an
HOnco in 2019 and 2020.

Methods

We conducted a retrospective analytical cohort
study from January 2019 to December 2020 in women
diagnosed with BC at the HOnco. Records from that
study period were reviewed for patients with this diag-
nosis who also had the 1F suffix in their social security
number, which generally identifies women in the
worker category; students or those who, upon verifica-
tion, were not workers were excluded. The referral
forms from the units to the HOnco, known as “referral
sheets”, were then searched, and those correspond-
ing to patients treated at another third-level unit who
attended the HOnco only for complementary treat-
ment were eliminated. Rref days were calculated from
the date of referral to the date of the first consultation
at the HOnco, and Rtx days were calculated from that
latter date to the date of the first day on which treat-
ment was received. During these waiting periods,
information on TWD was sought in a single subsidy
and benefits system. Other data were searched for in
the clinical record, such as age, clinical stage, histo-
pathological diagnosis, medical care in the private
setting, and types of treatment received. For quantita-
tive variables, the Kolmogorov-Smirnov test was
applied as a normality test, showing a non-normal
distribution; these data were reported as median and
interquartile range 25 to 75 (IQR,, _,). Qualitative vari-
ables were expressed as frequency and percentage.
Hypothesis tests for 2 quantitative variables were per-
formed using the Mann-Whitney U test, and hypoth-
esis tests for 2 qualitative variables were performed
using the chi-square test. A result was considered
significant when the p value was < 0.05.

Results

A total of 542 female workers with BC were included,
with a median age of 47 years (IQR,, .. 41-54). The
most frequent histological diagnosis was ductal carci-

noma in 465 patients (86.2%). Clinical stage IIA was
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the most frequent, reported in 154 patients (28.4%),
followed by 1B in 103 patients (19%). It was identified
that 72.8% of patients had received care for BC at
another IMSS unit before arriving at the HOnco, and
25.5% had received some form of care in a private
setting. Regarding TWD data, 264 insured women
(48.7%) had a disability period before their first con-
sultation at the HOnco, and the range of days granted
was up to 18 days. When the patient started treatment,
the number of TWD cases increased to 508 (93.7%),
with a median of 9 days (IQR25-75: 2-28). The treat-
ment received upon arrival at the HOnco was radio-
therapy in 228 patients (42%), optimal medical therapy
in 170 (31.4%), and surgical treatment in 144 (26.6%).
The number of days from referral to the first consul-
tation at the HOnco was 21 days (IQR,, .: 12-34). The
median number of days elapsed from the first consul-
tation at the HOnco to the start of any of the treat-
ments was 35 days (IQR,, .: 18.7-65.7) (Table 1).
When comparing 2019 and 2020, the latter during
the COVID-19 pandemic, it was identified that in 2019
the median Rref was 17 days (IQR,. ... 9-31), whereas

25.75°
in 2020 it was 24 days (IQR,, . t;65-37; p = 0.000).
Female workers with TWD in 2019 numbered
147 (43.5%), and in 2020 they numbered 117 (47.8%;
p = 0.687). The days of TWD granted during the Rref
period were similar in both years (IQR25-75: 0-18 days
for 2019 and 0-17 days for 2020; p = 0.626) (Table 2).

The median number of days elapsed from the first
consultation at the HOnco to the start of treatment
was 37 days (IQR,, ... 19-67) in 2019 and 35 days

25-75"

(IQR,, . 19-64; p = 0.570) in 2020. The TWD days
granted to female workers during the Rtx period
were 7 days (IQR,, .. 2-28) in 2019 and 11 days
(IQR,, .: 3-28; p = 0.011) in 2020.

Regarding Rtx days by type of treatment, the most
marked difference was observed in patients who
received chemotherapy, since in 2020 the waiting time
almost doubled (20 vs. 32 days). This was not the
case for radiotherapy, for which the time was longer
in 2019 (60 vs. 49 days; p < 0.000) (Table 3).

Cases were grouped into early stages (I, A, and
[IB) and advanced stages (llIA, 1lIB, IIIC, and IV). In
2019, advanced stages accounted for 96 cases
(32.3%), whereas in 2020 they accounted for
125 cases (51%; p = 0.000). For TWD days in early
stages, an IQR,, . of 0-12 days was found, and in
late-stage disease an IQR,, ., of 0-24 days was found
(p = 0.000). Patients were categorised according to
the medical care received before referral into two
groups. In the private service, there were 43 cases

Table 1. Sociodemographic, clinical, and temporary work
disability characteristics in women with breast cancer

Variable n (%) or IQR
Total 542
Age, years 47 (41-54)
Year of breast cancer diagnosis
2019 297 (54.8)
2020 245 (45.2)
Histological diagnosis
Ductal carcinoma 467 (86.2)
Lobular carcinoma in situ 29 (5.4)
Lobular carcinoma 28 (5.2)
Mucinous carcinoma 6(1.1)
Papillary carcinoma 6(1.1)
Medullary carcinoma 3(0.6)
Metaplastic carcinoma 2(0.4)
Intraductal carcinoma in situ 1(0.2)
Tubular carcinoma 1(0.2)
Clinical stage
IA 64 (11.8)
A 154 (28.4)
1B 103 (19.0)
A 94 (17.3)
B 61(11.3)
e 24 (4.4)
W% 42(7.7)
Treatment received at the HOnco
Surgical treatment 144 (26.6)
Medical treatment 170 (31.4)
Radiotherapy 228 (42.0)
Care before referral
IMSS 395 (72.8)
Private service 138 (25.5)
Ministry of Health 6(1.1)
Other 3(0.6)
Referral delay, days 21 (12-34)
Treatment delay, days 35 (18.7-65.7)
TWD during the referral delay
Yes 264 (48.7)
No 278 (51.3)
TWD during the treatment delay
Yes 508 (93.7)
No 34(6.3)

HOnco: Hospital de Oncologia; IMSS: Instituto Mexicano del Seguro Social;
TWD: temporary work disability; IQR: interquartile range.

(14.5%) in 2019 and 95 cases (38.8%) in 2020
(p = 0.000) (Table 4).

Discussion
The general characteristics of cancer are consistent

with the global literature. The main histological diag-
nosis, according to Barraga-Ruiz et al.,® is ductal



Table 2. Referral delay and history of temporary work disability
in 2019 and 2020

Variables 2019 2020 p
Referral delay, 17 (IQR,,: 9-31) 24 (IQR,, ,: 16-37) 0.000
days
Temporary work 0.687
disability during
referral delay

Yes 147 (43.5%) 117 (47.8%)

No 150 (56.5%) 128 (52.2%)
Duration of 0 (IQR,;: 0(IQR,,.: 0-17)  0.626
temporary work 0-18.5)

disability during
referral delay, days

TWD: temporary work disability; IQR: interquartile range.

Table 3. Treatment delay and history of temporary work disability
in 2019 and 2020

Variables 2019 2020 p
Treatment delay, days 37 (IQR,, .: 19-67) 35 (IQR,, . 19-64) 0.570
Temporary work 0.045
disability during
treatment delay
Yes 284 (95.6%) 224 (91.4%)
No 13 (4.4%) 21(8.6%)
Duration of temporary 7 (IQR,,.: 2-28) 11 (IQR,,.: 3-28) 0.011
work disability during
treatment delay, days
Treatment time, days 0.00
Surgical 49 (IQR,, ,;: 30-70) 60 (IQR,,,: 14-46)
Medical 20 (IQR,, .- 23-88) 32 (IQR,,,: 20-87)
Radiotherapy 49 (IQR,, .- 10-37) 33 (IQR,,,: 20-51)

TWD: temporary work disability; IQR: interquartile range.

Table 4. Comparison of breast cancer care in 2019 and 2020

Variables 2019 2020 p

Clinical stages, n (%) 0.000
Early 201 (67.7) 120 (49)
Advanced 96 (32.3) 125 (51)

Previous care, n (%) 0.00
Private medical service 43 (14.5) 95 (38.8)
IMSS and public institutions 254 (85.5) 150 (61.2)

IMSS: Instituto Mexicano del Seguro Social.

carcinoma, of which we found a frequency of 86.2%.
The most frequent clinical stage was IIA in both years,
at 28.4%, considering that the hospital is a third-level
centre.
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The age reported in the national literature is 40 to
75 years. The age range of the female workers in this
analysis was 41 to 54 years, with a minimum of 18
and a maximum of 77 years.®

The Rref time was 21 days, which exceeds the
opportunity days for referral for treatment mentioned
in NOM-041-SSA1-2011,'® which indicates that it
should be 10 days. We found that it was longer in
2020, which could be due to the difference in medical
care during that year because of the COVID-19 health
contingency, since medical care received by patients
at an IMSS unit was up to 72.8%. However, in 2019,
medical care in the private medical service was
14.5%, and in 2020 it was up to 38.8%. When perform-
ing the Spearman test, we found a positive and sig-
nificant correlation between Rref and clinical stage,
but not between type of care and clinical stage or
Rref. The factors that influenced the identification of
more advanced clinical stages between the 2 years
were not an objective proposed in the study, but they
could be addressed in other investigations. When
comparing Rref with that reported by Allgar and Neal,®
who conducted a questionnaire in England among
patients with various types of cancer, including BC,
and found 13.2 days, even this value is above that
established in NOM-041-SSA1-2011. Therefore, it
would be important to reconsider these cut-off points
to establish the timeliness of referral for this disease,
generating real indicators that guide institutions’
efforts to reduce them to a minimum for the benefit of
the health of patients with BC.

Regarding the clinical stages of BC received at the
HOnco, in 2019 a higher percentage of patients was
observed in early stages, with 83.5%, and 16.5% in
advanced stages; in 2020, these figures were 68.2%
and 31.8%, respectively. As mentioned by Vanni
et al." in a cross-sectional study in which they admin-
istered a questionnaire to patients with BC in Rome,
patients in isolation presented sentinel lymph node
involvement more frequently than those from the pre-
vious year, and this will have long-term repercussions.
Maringe et al.,”” who collected information from medi-
cal records and compared pre-pandemic data with
data during the pandemic, also reported that there will
be an increase in deaths per year due to cancer diag-
nosis. The clinical stage of the disease also played
an important role in disability, since a greater number
of TWD days was reported in patients with advanced
stages.

Medical care received by patients was provided at
an IMSS unit in up to 72.8% of cases. However, in
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2019, medical care in the medical service was 14.5%,
and in 2020 it reached 38.8% of insured women, play-
ing an important role in diagnosis.

Rtx had a median of 35 days, and NOM-041-
SSA1-2011 states that treatment in an oncology centre
should begin in < 15 days."® The TWD time while wait-
ing to receive some form of treatment was 8 days in
2019 and 16 days in 2020, a statistically significant
difference. The number of days exceeding the stan-
dard has repercussions on the prescription of disabil-
ity and, therefore, on cost. A study conducted by
Instituto Nacional de Cancerologia in 2012 through a
questionnaire administered to patients reported an
Rtx of 141 days. This was not the case in the present
study, since the data were obtained from primary
sources, avoiding the risk of recall and measurement
bias."

The Rtx time varied according to the type of treat-
ment. For medical treatment (chemotherapy), the
median was 28 days; in the different medical notes, a
delay was found in the performance of the intercon-
sultation by the breast tumour service. The radio-
therapy service had a median of 33 days, and in the
review of the clinical record it was found that those
patients referred from the second level still had a
pending chemotherapy cycle, delaying the start of
radiotherapy, and that the large number of patients
attending this unit only for radiotherapy made the wait
to start treatment longer. Surgical Rtx had a median
of 51 days; procedures were affected by the perfor-
mance of studies such as slide review, genotype
expression, and laboratory and imaging studies. The
comparison between 2019 and 2020 showed an
increase in days for medical treatment and surgical
treatment. Papautsky and Hamlish™ administered a
questionnaire to patients and found that 30% per-
ceived a delay in therapeutic care.

TWD time had a median of 9 days for optimal medi-
cal therapy and 14 days for radiotherapy, due to treat-
ment effects rather than clinical stage.

Among the limitations of the study, the type of popu-
lation included should be noted, since, as patients
considered active workers, there are likely to be
important differences compared with the rest of the
patients with BC, mainly in the variable analysed
regarding prior care in a private setting, since this was
a group that was able to meet this need by its own
means, especially in 2020, when we can consider that
fear of COVID-19 infection led them to attend private
and less crowded places. Likewise, because this was
a third-level hospital, external validity is limited.

