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Figura 3. Cambios en el pardmetro de atenuacion controlada (CAP).
Pre: preoperatorio; Pos: posoperatorio.
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Figura 4. Cambios en el grado de esteatosis.

siendo los niveles preoperatorios de 282 + 52 y a los
6 meses de la cirugia baridtrica de 238 + 46
(p = 0.0006). No se encontrd diferencia significativa
entre los procedimientos.

El grado de esteatosis se redujo en 22 pacientes
(66.6%), no cambié en 7 (21.2 %) y aumentd en
4 (12.1%), La esteatosis avanzada se erradic6 en la
mayoria de las pacientes, quedando en esta categoria
solo cinco. No se encontrd asociacion entre el grado
inicial y el grado final de esteatosis (Tabla 1y Fig. 4).

El 60.7% de las pacientes presentaban esteatosis
hepatica significativa (al menos de grado 1) y el 42.5%
esteatosis grave (al menos de grado 3). En general,
el 66% de las pacientes tuvieron una reduccién del
CAP y el 51% tuvieron una resolucion completa de la
esteatosis (Tabla 2).

Discusion

La elastografia es una novedosa técnica no inva-
siva para evaluar la fibrosis hepatica y la esteatosis,
la cual esta validada en la MASLD. Mide la velocidad
de la onda de corte, mediante una sonda portatil (M
o XL), en el espacio intercostal sobre el I6bulo hepa-
tico. Utilizando los algoritmos basados en el coefi-
ciente de atenuaciéon de elastografia transitoria
controlada por vibracion, las velocidades de corte de
onda se utilizan para generar las mediciones de rigi-
dez hepatica y el CAP, que se correlacionan con
fibrosis hepatica y esteatosis, respectivamente. En
particular, en pacientes con obesidad se ha demos-
trado la utilidad de la rigidez hepatica y del CAP para
el diagnostico de fibrosis y esteatosis'*.

La MASLD es una de las principales causas de
enfermedad hepatica; en la poblacion general, la
prevalencia es del 25-30%, y se estima que el
70-90% de los pacientes con obesidad desarrollan
MASLD, lo que subraya la necesidad de investigar
y encontrar enfoques terapéuticos efectivos. El obje-
tivo principal de este estudio fue determinar los
cambios en los niveles del CAP en pacientes some-
tidas a cirugia bariatrica, y su relevancia radica en
la necesidad de establecer unas pautas terapéuti-
cas mas efectivas para el manejo de estos padeci-
mientos. La obesidad y la MASLD son dos problemas
de salud que han adquirido gran importancia debido
a su creciente prevalencia en la sociedad actual. La
MASLD es una enfermedad multifactorial en la que
la obesidad desempefia un papel importante como
factor de riesgo. El método de referencia para el
diagndstico de MASLD es la biopsia de higado, pero
esta técnica invasiva presenta complicaciones y
limitaciones (dolor, sangrado, variabilidad de la toma
de muestra), por lo que en la actualidad se han
desarrollado métodos no invasivos para evaluar la
esteatosis hepatica, como la elastografia que mide
los niveles de CAP'S.

Los hallazgos de este estudio sugieren que la ciru-
gia bariatrica tiene un impacto positivo en los niveles
de CAP en pacientes con obesidad y MASLD. La
disminucion significativa del IMC posoperatorio indica
una reduccion considerable de la adiposidad corporal,
que podria estar asociada con la mejora del CAP.
Estos resultados se alinean con estudios previos que
muestran los efectos beneficiosos de la cirugia baria-
trica sobre la salud del higado en pacientes con obe-
sidad y MASLD. La reduccién de los niveles de CAP
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Tabla 1. Cambios en el grado de esteatosis (n = 33)

Grado de Grado de esteatosis posterior a la cirugia

esteatosis previo a

la cirugia GO (< 232 dB/m) G1 (232-256 dB/m) G2 (257-290 dB/m) G3 (> 290 dB/m)
GO (< 232 dB/m) 4 0 0 1

G1 (232-256 dB/m) 3 0 1 2

G2 (257-290 dB/m) 5 2 1 0

G3 (> 290 dB/m) 5 2 5 2

X2 = 9.537; p = 0.389.

Tabla 2. Resultados de la elastografia antes y después de la
cirugia (n = 33), cambios en el CAP

Datos de la elastografia Preoperatorio Posoperatorio

Niveles CAP (dB/m) 282 = 52 238 + 46

Grado GO (< 232 dB/m) 5 (15.2%) 17 (51.5%)
Grado G1 (232-256 dB/m) 6 (18.2%) 4(12.1%)
Grado G2 (257-290 dB/m) 8 (24.2%) 7(21.2%)
Grado G3 (> 290 dB/m) 14 (42.5%) 5 (15.2%)

indica una disminucion de la esteatosis hepatica y
una mejora general de la salud del higado.

Los mecanismos por los cuales la cirugia bariatrica
ejerce estos efectos positivos son multifactoriales. La
pérdida de peso lograda mediante la cirugia conduce
a una reduccion del tejido adiposo, particularmente
de la grasa visceral, que desempena un papel funda-
mental en el desarrollo y la progresion de la MASLD.
Ademas, la cirugia bariatrica puede mejorar la sensi-
bilidad a la insulina y los parametros metabdlicos, que
son factores importantes en la patogénesis de la
MASLD. Vale la pena sefialar que la cirugia bariatrica
es un procedimiento complejo y debe considerarse de
forma individual, teniendo en cuenta factores como
las preferencias del paciente, la comorbilidad y los
riesgos potenciales. Se necesita mas investigacion
para comprender mejor los efectos a largo plazo de
la cirugia baridtrica sobre los niveles de CAP y la
salud del higado en diferentes poblaciones de pacien-
tes. Este estudio contribuye al creciente conjunto de
evidencia que respalda la eficacia de la cirugia barié-
trica para mejorar la salud del higado en pacientes
con obesidad y MASLD. La investigacién continua en
este campo ayudara a perfeccionar los enfoques de
tratamiento y optimizar atin mas los resultados de los
pacientes.

Conclusiones

De acuerdo con los resultados de la investigacion, se
puede concluir que la cirugia bariatrica tiene un impacto
significativo en la reduccion de los niveles de CAP en
pacientes con antecedente de obesidad y enfermedad
de higado graso no alcohdlico. Las pacientes someti-
das a cirugia baritrica mostraron una disminucion sig-
nificativa en los niveles de CAP, asi como en el IMC y
el grado de esteatosis hepatica. Estos hallazgos res-
paldan la eficacia de la cirugia bariatrica como una
estrategia terapéutica para mejorar la salud metabdlica
y reducir la esteatosis hepatica en pacientes con obe-
sidad y MASLD. Sin embargo, es importante tener en
cuenta que se necesitan mas estudios para confirmar
estos resultados y comprender mejor los mecanismos
subyacentes. La cirugia bariatrica puede considerarse
como una opcién de tratamiento efectiva para pacien-
tes con obesidad y MASLD, ya que se ha demostrado
que reduce los niveles de CAP y mejora la esteatosis
hepatica. Estos hallazgos pueden tener implicaciones
importantes en el manejo clinico de los pacientes y en
el desarrollo de pautas terapéuticas méas efectivas.
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The effect of oleanolic acid on ischemia-reperfusion damage in
the rat inferior epigastric artery skin flap model

Efecto del acido oleandlico en el dano por isquemia-reperfusion en un modelo de colgajo
cutaneo de la arteria epigastrica inferior en ratas
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Abstract

Objective: The present study aimed to investigate the effects of oleanolic acid (OA) on I/R injury in a rat groin flap model.
Method: 21 male Wistar albino rats were randomly divided into three groups (n = 7): Group | (sham), Group Il (I/R), and
Group Il (OA+I/R). OA was administered intraperitoneally for five pre-operative days. Flap elevation was performed on the
6™ day, and the subjects were exposed to 2 h of ischemia followed by reperfusion. Biochemical and histopathological param-
eters were evaluated. Results: Group 3 presented a significantly diminished mean total oxidant stress relative to Group 2
(p = 0.002). Furthermore, a significant increase in total antioxidant capacity levels was observed in Group 3 compared to
Group 2 (p = 0.048). There was no statistically significant difference between the groups in terms of inflammation and edema
(p > 0.05). Necrosis did not develop in any of the samples. Conclusion: This study revealed that OA significantly reduces
oxidative stress and increases antioxidant capacity, potentially benefiting therapies for I/R injuries.

Keywords: Oleanolic acid. Ischemia. Reperfusion injury.
Resumen

Objetivo: Investigar los efectos del &cido oleandlico (AO) sobre el dafio por isquemia-reperfusion (I-R) en un modelo de
colgajo inguinal en ratas. Método: Se dividieron aleatoriamente 21 ratas albinas Wistar macho en tres grupos (n = 7): grupo
I (simulado), grupo Il (I-R) y grupo Il (AO + I-R). Se administré AO por via intraperitoneal durante 5 dias preoperatorios. La
elevacion del colgajo se realizo el sexto dia y los animales fueron expuestos a 2 horas de isquemia sequida de reperfusion.
Se evaluaron los parametros bioquimicos e histopatoldgicos. Resultados: El grupo 3 presentd una media significativamente
disminuida de estrés oxidante total en comparacion con el grupo 2 (p = 0.002). Ademas, se observé un aumento significativo
de los niveles de capacidad antioxidante total en el grupo 3 en comparacion con el grupo 2 (p = 0.048). No hubo diferencias
estadisticamente significativas entre los grupos en cuanto a inflamacion y edema (p > 0.05). No se desarrolld necrosis en
ninguna de las muestras. Conclusiones: Este estudio reveld que el AO reduce significativamente el estrés oxidativo y aumenta
la capacidad antioxidante, beneficiando potencialmente las terapias para lesiones por I-R.

Palabras clave: Acido oleandlico. Isquemia. Dafio por reperfusion.
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|ntroduction

Ischemia is a complex event caused by the inter-
ruption of local blood flow to a tissue or organ. Reper-
fusion, defined as the restoration of blood flow to
reverse ischemic damage, is expected to reintroduce
oxygen, remove metabolic waste products, and deliver
essential nutrients to the cells. However, reperfusion
can paradoxically exacerbate tissue damage, a phe-
nomenon known as ischemia-reperfusion (I/R) injury’.

In plastic, reconstructive, and esthetic surgery, tis-
sues often experience ischemia due to crush injuries,
circumferential burns, and traumatic amputations, with
revascularization achieved through fasciotomies, revas-
cularization, and replantation surgeries. During free tis-
sue transfers for soft tissue defect repair or reconstructive
surgeries, as well as in limb and facial transplantation,
tissues are inherently subjected to ischemia and reper-
fusion processes, which can compromise tissue sur-
vival and reduce surgical success?*.

Oleanolic acid (OA) is a biologically active pentacyclic
triterpenoid primarily derived from the fruit of the olive
tree (Olea europaea L.) and over 1,620 other plant spe-
cies. Pentacyclic triterpenoids, known for their bioactive
properties, such as antitumor, antiviral, antidiabetic, and
anti-inflammatory effects, hold significant therapeutic
potential. In China, OA has been used as an over-the-
counter hepatoprotective drug for decades*. OA and its
derivatives exhibit a wide range of biological activities
supporting their pharmaceutical use in various diseases,
including potential anti-tumor activity against several
cancer cell lines®®. OA has been reported to induce
apoptosis by modulating the regulation of anti-apoptotic
proteins and reducing oxidative stress in ischemic con-
ditions, demonstrating protective effects in liver, brain,
kidney, and heart tissues under I/R injury”2,

The aim of this study is to evaluate the effects of
pre-operatively administered OA on I/R injury in a rat
ischemia-reperfusion model using an inferior epigas-
tric artery skin island flap (groin flap).

Method

This experimental study was approved by the Uni-
versity of Health Sciences, Gulhane Local Ethics
Committee for Animal Experiments at our university
(Protocol number: 2022-2020). A total of 21 male Wis-
tar albino rats, which weighed 350-550 g, were kept
in individual special standard cages for rats, at a tem-
perature of 21-24°C, with 50% air humidity throughout

the day. All the rats were fed ad libitum with food and
water, and a 12-h automatic light/dark cycle was main-
tained. All of the surgical procedures were performed
at the same center according to the guidelines for the
care of laboratory animals published by the United
States National Institutes of Health.

The rats were randomly divided into three groups, with
seven rats in each group: group | (sham), group Il (I/R),
and group Il (OA+I/R). Over 5 days, animals were
treated without anesthesia as follows: group 1 was main-
tained under standard housing and feeding conditions
without intraperitoneal intervention. On the 6" day, under
general anesthesia, a 3 x 6 cm epigastric flap was
elevated and immediately replaced without ischemia or
reperfusion. After a 4-h waiting period, 1.5 x 1.5 cm
biopsies were taken from the distal flap for histopatho-
logical and biochemical analysis. Group 2 received intra-
peritoneal phosphate-buffered saline at a dose of 1 mL/
kg body weight for 5 days. On the 6" day, under general
anesthesia, a 3 x 6 cm epigastric flap was elevated, and
microvascular clamps were applied to induce a 2-h isch-
emia period, followed by 2 h of reperfusion. After reper-
fusion, animals were sacrificed under general anesthesia,
and 1.5 x 1.5 cm biopsies were taken from the flap for
analysis. Group 3 was treated with intraperitoneal OA,
with a purity of = 97% (Sigma Aldrich, USA), at a dose
of 8 mg/kg/day for 5 days (Fig. 1). On the 6™ day, under
general anesthesia, a 3 x 6 cm epigastric flap was
elevated, and ischemia was induced for 2 h using micro-
vascular clamps, followed by 2 h of reperfusion (Fig. 2).
After reperfusion, animals were sactificed under general
anesthesia, and 1.5 x 1.5 cm biopsies were taken from
the flap for analysis (Table 1).

Intraperitoneal injections were performed using a
30G needle at a 30-45° angle into the right lower
quadrant of the abdomen, following negative aspira-
tion, for 5 days. General anesthesia was administered
intraperitoneally with a mixture of 80-90 mg/kg ket-
amine (Ketalar, Pfizer Warner-Lambert, Turkey) and
5-10 mg/kg xylazine (Alfazyne, Alfasan International
BV, Netherlands), and the depth of anesthesia was
assessed by skin or toe pinch responses. For the
surgical procedure, animals were shaved from the
costal arch to approximately 7 cm below, and the infe-
rior epigastric artery skin island flap was elevated by
making a midline incision and dissecting the flap
medially to laterally, preserving the pedicle formed by
the inferior epigastric artery, vein, and nerve. The
surgical field was aseptically prepared using 10%
povidone-iodine. All rats were operated on under gen-
eral anesthesia by the same surgeon, who did not



Figure 1. The commercial form of oleanolic acid.

know which groups the rats belonged to. Preparation
and dissection of the epigastric artery island flap was
based on the description of Petry and Wortham'.
For biochemical analysis, the samples were centri-
fuged, transferred to Eppendorf tubes, and stored at
-80°C. After measuring their weights, the samples were
homogenized in a cocktail of Triton X solution and pro-
tease inhibitors at a volume 4 times their weight. The
total oxidant stress (TOS) and total antioxidant capacity
(TAC) levels were determined using Rel Assay Diag-
nostics test kits from Gaziantep, Turkey. TOS was mea-
sured using the Rel Assay Diagnostics test kit (Catalog
No: RL0024), which quantifies oxidants based on their
ability to oxidize a ferrous ion-chelator complex. The
color intensity of the formed complex is proportional to
the total oxidants present and is reported as micromolar
H,0, equivalents per liter (umol H,0, Eq/L)". TAC was
assessed using the Rel Assay Diagnostics test kit (Cat-
alog No: RL0017), which measures the reduction of the
blue-green ABTS.+ radical to colorless ABTS. The
absorbance change at 660 nm indicates the TAC of the
sample and is expressed as trolox equivalent mmol/L™®.
For histopathological analysis, tissue samples were
fixed in 4% formaldehyde and embedded in paraffin.
The paraffin-embedded blocks were sectioned at 4 um

M. Canli et al. Effect of oleanolic acid on the skin

Figure 2. Creation of ischemia with a microvascular clamp following
the design and elevation of the flap.

thickness, stained with Hematoxylin-Eosin, and exam-
ined semiquantitatively under a light microscope by a
pathologist. The analysis focused on inflammation,
including polymorph nucleated leukocytes (PMNL)
count and lymphocyte density, as well as edema and
necrosis in the papillary dermis. All histopathological
evaluations were conducted in a blinded manner at the
Medical Pathology Department of the University of
Health Sciences, Gulhane Faculty of Medicine.

Data were analyzed using IBM SPSS Statistics ver-
sion 21 (IBM SPSS Inc, Chicago, IL). Statistical sig-
nificance was set at p < 0.05. Descriptive statistics for
continuous variables included means + standard devi-
ations, medians, and ranges. Normality of the data
was assessed with the Kolmogorov-Smirnov test, and
homogeneity of variances was evaluated using Lev-
ene’s test. For non-normally distributed data with
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Table 1. Study groups

Procedures Group | (sham)

Group Il (VR)

Group Il (OA+I/R)

Care and treatment  Standard care for 5 days

Flap elevation

I/R time Immediate replacement of the

flap without ischemia

l

Sample collection

PBS administered intraperitoneally for
! 5 days (1 mL/kg/day)

Two hours of ischemia and 2 h of
reperfusion were induced in the flap

OA administered intraperitoneally
for 5 days (8 mg/kg/day)

l l

Flap elevation on the 6" day

Two hours of ischemia and 2 h of
reperfusion were induced in the flap

l !

1.5 x 1.5 cm samples were taken from the flap for biochemical and pathological analysis

I/R: ischemia reperfusion; OA: oleanclic acid; PBS: phosphate-buffered saline.

Table 2. Comparison of TOS, TAC, inflammation, edema, and necrosis data across groups

Parameters Group | (sham) Group Il (IR) Group Il (OA +R) p

TOS (umol H,0, equivalent/L (Mean + SD) 0.55+0.24 3.53+042 1.13+£0.52 0.001 (Group 1-2: 0.002, Group 1-3:
0.018, Group 2-3: 0.002)

TAC (mmol/L) (Mean £ SD) 0.16 £ 0.07 049+0.2 0.71£0.11 0.001 (Group 1-2: 0.003, Group 1-3:
0.002, Group 2-3: 0.048)

Inflammation (Mean + SD) 1+0.58 157 +0.79 114 +0.38 0.254

Edema (Mean + SD) 0.57 + 0.53 1.43 +0.98 0.71 £0.49 0.120

Necrosis (Mean + SD) 0+0 0+0 0+0 1.000

Bold values indicate statistically significant p values (p < 0.05) in pairwise comparisons (Mann-Whitney U test) following Kruskal-Wallis analysis. IR: ischemia reperfusion; OA: oleanolic

acid; SD: standard deviation; TAC: total antioxidant capacity; TOS: total oxidant stress.

more than two groups, the Kruskal-Wallis test was
used to compare distributions, and the Mann-Whitney
U test was applied to identify significant differences.

Results

The mean TOS levels were 0.55 + 0.24 umol H,0,
equivalent/L in the sham group, 3.53 + 0.42 umol H,0,
equivalent/L in the I/R group, and 1.13 + 0.52 umol
H,0, equivalent/L in the OA+I/R group, with statistically
significant differences among all groups (p = 0.001).
For TAC, the mean values were 0.16 + 0.07 mmol/L in
the sham group, 0.49 + 0.2 mmol/L in the IR group,
and 0.71 = 0.11 mmol/L in the OA+I/R group, also show-
ing significant differences (p = 0.001). There were no
statistically significant differences in inflammation or
edema among the groups (p > 0.05), and no necrosis
was observed in any samples (Table 2, Figs. 3 and 4).

Discussion

OA (3B-hydroxy-olean-12-en-28-oic acid) is a triter-
penoid compound that occurs naturally in various

plant species'. It is a potent antioxidant that neutral-
izes free radicals. Numerous studies have demon-
strated the antioxidant effects of OA by protecting cell
membranes and reducing oxidative stress". OA reduces
inflammation by inhibiting various inflammatory cyto-
kines and enzymes'. Due to its anti-inflammatory, anti-
tumor, antiviral, antidiabetic, antihyperlipidemic, and
hepatoprotective properties, OA has been investi-
gated in many medical studies concerning various
neurological diseases, diabetes, cardiovascular dis-
eases, cancer, rheumatoid arthritis, ulcerative colitis,
asthma, allergic rhinitis, and other inflammatory condi-
tions; it is believed that many of these effects are
attributed to the antioxidant properties of OAY.

With the recent popularity of free tissue transfers
and limb and facial transplantations, I/R injury has
emerged as a significant parameter affecting tissue
survival and surgical success?3. The pathophysiology
of I/R injury includes reactive oxygen species (ROS),
PMNL, the complement system, and endothelial cells.
ROS are continuously produced by normal oxygen
utilization in the body, such as respiration, and by
certain  cell-mediated  immune  functions®™.
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Figure 4. Histopathological analysis showing inflammation, edema, and necrosis in hematoxylin and eosin-stained light microscopy images:
(A) Group | (Sham), (B) Group Il (I/R), (C) Group Ill (OA + I/R). IR: ischemia reperfusion; OA: oleanolic acid.

While physiological concentrations of ROS are neces-
sary for normal cell function, excess ROS, if not effec-
tively cleared by cellular components, can react with
various biomolecules, such as DNAZ2, lipids?!, and
proteins?, initiating peroxidation of membrane lipids
and leading to the accumulation of lipid peroxides.
Consequently, DNA and proteins may sustain dam-
age, resulting in disease states. In fact, ROS have
been associated with over 100 diseases?®. During I/R
injury, the amount of ROS increases, thereby exacer-
bating oxidative stress. A balance between oxidants
and antioxidants is important in preventing flap loss.

Antioxidants neutralize free radicals in cells, reducing
oxidative stress and preventing cellular damage®. In
this study, we aimed to investigate the protective
effects of OA against I/R injury observed during the
surgery of skin flaps by utilizing its antioxidant proper-
ties. To date, no study has specifically investigated
the effects of OA in flap surgery, making our study a
pilot investigation in this regard.

Li et al. conducted a study administering OA intra-
peritoneally, concluding that OA reduces oxidative
stress®. Han et al. created a subarachnoid hemorrhage
model in animals to investigate the antioxidant effects
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of OA, observing that oxidative stress was reduced,
and neuronal apoptosis was inhibited in treated ani-
mals. Moreover, OA’s antioxidant effects were shown
to activate the nuclear factor erythroid 2—related factor
2 / Heme oxygenase-1 (Nrf2/HO-1)-1 pathway?6. Wang
et al. confirmed that OA enhances antioxidant capacity,
reducing oxidative stress and demonstrating potent
antioxidant activity?’. In a review by Fernandez-Aparicio
et al., the reducing effects of OA on oxidative stress
were examined. This review analyzed over 5,000 arti-
cles published in the past 20 years and presented
results from 13 animal experiments and three cell-level
studies investigating the effects of OA on oxidative
stress. The review concluded that OA effectively
reduces oxidative stress, modulating the IRS/PI3K/Akt/
FoxO1 signaling pathway®. In our study, the highest
oxidative stress was observed in the control group
exposed to I/R injury. The group administered OA
exhibited significantly lower oxidative stress compared
to the control group, clearly attributable to the antioxi-
dant effects of OA.

TAC is a test that measures the amount of all free
radicals that can be neutralized by antioxidants in a
biological sample. It provides information about the
presence and activity of antioxidants'. TAC is gener-
ally measured in plasma, serum, or tissues and is
used in studies to evaluate the efficacy of antioxidant
supplements. Considering the important roles of
ROS and antioxidant molecules during I/R injury,
measuring TAC may provide insights into the severity
of I/R injury®. In a study by Li et al., the antioxidant
effects of OA were explored in an animal model.
Although TAC was not measured, the functions of
superoxide dismutase (SOD) were assessed, reveal-
ing a significant increase in SOD activity in animals
treated with OA%. Wang et al. also demonstrated an
increase in antioxidant capacity following the admin-
istration of OA in another animal study?’. Gao et al.
observed that the application of OA led to an increase
in the activities of antioxidant enzymes, such as SOD
and glutathione peroxidase'. While TAC was not
directly measured in these studies, the increase in
enzyme activities illustrated the antioxidant efficacy
of OA. In our study, the lowest antioxidant activity
was observed in the sham group, while the I/R group
exhibited a higher antioxidant capacity compared to
the sham group. The highest antioxidant capacity was
found in the group treated with OA. Since the sham
group did not undergo ischemia, an increase in oxida-
tive stress and a low level of antioxidant capacity were
expected. In the control group, where I/R injury

occurred, an increase in antioxidant capacity was
noted. However, the highest antioxidant capacity was
observed in the group administered OA intraperitone-
ally. These data suggest that OA mitigates oxidative
stress by increasing antioxidant capacity. Previous
studies have similarly indicated that OA enhances
antioxidant capacity'”?’. Our findings align with the
existing literature regarding the elevation of antioxi-
dant capacity in the context of ischemia-reperfusion
during flap surgery.

The pathophysiology of I/R injury arises from a
series of inflammatory responses. Initially, in response
to tissue hypoxia, there is an increase in neutrophils,
monocytes, and other immune cells. This leads to the
release of pro-inflammatory cytokines (interleukin [IL]-
1, tumor necrosis factor-alpha, and IL-6), which bind
to receptors on vascular endothelial cells and other
immune cells, prompting further migration of neutro-
phils and monocytes. These cells then migrate to dam-
aged tissues, perpetuating the inflammatory response.
While there is no definitive treatment for I/R injury,
therapeutic efforts focus on suppressing inflamma-
tion3%3', highlighting the critical role of inflammation in
I/R injury. In a cellular study by Yan et al., OA was
shown to inhibit cell adhesion by reducing intercellular
adhesion molecule-1 (ICAM-1) expression, thereby
suppressing inflammation®. In a study by Singh et al.,
OA was demonstrated to reduce both inflammation
and edema in rats subjected to inflammation and
edema induction®. Lee et al. showed that OA effec-
tively reduces inflammation in cellular studies. Their
findings suggest that OA possesses anti-inflammatory
effects by inhibiting hyperpermeability, the expression
of cell adhesion molecules, and the adhesion and
migration of leukocytes, indicating its potential as a
therapeutic option for inflammation-related diseases®.
In our study, although no statistical differences were
found among groups, the inflammation and edema
values in the OA group were found to be closer to
those of the sham group. The control group exposed
to ischemia exhibited higher levels of both inflamma-
tion and edema compared to the other two groups.
This difference suggests that OA may suppress both
inflammation and edema, likely linked to the reduction
of oxidative stress, although the results were not sta-
tistically significant.

Despite showing antioxidant and anti-inflammatory
effects, these molecules have not yet been therapeuti-
cally applied in humans. This is primarily due to the
lack of synthesized OA derivatives that meet the
requirements for adequate water solubility and



bioavailability®s. Therefore, it is essential to develop
new terpenoid derivatives that not only address solu-
bility issues but also enhance therapeutic effects.

To date, no studies have been found in the literature
regarding the protective effects of OA on I/R injury
observed in skin flaps. Our study serves as a pioneer-
ing investigation in this area. It is a randomized con-
trolled and prospective study, which are strengths of
this research. A limitation of our study is that it was
conducted on a small animal group without supporting
clinical trials.

Conclusions

The findings of this study demonstrate that OA
effectively reduces oxidative stress and enhances
antioxidant capacity in skin flaps subjected to I/R
injury. Although no statistical differences were found
in inflammation and edema values, observationally,
the inflammation and edema values in the OA group
were closer to those of the sham group. These
results suggest that OA holds potential as a protec-
tive agent against I/R-induced skin tissue damage.
Further research, including large-scale, clinically
controlled, randomized trials, is warranted to sub-
stantiate these findings. In addition, the develop-
ment of an effective clinical derivative of OA remains
a critical goal for translating these results into thera-
peutic applications.
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Abstract

Objective: This study aimed to evaluate the impact of varying altitude levels on anesthetic parameters in pregnant women
undergoing cesarean sections under neuraxial anesthesia. Method: Conducted at three different altitudes: sea level (0-10 m,
Giresun-Group G), moderate altitude (810 m, Corum-Group C), and high altitude (1725 m, Van-Group V), this study included
98 patients undergoing elective cesarean sections. All were administered the same anesthetic protocol. We assessed anesthetic
characteristics and hemodynamic parameters. Results: Patients at sea level showed a significantly lower upper sensory block
limit than those at higher altitudes (p < 0.01). The time to reach each Modified Bromage scale level varied, with the shortest
at moderate altitudes and longest at high altitudes, particularly noted at the third scale level (p < 0.01). Group G had a sig-
nificantly higher cerebrospinal fluid pH (p < 0.01). Although sensory block duration differences were not significant, motor block
duration was notably longer at moderate altitude (p < 0.01). Conclusions: Minimal effect on spinal anesthetic block times was
observed due to the close proximity of the altitude levels studied. Future research should include higher altitudes and more
patients to determine the effect of altitude on anesthetic efficacy and safety.

Keywords: Acclimatization. Anesthesia. Pregnancy. Headache. High altitude.
Resumen

Objetivo: Evaluar el impacto del nivel de altitud en los pardmetros anestésicos en mujeres embarazadas sometidas a cesdrea
bajo anestesia neuroaxial. Método: El estudio se realizo a tres altitudes diferentes: nivel del mar (0-10 m, Giresun, grupo G),
altitud moderada (810 m, Corum, grupo C) y altitud elevada (1725 m, Van, grupo V). Se incluyeron 98 pacientes sometidas
a cesdrea electiva. A todas se les administré el mismo protocolo anestésico. Se evaluaron las caracteristicas anestésicas y
los parametros hemodinamicos. Resultados: Las pacientes a nivel del mar mostraron un limite superior de bloqueo sensorial
significativamente inferior que las situadas a mayor altitud (p < 0.01). El tiempo para alcanzar cada nivel de la escala de
Bromage modificada varid, siendo el mds corto a altitud moderada y el mds largo a altitud elevada, especialmente en el tercer
nivel de la escala (p < 0.01). El grupo G tenia un pH del liquido cefalorraquideo significativamente mas alto (p < 0.01). Aun-
que las diferencias en la duracion del bloqueo sensorial no fueron significativas, la duracion del bloqueo motor fue notablemente
mayor a altitud moderada (p < 0.01). Conclusiones: Se observd un efecto minimo sobre los tiempos de bloqueo anestésico
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espinal debido a la proximidad de los niveles de altitud estudiados. Las investigaciones futuras deberian incluir altitudes
mayores y mas pacientes para determinar el efecto de la altitud en la eficacia y la seguridad de la anestesia.

Palabras clave: Aclimatacion. Anestesia. Embarazo. Cefalea. Gran altitud.

|ntroduction

According to the Society of Mountain Medicine,
there are three high altitude regions: 1500-3500 m is
high altitude, 3500-5500 m is very high altitude, and
5500 m and over is extremely high altitude’. More than
100 million people per year visit or travel to highly
altitudinous mountain areas for professional, touristic,
sports-related, or religious reasons. An estimated
140 million people live at high altitudes (> 2500 m).
Individuals living at high and moderately high altitudes
undergo respiratory, cardiovascular, and hematologi-
cal changes to adapt to the conditions?®.

As a result of acclimatization, cerebrospinal fluid
(CSF) volume increases, and the acid—base balance
changes. It has been suggested that these changes
are the result of the hyperventilation response to
hypoxemia®. The increase in CSF volume may con-
tribute to the variabilities noted in motor and sensorial
block times during spinal anesthesia. The pH of CSF
has been found to be acidotic in highlanders, but the
pH returned to normal levels after acclimatization®®.

Postdural puncture headache (PDPH) is a possible
complication of unintentional dural puncture during
epidural anesthesia or intentional dural puncture dur-
ing spinal anesthesia. The incidence of PDPH after
spinal anesthesia depends more on the size of the
needle than on the needle’s diameter’. Although
reported in many studies featuring a higher frequency
of pregnancy-related PDPH, the effect of high altitude
is still unknown. However, we hypothesized that the
frequency of PDPH may increase with changes in
volume and acid-base balance of CSF.

The onset time and duration of spinal sensory and
motor block are affected by factors such as the age,
gender, and height of the patient, and the dose and
content of the drug®. However, whether block time is
affected by CSF changes in patients living at high
altitudes is still unknown.

In this study, we aimed to investigate the effect of
high altitude on CSF pH and anesthetic consider-
ations, such as motor and sensorial onset time and
duration after spinal anesthesia, hemodynamic
changes during surgery, and the incidence of PDPH
in patients who underwent cesarean section surgery.

Method

Study design and population

This prospective controlled study was carried out
among pregnant women living in city centers at three
different altitudes (Giresun, 0-10 m; Corum, 810 m;
and Van, 1725 m) who underwent elective cesarean
sections after the approval of clinical trials
(NCT05715476). All procedures involved in the study
were explained to the pregnant women, and their oral
and written consent was obtained. This study was
performed in accordance with the tenets of the Dec-
laration of Helsinki and was reported following the
Strengthening the Reporting of Observational Studies
in Epidemiology statement?.

Pregnant women who were aged between 18 and
40 years, were 160-170 cm tall, and had been living
for at least one month at the place of the study were
included in the study. Pregnant women who had an
American Society of Anesthesiologists Il status
caused by something other than pregnancy, who had
contraindicated conditions for spinal anesthesia, such
as infection at the needle insertion site and clotting
disorders, and who were to be operated on under
emergent conditions were excluded from the study.
Those living in Giresun were called Group G, those
living in Corum were called Group C, and those living
in Van were called Group V. A flowchart regarding the
creation of groups is shown in figure 1.

Anesthetic management

Standard monitoring (non-invasive blood pressure,
electrocardiogram, pulse oximeter) was applied to the
patients taken to the operating table. The same anes-
thesia protocol was applied to all patients at each
altitude. In the sitting position, the spinal range was
entered at the L4-L5 dural space using a 25 G Quincke
triple needle. A sample of CSF was dropped onto pH
indicator paper (Lyphan, Dr. Gerhard Kloz GmbH),
which changed color and was evaluated using a scale.

Immediately afterwards, 12 mg of 0.5% hyperbaric
bupivacaine was given, and the patient was quickly
brought to a 15° left lateral position. The patient’s
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Figure 1. Consolidated standards of reporting trials flow diagram.

sensory block level was evaluated using a pinprick
test, and the motor block level was evaluated using a
Modified Bromage (MB) scale (0: No paralysis, the
patient can bring their foot and knee exactly to flexion;
1: They can move only their knee and foot; they can’t
lift their leg straight; 2: They can bring their knee to
flexion; they can move only their foot; 3: They can't
move their foot joint or thumb; they have full
paralysis).

When the sensory block achieved the thoracic 6
dermatome (T6 dermatome) level, surgery began. If
there were not enough blocks within the first 10 min-
utes after the intrathecal injection, technical failure
was accepted, and general anesthesia was per-
formed. Such patients were excluded from the study
(Fig. 1; shown in the flow chart). The patients’ heart
rate, mean arterial pressure, and peripheral oxygen
saturation parameters were recorded 8 times. The
data were recorded at T1 (basal value), T2 (3" min),
T3 (5" min), T4 (10" min), T5 (15" min), T6 (30" min),
T7 (45" min), and T8 (60" min). If a 20% decrease
compared to pre-procedure values was noted in blood
pressure, 10 mg of ephedrine was administered intra-
venously. If the heart rate fell below 45 beats/min,
0.5 mg of atropine was administered.

The number of spinal anesthesia applications given
and their durations, the time required until T6 derma-
tome block formation, the time required to reach each
level of the MB scale, the highest sensory block level
reached, and the presence of anesthesia complications,
such as hypotension, bradycardia, were recorded.
Patients who were taken to the recovery unit at the end
of surgery were transferred to the floor when their sen-
sory block level was below the T6 dermatome and Modi-
fied Aldrete score was above 8. Patients’ sensory block
duration was followed up in the ward (time from local
anesthetic injection to S2 dermatome sensation), and
motor block duration (time from local anesthetic injection
to full motor function improvement) was recorded.

The patients were questioned about PDPH on the
first and seventh days post-operation by the researcher
via phone call. The patients with PDPH were given
3.000 mL of crystalloid every day and paracetamol
3 times a day. Drinking caffeinated beverages was
recommended.

