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normal distribution were expressed as mean and 
standard deviation, whereas nonparametric variables 
were expressed as median and IQR. Qualitative data 
and ordinal quantitative variables were expressed as 
frequencies and percentages. Variables meeting nor-
mality were compared using paired Student’s t test, 
and those not meeting normality were analyzed using 
the Wilcoxon test. The association between pre- and 
postsurgical steatosis grade measured by elastogra-
phy was analyzed using the χ² test. A  value of 
p < 0.05 was considered statistically significant. 
SPSS Statistics v26 and GraphPad Prism v8.02 soft-
ware were used.

Results

A total of 33 women meeting selection criteria were 
included; 17 underwent gastric bypass and 16 sleeve 
gastrectomy. The mean age was 45.76 ± 10.1 years, 
with no significant difference between groups: 48.7 ± 
5.1  years in the gastric bypass group and 42.6 ± 
13 years in the sleeve gastrectomy group (p = 0.084). 
Twenty-seven patients (81.8%) had at least one 
comorbidity, most commonly type 2 diabetes (Fig. 1).

Preoperative body mass index (BMI) was 39 kg/m² 
(38-45 kg/m²) and decreased to 28 kg/m² (27–32 kg/m²) 
postoperatively, showing a significant reduction 
(p < 0.0001) (Fig.  2), with a median decrease of 
11 kg/m² (10–12.5 kg/m²), ranging from 7 to 17.9 kg/m², 
with no significant differences between procedures.

A significant decrease in CAP values was observed 
after surgery (Fig. 3), from 282 ± 52 preoperatively to 
238 ± 46 at 6 months (p = 0.0006), with no significant 
difference across procedures.

Steatosis grade decreased in 22  patients (66.6%), 
remained unchanged in 7  (21.2%), and increased in 
4 (12.1%). Advanced steatosis was eradicated in most 
patients, with only five remaining in this category. No 
association was found between initial and final steato-
sis grade (Table  1 and Fig.  4). Overall, 60.7% had 
significant hepatic steatosis (at least grade  1), and 
42.5% had severe steatosis (at least grade 3). In total, 
66% experienced CAP reduction and 51% achieved 
complete resolution of steatosis (Table 2).

Discussion

Elastography is a novel noninvasive technique vali-
dated in MASLD for assessing liver fibrosis and ste-
atosis. It measures shear-wave velocity using a 
portable probe (M or XL) in the intercostal space over 

Figure  2. Changes in body mass index (BMI). Pre: preoperative;  
Post: postoperative.

GERD, 3

OSA, 3

T2D 14

Hypothyroidism, 8

SAH, 5

Figure  1. Frequency of comorbidities. T2D: type 2 diabetes;  
GERD: gastroesophageal reflux disease; SAH: systemic arterial 
hypertension; OSA: obstructive sleep apnea syndrome.

the hepatic lobe. Using vibration-controlled transient 
elastography attenuation coefficient–based algo-
rithms, shear-wave velocities generate liver stiffness 
and CAP measurements, correlating with fibrosis and 
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Figure 4. Changes in steatosis grade. 

Figure  3. Changes in controlled attenuation parameter (CAP).  
Pre: preoperative; Post: postoperative.

steatosis, respectively. In patients with obesity, liver 
stiffness and CAP have demonstrated utility for diag-
nosing fibrosis and steatosis14,15.

MASLD is one of the leading causes of liver disease; 
in the general population, prevalence ranges from 25% 
to 30%, and 70% to 90% of patients with obesity are 
estimated to develop MASLD, highlighting the need for 
effective therapeutic approaches. The primary endpoint 
of this study was to determine changes in CAP levels in 
patients undergoing bariatric surgery, emphasizing the 
need to establish more effective therapeutic guidelines.

Liver biopsy remains the reference standard 
for MASLD diagnosis; however, it is invasive and asso-
ciated with complications and limitations, such as pain, 
bleeding, and sampling variability. Therefore, noninva-
sive methods such as elastography measuring CAP 
have been developed16.

Findings suggest bariatric surgery positively impacts 
CAP levels in patients with obesity and MASLD. 