Conclusions

BC is a disease in which timely diagnosis is the best
way to reduce mortality; therefore, the performance of
a greater number of screening studies should be pri-
oritised at the first level of care. Rref and Rix are
greater than those reported in other countries and
exceed the days referred to in the regulations. For
2020, the greatest backlog was found, leaving a large
workload for the following years in the different oncol-
ogy services, both for this cancer and probably for the
rest of cancers. The results indicate that strategies to
improve the care of patients with BC should be rein-
forced by shortening the waiting time for consultation
with the oncology specialist and the time required to
perform the complementary diagnostic studies needed
for therapeutic decision-making. This will also have
an effect on reducing TWD days, giving female work-
ers a greater opportunity to return to work.
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Liver transplant program outcomes at a Colombian center:
14 years of experience

Resultados del programa de trasplante de higado en un centro colombiano:
14 anos de experiencia
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Abstract

Objectives: The objective of the study was to analyze outcomes of a liver transplant program over 14 years and evaluate asso-
ciations between patient characteristics, surgical factors, complications, and mortality. Methods: A retrospective cohort study was
conducted at a transplant center, including patients from 2011 to 2025. Descriptive statistics, X¢, Mann-Whitney U tests, and
multivariate logistic regression were used to identify mortality predictors. Kaplan-Meier survival analysis was also performed.
Results: The study included 109 liver transplant recipients. Rejection rates were higher among deceased patients (30.3% vs.
13.2%, p = 0.034). One-year survival improved from 63.3% (2011-2014) to 89.1% (2023-2025), with 100% rejection-free survival
in the most recent cohort. Complications like multi-organ failure, bronchopneumonia, acute renal failure, ventilatory failure with
coma, and leukoencephalopathy significantly increased mortality risk (odds ratio 4.27, p = 0.002). Conclusions: One-year survival
has improved, with reduced rejection rates reflecting better post-transplant care. However, complications remain a major mortal-
ity risk. Shorter ischemia times indicate optimized surgical and logistical procedures.

Keywords: Liver transplantation. Mortality. Survival. Complications. Graft rejection. Tissue donors.
Resumen

Objetivos: Analizar los resultados de un programa de trasplante hepdtico durante 14 afos y evaluar la relacion entre las
caracteristicas del paciente, los factores quirdrgicos, las complicaciones y la mortalidad. Métodos: Estudio de cohorte retros-
pectivo en un centro de trasplantes, incluyendo pacientes entre 2011 y 2025. Se usaron estadisticas descriptivas con pruebas
x2 y U de Mann-Whitney para identificar predictores de mortalidad. Se aplicé andlisis de supervivencia de Kaplan-Meier.
Resultados: Se incluyeron 109 receptores. El rechazo fue mayor en los fallecidos (30.3% vs. 13.2%; p = 0.034). La
supervivencia al afio mejord del 63.3% (2011-2014) al 89.1% (2023-2025), con un 100% de supervivencia libre de rechazo
en la cohorte mds reciente. Las complicaciones como falla multiorganica, bronconeumonia, insuficiencia renal aguda y falla

*Correspondence: Date of reception: 03-04-2025 Cir Cir (Eng). 2026;94(3):316-325
Maricel Licht-Ardila Date of acceptance: 01-08-2025 Contents available at PubMed
E-mail: mlichtar@gmail.com DOI: 10.24875/CIRUE.M25000951 www.cirugiaycirujanos.com
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ventilatoria con coma aumentaron el riesgo de mortalidad (OR: 4.27; p = 0.002). Conclusiones: La supervivencia al afio ha
mejorado y la reduccion del rechazo refleja un mejor cuidado postrasplante. Sin embargo, las complicaciones siguen siendo
clave en la mortalidad. Los tiempos de isquemia mas cortos indican optimizacion quirdrgica y logistica.

Palabras clave: Trasplante hepatico. Mortalidad. Supervivencia. Complicaciones. Rechazo del injerto. Donantes.
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Liver transplantation has become a crucial thera-
peutic intervention for patients with end-stage liver
disease, significantly improving survival rates and
quality of life.! Worldwide, it is estimated that more
than 41,000 people received a liver transplant in 2023,
with the American region being the location with the
highest number of procedures (around 35%).2 Since
the first transplant in 1963, the procedure has evolved
considerably in both surgical techniques and post-
operative management.® However, it remains a com-
plex intervention with a high risk of complications. At
present, patient survival rates at 1, 3, and 5 years are
approximately 91.8%, 83.8%, and 76.1%, respec-
tively.#> In Colombia, despite the implementation of
this intervention more than four decades ago,® chal-
lenges persist, including donor availability, access to
immunosuppressive therapies, and the management
of post-operative complications.”

In Colombia, organ donation and transplantation are
regulated by a legal framework aimed at ensuring
organ availability and improving access to transplants.
The legislation follows the principle of presumed con-
sent, meaning individuals are considered donors
unless they explicitly choose otherwise. To optimize
the donation process, strategies such as awareness
campaigns, strengthening the transplant network, and
enhancing organ procurement logistics have been
implemented.® However, liver donation remains a sig-
nificant challenge due to multiple barriers faced by
medical personnel, including insufficient training in
brain death certification, difficulties in communicating
with families, and limitations in hospital infrastructure.
These factors negatively impact donation rates, mak-
ing it essential to address them from the healthcare
team’s perspective to enhance access to liver trans-
plantation and improve care for patients on the waiting
list.®

The long-term success of this intervention largely
depends on the appropriate use of immunosuppres-
sive therapies, which prevent graft rejection and
improve patient survival. Various immunosuppres-
sion protocols combine drugs such as calcineurin

inhibitors, antimetabolites, and corticosteroids, each
with specific mechanisms of action aimed at modulat-
ing the immune response. The selection of an immu-
nosuppressive regimen should be based on multiple
factors, including recipient characteristics, rejection
risk, and the presence of comorbidities, highlighting
the importance of an individualized approach to post-
transplant management.’

Common complications after liver transplantation
include infections, acute graft rejection, renal dysfunc-
tion, biliary stenosis, and pulmonary or neurological
disorders."" Bacterial infections, particularly in the
immediate post-operative period, are a major cause
of morbidity. Acute rejection usually occurs within the
1st few weeks and requires prompt treatment to pre-
serve graft function. Renal dysfunction is often linked
to nephrotoxic immunosuppressants and intraopera-
tive hemodynamic fluctuations. Biliary stenosis, affect-
ing around 13% of recipients, is one of the most
significant complications.™"® Neurological complica-
tions, though less common, range from mild manifes-
tations to potentially life-threatening conditions,
reflecting their multifactorial etiology. Given these
challenges, this study aims to analyze the key out-
comes of a liver transplant program over 14 years in
Colombia, identifying the association between patient
characteristics, surgical factors, post-operative com-
plications, and mortality after transplantation.

Methods

A retrospective cohort study was conducted at a
high-complexity institution, including patients who
underwent liver transplantation between May 2011
and March 2025. The study was carried out at a liver
transplant center of excellence, supported by a multi-
disciplinary team of hepatologists, internists, hepato-
biliary surgeons, nurses, nutritionists, psychologists,
social workers, psychiatrists, anesthesiologists, and
nephrologists. Post-transplant follow-up was struc-
tured to ensure close monitoring and timely interven-
tions. During the 1 month, patients were evaluated
weekly, followed by biweekly assessments if recovery
progressed favorably. Subsequently, follow-up visits
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were scheduled monthly, then every 3 months, and
eventually every 5 months as the post-transplant
period lengthened. In cases of liver function abnor-
malities or immunosuppression imbalances, weekly
assessments continued until stabilization was achieved.

Participants

The liver transplantation program includes patients
who meet the Milan criteria, which specify that
candidates must have either a single liver tumor
measuring < 5 cm in diameter or 2-3 tumors, each
measuring < 3 cm at the time of diagnosis.'*'® For this
study, all patients enrolled in the liver transplantation
program were included in the study. In addition to liver
cancer cases that meet these criteria, the program
also accommodates patients with other liver diseases
requiring transplantation, such as cirrhosis of various
etiologies (including viral hepatitis B and C, alcoholic
liver disease, metabolic disorders, primary and sec-
ondary biliary cirrhosis, and autoimmune hepatitis),
polycystic liver disease with associated symptoms and
deterioration of quality of life, acute or fulminant hepa-
titis, and primary biliary cirrhosis in non-cirrhotic
patients who experience significant quality of life
impairment. Patients < 13 years and those with liver
cancer who did not meet Milan criteria were excluded.
Participant selection was based on a registry from the
liver transplantation center of excellence, following a
consecutive selection process to verify eligibility.

Variables

Sociodemographic variables included age (years);
sex (male or female); type of social security (contribu-
tory, subsidized, particular and other); educational level
(primary, secondary, technical, professional, postgrad-
uate and no information); marital status (single, mar-
ried, separated, widowed, common law union, not
disclosed); area of residence (rural or urban); and occu-
pation (homemaker, unemployed, Business person,
employee, Independient, others, Disability pensioner).

Clinical variables as personal history, including
alcohol consumption (daily consumption: more than
seven drinks per week; occasional consumption: less
than once per week; weekly consumption: 1-7 drinks
per week; does not consume), smoking history (former
smoker: quit more than 6 months ago; never smoked;
current smoker), diabetes (including whether insulin-
dependent), dyslipidemia, obesity, history of hepatitis

(A, B, C, or unspecified), heart failure, acute myocar-
dial infarction, and cirrhosis. Family history, including
liver cancer, pancreatic cancer, and other types of
cancer were also measured.

Variables related to the procedure’s characteristics
were collected, such as ischemia times (cold and
warm), transplant classification (adult or pediatric),
donor type (living or deceased), and transplant out-
comes such as the need for re-transplantation.
Regarding complications, rejection occurrence was
assessed and classified as acute, chronic, along with
its potential causes, including treatment adherence,
administrative factors related to insurance, subthera-
peutic drug levels, or other causes. Biliary complica-
tions were also analyzed, specifically strictures, bile
leaks, and other related issues.

In addition, complications were considered, includ-
ing the necessity for surgical reintervention. These
were categorized based on temporal occurrence, dis-
tinguishing between reintervention due to hemorrhage
within the initial 48 h and reintervention within the
18t month. Furthermore, other observed complications
encompassed multi-organ failure, unspecified bron-
chopneumonia, acute renal failure, ventilatory failure
with coma, leukoencephalopathy, and acute myocar-
dial infarction. Post-operative complications were
additionally classified using the Clavien-Dindo clas-
sification, which standardizes the assessment of sur-
gical adverse event severity.'® The primary outcome
measure was all-cause mortality following liver trans-
plantation, assessed both during hospitalization and
throughout the follow-up period. Mortality was ascer-
tained through institutional medical records and fol-
low-up telephone communications, conducted as part
of the liver transplant program’s ongoing surveillance.
To determine mortality, hospital records and updated
medical histories were reviewed at each follow-up
visit.

Data sources

The information was obtained from medical records,
including surgical notes, progress notes, and outpa-
tient consultations documented by healthcare person-
nel. These data are stored in the transplant center of
excellence’s database, maintained on the research
electronic data capture platform under project PID
690."7'® To minimize information bias and ensure data
quality, strategies such as double data entry, cross-
validation of records, and training of personnel respon-
sible for data extraction were implemented.
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Statistical analysis

The descriptive analysis was performed first,
assessing normality using the Kolmogorov-Smirnov
test. The median was calculated, along with the inter-
quartile ranges. Categorical variables were presented
as frequencies and percentages. A bivariate analysis
was conducted using mortality as the outcome vari-
able, applying the X2 test for categorical variables, and
the Mann-Whitney U test for those continuous without
a normal distribution. A multivariate logistic regression
model was developed to identify independent predic-
tors of mortality. Variable selection followed a back-
ward elimination approach, initially including factors
with a p < 0.25. Only variables with a p < 0.05 were
retained in the final analysis. Model fit was assessed
using the Hosmer-Lemeshow test and the pseudo R?2
statistic.

Furthermore, a survival analysis was performed
using the Kaplan-Meier estimator to evaluate the
probability of developing complications over time
(mortality, graft rejection, biliary and vascular compli-
cations). Survival data of liver transplant patients were
analyzed across four different periods: 2011-2014,
2015-2018, 2019-2022, and 2023-2025. Comparisons
between these periods were performed using the log-
rank test to assess differences in survival distribu-
tions. All analyses were conducted using RStudio
software and Stata version 16 (StataCorp, College
Station, TX, USA).