Outcomes

The primary aim of this study is that different alti-
tude levels; to see how it affects CSF pH and whether
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Table 1. Demographic characteristics of patients

Patients data  Group G Group C Group V p
(0-10 m) (810 m) (1725 m)
n=34 n=32 n=232
Age (year) 31+£5 29+6 29+7 0.19
Weight (kg) 794+39 782+54 782+65 0.57
Height (cm) 163 + 3 164 + 4 164 + 4 0.46
BMI (kg/lcm?)  298+18 29.0+16 289+19 0.11

Variables are presented as mean = standard deviation. A one-way ANOVA test was
used. BMI: body mass index.

the local anesthetic drug we use in spinal anesthesia
has an effect on motor and sensory block durations.
Secondary aims are to see the effects of different
altitude levels on PDPH and post-operative nausea
and vomiting (PONV).

Statistical analysis

Sample size; the minimum number of patients
required to complete our study with 95% confidence
level (o = 0.05) and 80% power was calculated as 31
for each group, a total of 93. The IBM-Statistical Pack-
age for the Social Sciences (IBM-SPSS Inc., Chicago,
IL, USA) 22.0 program was used in the analysis of the
data obtained in the study. The variables were inves-
tigated with “Shapiro-Wilk” test to determine whether
or not they are normally distributed. Continuous vari-
ables were expressed as mean and standard devia-
tion or (median (25-75" percentile)) according to
distribution, and categorical variables were presented
as numbers and percentages. In the analysis of con-
tinuous variables, the “One-Way analysis of variance
(ANOVA) test” was performed in cases where para-
metric test assumptions were provided. Otherwise,
the “Kruskal-Wallis test” was performed. Bonferroni or
Games-Howell tests were performed for post hoc
comparisons. Categorical variables were compared
using the Chi-square test. Variance analysis (ANOVA)
was used for repetitive measurements between the
groups at different times. Statistical significance level
was accepted as p < 0.05.

Results
The patients were similar in age, gender, weight,

height, and body mass index (p > 0.05) (Table 1).
When the groups were evaluated in terms of heart
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Figure 2. Variation of heart rate mean values with time.
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Figure 4. Variation of SpO, mean values with time.

rate, there were statistically significant differences at
all times except T2 and T3 (p < 0.01) (Fig. 2). Mean
arterial pressure was not significant at all times; how-
ever, it was significantly higher at baseline in patients
living at sea level than other groups (Fig. 3). Similarly,
peripheral oxygen saturation was significantly higher
only at the baseline time and T4 in patients living at
sea level than other groups (Fig. 4).
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Table 2. Characteristics of spinal block by groups

Variables Group G Group C Group V p
(0-10 m) (810 m) (1725 m)
n=34 n=232 n=32
Thoracic-6 dermatome reach time (s)* 160 (120-220) 130 (120-150) 154 (106-174) 0.30
Highest level of sensory block™ (%)
T2 1(2.9) 0(0)y 2(6.3) <0.01
T3 0(0) 0(0) 1(3.1)
T4 19 (55.9) 17 (53.1) 23 (71.9)
T5 13 (38.2)2 11 (34.4) 0 (o)
T6 1(2.9) 4 (12.5) 6 (18.8)°
MB1 reach time (s)* 100 (90-115) 98.5(90-110) 100 (95.5-147.5) 0.09
MB2 reach time (s)* 155 (120-195) 140 (120-160) 158 (137-197) 0.08
MB3 reach time (s)* 248 (210-300) 210 (195-240)° 325 (280-414)° <0.01
The number of patients required ephedrine™ (%) <0.01
Yes 14 (41.2 1(3.1)p 10 (31.3)2
No 20 (58.8 31(96.9)° 22 (68.8)
CSF pH* 7.50 (7.50-7.50) 7.40 (7.38-7.40)° 7.40 (7.30-7.40)° < 0.01
CSF pH classification™ (%)
Neutral 0(0) 32 (100)° 19 (59.4)° < 0.01
Acidosis 0(0) 0(0)y 8(25)°
Alkalosis 34 (100) 0 (o) 5(15.6)°

*Kruskal-Wallis test
**Chi-square test.

Each superscript symbol (a, b, ¢) denotes a subset of source group categories whose column proportions do not differ significantly from each other at the 0.05 level. Variables were

presented median (Q1-Q3) or frequency (%), and p < 0.05 was expressed as bold point.

MB: modified bromage scale; CSF: cerebrospinal fluid; T2: postspinal 3¢ min; T3: postspinal 5" min; T4: postspinal 10" min; T5: postspinal 15" min; T6: postspinal 30" min.

The times to the onset of sensory blockage to the
T6 dermatome were similar among the groups. How-
ever, the upper limit of the sensory blockage was
significantly lower in those at sea level compared to
those in the other groups (p < 0.01). MB scales were
evaluated, and although the time required to reach
each MB level was significantly shorter in patients liv-
ing at moderately high altitudes, it was significantly
longer in Group V patients (those living at the highest
altitude). A statistically significant difference was
found only in the third MB scale level (p < 0.01). The
frequency of administration of ephedrine was lowest
in patients living at moderately high altitudes (p < 0.01)
(Table 2).

The pH of the sea level group’s CSF was signifi-
cantly high (p < 0.01). Patients living at sea level had
alkalotic CSF, while those at a moderate altitude had
pH-neutral CSF. In the high-altitude group, 25% of the
patients had acidotic CSF, and 15.6% had alkalotic pH
CSF (p < 0.01) (Fig. 5 and Table 2).

Sensory and motor block times in the post-operative
period were longer in the moderate altitude group.
This was not significant in terms of sensory block, but
it was significant in terms of motor block duration

W Alalosis
W Neutral

10000 W Acidosis
000
000
[1o020] [10020}
00
2000
ol ) =)

Group G Growp C Group V

Percentages

Figure 5. Cerebrospinal fluid pH category by groups.

(p: 0.05 and p < 0.01; respectively). The incidences of
PDPH and PONV were similar between the groups
(p: 0.55 and p: 0.15; respectively) (Table 3).

Discussion
According to the literature review, when selecting

an anesthesia method, it is best to apply the tech-
nique that causes the least effect on ventilation.
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Table 3. Post-operative period anesthetic characteristics

Variables Group G Group C Group V p
(0-10 m) (810 m) (1725 m)
n=34 n=32 n=32
Sensory block Time (min)* 151.68 + 41.80 174.06 + 47.64 147.47 + 42.86 0.05
Motor block Time (min)* 163.50 + 41.212 213.03 + 49.35° 167.81 + 71.472 <0.01
PDPH** (%)
Yes 1(2.9) 3(9.4) 2(6.3) 0.55
No 33(97.1) 29 (90.6) 30(93.8)
PONV** (%)
Yes 0(0) 3(9.4) 1(3.1) 0.15
No 34 (100) 29 (90.6) 31(96.9)
*One-Way ANOVA test.
**Chi-square test.

Variables are shown as mean + standard deviation or n (%). Each superscript symbol (a, b) denotes a subset of source group categories whose column proportions do not differ
significantly from each other at the 0.05 level. Variables were presented as mean + standard deviation or frequency (%), and p < 0.05 was expressed as bold point.

PDPH: postdural puncture headache; PONV: post-operative nausea and vomiting.

Neuroaxial anesthesia techniques are more appropri-
ate for those living at high altitudes due to the delay
in gastric emptying®. Few studies are available on the
onset time and duration of spinal anesthesia in those
living at high altitudes. Aksoy et al.’ observed that
onset time is shorter and the duration is longer in
those at sea level than in highlanders. Moreover, there
are many factors that affect the intrathecal spread of
local anesthetics, such as age, sex, height, and
weight. Highlanders experience an increase in CSF,
which is the biggest factor that causes variability in
spinal sensory anesthesia. In the study, we performed
spinal anesthesia on all patients and recorded no dif-
ferences in the time it took for the block to reach the
T6 dermatome. However, motor block duration was
significantly longest at the highest altitude (Group V)
and shortest at sea level (Group G). The highlanders’
delayed motor block start time may be attributed to
the increased CSF volume.

Chronic hypoxia causes increased blood pressure
in humans living in the highlands2. We found that
heart rate in patients living at moderately high alti-
tudes (Group C, 810 m) was higher after spinal anes-
thesia during surgery, except during the second and
third minutes. On the other hand, peripheral oxygen
saturation and blood pressure were statistically sig-
nificantly higher at baseline in patients living at sea
level (Group G, 0-10 m). This study selected young
healthy patients to undergo surgery; thus, advanced
hemodynamic monitoring was not required for this
assessment.

PDPH is a common complication of cesarean sec-
tion under spinal anesthesia that causes serious dis-
comfort in patients'. Headache is believed to be more

prevalent in patients living at high altitudes due to
increased cerebral blood flow and/or restriction in
cerebral venous outflow'. Higher CSF pressure has
also been reported to cause more leakage, causing a
higher PDPH incidence'. There are limited studies in
the literature that compare the effects of spinal anes-
thesia on anesthetic parameters at different altitudes.
In one study, PDPH prevalence was found to be higher
among patients living at medium-high altitudes than
at sea level®. In our study, we found no statistically
significant difference in PDPH incidence between the
groups.

PONV is a common adverse effect of anesthesia
and surgery that may cause patient dissatisfaction
and lead to prolonged hospital stays and higher costs.
One study found no difference in terms of PONV when
comparing total intravenous anesthesia and inhalation
anesthesia in highlanders'™. Another suggested that
all patients be considered at risk for PONV because
of significantly delayed gastric emptying®. In our study,
the frequency of PONV was similar between the
groups.

In one study, the pH of CSF in highlanders was found
to be more acidotic as a result of hypoxia, but studies
have shown that pH returns to normal as a result of
time-dependent acclimatization''. In our study, follow-
ing dural puncture, a sample of CSF was dropped onto
pH paper and evaluated. We found that CSF is alkalotic
at sea level compared to high altitudes.

Limitations

It would have been better to analyze the pH of the
CSF in a laboratory instead of using pH meter paper.
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The study’s patient group was young and healthy;
therefore, invasive hemodynamic monitoring was not
warranted. If we could have used such monitorization,
we could have accessed more precise data on the
hemodynamic differences caused by high altitudes.

Conclusions

We theorized that high altitudes would cause a more
acidotic cellular environment due to hypoxia and that,
accordingly, more local anesthetic agents would be
needed. However, when we compared it at different
altitudes, we could not reach the results we hypoth-
esized for the block times. Therefore, we think that a
comparison should be made with more patients at
much higher altitudes.
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Analisis de la calidad de vida a medio-largo plazo en pacientes
bariatricos mediante el sistema BAROS modificado

Analysis of quality of life in the medium-long term in bariatric patients using the modified
BAROS system

Karina Maiocchi-Segredo*, Homero Beltran-Herrera, Antoni Llueca-Abella y Manuel Laguna-Sastre

Unidad de Endocrinologia y Cirugia Baridtrica y Enfermedades Metabdlicas; Servicio de Cirugia General y del Aparato Digestivo. Hospital General
Universitario de Castellon, Castellon, Espafa

Resumen

Objetivo: Analizar la calidad de vida (CV), el porcentaje de exceso de peso perdido (EWL, effective weight lost) y la resolucidn
de la comorbilidad mediante el cuestionario BAROS (Bariatric Analysis and Reporting Outcome System) modificado.
Método: Se aplico el cuestionario de CV Moorehead-Ardelt Il (M-A 11)-BAROS modificado en su version validada al espafiol.
Anadlisis unicéntrico ambispectivo. Resultados: Se incluyeron 115 pacientes con una media de 7 afios desde la intervencion
(DE: 2.11), con gastrectomia vertical (GV) 48 y 67 con bypass gastrico yeyunal (BPGY), laparoscdpicos. La edad media fue
de 47.65 afos (RIC: 27-63) (p < 0.975). La reduccion promedio del indice de masa corporal fue de 33 kg/m? (DE: 6.34). El
peso perdido con GV fue de 98 kg y con BPGY de 83 kg (p < 0.0001). EI EWL con GV fue del 22.25% y con BPGY del
30.94% (p = 0.0001). La resolucion de comorbilidad se logré en el 49% (p = 0.033), el 60% con GV frente al 40% con BPGY
(p = 0.033). Hubo complicaciones posoperatorias en el 3% (2% con GV y 1% con BPGY). El valor medio de BAROS fue de
5.7 puntos (DE: 2.71), 4.7 con GV frente a 6.4 con BPGY (p = 0.002). Los resultados fueron excelentes o muy buenos en el
70%, y el fracaso < 8%. En el apartado de CV (M-A Il) correspondiente a «muy buena»: actividad laboral (95.45%); «muy
pobre»: relaciones sexuales (18.4%). Conclusiones: La GV y el BPGY a medio-largo plazo conducen a resultados favorables
en términos de pérdida de peso, correccion de comorbilidad y mejoria de la CV.

Palabras clave: BAROS. Calidad de Vida. Cirugia bariatrica. Obesidad.

Abstract

Objective: To analyze quality of life (QoL), percentage of excess weight loss (EWL), and resolution of comorbidity using the
modified BAROS (Bariatric-Analysis-and-Reporting-Outcome-System) questionnaire. Method: We used the Moorehead-Ardelt
I (M-A 1l) QoL-questionnaire within the modified BAROS in its Spanish-validated version. This was a single-center ambispec-
tive study. Results: The analysis included 115 patients with a mean follow-up of 7 years post-surgery (SD: 2.11). 48 underwent
sleeve-gastrectomy (SG), 67 Roux-en-Y gastric-bypass (RYGB), both laparoscopic. The mean age was 47.65 years (IQR: 27-63)
(p < 0.975). The average body mass index reduction was 33 kg/m? (SD: 6.34). Weight loss: SG 98 kg, RYGB 83 kg (p < 0.0001).
EWL: SG 22.25% vs RYGB 30.94% (p = 0.0001). Comorbidity resolution: 49% (p = 0.033), SG 60% vs RYGB 40% (p = 0.033).
Postoperative complications: 3% (SG 2% vs RYGB 1%). The mean BAROS score was 5.7 points (SD: 2.71), SG 4.7 vs RYGB
6.4 (p = 0.002). Excellent or very good outcomes were observed in 70%, with failure rates below 8%. In terms of QoL (M-A
Il), the area rated as “very good” was work activity (95.45%), while “very poor” was sexual-relationships (18.4%).
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Conclusions: Both SG and RYGB show favorable medium- to long-term outcomes in terms of weight loss, comorbidity reso-

lution, and improved quality of life.

Keywords: BAROS. Quality of Life. Bariatric Surgery. Obesity.

|ntroducci6n

Existe un incremento cada vez mayor de personas
obesas en todo el mundo. En Espafia, segun los
datos del Ministerio de Sanidad y Consumo (Encuesta
Europea de Salud 2020), la poblacion obesa es del
10.3% entre los 2 y 17 afios de edad, y del 16% en
los mayores de 18 afos.

La obesidad lleva al desarrollo de comorbilidad
mayor, como hipertension arterial (HTA), diabetes
mellitus tipo 2 (DM2), dislipemia (DL), sindrome de
apnea obstructiva del suefio (SAQS), etc., que ademas
supone un gasto farmacoldgico importante’.

Estan ampliamente demostrados en la literatura los
beneficios de la cirugia bariatrica, tanto en porcentaje
de exceso de peso perdido (EWL, excess weight
loss) como en mejoria y resoluciébn de la
comorbilidad.

El cuestionario BAROS (Bariatric-Analysis-and-Re-
porting-Outcome-System) fue desarrollado en 1998
con el fin de medir no solo la pérdida de peso y la
resolucién de la comorbilidad después de la cirugia
bariatrica, sino también para evaluar la calidad de vida
(CV)2, por lo que afios mas tarde se modificé incorpo-
rando la encuesta de CV de Moorehead-Aldert Il
(BAROS modificado)?®.

El cuestionario BAROS modificado emplea una
escala de Likert de -0.50 a +0.50, combinando el
porcentaje de peso perdido, la mejoria en las condi-
ciones médicas, las complicaciones posoperatorias y
las reintervenciones, y de esta manera se genera una
puntuacién total. A mayor puntuacién, mejor seré el
resultado; se considera un fracaso una puntuacion <
1, mientras que > 7 puntos se considera un resultado
excelente*s.

Si bien varios estudios han utilizado esta herramienta
para medir sus resultados bariatricos institucionales
sobre la CV, la duracién del seguimiento suele ser
breve, por lo general de 12 a 24 meses*®. Por este
motivo, hemos considerado oportuno realizar un estu-
dio a medio-largo plazo ante la escasez de estos y
ademas comparar las dos técnicas bariatricas mas
empleadas en todo el mundo.

El objetivo principal de nuestro analisis mediante el
cuestionario BAROS modificado es evaluar la CV de
los pacientes sometidos a cirugia bariatrica mediante
dos técnicas laparoscdpicas, gastrectomia vertical (GV)
y bypass géstrico yeyunal (BPGY), asi como determinar
el porcentaje de EWL y la correccion de comorbilidad
mayor en nuestro centro hospitalario durante el periodo
de enero de 2012 a diciembre de 2019.

Método

Realizamos un estudio unicéntrico ambispectivo de
pacientes intervenidos de obesidad mediante cirugia
bariatrica entre enero de 2012 y diciembre de 2019.
Debido a la pandemia de COVID-19, en 2020 se pro-
dujo el cese de estas cirugias.

En este periodo de tiempo se realizaron 758 proce-
dimientos de cirugia bariatrica en nuestro centro. De
estos, solo se seleccionaron los correspondientes a
GV o BPGY, excluyendo el resto de los procedimien-
tos bariatricos, y quedaron 707 pacientes, de los cua-
les se seleccionaron aleatoriamente grupos
homogéneos de 30 pacientes por afio y por técnica
quirdrgica.

El reclutamiento de pacientes se inicid en febrero
de 2022 mediante el cuestionario de CV (BAROS)
tanto por via postal como mediante entrega personal
en sobre cerrado en la consulta de cirugia bariatrica.
Se concluyé el reclutamiento en junio de 2023.

Se proporcion6 a los pacientes los datos de con-
tacto de los investigadores en caso de que tuvieran
alguna pregunta o duda sobre el estudio. La partici-
pacién en el estudio se confirmd una vez que el
paciente habia devuelto la copia firmada de su formu-
lario de consentimiento. Si los cuestionarios no eran
devueltos en el plazo de 1 mes desde la inclusion
inicial, se realizaba una llamada telefénica para con-
firmar si aun deseaban participar. Se hacia una
segunda llamada telefonica 2 semanas después si el
participante no habia devuelto el cuestionario. Los
participantes eran excluidos del estudio si no devol-
vian los cuestionarios completados 2 meses después
de la segunda llamada de seguimiento. Si el individuo
ya no deseaba participar, era excluido del estudio.
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Finalmente respondieron al cuestionario de CV de
forma correcta 115 pacientes.

Prospectivamente, durante 2023 se recogieron las
variables del objetivo a largo plazo, necesarias para
calcular la CV del cuestionario BAROS. Retrospecti-
vamente se obtuvieron los datos preoperatorios y
posoperatorios (reintervenciones y complicaciones)
mediante la revision de la historia clinica y de nuestra
base de datos.

El estudio fue aprobado por la comision de calidad
y ética de nuestro centro hospitalario, segun sus cédi-
gos y estamentos.

Todos los pacientes incluidos en el estudio dieron
su autorizacion a participar mediante consentimiento
informado, previo a cumplimentar el cuestionario
BAROS maodificado (Fig. 1).

El cuestionario de CV relacionada con la salud
(Moorehead-Ardelt 1l) incluido en el BAROS (Fig. 2)
también esta adaptado y validado en poblacidn espa-
fiola desde 2014’. Es un cuestionario descriptivo y
cumplimentado por los pacientes o por el investigador
en una entrevista. Evalta la CV en seis parametros:
autoestima, actividad fisica, relaciones sociales, rela-
cién con el trabajo, actividad sexual y relacion con la
comida.

La puntuaciéon se realiza mediante una escala
visual de 10 puntos guiada con graficos correspon-
dientes al nivel de sentimiento o satisfaccion. La
puntuacion global se obtiene mediante la suma de
los seis parametros y clasifica la CV en pésima, mala,
buena, muy buena y excelente. En el caso de una
complicacién mayor que precise reintervencion, solo
se descuenta un punto del cuestionario BAROS
modificado.

Los pacientes seleccionados, con edades compren-
didas entre 18 y 63 afios, fueron sometidos a GV o
BPGY por laparoscopia.,

EI BPGY se indico en pacientes con indice de masa
corporal (IMC) entre 40 y 49.9 sin alteraciones meta-
bdlicas y > 35 con alteraciones metabdlicas (princi-
palmente DM2). La capacidad del reservorio gastrico
fue de 50-60 ml calibrado con sonda de Faucher de
36 F. Se realizd anastomosis gastroyeyunal, tipo cir-
cular mecéanica DST 25 mm segun la técnica de Whi-
ttgrove modificada con un dispositivo EEA OrVil,
Covidien™#, y en otros pacientes se realizé anasto-
mosis mecanica lineal segun la técnica de Loénroth.

La GV se indicé en pacientes con IMC > 50 o entre
35 y 39.9 en ausencia de patologia metabdlica, sin
sintomas de enfermedad por reflujo gastroesofagico

y ausencia de esofagitis de grado B-C de Los Angeles
en una endoscopia previa.

Variables

Las variables para el analisis fueron los datos
demogréficos, el IMC (kg/m?), el peso (kg) inicial y
posterior a la cirugia, el porcentaje de EWL y la
comorbilidad mayor (HTA, DM2, DL, SAOS).

Se excluyeron del estudio otras técnicas de cirugia
bariatrica diferentes de la GV y del BPGY.

Analisis estadistico

Se realizd estadistica descriptiva para la poblacién de
estudio. Se calcularon medidas de centralidad (media) y
dispersion (desviacion estandar [DE]) para las variables
cuantitativas, y se calcularon frecuencias absolutas y rela-
tivas para las variables cualitativas. Para detectar diferen-
cias entre técnicas se aplicaron la prueba de y2 (o la
prueba exacta de Fisher en ausencia de normalidad) y la
prueba t de Student (0 la prueba no paramétrica de
Mann-Whitney en ausencia de normalidad). La normali-
dad se calculd mediante la prueba de Shapiro-Wilk. Se
calculé el coeficiente de correlacién de Spearman entre
el tiempo transcurrido entre la intervencion y el BAROS
para detectar una relacion lineal. Se considero estadisti-
camente significativo un valor de p < 0.05. Todos los
andlisis se realizaron utilizando el software Stata Statisti-
cal (14.2 College Station, Tx: StataCorp LLC 2016).

Resultados

Se incluyeron 115 pacientes en el estudio, cuyas
caracteristicas clinicas y sociodemograficas se mues-
tran en la tabla 1, tanto para cada técnica por sepa-
rado como para la muestra total. El 70% de los
participantes fueron mujeres, la edad media fue de 47
ahos (DE: 8.02), el IMC medio inicial fue 46 (DE: 6.85)
y el peso medio inicial fue 124 kg (DE: 21.37). Unica-
mente el 5% de los pacientes no presentaban comor-
bilidad previa a la intervenciéon. No se encontraron
diferencias significativas entre las técnicas para las
variables clinicas y sociodemograficas previas a la
cirugia, excepto para la presencia de DM2, que fue
superior en el grupo de BPGY.

Se obtuvo un tiempo medio de seguimiento de 7
anos desde la intervencion (DE: 2.11), similar en ambas
técnicas. El tiempo transcurrido de seguimiento fue > 5
anos en casi el 80% de los pacientes. Los valores de
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% Sobrepeso Comorbilidad Cuestionario de calidad de vida
perdido (puntos) (puntos)
Ganancia de peso Agravada 1. Autoestima
-1 (-1
-1.0 -0.50 +0.50 +1.0
0-24% Sin cambios 2. Fisica
(0) (0)
-0.50 -0.25 +0.25 +0.50
25-48% Mejoria 3. Social
M (1)
oS855
2 &m mii. iii P AR
-0.50 -0.25 +0.25 +0.50
50-74% Una mayor resuelta 4. Laboral
(2) Otras mejorias
00 © O ©
=50 =025 +0.25 +0.50
75-100% Todas las mayores 5. Sexual
3) resueltas
Otras mejorias
MEVE B & 4
=30 =25 +0.25 4#0.50
SUBTOTAL: SUBTOTAL: SUBTOTAL:

Complicaciones:

Recuperacion:

Puntuacion TOTAL:

Menor: restar 0.2 puntos
Mayor: restar 1 punto

Restar 1 punto

EVALUACION FINAL

Sin comorbilidad

Con comorbilidad

Fracaso 0 0 menos
Regular>0a 1.5
Buena>15a3
Muy buena>3a 4.5
Excelente >45a6

Fracaso 1 0 menos
Regular>12a3
Buena>3a5
Muy buena>5a7
Excelente >7 a9

Figura 1. Cuestionario BAROS.
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Figura 2. Cuestionario de calidad de vida BAROS modificado - Moorehead-Ardelt Il (M-A Il).

IMC se redujeron a un promedio de 33 (DE: 6.34) y el
peso se redujo hasta 89 kg (DE: 20.08), obteniendo en
este Ultimo caso diferencias significativas entre la GV
y el BPGY: 98 kg vs. 83 kg (p < 0.0001).

Se redujo la presencia de comorbilidad, con un
49% de pacientes con alguna comorbilidad tras la
cirugia, también con diferencias significativas entre
la GV y el BPGY: 60% vs. 40% (p = 0.033) (Fig. 3y
Tabla 2).

Se observo mejoria en las condiciones médicas en
el 88% de los pacientes, mientras que casi el 9%
empeoraron y el 3% se mantuvieron igual.

Unicamente 3 pacientes (2 con GV y 1 con BPGY)
tuvieron  complicaciones que derivaron en
reintervenciones.

Con todas estas variables se obtuvo un valor medio
del BAROS de 5.7 puntos (DE: 2.71), encontrando
diferencias significativas entre las técnicas: GV 4.7 vs.
BPGY 6.4 (p = 0.002). Casi el 70% de los pacientes
mostraron valores excelentes 0 muy buenos, siendo
el porcentaje de fallo < 8% (Fig. 4).

Se encontré una correlacion negativa moderada
entre el tiempo desde la intervencion y la puntuacion
BAROS, es decir, a mayor tiempo desde la cirugia,
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Tabla 1. Variables clinicas y demograficas

Variables GV BPGY Total p
(n=48) (n=67) (n=115)

Muijeres 33 (69%) 47 (70%) 80(70%)  0.872
Edad, afios  47.81(8.29) 47.70(7.88) 47.75(8.02) 0.975
IMC, kg/m? ~ 47.24 (8.04) 44.91(5.72) 45.88(6.85) 0.094*
Peso, kg 128.07 (23.97) 121.66 (19.03) 124.33 (21.37) 0.158
Comorbilidad 44 (92%) 65 (97%) 104 (95%)  0.198
HTA 31(65%) 33(49%) 64 (56%) 0.103
DM2 10 (21%) 51 (76%) 61(53%)  0.000*
DL 13 (27%) 30 (45%) 43(37%)  0.053*
SAOS 37 (77%) 43 (64%) 80(70%)  0.138

*Significacion estadistica.

BPGY: bypass gastrico yeyunal DL: dislipidemia; DM2: diabetes mellitus tipo 2;

GV: gastrectomia vertical; HTA: hipertensién arterial; IMC: indice de masa corporal;
SAOS: sindrome de apnea obstructiva del suefio.

Las variables cuantitativas se presentan como media y las variables cualitativas como n (%).

Tabla 2. Variables a medio-largo plazo

Variables GV BPGY Total p
(n =48) (n=67) (n=115)
Tiempo desde 6.85(2.09) 6.60(2.13) 6.70(2.11)  0.521

la intervencién,

anos

IMC, kg/m? 35.55(6.92) 30.56 (4.98) 32.64(6.34) 0.521
Peso, kg 97.77 (21.98) 83.25 (16.22) 89.31 (20.08) < 0.0001*
EWL, % 22.25(12.18) 30.94 (11.30) 27.31 (12.40) 0.0001*
Comorbilidad: 29 (60%) 27 (40%) 56 (49%) 0.033*
HTA 23 (48%) 16 (24%) 39 (34%) 0.007*
DM2 7(15%) 12 (18%) 19 (17%) 0.639
DL 11 (23%) 9 (13%) 20 (17%) 0.186
SAOS 12 (25%) 6 (9%) 18 (16%) 0.020*

*Significacion estadistica.

BPGY: bypass gastrico yeyunal DL: dislipidemia; DM2: diabetes mellitus tipo 2;

EWL: exceso de peso perdido (%); GV: gastrectomia vertical; HTA: hipertension arterial;
IMC: indice de masa corporal; SAOS: sindrome de apnea obstructiva del suefio.

Las variables cuantitativas se presentan como media y las variables cualitativas como n (%).

menor puntuacién BAROS (ro = —0.2279; p = 0.0143).
Sin embargo, graficamente es dificil observar dicha
correlacion (Fig. 5).

En los pacientes que tras la cirugia consideran
que han obtenido una CV excelente: actividad labo-
ral el 95.45%, relaciones sociales el 83.95%, auto-
estima el 78.2%, relaciones sexuales el 72.45%,
relacion con la comida el 59.8% y actividad fisica el
51.75%. En los pacientes que consideran como

pésima su CV: relacidn con el sexo el 18.4%, trabajo
el 10.35%, actividad fisica el 8.05%, relacion con la
comida el 6.9%, relaciones sociales el 3.45% y auto-
estima el 2.3%.

Discusion

La cirugia bariatrica ha demostrado disminuir
la mortalidad mediante la resolucién total o parcial
de la comorbilidad, asi como mejorar la CV y prolon-
gar la esperanza de esta, aun con una modesta dis-
minucion del peso inicial del paciente.

El cuestionario BAROS modificado y la encuesta de
CV M-A Il son una herramienta util para el analisis de
las patologias relacionadas con la obesidad y la per-
cepcion de la CV en los ambitos de la autoestima, las
relaciones sociales, la capacidad laboral, la actividad
fisica, las relaciones sexuales y la relacion del
paciente con la comida, independientemente de la
técnica de cirugia bariatrica que se emplee'.

El Consenso de la Sociedad Espafiola para el Estu-
dio de la Obesidad y de la Sociedad Espafiola de
Cirugia de la Obesidad (SEEDO-SECO) de 2004, que
se basa en las publicaciones de Reinhold y MacLean,
categoriza el resultado de la pérdida de peso como
excelente si IMC < 30 y EWL > 75%, bueno si IMC
30-35 y EWL 50-75%, y fracaso si IMC > 35 y EWL
< 50%".

En estudios a corto plazo (12-24 meses) 0 con
escaso tamafo muestral, los resultados suelen ser
excelentes, aun empleando cuestionarios de CV dis-
tintos del BAROS™,

Gonzalez et al.’® y Queiroz et al.'* obtuvieron resul-
tados excelentes en sus estudios a corto plazo, del
67% y del 74.6% a los 12 meses, respectivamente,
con escasos tamafos muestrales.

Los principales resultados de nuestro estudio
demuestran que, con una media de y afos tras la GV
o el BPGY, la mayoria de los pacientes consiguen
mantener el peso perdido, reducir el nimero de enfer-
medades en comorbilidad y mejorar la CV, sobre todo
la capacidad laboral y la autoestima, y con un bajo
nimero de complicaciones (3%) que derivaran en
reintervencion. Estos resultados estan en consonan-
cia con estudios a largo plazo que incluyen diferentes
técnicas bariatricas en sus andlisis'™".

Los resultados suelen ser menos favorables trans-
curridos entre 3 y 5 afios de la intervencion, que es
cuando existe reganancia ponderal o reaparece la
comorbilidad en ciertos pacientes, lo que influye
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Comorbilidades post-cirugia
Gastrectomia vertical

40%

60%

Con comorbilidades Sin comorbilidades

Con comorbilidades

Figura 3. Comorbilidad posoperatoria a medio-largo plazo.

Muy buena Buena Regular Mal

Figura 4. Resultados posoperatorios de BAROS y M-A |I.
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Figura 5. Tiempo desde la intervencion y correlacion con los resulta-
dos de BAROS.

directamente en la CV, segun se ha observado en
estudios a medio y largo plazo'.

Son escasos los estudios a medio-largo plazo (> 5
afnos) sobre CV empleando el cuestionario BAROS y
la M-A Il que obtienen resultados buenos a excelen-
tes. En nuestro analisis, la GV obtuvo resultados bue-
nos a excelentes en el 71% y fallo en el 13%, mientras
que con el BPGY el 80% se sitian en bueno a exce-
lente y solo hubo un 4% de fallo.

Al analizar la reduccion de la comorbilidad com-
parando ambas técnicas, se observé una correc-
cion de la DM2 a favor del BPGY, siendo esta

Comorbilidades post-cirugia
Bypass

Comorbilidades post-cirugia
Total

51%

Sin comorbilidades Con comorbilidades Sin comorbilidades

diferencia estadisticamente significativa. Puede ser
que este resultado se deba a que la mayoria de
nuestros pacientes intervenidos con esta técnica
presentaban DM2 previa a la cirugia, lo que no
ocurrié con la GV.

Himpens et al.’®' estudiaron retrospectivamente 77
pacientes con BPGY, obteniendo a los 9 afios una media
en el BAROS de 2.0 + 1.96 puntos (regular), y al evaluar
los resultados a los 6 afios de la GV obtuvieron una
media en el BAROS de 5.0 + 2.7 puntos (bueno/muy
bueno)'®,

Un estudio realizado en nuestro pais, con 353
pacientes (303 BPGY y 50 GV) y un seguimiento
medio de 5.7 + 2.6 (2.0-11.7) afios, obtuvo una pun-
tuacion BAROS de 4.35 + 2.06 (bueno/muy bueno),
en el 84.7% los resultados en cuanto a resolucion de
comorbilidad fueron de buenos a excelentes y la pun-
tuacién de M-A 1l fue 1.51 + 0.93, con un 67.2% de
pacientes con CV buena o muy buena?.

Asi pues, la principal fortaleza de nuestro estudio
radica en que la CV a medio y largo plazo de los
pacientes se sitla en buena a excelente, con un valor
medio de BAROS de 5.7 puntos (DE: 2.71), y ademas
compara las dos técnicas quirdrgicas mas empleadas
en todo el mundo. Esto se sitta dentro de los estan-
dares de calidad de resultados establecidos para este
tipo de estudios, teniendo en cuenta los escasos
estudios a medio-largo plazo existentes.

Keren et al.?", en un estudio con 114 pacientes inter-
venidos de cirugia bariatrica, observaron un claro
empeoramiento de los resultados a 60 meses res-
pecto a los detectados a 30 meses. El EWL bajo de
76,8 kg a 45,3 kg, la puntuacion BAROS de 7.15 + 0.8
a 4.32 £ 0.9, y el porcentaje de éxito ponderal del
70.17% al 28.07%?'. Por este tipo de resultados, con-
sideramos conveniente incluir en nuestro analisis
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estadistico el coeficiente de correlacion lineal, para
obtener datos reales comparados con el tiempo trans-
currido desde la intervencion.

Una limitacién de nuestro estudio es la subjetividad
del cuestionario de CV, debido a que probablemente
pérdidas ponderales menores que las consideradas
optimas puedan ser suficientes para los pacientes al
considerar que existe mejoria de la CV y de la
comorbilidad.

Conclusiones

Consideramos que nuestro estudio cumple con los
objetivos en la mayoria de nuestros pacientes a
medio-largo plazo. Podemos afirmar que las técnicas
de cirugia bariatrica empleadas son seguras y efecti-
vas para la pérdida de peso y para la resolucién o la
mejoria de comorbilidad mayor, y también para mejo-
rar la CV en sus seis parametros de estudio. Existen
otros factores relacionados con la esfera mental que
el BAROS modificado no consigue evaluar y que no
se ven tan favorecidos después de la cirugia baria-
trica, como es el empeoramiento en la CV tras el
aumento ponderal progresivo mas alla de 24 meses
desde la cirugia. Por ello, se deben realizar mas estu-
dios a medio-largo plazo para obtener resultados méas
ajustados sobre CV y correccion de la comorbilidad
tras la cirugia baridtrica, que sean acordes con el
tiempo transcurrido desde la intervencion quirdrgica.

Financiamiento

Los autores declaran no haber recibido financia-
miento para este estudio.
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Consideraciones éticas
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Confidencialidad, consentimiento informado y
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tocolos de su centro sanitario/institucion para acceder

a los datos de las historias clinicas. Se ha obtenido
el consentimiento informado de los pacientes y se
cuenta con la aprobacién del Comité de Etica. Se han
seguido las recomendaciones de las guias SAGER.
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cial. Los autores declaran que no se utilizé ningun
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Global research trends of osteochondroma from 2000-2024:
a visualization research

Tendencias mundiales de la investigacion sobre el osteocondroma entre 2000 y 2024:
una investigacion de visualizacion
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Abstract

Objective: Analyzing global research trends on osteochondroma to reveal insights into scientific focus, collaboration, and
direction. Method: Articles from WOS database were analyzed based on citation counts, titles, authors, journals, years, and
countries using tools such as CiteSpace, Bibliometrix, and VOSviewer. Results: Analysis of 1588 publications from 593 jour-
nals and 7067 authors across 83 countries shows the USA published the most articles (335, 21.1%) followed by China (200,
12.1%). Leiden University had 79 publications, and Hogendoorn PCW contributed 24 (H index 19). Flemming DJ, Kransdorf
MJ, and Murphey MD each received 314 local citations. Cureus Journal of Medical Science published 37 papers, while Skel-
etal Radiology had 33. The Journal of Bone and Joint Surgery leads in local citations with 1,339. The most influential reference
is Murphey MD, 2000, Radiographic. Keywords such as solitary osteochondroma and hereditary exostoses experienced citation
bursts. Thematic maps indicate gaps in the literature on lesser-researched keywords such as expression and heparan sulfate,
underscoring the need for more genetic research. Conclusions: This analysis provides an overview of key articles on osteo-
chondromas, highlighting trends and contributions that address literature gaps and guide future research.

Keywords: Visualization. Bibliometric. Osteochondroma. Research trends. Citation.
Resumen

Objetivo: Analizar las tendencias mundiales de la investigacion sobre el osteocondroma para revelar ideas sobre el enfoque,
la colaboracion y la direccion de la ciencia. Método: Se analizaron articulos de la base de datos WOS en funcion de los
recuentos de citaciones, titulos, autores, revistas, afios y paises, utilizando herramientas como CiteSpace, Bibliometrix y
VOSviewer. Resultados: El andlisis de 1588 publicaciones de 593 revistas y 7067 autores de 83 paises muestra que el mayor
numero de articulos (335, el 21.1%) provienen de los Estados Unidos de América, y a continuacion de China (200, el 12.1%).
La Universidad de Leiden tuvo 79 publicaciones, y P.C.W. Hogendoorn contribuyd con 24 (indice H: 19). D.J. Flemming, M.J.
Kransdorf y M.D. Murphey recibieron 314 citaciones locales cada uno. Cureus Journal of Medical Science publicé 37 articulos,
mientras que Skeletal Radiology difundid 33. Journal of Bone and Joint Surgery lidera las citaciones locales, con 1339. La
referencia mas influyente es Murphey MD, 2000, Radiographic. Palabras clave como osteocondroma solitario y exostosis
hereditaria experimentaron explosiones de citaciones. Los mapas tematicos indican lagunas en la bibliografia sobre palabras
clave menos investigadas, como expresion y hepardn sulfato, lo que subraya la necesidad de mds investigacion genética.
Conclusiones: Este andlisis proporciona una vision general de los articulos clave sobre osteocondromas, destacando las
tendencias y las contribuciones que abordan las lagunas en la literatura y guian la investigacion futura.

Palabras clave: Visualizacion. Bibliométrica. Osteocondroma. Tendencias de investigacion. Citaciones.
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M. Celtik et al

|ntroduction

Osteochondroma, more commonly known as exos-
toses, is the most common benign bone tumor,
accounting for 10-15% of all bone neoplasms and
20-50% of benign bone tumors'2. Osteochondromas
(are) cartilage-capped lesions of metaphysis com-
monly seen around the femur, humerus, pelvis, and
tibia with a pedunculated or sessile shape®. About
40% of osteochondromas are diagnosed before
patients reach 10 years of age*. They can be single
solitary or multiple osteochondromas as part of a syn-
drome known as hereditary multiple exostoses
(HMEs)*. Symptomatic osteochondromas are typically
treated with surgical excision, and depending on the
location of the osteochondroma, nearby critical struc-
tures can pose a significant risk for damage*®. Osteo-
chondroma is usually an asymptomatic pathology;
however, it can lead to complications such as pain,
local edema or peripheral nerve compression, aneu-
rysm, thrombosis, and fracture®, while the most severe
complication is the malignant transformation of osteo-
chondroma to chondrosarcoma’°.

With such a common tumor and in the current age
of accumulated knowledge, organizing available infor-
mation and identifying emerging challenges is essen-
tial. Thus, assessing the present developmental status
and focal areas of chondrosarcoma within orthopedic
and oncological fields is vital for helping researchers
better understand the subject. Bibliometric analysis
can evaluate the topic’s research activities and trends
and help identify collaborative networks between key
researchers, countries, and leading research groups'12.

This paper will identify the most cited articles on
osteochondromas and analyze their characteristics in
depth. Understanding the nature of osteochondroma
research is essential to advance research and treat-
ment. Our aim in this study is to serve as a guide for
future research by identifying the areas where the
existing studies in the literature do not shed light and
to help researchers better understand the current
research trends.

Method
Data sources and search strategy
— A search was conducted on October 05, 2024 on

a single day using the Web of Science Core Col-
lection database, which focused on articles about

. Osteochondroma global research trends 2000-2024

“osteochondroma” that contained “full record and
cited references.” The search results were limited
to articles and reviews published in English from
2000 to 2024.

Bibliometric analysis

The data collected were analyzed using VOSviewer,
Bibliometrix, and CiteSpace. VOSviewer created
visual representations of co-authorship networks and
clusters, helping identify leading authors. VOSview-
er's keyword co-occurrence analysis helped identify
the most frequently used terms and concepts in the
literature, underlining research topics that have raised
interest in recent studies.

Bibliometrix was used to analyze citation trends,
revealing key articles and collaborations by charting
connections among researchers, institutions, and
countries. It was also utilized to identify the key con-
tributors and global partnerships that advance
research in osteochondroma.

CiteSpace was used to analyze the research
hotspots and illustrate the temporal development of
research topics. Through burst detection and citation
analysis, changes in research focus were monitored
and new areas of interest were highlighted. It also
emphasized key studies that have significantly
impacted osteochondroma research.

Combining these three tools provided a complete
view of the osteochondroma literature. VOSviewer
provided structural and thematic insights, Bibliometrix
emphasized citation dynamics and collaboration pat-
terns, while CiteSpace tracked the progression of
research and identified new trends. This multi-tool
approach offered a thorough understanding of the
research landscape on osteochondroma. It also pro-
vided a detailed analysis of the publication patterns,
citation networks, and emerging research areas.

Results
Analysis of publication trends by years

A total of 1901 publications on osteochondroma
were found in the Web of Science Core Collection
database. After the exclusion criteria were applied,
1588 studies remained for our analysis (Fig. 1A), of
which 1385 were research articles and 203 were
review articles. Figure 1B shows the number of pub-
lications for each year.
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Figure 1. A: PRISMA flowchart. B: number of publications over the years. C: the breakdown of corresponding authors by country is presented. In
addition, a distinction is made between single-country publications (SCP - green) and multiple-country collaborations (MCP — red). D: the ranking
of countries based on the number of citations. E: the country co-authorship network.

Osteochondroma-related research continued to
increase in volume between 2000 and 2024. Starting
with 30 studies in 2000, the trend continued with a
slow increase over time, reaching its peaks in 2010,
2011, and 2021. In 2021, the highest number of arti-
cles was published, exceeding 100. After 2021, after
a short downward trend, approximately 20-80 articles
continue to be published annually. Such an increase
in the number of studies highlights the change in aca-
demic interest in this topic over the years.

Analysis of authors
COUNTRIES

The United States tops table 1, which depicts the
distribution of corresponding authors by country with
the highest number of corresponding authors (n = 335,
21.1%) contributing to osteochondroma studies. China
ranks second (n = 200, 12.6%) and India third (n = 153,

Table 1. Distribution of research by countries

Country Articles Articles% SCP MCP MCP %
USA 335 211 293 42 125
CHINA 200 12.6 185 15 7.5
India 153 9.6 147 6 3.9
Japan 136 8.6 131 5 3.7
Turkey 87 55 86 1 1.1
Korea 69 4.3 64 5 7.2
United Kingdom 60 38 50 10 16.7
Italy 53 33 39 14 26.4
Germany 48 3 34 14 29.2
Spain 42 2.6 39 3 71

9.6%), followed by other contributing countries such
as Japan, Turkey, and Korea. Figure 1C distinguishes
between single-country publications (SCP) and
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multiple-country collaborations (MCP), where the
United States, China, and ltaly demonstrate a higher
proportion of SCP, indicating a solid domestic research
output. On the other hand, countries such as ltaly,
Germany, and the UK have more instances of MCP,
suggesting more international cooperation. This diver-
sity in collaboration patterns highlights the global
interest and cooperative efforts in advancing osteo-
chondroma research.

Figure 1D shows the ranking of countries by citation
counts. The United States has over 5,200 citations,
ranking first. China ranks second, contributing around
710 citations. The Netherlands, Japan, and the
United Kingdom have also produced many cited stud-
ies. Other nations, including Turkey, Germany, France,
Italy, and India, have also made significant contribu-
tions, though their citation counts trail behind those of
the leading countries. The citation distribution shows
these countries’ key role in osteochondroma research,
with the United States leading in influence.

The country co-authorship network in figure 1E
highlights the international collaborations in osteo-
chondroma research. The United States has a vital
role in research collaborations and has deep research
ties with countries such as China, Japan, Germany,
France, and the United Kingdom. Germany, in particu-
lar, stands out as a central research base within
Europe. Countries such as China, Japan, and North
Korea are important research centers in Asia. Turkey
exhibits limitations in international collaborations and
can be regarded as a standalone research center.
Figure 1E also highlights emerging partnerships
between North America, Asia, and parts of the Middle
East, reflecting a growing trend toward global coop-
eration in this field. This visualization highlights the
significance of cross-border collaborations for under-
standing and treating osteochondroma by pooling
resources and expertise across the globe.

AFFILIATIONS

Figure 2A highlights the institutions with the highest
publication output. Leiden University leads the list with
79 publications, followed by Shanghai Jiao Tong Uni-
versity with 76. Sichuan University, Children’s Hospital
of Philadelphia, and the University of Pennsylvania
also contribute significantly, with publication counts
ranging from 49 to 53. Other institutions that represent
key centers for osteochondroma research include the
All India Institute of Medical Sciences, Seoul National

University, Fujian Medical University, University of
Utah, and Mayo Clinic.

The publication trends represented in figure 2B dis-
play the top institutions involved in osteochondroma
research, reflecting their ongoing commitment to this
field. Leiden University and Shanghai Jiao Tong Uni-
versity show a steady and sharp increase in research
output, with significant growth occurring after 2014.
The Children’s Hospital of Philadelphia experienced a
marked rise in publications around 2013. Both Sich-
uan University and the University of Pennsylvania also
show continuous growth, with a noticeable accelera-
tion in research output in recent years.

The heatmap of co-authorship affiliations repre-
sented in figure 2C highlights key institutions and their
collaborative intensity. Leiden University appears to
be the centerpiece in which all other institutions, such
as The University of Oxford, The University of Utah,
and Harvard University, have very strong co-author-
ship ties. Moreover, the Children’s Hospital of Phila-
delphia and the University of Pennsylvania are very
busy collaborating with other institutions, indicating
the degree of their involvement in research collabora-
tion. In Asia, Seoul National University, Yonsei Uni-
versity, and the Catholic University of Korea are the
main contributors with dense co-authorship networks.
The heatmap highlights the crucial role of these insti-
tutions in promoting osteochondroma research
through international partnerships.

TRENDS

As presented in figure 3A and summarized in
table 2, Hogendoorn PCW (H index 19) has the high-
est number of contributions to this area, with 24 pub-
lications. Next in line, (are), Wang X (n = 15, H index
=7), Yang C (n = 14, H index = 6), and a few other
notable researchers, including Li J, Li Y, and Zhang
Yeach, each contributing 13 publications. These
authors represent key figures in the field, consistently
contributing to the research on osteochondroma.

Figure 3B identifies the most locally cited authors
in osteochondroma research. The first three places
are held by Flemming DJ, Kransdorf MJ, and Murphey
MD, each with 314 local citations, demonstrating their
considerable importance in the community of osteo-
chondroma researchers. Choi JJ, Gannon, and FH
also hold prominent positions with 264 local citations.
One of the most active contributors, Hogendoorn
PCW, obtained 188 local citations, attesting to his
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Figure 2. A: the most relevant affiliations in osteochondroma research, highlighting institutions with the highest publication output. B: the publica-
tion trends over time for the top institutions involved in osteochondroma research. C: the heatmap of co-authorship affiliations in osteochondroma

research, highlighting key institutions and their collaborative intensity.
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Figure 3. A: the most relevant authors in osteochondroma research. B: the most locally cited authors in osteochondroma research.
C: the co-authorship network at the author level, illustrating collaborations between researchers in osteochondroma studies.

contribution to the field. The active participants also of local citations also points out other key authors
include Kitsoulis P., and Agnantis N. J, Bai M, among whose works have significantly contributed to the
others, with over a hundred citations. This distribution community, forming the basis of current research.
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Table 2. Top 10 authors of osteochondroma research

Authors Articles H-Index
Hogendoorn PCW 24 19
Wang X 15 7
Yang C 14 6
LiJ 13 7
Ly 13 7
Zhang Y 13 7
Wang Y 12 7
Zhang L 11 5
De Andrea CE 9 9
HuJ 9 6

The co-authorship network at the author level,
depicted in figure 3C, illustrates collaborations
between researchers in osteochondroma studies. The
analysis included authors with a minimum of two doc-
uments. Pancras C.W. Hogendoorn appears as a cen-
tral figure in the network, with strong collaborative ties
to other prominent researchers such as Judith V.M.G.
Bovee, Salvatore Romeo, and Kevin B. Jones. Another
important knot in this network is Maurizio Pacifici, who
has cooperated with different authors, including Elena
Pedrini and John P. Dormans, thus creating another
major cluster. The network demonstrates that even
among these prominent authors, there exists a high
level of cooperation; the presence of clusters indi-
cated work being done by the authors in different
areas of osteochondroma research. This image par-
ticularly highlights the need for collaboration and
shows the most crucial actors within particular spheres
to the development of the discipline.

Analysis of journals

Figure 4A displays the most relevant journals and
sources publishing on osteochondroma research. The
Cureus Journal of Medical Science leads with 37 pub-
lications, followed by Skeletal Radiology with 33. The
Journal of Craniofacial Surgery and the Journal of
Pediatric Orthopedics have 31 publications, followed
by the Journal of Oral and Maxillofacial Surgery and
the Journal of Pediatric Orthopedics-Part B, each con-
tributing 28 articles. The International Journal of

Surgery Case Reports and the Journal of Foot and
Ankle Surgery significantly contribute to this field of
research.

The cumulative publication output of key journals in
osteochondroma research over time is illustrated in
figure 4B. The Cureus Journal of Medical Science
shows a sharp rise in production from 2018 onward,
quickly becoming a leading source by 2024. Similarly,
Skeletal Radiology and the Journal of Pediatric Ortho-
pedics-Part B, the Journal of Oral and Maxillofacial
Surgery, and Journal of Craniofacial Surgery have
steadily grown since 2010. This upward trend in these
journals reflects the growing research interest in
osteochondroma, with contributions spanning pediat-
ric orthopedics, craniofacial surgery, and radiology.

Figure 4C highlights the most locally cited sources
in osteochondroma research. The Journal of Bone
and Joint Surgery (American volume) leads with 1339
local citations. Skeletal Radiology and Clinical Ortho-
pedics and Related Research follow closely with 1061
and 1050 citations, respectively. Other notable sources
include the Journal of Oral and Maxillofacial Surgery,
with 989 citations, and the Journal of Bone and Joint
Surgery (British volume), with 700 citations. This dis-
tribution shows an overwhelming tendency toward
orthopedic and radiology journals as the primary ref-
erence sources that majorly enhance the literature on
osteochondroma’s academic discourse.

The citation network for sources in osteochondroma
research is illustrated in figure 4D, which highlights
the importance of these multidisciplinary journals in
disseminating osteochondroma research. Prominent
journals such as Skeletal Radiology, Journal of Pedi-
atric Orthopedics, and Cureus Journal of Medical Sci-
ence emerge as key nodes in the network, reflecting
their central roles in the citation landscape. The Jour-
nal of Craniofacial Surgery and Journal of Bone and
Joint Surgery also significantly shape the field. Clus-
ters form around specialized areas, with journals
related to pediatric, orthopedic, and radiological
research showing strong interconnectivity.

A dual-map overlay of osteochondroma research-
related journals is presented in figure 4E. The left side
indicates the journals where citations were made, and
the right side indicates the journals cited. This shows
the transfer of scientific knowledge: in this case, the
literature on osteochondroma is built up from careful
studies in various other research areas. Some well-
known regions, such as earlier “Molecular Biology”
and “Immunology” (left), tend to cite works from
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Figure 4. A: the most relevant journals and sources publishing on osteochondroma research. B: illustrates the cumulative publication output of key
journals in osteochondroma research over time. C: the most locally cited sources in osteochondroma research. D: the citation network for sources
in osteochondroma research, where the minimum number of citations for inclusion was set at 10. E: a dual-map overlay of journals related to
osteochondroma research. The left side represents the citing journals, while the right side indicates the cited journals.

“Medicine” and “Clinical Research” (right) more often,
illustrating interdisciplinary collaboration.

Co-citation
REFERENCES

The co-citation network of cited references illus-
trated in figure 5A in osteochondroma research, where
the minimum number of citations for inclusion was set
at 20. The most influential reference is Murphey MD,
2000, Radiographic?, which occupies a central posi-
tion in the network with numerous connections to
other highly cited works. This reference forms a criti-
cal foundation in osteochondroma literature, frequently
co-cited alongside other fundamental studies such as

Schmale et al., 1994%; J Bone Joint and Kitsoulis
et al., 2008, In Vivo®. The network reveals distinct
clusters, indicating thematic research areas. For
instance, references by Wolford et al. from 2002 and
2014' form a separate cluster focused on oral and
maxillofacial surgery. The visualization shows the
interconnected nature of foundational research in the
field, with specific studies as pivotal links between
research domains.

Figure 5B presents the top 25 references with the
most robust citation bursts in osteochondroma
research from 2000 to 2024. Bovée JVMG, 1999, Am
J Hum Genet'® had an early burst from 2000 to 2003,
while Vasseur MA, 2000, J Vasc Surg'” and Porter DE,
1999, and J Pathol®® also saw significant early bursts.
More recent bursts are seen for D’Arienzo et al., 2019,
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Figure 5. A: visualization of the co-citation network of cited references in osteochondroma research, where the minimum number of citations for
inclusion was set at 20. B: presentation of the top 25 references with the most robust citation bursts in osteochondroma research from 2000 to

2024. C: a visualization map of the co-citation network of cited sources

in osteochondroma research, where the minimum number of citations

for inclusion was set at 20. D: a visual map of the co-citation network of authors in osteochondroma research, where the minimum number of

citations for inclusion was set at 20.

Orthop Res Rev'® and Pacifici, 2017, Curr Osteoporos
Rep?°, which continue into 2024. Notably, Yang et al.,
2011, Brit J Oral Max Surg®' experienced a strong
burst between 2013 and 2016. The information shows
that particular sources have played a significant role
in developing the present body of knowledge and
have continued to influence the scientific community
for an extended period.

JOURNALS

Figure 5C presents a co-citation network compris-
ing sources that have received a minimum of 20 cita-
tions, specifically centered on osteochondroma
literature. The Journal of Bone and Joint Surgery
(American volume) is the most central source, linked
to other orthopedic journals like the Journal of Pedi-
atric Orthopedics and Spine. Key sources include
radiology and bone tumors, frequently co-cited in
osteochondroma diagnosis and imaging. The Journal
of Oral and Maxillofacial Surgery form a separate
cluster relevant to surgical treatment in craniofacial
contexts. The analysis reveals clusters reflecting

specific research areas, such as orthopedics, radiol-
ogy, craniofacial surgery, and pathology, emphasizing
the multidisciplinary nature of osteochondroma
research.

AuUTHORS

Figure 5D depicts the co-citation network of authors
working in the area of osteochondromas where the
minimum number of citations for inclusion was set at
20. Among the authors, Murphey MD is the most fre-
quently cited and has resulted in a binding network
with experts such as Schmale GA, Kitsoulis P, and
Bovee JVMG, who are also other noted co-citation
authors. These authors are central to the literature on
osteochondroma, contributing extensively to its diag-
nosis, pathology, and treatment. Wolford LM, on the
other hand, develops a different cluster which is pre-
dominantly focused on maxillofacial surgery. The net-
work shows thematic clusters, with authors such as
Dahlin DC and Solomon L connecting various research
areas, highlighting their influence in orthopedic and
craniofacial subfields.
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Figure 6. A: the top 15 keywords with the most robust citation bursts in osteochondroma research between 2000 and 2024. B: the co-occur-
rence network of keywords in osteochondroma research, where each node represents a keyword that appeared at least ten times in the
dataset. C: the trend topics in osteochondroma research from 2000 to 2024, with terms sorted by frequency over time. D: a thematic map of
osteochondroma research, organizing themes based on their relevance (centrality) and development (density). E: the three-field plot analysis
generated in Bibliometrix, which illustrates the relationships between key references (left), authors (middle), and keywords (right) in osteochon-

droma research.

Keywords

BursTts

The most frequently used 15 keywords with the

most robust citation bursts
research from 2000 to 2024 are

in osteochondroma

illustrated in

figure 6A. The keyword “case report” had the most
robust burst starting in 2020 and is expected to
continue through 2024, illustrating the rising

presence of case reports in the literature. Keywords
such as “solitary osteochondroma” and “hereditary
multiple exostoses” experienced significant citation
increases between 2006 and 2012 and between
2006 and 2013, respectively. Earlier citation bursts
are observed for terms such as “joint,” “exostosis,”
and “cervical spine” in the early 2000s. This study
demonstrates the evolution of the research focus on
osteochondromas, emphasizing more genetic con-
ditions such as HME.
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C0-0CCURRENCE

The co-occurrence network of keywords in osteo-
chondroma research has been mapped out in figure 6B,
where each node is a keyword appearing at least ten
times. The central keyword “osteochondroma” is the
network’s primary focus, linked to clusters of related
terms. The red cluster highlights keywords related to
HME, spinal cord compression, and multiple osteo-
chondromas, reflecting the genetic and clinical aspects.
The green cluster focuses on terms such as “exosto-
sis,” “surgery,” and “child,” indicating surgical and pedi-
atric contexts. Other clusters address imaging (yellow)
and conditions such as osteosarcoma (purple) and
osteoblastoma (blue). This network illustrates the mul-
tidisciplinary nature of osteochondroma research, con-
necting clinical, genetic, and diagnostic aspects.

TIMELINE

Figure 6C shows osteochondroma research trend
topics from 2000 to 2024, with terms sorted by fre-
quency. “Prevalence,” “variants,” and “multiple” have
gained attention since 2015, while “surgical manage-
ment,” “heterotopic ossification,” and “pathogenesis”
remain relevant. Specific terms such as “hereditary
multiple exostoses,” “cord compression,” and “myelop-
athy” highlight genetic and spinal focuses. Circle sizes
indicate frequency, with larger circles representing
more frequently used terms.

THEMATIC MAP

The thematic map of osteochondroma research,
organizing themes by relevance (centrality) and devel-
opment (density), is depicted in figure 6D. The upper-
right quadrant (motor themes) includes core topics
such as “osteochondroma,” “hereditary multiple exos-
toses,” and “bone tumors,” which are both relevant and
trending popular concepts. The lower-right quadrant
(basic themes) contains terms such as “mandibular
condyle” and “reconstruction,” indicating foundational
areas that are less developed. The upper-left quadrant
(niche themes) showcases specialized fields that lack
extensive research and reveal opportunities within
areas such as “expression” and “heparan sulfate.” The
lower-left quadrant (emerging or declining themes) fea-
tures terms such as “exostosis” and “femur,” reflecting
topics that are emerging or declining in relevance.

THREE-FIELD PLOT

Figure 6E shows a three-field plot from bibliometrix
illustrating relationships between key references (left),
authors (middle), and keywords (right) in osteochon-
droma research. Notable references such as Wolford
LM 2002 and Bovée JVMG 1999 are linked to influen-
tial authors such as Hogendoorn PCW and Pacifici M.
These authors relate to central themes such as
“osteochondroma,” “osteosarcoma,” and “hereditary
multiple exostoses.” The plot emphasizes that a few
pivotal authors and studies shape much of the dis-
course, with keywords such as “osteochondroma” and
“hereditary multiple exostoses” central to ongoing
research. This figure highlights the significance of
particular authors and studies in shaping contempo-
rary understanding of osteochondroma research.

Discussion

As research expands rapidly in orthopedic oncology,
it has become increasingly important for researchers
to determine their direction. Instead of depending
exclusively on meta-analysis and systematic review
methods, bibliometric analysis provides a way to visual-
ize the current literature for validation and assessment.
This bibliometric analysis offers valuable insights into
the research landscape of osteochondromas, highlight-
ing the key contributions and trends in this field. This
analysis underlines the importance of specific studies
that have significantly influenced the understanding
and management of osteochondromas.

The analysis of publication years reveals a steady
increase in research output over the past two decades.
Research related to osteochondromas has continued
to exhibit a substantial increase in volume from 2000
to 2024, with the year 2021 witnessing the highest
number of published articles (Fig. 1). This trend sug-
gests a growing interest in and recognition of the
importance of osteochondroma in orthopedic and
oncological research communities.

The geographical distribution of the much-cited arti-
cles also provides exciting insights into international
collaboration patterns. A significant proportion of influ-
ential research is either authored, co-authored, or
cited from countries such as the United States, Ger-
many, and Japan (Fig. 1). This distribution demon-
strates the worldwide scope of osteochondroma
research and the collaborative initiatives across vari-
ous regions to enhance understanding in this field.
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Leiden University and Shanghai Jiao Tong Univer-
sity both stand out as leaders in publication output
and have maintained these publication trends for
years (Fig. 2). Regarding co-authorship affiliations,
Leiden University is the cornerstone, with strong co-
authorship ties to well-established institutions such as
the University of Oxford, the University of Utah, and
Harvard University. Hogendoorn PCW (H index 19) is
the leading author on osteochondromas, featuring the
most articles, and is a crucial figure in the author co-
authorship network (Fig. 3). Flemming, DJ, Kransdorf,
MJ, and Murphey, MD are the most locally cited
authors.

The Cureus Journal of Medical Science and Skel-
etal Radiology are, respectively, the most pertinent
journals and sources in the field of osteochondroma
research (Fig. 4). The most locally cited source net-
works dwell around well-established journals such as
The Journal of Bone and Joint Surgery (American
volume), Skeletal Radiology, Journal of Pediatric
Orthopedics, and Cureus Journal of Medical
Science.

The most influential reference is Murphey MD,
2000, Radiographic?, which occupies a central posi-
tion and forms a critical foundation in osteochondroma
literature. Murphey MD is also the most frequently
cited author in osteochondroma research (Fig. 5). The
top references with the most robust citation bursts are
Bovée JVMG, 1999, Am J Hum Genet'®, Vasseur MA,
2000, J Vasc Surg', Porter DE, 1999, and J Pathol®.

Keyword analysis offers a beneficial way to reveal
essential aspects of a study, such as the research
methods, subjects, content, and other related ele-
ments. The thematic map of osteochondroma research
revealed specialized fields that lack extensive research
and reveal opportunities within areas such as “expres-
sion” and “heparan sulfate.” Furthermore, keywords
such as “solitary osteochondroma” and “hereditary
multiple exostoses” experienced significant citation
increases (Fig. 6). The findings of the thematic maps
reveal the spontaneous regression resolution found in
niche themes and point out the topics and areas that
are not very well studied and open to research. Key-
words such as “expression” and “heparan sulfate” are
highlighted in the niche themes section of the the-
matic maps, underlining the evolution of the research
focus on osteochondromas and the need for more
genetic research.

This study used bibliometric methods and visual
maps to represent and analyze the available literature,
research hotspots, and trends, providing insights for

future research about osteochondroma. USA and
China lead contributions, emphasizing the need for
strengthened international collaboration. Keyword
clusters highlight keywords such as “osteochondroma”
and “hereditary multiple exostoses” as central to
ongoing research and crucial research focal points.
The findings of the thematic maps revealed the niche
themes by pointing out keywords such as “expres-
sion,” highlighting the evolution of the research focus
on osteochondromas and the need for more genetic
research.

Our study has several limitations. First, it was exclu-
sively based on the WoSCC database and did not
consider other databases such as PubMed and Sco-
pus, which could have resulted in a limited selection
of publications. Second, it included only English lan-
guage studies from the SCIE database of Web of Sci-
ence, so non-English literature may have been left
out, introducing potential language bias. In addition,
it did not examine articles published before 2000,
which may have led to the absence of numerous high-
quality publications.

Conclusions

The study of global research trends on osteochon-
droma from 2000 to 2024 reveals a significant and
growing interest in this field, underscored by the surge
in publications and international collaborations. The
United States and China emerge as the leading con-
tributors to osteochondroma research. However, there
remains a notable gap in genetic research, particularly
concerning keywords such as expression and hepa-
ran sulfate. This highlights an important area for future
exploration. Despite the advancements, continuous
efforts are necessary to address these gaps, ensuring
a comprehensive understanding of osteochondroma
and its implications in genetic conditions. With this
guidance, researchers can continue to advance the
understanding and management of osteochondromas,
ultimately improving patient outcomes.
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Memoria episédica, memoria autopercibida y salud mental
en adultos mayores, segtin la edad, durante la pandemia
de COVID-19

Episodic memory, self-perceived memory and mental health in older adults, by age,
during the COVID-19 pandemic
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Resumen

Objetivo: Comparar el funcionamiento de la memoria episédica y la memoria autopercibida, y su asociacion con sintomas
emocionales, en personas de 60 afios y mayores de 70 afios durante la pandemia de COVID-19. Método: Estudio trasversal,
descriptivo, correlacional, realizado a distancia. Se obtuvieron las caracteristicas sociodemogrdficas, de funcionamiento y
autopercepcion de la memoria y de la salud mental de 100 adultos mayores distribuidos en tres grupos de edad. Se realizé
andlisis descriptivo, con pruebas y?, Kruskal-Wallis y ANOVA, asi como coeficiente de correlacion de Spearman. Resultados: Se
encontrd asociacion entre la edad y el nivel de desempefio global de la memoria episddica. Los tres grupos mostraron una
correlacion inversa entre la autopercepcion del funcionamiento de la memoria y la autopercepcion de la memoria como pro-
blematica. Los sintomas de depresion se correlacionaron con la autopercepcion de la memoria en los tres grupos. Ademds,
la depresion y la ansiedad rasgo presentaron mas correlaciones con la memoria episddica en los mas longevos.
Conclusiones: Los sintomas emocionales durante la pandemia afectaron la autopercepcion de la memoria y se relacionaron
con el rendimiento de la memoria episddica en el grupo mas longevo.

Palabras clave: Memoria episddica. Memoria autopercibida. Adultos mayores. Pandemia de COVID-19. Confinamiento.
Abstract

Objective: To compare the functioning of episodic memory, self-perceived memory, and their association with emotional
symptoms among people aged 60 and those over 70 during the COVID-19 pandemic. Method: Cross-sectional, descriptive,
correlational study conducted remotely. Sociodemographic characteristics, self-perception and functioning of memory, and
mental health data were collected from 100 older adults grouped into three age categories. Descriptive analysis, hypothesis
testing x? tests, Kruskal Wallis, ANOVA, and Spearman’s correlation coefficient were performed. Results: An association was
found between age and overall level of episodic memory performance. All three groups exhibited an inverse correlation between
self-perception of memory functioning and self-perception of memory as problematic. Depression symptoms correlated with
self-perception memory in all three groups. Additionally, depression and trait anxiety showed more correlations with episodic
memory in the older age group. Conclusions: Emotional symptoms during the pandemic affected self-perceived memory and
were related to episodic memory performance in the oldest group.

Keywords: Episodic memory. Self-perceived memory. Older adults. COVID-19 pandemic. Lockdown.
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|ntroducci6n

La pandemia de COVID-19 mostré la fragilidad de
los adultos mayores, al ser parte del grupo de edad
con los indices de mortalidad més elevados en todo
el mundo™. La alta posibilidad de enfermar e incluso
de morir dio paso al establecimiento de estrategias
dirigidas a la prevencion y la disminucion de los con-
tagios, como el distanciamiento fisico y social, y el
confinamiento®. Al ser una poblacion que mostraba
una importante fragilidad ante la COVID-19, los adul-
tos mayores recibieron mas recomendaciones de
aislamiento®”’, por lo que surgidé la preocupacion
sobre el efecto que pudieran tener estas medidas en
las funciones cognitivas por una disminucién de la
estimulacion®.

La memoria es un proceso en el que diferentes
funciones cerebrales participan en tareas de clasifi-
cacion, codificacién, almacenamiento y recuperacion
de informacidn®, a partir de experiencias que modi-
fican la estructura cerebral y el comportamiento™.
Se ha reportado que el rendimiento disminuye al
aumentar la edad", y que la mayor vulnerabilidad la
presenta la memoria episddica, semantica, de tra-
bajo y prospectiva'®',

Por otro lado, la autopercepcion de la memoria es
una estimacion subjetiva o juicio sobre la propia capa-
cidad o funcionamiento. Los estudios previos realiza-
dos en adultos mayores muestran dos vertientes
relacionadas con la autopercepcion de alteraciones
en la memoria, que evidencian, por un lado, la pre-
sencia de alteraciones cognitivas objetivas en etapas
iniciales o con un mayor riesgo de desarrollo de dete-
rioro cognitivo, y por otro lado la presentacion de
sintomas de ansiedad o depresion'*'®,

El estudio de las funciones cognitivas ha mostrado
que la memoria se ve sustancialmente comprome-
tida con el envejecimiento, y también se ha descrito
que las quejas y las preocupaciones relacionadas con
la memoria suelen ser mas frecuentes conforme
aumenta la edad'™®". Los estudios sobre la autoper-
cepcion de la memoria en adultos mayores durante
la pandemia muestran percepcién de deterioro y de
mal funcionamiento'®22,

Previamente otros estudios compararon el rendi-
miento y la percepcion de la memoria en diferentes
rangos de edad. Lima-Silva et al.'® estudiaron la rela-
cién entre la edad y la presencia de quejas de memo-
ria en dos grupos de adultos mayores, uno de 56 a
74 afios y otro de 75 a 92 afos, e informaron que no

se encontrd diferencia significativa en el rendimiento
de las pruebas objetivas de memoria y que la edad
no se asociaba con las quejas de memoria ni con el
rendimiento. Por otra parte, Commissaris et al."” divi-
dieron una muestra en cuatro grupos de edad: 25 a
35, 40 a 50, 55 a 65, y 70 a 85 afos, y encontraron
que en el grupo de mayor edad el 50% se describian
a si mismos como olvidadizos.

Basandonos en lo anterior, el objetivo del presente
estudio fue comparar el funcionamiento de la memo-
ria episodica y la memoria autopercibida, y su aso-
ciacion con sintomas emocionales, en mayores de 60
afos analizados por grupos de edad durante el con-
finamiento por la pandemia de COVID-19 en México.

Método

Se trata de un estudio trasversal, descriptivo y corre-
lacional realizado a distancia. A partir de una convo-
catoria en redes sociales, 145 personas se interesaron
en participar, 26 unicamente solicitaron informacion, 7
no cumplieron con los criterios de seleccion y 12 no
concluyeron la evaluacién. Se obtuvo un porcentaje
de participacion del 69%, es decir, 100 adultos mayo-
res. Se crearon tres grupos considerando la edad de
los participantes: el grupo A se conformd por 39 par-
ticipantes de 60 a 64 afios, el grupo B por 31 partici-
pantes de 65 a 69 afos, y el grupo C por 30
participantes de 70 afios en adelante.

Los datos se recolectaron del 23 de septiembre de
2021 al 23 de mayo de 2022, mientras se encontraban
activas las recomendaciones nacionales de aisla-
miento social en la poblacién. El protocolo fue apro-
bado por el Comité Institucional de Investigacion y
Etica del Instituto Nacional de Rehabilitacién Luis Gui-
llermo Ibarra Ibarra (No. 32/21). Los participantes fir-
maron un consentimiento informado y autorizaron el
uso de los datos anonimizados.