Results

A total of 109 patients who underwent liver trans-
plantation were analyzed, of whom 76 (67%) survived,
and 33 (33%) died, mostly of men (63.3%) with a
global median of age of 53 years (range: 42-63). Most
patients are affiliated with the contributory health
insurance system (60.6%), followed by the subsidized
system (33.9%). Regarding education, the majority
completed primary or secondary school (31.2% each),
while 21.1% have professional, technical (9.17%), or
postgraduate education (0.91%), 41.3% were married,
and 89.9% live in urban areas (Table 1).

In the bivariate analysis, the mean age was signifi-
cantly higher in patients who died during the follow-up
after liver transplantation compared to those who sur-
vived (59 vs. 51.5; p = 0.031). A higher proportion of
surviving patients were affiliated with the subsidized
healthcare regime (36.8%) compared to those who
died (27.7%; p = 0.031). In addition, a greater

Table 1. Sociodemographic characteristics of patients with liver
transplant

Variable Alive Deceased  Total p
n =76 (%) n=33 n=109
() (%)

Sex
Female 29 (38.1) 11(33.3) 40(36.7) 0.631
Male 47 (61.8) 22 (66.6) 69 (63.3)

Age* 51.5(40.5-60.0) 59 (47-63) 53 (42-63) 0.031

Type of security

and social
Contributory 45 (59.2) 21(63.6) 66(60.6) 0.031
Subsidized 28 (36.8) 9(27.7) 37(33.9)
insurance
Particular 3(3.95) 0(0.00) 3(2.75)
Other 0(0.00) 3(9.09) 3(2.75)

Level of

education
Primary 22 (28.9) 12(31.1) 34(31.2) <0.001
Secondary 30 (39.4) 4(12.1)  34(31.2)
Technical 9(11.8) 1(3.03) 10(9.17)
Professional 15(19.7) 8(24.2) 23(21.1)
Postgraduate 0(0.00) 1(3.03) 1(0.91)
No information 0(0.00) 7(6.42) 7(6.42)

Marital status
Single 22 (28.5) 5(15.1) 27(24.8) 0.386
Married 27 (35.3) 18 (54.5) 45 (41.3)
Separated 4(5.26) 1(3.03) 5(4.59)
Widowed 2(2.63) 2(6.06) 4(3.67)
Common law 19 (25.0) 6(18.1) 25(22.9)
union
Not disclosed 2(2.63) 1(3.03) 3(2.75)

Area of

residence
Rural 9(11.8) 2(6.06) 11(10.1) 0.357
Urban 67 (88.1) 31(93.4) 98(89.9)

Occupation
Home 21(27.6) 10(30.3) 31(28.4) 0535
Unemployed 6(7.89) 1(3.03) 7(6.42)
Business 8(10.53) 2(6.06) 10(9.17)
person
Employee 12 (15.7) 3(9.09) 15(13.8)
Independient 14 (18.4) 8(24.4) 22(20.2)
Others 15 (19.7) 8(24.4) 23(21.1)
Disability 0(0.00) 1(3.03)  1(0.91)
pensioner

*Median. IQR: interquartile range.

proportion of surviving patients had secondary or
technical education compared to those who died
(51.2% vs. 15.1%, respectively; p < 0.001) (Table 1).

When evaluating the personal and family history of
patients with liver transplant, alcohol consumption
was reported by 49.54%, while 78.89% had never
smoked. Diabetes (22.94%), obesity (11.01%), and
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cirrhosis (49.54%) were common, with no significant
differences between groups. Notably, Hepatitis B was
more frequent in survivors (15.79% vs. 3.03%;
p = 0.050). Other comorbidities, including heart failure
and dyslipidemia, were only present in patients who
did not survive (Table 2).

In the analysis of clinical outcomes and post-trans-
plant complications, the median total ischemia time
was 393 min (321-515), with cold ischemia at 343 min
(280-440) and warm ischemia at 60 min (50-67), show-
ing no significant differences between groups. All
transplants were from deceased donors, and 8.26% of
patients required re-transplantation. A significantly
higher occurrence of rejection was observed in
deceased patients (30.30%) compared to survivors
(13.15%) (p =0.034). Other post-transplant complications
were significantly more common in deceased patients
(45.45%) compared to survivors (17.10%) (p < 0.001).
Reintervention percentages due to bleeding (11.92%),
post-operative bleeding at 48 h (11.01%), and
re-intervention within the 1% month (27.78%) were
higher in deceased patients (33.33%), but without sig-
nificant differences between groups (Table 3). Similarly,
according to the Clavien-Dindo, the majority were clas-
sified as grade Illb (52.14%), followed by llla (25.64%)
and IVa (11.11%). Grade Il complications accounted for
5.98%, while the most severe events — grades IVb and
V — each represented 2.56% of the total (Table 4).

During the 2011-2014 period, the 1-year survival
percent was 63.3% (95% confidence interval [CI]:
43.6-77.7%), with a progressive decline in the first
6 months post-transplant. For the 2015-2018 period,
the 1-year survival percentage improved to 84.2%
(95% CI: 58.6-94.6%). In the 2019-2022 period, the
1-year survival percentage was 74.1% (95% CI: 48.5-
88.3%), showing a slight decrease compared to the
2015-2018 period. Finally, during the 2023-2025
period, the 1-year survival percentage reached 89.1%
(95% CI: 73.4-95.7%) (p = 0.093) (Fig. 1).

Kaplan-Meier survival analysis assessed the cumu-
lative incidence of graft rejection across four periods:
2011-2014, 2015-2018, 2019-2022, and 2023-2025,
with a 365-day follow-up. The probability of remaining
rejection-free at 1 year was 70.4% (95% CI: 49.4-84.0)
in the 2011-2014 cohort (n = 29), with a decline within
the first 100 days (100-74.3%). In 2015-2018 (n = 19),
rejection-free survival improved to 1 year at 78.6%
(95% CI: 52.5-91.4), stabilizing after the first 100 days.
The 2019-2022 cohort (n = 20) exhibited a further
increase to 88.2% (95% Cl: 59.8-96.9), with fewer
early rejection events. Notably, in 2023-2025 (n = 40),

Table 2. Personal and family history of patients with liver
transplant

Variable Alive  Deceased  Total p
(n=76) (n=33) (n=109)
(%) (%) (%)

Personal history
Alcohol consumption
Daily consumption 18(23.68) 10(30.30) 28 (25.69) 0.807

Occasional 7(9.21) 4(12.12) 11(10.09
consumption
Weekly consumption 11 (14.47) 4(12.12) 15(13.76)

Does not consume
Smoking history

40 (52.63) 15 (45.45) 55 (50.46)

Former smoker 13 (17.11) 8(24.24) 21(19.27) 0.484
Never smoked 61(80.26) 25(75.76) 86 (78.89)

Currently smokes 2(2.63) 0 2(1.83)

Diabetes 15(19.74) 10(30.30) 25(22.94) 0.228
Dyslipidemia 4(5.26) 0 4(3.67) 0.231
Obesity 7(9.21) 5(15.15) 12(11.01) 0.275
Hepatitis A 1(1.32)  0(0.00) 1(0.92) 0.697
Hepatitis B 12(156.79) 1(3.03) 13(11.93) 0.050
Hepatitis C 4(5.26) 1(3.03) 5(4.59) 0.521
Unspecified hepatitis 9 (11.84) 4 (12.12) 13(11.93) 0.598
Heart failure 2(2.63) 0 2(1.83) 0.484
Myocardial infarction 1 (1.32) 1(3.03) 2(1.83) 0516
Cirrhosis 39(51.32) 15(45.45) 54 (49.54) 0.574

Family history

Liver cancer 1(1.32) 0 1(0.92) 0.697
Pancreatic cancer 1(1.32) 0 1(0.92) 0.697
Other cancer 1(1.32) 0 1(0.92) 0.697

Daily consumption: more than 7 drinks per week; Occasional consumption (less than
once a week); Weekly consumption (1-7 drinks per week); Former smoker (quit more
than 6 months ago).

rejection-free survival reached 100%, with no recorded
rejection events, suggesting significant advancements
in graft survival outcomes, p = 0.009 (Fig. 2).

Biliary and vascular complication-free survival var-
ied across periods. For biliary complications, survival
declined to 70.0% at 365 days (95% Cl: 48.7-83.8%)
in 2011-2014, 67.1% (95% CI: 40.9-83.7%) in 2015-
2018, 70.3% (95% CI: 41.9-86.7%) in 2019-2022, and
improved to 91.4% (95% Cl: 75.7-97.2%) in 2023-2025
(p = 0.076) (Fig. 3A). Vascular complication-free sur-
vival followed a similar pattern: 89.4% at 31 days (95%
Cl: 70.6-96.5%) in 2011-2014, 89.16% (95% Cl: 63.2-
97.2%) in 2015-2018, 90.0% (95% CI: 65.6-97.4%) in
2019-2022, and 92.4% (95% Cl: 78.1-97.5%) in 2023-
2025, p = 0.975 (Fig. 3B).

The cold ischemia time (in blue) shows a gradual
reduction over the periods, with medians of 461.50 min
in 2011-2014, 398.00 min in 2015-2018, 395.50 min in
2019-2022, and 319.00 min in 2023-2025, indicating a
decreasing trend in this parameter (p < 0.001). On the
other hand, the warm ischemia time (in brown) remains
relatively stable across the different periods, with
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Table 3. Clinical outcomes and post-transplant complications in liver transplant patients

Variable Alive (n = 76) Deceased (n = 33) Total (n = 109) p
(%) (%) (%)
Ischemia times (min) 385 (320-504.5) 440 (330-515) 393 (321-515) 0.856
Cold* 330.5 (271-435) 405 (307.5-456) 343 (280-440) 0.166
Warm* 60 (50-67) 59 (52.5-65) 60 (50-67) 0.856
Transplant outcomes
Re-transplantation 6(7.89) 3(9.09) 9(8.26) 0.550
Transplant classification
Adult 72(94.74) 31(93.94) 103 (94.50) 0.591
Pediatric 4(5.26) 2 (6.06) 6 (5.50)
Donor type
Living 0 0 0
Deceased 76 (100) 33(100) 109 (100) 0.034
Rejection occurrence 10 (13.15) 10 (30.30) 20 (18.35)
Rejection type
Acute 5(6.57) 7(21.21) 12 (11.01) 0.325
Chronic 5(6.57) 3(9.09) 8(7.34)
Rejection cause
Treatment adherence 2(2.63) 0 2(1.83) 0.306
Administrative (insurance- related) 1(1.31) 0 1(0.92)
Subtherapeutic drug levels 1(1.31) 0 1(0.92)
Other 1(1.31) 2 (6.06) 3(2.75)
Biliary complications
Stricture 9(11.84) 9(27.27) 18 (16.51) 0.645
Bile leaks 0(0.00) 2 (6.06) 2(1.83)
Other 3(3.94) 2(6.06) 5(4.59)
Other complications 13 (17.10) 15 (45.45) 28 (25.69) < 0.001
Post-transplant re interventions
Reintervention due to bleeding 8(10.52) 5(15.15) 13 (11.92) 0.528
Reintervention due to bleeding at 48 h 8(10.52) 4(12.12) 12 (11.01) 0.521
Reintervention within the 1t month 19 (25.00) 11(33.33) 30(27.78) 0.321

*Median. IQR: interquartile range.

Table 4. Complications according to the Clavien-Dindo classification

Classification Number of complications %

Il 7 5.98
llla 30 25.64
llb 61 52.14
IVa 13 1.1
IVb 3 2.56
V 3 2.56
Total 117 100

values close to 35 min, suggesting that there have
been no significant changes in this variable (p = 0.028).
Regarding the total ischemia time (in green), a progres-
sive reduction is observed, decreasing from 605.00 min

in 2011-2014 to 579.00 min in 2023-2025 (p = 0.038)
(Fig. 4).

In the logistic regression analysis, the presence of
other complications was identified as an independent
predictor of mortality in patients undergoing liver
transplantation (Odds ratio = 4.28, p = 0.002) (95%
Cl: 1.71-10.68). Besides, patients who experienced
post-transplant complications were 4.28 times more
likely to die compared to those without complications.
The overall model was statistically significant (Likeli-
hood-ratio X2 [1] = 9.83, p = 0.0017), although it
explained a relatively small proportion of the variance
in mortality (Pseudo R? = 0.0749) p < 0.001.