Los criterios de inclusién fueron tener 60 afios o
mas, escolaridad minima de primaria completa,
acceso a Internet, contar con dispositivo electrénico
smartphone, tablet o equipo de computo, habilidades
para participar en una videollamada y una puntua-
cion en el Montreal Cognitive Assessment (MoCA)?®
> 24 puntos. Se consideraron como criterios de
exclusién tener diagnostico previo de demencia, pro-
blemas auditivos o visuales no corregidos, antece-
dente de enfermedad vascular cerebral, epilepsia,
abuso de drogas o alcohol en los ultimos 5 afos, y
uso de medicamentos antipsicdticos, antiepilépticos,
hipnéticos o benzodiacepinas.
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Instrumentos

Se aplicaron el MoCA como instrumento de tami-
zaje para descartar la presencia de deterioro cogni-
tivo previo y la seccién de memoria de Neuropsi®*
para determinar el funcionamiento de la memoria epi-
sodica. Adicionalmente, los participantes respondie-
ron un cuestionario aplicado en un formulario de
Google disefado para recopilar informacién sociode-
mografica, de antecedentes de importancia y sobre
autopercepcion de la memoria mediante dos pregun-
tas: 1) «Del 1 al 10, como considera que ha sido su
memoria durante este periodo de confinamiento?”,
correspondiendo 1 a «<muy mala» y 10 a «muy buena»,
y 2) «Del 1 al 10, jconsidera que en este tiempo su
memoria se ha vuelto un problema para usted?”,
correspondiendo 1 a «nada problematica» y 10 a «muy
problematica». Se incluyeron también la Escala de
Depresion Geriatrica de Yesavage®, para determinar
la gravedad de los sintomas de depresion a partir de
la puntuacién obtenida (de 0 a 10 puntos: ausencia
de depresion; de 11 a 20 puntos: depresion ligera; de
21 a 30 puntos: depresion moderada a grave), y el
Inventario de Ansiedad Rasgo-Estado?, en el cual
para determinar la gravedad se considerd una pun-
tuacion < 29 como ansiedad baja, de 30 a 44 como
ansiedad moderada y > 45 como ansiedad alta.

Procedimiento

Los voluntarios recibieron un correo electrénico con
el enlace del formulario de Google que incluia el
cuestionario y las escalas de depresion y ansiedad.
Una vez registrada su respuesta en el sistema, se
agendo una reunion por videollamada, que iniciaba
con la aplicacion del MoCA y continuaba con el Neu-
ropsi memoria. Cabe destacar que la subprueba de
cubos en regresion fue excluida del Neuropsi por la
dificultad para ejecutarla por videollamada.

Analisis estadistico

Se realiz6 un andlisis descriptivo, obteniendo
medias y desviaciones estandar para las variables
cuantitativas y frecuencias y porcentajes para las
variables cualitativas. Para determinar las diferencias
entre grupos se realizo la prueba de ANOVA para las
variables sociodemogréficas cuantitativas edad y afios
de antigliedad laboral. Para establecer una asociacion
de variables se emplearon la prueba de Kruskal-Wallis
en la autopercepcién de la memoria (funcionamiento

Tabla 1. Caracteristicas sociodemograficas de los grupos

Caracteristicas GrupoA GrupoB GrupoC p*

(n=39) (n=31) (n=30)
Edad, media (afios) 61.9 66.8 74.6 0.001
Afios de actividad laboral,  33.2 35.2 418 0.029
media
Sexo, n
Mujer 30 24 21 0.751
Hombre 9 7 9
Estado civil
Soltero 10 8 11 0.189
Casado 22 19 11
Viudo 5 1 7
Union libre 2 3 1
Residencia
Ciudad de México 20 20 19 0.494
Morelos 7 3 3
Estado de México 6 1 4
Otros 6 7 4
Nivel de estudios
Educacion basica 9 13 18 0.008
Educacién superior 30 18 12

*Valor p calculado con ANOVA para edad y afios de actividad laboral, y con prueba de
%2 para sexo, estado civil, lugar de residencia y nivel de estudios.

y problematica) y la prueba de y? para las variables
sociodemograficas cualitativas de funcionamiento de
la memoria episddica y de salud mental. Se calcula-
ron las correlaciones de Spearman para determinar
la asociacidn entre la memoria episodica, la memoria
autopercibida y la salud mental. El analisis se realizd
en SPSS Statistics version 26, con un valor de signi-
ficacion de p < 0.05.

Resultados

Las caracteristicas sociodemogréaficas de la mues-
tra, los valores obtenidos y los resultados de ANOVA
y ¥2se resumen en la tabla 1. En los tres grupos fue
mayor la participacion de las mujeres. El estado civil
mas frecuente en los grupos A y B fue casado, y en
el grupo C fue soltero o casado. El lugar de residencia
mas comun fue la Ciudad de México en los tres gru-
pos. En cuanto a antigiiedad laboral, la media més
alta se observd en el grupo C, con 41.8 afnos. Se
encontré una diferencia significativa entre los grupos
para edad y los afos de actividad laboral, y una aso-
ciacion significa entre las variables edad y nivel de
estudios; en este sentido, la educacién superior pre-
domind en el grupo A y la educacion bésica en el
grupo C.
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Los resultados de autopercepcion de la memoria y
desemperio en las subpruebas de la memoria episo-
dica pueden consultarse en la tabla 2. No se encontré
diferencia significativa entre los grupos en autoper-
cepcion de la memoria, y se destaca la asociacion
entre las variables edad y funcionamiento global de
la memoria episddica, retencion de digitos correspon-
diente a memoria de trabajo, curva de memoria
y memoria légica historias durante la codificacién y
memoria verbal espontanea, memoria verbal claves y
memoria légica historias durante la evocacion. Tam-
bién se observa que el grupo B presentd un mayor
porcentaje de participantes con desempeno nor-
mal-alto y normal.

Se encontraron correlaciones inversas entre auto-
percepcion del funcionamiento de la memoria y auto-
percepcion de la memoria como problematica en los
tres grupos. En el grupo A se encontré asociacion
entre la autopercepcion de funcionamiento y la figura
de Rey-Osterrieth en la codificacion, indicando que,
a mejor percepcion del funcionamiento de la memoria,
mejor desempefio en esta subprueba. En el grupo C
se encontr6 mayor cantidad de correlaciones. La
autopercepcion de funcionamiento se relacioné de
manera positiva y moderada con varias subpruebas
en la evocacion. La autopercepciéon de la memoria
como problematica se relacion6 de manera moderada
y negativa con caras en la codificaciéon y con memoria
verbal claves en la evocacidn, indicando por un lado
que, a mejor percepcion del funcionamiento de la
memoria, mejor desempeno, y por otro, que a mayor
percepcién de la memoria como problematica, menor
desempefio en las subpruebas mencionadas (Tabla 3).

Cualitativamente se puede observar que el analisis
de salud mental mostré6 que no hubo asociaciones
significativas entre la edad y los sintomas de depre-
sién o ansiedad. Los grupos A y B tuvieron partici-
pantes con sintomas de depresién moderada a grave.
Los sintomas de ansiedad rasgo y estado se repor-
taron de forma similar en los tres grupos, y se destaca
que en ansiedad estado el grupo A presentd un mayor
porcentaje de participantes con un nivel alto (Tabla 4).

En cuanto a las correlaciones entre salud mental y
funcionamiento de la memoria episddica, se observa
una mayor cantidad de asociaciones en el grupo C,
las cuales fueron negativas y moderadas entre los
sintomas de depresion con las subpruebas en memo-
ria de trabajo, momento de codificaciéon y evocacion.

Es destacable que los sintomas de depresion pre-
sentaron correlaciones altas y negativas en los gru-
pos By C con la autopercepcion del funcionamiento

Tabla 2. Mediana de la memoria autopercibida y porcentaje de
funcionamiento de la memoria episédica

Autopercepcion y
funcionamiento

Grupo A GrupoB GrupoC p*
(n=39) (n=31) (n=30)

Autopercepcion de la memoria, mediana

Funcionamiento (0 = muy malo, 8 8 8 0.666
10 = muy bueno)
Problemaética (0 = nada 5 6 2 0.082
problematica, 10 = muy
problematica)
Neuropsi (%)
Desempefio global en memoria
episédica 17.9 51.6 26.7 0.035
Normal alto 76.9 48.4 70
Normal 5.1 - 3.3
Alteracién leve a moderada
Memoria de trabajo
Retencion de digitos en 0.003
regresion - 16.1 30
Normal alto 84.6 80.6 66.7
Normal 15.4 3.2 3.3
Alteracion leve a moderada
Codificacion
Curva de memoria 0.008
Normal alto 12.8 25.8 36.7
Normal 718 74.2 63.3
Alteracién leve a moderada 15.4 - -
Pares asociados 0.673
Normal alto 20.5 9.7 16.7
Normal 76.9 87.1 76.7
Alteracion leve a moderada 2.6 3.2 6.7
Memoria légica historias 0.042
Normal alto 12.8 355 33.3
Normal 74.4 64.5 63.3
Alteracion leve a moderada 12.8 - 3.3
Figura Rey-Osterrieth 0.097
Normal alto 2.6 - -
Normal 87.2 83.9 90
Alteracién leve a moderada 7.7 16.1 -
Alteracion grave 2.6 - 10
Caras 0.203
Normal 94.9 100 100
Alteracion grave 5.1 - -
Evocacién
Memoria verbal espontanea - 38.7 20  0.001
Normal alto 92.3 61.3 80
Normal 7.7 - -
Alteracién leve a moderada
Memoria verbal claves 0.001
Normal alto 10.3 64.5 36.7
Normal 84.6 32.3 63.3
Alteracién leve a moderada 5.1 3.2 -
Memoria verbal 0.079
reconocimiento
Normal alto 23.1 48.4 26.7
(Continda)
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Tabla 2. Mediana de la memoria autopercibida y porcentaje de
funcionamiento de la memoria episédica (continuacion)

Tabla 3. Correlaciones entre memoria autopercibida y subpruebas
de memoria episddica (solo se muestran las significativas)

Autopercepcion y
funcionamiento

Grupo A GrupoB GrupoC p*
(n=39) (n=31) (n=30)

Variables GrupoA  Grupo B

(n=39) (n=31)

Grupo C
(n=30)

Neuropsi (%)

Normal 71.8 51.6 73.3
Alteracioén leve a moderada 5.1 - -

Pares asociados 0.341
Normal alto 23.1 48.4 33.3
Normal 71.8 45.2 60
Alteracién leve a moderada 5.1 3.2 3.3
Alteracion grave - 3.2 3.3

Memoria légica historias 0.001
Normal alto 15.4 58 40
Normal 84.6 355 53.3
Alteracién leve a moderada - 6.5 6.7

Figura Rey-Osterrieth 0.057
Normal alto 23.1 25.8 3.3
Normal 61.5 71 93.3
Alteracioén leve a moderada 12.8 32 3.3
Alteracion grave 2.6 - -

Reconocimiento caras 0.887
Normal alto 2.6 32 -
Normal 89.7 90.3 90
Alteracién leve a moderada 7.7 6.5 10

*Valor p calculado con Kruskal-Wallis para autopercepcion de la memoria y con prueba
de y? para Neuropsi en memoria de trabajo, codificacion y evocacion.

de la memoria, y se encontraron correlaciones posi-
tivas y moderadas con autopercepcion de la memoria
como problematica. Las correlaciones mas altas entre
sintomas de ansiedad rasgo y rendimiento en la
memoria se encontraron en el grupo C, principal-
mente en las subpruebas de memoria verbal en el
momento de la evocacion (Tabla 5).

Discusion

Los resultados obtenidos en el presente estudio
muestran que el funcionamiento global de la memoria
episddica de la mayoria de los adultos mayores fue
bueno; sin embargo, se encontrd una asociacion sig-
nificativa entre la edad y el desempefio global. Llama
la atencion que el grupo B, de 65 a 69 afos, presentd
el mejor rendimiento, ya que los grupos A y C tuvieron
menos participantes con resultados ubicados en la
categoria normal alta, destacando que el grupo A
mostré un funcionamiento por debajo del grupo C,
conformado por los participantes mas longevos
(70 afios en adelante), quienes en las subpruebas de
retencion de digitos en regresion que evalda la memo-
ria de trabajo y en codificacion curva de memoria

Percepcioén funcionamiento
de la memoria

Percepcion memoria p=-0468 p=-0726 p=-0.685

problematica
Figura de Rey-Osterrieth  p = 0.368 -
(COD)
Pares asociados (COD) - - p =0.466
Caras (COD) - - p =0.483
Memoria verbal - - p=0.371
espontanea (EV)
Memoria verbal claves (EV) - - p =0.456
Pares asociados (EV) - - p =0.393
Percepcién memoria
problematica
Caras (COD) - - p =-0.455
Memoria verbal claves (EV) - - p =-0.430

COD: codificacion; EV: evocacion.

Tabla 4. Porcentajes de depresion, ansiedad rasgo y ansiedad
estado en cada uno de los grupos

Caracteristicas GrupoA  GrupoB GrupoC p*
(n=39) (n=31) (n=30)
Depresion 0.118
Ausencia 82.1 64.5 80
Ligera 7.7 25.8 20
Moderada a grave 10.3 9.7 -
Ansiedad rasgo 0.936
Moderada 46.2 419 43.3
Alta 53.8 58.1 56.7
Ansiedad estado 0.396
Moderada 359 51.6 46.7
Alta 64.1 48.4 53.3

*Valor p calculado con prueba de x?

presentaron mejor desempefio. Estos resultados pare-
cen no concordar con estudios previos si se considera
lo reportado en la literatura, ya que se esperaria que
los participantes mas jovenes presentaran un mejor
desempeiio en todos los aspectos de la memoria.
Como parte del envejecimiento normal es habitual
una disminucion en el rendimiento en diferentes tareas
cognitivas?, entre ellas la memoria?2°, sugiriendo que
al incrementarse la edad se evidencia una mayor dis-
minucion en el funcionamiento®. Sin embargo, también
se ha documentado que ante situaciones estresantes
las personas experimentan un bloqueo de acceso a
la informacién, y también se ha sugerido que unos
niveles de estrés elevados pueden ejercer efectos
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Tabla 5. Correlaciones entre salud mental y memoria episddica y memoria autopercibida

Variables Grupo A Grupo B Grupo C
(n=39) (n=31) (n=30)
Depresion
Retencion de digitos en regresion (MT) - - p =-0.463
Caras (COD) - - p =-0.423
Memoria verbal espontanea (EV) - - p =-0.397
Memoria verbal claves (EV) - - p =-0.484
Pares asociados (EV) - - p =-0.367
Percepcion de funcionamiento memoria p =-0.455 p=-0622 p=-0735
Percepcién de memoria problematica p=0.525 p =0.501 p=0.539
Ansiedad rasgo
Pares asociados (COD) p =-0.411 - -
Pares asociados (EV) p=-0.343 - -
Memoria légica historias (COD) - p=-0.370 -
Figura Rey-Osterrieth (COD) - p =0.388 -
Memoria verbal esponténea (EV) - - p =-0.492
Memoria verbal claves (EV) - - p =-0.541
Memoria verbal reconocimiento (EV) - - p =-0517
Funcionamiento global memoria - - p =-0.398
Percepcion de funcionamiento memoria - p =0.369 -
Ansiedad estado -
Pares asociados (COD) p=-0.382 - -
Figura de Rey-Osterrieth (EV) - p=0.425 -

COD: codificacion; EV: evocacion; MT: memoria de trabajo.

negativos sobre la autopercepcién de la memoria®®, y
en este caso la pandemia de COVID-19 podria con-
siderarse como un hecho estresante importante.
Considerando el impacto de la salud mental sobre
la memoria episddica, destaca la presencia de corre-
lacién entre la depresion y el rendimiento en algunas
subpruebas, en especial en el grupo C (mas longevo),
indicando que, a mayor gravedad de los sintomas de
depresidn, menor rendimiento. Asi mismo, en los tres
grupos se encontr6 una relacion entre los sintomas
de depresién y la autopercepcion de la memoria, indi-
cando que, a mayores sintomas de depresién, mas
percepcion de menor funcionamiento y mas percep-
cién de la memoria como problematica. En este sen-
tido, es posible que las actitudes negativas hacia el
envejecimiento®, asi como el efecto de la sintomato-
logia depresiva, que incluye frecuente presencia de
percepciones negativas (hacia las personas y sus
capacidades), se vieran intensificadas ante la percep-
cion de mayor riesgo de vulnerabilidad de la pobla-
cion de adultos mayores frente a la alta mortalidad
por COVID-19 de este grupo etario, y que esto haya
repercutido en la autovaloracion negativa en el rendi-
miento de esta funcidn cognitiva. De acuerdo con el
modelo cognitivo de depresion de Aaron Beck, podria
tomarse en cuenta su propuesta de que un aconteci-
miento critico (la pandemia de COVID-19) favorece la

activacién de esquemas disfuncionales que se carac-
terizan por pensamientos negativos, propiciando una
vision negativa sobre si mismo y llevando, en este
caso particular, a una mala autopercepcién sobre el
funcionamiento de la memoria®.

Los sintomas de ansiedad rasgo también se rela-
cionaron de forma importante en el grupo C (mas
longevos), lo cual indica que, a mayor grado de sin-
tomas de ansiedad rasgo, menor desempefo en la
memoria verbal durante la evocacion. En cambio, los
niveles elevados de sintomas de ansiedad estado se
presentaron con mayor frecuencia en el grupo A
(menor rendimiento), por lo que es probable que este
tipo de ansiedad, sumado a cdmo se sentia el partici-
pante en el momento de la evaluacion, haya repercu-
tido en su desempefio. En este sentido, Sanz Blasco
et al.®3, en un estudio de revisidn tedrica sistematica,
reportaron que es frecuente identificar, en la memoria
explicita, la presencia de un sesgo en esta funcion en
personas con trastorno de panico y en menor medida
en aquellos con trastorno de estrés postraumatico en
tareas de recuerdo libre, donde en ambos cuadros de
salud mental prevalece la presencia de estados de
ansiedad aguda. Algo destacable en las caracteris-
ticas de los participantes fue la mayor frecuencia de
adultos mayores con grado de estudios de licencia-
tura y posgrado, factor que se ha propuesto en la
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literatura como indicador de reserva cognitiva, que posi-
blemente pueda funcionar como un modulador positivo
en el rendimiento de la memoria y en la frecuencia y la
gravedad de los sintomas emocionales®+®,

Los sintomas de ansiedad rasgo presentaron tam-
bién una asociaciéon moderada y positiva con la auto-
percepciéon del funcionamiento de la memoria en el
grupo B, esto es, a mayor sintomatologia ansiosa, mas
percepcién de mejor funcionamiento. Podria conside-
rarse que esta correlacion presenta una baja coheren-
cia, ya que se esperaria que, con el incremento de la
ansiedad, la percepcién del funcionamiento de la
memoria se manifestara disminuida; sin embargo, en
este caso, la ansiedad rasgo es un tipo de estado afec-
tivo que indica una disposicion estable a interpretar los
estimulos como amenazadores independientemente de
cualquier evento reciente del entorno®, lo cual pudo
funcionar como un factor que favorecié la percepcion
positiva de rendimiento sin incrementar su percepcion
de amenaza a pesar del confinamiento, y que ademas
fue coherente con el resultado obtenido en el rendi-
miento de memoria episddica por este grupo de parti-
cipantes, siendo el que evidencié mejor desempefo.

Con respecto a la autopercepcion de la memoria
como problematica, la tendencia observada en las
respuestas de los participantes fue que la considera-
ban regularmente problematica, en especial los grupos
Ay B, ya que el grupo de mayor edad considerd que
su memoria no lo era tanto. Asi mismo, en los tres gru-
pos se encontrd una correlacion entre la autopercepcion
del funcionamiento de la memoria y la autopercepcion
de la memoria como problematica, indicando que, a
mejor percepcion del funcionamiento, menor percep-
cién de la memoria como problematica durante el
confinamiento.

Las asociaciones observadas entre la salud mental
y el rendimiento de la memoria episddica podrian
explicarse por las modificaciones reportadas en el sis-
tema nervioso central en los pacientes con ansiedad y
depresion. En el caso de la depresion, se han informado
anomalias en la amigdala y el hipocampo, asi como
alteracion funcional en la corteza cingulada anterior sub-
genual, en la corteza prefrontal dorsolateral, la amigdala
y el estriado ventral®”. También se ha observado que la
depresion provoca inflamacion cerebral que genera modi-
ficaciones del metabolismo de neurotransmisores, en la
funcion neuroendocrina y en la plasticidad neuronal®.
Igualmente, algunos de los sintomas clinicos asociados
a la depresion son sintomas cognitivos, como afectacion
de la memoria, la concentracion y la atencién®*#°. Con
respecto a la ansiedad, estructuralmente se han descrito

alteracion en la funcion del Jocus coeruleus, disfuncién
serotoninérgica, alteracion funcional global en el sistema
nervioso auténomo (encargado de los procesos fisiold-
gicos involuntarios en el eje hipotalamo-hipdfisis-supra-
rrenal) y trastornos tiroideos*!, ademas de alteracion
funcional de la amigdala y su conectividad con la cor-
teza cerebral®.

Estos resultados hacen posible sugerir que los fac-
tores emocionales presentes durante la pandemia y
como resultado de las medidas sanitarias de contin-
gencia por la COVID-19 repercutieron en el aspecto
emocional y, junto con la presencia de actitudes nega-
tivas intensificadas relacionadas con la percepcion de
riesgo y vulnerabilidad asociados a la edad, afectaron
la autovaloracién de la memoria por parte de los adul-
tos mayores. En este sentido, es posible retomar la
propuesta de Beck, que sefiala que los esquemas
estan constituidos por aspectos positivos y negativos
que contribuyen a la determinacion de la propia valia,
pudiendo llegar en ocasiones a estados criticos, en
los que una falta de flexibilidad desencadena, en este
caso, una sensacion de vulnerabilidad que afecta la
autoestima y la autovaloracion, de tal manera que una
mayor vulnerabilidad cognitiva conduce a una percep-
cién y una valoracion mas negativas, incidiendo en el
juicio sobre si mismo32. Por otro lado, valdria la pena
considerar la posibilidad de que los adultos mayores
presenten problemas metacognitivos que dificulten la
estimacion acertada del funcionamiento de su propia
memoria. McWilliams et al.*® reportaron que los juicios
de confianza sobre el propio desempefio suelen vol-
verse mas negativos conforme avanza la edad. Los
autores destacan que esta disminucion de la con-
fianza relacionada con la edad no suele acompafarse
por cambios objetivos en el desempefio, el cual suele
permanecer estable a lo largo de la vida, de tal manera
que pudiera ser necesario contar con la opinién de
un familiar cercano o cuidador.

En general, los resultados permiten sugerir que la
salud mental tuvo un papel importante, tanto en el
rendimiento como en la autopercepcién de la memo-
ria de los adultos mayores durante la pandemia, con
efectos diferenciados en cuanto a los sintomas de
ansiedad rasgo o estado y de depresion.

Cabe destacar que, al inicio de la emergencia sanita-
ria, una vez instauradas las medidas de confinamiento
y distanciamiento fisico y social, la literatura internacio-
nal presentada por expertos y por organismos interna-
cionales expreso la posibilidad de que estas medidas,
junto con otros factores como la inestabilidad econo-
mica, la desinformacion y la incertidumbre, podrian
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favorecer el deterioro de funciones o habilidades, asi
como desarrollar o empeorar problemas de salud
mental®4445,

Las limitaciones del estudio radican en que las
caracteristicas sociodemograficas de la muestra no
son representativas de la poblacion mexicana de
adultos mayores y el 75% fueron mujeres, por lo que
los resultados no son generalizables al resto de la
poblacion mexicana. Adicionalmente, la muestra se
reclutd de forma virtual y los participantes requerian
conocimiento y acceso a medios y dispositivos digi-
tales, lo cual no representa la realidad de los adultos
mayores en México; aunado a esto, el nivel de esco-
laridad de la mayoria fue alto, por lo que es posible
que la poblacion tuviera un nivel sociocultural y eco-
némico favorable. Es importante destacar que, en
parte del periodo de recoleccién de datos, ya se habia
iniciado la vacunacion con la primera dosis para adul-
tos mayores (febrero a mayo de 2021), lo que repre-
sentd un momento distinto del contexto del primer afio
de la pandemia en el pais y de la perspectiva en los
participantes. Ademas, desconocemos las caracteris-
ticas del confinamiento y si contaban con compania
de otras personas. Es posible que la evaluacion de la
memoria por videollamada haya limitado la capacidad
del evaluador para observar detalles importantes,
como lo fue en la subprueba de la figura de Rey-Os-
terrieth; también valdria la pena considerar que quiza
lo que los adultos mayores sefialan como alteraciones
de la memoria en realidad sean problemas de aten-
cion, aspecto que no se evalud en este estudio, pero
que deberia hacerse en otros estudios futuros.

Conclusiones

El confinamiento y el distanciamiento fisico y social
durante la pandemia de COVID-19 favorecieron la pre-
sencia de sintomas de ansiedad rasgo y estado, de
nivel moderado y alto, que incidieron significativa-
mente en el rendimiento de la memoria episodica, en
especial en el grupo de menor edad, quienes mostra-
ron mayor vulnerabilidad antes los sintomas emocio-
nales durante la emergencia sanitaria. Tener mayor
edad favorecié un mejor control emocional y, por ende,
un buen desempefio en la memoria episodica y una
autopercepcion de la memoria menos negativa.

Financiamiento

Los autores declaran que este trabajo fue realizado
CON recursos propios.

Conflicto de intereses

Los autores declaran no tener conflicto de intereses.

Consideraciones éticas

Proteccion de personas y animales. Los autores
declaran que los procedimientos seguidos se conforma-
ron a las normas éticas del comité de experimentacion
humana responsable (o animal, segun corresponda), de
acuerdo con la Asociacién Médica Mundial y la Decla-
racién de Helsinki. Los procedimientos fueron autoriza-
dos por el Comité de Etica de la institucion.

Confidencialidad, consentimiento informado y
aprobacion ética. Los autores han seguido los pro-
tocolos de su centro sanitario/institucion para acceder
a los datos de las historias clinicas. Se ha obtenido
el consentimiento informado de los pacientes y se
cuenta con la aprobacién del Comité de Etica. Se han
seguido las recomendaciones de las guias SAGER.

Declaracion sobre el uso de inteligencia artifi-
cial. Los autores declaran que no se utilizé ningun
tipo de inteligencia artificial generativa para la redac-
cion ni la creacion de contenido de este manuscrito.

Referencias

1. Remuzzi A, Remuzzi G. COVID-19 and ltaly: what next? Lancet.
2020;395:1225-28.

2. Wand A, Zhong BL, Chiu H, Draper B, De Leo D. COVID-19: the impli-
cations for suicide in older adults. Int Psychogeriatr. 2020;32:1225-30.

3. Gao Z, Lee JE, McDonough DJ, Albers C. Virtual reality exercise as a
coping strategy for health and wellness promotion in older adults during
the COVID-19 pandemic. J Clin Med. 2020;9:1986.

4. Carriedo A, Cecchini JA, Fernandez-Rio J, Méndez-Giménez A.
COVID-19, psychological well-being and physical activity levels in older
adults during the nationwide lockdown in spain. Am J Geriatr Psychiatry.
2020;28:1146-55.

5. Organizaciéon Mundial de la Salud. Preguntas y respuestas sobre la
enfermedad por coronavirus (COVID-19). OMS; 2023. (Consultado el
25-04-2024.) Disponible en: https://www.who.int/es/emergencies/disea-
ses/novel-coronavirus-2019/advice-for-public/q-a-coronaviruses.

6. Daoust JF. Elderly people and responses to COVID-19 in 27 countries.
PloS One. 2020;15:€0235590.

7. Palmer K, Monaco A, Kivipelto M, Onder G, Maggi S, Michel JP, et al.
The potential long-term impact of the COVID-19 outbreak on patients
with non-communicable diseases in Europe: consequences for healthy
ageing. Aging Clin Exp Res. 2020;32:1189-94.

8. Calderdn-Larrafiaga A, Dekhtyar S, Vetrano DL, Bellander T, Fratiglioni L.
COVID-19: risk accumulation among biologically and socially vulnerable
older populations. Ageing Res Rev. 2020;63:101149.

9. Carrillo-Mora P. Sistemas de memoria: resefia histérica, clasificacion y
conceptos actuales. Primera parte: Historia, taxonomia de la memoria,
sistemas de memoria de largo plazo: la memoria semantica. Salud
Mental. 2010;33:85-93.

10. Banich MT, Compton RJ. Cognitive neuroscience. Cambridge: Cambri-
dge University Press; 2011.

11. Simén T, Gallego-Largo TR, Suengas AG. Memoria y envejecimiento:
recuerdo, reconocimiento y sesgo positivo. Psicothema. 2009;21:409-15.

12. Luo L, Craik FI. Aging and memory: a cognitive approach. Can J Psy-
chiatry. 2008;53:346-53.

13. von Bernhardi R. El desafio de envejecer: una mirada desde la neuro-
ciencia. ARS Med. 2018;43:3-5.

14. Burmester B, Leathem J, Merrick P. Subjective cognitive complaints and
objective cognitive function in aging: a systematic review and meta-analy-
sis of recent cross-sectional findings. Neuropsychol Rev. 2016;26:376-93.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

A.L. Lino-Gonzalez et al. Memoria y salud mental en adultos mayores en pandemia

. Carrillo-Mora P, Garcia-Juérez B, Lugo-Rodriguez Y, Moreno-Méndez EP,

Cruz-Alcald L. Quejas subjetivas de memoria en poblacion geriatrica y
sus factores asociados: estudio piloto en poblaciéon mexicana. Rev Mex
Neuroci. 2017;18:20-31.

. Lima-Silva TB, Yassuda MS. The relationship between memory comp-

laints and age in normal aging. Dement Neuropsychol. 2009;3:94-100.

. Commissaris CJ, Ponds RW, Jolles J. Subjective forgetfulness in a

normal Dutch population: possibilities for health education and other
interventions. Patient Educ Couns. 1998;34:25-32.

. Cohn-Schwartz E, Finlay JM, Kobayashi LC. Perceptions of societal

ageism and declines in subjective memory during the COVID-19 pande-
mic: longitudinal evidence from US adults aged > 55 years. J Soc
Issues. 2022;10.1111/josi.12544.

. Docherty S, Haskell-Ramsay CF, Mclnnes L, Wetherell MA. The effects

of COVID-19 lockdown on health and psychosocial functioning in older
adults aged 70 and over. Gerontol Geriatr Med. 2021;7:1-8.

Maggi G, Baldassarre |, Barbaro A, Cavallo ND, Cropano M, Nappo R,
et al. Age- and gender-related differences in the evolution of psycholo-
gical and cognitive status after the lockdown for the COVID-19 outbreak:
a follow-up study. Neurol Sci. 2022;43:1521-32.

Okely JA, Corley J, Welstead M, Taylor AM, Page D, Skarabela B, et al.
Change in physical activity, sleep quality, and psychosocial variables
during COVID-19 lockdown: evidence from the Lothian Birth Cohort
1936. Int J Environ Res Public Health. 2020;18:210.

Carlos AF, Poloni TE, Caridi M, Pozzolini M, Vaccaro R, Rolandi E, et al.
Life during COVID-19 lockdown in Italy: the influence of cognitive state
on psychosocial, behavioral and lifestyle profiles of older adults. Aging
Ment Health. 2022;26:534-43.

Aguilar-Navarro SG, Mimeza-Alvarado AJ, Palacios-Garcia AA,
Samudio-Cruz A, Gutiérrez-Gutiérrez LA, Avila-Funes JA. Validez y
confiabilidad del MoCA (Montreal Cognitive Assessment) para el tami-
zaje de deterioro cognoscitivo en México. Rev Col Psiqui. 2018;47:
237-43.

Ostrosky F, Gémez ME, Matute E, Rosselli M, Ardila A, Pineda D. Neu-
ropsi atencién y memoria. México: Manual Moderno; 2012.

Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al.
Development and validation of a geriatric depression screening scale: a
preliminary report. J Psychiatr Res. 1982;17:37-49.

Spielberger CD, Diaz-Guerrero R. IDARE: inventario de ansiedad ras-
go-estado. México: Manual Moderno; 1975.

Oliva ST. Aspectos neurolégicos del envejecimiento: la lucha para retra-
sar el deterioro cerebral. Offarm. 2004;23:106-9.

Cabeza R, Nyberg L, Park DC. Cognitive neuroscience of aging: linking
cognitive and cerebral aging. Oxford: Oxford University Press; 2016.
Park DC, Festini SB. Theories of memory and aging: a look at the past
and a glimpse of the future. J Gerontol B. 2017;72:82-90.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Duran-Badillo T, Aguilar RM, Martinez ML, Rodriguez T, Gutiérrez G,
Vézquez L. Depresion y funcién cognitiva de adultos mayores de una
comunidad urbano marginal. Enf Univ. 2013;10:36-42.

Losada-Baltar A, Marquez-Gonzélez M, Jiménez-Gonzalo L,
Pedroso-Chaparro MDS, Gallego-Alberto L, Fernandes-Pires J. Diferencias
en funcién de la edad y la autopercepcion del envejecimiento en ansiedad,
tristeza, soledad y sintomatologia comérbida ansioso-depresiva durante el
confinamiento por el COVID-19. Rev Esp Geriatr Gerontol. 2020;55:272-78.
Vézquez C, Hervas G, Hernangémez L, Romero N. Modelos cognitivos
de la depresion: una sintesis y nueva propuesta basada en 30 afios de
investigacion. Psicol Conduct. 2010;18:139.

Sanz Blasco R, Miguel-Tobal JJ, Casado Morales MI. Sesgos de memo-
ria en los trastornos de ansiedad. Clinica y Salud. 2011;22:187-97.
Zijlmans JL, Vernooij MW, lkram MA, Luik Al. The role of cognitive and
brain reserve in late-life depressive events: The Rotterdam Study.
J Affect Disord. 2023;320:211-17.

Coin A, Devita M, Bizzotto M, Bubola A, Manzato E, Sergi G, et al. The
association between cognitive reserve and depressive mood in older
inpatients: gender and age differences. Exp Aging Res. 2023;49:173-82.
Gruda D, Ojo A. All about that trait: examining extraversion and state
anxiety during the SARS-CoV-2 pandemic using a machine learmning
approach. Pers Individ Dif. 2022;188:1-6.

Singh MK, Gotlib IH. The neuroscience of depression: implications for
assessment and intervention. Behav Res Ther. 2014;62:60-73.

Adzic M, Brkic Z, Mitic M, Francija E, Jovicic MJ, Radulovic J, et al.
Therapeutic strategies for treatment of inflammation-related depression.
Curr Neuropharmacol. 2018;162:176-209.

E’eﬁa-De Leodn E, Mejia-Martinez K, Ruiz-Chow AA, Monsivais-Rios R,
Alvarez-Bernal CA. Escala de sintomas cognitivos en depresion (EsAD-
FUN). Arch Neuroci. 2019;24:14-22.

Ruiz-Caballero JA, Sanchez-Arribas C. Depresion y memoria: ;es la
informacién congruente con el estado de animo mas accesible? Psico-
thema. 2001;13:193-96.

Montelongo RV, Lara A, Morales G, Villasefior S. Los trastornos de
ansiedad. Rev Digit Univ. 2005;6:1-11.

Swartz JR, Phan KL, Angstadt M, Fitzgerald KD, Monk CS. Dynamic
changes in amygdala activation and functional connectivity in children and
adolescents with anxiety disorders. Dev Psychopathol. 2014;26:1305-19.
McWilliams A, Bibby H, Steinbeis N, David AS, Fleming SM. Age-related
decreases in global metacognition are independent of local metacogni-
tion and task performance. Cognition. 2023;235:1-13.

Armitage R, Nellums LB. COVID-19 and the consequences of isolating
the elderly. Lancet Public Health. 2020;5:e256.

Shaygan M, Bahadori F. Considerations for mitigation of the psychologi-
cal impacts of COVID-19 in older adults. Int J Community Based Nurs
Midwifery. 2020;8:277-9.

57



CIRUGIA Y CIRUJANOS ‘ M) Check for updates

58

ORIGINAL ARTICLE

Personalized weight improvement of 3D-printed testicular
prostheses using polypropylene
Mejora del peso personalizada en protesis testiculares impresas en 3D con polipropileno

Chuanfeng Liu', Qian Meng?, Weikang Wang?, Di Chen?, Shouxia Cac?, Yongqiang Xia',

and Haifang Guar?*
'Department of Urology, Linyi Maternity and Child Health Care Hospital; 2Department of Clinical Medicine, Shandong Medical College. Shandong
Province, China

Abstract

Objective: To develop personalized 3D-printed testicular prostheses using polypropylene (PP) that closely mimic natural testicles
in size, shape, and particularly weight. Method: Clinical data from two testicular resection patients were analyzed. Reference
testicular density (0.99 g/mL) was derived from three specimens (mean weight: 6.67 g, volume: 6.70 mL). Target prostheses (vol-
ume: 16.75 cm? weight: 16.58 g) were modeled through magnetic resonance imaging/computed tomography scans using Solid-
Works/Mimics and printed with PP filament on a Bambu X1-Carbon printer. Comparative experiments with polylactic acid (PLA)
included power analysis (Pass21 software) to determine a sample size of 14 (seven per group). Weight and density were compared
using independent and single-sample t-tests, respectively. Results: Out of five printing trials, three yielded successful PP prosthe-
ses with optimized parameters, whereas two failed due to inadequate supports or material overflow. Among the two groups, PP
prostheses exhibited a mean weight of 15.41 + 1.53 g (vs. target: 16.58 g), whereas PLA prostheses were significantly heavier
(19.95 + 0.93 g, p < 0.001). PP density (0.98 + 0.01 g/mL) closely matched reference testicles (p = 0.062), whereas PLA density
(1.23 + 0.01 g/mL) deviated significantly (p < 0.001). Conclusions: 3D printing with PP could enable the creation of personalized
testicular prostheses that meet clinical needs for size, shape, and particularly weight, potentially improving patient satisfaction.

Keywords: Prostheses and implants. Printing. Three-dimensional. Urologic surgical procedures. Male. Polypropylenes.
Resumen

Obijetivo: Desarrollar prétesis testiculares 3D en polipropileno (PP) personalizadas que repliquen los testiculos naturales en
tamano, forma y peso. Método: Analizamos datos de dos pacientes con reseccion testicular. La densidad testicular (0.99 g/ml) se
calculd usando tres especimenes (peso medio: 6.67 g). Las protesis objetivo (volumen 16.75 cm3, peso 16.58 g) se modelaron
mediante RM/TC con Solidworks/Mimics y se imprimieron con PP en una Bambu X1-Carbon. Los experimentos con &cido
polilactico (PLA) incluyeron analisis de potencia (Pass21) con 14 muestras (7 por grupo). El peso y la densidad se compara-
ron mediante pruebas t independientes y de una muestra. Resultados: Tres de cinco intentos produjeron protesis de PP
exitosas, mientras que dos fallaron por soportes inadecuados. Las protesis de PP tuvieron un peso de 15.41 + 1.53 g (vs.
16.58 g objetivo), significativamente menor que las de PLA (19.95 + 0.93 g; p < 0.001). La densidad del PP (0.98 + 0.01 g/ml)
fue comparable a la de los testiculos naturales (p = 0.062), mientras que las de PLA (1.23 + 0.01 g/ml) mostraron una des-
viacion significativa (p < 0.001). Conclusiones: E/ PP permite fabricar protesis testiculares 3D que cumplen los requisitos
clinicos de tamafio, forma y peso, mejorando potencialmente la satisfaccion del paciente.

Palabras clave: Prdtesis e implantes. Impresion tridimensional. Procedimientos quirdrgicos uroldgicos masculinos. Polipropileno.
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In clinical practice, there are numerous situations
where male testicles need to be removed. The more
common reasons are as follows: 1. Testicular torsion,
2. Testicular malignancy, 3. Castration treatment for
prostate cancer, 4. Testicular atrophy, 5. Gender reas-
signment surgery, 6. Orchitis, 7. Cryptorchidism, and
8. Trauma'®. Post-orchiectomy, the scrotum on the
operated side becomes empty, causing not only physi-
cal pain but also significant psychological distress.
The absence of a testicle has been proven to be a
lifelong psychological trauma, with severe cases
potentially leading to significant mental disorders*®.

Currently, polypropylene (PP) mesh is widely used
in surgical procedures, such as abdominal wall hernia
repair and gynecological surgeries, due to its excel-
lent tissue compatibility. Clancy et al®. reviewed recent
literature and indicated that there is no evidence link-
ing PP mesh to systemic or autoimmune symptoms.
Our team has successfully used PP mesh as a tes-
ticular prosthesis in 57 cases’. However, post-opera-
tive satisfaction surveys revealed that patients often
desire more than just the presence of a prosthesis;
they seek a natural feel and sensation, which presents
a higher challenge for us. Reports indicate that patient
satisfaction with testicular prosthesis implantation
ranges from 71% to 100%, with the most common
complaints being the prosthesis’s position, size,
shape, weight, and hardness®°. These factors nega-
tively impact physical exercise, sexual activity, and
self-confidence, leading to dissatisfaction and regret
about undergoing prosthetic surgery. Issues with
prosthesis position can be resolved through surgical
technique improvements. Researchers such as Park
et al., Skewes et al., and Kocyigit and Narlicay'-®
have used 3D printing technology with lattice-filled
materials and customized molds to address problems
with prosthesis size, shape, and hardness. However,
the issue of prosthesis weight remains unresolved.

To our knowledge, no current studies have quanti-
fied and compared the weight of testicular prostheses
available on the market to validate patient complaints
or to provide a reference for manufacturing personal-
ized prostheses with specific weights. Therefore, this
study aims to integrate 3D printing technology to
design and print testicular prosthesis models, custom-
izing prostheses of different sizes, shapes, and
weights to enhance patient satisfaction further. This

has significant application value and is reported as
follows.

Method
Clinical data

Clinical data were collected from two patients who
underwent testicular resection at the Urology Depart-
ments of Linyi People’s Hospital and Linyi Maternal
and Child Health Hospital between January 2022 and
December 2023.

Case 1: a 76-year-old male patient with a body mass
index (BMI) of 21.78 kg/m? was admitted to the Urol-
ogy Department of Linyi Maternal and Child Health
Hospital. He underwent bilateral subcapsular orchiec-
tomy as part of castration treatment for prostate can-
cer. Post-operative pathology indicated no cancer cell
invasion in the testicles.

Case 2: a 71-year-old male patient with a BMI of
21.72 kg/m? was admitted to the Urology Department
of Linyi People’s Hospital. He underwent right-sided
orchiectomy and spermatic cord resection due to an
inguinal mass. Post-operative pathology indicated
leiomyosarcoma, with no testicular invasion.

Testicle data collection

An electronic scale (model BY101, Shanghai Baiying
Scales Co., Ltd.) was calibrated to zero and equipped
with a windscreen. The scale was verified using a
500 g calibration weight. A measuring cup was filled
with physiological saline to the 10 mL mark, ensuring
the experimenter’s eye level was aligned with the low-
est point of the meniscus when reading the volume.
The testicles were enucleated subcapsularly and
immediately tied with 3-0 silk suture (model SA84G,
Ethicon). The specimens were weighed immediately
and then placed in the measuring cup to determine
volume (with the suture suspended without tension),
as shown in Fig. 1. All procedures were performed by
a senior attending physician.

Data collection and 3D modeling of the
target testicle

Magnetic resonance scanning or enhanced com-
puted tomography examination was performed on the
healthy testicle of the target patient. The images were
exported in DICOM format and then imported into
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Figure 1. Data acquisition of reference testicles. A: testicular tissue completely enucleated during surgery. B: weighing the testicle. C: measuring
the testicle volume.

Mimics software for image preprocessing. The images
underwent grayscale adjustment and threshold setting,
followed by threshold segmentation and edge detec-
tion to obtain the target image. Finally, the image was
saved as an STL file to complete the 3D modeling.

3D printing of the target testicular
prosthesis

Pre-experiment 1: after 3D modeling, the volume of
the target prosthesis was measured using SolidWorks
software. The weight of the target prosthesis was then
calculated based on the average density. A hollow fill
(center fill density) printing method was used to adjust
the weight, making the target prosthesis closer to the
desired weight.

Pre-experiment 2: a comparative experiment was
conducted using PP and polylactic acid (PLA) materi-
als. A single-factor analysis of two samples deter-
mined that the sample size was 14, with seven
experimental subjects in each group.

Results

Numerical rounding was performed according to the
national standard “Regulations on the Use of Numerals
in Publications,” following the rule of “rounding to the
nearest even number if exactly halfway.” The weighing
and measurement of the prosthesis were conducted
using the same electronic scale during the surgical
experiment, with an accuracy of 0.01 g. An electronic
caliper with an accuracy of 0.1 mm was used.

Average testicular density

Three reference testicles were obtained, with their
data shown in table 1. The average weight of the

Table 1. Relevant data of the obtained testicular specimens

Testicular specimen Weight (g) Volume (mL) Density (g/mL)

Testicle 1 5.29 5.50 0.96
Testicle 2 558 5.60 1.00
Testicle 3 9.13 9.00 1.01
Average 6.67 6.70 0.99

testicles was 6.67 g, the average volume was 6.70 mL,
and the average density was 0.99 g/mL (Table 1).

Acquisition of target prosthesis data

Using SolidWorks software, measurements were
taken for the modeled target: length: 3.57 cm, width:
3.00 cm, height: 3.00 cm (Fig. 2). The volume was
calculated as 16.75 cm?3, and based on the average
density, the weight of the target prosthesis was deter-
mined to be 16.58 g.

Printing of target prosthesis

Based on the weight of the target prosthesis, a hol-
low fill (center fill density) printing method was used
to gradually adjust the weight. Considering the char-
acteristics of the PP material and the target prosthe-
sis, we conducted multiple printings to optimize
printing parameters. We succeeded 3 times and failed
2 times, ultimately obtaining the optimal printing set-
tings (Table 2).

The optimal support style is regular automatic sup-
port, with a support threshold angle of 55-60°. The
best printing temperature is nozzle 250°C, print bed
90°C, and material softening temperature 220°C,
and the room temperature is recommended to be
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Table 2. 3D printing process and optimized parameter settings

Number Printing time (min) Prosthesis weight (§J) Support style Fill pattern Center fill density (%) Result Reason for failure
1 / / Branching Straight 90 Failure  Unable to support
2 54 12.36 Branching Straight 99 Success /
3 / / Regular Straight 100 Failure  Excessive material
4 69 15.32 Regular Straight 99 Success /
5 104 15.64 Regular Concentric 100 Success /
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Figure 2. Volume of the target testicular prosthesis. A: prosthesis length. B: prosthesis width.

maintained above 15°C. The optimal initial layer print-
ing speed is 20-25 mm/s, and the speed for subse-
quent layers should be < 300 mm/s. Skirt is a
necessary setting, with a skirt width of 30-40 mm and
1-2 layers of skirt.

Material comparison experiment

PP and general-purpose material PLA were selected
for comparative experiments. Using Pass21 software,
a single-factor analysis of variance between two sam-
ples yielded & = 5, 0 = 2.5, 1-B = 0.9, with a sample
size of 14, consisting of seven experimental subjects
per group (Fig. 3). The weight comparison between
each group was conducted using independent sam-
ples t-test (Table 3), and density comparison was
assessed using a single-sample mean t-test (Table 4).

Discussion

Our study pioneers the use of medical-grade PP — a
material widely validated in hernia repair — for 3D

printing personalized testicular prostheses. The pros-
theses exhibited stable weight retention, achieved
through optimized printing parameters. Critically, the
BASF 1.75 mm PP filament maintained dimensional
stability during printing, eliminating the risks of rupture
inherent to silicone-based designs. By repurposing an
established medical material, this approach bypasses
lengthy regulatory re-evaluation, enabling rapid clini-
cal translation.

Testicular prostheses have undergone continuous
improvement over several decades. Several studies
have shown high overall satisfaction (71-100%) among
patients undergoing testicular prosthesis implantation,
with concerns primarily focused on the prosthesis’
position, size, shape, weight, and hardness®™.
Between 25.5 and 70% of patients reported the pros-
thesis being too hard™'s, 20-39% mentioned the posi-
tion being too high©' 19-37% found the size
inappropriate’®'”, 13-46% cited shape issues'®'®, and
10-38% noted the prosthesis being too heavy'.
Notably, Coloplast’s Torosa™ - the sole Food and
Drug Administration-approved testicular implant for
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Two-Sample T-Tests Assuming Equal Variance

Numeric Results for an Equal-Variance T-Test

S=p1-p2

Hypotheses: HO:6=0 vs. H1:6#0

Target Actual

Power Power N1 N2 N 5 o Alpha
09 0.92907 7 7 14 5 25 0.05
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Report Definitions

Target Power is the desired power value (or values) entered in the procedure. Power is the probability of rejecting

a false null hypothesis

Actual Power is the power obtained in this scenario. Because N1 and N2 are discrete, this value is often (slightly)

larger than the target power.

N1 and N2 are the number of tems sampled from each population.

N = N1 + N2 is the total sample size.
p1 and p2 are the assumed population means

5 = p1 - p2 is the difference between population means at which power and sample size calculations are made
o is the assumed population standard deviation for each of the two groups.

Alpha is the probability of rejecting a true null hypothesis.

Figure 3. Sample size determined by a single-factor analysis of two samples.

Table 3. Weight comparison between groups (X * S)

Group Weight t p
PP 15.411 £ 1,533 66.937 < 0.001
PLA 19.950 + 0.931

PP: polypropylene; PLA: polylactic acid.

Table 4. Density comparison between groups

Index PLA* PP*
X+$S 1.23 +0.01 0.98 +0.012
t 63.904 2.291
p < 0.001 0.062

(*) Compared with a density of 0.99 g/mL
PP: polypropylene; PLA: polylactic acid.

both adults and children in the US and the global
market leader — provides elliptical shapes with stan-
dardized sizing options but lacks weight specifica-
tions®. Despite advancements in 3D printing technology
to address these limitations, weight optimization
remains critically understudied. Skewes et al." utilized

a public 3D database to obtain shape and size infor-
mation of target testicles, combining 3D printing and
lattice infill techniques to produce a testicular prosthe-
sis with a relative density of 0.3-0.4, weighing 13.4-
16.4 g, and an elastic modulus of 28 kPa. Kocyigit and
Narlicay' employed a 3D scanner to capture size and
shape data from bovine testicles, using a thermoplas-
tic polyurethane filament and producing eight testicle
models with hardness and weight differences of
10.64% and 81.25%, respectively, mainly for educa-
tional display. Park et al."® used liquid silicone as a
material, designing molds through 3D printing for
three different sizes to indirectly achieve variations in
softness, hardness, and size of the final testicular
prostheses.

Overall, current research on the weight of testicular
prostheses remains limited. A survey including 171
testicular prosthesis recipients conducted a correla-
tion analysis on issues associated with testicular pros-
theses, finding that excessive weight correlates with
testicular size, while insufficient weight relates to
improper positioning within the scrotum (p < 0.05)°.
Based on practical analysis, prolonged use of exces-
sively heavy prostheses can lead to scrotal sagging
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and deformation, creating a perception of oversized
prostheses. Conversely, lightweight prostheses may
cause scrotal contraction, resulting in more noticeable
position elevation. We believe these physical factors
likely interact with each other, highlighting weight as
a significant factor influencing patient experiences.
Due to challenges in obtaining target testicular pros-
thesis weight and material selection difficulties, the
issue of improving testicular prosthesis quality remains
unresolved. To address this, we surgically obtained
measurements from three reference testicles, inge-
niously quantifying their mass and volume to establish
a constant (density) for calculating target testicular
prostheses. During printing, we found that controlling
the central filling density of the prosthesis can keep
weight errors within 0.1 g. Precise quantitative studies
of testicular prostheses can provide patients
with a more natural feel, potentially reducing patient
complaints.

Currently, there has been no exploration of mature
materials specifically for the 3D printing of testicular
prostheses. Skewes et al.'" used lattice infill tech-
niques to develop a new material suitable for 3D print-
ing, but this material has not yet been approved for
human implantation. In recent years, our team has
used hernia repair mesh (PP mesh) for testicular pros-
thesis implantation into the scrotum, finding that PP
mesh has good tissue compatibility and strong clinical
application value as a scrotal filler, supported by clini-
cal reports and technological achievements’. We
believe that materials suitable for testicular prosthe-
ses must possess the following properties: (1) No
chemical reactivity; (2) No inflammatory or allergic
reactions; (3) Able to withstand certain tension; (4)
Non-carcinogenic. These properties are exactly what
hernia repair mesh possesses, with PP being the pri-
mary material used in hernia repair patches. Using PP
for 3D printing of testicular prostheses is an innovative
approach in the field of urology.

The Bambu 3D printer utilizes fused deposition
modeling technology, which has the advantages of
accurate printing and relatively low cost. In addition
to default settings of the machine itself, we obtained
multiple optimal printing parameters for the 1.75 mm
PP filament: the most suitable support style for print-
ing testicular prostheses is ordinary automatic sup-
port; optimal printing temperatures are nozzle 250°C,
bed 90°C, with room temperature recommended
above 15°C; optimal first layer printing speed
is 20-25 mm/s, with other layer printing
speeds < 300 mm/s; skirt is necessary with a width

of 30-40 mm and 1-2 layers. The best parameters
are determined by the material and properties of the
finished product, providing valuable references for
future research.

To our knowledge, this pilot study represents the
first exploration of personalized weight prostheses. In
addition, drug release devices can be placed inside
the prosthesis to serve as drug carriers in future
research on scrotal prostheses®. A limitation of this
study is the relatively small number of reference tes-
ticles, which may not exclude the influence of indi-
vidual testicular size heterogeneity, leading to potential
bias in the obtained reference data. Future efforts
should focus on obtaining more reference testicles for
stronger validation. In addition, our study did not
involve printing target testicular prostheses, including
the tunica vaginalis containing the epididymis, vas
deferens, and partial spermatic cord; future research
should include cases of subcutaneous testicular exci-
sion for further study.

Conclusions

Our pilot study demonstrates that 3D-printed PP
testicular prostheses could achieve personalized
weight adjustments with clinically compatible density.
The optimal printing parameters obtained from multi-
ple printing experiments can provide valuable refer-
ences for subsequent personalized prosthesis
production. These findings highlight PP’s potential to
address patient dissatisfaction with existing prosthe-
ses, warranting further validation in larger cohorts.
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Efficacy of hydroxychloroquine with azithromycin in mild

COVID-19: randomized clinical trial

Eficacia de hidroxicloroquina mas azitromicina en la COVID-19 leve:
ensayo clinico aleatorizado
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Abstract

Objective: This study aims to determine the efficacy and safety of a fixed combination of hydroxychloroquine (HCQ) + azi-
thromycin (AZT) compared to HCQ alone or placebo in mild COVID-19 to avoid hospitalization. Method: This is a randomized,
double-blind clinical trial that included participants with mild COVID-19. They were randomly assigned to one of the three
treatment arms: (1) HCQ + AZT 200 mg/250 mg every 12 h for 5 days followed by HCQ 200 mg every 12 h for 5 days; (2) HCQ
200 mg every 12 h for 10 days; or (3) placebo every 12 h for 10 days. Results: A total of 92 participants were included. The
incidence of hospitalization was 6.7% (2/30) in the HCQ + AZT group compared to the HCQ or placebo groups, in which there
were no hospitalizations. Progression of disease was higher in the HCQ group (relative risk [RR] = 3.25 [95% confidence
interval [Cl], 1.19-8.87]) compared with the placebo group. There was a significant risk of pneumonia in the HCQ group com-
pared with the placebo group (RR = 3.33 [95% Cl, 1.01-10.9]). No lengthening of the QT interval prolongation was observed
in patients receiving HCQ + AZT or HCQ. Conclusions: The use of HCQ + AZT does not decrease the risk of hospitalization.
The use of HCQ increases the risk of progression and pneumonia.

Keywords: Severe acute respiratory syndrome coronavirus 2. Hydroxychloroquine. Azithromycin. Hospitalization. Randomized
clinical trial.

Resumen
Objetivo: Determinar la eficacia y la seguridad de hidroxicloroquina (HCQ) mas azitromicina (AZT) comparada con HCQ sola

y con placebo en pacientes con COVID-19 leve para disminuir el riesgo de hospitalizacion. Método: Ensayo clinico controlado,
doble ciego, en pacientes con COVID-19 leve asignados aleatoriamente a los siguientes grupos: (1) HCQ + AZT 200 mg/250 mg
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cada 12 horas por 5 dias, seguido por HCQ 200 mg cada 12 horas por 5 dias; (2) HCQ 200 mg cada 12 horas por 10 dias;
0 (8) placebo cada 12 horas por 10 dias. Resultados: Se incluyeron 92 participantes. La incidencia de hospitalizacion fue del
6.7% (2/30) en el grupo de HCQ + AZT, mientras que en los grupos de HCQ y de placebo no hubo hospitalizaciones. La
progresion de la enfermedad fue mayor en el grupo de HCQ. El riesgo de neumonia fue mayor en el grupo de HCQ que en
el de placebo (RR = 3.33; IC 95%: 1.01-10.9). No se observd alargamiento del segmento QT en los grupos que recibieron
HCQ + AZT y HCQ. Conclusiones: El uso de HCQ + AZT no disminuyd el riesgo de hospitalizacion; el uso de HCQ incre-

mento el riesgo de progresion y de neumonia.

Palabras clave: SARS-CoV-2. Hidroxicloroquina. Azitromicina. Hospitalizacion. Ensayo clinico controlado.

|ntroduction

At the end of December 2019, a new viral infection
belonging to the Coronavirus family emerged in China',
which spread rapidly worldwide?. The COVID-19 dis-
ease requires hospitalization in 20% of patients, 33.7%
of whom require admission to the intensive care unit,
with a mortality rate reaching up to 62.4%?3. The need
to find an urgent treatment to reduce the impact of the
pandemic has led to the use of different therapeutic
options, among them is the fixed combination of
hydroxychloroquine (HCQ) and azithromycin (AZT),
which became a promising option**.

HCQ exhibits non-specific antiviral activity in vitro
against a wide range of emerging viruses and, more
recently, against Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) in addition to its anti-
inflammatory activity®”. On the other hand, AZT is a
macrolide antibiotic, which has shown anti-inflamma-
tory and antiviral effects in vitro®, which is why it was
proposed as an accessible and cost-effective option
for SARS-CoV-2 infection®.

Even if these drugs have demonstrated efficacy
in vitro nowadays, clinical results on the beneficial
effect of the fixed combination HCQ + AZT in hospital-
ized or mechanically ventilated patients are inconsis-
tent'®" which is attributed to the delayed initiation of
treatment™. Therefore, it is hypothesized that early
use of these drugs is necessary to achieve benefits
to prevent hospitalizations. This study aimed at deter-
mining the efficacy and safety of the fixed combination
of HCQ + AZT compared to HCQ or placebo in mild
COVID-19 outpatients to avoid hospitalizations'™.

Method
Trial design

This study was designed as a multicenter, parallel,
double-blind, randomized clinical trial. The study was

conducted in two public ambulatory family medicine
units, in Mexico City (UMF No. 28) and in the State of
México (UMF No. 52). The protocol was approved by
the National Research Committee Institution’s review
board of the IMSS with the number R-2020-785-138
and by COFEPRIS. Written informed consent was
obtained from each of the included participants. Ultra-
laboratories were the sponsors of the study; nonethe-
less, they were not involved in the development of the
study, the analysis of results, or the preparation of the
manuscript. The trial was registered at clinicaltrials.
gov (clinical trials: NCT04964583). This report follows
the CONSORT guidelines.

Eligible subjects

The study included patients aged 18-76 years who
were diagnosed with mild COVID-19 with acute respi-
ratory disease and who met the current operational
definition of the Ministry of Health of Mexico™. The
diagnosis was confirmed by reverse transcription-
polymerase chain reaction (RT-PCR) for SARS-CoV-2;
the severity of the disease was evaluated with the
National Early Warning Score (NEWS). Patients with
a score < 4 points were considered to have mild
disease.

Patients with cardiac disorders with delayed cardiac
conduction (QT segment = 450 ms), pregnant or lac-
tating women, patients with hypersensitivity to study
drugs, patients with chronic renal failure with (esti-
mated glomerular filtration rate < 40 mL/min), patients
with a history of retinopathy or macular degeneration,
those with known glucose-6-phosphate dehydroge-
nase deficiency, and patients with liver disease were
excluded from the study.

Intervention

Participants were randomly assigned to one of the
three treatment arms. The participants in Group 1
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(HCQ + AZT) received HCQ 200 mg/AZT 250 mg
(provided by Ultra Laboratorios®) orally every 12 h for
5 days, followed by HCQ 200 mg (Plaquenil® from
Sanofi Aventis, México) every 12 h for 5 more days.
The participants in Group 2 (HCQ) received only HCQ
200 mg orally every 12 h for 10 days. The participants
in Group 3 received an oral placebo (provided by Ultra
Laboratorios®) every 12 h for 10 days. The placebo
and active treatment were identical in appearance.
Double-blinding was preserved until the end of the
analysis of the results. All three treatment groups
received symptomatic treatment for the management
of COVID-19; the current standard was at the discre-
tion of the treating physician based on acetaminophen,
antihistamines, non-steroidal analgesics, and ivermec-
tin. A computerized random number sequence was
generated for assignment to study treatment groups
and was stratified according to center. Randomization
was carried out by one of the investigators who did not
participate in the inclusion of patients or in the delivery
of medication. The medical staff was responsible for
the recruitment and selection of participants and the
evaluation of the correct allocation of treatment accord-
ing to the randomization. Adherence to treatment was
evaluated by counting the tablets during the medical
consultation and by the intake recorded by the partici-
pants in the digital application for smartphones.

Follow-up

The follow-up was carried out through a Web App
on a smartphone, recording the medication intake,
adverse events, oxygen saturation, and temperature.
A clinical examination was performed at the time of
inclusion, on days 6 and 11 after initiating the treat-
ment, in which an evaluation of the severity of the
disease was carried out along with an RT-PCR test,
an electrocardiogram, and follow-up laboratory stud-
ies, a count of tablets to evaluate therapeutic adher-
ence, and a radiography taken at the beginning of the
study and on day 11. On day 21 of the follow-up, the
participants were called by phone to evaluate symp-
toms and to investigate whether the patient had
returned to routine activities, required hospitalization,
or had any of the secondary outcomes.

Outcomes

The primary outcome of the study was hospitalization
during the 21 days of the follow-up. The secondary

outcomes included disease progression, which was
defined by oxygen saturation < 90%, dyspnea, or
pneumonia', use of supplemental oxygen, and the
presence of adverse events during the 21 days of
follow-up.

Drug safety

All adverse events reported by the participants dur-
ing the study period in the electronic patient diary app
or during medical consultations were recorded. To
assess the safety of the drug, QT intervals were mea-
sured by a certified cardiologist using the Bazett for-
mula by performing a 12-lead electrocardiogram at the
inclusion visit, on days 6 and 11 of the follow-up.

Sample size

The sample size was calculated using a compara-
tive study formula. An expected difference of 40% in
the clinical response between HCQ + AZT treatment
and placebo was considered, an o error of 5%, and a
statistical power of 80%. The estimated sample size
obtained from the calculation was 84 participants, 28
participants per group, to which 20% was added for
possible losses, obtaining a sample size of 105 par-
ticipants. We used the Fleiss formula with continuity
correction (Fleiss w/CC). Due to the decrease in the
number of COVID-19 patients, only 92 participants
were included.

Statistical analysis

The therapeutic efficacy was assessed using an
intention-to-treat analysis.

Descriptive and inferential statistics

A descriptive analysis was carried out to determine
the general characteristics of the population’®.

To determine if there were differences in the base-
line status of the population by the treatment assign-
ment, the ANOVA test was used for systolic and
diastolic pressure, PCR (computed tomography), total
leukocytes and lymphocytes, the Kruskal-Wallis test
was used for age, body mass index, temperature,
oxygen saturation, NEWS, glucose, urea, lactic dehy-
drogenase, gamma-glutamyl transpeptidase, trans-
aminases, serum iron, neutrophils and platelets, and
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the Pearson’s X2 test or Fisher’s exact test was used
for sex, comorbidities, smoking and ivermectin.

The incidence of hospitalization, disease progres-
sion, pneumonia, use of supplemental oxygen on day
21, and negative test (PCR) on day 11 was deter-
mined according to the treatment assignment as a
measure of association. The relative risk (RR) was
calculated, with its 95% confidence interval'”. A mul-
tiple logistic regression analysis was performed to
evaluate the predictors of pneumonia adjusted for
treatment, age, and comorbidities. Alpha was set at
5%, all data were analyzed using IBM Statistical
Package for the Social Sciences v.28 (IBM Corp, NY,
USA).

Clinical safety analysis

The safety analysis was carried out considering all
the participants regardless of their completion of the
study. The frequency and severity of the adverse
events presented by the participants during the study
were determined, and a comparison was made
according to the types of treatment given using Pear-
son’s X2 test or Fisher’s exact test.

Results
Study population

From January 20 to August 20, 2021, 245 mild
COVID-19 participants were invited to the study. One
hundred and fifty-three patients were excluded, as
shown in figure 1. A total of 92 participants were ran-
domized and included in the intention-to-treat
analysis.

The median age was 37 years; 27.2% of the patients
had comorbidities. The analysis of the time of evolu-
tion at the initiation of treatment revealed a median of
5 days, with a median saturation of 94%. The inci-
dence of hospitalization in the study population was
2.2% (Table 1).

Primary outcome

The analysis of the therapeutic efficacy to reduce
the risk of hospitalization revealed that the incidence
of the outcome in the HCQ + AZT group was 6.7%
(2/30) compared to the HCQ group and the placebo
group, in which there were no hospitalizations
(Table 2). The use of ivermectin was not associated

with  hospitalization, disease

progression.

pneumonia, or

Secondary outcomes

The incidence of disease progression was 30%
(9/30) in the HCQ + AZT group, 41.9% (13/31) in the
HCQ group, and 12.9% (4/31) in the placebo group.
The RR for the HCQ + AZT group versus placebo was
2.32 (95% ClI, 0.80-6.74; p = 0.10), figure 2, and the
RR for the HCQ group versus placebo was 3.25 (95%
Cl, 1.19-8.87; p = 0.01). Even though there was a sta-
tistically significant risk for developing pneumonia in
the HCQ group compared to the placebo group
(RR = 3.33 [Cl 95% 1.10, 10.9; p = 0.02]), the pneu-
monia incidence was 30% (9/30) in the HCQ + AZT
group, 32.2% (10/31) in the HCQ group and 9.6%
(8/31) in the placebo group. The fixed combination of
HCQ + AZT did not benefit compared to placebo. The
frequency of patients who required supplemental oxy-
gen was 20% (6/30) in the HCQ+ AZT group, 6.4%
(2/31) in the HCQ group, and 3.2% (1/31) in the pla-
cebo group. There were no significant differences
between the groups. There was no statistical differ-
ence between groups for the negative test (PCR) on
day 11. Treatment adherence was > 90%, with no
differences between treatment arms.

Table 3 shows the efficacy of a placebo for second-
ary outcomes. For the group receiving placebo, we
found disease progression in 12.9% (4/31) of partici-
pants compared to the group receiving active drugs
(HCQ + AZT, HCQ) in 36.1% (22/61), (RR of 0.35 [0.13,
0.94; p = 0.02]). When analyzing pneumonia develop-
ment, the results showed an incidence of 9.6% (3/31)
compared to an incidence of 31% (19/61) in the group
with HCQ + AZT, HCQ, (RR of 0.31 [0.09, 0.96,
p = 0.02]). We could not observe differences in the
use of supplemental oxygen.

Table 4 shows the risk associated with pneumonia.
In the univariate analysis, HCQ administration was
associated with an increased risk of pneumonia. In
the multivariate analysis, HCQ and age were associ-
ated with a higher risk of pneumonia.

Adverse events

The most frequent adverse events were gastrointes-
tinal symptoms with a rate of 16.6%, bradycardia with
a rate of 6.4%, platelet elevation with a rate of 4.3%,
and hypertriglyceridemia with a rate of 3.8%. Adverse
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Figure 1. Consolidated standards of reporting trials flow diagram of the study.

events occurred with similar frequency between the
different treatment groups. The analysis of whether
there were differences in the QTc interval by the treat-
ment group showed no differences in those who
received HCQ + AZT or HCQ compared to the pla-
cebo group (Table 5).

Discussion

At the beginning of the pandemic, the fixed combi-
nation of HCQ + AZT was proposed as a possible
therapeutic option based on its antiviral and

anti-inflammatory activity in vitro. However, clinical
studies yielded inconsistent results. Therefore, this
research project was conducted'.

The study population consisted of participants with
mild COVID-19 who had a low risk of complications.
Of whom, only 2% required hospitalization'.

The results of this study suggest that the fixed com-
bination of HCQ + AZT for the treatment of patients
with mild COVID-19 does not reduce the risk of hos-
pitalization compared to the use of HCQ alone or
placebo. These results coincide with those reported
in a Brazilian clinical trial on patients with mild and
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Table 1. General characteristics according to treatment arm

Variables Total HCQ HCQ+AZT Placebo p
n=92 n=231 n=30 n=31
Age (years)® 37 (27.5-50.5) 38 (24-49.5) 41 (33.7-49.5) 32 (24-51) 0.34
Male sex (n,%)° 45 (48.9) 13 (41.9) 12 (40.0) 20 (64.5) 0.07
Comorbidities (n,%)° 25 (27.2) 9(29.0) 7(23.3) 9(29.0) 1.0
Smoking (n,%)° 32(34.8) 10(32.3) 9(30.0) 13(41.9) 0.42
Time of evolution until treatment start (days)® 5(3,6) 5 (4, 6) 5(3,6) 5(3,7) 0.78
Ivermectin (n,%) 11(11.9) 7(22.6) 3(10.0) 1(3.2) 0.06
BMI (Kg/m?)° 26.9 (24.4-30.1) 26.9 (24.6-28.6) 27.3(25.2-30.4) 25.6 (24.1-31.7) 0.53
Temperature (°C)° 36.6 (36.4-36.8) 36.7 (36.4-36.8) 36.6 (36.4-36.8) 36.6 (36.5-36.8) 0.97
Systolic pressure (mmHg)? 117.7 £13.7 117.2+139 117.0+125 1183 + 14.7 0.93
Diastolic pressure (mmHg)? 786 +84 78.3 £ 8.1 785+88 789 +838 0.97
Oxygen saturation (%)P 94 (93-96) 95 (93.7-96) 94 (92-95) 94 (93-96) 0.53
National early warning score® 1(0,2) 0.5(0,2) 1(0,2) 2(0,2) 0.43
PCR (CT)? 26.6 4.7 262 +4.8 264 £49 27145 0.72
Glucose (mg/dL)° 88.7 (79.3-96.3) 92.4 (75.5-101.6) 88.2 (78.8-99.5) 84.6 (79.6-92.5) 0.28
Urea (mg/dL)? 25.5(21.1-33.1) 26.8 (21.0-33.6) 25.1(19.5-33.3) 24.9 (22.1-32.8) 0.85
Lactic dehydrogenase (U/L)° 196.6 (164.6-221.1) 198.3 (158.4-231.4) 1945 (167.7-217.5) 182.9 (166.5-220.6) 0.97
Gamma glutamil transferasa (U/L)° 32.9(21.1-66.1) 31.8(21.2-66.9) 35.8(19.2-73.3) 32.8(21.9-65.7) 0.98
Glutamic pyruvic transaminase (U/L)° 33.6 (19.9-55.3) 36.7 (21.6-54.1) 33.4(23.3-58.7) 24.2 (15.4-54.3) 0.45
Glutamic oxaloacetic transaminase (U/L)° 31.5(25.3-44.5) 32.1(27.7-46.8) 32.0(24.7-42.1) 29.6 (23.7-40.8) 0.53
Serum iron (ug/dL)? 50.8 (35.4-69.4) 48.5(32.7-69.8) 55.1(37.6-73.2) 47.2 (35.3-65.3) 0.56
Total leukocytes (K/L)? 4,99 + 1.49 51+15 51+16 48+1.2 0.78
Neutrophils (K/L)° 2.7 (2.3-3.8) 2.7(2.3-4.1) 2.8(2.1-3.9) 2.7(1.9-3.7) 0.71
Lymphocytes (K/L)? 12+04 12+04 12+04 12+04 0.99
Platelets (K/L)° 212 (172-256.5) 212 (175-257) 202 (157.7-266) 218.5 (181-257.5) 0.76
#Data is presented as mean, standard deviation, and statistical was done was ANOVA.
“Data is presented as median and interquartile range 25-75 (IQR), statistical test was Kruskal-Wallis.
Data are presented as frequencies and percentages, statistical test was X?
HCQ: hydroxychloroquine, AZT: azithromycin, IQR: interquartile range, ANOVA: analysis of variance.
Table 2. Efficacy of treatment for primary and secondary outcomes
Outcomes HCQ+AZT HCQ Placebo HCQ+AZT versus p HCQ versus placebo p
n=30(%) n=31(%) n =31 (%) placebo RR (Cl 95%) RR (95% IC)
Primary
Hospitalization 2(6.7) 0(0) 0(0) NC - NC -
Secondary outcomes
Progression 9(30) 13 (41.9) 4(12.9) 2.32(0.80, 6.74) 0.10 3.25(1.19, 8.87) 0.01
Pneumonia 9(30) 10 (32.2) 3(9.6) 3.1(0.92, 10.3) 0.06 3.33(1.01, 10.9) 0.02
Use of supplementary oxygen 6 (20) 2(6.4) 1(3.2) 6.2 (0.79, 48.4) 0.10 2.0(0.19,20.9) 0.61
Negative test on day 112 21(87.5) 27 (90) 30(96.8) 0.90 (0.76-1.06) 0.30 0.93 (0.81-1.06) 0.354

aData were missing for seven patients in the group with HCQ+AZT.
NC: not calculable; HCQ: hydroxychloroquine; AZT: azithromycin; RR: relative risk; Cl: confidence interval.
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Figure 2. Efficacy of hydroxychloroquine + azithromycin versus
placebo for secondary outcomes.

moderate COVID-19, which showed no significant dif-
ferences for any of the treatment groups in terms of
hospitalization or mechanical ventilation®®. These
results also coincide with those reported by other
authors who evaluated the separate use of HCQ or
AZT and found no benefit to reduce the risk of hospi-
talization, mechanical ventilation, or mortality'"2125,

The analysis of the secondary outcomes revealed
that the administration of HCQ increased the risk of
progression and pneumonia compared to placebo.
However, for the combination of HCQ + AZT, the
results showed only a trend in the risk for pneumonia,
with no statistical significance, due to a lack of statisti-
cal power.