Discussion

The evolution of liver transplant outcomes reflects
a significant improvement in the transplant team’s
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Figure 1. Kaplan-Meier survival curves for mortality within 1 year after
liver transplant. Cumulative survival probability within 1-year post-
liver transplantation, comparing different time periods. The number of
patients at risk is shown at time intervals.
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Figure 2. Kaplan-Meier Survival curves for graft rejection within 1 year
after liver transplant. Cumulative probability of freedom from graft
rejection within 1-year post-liver transplantation, comparing differ-
ent time periods. The number of patients at risk is presented at time
intervals.

experience, leading to better clinical results and
increased survival probabilities. In our study, the
median age was 7.5 years higher in patients who died
compared to those who survived, with a statistically
significant difference, similar to findings reported by
Su et al.”® One-year survival consistently improved,
rising from 63.3% in 2011-2014 to 89.1% in 2023-2025.
Comparable results were observed in a meta-analysis
by Barbetta et al., showing the same trend over time.?
This increase indicates advancements in patient
selection, optimization of surgical procedures, and
greater efficacy in post-operative management. Like-
wise, Colombian transplant centers have reported
improved perioperative protocols and early detection
of complications, contributing to better outcomes.?

The findings from other Latin American transplant
centers further support the regional advancement of
transplantation practices. For instance, a recent pub-
lication by Vardn-Vega et al. presents the experience
of a high-altitude lung transplant center in Bogota,
Colombia, offering valuable insights into the develop-
ment and consolidation of complex transplant pro-
grams in resource-constrained settings across Latin
America.?2 These institutional reports highlight the
importance of local expertise, multidisciplinary care,
and adaptability in improving outcomes and building
sustainable transplant programs in the region.

A notable finding in this study is the progressive
reduction in cold ischemia time, with the median dura-
tion decreasing from 461.5 min in the 2011-2014
period to 319.0 min in 2023-2025. This trend reflects
advancements in organ preservation protocols and
logistical efficiencies in transplantation. In contrast,
warm ischemia time remained relatively stable, and
its variation did not show a significant association with
patient mortality. This result is consistent with previ-
ous reports, suggesting that while minimizing cold
ischemia time is essential for graft viability and long-
term outcomes, variations in warm ischemia time
within clinically acceptable limits may not have a sub-
stantial impact on post-transplant survival.?%2*

An improvement in rejection prevention was evident,
with a lower incidence observed among surviving
patients compared to those who did not survive during
the studied periods. The absence of rejection epi-
sodes within the 1% year post-transplant, observed in
the most recent evaluation period, reflects advance-
ments in immunosuppressive management and post-
transplant care. Optimized immunosuppressive
protocols, tailored treatment strategies, and strict
adherence to follow-up regimens have likely contrib-
uted to these findings. Research in Latin America has
demonstrated that personalized immunosuppressive
approaches play a crucial role in reducing rejection
rates and prolonging graft survival. These results
emphasize the need for ongoing refinement of immu-
nosuppressive therapies and patient monitoring to
enhance long-term transplant success.?%2

Besides, patients who experienced post-transplant
complications were 4.28 times more likely to die
compared to those without complications, highlight-
ing the need to further strengthen strategies for the
prevention and management of these complica-
tions.?” This finding underscores the importance of
close monitoring during the 1%t post-operative month,
particularly given that vascular and biliary
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Figure 4. Cold, warm, and total ischemia times in liver transplantation. The boxplots show the evolution of cold, warm, and total ischemia times
over four distinct periods; they show a general trend of improvement in ischemia times, with notable consistency in warm ischemia time.

complications primarily occurred during this period.’
Period-based analysis also reveals a decrease in the
incidence of rejection and an improvement in survival,
which may be attributed to the accumulated clinical
experience of the treating team, the adoption of new
technologies, and enhancements in perioperative man-
agement protocols.?® In Colombia, hospitals imple-
menting multidisciplinary post-transplant follow-up
programs have reported a significant reduction in
early post-operative complications and better long-
term patient outcomes.?®

It is also important to consider the potential influence
of the COVID-19 pandemic on post-transplant out-
comes, particularly in the earlier years of the 2020s.

Several studies have reported that patients with under-
lying liver disease, including cirrhosis or metabolic-
associated fatty liver disease, faced increased risks of
severe COVID-19 and mortality, which may have indi-
rectly affected transplant survival rates during that
period. In addition, drug-induced liver injury and sys-
temic inflammatory responses related to SARS-CoV-2
have been implicated in liver dysfunction, complicating
the clinical course of transplant recipients. The height-
ened vulnerability of these patients to infections,
immune dysregulation, and liver injury during the pan-
demic years could have contributed to increased post-
transplant morbidity and mortality, warranting further
investigation in future studies.*®
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These findings reaffirm that the accumulated experi-
ence over the years has been a key factor in improving
liver transplant outcomes.®! It is recommended to con-
tinue optimizing ischemia times, strengthening mea-
sures to prevent acute rejection, and refining strategies
to reduce post-operative complications. Future
research should focus on identifying prognostic factors
that enhance the accuracy of rejection and post-oper-
ative complication risk prediction, as well as evaluating
the impact of novel immunosuppressive therapies and
surgical techniques on long-term outcomes. In addi-
tion, comparative studies between different transplant
centers in Latin America could provide valuable
insights into best practices and opportunities for stan-
dardizing care protocols across the region.®

This study has some limitations inherent to its ret-
rospective design, as well as the fact that the data
come from a single institution, which may restrict the
generalizability of the findings to other settings. Nev-
ertheless, it has several strengths. It provides a
detailed analysis of long-term outcomes in liver trans-
plant patients, supported by a rigorous follow-up pro-
tocol and a multidisciplinary approach.

Conclusions

The results of this study demonstrate a progressive
improvement in 1-year survival, along with a reduction
in rejection incidence, suggesting advances in post-
transplant management. However, post-transplant
complications, excluding biliary and vascular compli-
cations, remain a significant risk factor for mortality.
Finally, the progressive reduction in cold and total
ischemia times reflects an optimization of surgical and
logistical procedures in liver transplantation.
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Identifying the best cutoff value of the fecal occult blood
immunochemical test in the detection of advanced and
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Abstract

Objective: Screening is an effective tool for detecting colorectal lesions in asymptomatic subjects. There is a positive correlation
between fecal immunochemical test (FIT) values and the size of tumors. Despite the efficacy of screening, the detection of colorec-
tal cancer (CRC) remains low. The primary objective was to evaluate the best FIT cutoff value for detecting advanced adenomas
and CRC among individuals at average risk in a country with a high incidence and morbidity from CRC. Methods: This observational
and prospective study analyzed consecutive cases in 1461 asymptomatic subjects with a positive FIT (= 100 ng hemoglobin [Hb}/
mL) referred for colonoscopy (2012-2015) at a tertiary center in Uruguay. Results: Colorectal lesions were detected in 35.3%
(516/1461) of cases, with a mean age of 62.8 + 8.3 years. About 53.2% were men and 65.1% of the tumors were located in the left
side of the colon. The size of the lesion and FIT values (p = 0.001) were positively correlated. Laterally spreading tumors predomi-
nated in the right colon (586 ng Hb/mL; 95% Confidence interval [Cl] 443.4-760). One hundred and thirty-five (26%) lesions were
advanced adenomas (15 + 6.7 mm); 694.6 ng/mL; 95% Cl 632.4-756.9). The highest diagnostic yield (0.5112) for advanced adeno-
mas was at a FIT level of 400 ng Hb/mL (accuracy 88.6%). There were significant differences in FIT values early and advanced
CRC (927 ng/mL; [95% ClI: 637-1082] vs. 1453 [95% Cl: 1352-1594; p = 0.001]). Conclusions: A FIT value of 400 ng Hb/mL was
the best diagnostic yield to detect advanced adenomas and CRC. This value is useful during the COVID-19 pandemic as it allows
prioritization of colonoscopy to those most at risk of significant disease, thus reducing risks to both patients and healthcare workers.

Keywords: FIT. Fecal occult blood immunochemical test. Advanced adenomas. Colorectal cancer.
Resumen

Objetivo: El cribado es una herramienta eficaz para detectar lesiones colorrectales en sujetos asintomaticos. Existe una cor-
relacion positiva entre los valores de la prueba inmunoquimica fecal (FIT) y el tamafo de los tumores. A pesar de la eficacia
del cribado, la deteccion del cancer colorrectal (CCR) sigue siendo baja. El objetivo principal fue evaluar el mejor valor de corte
FIT para detectar adenomas avanzados y CCR entre personas con riesgo promedio en un pais con alta incidencia y morbilidad
por CCR. Métodos: Este estudio observacional y prospectivo analizo 1461 sujetos asintomadticos con FIT positivo (= 100 ng
de hemoglobina [Hb}/mL) remitidos para colonoscopia (2012-2015) en un centro terciario en Uruguay. Resultados: Se detec-
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taron lesiones colorrectales en el 35.3% (516/1461) de los casos, con una edad media de 62.8 + 8.3 afios. Alrededor del 53.2%
eran hombres y el 65.1% de los tumores estaban ubicados en el lado izquierdo del colon. El tamafio de la lesion y los valores
FIT (p = 0.001) se correlacionaron positivamente. Los tumores con extension lateral predominaron en el colon derecho (586 ng
Hb/mL; intervalo de confianza [IC] del 95%: 443.4-760). Ciento treinta y cinco (26%) lesiones fueron adenomas avanzados (15
+ 6.7 mm); 694.6 ng/ml; IC 95% 632.4-756.9). El rendimiento diagndstico mas alto (0.5112) para los adenomas avanzados se
obtuvo con un nivel FIT de 400 ng Hb/ml (precision del 88.6%). Hubo diferencias significativas en los valores de FIT de CCR
temprano y avanzado (927 ng/mL; [IC 95%: 637-1082] vs. 1453 [IC 95%: 1352-1594; p = 0.001]). Conclusiones: Un valor FIT
de 400 ng Hb/mL fue el mejor rendimiento diagndstico para detectar adenomas avanzados y CCR. Este valor es (til durante
la pandemia de COVID-19, ya que permite priorizar la colonoscopia a aquellos con mayor riesgo de padecer una enfermedad

importante, reduciendo asi los riesgos tanto para los pacientes como para los trabajadores de la salud.

Palabras clave: Prueba inmunoquimica de sangre oculta en heces. Adenomas avanzados. Cancer colorrectal.

|ntroduction

The incidence and mortality of cancer have increased
in lower-income countries. This is likely due to epidemio-
logical and demographic transition (aging and population
growth) as well as exposure to risk factors such (alcohol
and smoking).! In 2018, the number of new cases
detected was 18.1 million with, 9.6 million cancer-related
deaths. The incidence in the United States of America
(USA) was 21% with a mortality of 14.4%.2* The organs
most commonly involved in Central and South America
were as follows: prostate, lung, colon, and rectum colorec-
tal cancer (CRC) and stomach in men, and breast, cer-
vix/uterus, CRC, and lung in women. In 2018, the overall
incidence and mortality reported were 10.2% and 9.2%,
respectively, for both men and women.?

Cancer incidence has increased in Central/South
America and Eastern Europe but is decreasing in
developed countries such as the USA, Canada, Aus-
tralia, New Zealand, and the rest of Europe).2 The
incidence rates among men and women in Latin
America were 10.3 and 16.8, respectively. Incidence
in the countries with the highest rates was as follows:
Uruguay (34.2 men and 24.7 women), Brazil (27.7 and
21.5), and Argentina (25.2 in men).

Mortality is extremely high in Central (8-9 fold) and
South America (3-5 fold) when compared to Europe
and USAS. Although it has generally been reported as
being < 10, mortality is high in Uruguay (17.7 among
men and 12.0 among women), Cuba (11.3 women),
and Argentina (14.6 men).57

Uruguay and Argentina have implemented national
programs for the early detection of CRC.™° Detailed
knowledge of the natural history of cancer develop-
ment (the adenoma-carcinoma sequence) allows for

early detection at the subclinical stage and appropri-
ate therapeutic intervention."

In sporadic CRC, the tiered non-linear accumulation
of genetic and chromosomal alterations occurs in
approximately 7-10 years;™'2, but this time period is
shorter for hereditary CRC.