The increase in the risk of damage after the use of
the combination of HCQ + AZT, as in this study, was
also reported by Kuderer et al., who found a higher
risk of mortality in patients who received this combina-
tion treatment, even in the multivariate model. How-
ever, these results were derived from an observational
study where it was possible that the patients who
received the use of HCQ + AZT had a more severe
form of the disease at baseline, whereas in the pres-
ent study, the participants included in the three treat-
ment groups had mild symptoms?.

Our results on the lack of benefit for the different
outcomes of the study contrast with the results

Table 3. Efficacy of placebo versus active treatment for primary
and secondary outcomes

Outcomes Placebo Active RR p
n =31(%) treatment
n =61 (%)
Secondary
Progression 4(12.9) 22(36.1) 0.35(0.13,0.94) 0.02
Pneumonia 3(9.6) 19(31) 0.31(0.09,0.96) 0.02
Use of 1(3.2) 8(13.1) 0.24(0.03,1.87) 0.13
supplementary
oxygen

RR: relative risk; p: exact Fisher’s test.

Table 4. Risk associated with pneumonia, logistic regression
analysis

Step  Variable b SE OR 95% IC p

Step 1 HCQ 149 071 444 (1.08 18.1) 0.03
HCQ+AZT 138 072 400 (0.96,16.6) 0.06
Placebo Reference

R?=0.093

Step2 HCQ 155 0.76 472 (1.06,20.9) 0.04
HCQ+AZT 137 076 393 (0.88 17.5) 0.07
Placebo Reference
Age (years) 0.05 0.02 105 (1.01,1.09) 0.007
Comorbidities  0.12 058 1.13 (0.36,3.56) 0.831

R?=0.212

B: beta exponent; OR: odds ratio; SE: standard error; HCQ+AZT: hydroxychloroquine
with azithromycin; HCQ: hydroxychloroquine

reported by Gautret et al., who highlighted the efficacy
of the combination of HCQ + AZT for viral clearance
on day 6 of treatment. In this study, no significant dif-
ferences were found in the negativization of the PCR
at day 11. It is possible to attribute the differences to
the design of the study, non-randomization, the evalu-
ation of an intermediate regulator as an outcome, and
not evaluating other clinically relevant outcomes, such
as mechanical ventilation or mortality?”.

Although an antiviral effect against SARS-CoV-2 was
found for HCQ and AZT in vitro, the use of HCQ in this
study conditioned a higher risk of progression and pneu-
monia. This paradoxical response suggests that the
drug could impair the immune response, conditioning a
delay in the cellular and adaptive immune response, as
shown by Roques et al.?” analyzing the effect of chlo-
roquine on Chikungunya virus infection, who highlighted
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Table 5. Adverse events according to treatment group

Adverse event Total 559 HCQ + AZT 177 HCQ 213 Placebo 169 p
Duration of the QTc segment (ms) at 416 (390-434) 413 (387-439) 421 (396-430) 413 (384-435) 0.903
the end of the follow-up?

Gastrointestinal, n (%) 93 (16.6) 33(18.6) 36 (16.9) 24 (14.2) 0.269
Urticaria, n (%) 5(0.9) 0(0) 4(1.9) 1(0.6) 0.541
Dizziness, n (%) 14 (2.5) 3(1.7) 5(2.3) 6(3.6) 0.271
Hypoglicemia, n (%) 12 (2.1) 3(1.7) 4(1.9) 5(3.0) 0.421
Thrombocytosis, n (%) 24 (4.3) 6(3.4) 9(4.2) 9(5.3) 0.376
Hypertriglyceridemia, n (%) 21(3.8) 5(2.8) 8(3.8) 8(4.7) 0.508
Bradycardia, n (%) 36 (6.4) 13(7.3) 11(5.2) 12(7.1) 0.916
Others, n (%) 349 (62.4) 111 (62.4) 134 (62.9) 104 (61.5) 0.573

2Median, interquartile range, Kruskal-Wallis test.
HCQ: hydroxychloroquine; AZT: azithromycin.

the contrast between the in vitro antiviral effect of chlo-
roquine and the exacerbation of the disease in vivo and
who reported that they are like the results reported by
Maisonnasse, as well as our results®"2,

Another concern about the use of HCQ + AZT for
the treatment of COVID-19 infection is the risk of car-
diovascular complications by prolonging QT interval®.
In this study, no differences in QT segment duration
or fatal arrhythmias were documented in the three
treatment groups, suggesting that significant cardiac
involvement and arrhythmias in patients infected with
COVID-19 have a multifactorial etiology and are more
common in patients with severe forms of the disease,
comorbidities, and advanced age.

The most frequent adverse events were mild and
gastrointestinal symptoms, characterized by nausea,
vomiting, pain, and abdominal distension. The sample
size calculation was 105 participants. However, the
study was stopped after the inclusion of 92 partici-
pants due to a decrease in the number of patients in
Mexico before the third pandemic wave. Participants
who received ivermectin as concomitant treatment
were included. However, there were no differences
between the treatment arms.

Conclusions

The results of this study add information regarding
the raised concern about the safety of HCQ and dem-
onstrate that the fixed combination of HCQ + AZT is
not useful in preventing hospitalization and disease
progression. The use of HCQ and HCQ + AZT was

associated with an increased risk of disease progres-
sion. The adverse events observed were mild and
infrequent, predominantly consisting of gastrointesti-
nal symptoms.
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Resumen

Objetivo: Conocer la concordancia entre imagen y patologia de biopsias realizadas a lesiones mamarias. Método: Estudio
retrospectivo y comparativo en tres centros especializados en salud femenina (A, B y C). Se incluyeron pacientes con estudios
de imagen sospechosos sometidas a biopsia entre enero de 2019 y julio de 2024. Se utilizo estadistica descriptiva e inferen-
cial, aplicando el coeficiente kappa de Cohen para evaluar la concordancia entre imagen y patologia. Resultados: Se inclu-
yeron 434 pacientes (248 en A, 85 en B y 101 en C). La concordancia global fue del 43%, con variaciones por institucion:
A 39%, B 62% y C 19%. La edad media fue de 34 afios. El centro B destacd por uso de hormonoterapia (22%; p = 0.001).
El centro C reporté menor escolaridad (4% analfabetismo) y el A mayor pobreza (88%). La biopsia escisional prevalecid en
el centro C (73%). Conclusiones: La baja concordancia entre imagen y patologia refleja disparidades institucionales. Se
requiere mayor entrenamiento médico para optimizar la indicacion y el andlisis de biopsias mamarias.

Palabras clave: Lesiones mamarias. BI-RADS. Concordancia. Imagen. Patologia.
Abstract

Objective: To assess the concordance between imaging findings and pathology results from biopsied breast lesions.
Method: A retrospective, comparative study was conducted at three women’s health centers (A, B, and C). The study
included patients with suspicious imaging findings who underwent breast biopsy between January 2019 and July 2024.
Descriptive and inferential statistics were applied, and Cohen’s kappa coefficient was used to evaluate imaging-pathology
concordance. Results: A total of 434 patients were included (248 from A, 85 from B, and 101 from C). Overall concordance
between imaging and pathology was 43%, with institutional variations: 39% at A, 62% at B, and 19% at C. The mean patient
age was 34 years. Center B had the highest use of hormone therapy (22%; p = 0.001). Center A reported the lowest edu-
cational level (4% illiteracy), while A had the highest rate of poverty among its patients (88%). Excisional biopsy was the
predominant technique at center C (73%). Conclusions: The low imaging-pathology concordance observed reflects sig-
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nificant institutional disparities. These findings highlight the need for improved medical training to enhance the appropriate

indication and interpretation of breast biopsies.

Keywords: Breast lesions. BI-RADS. Concordance. Image. Pathology.

|ntroducci6n

Las lesiones mamarias representan un amplio
espectro de alteraciones que van desde lesiones
benignas no proliferativas hasta neoplasias malig-
nas invasoras con capacidad metastasica. En la
practica ginecooncoldgica, el abordaje diagndstico
de estas patologias constituye un reto constante
debido a su variabilidad clinica, radioldgica e
histopatoldgica'.

El cancer de mama es actualmente la neoplasia
maligna mas frecuente en las mujeres en todo el
mundo y la principal causa de muerte por cancer en
diversos paises, incluido México. De acuerdo con los
datos del Global Cancer Observatory (GLOBOCAN),
en 2022 se registraron 2,296,840 millones de nuevos
casos en el mundo, con 666,103 muertes atribuibles.
En México, el mismo afio se reportaron 31,043 nuevos
casos de cancer de mama y 8195 defunciones, lo que
representa una incidencia de 39.9 y una mortalidad de
10.3 por cada 100,000 mujeres®. Esta tendencia ascen-
dente se ha atribuido a numerosos factores, incluyendo
cambios en los patrones reproductivos, mayor exposi-
cion a estrégenos endogenos y exdgenos, sedenta-
rismo, obesidad y antecedentes familiares de cancer,
entre otros®.

En este contexto, la deteccion temprana representa
uno de los pilares fundamentales para reducir la mor-
talidad por esta enfermedad. La mastografia es reco-
nocida como el método de eleccion en el tamizaje
poblacional, gracias a su capacidad para identificar
lesiones antes de que sean palpables'®'2. El sistema
de clasificacion BI-RADS (Breast Imaging Reporting
and Data System), desarrollado por el American
College of Radiology en 1993, ha permitido estandari-
zar la interpretacion de los hallazgos mastograficos,
categorizando las lesiones en funcion de su probabili-
dad de malignidad y orientando asi las decisiones
clinicas'®6,

La mastografia diagndstica reportada por BI-RADS
permite identificar lesiones sospechosas (categorias
4 y 5)"'®  como microcalcificaciones, nddulos, asime-
trias o distorsion arquitectdnica’®?®. Las categorias
BI-RADS 4 y 5 corresponden a lesiones sospechosas
y deben ser estudiadas mediante biopsia para

confirmar o descartar una neoplasia maligna®®. La
biopsia con aguja de corte es el método ideal indicado
en lesiones sdlidas. La biopsia por aspiracion ha dis-
minuido importantemente su aplicacién, con una sen-
sibilidad global que oscila del 25% al 86.4%; en la
actualidad se utiliza para situaciones especiales como
son la evacuacion de quistes palpables o biopsias de
ganglios axilares™?5%, En el estudio de Aziz et al.®
se reporta que el carcinoma ductal invasor y el car-
cinoma ductal in situ son las neoplasias mas frecuen-
tes, mientras que el fibroadenoma y el papiloma
intraductal son las lesiones benignas mas
habituales.

Los estudios recientes han documentado una con-
siderable variabilidad en la interpretacion de los
hallazgos imagenoldgicos entre instituciones e
incluso entre profesionales de la salud, lo cual
puede impactar directamente en la indicacion de
procedimientos invasivos como la biopsia mama-
ria?-30, La correlacion entre imagen y patologia, es
decir, el grado de concordancia entre el hallazgo
radiologico (BI-RADS) y el diagnéstico histopatol6-
gico definitivo, ha emergido como una herramienta
crucial para evaluar la calidad del proceso diagnds-
tico en patologia mamaria. Una concordancia ade-
cuada no solo avala la pertinencia de la indicacion
de la biopsia, sino que ademas mejora la eficiencia
clinica, disminuye los costos y evita intervenciones
innecesarias®®®.

A pesar de los esfuerzos por estandarizar el
manejo diagndstico de lesiones mamarias sospe-
chosas, en México persisten desigualdades en el
acceso a servicios de imagen, en la capacitacion
del personal médico y en la disponibilidad de recur-
sos tecnoldgicos®. Esta heterogeneidad puede tra-
ducirse en diferencias significativas en la calidad del
diagndstico y en los desenlaces clinicos de las
pacientes, en particular en instituciones de salud
publica o en aquellas que no estan directamente
especializadas en oncologia mamaria. La evalua-
cién multicéntrica de la concordancia entre imagen
y patologia ofrece una oportunidad unica para iden-
tificar estas disparidades y generar evidencia que
permita optimizar la practica clinica en el ambito
nacional.
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El presente estudio surge de la necesidad de valo-
rar dicha concordancia en tres instituciones mexica-
nas con atencion ginecoldgica especializada, pero
qgue no son centros de referencia para neoplasias
malignas.

Método

Estudio retrospectivo, observacional, analitico y
comparativo en pacientes con hallazgos anormales
en estudios de mastografia que fueron sometidas a
biopsia mamaria entre enero de 2019 y julio de 2024
en tres instituciones (A, B y C). Se excluyeron los
expedientes de pacientes que no contaran con la
informacion completa para los fines del presente estu-
dio. Se identificaron las variables clinicas, la estratifi-
cacion por el sistema BI-RADS vy el resultado de
patologia.

Analisis estadistico

Se realizéd un andlisis de medidas de tendencia
central con medianas y rangos para las variables
continuas, y con frecuencias absolutas y relativas
para las variables cualitativas. Para realizar el andlisis
comparativo entre grupos se usaron la prueba U de
Mann-Whitney, la prueba de suma de rangos de Wil-
coxon, la prueba %2 o las prueba exacta de Fisher,
dependiendo del tipo de variable. Para establecer la
concordancia entre los hallazgos de imagen y el
resultado de patologia se utilizé la kappa de Cohen.
Se definié una diferencia significativa cuando el valor
de p fue < 0.05. El andlisis estadistico se hizo con el
programa IBM SPSS Statistics Version 24. El estudio
fue aprobado por el Comité de Investigacién y Etica
del centro A (referencia A, -0021-2024).

Resultados

Se identificaron e incluyeron 434 pacientes (248 en
A, 85 en By 101 en C) que cumplieron con los crite-
rios de inclusion y exclusién. La edad promedio fue
de 34 afios (rango: 13-87). Al comparar las institucio-
nes se evidenciaron contrastes estadisticamente
importantes, pues en A la poblacién era mucho mas
joven (34.6 anos) que en las otras instituciones
(42.6 afos en B y 48.6 afos en C) (p = 0.001), lle-
gando a tener una diferencia de edades de hasta
14 afos, aunque al comparar C y B esta diferencia
no fue significativa (p = 0.858).

El centro B reportd menor escolaridad (4% de anal-
fabetismo) y el C mayor pobreza (88%). El tabaquismo
como factor de riesgo fue encontrado en el 19% de
las pacientes en el centro A. En cuanto al indice de
masa corporal (segun la clasificacion de la Organiza-
cién Mundial de la Salud), en A se identificéd que el
39% (n = 96) presentaban sobrepeso, en B el
48% (n =41) y en C el 43% (n = 43). El centro B des-
tacd por uso de terapia de reemplazo hormonal (22%)
en comparacion con los otros dos centros (p = 0.001)
(Tabla 1).

En cuanto al reporte de las imdgenes mediante el
sistema BI-RADS, se reportaron lesiones BI-RADS 2
en el 2% (n = 5) del centro A, en el 11% (n = 9) del B
y en el 6% (n = 6) del C. Los reportes BI-RADS 3 fue-
ron del 71% (n = 175) en el centro A, el 48% (n = 41)
enelByel6% (n=26)en el C. Los reportes BI-RADS
4A correspondieron al 22% en el centro A, el 18% (n
=15) en el By el 29% (n = 29) en el C. Los reportes
BI-RADS 4B fueron del 3% (n = 8) en el centro A, del
14% (n = 12) en el B y del 36% (n = 36) en el C. No
hubo reportes BI-RADS 4C en el centro A, mientras
que en el centro B correspondieron al 2% (n = 2) y en
el Cal 15% (n = 9). Los reportes BI-RADS 5 fueron del
2% (n = 4) en el centro A, del 7% (n = 6) en el By del
9% (n =9) en el C, tal como se muestra en la tabla 2.

El tipo de biopsia mas utilizada fue la biopsia por
aspiracion con aguja fina en el centro A (39%, n = 97)
y la biopsia con aguja corte en el B (40%, n = 34), y
es de importancia destacar que la biopsia escisional
fue el procedimiento mas realizado en el centro C
(73%, n = 74) (p = 0.0001).

El reporte final de patologia (Tabla 3) mostrd los
siguientes resultados:

- Fibroadenoma: 69% (n = 170) en A, 44% (n = 37)

en By 35% (n = 35) en C.
- Mastopatia fibroquistica: 2% (n = 6) en A, 7%
(n=6)enBy0%enC.

— Carcinoma in situ: 1% (n = 2) en A, 4% (n = 3)

enBy 9% (n=9) enC.

— Carcinoma invasor: 6% (n = 14) en A, 14%

(n=12)en By 19% (n = 19) en C.

Se reportaron otros resultados benignos: 19%
(n=47)en A 29% (n=25) en By 27% (n = 27) en
C. También se reportaron otros resultados malignos:
3% n=7)enA, 1% (n=1)enBy 7% (n=7) en C.

Al realizar el analisis de concordancia entre las
imagenes y el reporte final de patologia pudimos iden-
tificar que fue de tan solo el 43% de manera general
en el estudio. Al analizarla por institucion, la
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Tabla 1. Caracteristicas demograficas de los sujetos

Caracteristicas A B Cc p
(n = 248) (n =85) (n=105)

Edad, afos (rango) 34 (13-67) 42 (18-76) 48 (21-81)

indice de masa corporal 0.128
18-24.99 85 (34%) 28 (33%) 24 (24%)
25-29.99 96 (39%) 41 (48%) 43(43%)
30-34.99 51(21%) 10 (12%) 28(28%)
35-39.99 13 (5%) 3(3%) 5(5%)
40 3(1%) 3(3%) 1(1%)

Tabaquismo 0.016
Si 48 (19%) 10 (12%) 8 (8%)
No 200 (81%) 75 (88%) 93 (92%)

Alcoholismo 0.754
Si 43 (17%) 17 (20%) 16 (16%)
No 205 (82%) 68 (80%) 85 (84%)

Actividad fisica 0.107
Si 44 (18%) 12 (15%) 9 (9%)
No 204 (82%) 73 (85%) 92 (91%)

Antecedente familiar de cancer de maméa 0.002
Si 37 (15%) 23 (27%) 9 (9%)
No 211 (85%) 62 (73%) 92 (91%)

Terapia de reemplazo hormonal 0.001
Si 10 (4%) 19 (22%) 6 (6%)
No 238 (96%) 66 (78%) 95 (94%)

Escolaridad 0.0002
Ninguna 1(1%) 0(0%) 4 (4%)
Primaria 49 (20%) 7 (8%) 19 19%)
Secundaria 115 (46%) 37 (43%) 48 48%)
Preparatoria 58 (23%) 34 (40%) 19 (19%)
Licenciatura 25 (10%) 7 (9%) 11 (10%)

Nivel socioeconomico 0.0001
Bajo 219 (88%) 61 (72%) 63 (62%)
Medio 13 (5%) 21 (25%) 13 (13%)
Medio/bajo 16 (6%) 3(3%) 25 (25%)

Tipo de biopsia 0.0001
Aspiracion con aguja fina 97 (39%) 18 (21%) 3(3%)
Corte 63 (25%) 34 (40%) 21 (21%)
guiada por ultrasonido 8 (4%) 1(1%) 1(1%)
Estereotaxia 5(2%) 0(0%) 2(2%)
Escisional 75 (30%) 32 (38%) 74 (73%)

concordancia en A fue del 39%, en B del 62% y en
C del 19%.

Discusion

Las lesiones mamarias comprenden un amplio
espectro de alteraciones, que van desde cambios
benignos no proliferativos hasta cancer de mama en
etapas avanzadas. La correlacion entre imagen y
patologia es una herramienta esencial en la toma de
decisiones clinicas; sin embargo, esta puede variar
significativamente entre instituciones, en especial si

no son centros de referencia para el diagnéstico y el
tratamiento del cancer de mama3334,

Los estudios recientes han demostrado la utilidad del
sistema BI-RADS para estratificar el riesgo de maligni-
dad, en particular en las subcategorias 4A, 4B y 4C,
que presentan tasas de malignidad progresivas®3. En
este estudio se evalud la concordancia entre las cate-
gorias del sistema BI-RADS y los hallazgos histopato-
l6gicos en pacientes con estudios de mastografia o
ultrasonido anormales, que fueron sometidas a biopsia
en tres instituciones especializadas en ginecologia, sin
ser centros de referencia oncoldgica.
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Tabla 2. Casos enviados a toma de biopsia

A B c
BI-RADS 2 5 (2%) 9 (11%) 6 (6%)
BI-RADS 3 175 (70%) 41 (48%) 6 (6%)
BI-RADS 4A 55 (22%) 15 (18%) 29 (29%)
BI-RADS 4B 8 (3%) 12 (14%) 36 (35%)
BI-RADS 4C 1(1%) 2(2%) 15 (15%)
BI-RADS 5 4(2%) 6 (7%) 9(9%)
Total 248 (100) 85(100%) 101 (100%)

Tabla 3. Reporte histopatolégico

Diagndstico A B c
Fibroadenoma 170 (68%) 37 (44%) 35 (35%)
Mastopatia fibroquistica 6 (2%) 6 (7%) 0(0%)
Papiloma 2(1%) 1(1%) 4 (4%)
Carcinoma in situ 2 (1%) 3 (4%) 9 (9%)
Carcinoma invasor 14 (6%) 12 (14%) 19 (19%)
Otros (benignos) 47 (19%) 25 (29%) 27 (26%)
Otros (malignos) 7 (3%) 1(1%) 7(7%)
Total 248 (100%) 85(100%) 101 (100%)

Se incluyeron 434 pacientes, la mayoria atendidas
en el centro A (57.1%, n = 248), seguido del C (23.3%,
n = 101) y el B (19.6%, n = 85). Esta distribucion
puede explicarse por la naturaleza del centro A como
hospital regional de concentracién que atiende a una
poblacién amplia del sureste del pais. En contraste,
los centros B y C tienen criterios de admisién mas
especificos.

Durante el andlisis se observaron diferencias signi-
ficativas tanto en la distribucion de las categorias
BI-RADS como en la concordancia entre imagen y
patologia, lo que sugiere una variabilidad en la prac-
tica diagndstica entre instituciones. En A, por ejemplo,
las pacientes eran significativamente mas jévenes, lo
cual puede deberse a su caracter de hospital regional
con gran volumen de atencidn, lo que resulta en la
realizacion de biopsias a mujeres mas jovenes que lo
reportado en otros estudios, como el de Arruel Cara-
veo et al.**con una edad promedio de 53 afios, acorde
con el pico de incidencia del cancer mamario en
México.

Aunqgue la edad por si sola no se asocia directa-
mente con mayor 0 menor riesgo de malignidad, si
puede influir en la sensibilidad de los estudios de ima-
gen, ya que las mamas densas en las mujeres jovenes
dificultan la interpretacion radiolégica. Ademas, el can-
cer de mama en las mujeres jovenes tiende a ser mas
agresivo y de peor prondstico®, lo que puede llevar a
decisiones clinicas mas intervencionistas ante lesiones
dudosas.

En cuanto a la distribucion de las categorias BI-RADS,
en el centro A predominé BI-RADS 3 (40.3%), mientras
que en el C se observaron principalmente BI-RADS de
alta sospecha (alrededor del 90%). El centro B pre-
sento un perfil intermedio, con predominio de BI-RADS
4A y 4B, y también una alta proporcion de BI-RADS
3 (48%).

En contraste con el estudio de Arruel Caraveo et al.%,
en el que la mayoria de las biopsias correspondieron
a BI-RADS 4A (55.9%) y solo el 17% a BI-RADS 3, en
nuestro estudio se tomaron biopsias de mas lesiones
clasificadas como BI-RADS 3. Esta diferencia puede
explicarse por factores institucionales y socioculturales,
y por la ausencia de unos mecanismos solidos de refe-
rencia y contrarreferencia en el sistema de salud. En
el centro A, en particular, muchas biopsias fueron soli-
citadas directamente por las pacientes, motivadas por
el temor al cancer de mama y la percepcion de acceso
limitado a seguimiento médico. Esta situacién compro-
mete el cumplimiento de los criterios establecidos por
el American College of Radiology.

Al analizar los resultados histopatoldgicos, obser-
vamos que el 91.7% de las lesiones clasificadas
como BI-RADS 2, 3, 4A y 4 B fueron benignas, mien-
tras que en las categorias 4C y 5 el 48.4% fueron
malignas. Si bien el resultado es consistente con la
tendencia progresiva de riesgo, la proporcion de
malignidad en la categoria 5 fue inferior a la espe-
rada (> 95%)*. Esto podria reflejar un sobrediagnos-
tico y una falta de seguimiento oportuno, lo que lleva
a realizar Dbiopsias incluso ante sospechas
minimas.

En comparacion con el estudio de Arruel Caraveo
et al.®®, que reportd un 95% de benignidad en las
categorias de baja a moderada sospecha y un 60.4%
de malignidad en BI-RADS 4C y 5, nuestros resulta-
dos son ligeramente inferiores. Sin embargo, ese
estudio reportd una sensibilidad de 0.99 y una espe-
cificidad de 0.91, lo que indica un alto rendimiento
diagndstico del sistema BI-RADS cuando se utiliza
adecuadamente.
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En nuestro estudio, la concordancia global entre
BI-RADS e histopatologia (benigno vs. maligno) fue
moderada, con un coeficiente kappa de 0.43 (p <
0.001), lo que evidencia tanto limitaciones del sistema
como posibles deficiencias en la interpretacién radio-
l6gica. Esta situacion puede verse agravada por retra-
sos en la toma de biopsias, en la entrega de resultados
de patologia y en el inicio del tratamiento, lo que
termina impactando negativamente en la atencion de
calidad.

Sobre la concordancia, en el centro A, de 235
lesiones BI-RADS de baja a moderada sospecha, el
93.1% fueron benignas y el 6.9% malignas. En el
grupo de alta sospecha, el 61.5% fueron malignas.
Se obtuvo un valor kappa de 0.391 (p < 0.001), indi-
cando una concordancia débil a moderada. Es preo-
cupante que 16 lesiones malignas se encontraran en
el grupo de baja sospecha, lo que compromete la
especificidad del Iéxico BI-RADS, mientras que en
cinco lesiones benignas se tomd una biopsia de
manera innecesaria en el grupo de alta sospecha, lo
que es menos preocupante que el caso contrario. En
el centro B se obtuvo una concordancia moderada a
buena, con un valor kappa de 0.62 (p < 0.001). En el
grupo de baja a moderada sospecha, el 93.8% fueron
benignas y el 6.2% malignas. En el grupo de alta
sospecha, el 65% fueron malignas. Aunque los resul-
tados son méas consistentes, aun se observan biop-
sias innecesarias en BI-RADS 3, lo que resulta légico
porque BI-RADS 3 no es indicacién de biopsia. Final-
mente, el centro C presentd la concordancia més
baja, con un valor kappa de 0.18 (p = 0.030). En el
grupo de baja a moderada sospecha, el 19.5% de las
biopsias resultaron malignas, mientras que en el
grupo de alta sospecha solo el 40% fueron malignas.
Esto indica una sobreestimacion del riesgo en
muchas lesiones, lo que pone de manifiesto la nece-
sidad de mejorar la calidad en la evaluacion
radioldgica.

Un estudio realizado en el Instituto Mexicano del
Seguro Social en el afo 2020 encontrd una concordan-
cia aun menor (indice global: 0.2), con valores muy
bajos en BI-RADS 4Ay 4B, y moderados en 4C, lo que
refuerza la evidencia de una interpretacién subdptima
de las imagenes en distintos niveles del sistema de
salud¥. Estos hallazgos no solo tienen implicaciones
clinicas, sino también profundas repercusiones socia-
les. La fragmentacion del sistema de salud, la falta de
protocolos estandarizados, la escasa capacitacion con-
tinua del personal médico y la limitada infraestructura
tecnoldgica condicionan un acceso desigual a

diagndsticos precisos y oportunos, especialmente para
las mujeres de los sectores mas vulnerables.

Cuando las decisiones diagndsticas se ven
influenciadas por la falta de seguimiento, el miedo
al cancer o la presion social mas que por criterios
clinicos bien fundamentados, se genera una cadena
de intervenciones innecesarias que aumentan la
carga emocional, econédmica y fisica para las pacien-
tes. Por otro lado, la subestimaciéon de lesiones
malignas en instituciones con menor concordancia
puede traducirse en retrasos diagndsticos, trata-
mientos tardios y mayor mortalidad. Esta doble cara
del problema, el sobrediagndstico por un lado y el
subdiagnostico por otro, refleja una crisis estructural
en la que las mujeres, en particular aquellas con
menor acceso a informacién o recursos, son las mas
afectadas.

En este sentido, la mejora de la precision diagnds-
tica no debe entenderse uUnicamente como un reto
técnico o académico, sino como un imperativo de
equidad en salud. Es indispensable que los tomado-
res de decisiones reconozcan que garantizar una
adecuada interpretacion de los estudios mamarios es
también una forma de justicia social, ya que permite
reducir la incertidumbre diagndstica, mejorar la efi-
ciencia del sistema y, sobre todo, proteger la salud y
la dignidad de miles de mujeres que enfrentan el
temor al cdncer de mama en un sistema aun marcado
por desigualdades®.

Conclusiones

Nuestro estudio demuestra una tendencia positiva
entre el incremento de la categoria BI-RADS vy la
probabilidad de malignidad en el reporte histopatold-
gico; sin embargo, la presencia de resultados malig-
nos en categorias tradicionalmente consideradas de
bajo riesgo (como BI-RADS 2) subraya limitaciones
en la interpretacion y la necesidad de un enfoque
diagnostico.

La variabilidad interinstitucional y la discrepancia en
la calidad diagndstica resaltan la importancia de
implementar estrategias educativas continuas y tec-
nologias avanzadas para mejorar la exactitud diag-
néstica. Ademas, la alta proporciéon de biopsias en
mujeres jévenes plantea un cuestionamiento critico
sobre la indicacidn de biopsia en edades tempranas
y su relacién costo-beneficio.

La variabilidad interobservador presenta una limita-
cion importante que podria ser valorada en investiga-
ciones futuras, apoyandose positivamente en sistemas
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que incluyan la inteligencia artificial y el aprendizaje
automatico, que en estos momentos emergen como
herramientas para fortalecer la estandarizacion diag-
nostica y optimizar la toma de decisiones clinicas,
minimizando procedimientos innecesarios y asegu-
rando que las pacientes con alto riesgo reciban inter-
venciones oportunas.
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Implementation of pre- and post-COVID pandemic outcomes
of colon cancer patients undergoing colectomies

Aplicacion de los resultados pre- y pospandemia de COVID-19 en pacientes con cancer
de colon sometidos a colectomia

Yuksel Altinel*®, Yunus Emre Aktimur®, Kamil Ozdogan®, Serhat Meric®, and Hakan Yigitbas

Department of General Surgery, Bagcilar Research and Training Hospital, Health Science University, Istanbul, Turkey

Abstract

Objective: Colectomy is a standard surgical technique for colon cancer, but the prognostic indexes are limited. We aimed to
evaluate clinicopathology of colectomies under emergency and elective conditions due to colon cancer, and correlate prognostic
indexes with these outcomes collected before and during COVID-19 pandemic. Method: Clinicopathological and laboratory findings
of 250 patients underwent colectomies under elective and emergency conditions for left and right colon cancer between 2017 and
2021 were retrospectively analyzed. Prognostic markers, including Clavien-Dindo Classification (CDC), Frailty index (Fl), hemoglo-
bin, albumin, lymphocyte, and platelet (HALP) score, and Charlson Comorbidity Index (CCI) were used. Results: CDC Grade 2
was the most common grade in both periods for all patients (p = 0.014) and for elective cases (p = 0.006), but not Fl and HALP
scores. Frequency of perineural invasion was significantly higher during COVID-19 among elective cases (19.8% vs. 40.6%;
p = 0.032). Increase in CDC (OR: 0.123; 95%Cl: 0.331-1.393; p = 0.007) and in CCI (OR: 0.067; 95% Cl: 0.147-1.158; p = 0.028)
primarily affected mortality rate during pandemic. Conclusions: Our analyses revealed short-term influences of COVID-19 pandemic
on patients’ surgical care of the colon cancer patients. The operative management of comorbidities, CDC for complications, and
CClI for comorbidities might be helpful tools to identify post-operative mortality of colectomies.

Keywords: Colon cancer. Colectomy. Morbidity. Frailty index.
Resumen

Objetivo: Evaluar la clinica y la patologia de las colectomias electivas y de urgencia por cancer de colon, correlacionando
los indices prondsticos con los resultados pre- y pospandemia de COVID- 19. Método: Se analizaron 250 casos de colecto-
mia entre 2017 y 2021, incluyendo marcadores prondsticos como la clasificacion de Clavien-Dindo (CDC), el indice de fragi-
lidad (Fl), el indice HALP y el indice de comorbilidad de Charlson (CCI). Resultados: La CDC de grado 2 predomind en
ambos periodos para los pacientes (p = 0.014) y los casos electivos (p = 0.006), no asi para el Fl y el HALP. Se observo una
mayor invasion perineural durante la COVID-19 en los casos electivos (19.8% frente a 40.6%; p = 0.032). El aumento de CDC
(OR: 0.123; IC 95%: 0.331-1.393; p = 0.007) y CCI (OR: 0.067; IC 95%: 0.147-1.158; p = 0.028) afecto a la tasa de mortalidad
pandémica. Conclusiones: Los andlisis revelaron influencias a corto plazo de la pandemia de COVID-19 en la atencion
quirdrgica de los pacientes con cancer de colon. El tratamiento quirdrgico de la comorbilidad, la CDC para las complicaciones
y el CCl para la comorbilidad podrian ser herramientas utiles para identificar la mortalidad posoperatoria de las colectomias.

Palabras clave: Céncer de colon. Colectomia. Morbilidad. Indice de fragilidad.
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|ntroduction

The World Health Organization (WHO) has classi-
fied the ongoing global pandemic of viral pneumonia
that has been caused by the rapid spread of the novel
coronavirus 2019-nCov (COVID-19) — designated as
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) as a public health emergency'2. Mor-
tality rate for patients with severe or critical new coro-
navirus pneumonia increased with age and with the
presence of more comorbid conditions, such as dia-
betes, cardiovascular disease, and cerebrovascular
illness?3. Notably, the systemic immunosuppressive
state brought on by cancer puts patients at higher risk
for serious infections and in a worse prognosis.

For colon cancer patients with coronavirus pneumo-
nia, a number of conservative therapy approaches are
currently advised, although surgery for individuals
with surgical reasons is typically postponed?®. For the
majority of patients with SARS-CoV-2 infection, it is
advised to stop cancer treatment if the infection wors-
ens. Due to this, cancer patients had a comparatively
high chance of tumor progression, which raised ques-
tions about the efficacy of tumor therapy*. Safe imple-
mentation of colorectal cancer surgery during
the pandemic is challenging due to safety issues of
the operating rooms and surgery team members, the
restrictions of a limited number of hospital services
and health staff, and the concerns of post-operative
COVIDi191associated complications and mortality®.
Therefore, there is a need to minimize the risk of
COVIDI19n positive patients for elective surgery and
to introduce prioritization and additional safety mea-
sures in clinical practice.

Cancer initiation, progression, and metastasis are
not only dependent on the type of cancer, but the sys-
temic inflammation and nutritional status play impor-
tant roles. The prognosis screening in colon cancer is
crucial due to high morbidity and mortality rates. There
are several indexes and classification of colon cancer
patients. One of these indexes, hemoglobin, albumin,
lymphocyte, and platelet (HALP) score, is an inflam-
mation index that has been reported to be beneficial
in showing the prognosis of stomach, colorectal, kid-
ney, bladder, and prostate cancers®. Other indexes are
the pre-operative Frailty index (Fl) and Clavien Dindo
Classification (CDC), which are valuable indicators of
mortality and morbidity, respectively. Another index is
the Charlson comorbidity index (CCI), which is the
most used comorbidity index”®. CCl categorizes the

comorbidities of patients based on the International
Classification of Diseases diagnosis codes found in
administrative data, such as hospital abstracts data.
Each comorbidity category has an associated weight'®,
based on the adjusted risk of mortality or resource
use, and the sum of all the weights results in a single
comorbidity score for a patient (CCl; < 4 and = 4).
CCI has been adapted and verified as applicable and
valid for predicting the outcome and risk of death from
the colon cancer®. Regarding various studies based on
all these indexes in colon cancer patients during the
COVID period are limited.

Considering the prognostic indices, we aimed to
compare the findings before and after COVID-19 to
predict the pre- and post-operative prognostics of the
colon cancer patients based on the elective and emer-
gency colectomies.

Method
Patient selection

The patients who underwent surgical treatment
within elective and emergency conditions for colon
cancer in the Department of General Surgery, Bagcilar
Hospital, aculty of Medicine, Health Sciences Univer-
sity between March 2017 and May 2021 were included
in this retrospective study. The patients who had coex-
isting inflammatory bowel diseases (ulcerative colitis
and Crohn’s disease) or benign diseases (plastron
appendicitis, diverticulitis, etc.), rectal cancer, and
emergency cases were excluded from the study.

The study protocol was approved by the Ethical
Committee of Istanbul Medipol University (Decision
No: GOKAEK-Decision No: E-10840098-772.02-4012
on 24/08/2021).

Data collection

Demographical and clinical characteristics were
reported from patients’ files. These characteristics
included the gender, age, body mass index (BMI),
American Society of Anesthesiology (ASA) classifica-
tion, comorbidities (hypertension [HT], congestive
heart failure [CHF], diabetes mellitus [DM], albumin
[mg/dL], platelet [PLT, 10%mm?], white blood cells
[WBC] count [10%/L], C-reactive protein [CRP], neutro-
phil [cells/mm?], lymphocyte [cells/mm?®] and hemoglo-
bin [g/dL]) level. Colonoscopy was performed in only
elective cases, and computed tomography was
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performed in all cases. Metastatic disease was diag-
nosed by using computed tomography.

Surgery treatment protocol

All patients were operated on with an open technique.
An operative report was used to define right- sided
lesions (tumor proximal to splenic flexure) and left-sided
lesions (tumor distal to splenic flexure). Other pre-
operative data were reported, such as main operative
procedure time, complications, stoma formation, and
closure. Complications were divided as minor; wound
infection, ileus, wound dehiscence, urinary tract infec-
tion, and major; anastomotic leak, intra- abdominal
abscess, sepsis, pneumonia, pulmonary embolism,
acute renal failure, myocardial infarction, cardiac arrest,
cerebrovascular disease, intubation, and need for reop-
eration. Surgical materials were sent to the pathology
department for both macroscopic and microscopic
examination and tumor staging.

Pathological examination

As clinicopathological features; tumor grades
(Grade I; well-differentiated, Grade Il; moderately dif-
ferentiated, Grade llI; severe), tumor diameter, total
number of resected lymph nodes (LN), and number of
patients with positive LN involvement was examined.
The 8™ edition of TNM staging, accepted by the Amer-
ican Cancer Committee (AJCC) and the Union for
International Cancer Control, was used for cancer
staging in pathology reports.

Scoring system

Pre-operative evaluation of the patients’ HALP
score from medical archives, which is an inflammatory
and nutritional marker, was evaluated. HALP score
was calculated by the formula: hemoglobin (g/L) x
albumin (g/L) x lymphocytes (/L)/platelets (/L). HALP
scores of patients were categorized according to data
review.

Post-operative data included 30-day morbidity, mor-
tality, and length of hospital stay. Prognostic markers
that are important for morbidity and mortality in gas-
trointestinal surgery clinical outcomes were used.
These were the CDC and the pre-operative Fl, respec-
tively. All complications were graded according to the
CDC'", and patients were classified according the
highest CDC grade for complication they developed

(1-5), allowing patients with multiple complications to
be represented by a single severity grade''.

The comorbidities were also stratified by modified
FI, which included five features as 5-mFl: CHF, chronic
obstructive pulmonary disease, HT requiring medica-
tion, diabetes, and non-independent functional status.
The 5-mFl score was measured by multiplying each
number of frailty features (1 point per each existence;
0-5 points). Patients were categorized into three
groups (mFl = 0, mFl = 1, and mFI = 2)2,

The last scoring system we used in this study was
CClI, which contains 19 issues, including diabetes with
diabetic complications, CHF, peripheral vascular dis-
ease, chronic pulmonary disease, mild and severe liver
disease, hemiplegia, renal disease, leukemia, lym-
phoma, metastatic tumor, and acquired immunodefi-
ciency syndrome, each of which was weighted according
to their potential influence on mortality.

Statistical analysis

Descriptive data of quantitative variables were pre-
sented as mean with standard deviation for continu-
ous ones. The Chi-square test or Fisher’s exact test,
where appropriate, was performed for categorical vari-
ables. The student’s t-test was used for continuous
variables. Parametric methods were used for mea-
surement suitable for a normal distribution. According
to parametric methods, “ANOVA” test was used in the
comparison with the measurement values of three or
more independent groups. Non-parametric methods
were used for non-normal distribution measurements.
In accordance with non-parametric methods, “Mann-
Whitney U” test was used to compare the measure-
ment values of two independent groups, and
“Kruskal-Wallis” test was used to compare the mea-
surement values of three or more independent groups.
Optimal cut-off values of HALP score were calculated
according to the review of data. Kaplan-Meier method
with log- rank test was used to draw the survival curve
for the HALP tested. Multivariate Cox proportional
hazard regression models were used to analyze the
independent prognostic factors for overall survival.
R version 4.0.5 (1.0.143 - ©2009-2016 RStudio, Inc.)
package program was used for statistical analysis.
Significance level was determined as p < 0.05.

Results

Demographic and baseline features of patients are
presented in table 1. There were 188 patients who
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Table 1. Demographic and baseline features of patients

Findings of All colon cancer patients p Emergency cases p Elective cases p
atients
P Total Pre-COVID  Post-COVID Pre-COVID  Post-COVID Pre-COVID  Post-COVID
(n =250) (n=188) (n=62) (n=87) (n=30) (n=101) (n=32)
Age, year 63.02 + 12.48 63.46 + 12.87 61.68 + 11.20 0.330 65.08 + 14.15 62.23 +9.02 0.305 62.07 + 11.55 61.16 + 13.04 0.706
(X £ SD)
Gender, n (%)
Male 144 (57.6) 111 (59.0) 33(63.2) 0512 52(59.8) 13(43.3) 0.177 59 (58.4) 20 (62.5) 0.839
Female 106 (42.4) 77 (41.0) 29 (42.8) 35(40.2) 7 (56.7 42 (41.6) 12 (37.5)
ASA, n (%)
1 32(12.8) 28 (14.9) 4(6.5) 12 (13.8) 2(6.7) 16 (15.8) 2(6.2)
2 97 (38.8) 65 (34.6) 32(561.6) 0.018 28(32.2) 17(56.7) 0.057  37(36.6) 15(46.9) 0.304
3 109 (43.6) 83 (44.1) 26 (41.9) 39 (44.8) 11(36.7) 44 (43.6) 15 (46.9)
4 12 (4.8) 12 (6.4) 0(0.0) 8(9.2) 0(0.0) 4(4.0) 0(0.0)
BMI, n (%)
1 80 (32.0) 52 (27.7) 28(45.2) 0.025 29(33.3) 3(43.3) 0369 23(22.8) 15(46.9) 0.049
2 123 (49.2) 95 (50.5) 28 (45.2) 38 (43.7) 14 (46.7) 57 (56.4) 14 (43.8)
3 38(15.2) 32(17.0) 6(9.7) 15(17.2) 3(10.0) 17 (16.8) 3(9.4)
4 38(15.2) 9(4.8) 0(0.0) 5(5.7) 0(0.0) 4(4.0) 0(0.0)
Complications,
n (%)
Major 25(10.0) 20 (10.6) 5(8.1) 0.158 (23.0) (13.3) 0.360 3(3.0) 2(6.2) 0.751
Minor 36 (14.4) 31(16.5) 5(.1) 0733 17(19.5) (10.0) 0386  11(10.9) 1(3.1) 0326
Frailty index
mFl =0 95 (38.0) 72 (38.3) 23(37.1) 0.897  39(44.8) 9(30.0) 0.360 33(327) 14(43.8) 0.393
mFl = 1 63 (25.2) 46 (24.5) 17 (27.4) 19 (21.8) 8(26.7) 27 (26.7) 9(28.1)
mFl > 2 92 (36.8) 70(37.2) 22 (35.5) 29 (33.3) 13 (43.3) 41 (40.6) 9(28.1)
CDC, n (%)
1 78 (31.2) 58 (30.9) 20 (32.3) 12 (13.8) 9(30.0) 46 (45.5) 11(34.4)
2 108 (43.2) 76 (40.4) 32(561.6) 0.014 36(414) 14 (46.7) 0.006  40(39.6) 18 (56.2) 0.329
3 38(15.2) 33(17.6) 5(8.1) 22 (25.3) 4(13.3) 11(10.9) 1(3.1)
4 4(1.6) 1(0.5) 3(4.8) 0(0.0) 2(6.7) 1(1.0) 1(3.1)
5 22 (8.8) 20 (10.6) 2(3.2) 17 (19.5) 1(3.3) 3(3.0) 1(3.1)
CCI(X+SD) 349+188 311+156 362+197 0067 3.80+200 3.23+159 0.159 3.46(1.93) 3.00 (1.55) 0.226

ASA: American society of anesthesiologists; BMI: body mass index; CDC: clavien-dindo classification; CCl: charlson comorbidity index.

underwent surgery before the pandemic and 62 patients
during pandemic due to the diagnosis of colon cancer.
In pre-pandemic period, 87 patients (46.3%) were oper-
ated in emergency conditions and 101 (53.7%) were
operated in elective conditions. However, during pan-
demic, 30 patients were emergency cases, and 32
were elective cases (48.4% vs. 51.6%, respectively,
p = 0.820).

Before the pandemic, 31 patients in 2017, 62 patients
in 2018, 81 patients in 2019, and 14 in March 2020, a
total of 188 patients were operated. During the pan-
demic, 32 patients were operated after March 2020,
and 30 patients were operated until 19 August 2021.
Most of colon cancer patients were male (57.6%), 65
were emergency cases, and 119 were elective cases.

Mean age of all patients was 63.02 + 12.48 years. No
statistical significance was found for the distribution
of age and gender for total (p > 0.05) (Table 1).

Majority of pre-COVID patients were at ASA lII
(44.1%), and of post-COVID patients were at ASA Il
(51.6%). Since the number of emergency surgeries in
the pre-pandemic period was more than those in the
post-pandemic period, the ASA score of pre-COVID
patients was found as higher and statistically signifi-
cant compared to that of post-COVID patients
(p = 0.018). However, comparison of ASA scores on
the basis of emergency and elective condition, there
was no significant difference between the scores of
pre-pandemic and pandemic period (p = 0.057 vs.
0.304, respectively) (Table 1).
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Table 2. Laboratory findings of patients

Laboratory All colon cancer patients p Emergency cases p Elective cases p
findings Total Pre-COVID  Post-COVID Pre-COVID  Post-COVID Pre-COVID Post-COVID

(n = 250) (n=188) (n=62) (n=87) (n=30) (n=101) (n=32)
Albumin 3.77+062 3.72+0.61 3.89+063 0.064 3.66=+0.68 384+0.78 0243 3.78+0.54 394+045 0.120
CRP 43.16 + 60.85 44.66 + 63.16 38.60 + 53.47 0.498 62.26 + 80.93 53.36 + 68.31 0.59129.5036 + 42 24.77 + 29.17 0.505
WBC 9.88+391 9.68 +3.67 1048 £4.52 0.163 10.43 +4.41 1241+482 0.040 9.04+2.77 8.67+3.38 0.536
Lymphocyte 190+ 0.98 1.86 +0.92 201+114 0271 1.63+0.84 203+144 0064 205+094 200+0.79 0.759
Neutrophil 7.05+362 6.92+339 743 +427 0339 7.94+383 923+4.72 0137 6.04+267 574+298 0587
Platelets 330.6 £ 109.3 329.6 + 106.5 333.7 + 118.1 0.797 3349 +99.2 366.1+ 115.6 0.157325.0 + 112.6 303.3 + 114.0 0.346
(X +SD)
MPV 997+123 1001+129 985+1.02 0.367 10.09+1.37 9.81+1.10 0315 994 +122 9.88+0.97 0.800
Hemoglobin  11.67 +229 11.71+220 11.56+255 0.654 1205+237 11.82+291 0.67211.42+2.00 11.32+2.18 0.800
HALP score  28.58 + 19.71 27.73 £+ 19.68 31.14 + 19.73 0.238 22.63 + 13.11 28.89 + 20.24 0.05532.12 + 23.12 33.26 + 19.32 0.802

(X + SD)

All values are presented as mean + standard deviation. CRP: C-reactive protein; WBC: white blood cells; MPV: mean platelet volume; HALP: hemoglobin, albumin, lymphocyte, and

platelet score.

BMI of all colon cancer patients and that of elective
cases significantly differed between pre- and post-
pandemic periods (p = 0.025 vs. 0.049, respectively),
but BMI of emergency cases did not differ significantly
(p = 0.369). No statistical significance was found in
major/minor complications for all patients and different
conditions (p > 0.05). Most emergency cases in
pre- COVID period had FI score 0, while most during
the pandemic had score over 2 (44.8% vs. 43.3%,
respectively; p = 0.360). Most of the elective cases in
pre-COVID period had Fl score over 2, while most
during pandemic had score 0 (40.6% vs. 43.8%,
respectively, p = 0.393). Most of all cancer patients
and of emergency cases were classified at CDC |
(43.2% and 41.4%, respectively), and there was a
significant difference in the distribution of CDC clas-
sification of pre- and post-COVID patients (p = 0.014
and 0.006, respectively). However, CDC classification
of elective cases did not significantly differ (p = 0.329).
No significance was found in the mean CCI values of
all patients independent of the operation conditions
(p > 0.05) (Table 1).

The laboratory findings of all patients were pre-
sented in table 2. The mean albumin, CRP, WBC,
lymphocyte, neutrophil, thrombocyte, hemoglobin,
MPV, and HALP score, which showed no significant
difference between periods for all patients and also
for emergency and elective cases (p > 0.05), except

that there was a significance in WBC values of the
emergency cases (p = 0.040).

Considering the clinicopathology of patients
(Table 3), the tumor was most commonly located in
the left colon in pre-COVID period among all patients
(59.0%), the emergency cases (62.1%), and elective
cases (56.4%), which did not differ compared to post-
COVID patients (p > 0.05). However, the most fre-
quently performed operation was right hemicolectomy
in patients who could be operated in both periods
(41.0% vs. 46.8%, respectively, p = 0.743). Type of
procedure did not differ significantly among all patients
and based on the operation conditions (p > 0.05).
Most patients did not need a stoma (75.0% vs 86.9%,
respectively, p = 0.107). Rate of ileus formation did not
differ significantly among all patients and based on
the operation conditions (p > 0.05). 16.1% of the emer-
gency cases before the pandemic had ascites, while
none of those in post- pandemic period had ascites
(p = 0.044). No difference was observed for the rate
of ascites formation among all patients and elective
cases (p > 0.05) (Table 3).

Mean tumor diameter and distribution of lymphatic
invasion and adjacent organ invasion did not differ
among all patients and patients operated under elec-
tive conditions (p > 0.05); however, the rate of peri-
neural invasion among patients operated under
elective conditions was significantly higher during



Table 3. Clinicopathological features of patients

Y. Altinel et al. Outcomes of colectomies pre- and post- COVID-19

Surgical findings All colon cancer patients p Emergency cases p Elective cases p
Total Pre-COVID Post- COVID Pre-COVID Post- COVID Pre-COVID Post- COVID
(n=250) (n=188) (n=62) (n=287) (n=30) (n=101)
(n=32)
Location, n (%)
Right 108 (432) 77(41.0) 31(50.0) 0272 33(37.9) 13(43.3) 0.76 44 (436 18(56.2) 0.294
Left 142 (56.8) 111 (59.0) 0.0) 53 (62.1) 17 (56.7) 57 (56.4 14 (43.8)
Procedure, n (%)
Left Hemicolectomy 106 (42.4)  38(20.2) 9(14.5) 22 (25.3) 8(26.7) 16 (15.8) 1(3.1)
Right Hemicolectomy 47(18.8)  77(41.0) 29(46.8) 0.743 33(37.9) 13(433) 08  44(43.6) 16 (50.0) 0.308
Subtotal colectomy 5(2.0) 4(2.1) 1(1.6) 2(2.3) 0(0.0) 2(2.0) 1(3.1)
Anterior resection 92(36.8) 69(36.7) 23(37.1) 30 (34.5) 9(30.0) 39 (38.6) 14 (43.8)
Stoma, n (%)
None 194 (77.9) 141(75.0) 53(86.9) 0.107 48(55.2) 22(75.9) 0.059 93(92.1) 31(96.9) 0.439
lleostomy 15 (6.0) 14.(7.4) 1(1.6) 11 (12.6) 0(0.0) 3(3.0) 1(3.1)
Colostomy 40(16.1)  33(17.6) 7(11.5) 28 (32.2) 7(24.1) 5(5.0) 0(0.0)
lleus, n (%) 118 (47.2) 90(47.9) 28(45.2) 0.823 84(96.6) 27(90.0) 0.356  6(5.9) 1(31) 0867
Ascites, n (%) (7.6) 18(9.6) 1(1.6) 0076 14(16.1) 0(0.0) 0044 4(4.0) 1(3.1)  1.000
Diameter (X + SD) 559 (2.72) 5.49(2.27) 5 89 (3.79) 0.319 566 (1.95) 6.62(4.80) 0.128 5.35(2.51 5.21(2.40) 0.788
Perineural invasion, n (%) 104 (41.6) 73(38.8)  31(50.0) 0.162 53(60.9) 18(60.0) 1 20 (19.8) 13(40.6) 0.032
Lymphatic invasion, n (%) 175 (70.0) 131 (69.7) 44 (71.0) 0.975 77(88.5) 26 (86.7) 1 54 (53.5) 18(56.2) 0.943
Adjacent organ 45(18.0) 34 (18.1) 1(17.7) 1 24 (27.6) 9(30.0) 0.986 10(9.9) 2(62) 0784
invasion, n (%)
Grade, n (%)
1 29(11.6) 23(12.2) 6(9.7) 0408 7(8.0) 3(10.0) 059 16(15.8) 3(94) 0498
2 186 (74.4) 136 (72.3) 50 (80.6) 61(70.1)  23(76.7) 75 (74.3) 27 (84.4)
3 35(14.0)  29(15.4) 6(9.7) 19 (21.8) 4(13.3) 10(9.9) 2(6.2)
T stage, n (%)
0 2(0.8) 2(1.1) 0(0.0) 0(0.0) 0(0.0) 2(2.0) 0(0.0) 0.854
1 5(2.0) 4(2.1) 1(16) 0783 0(0.0) 0(0.0) 0715 4(4.0) 1(3.1)
2 14 (5.6) 11(5.9) 3(4.8) 2(2.3) 1(3.3) 9(8.9) 2(6.2)
3 103 (41.2) 80(42.6) 23(37.1) 30(34.5) 8(26.7) 50 (49.5) 15 (46.9)
4 126 (50.4) 91(48.4)  35(56.5) 55 (63.2) 21(70.0) 36 (35.6) 14 (43.8)
N stage, n (%)
0 95(38.0) 69(36.7) 26(41.9) 0525 16(18.4) 10(33.3) 0.191 53 (52.5) 16 (50.0) 0.865
1 98(39.2) 73(38.8) 25(40.3) 40 (46.0) 13 (43.3) 33(32.7) 12(37.5)
2 57(22.8)  46(245) 11(17.7) 31(356)  7(23.3) 15 (14.9) 4(12.5)
M stage, n (%)
0 206 (82.4) 151(80.3) 55(88.7) 0.046 (64.4) 26 (86.7) 0.039 88(87.1) 30(93.8) 0.477
1 44 (17.6) 37 (19.7) 7(11.3) 31(35.6) 4(13.3) 13 (12.9) 2(6.2)
Stage, n (%)
0 2(0.8) 2(1.1) 0(0.0) 0(0.0) 0(0.0) 2(2.0) 0(0.0)
1 15 (6.0) 11(5.9) 4(65) 024 1(1.1) 1(33) 0.168 10(9.9) 3(9.4) 0711
2 71(28.4) 50(26.6) 21(33.9) 11(12.6) 7(23.3) 39 (38.6) 14 (43.8)
3 110 (44.0) 80(42.6) 30(48.4) 44 (50.6) 17 (56.7) 36 (35.6) 13 (40.6)
4 52(20.8)  45(23.9) 7(11.3) 31(35.6) 5(16.7) 14 (13.9) 2(6.2)
LN, n (%)
Total 26.04 26.73 2394 0.186 24.14 21.70  0.364 28.96 26.03 0.353
(14.40) (15.32) (10.97) (13.40) (10.06) (16.55) (11.53)
Positive 2.73 2.85 2.35 0.55 4.31 2.27 0.129 1.59 2.44 0.39
(5.66) (5.45) (6.28) (7.06) (8.11) (3.03) (8.28)

LN: lymph node.

the pandemic compared to pre-pandemic (40.6% vs.
19.8%, p = 0.032). Grade 2 tumors and T4 tumors
predominated in both periods (72.3% vs. 80.6% and

48.4% vs. 56.5%, respectively) without any signifi-
cant difference among groups (p > 0.05). moreover,
the most common stage of tumor among all patients
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was Stage 3, observed in both periods (42.6% vs.
48.4%, respectively) without any significant differ-
ence (p = 0.284). N1 tumors (38.8%) were in the
majority in pre-pandemic period, while number of NO
tumors (41.9%) was higher during COVID, without
any significant difference (p = 0.525). The distribution
of grade, TN stage, and overall stages of the emer-
gency cases and elective cases did not differ signifi-
cantly between pre-pandemic and pandemic period
(p > 0.05). However, the rate of solid organ metasta-
sis (M) of all patients was significantly higher in pre-
pandemic period compared to that during pandemic
(19.7% vs. 11.3%, p = 0.046). Emergency cases was
also significantly higher in pre-pandemic period
(35.6% vs. 13.3%, p = 0.039), but the rate of LN
metastasis did not differ among periods (p > 0.05)
(Table 3).

The mortality rate was 30.4% (n = 76) among all
250 patients; 36 of 117 emergency cases (30.8%)
and 40 of 133 elective cases (30.1%) died due to
the pulmonary issues, anastomosis leakage, myo-
cardial infarcts, multiple organ failure, etc. The
mortality rate was 37.2% before the pandemic, but
9.7% during the pandemic, which was significantly
lower than the pre-pandemic rate (n = 70 vs. n = 6,
respectively, p < 0.001). The mean survival duration
was 20.39 + 14.81 months for all patients; 24.39 +
14.74 months before the pandemic and 8.24 =+
5.51 months during the pandemic, which was sig-
nificantly lower than the mean of pre-pandemic sur-
vival duration (p < 0.001). According to Kaplan-Meier
estimation results, there was no significant associa-
tion between pandemic period as an independent
prognostic factor for survival rates of the colon
cancer patients (HR=0.965, 95% Cl: 0.417-2.568,
p = 0.94) (Fig. 1).

The Multivariate Cox regression analysis of clinico-
pathological factors showed that an increase in CDC
(OR: 0.123; 95% CI: 0.331-1.393; p = 0.007) and in
CCI (OR: 0.067; 95% CI: 0.147-1.158; p = 0.028) pri-
marily affected the mortality rate during COVID-19
(Table 4). However, other clinicopathological factors,
including age, BMI, HALP, grade, and stage of colon
cancer, location of tumor, FI, ASA score, type of pro-
cedure, and surgery did not affect the mortality rate
significantly during pandemic (Table 4).

Discussion

During COVID-19, both elective and emergency
surgeries have been canceled or postponed in cancer
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Figure 1. Cancer-specific survival curve (Kaplan-Meier curve) for
patients with colon cancer during COVID-19 pandemic period.

patients®'3*, The current study included patients with
colon cancer that underwent elective or emergency
surgeries before and during the pandemic. We found
that Fl and HALP scores did not differ among periods,
while CDC grade was significantly higher among all
patients and especially in elective cases before
COVID-19. Frequency of ascites and tumors at M
stage was significantly higher among emergency
cases before COVID-19, while the frequency of peri-
neural invasion was significantly higher during
COVID-19 among elective cases. CDC and CCI
scores primarily affected the mortality rate during
COVID-19.

During COVID-19, the risks and benefits between
the protection of patients and health care providers
and the adverse outcomes resulting from delayed
surgery need to be balanced. Particularly consistent
criteria for “emergent” colorectal surgery should be
established that could help to simplify surgeons’ deci-
sions to operate in their practices™'s. Consistency
with the reports, there has been an increase in the
number of urgent surgeries at hospitals where elec-
tive activity was reduced''®, as in our practices.

Age and gender, as patient-level factors, along with
overall health status and comorbidities, are included
in clinical risk scores associated with worse outcomes
of SARS-CoV-2 infection'. The evaluation of Kuzuu
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Table4. Multivariate coxregressionanalysis of Clinicopathological
factors affecting the mortality during COVID-19 pandemic

Clinicopathological factors Hazard ratio (95% ClI) p

Pandemic 0.468 (0.169-1.184) 0.717
Age 0.012 (0.002-1.002) 0.823
BMI 0.150 (-0.053-0.948) 0.724
HALP 0.005 (0.001-1.001) 0.805
FI 0.169 (0.065-1.067) 0.700
CDC 0.123(0.331-1.393) 0.007
ASA 0.149 (0.278-1.321) 0.061
CCl 0.067 (0.147-1.158) 0.028
Procedure 0.116 (-0.043-0.957) 0.707
Surgery 0.267 (-0.298-0.741) 0.264
Location 0.272 (-0.110-0.895) 0.685
Grade 0.235 (-0.040-0.960) 0.862
Stage 0.163 (0.154-1.167) 0.344

BMI: body mass index; HALP: hemoglobin, albumin, lymphocyte, and platelet score;
Fl: frailty index; CDC: clavien dindo classification; CCl: charlson comorbidity index;
Cl: confidence interval.

et al. in pre—COVID-19 and during pandemic reported
without significant differences between two periods in
terms of the proportions of gender and age according
to cancer®. In the current study, most of colon cancer
patients in pre-COVID and post-COVID period were
male, and the mean age in post-COVID period was
slightly lower without a significant difference between
periods and ineffective for mortality rates during
pandemic.

Studies indicated that the numbers of elective
colorectal surgeries during the pandemic did not differ
in age, gender, and BMI between the number of elec-
tive surgeries in two years before pandemic?'22,
Inconsistently, BMI of 250 colon cancer patients and
that of 133 elective cases significantly differed
between pre- and post-pandemic periods, but BMI of
117 emergency cases did not differ significantly, sug-
gesting that BMI did not compromise a bias for surger-
ies for emergency cases but may be important point
of view in the elective surgeries. Similar to the litera-
ture, we eventually reported that BMI was not an
effective factor for the mortality during COVID-19
pandemic.

The diagnostic, prognostic factors and indexes in
colon cancer patients have become more apparent
during pandemic. Effects of COVID-19 on some

outcomes for some cancer types in 2019 and 2020
were investigated and reported that more patients
presented with ASA level 3 in the COVID-19 year ver-
sus 201923, Similarly, ASA score 3 was mostly reported
in pre-COVID period, while ASA score 2 was seen
promptly in post-COVID period. However, the evalua-
tion of emergency and elective surgeries regarding
ASA scores between two periods showed no any sig-
nificant correlation in the mortality rate during
pandemic.

Studies have indicated higher mortality and com-
plications suffered by patients undergoing surgery
during pandemic, particularly those with SARS-CoV-2
infection?*, Moreover, it was reported that some
patients avoided visiting the hospital unless it was
an emergency because they feared contracting
COVID-19%. The need for this group was motivated
by widespread concern among surgical patients
about the unanticipated consequences of COVID-19,
which had an impact on morbidity and mortality
rates®. It was reported that the cancer, cardiac dis-
ease, chronic immunosuppression, chronic antico-
agulation,  reoperation, intraoperative  and
post-operative blood transfusion, or the duration of
surgery were significantly associated with complica-
tions. In addition, a significant correlation between
complications and other relative risk variables was
found in the post-operative infection?”. In another
study, colorectal cancer patients showed no signifi-
cant differences in comorbidities, CCl, and mortality
rate determined in pre-COVID vs. during COVID?.
According to our study, the minor complications,
including wound infection, ileus, wound dehiscence,
urinary tract infection, and major complications
including anastomotic leakage, intra-abdominal
abscess, sepsis, pneumonia, pulmonary embolism,
acute renal failure, myocardial infarction, cardiac
arrest, cerebrovascular disease, the need for intuba-
tion and reoperation were less likely higher in pre-
COVID period without a statistical significance.
During the pandemic, there were also no differences
in post-operative recovery and incidence of
post- operative complications. Surgical duration,
amount of intraoperative bleeding, and length of
post- surgical hospital stay did not change substan-
tially. This could be attributed to a combination of
enhanced recovery after surgery (ERAS) guidelines
and laparoscopic minimally invasive surgery, which
has a slight impact on post-operative nutritional sta-
tus and shortens the length of post- operative hos-
pital stay, especially in older patients with colorectal
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cancer, as in literature®®3°. Consistently, CDC
Grade 2 was promptly seen in both periods in
patients with morbidity. These differences were
eventually apparent for all colon cancer patients and
specifically for emergency cases. Interestingly, CDC
was a significant factor affecting the mortality during
pandemic, suggesting that CDC is as a promising
feature to be predicting the prognosis of colon can-
cer patients.

Colorectal cancer is largely diagnosed at old age,
when comorbidities and frailty are common and
might be important prognostic factors of this cancer,
which are strong prognostic factors of survival in
colorectal patients apart from commonly considered
sociodemographic and tumor characteristics. In a
meta-analysis for the impact of comorbidity and
frailty on prognosis in colorectal cancer patients,
compared to colorectal cancer patients without
comorbidity, those with mild/moderate and severe
comorbidity were found to have a higher risk of
30-day, overall, and CRC-specific mortality. In addi-
tion, frail CRC patients showed higher overall mortal-
ity than non-frail patients®'. In some recent studies,
the relationship between the mFI-5, malnutrition,
body composition, systemic inflammation, and short-
term clinical outcomes in patients undergoing sur-
gery for colorectal cancer was investigated and
found that the male gender elevated inflammation,
and mFI-5 score remained significantly associated
with the incidence of post- operative complications.
They reported that mFI-5 frailty score was signifi-
cantly associated with age, systemic inflammation,
and post-operative outcomes in patients undergoing
potentially curative resections for colorectal cancer.
We also did not find a significant difference in both
CCI and frailty indexes between pre- and post-
COVID periods, but CCI was found to be correlated
with increased mortality during pandemic.

Current coronavirus evolution models and progno-
sis scores have used in evaluation, including HALP
scoring and management of severe cases to predict
the prognosis of disease®32, In a very recent review,
the prognostic role of HALP score on survival out-
comes in patients with solid tumors was investigated.
Low HALP score was associated with decreased
overall survival, cancer-specific survival, and pro-
gression/disease/recurrence-free survival. The prog-
nostic value of HALP on overall survival was observed
across various tumor types and tumor stages. They
concluded that a low pretreatment HALP score is a
reliable and negative prognostic biomarker for

survival outcomes in patients with cancer34. There-
fore, we investigated HALP score between pre- and
post- COVID periods unlikely with a significant differ-
ence for emergency and elective cases.

Various cancer screening programs for colorectal
cancer have been suspended in many countries after
the onset of the COVID-19, such as the completion
of colonoscopies with declines®. Therefore, we com-
pared the survival duration during the pandemic,
which was significantly lower than the mean of pre-
pandemic survival duration. However, the results of
survival analysis showed a less likely an association
between pandemic period as an independent prog-
nostic factor for survival rates of colon cancer
patients. There are controversy findings whether an
appropriate delay in the surgery date among patients
with Stage | to Il colorectal cancer has an influence
on survival time. A study concluded that an appropri-
ate delay of surgical date did not affect survival®. In
fact, any delay in treatment may lead to tumor pro-
gression and an increased risk of transformation
from a resectable to an unresectable tumor. Some
researches predicted that delays in diagnosis brought
about by the pandemic would shorten the long-term
survival time of colorectal cancer patients, potentially
increase in mortality within 5 years of diagnosis®.
Including the stages at diagnosis among patients
with gastrointestinal cancer during COVID-19 was
evaluated with a significant decrease in numbers of
patients with stage 0 or | colorectal cancer®. Con-
sidering post-operative clinicopathology of our
cohort, even though the distributions of patients
according to the grade, TN stage and overall stage
of cancer were comparable before and during pan-
demic, the proportion of patients with perineural inva-
sion (a feature of adverse prognosis) among elective
cases significantly increased during pandemic, sug-
gesting that clinical diagnosis and treatment of
colorectal cancer may proceed following the epi-
demic prevention®®. Clinically, our patients had more
likely slight increases in tumoral extension and
staging.

There are some limitations based on the data;
(1) nested regression models to generate some impu-
tations for missing values < 30 % of laboratory results,
(2) retrospective analysis including measurement and
recall biases, (3) without stepwise or any other
machine learning models. However, this is the first
and largest study to identify the factors to predict
mortality and post-operative complications in early
settings for elective and emergency colon cancer



Y. Altinel et al. Outcomes of colectomies pre- and post- COVID-19

surgery. This makes it a distinctively proficient tool
that can guide surgeons primarily to distinguish the
patients to prompt surgical interventions regarding
physiological and pre-operative assessments.

Conclusions

We investigated the effective factors for mortality of
patients who underwent colonic resection for cancer
during pandemic. The operative management of
comorbidities, CDC for the complications, and CCI for
comorbidities might be a helpful clinical tool to better
identify the post-operative mortality regarding pan-
demic, priorly. In addition, the prediction of post-
operative outcomes when accounting for patient
comorbidities and patient acuity might add value to
current challenges during the pandemic to improve the
quality of care and decrease the mortality. In the
future, incorporation of systemic screening tools in
clinics may help to improve the prognosis of colon
cancer patients.
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Abstract

Objective: The aim of this study is to estimate gender using parameters obtained from the sphenoid sinus in computed tomog-
raphy (CT) images, utilizing Machine Learning (ML) algorithms and Artificial Neural Networks (ANNs). Method: In this study,
length, width, and volume measurements of the sphenoid sinus were evaluated from CT images of 300 individuals (150 males
and 150 females) aged 18-65 years. Linear Discriminant Analysis (LDA), Quadratic Discriminant Analysis, Logistic Regression
(LR), Extra Tree Classifier, Random Forest, Decision Tree (DT), Gaussian Naive Bayes (GaussianNB), K-Nearest Neighbors
(k-NN) algorithms, and ANN model were used for gender prediction. Results: The length, width, and volume of the sphenoid
sinus on both the left and right sides were found to be significantly higher in males compared to females (p < 0.05). The
performance values of the ML algorithms were found as follows: LDA 0.82; k-NN 0.80; LR 0.84; GaussianNB 0.80; DT 0.82;
and ANN 0.82. Conclusions: Morphometric measurements of the sphenoid sinus, when analyzed with the LDA, LR, DT, and
ANN algorithms, showed high accuracy and provided reliable data for sex estimation.

Keywords: Artificial neural networks. Machine learning algorithms. Gender estimation. Sphenoid sinus.