CRC is a common public health problem (5% inci-
dence). Screening is effective when the appropriate
population is targeted. Endoscopic removal of adeno-
mas reduces the incidence of CRC (76%) and its
mortality (53%)."*"5 Although colonoscopy is the most
commonly used method for detecting adenomas and
CRC, it is not the most cost-effective tool.'®'” Screen-
ing programs have been implemented in the WHO
population programs.'®°

The fecal occult blood (FOB) or fecal immunochemi-
cal test (FIT) is currently the best screening method®.
FIT accurately detects globin component of hemoglobin
(Hb) to the nearest nanogram (ng) per milliliter (mL) of
feces using immunoassay. Colonoscopy is indicated
when the patients’ FIT values are = 100 ng Hb/mL, due
to the high sensitivity of detecting disease. %"

For adequate population screening, FIT positivity
rates should range around 3-6%.2'% In the case of
CRC, sensitivity (Sn), specificity (Sp), positive predic-
tive values, and negative predictive values (NPV) of
FIT were reported as 100%, 90%, 16%, and 100%,
respectively; and 74%, 93%, 45%, and 98%, respec-
tively, for all neoplasms. FIT detects virtually all CRCs
and 74% of significant colorectal lesions.2®

Screening should be started at the age of 50 and
be suspended either at 75 years of age or when the
patient is expected to live < 10 years. Between 75 and
85 years, the risk to benefit ratio should be individual-
ized. There is no benefit beyond the age of 85." In
the US, screening is opportunistic, unlike other
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countries where it is more systematic and organized
to cover more of the population.

The primary objective was to evaluate the best FIT
cutoff value for detecting advanced adenomas and
malignancies among individuals at average risk in a
country with a high incidence and morbidity from CRC.

Methods

Consecutive patients with an average risk of CRC and
a positive FIT (> 100 ng Hb/mL) scheduled for a colo-
noscopy at the Centre for Digestive Cancer of the
National Cancer Institute of Montevideo, Uruguay, were
recruited. All individuals provided written consent and this
study followed the standards for reporting diagnostic
accuracy. This cross-sectional, prospective, observa-
tional, and single-center study was carried out between
2012 and 2015. The study is part of the systematic pro-
gram for the prevention and early detection of CRC under
the Ministry of Health of Uruguay.

Selection criteria

- Inclusion: asymptomatic individuals, over 50 years
of age, positive FIT (> 100 ngHb/mL), and informed
written consent.

- Exclusion: personal or family history of CRC, diges-
tive bleeding, colorectal resective surgery, inflamma-
tory bowel disease and/or red flag signs (weight loss,
anemia, and abdominal masses), and incomplete
examination due to poor bowel cleansing.

Mass media campaign (television, radio, and press)
were used to invite the population to participate in the
national CRC screening program. The process for col-
lecting samples, storing at -10°C, and returning it
within 5 days was explained to each patient. There
were no restrictions on diet or medication.

Patients with positive FIT results were scheduled for
a colonoscopy within 8 weeks, which was performed
after informed consent and after bowel preparation.
The quality of FIT measurements was ensured through
daily calibration and external validation using samples
supplied by the manufacturer every 6 months. The
colonoscopies were performed by three experienced
endoscopists with a minimal total experience of 3000
colonoscopies. The cold technique was typically used
to remove lesions < 5 mm and endoscopic mucosal
resection to remove larger ones.

Clinical and demographic data were recorded,
including age, sex, FIT values (ng Hb/mL), presence

of colorectal lesions (type — Paris classification —, size
and location; in addition to laterally spreading tumors
(LST) > 10 mm), and histological types (subtypes and
degree of dysplasia/differentiation).

The adenomas were classified as advanced or not
advanced. Early CRC did not extend beyond the sub-
mucosa (Tis-T1); for invasive, CRC malignant cells
were observed in the muscularis propria or beyond.
The size of the polyps was defined ex vivo after resec-
tion and before fixation with 10% formaldehyde.

Definition of variables

— Subjects at average risk of CRC: Asymptomatic
adult individuals over 50 years of age, with no
personal/family history of CRC and/or adenomas
or inflammatory bowel disease’.

— Advanced adenomas: Adenomas = 10 mm and/or
with villous component = 25% and/or high-grade
dysplasia. Non-advanced adenoma: 1-2 adeno-
mas each < 10 mm in size.’

— (FIT-OC-Eiken [Eiken Chemical Co., Eiken, Japan])
was used during this study. The reported sensitiv-
ity and specificity was 96-98% and 91-95%,
respectively.?”?® The detection range was between
0 and 2000 ng Hb/mL of buffer, which enabled the
cutoff point to be set for a positive result. The cut-
off point was 100 ng Hb/mL as recommended by
the manufacturers.™

Statistical analysis

The data were captured in a Lotus Approach v. 9.7
Windows database and included age, sex, topography,
size, histopathological diagnosis, and FIT quantification.
To evaluate the differences between independent sam-
ples, Chi-squared tests and the exact Fisher's test were
used for categorical variables and Student's t-test was
applied for quantitative variables, with a significance level
of 0.05. One-way analyses of variance and covariance
were used to adjust the contrast between lesions in terms
of age, sex, and positive findings of colorectal lesions.
A hyperbolic function was calculated for two parameters.

The Sn, Sp, PPV, NPV, and accuracy of different FIT
cutoff points were calculated, and the ROC curve plot-
ted (y = 0.5 Ln (x) + 1 Area Under the Curve x 0.5112)
for the best FIT cutoff point in the detection of advanced
adenoma. SPSS v. 17.0 and Epi Info v. 3.3.2.0 as sta-
tistical software were used.
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Table 1. Type of colorectal lesions detected through colonoscopy in asymptomatic individuals

Paris

Type of colorectal polyps detected in 516 colonoscopies

classification

A B Cc D p
Pedunculated Polyp (Ip) Semi-pedunculated polyp (Isp) Sessile Polyp (Is) Lateral spreading tumor
Number of lesions 142 114 248 12
Age (years)
Average 62.1 62,8 62.4 65.5 0.5
SD 88 8.2 8.1 8.3
95% CI 60.6-63.6 61.1-64.5 61.3-63.5 60.8-70.3
Size (mm) 0.001
Average 12.9 8.6 5.6 14.8
SD 6.2 5.4 43 95
1C95% 11.9-131 7.4-9.7 5.0-6.3 12.1-17.5
FIT (ng Hb/mL ) 0.001
Average 631.3° 452.1° 401.4¢ 779.2¢
SD 484 407 368 525
1C95% 537.6-705 366.2-558 348.7-454.5 544-1614

The letters (a, b, ¢ or d) show the statistically significant differences between the groups, where the letter a differs from the other groups (b, ¢ or d). Example: a = a, buta # b or ¢ or d.
FIT: fecal occult blood immunochemical test; SD: standard deviation; 95% Cl: confidence interval 95%.
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Figure 1. Differences between FIT levels and the type of colorectal
lesion.

Results

The study included 1461 colonoscopies of subjects
with average cancer risk and with FIT values = 100 ng.
Complete FIT and colonoscopy outcomes were avail-
able for 1461 patients who met the inclusion criteria
for the final analysis.

No colorectal lesions (advanced adenomas/adeno-
mas/early CRC or advanced CRC) were detected in
945 cases (64.6%). The average age of those subjects

was 61 + 9 years (55% men) and their average FIT
was 317 + 180 (95% Cl 295.9-338.5). No visible lesions
were found in 485 (237 + 140 ng; 95% Cl 21.3-270.7).
Median FITs were 237, 370, 382, and 188 for diverticu-
litis (n = 396), angiodysplasias (n = 36), non-specific
rectocolitis (n = 10), and colonic ulcers (n = 7), respec-
tively. Other findings included three cases of pinworm
(Enterobius vermicularis), two submucosal lesions,
and two cases of chronic idiopathic ulcerative colitis.

Colorectal lesions were detected in 516 cases
(35.3%). About 25.7% of the patients presented with
> 2 lesions. For the purpose of FIT value analysis, the
largest lesion was used. The average age was
62.8 + 8.3 years and 53.2% were male. Majority of
lesions were located in the left colon (336, 65.1%))
and with 180 (34.9%) in the right colon. The morpho-
logical Paris classification of lesions is described in
table 1. There was a statistical difference between
lesion types and FIT levels (p = 0.0001) and also size
(p = 0.001). Figure 1 demonstrates differences
between FIT levels and lesion type.

The most common lesions confirmed by histology
were tubular adenoma (n = 167), tubulovillous ade-
noma (n = 104), hyperplastic (n = 63), advanced CRC
(n = 54) villous adenoma (n = 38), early CRC (n = 17),
and serrated adenomas.' Lesion size and FIT levels
were positively correlated (p = 0.001), see table 2.
Patient’s age did not correlate with FIT levels. There
was no significant difference between FIT value and
LST or early CRC size.
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Table 2. Colorectal lesions and FIT levels

Lesions FIT Levels (ng Hb/mL)
100-200  201-300  301-400  401-500  501-600  601-700  701-800 > 801 p
Number 169 62 45 18 21 28 149
Average size (mm) (SD)  6.37(3.3)  7.1(4.1) 7.5(5.3) 10.8(8.5) 12.6 12.6 14.2(8)  22(13.1) 0.001
(7.8) (7.9)
95% ClI 4.8-7.8 4.7-9.6 4.7-10.4 6.9-14.7 8-17.1 8.4-16.8 10.6-17.9  20.5.23.6

FIT: fecal occult blood immunochemical test; SD: standard deviation; 95% Cl: confidence interval 95%.

Table 3. Diagnostic accuracy to correctly diagnose colorectal
lesions based on the 400 ng/mL FIT cutoff value

Tumor ROC Curve IC 95%
(AUC)

Adenoma 0.691 0.656, 0.724

Advanced adenoma 0.831 0.798, 0.861

Laterally Spreading Tumors 0.907 0.878, 0.933

Early CRC 0.996 0.985, 0.999

Advanced CRC 1.0 0.993, 1.0

Laterally Spreading Tumors + early 1.0 0.992,1.0

CRC

All the lesions 0.777 0.749, 0.802

AUC: area under the curve; 95% Cl: 95% confidence interval; CRC: colorectal cancer.

LST lesions predominated in the right colon (n = 12;
66.6%) and early CRC in the left (n = 17; 88%). There
were no significant differences between size (17.5 vs.
15, p=0.1) and FIT values (average 626 vs. 927 ng/mL,
p =0.1).

There were 135 cases of advanced adenomas, with
an average size of 15 = 6.7 mm (95% Cl 13.6-16.3)
and FIT levels of 694.6 ng (95% CIl 632.4-756.9).
There was no correlation between advanced ade-
noma size and FIT levels (R = 0.22). The best cut-
off value for detecting significant pathology was
400 ng/mL (Sn 0.59, Sp 0.84) with false-negative
rates of 0.16. The positive likelihood ratio (LR+) and
negative likelihood ratio (LR-) were 3.81 and 0.48,
respectively. Table 3 and figure 2 illustrate the diag-
nostic accuracy for a 400 ng/mL cutoff and ROC
curves. Diagnostic accuracy for different FIT levels is
demonstrated in table 4.

There were 71 cases of CRC (17 early and 54
advanced) with an average age of 65.8 + 8 years
(1:1 male-female ratio) predominating in the left colon
(88% early and 80% advanced). There were

significant differences between FIT values for early
and advanced CRC (average 927 ng; [95% Cl: 637-
1082] vs. 1453 [95% Cl: 1352-1594; p = 0.001]). The
degree of tumor differentiation was well differentiated
(n = 31), moderately differentiated (n = 34), and poorly
differentiated (n = 6).

11/12 LST were treated endoscopically and one was
surgically resected. 14/17 early CRC were treated by
endoscopic resection and the remainder required sur-
gery. All advanced CRCs were referred to the oncol-
ogy team.

Discussion

A FIT cutoff value of 100 ng Hb/mL is highly sensi-
tive for detecting CRC and advanced adenomas. The
Sn, Sp, PPV, and NPV to detect CRC were 100%,
90%, 16%, and 100%, respectively, and for advanced
neoplasms 74%, 93%, 45%, and 98%, respectively.
A FIT detects 100% of CRC and 74% of colorectal
lesions.?®

Although the frequency of advanced adenomas and
malignant lesions was higher in our studied popula-
tion, there was not a correlation between the size
(average 15 = 6.7 mm) and the FIT level of 694.6 ng
(R = 0.22). However, the most significant accuracy
was seen with a value of 400 ng Hb/mL (Sn 0.59, Sp
0.84) with a 0.16 false-negative rate, a positive likeli-
hood ratio (LR+) and negative likelihood ratio (LR-) of
3.81 and 0.48, respectively.