Resumen

Objetivo: Predecir el sexo mediante el uso de algoritmos de aprendizaje automatico y redes neuronales artificiales a partir de pard-
metros del seno esfenoidal medidos en imdgenes de tomografia computarizada (TC). Método: Se evaluaron las mediciones de lon-
gitud, ancho y volumen del seno esfenoidal de imdgenes de TC de 300 individuos, 150 hombres y 150 mujeres, con un rango de edad
de 18 a 65 afios. Se utilizaron los algoritmos de andlisis discriminante lineal (LDA), anélisis discriminante cuadratico (QDA), regresion
logistica (LR), clasificador de arbol extra (ETC), bosque aleatorio (RF), arbol de decision (DT), Gaussian Naive Bayes (GaussianNB),
vecinos mds proximos (k-NN) y modelo de redes neuronales artificiales (ANN) para la prediccion del sexo. Resultados: Las longitudes,
anchuras y volumenes del seno esfenoidal izquierdo y derecho fueron significativamente mayores en los hombres que en las mujeres
(p < 0.05). Los valores de rendimiento de los algoritmos de aprendizaje automatico fueron los siguientes: LDA 0.82, k-NN 0.80, LR
0.84, GaussianNB 0.80, DT 0.82 y ANN 0.82. Conclusiones: Las medidas morfométricas del seno esfenoidal, analizadas
con los algoritmos LDA, LR, DT y ANN, mostraron alta precision y proporcionaron datos fiables para la prediccion del sexo.

Palabras clave: Redes neuronales artificiales. Algoritmos de aprendizaje automatico. Prediccion del sexo. Seno esfenoidal.
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|ntroduction

Determining gender is one of the crucial steps in
identifying an individual. Therefore, gender estimation
based on measurements obtained from bones of the
human skeleton is widely used, particularly in forensic
medicine™®. Due to the preservation of sinuses in deep
locations during cases such as burns, paranasal sinuses
play a prominent role in gender determination®.

The sphenoid sinus begins to develop in the 3r-
4" month of gestational age, and it contains no air in
newborns. Its development starts around 3-4 years after
birth and continues until adolescence (12-16 years)®®.
By connecting the viscerocranium and neurocranium
bones through its articulations, it occupies a crucial and
deeper position among the skull bones’. Particularly in
cases where the maxillary and frontal sinuses are dam-
aged or absent, the deeper position of the sphenoid
sinus makes it an important structure for gender estima-
tion”8. Of the paranasal sinuses, especially the maxillary
and frontal sinuses have been widely evaluated for sex
prediction®!". Several studies have evaluated the accu-
racy and reliability of sphenoid sinus morphometric fea-
tures for gender estimation using various methods5%2,
Research investigating the accuracy of the sphenoid
sinus for gender prediction across different populations
has used methods such as discriminant function analy-
sis and logistic regression (LR)"3,

In anthropology and forensic sciences, machine learn-
ing (ML) algorithms are increasingly used to evaluate
the accuracy and reliability of gender estimation from
human remains with unknown gender, alongside tradi-
tional methods such as discriminant function analysis or
linear regression analysis®®*"®'7. In ML, various algo-
rithms, each with advantages and disadvantages,
achieve prediction results using statistical, probabilistic,
and optimization methods applied to large data
sources'®'®, Decision Tree (DT), one of the oldest algo-
rithms, is a descriptive and predictive supervised learn-
ing method consisting of roots, decision nodes,
branches, and leaves. Random Forest (RF) combines
the decisions of multiple trees through randomization'®.
Extra Trees Classifier (ETC) is similar to RF. However,
it differs from tree-based algorithms in that it randomly
splits the nodes and uses all the learning data to grow
the trees®. LR estimates the probability of a sample
belonging to a specific class'®. Gaussian Naive Bayes
(GaussianNB) calculates the probability of a state based
on prior knowledge of the conditions relevant to that
state’. K-Nearest Neighbors (k-NN) is a supervised

algorithm that predicts the classification of unlabeled
data by considering the characteristics of the training
data?'. Linear Discriminant Analysis (LDA) categorizes
new members by typifying the differences between
groups through linear combinations of predictive data
that best separate the groups®. Quadratic Discriminant
Analysis (QDA) is used when the covariance matrices
of the groups are different®. Artificial neural networks
(ANN) are a subset of ML that simulates the signaling
process of neurons in the human brain'.

There are studies on gender prediction using deep
learning neural networks from the volume of all para-
nasal sinuses, and specifically from the frontal and
maxillary sinuses'®?*. However, no study in the acces-
sible literature has been found that evaluates the
accuracy and reliability of gender estimation from the
sphenoid sinus using ML methods.

Various imaging methods, including conventional
radiography, CT, and cone beam CT, are employed in
forensic medicine to predict gender based on morpho-
metric data from the human skeleton. CT is considered
the gold standard for imaging paranasal sinuses®'2%,
CT scans enable better identification of craniometric
points, making it easier to calculate morphometric fea-
tures such as length, area, and volume®.

Based on the knowledge gathered from our research,
this study aims to investigate whether the length, width,
and volume measurements of the sphenoid sinus from
CT images exhibit sexual dimorphism and to evaluate
the accuracy and reliability of ML methods and ANNs
in predicting gender using morphometric data from the
sphenoid sinus.

Method

This study was conducted using CT images of the
sphenoid sinus from 110 female and 110 male individu-
als, aged 18-50 years. The CT images were randomly
selected from the Picture Archiving and Communica-
tion Systems (PACS) archive at Diizce University Hos-
pital between 2021 and 2024, and the measurements
were performed.

CT images from patients who had undergone surgery
on the sphenoid sinus, presented artifacted images,
exhibited abnormal asymmetry in the region, or displayed
positional errors during the scan were excluded from the
study. This retrospective study was approved by the local
non-invasive ethics committee of Dlzce University on 18
December 2023, with the decision number 2023/196.

The CT scans were obtained using a Siemens
(model Somatom Definition AS) 128-slice CT device.
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The scanning parameters were as follows: kV (kilovolt-
age): 100, mAs (milliampere-seconds): 49, scan time:
2 s, field of view: 163 mm, and slice thickness: 0.6mm.

After examining the images in the PACS system, the
following measurements were performed for the right
and left sphenoid sinuses (Figs. 1 and 2):

1. Sphenoid sinus volume

2. Sphenoid sinus length

3. Sphenoid sinus width.

ML algorithms process

ML algorithms were executed on a personal computer
with the Monster Abra i5 operating system. Python 3.9
programming language and scikit-learn 1.1.1 framework
were used. Eighty percent of the raw data was used as
the training set. The input layer for the ML algorithms
consisted of measurement parameters, and the output
layer was determined as gender. The following ML mod-
els were used: LDA, QDA, LR, ETC, RF, DT, Gaussi-
anNB, and k-NN. Accuracy (Acc), Specificity (Spe),
Sensitivity (Sen), and F1 score (F1) were used as
performance criteria. The Shapley Additive Explana-
tions (SHAP) analyzer from the RF algorithm was used
to evaluate the contribution of the parameters to the
overall outcome. The Multilayer Perceptron Classifier
(MLCP) was used as the ANN model. Six neurons
were used in the input layer, two neurons in the output
layer, ten neurons in the first hidden layer, and fifteen
neurons in the second hidden layer. To reflect real
learning in the network topology, re-training was per-
formed 100, 500, and 1000 times. The same perfor-
mance criteria as in ML were preferred.

TP
Acc =

TP +FN +FP +TN

Sen =L

TP +FN

Spe =l

TN + FP
F1_9 Precision x Recall

Precision + Recall

Equation 1. (TP; True positive, TN; True negative,
FP; False positive, FN; False negative).

Statistical analysis

The normal distribution of the data was tested with
the Anderson-Darling test, and for non-normally

Figure 2. Red shaded area: Sphenoid sinus volume. Blue arrow:
Sphenoid sinus length. Yellow arrow: Sphenoid sinus width.

distributed data, the median, minimum, and maximum
values were used. For comparisons regarding gender,
the Mann-Whitney U test was applied to non-normally
distributed data. Minitab 17 statistical software was
used for analysis, and p < 0.05 was considered sta-
tistically significant.

Results

The Anderson-Darling test revealed that none of the
parameters followed a normal distribution. Descriptive
statistics for the parameters and gender comparisons
are presented in table 1.

The highest accuracy (Acc) rate from the ML algo-
rithms was found to be 0.84 with the LR algorithm
(Table 2).
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Table 1. Descriptive statistics of the parameters and gender
comparisons

Parameters Gender Median (Min.-Max.) p
Left sphenoid sinus ~ Female ~ 21.700 (11.100-42.800)  0.5825
length

Male 22.400 (10.400-31.900)
Left sphenoid sinus ~ Female 15.600 (8.300-26.300) 0.284
width

Male 16.300 (9.160-25.300)
Left sphenoid sinus ~ Female 5.400 (2.940-11.800) 0.000
volume

Male 4.860 (1.110-7.560)
Right sphenoid Female  19.350(10.300-32.500)  0.000
sinus length

Male 23.500 (10.800-32.700)
Right sphenoid Female 15.250 (9.200-26.900) 0.010
sinus width

Male 16.700 (8.000-27.400)
Right sphenoid Male 5.425 (1.180-11.100) 0.001
sinus volume

Female 5.050 (1.340-8.540)
Table 2. Machine learning algorithms performance results
Algorithms Acc Spe Sen F1
LDA 0.82 0.82 0.82 0.82
QDA 0.75 0.75 0.75 0.75
k-NN (k=5) 0.80 0.80 0.80 0.80
LR 0.84 0.85 0.84 0.85
GaussianNB 0.80 0.80 0.80 0.80
RFC 0.75 0.75 0.75 0.75
DT 0.82 0.82 0.82 0.82
ETC 0.77 0.77 0.77 0.77

Acc: accuracy; Spe: specificity; Sen: Sensitivity; F1: f1 score; LDA: Linear discriminant
analysis; QDA: quadratic discriminant analysis; LR: logistic regression; ETC: extra tree
classifier; RF: random forest; DT: decision tree; GaussianNB: gaussian naive bayes;
k-NN: k-nearest neighbors.

The confusion matrix of the LR algorithm with the
highest Acc rate is shown in figure 3. Out of 22 male
individuals, 20 were correctly predicted, while 17 out
of 22 female individuals were correctly predicted.

The contribution of the parameters to the overall
outcome was evaluated using the SHAP analyzer,
revealing that the right sphenoid sinus length, left
sphenoid sinus volume, right sphenoid sinus volume,
left sphenoid sinus length, right sphenoid sinus width,
and left sphenoid sinus width contributed in this order

(Fig. 4).

18
16
14
12

- 10

Tue label

-8
-6

L 4

Predicted label

Figure 3. Confusion matrix table
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Figure 4. SHAP analyzer (Feature 0: Right sphenoid sinus volume,
1: Left sphenoid sinus width, 2: Right sphenoid sinus length, 3: Left
sphenoid sinus volume, 4: Right sphenoid sinus width, 5: Left sphe-
noid sinus length).

The highest Acc rate in the ANN’s MLCP model was
found to be 0.82 after 1000 training iterations (Table 3).

Discussion

Forensic anthropologists use various parts of the body
to determine the gender of unidentified skeletons, one of
which is the paranasal sinuses. Sinuses are often pre-
served even in cases of severe skull damage, making them
a valuable tool in gender determination?®. In this study, the
length, width, and volume measurements of the sphenoid
sinus on both the right and left sides were obtained from
CT images, and the performance values of the ML algo-
rithms were found to be: LDA 0.82; k-NN 0.80; LR 0.84;
GaussianNB 0.80; DT 0.82; and ANN 0.82. These accu-
racy rates are considered acceptable in forensic science,
where gender estimation accuracy is generally between
80% and 90%2". However, the QDA and RFC algorithms,
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Table 3. Artificial neural networks performance

Learning number Acc Spe Sen F1

100 0.80 0.81 0.80 0.79
500 0.80 0.80 0.80 0.80
1000 0.82 0.83 0.82 0.82

Acc: accuracy; Spe: specificity; Sen: sensitivity; F1: f1 score.

with accuracy rates of 0.75, and the ETC algorithm with
0.77, were found to be less reliable for gender estimation
in this study compared to other methods.

In the literature, gender estimation from paranasal
sinuses has been conducted using different methods,
yielding varying accuracy rates. In Sancaklr’s study,
right and left sphenoid sinus volume measurements
were performed. The right sphenoid sinus volume was
found to be higher in males aged 20-30 years than in
females, but this difference was not statistically sig-
nificant. However, in males aged 30-40 years, the
right sphenoid sinus volume was significantly higher
than in females, consistent with our study. The left
sphenoid sinus volume was also significantly higher
in males compared to females in both the 20-30 and
30-40 age groups?. Similarly, Digilli’s study found that
the sphenoid sinus volume was significantly higher in
males than in females, aligning with our results®. In
Banihashem et al’s study, sphenoid sinus volumes
were measured using the 3D slicer method, and the
results showed significantly higher volumes in males
compared to females, in agreement with our findings.
They determined that the ability of the sphenoid sinus
volume to predict gender was 86% for males and
92.9% for females®™. Tuang et al. also measured the
sphenoid sinus volume in CT images and found that
it was significantly higher in males than in females,
consistent with our study™. Ozer et al’s study also
showed that the right and left sphenoid sinus volumes
were higher in males compared to females, in line with
our results’. In Topal’s study, the right sphenoid sinus
length was found to be significantly higher in males
compared to females, similar to our findings. The left
sphenoid sinus length was also higher in males, but
did not show a statistically significant difference
(p > 0.05). The right sphenoid sinus width was signifi-
cantly higher in males, consistent with our study, while
the left sphenoid sinus width was higher in males but
not statistically significant in our results®. In our study,
the most decisive variable for gender estimation was
the right sphenoid sinus length, while the least deci-
sive was the left sphenoid sinus width.

Ahmed et al. measured the length and width of the
frontal and sphenoid sinuses and used stepwise dis-
criminant function analysis for gender determination.
They found that the equation derived from stepwise
discriminant function analysis could aid in gender
determination with an accuracy of 76.5%°. Gurlek
Celik and Akman measured the volumes of the sphe-
noid and ethmoid sinuses using the 3D slicer method
and found that the left sphenoid sinus volume was
significantly higher in males, consistent with our
study™. Hekimoglu et al. found that the paranasal
sinus volumes were significantly higher in males com-
pared to females, consistent with our findings. They
reported that the frontal sinus contributed the most to
gender determination, while the sphenoid sinus con-
tributed the least'. In our study, the left sphenoid
sinus volume was found to be more decisive for gen-
der determination compared to the right sphenoid
sinus volume. Wanzeler et al. measured the volumes
of the frontal, maxillary, and sphenoid sinuses using
the ITK-SNAP method. They found that the volumes of
the maxillary, frontal, and sphenoid sinuses were sig-
nificantly smaller in female subjects compared to male
subjects. When the volumes of the evaluated paranasal
sinuses were combined, the chance of correctly deter-
mining gender was found to be 96.2% for males and
92.7% for females®. In our study, left sphenoid sinus
volume was found to be more determinative than right
sphenoid sinus volume in sex determination.

In Simsek et al.’s study, the height, width, volume,
depth, and anteroposterior length of the frontal sinus
were found to be significantly higher in males than in
females. The thickness of the anterior wall of the fron-
tal sinus was also higher in males, but was not statisti-
cally significant. The authors concluded that the frontal
sinus dimensions were larger in males than in females,
with a gender estimation accuracy of 78.8%%. In
another study by Simsek et al., all dimensions of the
left maxillary sinus were significantly higher in males,
except for the right maxillary sinus volume. Gender
was correctly identified with 65% accuracy in females,
70% in males, and 67.5% overall; however, these
results were considered insufficient for gender estima-
tion'®. In Michel et al.’s study, the frontal sinus volume
was measured using CT images, and their model
classified 72.5% of cases correctly by gender®.
Among the paranasal sinuses, our study found that
the sphenoid sinus demonstrated high accuracy for
gender estimation.

ANNs are advantageous as they allow for rapid clas-
sification evaluation based on data without depending
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on individuals"®2, In the MLCP model of ANN, the error
rate is minimized through forward and backward prop-
agation, allowing for re-evaluation. In this case,
increasing the number of training iterations, adjusting
the number of layers, and having a larger dataset
enhances its effectiveness®. Senol et al. achieved the
highest accuracy value of 0.82 in their study using
measurements from the foramen incisivum, which they
obtained after 500 training iterations®. Oner et al., in
their study estimating gender from the sternum using
the ANN method, reported an accuracy between 0.83
and 0.97'. In another study comparing discriminant
analysis and ANN methods for gender estimation from
femur head circumference and transverse diameter,
ANN showed higher accuracy rates®. In Hamidi et al.’s
study, paranasal sinus measurements were taken
using the ITK-SNAP program. A hybrid model called
the Genetic Algorithm-Deep Neural Network (GADNN)
was proposed for feature selection and classification.
LR, RF, multilayer perceptron neural network, and
deep learning (DL) models were evaluated for their
performance. GADNN showed 86% accuracy in gen-
der estimation, while DL and RF showed 78% and 71%
accuracy, respectively?*. Yasar et al. conducted mea-
surements of the maxillary sinuses and used latent
class analysis (LCA) for gender determination. In their
analysis, model 1, which included measurements and
volume variables from the right and left maxillary
sinuses, classified gender with 59.6% accuracy. Model
2, which used the width, depth, height, and total area
measurements from the right and left maxillary sinuses,
classified gender with 65.4% accuracy. Model 4, which
used volume variables calculated by the elliptical
method for the right and left maxillary sinuses, classi-
fied gender with 75% accuracy, but it could classify
almost all women correctly while failing to classify
men. Model 5, which included all variables with signifi-
cant gender differences, classified gender with 67.3%
accuracy". In this study, the data were also tested
using the MLCP model of ANN, and an accuracy rate
of 0.82 was achieved in training. The highest obtained
accuracy value was 0.82, similar to the algorithms
used in other ML models such as LDA and DT. Its
performance was higher than methods like RFC, ETC,
GaussianNB, QDA, and k-NN, but lower than LR.
Lentzen et al. found the mean volume of the sphe-
noid sinus to be 4.438 + 2.434 and 4.809 + 3.000 cm®
on the right and left, respectively. In the related study,
the total volume of the sphenoid sinus was found to
be statistically significantly higher in males®. In
another study, the mean volume of the left and right

sphenoid sinuses was measured as 4.58 cm? and
5.00 cm?, respectively. The total volume was also
found to be higher in males®. Cohen et al. found the
volume of the right and left sphenoid sinus to be
3.12 cm? and 3.04 cm3 in females and 4.65 cm? and
4.29 cm®in males, respectively. The total volume was
found to be statistically higher in males®. These find-
ings align closely with the results of our study.

One of the main limitations of this study, which was
conducted on radiological images from a total of 220
individuals, is the sample size. We believe that increas-
ing the sample size and the number of ANN tests for
evaluating sphenoid sinus data would lead to higher
performance values in gender estimation. We anticipate
that our study will serve as a guide for future research
with larger sample sizes, evaluating additional morpho-
metric parameters of the sphenoid sinus or other sinuses.

Conclusions

Gender estimation, which is crucial in forensic anthro-
pology, was performed in this study using morphometric
data from the sphenoid sinus obtained from CT images,
applying both ML and ANN algorithms. The highest
performance values were found in the algorithms LDA
(0.82), k-NN (0.80), LR (0.84), GaussianNB (0.80), and
DT (0.82). The highest accuracy was achieved with the
ANN algorithm. Especially in forensic medicine, sphe-
noid sinus data can be used to determine biological
identity due to its deep location in cases such as burns
and severe injuries. Furthermore, our study found that
the dimensions of the sphenoid sinus were larger in
males than in females in the Anatolian population. It
contributes to the literature by addressing the anatomi-
cal differences between males and females in surgical
interventions involving this region. This is the first study
in the accessible literature to estimate gender using ML
and ANN algorithms from sphenoid sinus morphometric
data. This is the first study in the accessible literature
to estimate gender using ML and ANN algorithms from
sphenoid sinus morphometric data. It is believed that
this study will serve as a guide for future research,
which may use larger samples or evaluate different
paranasal sinuses. In addition, future studies could
examine the accuracy, specificity, sensitivity, and F1
score values by modifying the number of hidden layers
in the MLCP model and increasing the sample size.
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Abstract

Objective: The prevalence of cholelithiasis in Mexico is high, and cholecystectomy is a very frequent procedure where antimicrobi-
als are employed, being important to sample and culture the bile fluid to identify local susceptibility to antibiotics to avoid complica-
tions and reduce antimicrobial resistance. Method: An observational, cross-sectional, prospective study was designed to identify bile
fluid flora in patients undergoing cholecystectomy in a secondary-care teaching hospital with identification, sensitivity, and antimicro-
bial resistance testing. Results: There were 60 patients (47 female and 13 male), which yielded 15 cases with bactibilia. Bacterial
identification was Enterococcus faecalis in 6 cases (40%), Escherichia coli in 5 cases (33.3%), Klebsiella pneumoniae in 2 cases
(13.3%), and Raoutella planticola and Streptococcus infantarius, each in one patient. E. faecalis, E. coli, R. planticola, and S. infan-
tarius were mostly sensitive to quinolones, whereas K. Pneumoniae was sensitive to carbapenems and tigecycline. Resistance
occurred for ampicillin, benzylpenicillin, and trimethoprim/sulfamethoxazole. Conclusion: Based on our local microbial findings, it is
proposed that in cases of acute biliary pathology in patients above the seventh decade of life, empirical antibiotic prophylaxis be
used and a bile fluid sample be taken before starting gallbladder dissection, for later adjustment of antibiotic therapy.

Keywords: Bile, cholelithiasis. Cholecystectomy. Microbiology. Bacteriology.
Resumen

Obijetivo: La prevalencia de colelitiasis en México es alta y la colecistectomia es un procedimiento muy frecuente, en el que
es usual el manejo antimicrobiano, siendo importante cultivar el liquido biliar para identificar la sensibilidad antibidtica local,
evitar complicaciones y reducir la resistencia antimicrobiana. Método: Se diseAd un estudio observacional, transversal y
prospectivo para identificar la flora biliar de pacientes colecistectomizados en un hospital universitario de segundo nivel con
pruebas de identificacion, sensibilidad y resistencia antimicrobiana. Resultados: Se incluyeron 60 pacientes (47 mujeres y 13
hombres) y hubo 15 casos de bactibilia. La identificacion bacteriana fue Enterococcus faecalis en 6 casos (40%), Escherichia
coli en 5 casos (33.3%), Klebsiella pneumoniae en 2 casos (13.3%) y Raoultella planticola y Streptococcus infantarius, cada
uno en un paciente. E. faecalis, E. coli, R. planticola y S. infantarius fueron en su mayoria sensibles a las quinolonas, mientras
que K. pneumoniae lo fue a los carbapenémicos y a la tigeciclina. Se halld resistencia a ampicilina, bencilpenicilina y trime-
toprima-sulfametoxazol. Conclusiones: De acuerdo con los hallazgos microbioldgicos locales, se propone, en patologia biliar
aguda en pacientes mayores de la séptima década de la vida, antibioticoterapia empirica con toma de muestra de bilis antes
de la diseccion vesicular, para posterior ajuste antimicrobiano.

Palabras clave: Colelitiasis. Colecistectomia. Microbiologia. Bacteriologia.
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|ntroduction

Cholelithiasis is a multifactorial pathology deter-
mined by the complex interaction of genes and envi-
ronment, characterized by an imbalance in the
homeostasis of cholesterol and bile salts that causes
its precipitation in the bile. It is very common in West-
ern societies, especially in those most affected by a
high incidence of obesity, and is more prevalent in
women, especially after the fourth decade of life'.

A crude prevalence of 14.3% (8.5% in men and
20.4% in women) was found in a necropsy study in
Mexico City, whereas in Mexican-American subjects
from a diabetic cohort in Texas, the prevalence was
7.2% in men and 23.2% in women??®,

Around 65-80% of gallbladder pathology is asymp-
tomatic, whereas in up to 20-35% of cases, biliary
colic is the most common clinical manifestation.
Among its complications, there are acute cholecysti-
tis, hydrocholecyst (gallbladder hydrops), gallbladder
empyema, ascending cholangitis and biliary pancre-
atitis, where the primary goal of antimicrobial therapy
is to limit both the systemic septic response and local
inflammation, to prevent post-operative infection*®.

Surgical management for gallbladder pathology
arose at the end of the 19" century, after the appear-
ance of antisepsis (1846) and anesthesia (1867). Nev-
ertheless, due to the technical and scientific advances,
in 1985, the era of laparoscopic (LC) surgery began,
considering the ambulatory LC management as the
new gold standard since the last decade®”.

In the past century, it was widely accepted that bile
fluid was sterile in conditions without biliary tract
pathology®. However, an increasing number of studies
about human microbiota have dismissed this classical
postulate, since the advent of 16S ribosomal RNA
sequencing confirmed the presence of microbes in
bile samples otherwise considered sterile with culture-
based techniques, introducing the concept of “biliary
microbiota.” Quantitative or qualitative changes in the
composition of the microbial community (Bactibilia)
can derange this equilibrium, favoring the develop-
ment of diseases®. Furthermore, the presence of living
bacteria in gallstones has been proven using electron
microscopy, bacteriological cultures, and molecular
genetic methods®.

In cases of lithiasic cholecystitis, the most frequently
isolated microorganisms are Escherichia coli, Strep-
tococcus faecalis, Klebsiella spp, Enterobacter spp,

and Proteus, as well as some anaerobes such as
Bacteroides fragilis and Clostridium perfringens'™.

Considering cholecystectomy as a clean-
contaminated procedure, empirical antibiotic therapy
is often recommended in acute cases, as in the Tokyo
guidelines 2018 (TG18) until the bile culture result is
available to identify causative microorganisms
(bactibilia) and the susceptibility testing is also avail-
able to adjust to specific antimicrobial agents?®, par-
ticularly when there are signs of acute inflammation
(cholecystitis or cholangitis), becoming important to
sample the bile fluid of cholecystectomized patients
(urgent or elective) and reduce the possibility of anti-
microbial resistance.

Method

To identify the most frequent type of bacteria in the
bile fluid of patients undergoing open (OC) or LC cho-
lecystectomy in our institution, an observational,
descriptive, cross-sectional, prospective study was
designed in the surgery department of a secondary-
care teaching hospital. The study was conducted from
October 2016 to March 2017 and included consecutive
non-randomized patients of both genders, > 15 years
of age who required a cholecystectomy and who
agreed to participate in the study.

Cholecystectomy procedures were done as usual,
accordingly to the staff surgeon’s preferences. Antibi-
otic prophylaxis includes ceftriaxone or cefazoline
upon availability, administered at the moment of
induction. Cases in which the protocol for sample col-
lection and/or transport to the microbiology laboratory
was compromised were excluded from the study, as
were cases presenting with large stones completely
occupying the gallbladder lumen, thereby precluding
bile fluid aspiration.

Intraoperative biliary samples (3 c.c. of bile fluid)
were collected under aseptic conditions by direct
puncture with a sterile syringe attached to a 21 gauge
needle in OC or to a LC needle in LC, emptying its
contents into a sterile test tube with airtight cap, for
immediate shipment to the microbiology laboratory to
be sown in a general culture medium (blood agar) and
a selective medium (MacConkey agar) for microbio-
logical grow and posterior identification.

The samples were grown at a constant temperature
of 35°C, with a first review at 24 h and later at 48 h,
to determine bacterial growth. If the sample did not
show bacterial growth after 48 h, the process was
repeated. In the case of samples with bacterial growth,
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identification, sensitivity, and antimicrobial resistance
testing were carried out using a Vitek 2 system (bio-
Mérieux, Lyon, France) according to the manufactur-
er's protocol'.

The procedures described were carried out in strict
compliance with the ethical standards of the Research
Ethics Committee of the hospital (CEI-0178-2016) in
accordance with the Helsinki Declaration of 1975 and
its last update of 2013 in Fortaleza, Brazil®. Likewise,
written informed consent was obtained from each
included patient, respecting their anonymity.

Statistical analysis

For the statistical analysis, the information was cap-
tured in a LibreOffice Calc sheet and then performed
with PSPP 1.6.1 (GNU project/Free software founda-
tion) for a descriptive analysis.

Results

Sixty patients were included over a 6-month period.
Their age ranged from 19 to 84 years (mean 47 years).
There were 47 women (78.3%) and 13 men (21.7%),
with a 3.6:1 ratio.

No bacterial growth occurred in 45 of the cases
(75%), resulting in positive cultures in 15 cases (25%).
Among those patients with positive cultures, there
were 7 men (46.6%) and 8 women (53.3%), with a
mean age of 62 years (range 39-84 years).

The most frequent pathology was cholelithiasis in
23 cases (38.3%), followed by acute chronic cholecys-
titis in 19 patients (31.7%) and gallbladder empyema
in 9 cases (15%) (Table 1).

Gallbladder empyema was related to a positive cul-
ture in 66.66%, followed by acute pancreatitis (50%),
choledocholithiasis (25%), and acute chronic chole-
cystitis (21.05%). The only patient with ascending
cholangitis was culture-positive (Table 1).

In all patients who underwent urgent surgery (within
12 h of admission) bactibilia was present, whereas
patients with early intervention (within 12-48 h after
admission) were positive in 36.84%, and those under-
going elective surgery (more than 1 week after admis-
sion) were positive in 13.15% (Table 2).

In regard to the germs grown, five types of bacteria
were isolated in the 15 positive cultures
(mono-bacterial growth), the most frequent isolated bac-
teria were Enterococcus faecalis in 6 cases (40%), of
which three were in relation to gallbladder empyema.
E. coli was identified in 5 cases (33.3%), all being

Table 1. Bacterial identification from cultures

Diagnosis Frequency  Positive Negative
(%) culture (%) culture (%)
Cholelithiasis 23(38.3) 1(4.35) 22 (95.65)
Acute chronic cholecystitis 19 (31.7) 4(21.05) 15 (78.95)
Gallbladder empyema 9(15) 6 (66.66) 3(33.34)
Choledocolithiasis 4(6.7) 1(25) 3(75)
Acute pancreatitis 4(6.7) 2 (50) 2 (50)
Cholangitis 1(1.7) 1(100) 0(0)
Table 2. Type of intervention and germ grown
Type of intervention  Frequency Positive Negative
(%) culture (%) culture (%)
Urgent (within 12 h) 3(5) 3(100) 0(0)
Early (within 12-48 h) 19(31.7) 7 (36.84) 12 (63.16)
Elective (after 1 week) 38 (63.3) 5(13.15) 33 (86.85)

diabetics. Klebsiella pneumoniae was isolated in 2 cases
(13.3%), one with ascending cholangitis and the other
with gallbladder empyema. Raoutella planticola and
Streptococcus infantarius were each presented in a
patient, both with chronic cholecystitis (Table 3).

To the bacterial sensitivity to antimicrobials, E. fae-
calis, E. coli, R. planticola, and S. infantarius were
mostly sensitive to quinolones, whereas K. Pneu-
moniae was to carbapenems and tigecycline (Table 4),
whereas resistance was more important for ampicillin,
benzylpenicillin, and trimethoprim/sulfamethoxazole,
although it was also reported for clindamycin, tetracy-
cline, ciprofloxacin, and nitrofurantoin (Table 4).

No infectious complications (superficial wound, fas-
cia, and organ space) occurred in any of the cases
included in the study after a 30-day follow-up period.

Discussion

In this study, 25% of patients undergoing cholecys-
tectomy because of an acute biliary pathology were
identified with bactibilia, where most frequently identi-
fied bacteria were E. faecalis, E. Coli, and K. pneu-
moniae, as has been reported in several other
studies®™®'. It is generally accepted that the fre-
quency of bactibilia in low-risk patients is < 10%,
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Table 3. Relation of bacterial growth to diagnosis

Bacteria Frequency (%) Cholecystitits Gallbladder empyema Cholangitis = Choledoco-lithiasis  Pancreatitis
Enterococcus faecalis 6 (40) 1 3 0 1 1
Escherichia coli 5(33.3) 3 2 0 0 0
Klebsiella pneumoniae 2(13.3) 0 1 1 0 0
Raoutella planticola 1(6.7) 1 0 0 0 0
Streptococcus infantarius 1(6.7) 1 0 0 0 0
Table 4. Antibiotic sensitivity and resistance of positive bile cultures
Antibiotic Isolated pathogen
Enterococcus Escherichia Klebsiella Raoutella Streptococcus
faecalis (%) coli (%) pneumonia (%) planticola (%) infantarius (%)
Antibiotic sensibility (CMI)
Ciproflaxin < 0.5-1(100) < 0.25 (60) < 0.25(100) < 0.5(100)
Moxifloxacin <0.25(83.3) <0.25(100) < 0.5(100)
Levofloxacin 1-2 (100) < 0.5(100)
Gentamicin < 1(100)
Amikacin < 2(100)
Ertapenem < 0.5(100) < 0.5(100) < 0.5(100)
Mecropenem < 0.25(100) < 0.25(100) < 0.25(100)
Ceftriaxone <1(100) < 1(100)
Cefepime <1(100)
Tigecycline <0.12(16.7) < 0.5(100) < 0.5 (100) < 0.5(100)
Antibiotic resistance (CMI)
Clindamicine >8(100)
Peniciline > 32 (100)
Tetraciline > 16 (50)
Ampiciline > 32 (66.7) > 32(100) > 32(100)
Ciprofloxacine >4 (100)
Nitrofurantoine >4 (100)
SMZ-TMP > 32 (50)

increasing to nearly 30% when the risk increases, as
it was identified in our study'”®.

The average age of the patients in whom bactibilia
was identified (62 years) is also coincident with the
demographic data reported in the literature, that is,
after the seventh decade of life™.

Other important risk factors for the development of
a local post-operative infection, such as impaired
immune defense, post-operative bleeding, contamina-
tion of the abdominal cavity or subcutaneous tissue,
or extended operating time, were not present in this
cohort.

It is very important to know both the usual patho-
genic flora and the bacterial resistance to antibiotics
in order to be able to select the most appropriate

antimicrobial therapy to be used before a surgical
procedure of this nature, thus optimizing the use of
available resources™®'. In this study, the main sensi-
tivity was found to quinolones and carbapenems, so
the first ones should be considered a good option for
prophylaxis in cases where acute biliary pathology is
identified in the emergency department.

The Tokyo guidelines for antimicrobial management
of gallbladder pathology recommend its use according
to the degree of severity, so it is important to consider
the age, type of pathology and the usual flora coupled
with the sensitivity and resistance identified in each
institution, under the process called de-scaling, which
consists of starting with empirical therapy until obtain-
ing the identification of the causative germ, as well as
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the sensitivity and antimicrobial resistance of the
causative agent, and then adjusting the antibiotic
treatment®.

In conclusion, following the recommendations of the
TG18, it is recommended that in cases of acute biliary
pathology in patients who are above the seventh
decade of life, the empirical administration of antibiot-
ics of the quinolone group be initiated, and bile culture
should be taken before starting gallbladder dissection,
for later adjustment of antibiotic therapy according to
the results of the culture as needed.
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Circulating histone H4 values can relate to disease severity
in patients with alcoholic hepatitis and cirrhosis

Los valores circulantes de histona H4 pueden relacionarse con la gravedad de la
enfermedad en pacientes con hepatitis alcohdlica y cirrhosis

Mulavagili Vijayasimha*® and Rajesh Prasad-Jayaswal
Department of Medical Laboratory Technology, Chandigarh University, Punjab, Mohali, India

To the Editor,

We read with interest the article by Kiglk et al.!
assessing serum histone H4 (sHH4) levels in patients
with alcoholic hepatitis and cirrhosis. This timely
study enhances our understanding of extracellular
histones as danger-associated molecular patterns
that link liver cell injury to systemic inflammatory
responses. While standard prognostic models for
acute-on-chronic liver failure emphasize bilirubin,
international normalized ratio, and creatinine, histone
H4 behavior may offer additional insight into disease
severity and prognosis.

Two observations stand out:

1. Biological plausibility: Similar to findings in sepsis
and trauma — where high histone levels relate to
multi-organ dysfunction and worse outcomes — the
elevated sHH4 in alcoholic liver disease may reflect
immune activation stemming from hepatocellular
necrosis and contribute to systemic injury?.

2. Clinical implications: In our own cohort of 64
cirrhotic patients, sHH4 concentrations rose
during episodes of decompensation but did not
consistently differentiate between septic deterio-
ration and progression of hepatic failure
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(unpublished data). This diagnostic ambiguity un-
derscores the need for validation in larger cohorts
and standardized measurement protocols.

On the therapeutic front, emerging experimental
data suggest that neutralizing circulating histones or
modulating Toll-like receptor signaling can attenuate
tissue damage in inflammatory conditions®. Whether
such strategies can be translated to the treatment of
severe alcoholic hepatitis is a compelling area for
future investigation.

We congratulate Kiguk et al.' for advancing this
promising biomarker field and encourage further stud-
ies to determine the prognostic utility and therapeutic
target potential of histone H4 in advanced alcohol-
related liver disease.
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