Nagorni et al.*® reported a higher detection rate of
advanced adenoma among individuals with a positive
FIT than in symptomatic subjects undergoing colonos-
copy (11.6% vs. 5.1%).%° Similarly, our group reported
a higher detection rate in colonoscopy in asymptom-
atic subjects (positive FIT) compared with symptom-
atic patients without FIT testing (8.9 vs. 4.35%) in
3234 consecutive cases at the Cancer Detection Cen-
ter in Montevideo, Uruguay.®® qFIT (quantitative)
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Figure 2. ROC curve for the detection of colorectal lesions using FIT. A: simple adenomas, B: advanced adenomas, C: laterally spreading
tumors, D: early CRC, E: advanced CCR, F: laterally spreading tumors plus early CRC, and G: all.

showed a directly proportional relationship between
the size of the lesion and the amount of bleeding. For
each mm increase, the value of Hb in FIT increased
by 35 + 9 ng (p < 0.001) with the best diagnostic yield
of 15 mm, where the values stabilized and the curve
almost flattened between 1100 and 1900 ng/Hb.

The frequency of advanced adenomas/CRC was
high (13.7%) in our study when compared to previous
studies. Van Rossum et al.®® reported a CRC detection
rate of 0.45, 0.44, 0.39, 0.39, 0.39, 0.39, 0.39, and 0.37%
using values of 50, 75, 100, 125, 150, 175, 200, and
225 ng Hb/mL, respectively. However, the number of
colonoscopies required to detect one case was
15.3(50ngHb/mL), 12.4 (75ngHb/mL), 11.7 (100 ng Hb/mL),
10.3(125ngHb/mL), 9.8 (150ngHb/mL),9.0 (175 ngHb/mL),
8.3 (200 ng Hb/mL), and 8.1 (225 ng Hb/mL) with very
wide 95% confidence intervals (95% ClI). In this study,
the Sp to detect advanced adenoma using a value of
400 ng Hb/ml was over 96% (96-98.7%).

Hernandez et al.* reported that the FIT cutoff points
with the highest yield for advanced neoplasm and

CRC were 272.57 + 597.28 (ROC Curve 0.97) and
998.00 + 1,075.44 (ROC Curve 0.72), respectively. In
our study, the cutoff points with the highest yield (the
highest true-positive rate together with the lowest
false-positive rate) for predicting advanced adenoma
were 395 ng Hb/mL, 927 Hb/mL ng for early CRC, and
1453 ng Hb/mL for advanced CRC.

The assessment of FIT cutoff values and advanced
adenomas is often limited in studies due to the number of
colonoscopies performed, type of FIT immunoassay used,
and the inclusion of both the high-risk screening population
and symptomatic patients. These cofounders limit the
applicability of findings to screening populations.

Yuan et al. reported that different cutoff values were
associated with the performance of qFIT (quantita-
tive). The sensitivity and specificity of qFIT for
advanced neoplasia (AN) was 51.3% and 86.4%,
respectively, with the best cutoff level of 400 ng/mL.
The sensitivity and specificity for CRC were 61.0%
and 89.1%, with the best cutoff level of 500 ng/mL.33
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Table 4. Diagnostic accuracy of FIT for lesions at different cutoff values

Diagnosis 200 300 400 500 600 700 800 900 1000
Adenoma
Sensitivity 58.0 43.0 29.0 21.0 17.0 13.4 9.4 6.4 5.0
Specificity 70-0 91.2 97.0 100 100 100 100 100 100
Accuracy 65.1 71.8 69.7 68.2 66.6 65.2 63.6 62.5 62.0
Advanced adenoma
Sensitivity 78.6 67.0 59.5 515 485 46.3 38.2 33.1 29.4
Specificity 70.0 91.2 100 100 100 100 100 100 100
Accuracy 72.0 85.5 88.3 88.6 88.0 87.4 85.5 84.3 83.5
Laterally spreading
tumors 91.7 88.3 - 66.7 4.7 - - - 33.3
Sensitivity 70.0 91.2 - 97.0 100 - - - 100
Specificity 74.0 91.0 - 96.2 98.5 - - - 98.2
Accuracy
Early CRC
Sensitivity 100 100 95.4 - 81.8 60.0 50 - 31.8
Specificity 70.0 91.2 97.0 - 100 100 100 - 100
Accuracy 71.3 91.6 97 - 99.1 98.0 97.6 - 96.5
Advanced CRC
Sensitivity 100 100 100 100 94.3 924 88.7 79.2 70.770.3
Specificity 70.3 91.2 97.0 100 100 100 100 100 100
Accuracy 733 92.1 97.4 100 95.4 99.2 98.8 97.8 97.0
CRC + Lateral Spreading
Sensitivity 97.0 94.1 94.1 85.2 - 64.7 47.0 35.3 323
Specificity 70.7 91.2 92.0 97.0 - 100 100 100 100
Accuracy 72.0 914 91.8 96.2 - 97.5 96.2 95.4 95.2
All lesions
Sensitivity 70.0 58.3 47.8 39.7 - 36.2 334 23.0 20.5
Specificity 70.2 91.2 97.0 100 - 100 100 100 100
Accuracy 70.0 735 70.0 67.5 65.3 63.5 61.0 48.5 57.1

Shahidi and Cheung?* evaluated FIT performance
in an average risk Canadian population; using cutoff
values of > 100 ng Hb/mL, this increased the PPV for
advanced adenoma by 6.5% and CRC by 1.5% but
the main trade-off was the potential for missed lesions.
A 50 ng Hb/mL cutoff value has been shown to be
most cost-effective value.

These findings could be highly important in the deci-
sion-making process during the SARS-COV-2
(COVID-19) pandemic, helping clinicians to risk stratify
which invasive aerosol generating procedures are need to
be undertaken in timely manner and which can be safely
postponed to a later date. During the most difficult times
in the COVID-19, pandemic screening programs, elective
colonoscopies in patients with positive FITS were post-
poned and only emergency procedures undertaken.®

Unfortunately, it is still too early to know the impact
on the subsequent health, quality of life, and endoscopic
lesion detection of the postponed individuals with posi-
tive FIT who were scheduled for colonoscopy.

In our study, the detection rate of colorectal lesions
was 35% (post-test likelihood) using a non-invasive
test (FIT) in subjects at average risk. We observed
significant differences in location (left colon), FIT val-
ues (p = 0.0001), and lesion size (p = 0.001), but not
for age or gender.

Nationwide policies have implemented CRC screen-
ing programs in many countries''. CRC along with
breast cancer screening is the only malignancies where
screening is effective in the prevention or progression
of disease. In 90% of cases, colorectal lesions are in
the pre-cancerous (adenomatous) phase when patients
are usually asymptomatic; therefore, screening can be
highly effective.?!

Screening in asymptomatic subjects reduces the
incidence and mortality of CRC. Colonoscopy is the
most commonly used method following a positive FIT
for lesion detection and removal.”® However, it is not
a cost-effective tool for screening as over 75% of the
detected lesions are not CRC.%®
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Uruguay and Argentina have implemented screening
programs for CRC. Uruguay initiated a study to promote
screening and healthy behavior in the general population
and those most at risk (14,000 people)® Uruguay has had
a National Policy for the Detection of (CRC Program)
since 1998. It includes the annual screening of asymp-
tomatic individuals with ages ranging from 50 to 70 years
using an immunochemical test (iIFOBT). This recently
changed to FIT as this more specific to the lower Gl tract.
Colonoscopy is then recommended for positive cases.®™
The widespread use of FIT is vitally important in countries
where cancer poses a major health problem.'

The compliance rates for FIT and colonoscopy in a
feasibility study involving 11,734 asymptomatic individuals
over the age of 50 were 90.1% and 75.1%, respec-
tively. FIT was positive in 1170 (11.1%) responders and
colonoscopy was performed in 879 (75.1%), revealing
330 (38%) lesions, including 54 advanced cancers, 47
early cancers, 131 advanced adenomas, and 98 low-
risk non-advanced adenomas. Predictive values for
cancer were 0.95 and 8.6% and for advanced adeno-
mas 1.24 and 11.2%."

In one Dutch study, 8806 (3.3%) of 265 881 partici-
pants had a positive FIT. Three thousand two hundred
and fifty-four (1.2%) AN and 557 (0.2%) CRC were
reported in colonoscopy. Prognostic models for detect-
ing AN and CRC in round 3 were performed. The
predicted risk ranged from 0.4% to 36.7% for AN and
from 0.0% to 5.5% for CRC. In external validation, the
model retained similar discrimination accuracy for AN
(C-statistic 0.77, 95% Cl 0.66 to 0.87) and CRC
(C-statistic 0.78, 95% CI 0.66 to 0.91). The models
accurately predict the risk of subsequent AN and
CRC, discriminate those outcomes with a high degree
of concordance, and allow for clinically meaningful risk
stratification.3®

FIT and colonoscopy have been shown in random-
ized trials to reduce the incidence of CRC and its
associated mortality. The incidence of advanced ade-
noma and CRC in preventive screening (Positive
Fecal Tests) is depending on the number of people
who undergo endoscopy. Even though, they have
been showed to decrease CRC mortality but overes-
timate the rate of adenomas and cancer.¥”

Our study has also shown that the population most at
risk of malignancies is an economically active population
(> 60 years) who are also more likely to have comorbid-
ity. Thus, we must consider this in addition to the patient’s
individual risk and the odds based on FIT values.

Future risk stratification will require evaluating the cur-
rent cutoff point (FIT > 100 ng) to enhance the

performance of the test, while not overwhelming the
health-care system. The likelihood of detecting colorec-
tal neoplasms was 25% before the test and 37.7% after
the test (LR+ 5.7) in 63,393 subjects with average risk
in Uruguay'® suggesting that deferring the colonoscopy
would not be the most appropriate strategy. It is impor-
tant to consider that the age group in which colonoscopy
is indicated matches the age group with a higher poten-
tial risk of complications from COVID-19.

There are, however, some limitations of this study,
with the main one being that the short and long-term
patient outcomes are unknown for those who did not
proceed to colonoscopy with a positive FIT. Further-
more, the results from this tertiary center may not be
generalizable to smaller hospitals with different patient
demographics as other risks influence mortality such
as associated diseases such as cardiovascular dis-
ease or infection, population pyramid, and the preva-
lence of overweight or obese individuals.?”*

The main findings of the study are well-timed to
guide service delivery during the COVID-19 pandemic,
with a diagnostic yield of 400 ng Hb/mL demonstrating
likely advanced adenomas or CRC. The indirect ben-
efit of implementing such a cutoff is that it would
reduce the burden of care and the risk of transmission
of the virus during the epidemic in subjects at higher
risk of comorbidity. Although lower cutoff levels would
increase the detection rate of lesions, this would be
at the expense of a higher number of colonoscopies.
Prioritization of patients based on this cut-off point
(400 ngHb/mL) in the challenging new setting for
endoscopy in the fight against CRC, appears to be a
feasible strategy that can lower the risks to both patients
and healthcare workers.
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Risk factors associated with mortality from explosions
in civilian and military populations
Factores de riesgo asociados a mortalidad por explosiones en poblaciones civil y militar
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Abstract

Trauma from explosions is among the most serious injuries faced by healthcare professionals. There are few studies that describe
the risk factors for mortality, or the patterns of blast injuries in the civilian compared to the military population. Review of articles
extracted from Medline, PubMed, and Scopus published (01/2014-03/2024). Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses guidelines were followed. Data on mortality and injury patterns were extracted from the articles that met the
inclusion criteria to describe the type of injuries and to identify risk factors for mortality. Sixteen articles were included. Average
age of civilians was 40.0 years + 3.7, with men representing 79.4% compared to a mean age of 24.5 + 1.4 and 79.0% for the
military patients. While there was no difference in the distribution of injuries by body regions, the civilian population was more
likely to sustain severe cranial and thoracic injuries (31.9% and 20.4% vs. 18.1% and 9.9%, respectively). Civilian population had
a non-statistically significant lower risk of death (odds ratio = 0.96; 95% confidence interval = 0.82, 1.13). The findings of this
review indicate that clinical experience derived from explosions occurring in one setting may not be fully generalizable to explo-
sions occurring in other contexts, as demographic, environmental, and contextual factors contribute to distinct injury patterns.

Keywords: Explosions. Injury patterns. Injury severity. Blast injuries. Mass-casualty incidents. Mortality. Risk factors.
Resumen

Los traumatismos por explosiones se encuentran entre las lesiones mds graves a las que se enfrentan los profesionales sani-
tarios. Existen pocos estudios que comparen los factores de riesgo de mortalidad o los patrones de lesiones por explosion en
la poblacion civil en comparacion con la poblacion militar. Se realizé una revision sistematica de articulos publicados en Medline,
PubMed y Scopus, de enero de 2014 a marzo de 2024, siguiendo las directrices PRISMA. Se extrajeron datos sobre mortalidad
y tipos de lesiones de los estudios que cumplieron los criterios de inclusion. Se incluyeron 16 articulos. La edad media de los
civiles fue de 40.0 + 3.7 afios, con un 79.4% de varones, frente a 24.5 + 1.4 afios y un 79.0% de varones en los militares. No
hubo diferencias en la distribucion de las lesiones por regiones corporales, pero la poblacion civil presentd una mayor probabi-
lidad de sufrir lesiones craneales y tordcicas graves (31.9% y 20.4% frente a 18.1% y 9.9%, respectivamente). La poblacion civil
tuvo un riesgo de muerte menor, aunque no estadisticamente significativo (OR: 0.96; IC 95%: 0.82-1.13). Esta revision sugiere
que la experiencia clinica derivada de las explosiones en un entorno especifico podria no ser completamente extrapolable a otros
contextos, debido a diferencias demograficas, ambientales y operativas que influyen en los patrones de lesion.

Palabras clave: Explosiones. Patrones de lesiones. Gravedad de las lesiones. Lesiones por explosion. Incidentes con
multiples victimas. Mortalidad. Factores de riesgo.
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|ntroduction

Traumatic injuries remain one of the leading causes
of morbidity and mortality in the world population.’
Although trauma and acute care surgeons have experi-
ence with more common injury mechanisms, such as
motor vehicle accidents and interpersonal violence,
they are not as familiar with less frequent, but more
lethal, blast-related injuries.?® Blast or explosion-related
injuries encompass a wide spectrum of trauma result-
ing from explosive events and are typically classified
by their setting in military (war-related) defined as those
occurring in the context of organized armed conflict
involving military forces, and civilian (non-war-related)
contexts, as those occurring outside active combat
zones, including terrorism, industrial accidents, and
unintentional explosions; by injury mechanism (primary
to quinary); and by the nature of the explosion as acci-
dental blast — such as gas line ruptures, boiler failures,
or chemical plant accidents — usually occur in industrial
or residential settings and often involve thermal burns,
blunt force trauma, and inhalation injuries from struc-
tural collapse or fire. In contrast, intentional explosions
— such as those from improvised explosive devices
(IEDs), car bombs, or suicide attacks — are engineered
for maximum lethality, combining multiple mechanisms
including blast overpressure, penetrating trauma from
shrapnel, and complex polytrauma. Distinguishing
between these events is essential not only due to their
intent but also due to differing injury patterns: acciden-
tal explosions tend to injure bystanders, whereas inten-
tional blasts are often premeditated to affect densely
populated or enclosed areas, amplifying casualty
severity. Recognizing these distinctions is critical for
anticipating injury profiles and guiding effective emer-
gency response and trauma care.

Explosions result in multisystem injuries through a
range of mechanisms, including both direct and indirect
blast effects. These effects generate shearing and tear-
ing forces that can lead to tissue penetration, organ
perforation or rupture, and thermal burns.* In addition,
blast waves may produce internal injuries that are often
occult, difficult to detect due to their non-visible nature
and the unique injury mechanisms involved.*>® Explo-
sive involve also has the potential to cause mass casu-
alty incidents (MCI) given their non-discriminatory and
spreading impact across wide areas.* Victims located
near the epicenter typically sustain immediate fatal or
severe injuries, while those further from the blast radius
are more likely to suffer minor to moderate trauma

(Fig. 1).” As a general rule, for every fatality, at least
two individuals sustain injuries.®

The global incidence of deaths due to armed conflict
and terrorism has been rising, with an estimated
129,700 fatalities reported in 2017 alone.® As blast
injuries increasingly occur in civilian settings,'®" there
is a growing need for emergency personnel to be pro-
ficient in the assessment, management, and triage of
blast-related trauma and potential MCls.'>"” Nonethe-
less, accidental explosions remain a more frequent
source of blast injuries among civilians. A notable
example is the 2020 Beirut harbor explosion, in which
the detonation of stored ammonium nitrate — located
adjacent to a fireworks warehouse — resulted in over
200 deaths and tens of thousands of injuries.'®

The distribution of injuries to the different body
regions varies and is often directly related to the mecha-
nism of the explosion and the location of the explosive
material.® The placement of IEDs at ground level as
opposed to a higher level leads to a different distribution
of body regions injuries. For example, in the 2013 Bos-
ton Marathon bombing, two IEDs were placed at ground
level causing predominantly lower extremity injuries.'®
Lung injuries and tympanic membrane perforations
were the most common following the 2004 Madrid train
bombings from over-pressurization in confined space.?
In contrast, the Beirut port shock wave occurred in an
open-air space, but quickly spread to the densely popu-
lated capital, where it was amplified by reflecting off
surfaces. The pressure of the blast wave caused exten-
sive damage to buildings and glass windows, resulting
in blunt head injuries from falling debris and masonry,
and penetrating wounds to the face and extremities.

To date, relatively few studies have systematically
investigated the risk factors associated with adult mor-
tality following blast trauma, particularly with respect
to differences in injury patterns between civilian and
military populations. These distinctions may be critical
in anticipating injury severity and guiding appropriate
medical response. Within this context, the present
study aims to examine and compare the injury profiles
and associated mortality risk factors from both acci-
dental and intentional explosions across civilian and
military settings.

Methods
Data sources and search strategy

A literature search was performed using Medline,
PubMed, Scopus, and through searching citations of
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Figure 1. Type of injuries according to distance from the explosion.

other original articles. MeSH terms utilized were explo-
sions, blast, blast waves, blast injuries, injury patterns,
and mass-casualty incidents. Articles published in Eng-
lish and Spanish were selected from 1/1/2014-3/31/2024
(Fig. 2). The authors attempted to register this system-
atic literature review in PROSPERO, as it does not
currently accept registrations for scoping reviews, lit-
erature reviews, or mapping reviews.

Study selection criteria

Only original and human subject research articles
were included, encompassing both prospective and
retrospective descriptive studies. Eligible studies
were required to report injury profiles, defined as the
distribution of injuries sustained from explosions
stratified by injury severity score (ISS) and abbrevi-
ated injury score (AIS) body region. Exclusion criteria
included studies involving non-human subjects, clini-
cal case reports, literature reviews, pediatric popula-
tions, and publications in languages other than English
or Spanish.

Data extraction

The first author (P. Petrone) supervised the entire
process, from article selection to data extraction meth-
odology. Data extraction was conducted in two phases:
One international research fellow (Jordi Marin-Garcia)
independently extracted the first set of data, which was
then verified by PP. In turn, PP extracted the second
set of data, which was subsequently verified by JMG.
For the articles published in Spanish, three of the first
three authors are native Spanish speaker, ensuring
accurate interpretation. Data were extracted using a
standardized table that included the following

P. Petrone et al. Trauma due to explosions

variables: Author, year of publication, study type, num-
ber of patients, age, gender, injury types, and injury
severity (as measured by ISS and AIS). To ensure
consistency and accuracy, any disagreement between
the authors was resolved through a structured consen-
sus process. Initial differences were identified during
independent data review and addressed through open
discussion. When informal consensus could not be
achieved, a third senior investigator was consulted to
provide an impartial opinion. This stepwise approach
ensured methodological rigor, minimized bias, and
maintained alignment with the study’s predefined cri-
teria and objectives.

This review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses and Assessing the methodological
quality of systematic reviews guidelines to ensure
methodological rigor and transparency. A comprehen-
sive literature search was performed to answer the
following PICO-formulated research question (Popula-
tion, Intervention, Comparison, and QOutcome):

— Population: Victims of explosion-related injuries

(civilian and military).

- Intervention/exposure: Blast exposure in different
operational contexts (war-related  vs.
non-war-related).

— Comparison: Injury pattern differences between
groups.

— Outcome: Distribution and severity of injury by
anatomical region.

An assessment of risk of bias was performed per
individual study, using the Newcastle - Ottawa Quality
Assessment Scale for both case control studies and
cohort studies as valid evaluation tool.

Given the heterogeneity in study designs, popula-
tions, and outcome measures, data from the included
studies were synthesized using a narrative synthesis
approach. The involved systematic categorization of key
themes, patterns, and findings across studies, with spe-
cific attention to contextual variables, such as setting,
intent of explosion, and injury mechanisms, enabled a
comprehensive synthesis of the available evidence and
facilitated the identification of recurring trends, knowl-
edge gaps, and clinically relevant associations

To assess the certainty of the overall body of evi-
dence, each outcome was evaluated using established
domains: risk of bias, inconsistency, indirectness,
imprecision, and publication bias. Certainty ratings
were assigned as high, moderate, low, or very low, and
any decision to downgrade the certainty was explicitly
documented and justified to ensure transparency.
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Databases studies: n = 10,028
(Medline, PubMed, Scopus)
References from other sources: n = 6
(References search)

Total = 10,034

°
)
=
=
(=
[
2

Studies excluded for not meeting
inclusion criteria: n = 9,847

Studies screened: n = 187

Studies included in the review: n = 16

Studies excluded: n = 171

- Pediatric population: n =3

- Asingle system: n = 20

- Not directly related to the topic: n = 126

- Did not include AIS or ISS assessment: n = 22

Figure 2. Preferred reporting items for systematic reviews and meta-analyses flowchart.

The AIS is an anatomically based injury severity
scoring system that rates injury by body region on a
six-point scale that provides data to calculate the
ISS.%"22 There are six regions of the body according to
the ISS classification to which injuries can be assigned,
although the AIS dictionary 2005 — Update 2008 is
divided into nine anatomical chapters.?>?%; head or
neck injuries, facial injuries, thoracic injuries, abdomi-
nal injuries, pelvic, extremity, or pelvic girdle injuries,
external injuries, and other traumatic injuries.

Statistical analysis
The data set was assessed for normality using the

Shapiro-Wilk test, and continuous data were analyzed
using Welch’s t-test.?#?®* The Welch’s t-test was

selected instead of the Student’s t-test because it
provides better control for type | errors when homosce-
dasticity (the assumption that the variance of the data
is homogeneous) is violated, while performing the
Student’s t-test when homoscedasticity is main-
tained.?®?” Discrete variables were compiled into con-
tingency tables to determine the odds ratio (OR).
Fisher’s exact test was used instead of the chi-square
for greater reliability.?® Continuous variables are
reported as mean with standard deviation (SD). Sta-
tistical significance was conferred if p < 0.05.

Results

Of the 10,028 articles initially identified through searches
of Medline, PubMed, and Scopus, ten met the predefined



inclusion criteria. An additional six eligible articles were
identified through citation tracking of original studies,
resulting in a total of 16 articles included in the final review
(Fig. 2). Duplicate publications were identified and
removed using automated software (Covidence; Mel-
bourne VIC 3000, Australia). All reviewers independently
evaluated these 16 studies and agreed on their inclusion
following a detailed assessment. Notably, only one of the
included articles directly compared outcomes between
civilian and military populations (Table 1).19.29-42

Study demographics

Of the 16 studies included, 9 (56%) investigated the
effects of explosions in the military populations, while
the remaining seven focused on civilian populations.
Across all studies, a total of 14,942 patients were
affected by explosions — 9,240 civilians and 5,702
military personnel. Collectively, 27,270 injuries were
reported: 17,620 in the civilian population resulting
from both terrorist and accidental explosions, and
9,650 in the military population. Demographic charac-
teristics of the study populations are summarized in
table 2. The average age of victims in the civilian
population was significantly higher than that of victims
of military casualties (40 + 3.7 vs. 24.5 + 1.4; p < 0.05).
However, there was no statistically significant differ-
ence in sex distribution, with a predominance of male
victims in both groups (79.4% vs. 79.0%; p > 0.05).
Mortality rates were also comparable between the two
populations (4.6% vs. 4.7%; p > 0.05). No independent
risk factors for mortality were identified that distin-
guished civilian from military outcomes (OR = 0.96,
95% confidence interval [Cl] = 0.82, 1.13; p = 0.659),
nor were there significant predictors for the occur-
rence of severe injuries, defined as ISS = 15 (OR =1,
95% Cl = 0.82, 1.23; p = 0.952).

Injury profile and severity of injuries

The overall distribution of injuries among civilians
did not differ significantly from that observed in the
military population. Injuries involving the head—face—
neck, thoracic, and abdominal regions occurred in
29.8% vs. 34%, 8.8% vs. 7.7%, and 7.3% vs. 6.5% of
cases, respectively. However, extremity injuries were
significantly more frequent among military casualties
than among civilians (39.8% vs. 30.8%; p < 0.05).
Conversely, head and thoracic injuries were more
prevalent in the civilian population (31.9% vs. 18.1%

P. Petrone et al. Trauma due to explosions

Table 1. Studies included by author and by type of population

Author Study period Type of n = 14,942
(year of publication) population
Rozenfeld et al.® 2004-2011 Military 474
Rozenfeld et al.? 2012-2013 Military 19
Shakargy et al.*® 2003-2014 Military 844
Heldenberg et al.” 2000-2005 Civilian 1261
Yuetal® 2015 Civilian 75
Sharrock et al.* 2003-2014 Military 80
Ashkenazi et al.®* 1994-2005 Civilian 66
Rozenfeld et al.* 1997-2016 Civilian 1025
Schweizer et al.® 2001-2018 Military 739
Maddry et al.¥ 2011-2014 Military 915
Nunziato et al.* 2015 Civilian 2682
Al-Hajj et al.®® 2020 Civilian 791
Tapia et al.0 2007-2020 Military 1526
Gebran et al.” 2020 Civilian 315
Rozenfeld et al.*! 1997-2018 Civilian- 3908
Military
Shakargy et al.*® 1982-2021 Military 222

Table 2. Demographics of the study population

Variable Civilian events Military events
Age 40 years (SD + 3.65) 24.5 years (SD + 1.41)
Sex, n (%)
Male 7366 (79.4) 4505 (79.0)
Female 1742 (20.6) 1197 (21.0)
Mortality, n (%) 421 (4.6) 267 (4.7)
ISS 8(IQR=2) 9 (IQR =10.5)

SD: standard deviation; ISS: injury severity score; IQR: interquartile range.

and 20.4% vs. 9.9%, respectively), while severe
extremity injuries occurred more commonly in military
personnel (51.8% vs. 30.9%). None of the included
studies specified whether the explosive devices
involved were high-order or low-order explosives.

Discussion

The objective of this review was to compare the risk
factors associated with mortality among patients injured
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by different types of explosions across civilian and
military settings. Interestingly, the finding data suggests
that, despite clear differences in the context and under-
lying causes of explosions between these populations,
there are several similarities in injury patterns and out-
comes. These commonalities may indicate the degree
of transferability in treatment strategies and clinical
management approaches across both settings.

As one would expect, the victims of war-related
explosions were young adults with a mean age of
24.5 years, while civilian victims had a mean age of
40.0 years. The patterns of injuries in the civilian popu-
lation showed a greater proportion of severe injuries to
the head and thoracic body regions and a lower inci-
dence of severe injuries to the pelvic and extremities
compared to the military population. These differences
can be ascribed to the types of explosive devices
responsible for the explosions in the civilian and mili-
tary environment and the universal use of protective
equipment by the military personnel. IEDs and land-
mines, also known as antipersonnel mines, are among
the most common causes of localized military explo-
sions aimed at increasing the logistic burden for caring
for the victims by causing either traumatic amputations
of the lower extremities or massive lower extremities
and pelvic injuries, as opposed to the civilian explo-
sions that predispose the victims to head and thoracic
injuries.*'*® Some degree of similarity between inten-
tional and terrorism explosions is observed when high
explosives are placed in maximum proximity to poten-
tial victims; in this setting, a massive amount of the
explosive energy is transferred to victims.*43

The placement of an explosive device in enclosed
environments, such as within a vehicle during assas-
sination attempts, or in confined public spaces like
buses, bars, or coffee shops during terrorist attacks,
amplifies the impact of the blast by redirecting and
concentrating the pressure wave toward victims inside
the space.*** In contrast, unintentional outdoor explo-
sions, like the one mentioned in Beirut, tend to pro-
duce a more heterogenous injury pattern due to the
dissipation of the blast wave in open air.?°

Explosions typically occur in one of four primary con-
texts: Domestic settings (e.g., gas leaks or residential
fires), industrial environments involving occupational
hazards (e.g., mining, demolition, or the production of
chemical products and fuels), armed conflict zones,
and acts of terrorism. An additional critical factor influ-
encing the resulting injury patterns is the physical envi-
ronment in which the explosion takes place, as factors
such as confinement, proximity, and structural

surroundings significantly affect the blast’s impact.
Underwater blast waves cause greater damage due to
the water’'s incompressibility.®*%" These waves travel
faster and farther than in the air, leading to more severe
injuries over longer distances.®* Personnel floating in
water are more prone to abdominal than thoracic inju-
ries, while fully submerged victims face equal risk of
both, even at 3 times the blast distance.*

Explosion-related injuries are classified into four

categories based on the mechanism of injury (Table 3
and Fig. 3) and by distance from the blast epicenter
(Fig. 1):

— Primary blast injuries result from the direct inter-
action of the blast shock wave with the body.
Gas-containing organs, such as the middle ear,
lungs, and gastrointestinal tract, are at particular
risk. In contrast, solid organs, including the skin,
are more resistant to the blast wave. Notably,
patients with isolated primary blast injury may
present with minimal signs of trauma despite sig-
nificant internal damage.

— Secondary blast injuries are caused by energized
fragments propelled by the blast. These include
both primary fragments (components of the ex-
plosive device itself) and secondary fragments
(environmental debris such as glass, metal, or
building materials). These injuries often result in
penetrating trauma, lacerations, traumatic ampu-
tations, and traumatic brain injury, and can affect
any part of the body.

— Tertiary blast injuries occur when the victim is
physically displaced by the blast wind and thrown
against a hard surface or when heavy objects are
propelled into the body. These injuries are com-
monly associated with blunt trauma, crush inju-
ries, and structural collapse. The combination of
primary and tertiary forces may lead to complex
injuries such as limb avulsion, crush syndrome,
and compartment syndrome.

— Quaternary blast injuries result from the thermal
effects of the blast, combustion gases, and
chemical or environmental contaminants. Victims
may present with thermal burns, asphyxiation,
and toxic syndromes secondary to fuel, metal
exposure, or environmental contamination.

Limitations of the evidence and review
process

Several limitations were identified in the available body
of evidence. First, there was substantial heterogeneity



Table 3. Classification of trauma explosion
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Mechanism Cause Organs affected Typical injuries
Primary Increased pressure Predominates in organs Tympanic rupture
with air: lungs, middle ear, L
gastrointestinal tract Lung injuries
Intestinal perforation
TBI
Eye injury
Secondary Splinters/shrapnel Whole body Penetrating injuries
Lacerations
Compartment syndrome
Tertiary The victim is thrown Whole body Blunt trauma (contusions, fractures, crush injuries)
against a stationary
object, or objects are Polytrauma
thrown towards people Amputations
Compartment syndrome
Crush syndrome
TBI
Quaternary Other explosion-related Whole body Burns
injuries (e.g., heat) Burns: unprotected skin (face, )
neck hands) Inhalation
Smoke poisoning
Infections
Quinary Bacteria, chemicals, Hyperinflammatory or Shock, fever, coagulopathy without clear trauma

radiologic materials

hypermetabolic responses

mechanisms

TBI: traumatic brain injury.

across studies in terms of study design, populations
examined, injury classification systems, and outcome
measures, which limited direct comparability and pre-
cluded pooled analysis. Many of the included studies
were retrospective or descriptive, often with small
sample sizes and limited external validity. In addition,
methodological details were frequently underreported,
reducing the ability to assess study quality and risk of
bias comprehensively.

Contextual factors — such as the type of explosive
device used, the environmental setting of the incident
(e.g., open vs. confined spaces), and the use of per-
sonal protective equipment — were inconsistently
reported, further complicating interpretation of find-
ings. Notably, within the civilian population, most stud-
ies did not differentiate between injuries resulting from
accidental explosions and those related to acts of

terrorism, limiting the specificity of conclusions drawn
for this subgroup.

Regarding the review process itself, several limita-
tions must also be acknowledged. Although a com-
prehensive and systematic search strategy was
employed, it is possible that relevant studies pub-
lished in non-English languages or non-Spanish lan-
guages, as well as those in the grey literature, were
inadvertently excluded. Screening and data extraction
were conducted independently by the authors, with
discrepancies resolved through consensus or third-
party adjudication. Nonetheless, the potential for sub-
jectivity in data interpretation remains and may have
influenced the synthesis of findings. The authors
emphasize that this review provides a descriptive syn-
thesis rather than a meta-analytic comparison.
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Tertiary:
Injuries to impact with
other objects (e.g. ground, walls)

Quaternary:
Other related injuries: burns, infections

Figure 3. Type of explosion injuries.

Conclusions

The findings of this review indicate that clinical
experience derived from explosions occurring in one
setting — such as military or combat zones — may not
be fully generalizable to explosions occurring in other
contexts, such as civilian or accidental events, as
demographic, environmental, and contextual factors
contribute to distinct injury patterns.
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To the Editor,

| would like to congratulate you on the publication
of the article by Moreno-Alfonso et al." entitled “Cel-
lular indices and acute-phase reactants as predictors
of abscess after appendectomy,” which is undoubtedly
relevant both to the management of the complications
of appendicitis mentioned in the present case and to
other surgical and nonsurgical conditions. This article
reaffirms the importance of the complete blood count
as the main initial paraclinical test, with very low cost
and high benefit in the management of patients with
appendicitis. As is well known, appendicitis has a
high incidence in today’s world and is the leading
cause of surgical emergency in both adults and chil-
dren.? In the latter, it is even more relevant, since the
approach is slowed down because the clinical history
is mainly obtained indirectly and because clinical
SIGNS may be masked. This leads to the presenta-
tion of complications such as perforation or abscess,
before and after surgical intervention, as mentioned
in the publication.

The literature had previously addressed the impor-
tance of acute-phase reactants as predictors of com-
plications in different diseases; however, one of the
highlights of the article is the comparison with three
parameters that are emerging today, namely the neu-
trophil-to-lymphocyte ratio, the platelet-to-lymphocyte
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ratio, and the direct bilirubin-to-lymphocyte ratio. The
neutrophil-to-lymphocyte ratio had already demon-
strated its usefulness in differentiating complicated
from uncomplicated appendicitis.® This contribution by
the authors will undoubtedly promote the development
of new studies to enrich the evidence currently avail-
able on these markers. To support this, we would like
to make a couple of comments regarding the method-
ology and the results obtained in the study.

First, the selection of patients should be mentioned,
including children younger than 15 years, which is to
be expected, since this specific population is more
susceptible to complications and, therefore, to greater
morbidity and mortality; however, it would be interest-
ing to apply their method in a different age group,
such as older adults, who are also considered at risk.

Second, in the method section, the treatment given
to patients in a homogeneous manner, based on cefo-
taxime and metronidazole, is mentioned. This is also
a standard measure in many patients with this dis-
ease, but it would be useful to mention whether there
is any literature on similar results using another anti-
biotic regimen.

Third, as part of the appendectomy approach, a
minimally invasive technique is mentioned: video-
assisted transumbilical appendectomy, which has
demonstrated, per se, a lower incidence of trans- and

Cir Cir (Eng). 2026;94(3):344-345
Contents available at PubMed
www.cirugiaycirujanos.com

2444-0507/© 2026 Academia Mexicana de Cirugia. Published by Permanyer. This is an open access article under the terms of the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0009-0009-1170-5966
https://orcid.org/0009-0006-7373-5181
http://crossmark.crossref.org/dialog/?doi=10.24875/CIRUE.M26000954&domain=pdf
mailto:nelsonantonio971%40gmail.com?subject=
http://dx.doi.org/10.24875/CIRUE.M26000954

N.A. Milanés-Gonzalez, J.E. Velazquez-Amador. Reinforcing the complete blood count in abscess

lymphocyte ratio
OR, 4.5

C-reactive protein

/ OR, 5.25
Platelet-to-lymphocyte ratio
OR, 7.2

Procalcitonin
OR, 8.6

N
N

y N

Figure 1. Representative pyramid of the findings presented by the
authors regarding the main objective of the article. OR, odds ratio.

postoperative complications compared with the usual
laparoscopic and laparotomy techniques. Although
the authors mention that there were no significant dif-
ferences regarding the occurrence of abscess after
appendectomy, other publications did report a differ-
ence, which could indicate selection bias.*

Finally, we would like to highlight the results reported
by the authors with a figure of our own creation
(Fig. 1).

We can only congratulate the authors on their suc-
cessful and interesting publication, which will be con-
sidered for future studies in the field of surgery. We
look forward to their response.
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