Significant postoperative BMI reduction reflects 
decreased adiposity, likely associated with CAP 
improvement. These results align with prior studies 
demonstrating beneficial hepatic effects of bariatric sur-
gery in obesity and MASLD. CAP reduction indicates 
decreased hepatic steatosis and overall liver health 
improvement.

The mechanisms by which bariatric surgery exerts 
these positive effects are multifactorial. The weight 
loss achieved through surgery leads to a reduction in 
adipose tissue, particularly visceral fat, which plays 
a fundamental role in the development and progres-
sion of MASLD. In addition, bariatric surgery may 
improve insulin sensitivity and metabolic parameters, 
which are important factors in the pathogenesis of 
MASLD. It is worth noting that bariatric surgery is a 
complex procedure and should be considered on an 
individual basis, taking into consideration factors 
such as patient preferences, comorbidities, and 
potential risks. Further research is needed to better 
understand the long-term effects of bariatric surgery 
on CAP levels and liver health in different patient 
populations. This study contributes to the growing 
body of evidence supporting the effectiveness of bar-
iatric surgery in improving liver health in patients with 
obesity and MASLD. Continued research in this field 
will help refine treatment approaches and further opti-
mize patient outcomes.

Conclusions

According to the results of the study, it can be con-
cluded that bariatric surgery has a significant impact 
on reducing CAP levels in patients with a history of 
obesity and nonalcoholic fatty liver disease. Patients 
undergoing bariatric surgery showed a significant 
decrease in CAP levels, as well as in BMI and the 
degree of hepatic steatosis. These findings support 
the effectiveness of bariatric surgery as a therapeutic 
strategy to improve metabolic health and reduce 
hepatic steatosis in patients with obesity and MASLD. 
However, it is important to note that further studies 
are needed to confirm these results and to better 
understand the underlying mechanisms. Bariatric sur-
gery may be considered an effective treatment option 
for patients with obesity and MASLD, as it has been 
shown to reduce CAP levels and improve hepatic ste-
atosis. These findings may have important implica-
tions for clinical management and for the development 
of more effective therapeutic guidelines.
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Table 2. Resolution of steatosis grade and CAP reduction (n = 33)

Steatosis grade Preoperative Postoperative

CAP median (dB/m) 282 ± 52 238 ± 46

Grade G1 (< 232 dB/m) 5 (15.2%) 17 (51.5%)

Grade G2 (232‑256 dB/m) 8 (24.2%) 4 (12.1%)

Grade G3 (257‑290 dB/m) 8 (24.2%) 7 (21.2%)

Grade G4 (> 290 dB/m) 12 (36.4%) 5 (15.2%)

Table 1. Changes in steatosis grade (n = 33)

Steatosis grade prior to surgery Steatosis grade after surgery

G0 (< 232 dB/m) G1 (232‑256 dB/m) G2 (257‑290 dB/m) G3 (> 290 dB/m)

G0 (< 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

χ² = 9.537; p = 0.389.
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The effect of oleanolic acid on ischemia-reperfusion damage  
in the rat inferior epigastric artery skin flap model
Efecto del ácido oleanólico en el daño por isquemia-reperfusión en un modelo de colgajo 
cutáneo de la arteria epigástrica inferior en ratas

Melih Canli1, Nesrin Tan Baser1, Simay Ersahin2*, Ceren Bilgin-Bora3, and Gulcin Simsek3

1Department of Plastic, Reconstructive and Aesthetic Surgery, Gulhane Faculty of Medicine, University of Health Sciences, Ankara; 2Department 
of Plastic, Reconstructive and Aesthetic Surgery, Bitlis Tatvan State Hospital, Bitlis; 3Department of Medical Pathology, Gulhane Faculty of Medicine, 
University of Health Sciences, Ankara. Turkey

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  I (sham), Group  II (I/R), and 
Group  III (OA+I/R). OA was administered intraperitoneally for five pre-operative days. Flap elevation was performed on the 
6th 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 ácido oleanólico (AO) sobre el daño por isquemia-reperfusión (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 II (I-R) y grupo III (AO + I-R). Se administró AO por vía intraperitoneal durante 5 días preoperatorios. La 
elevación del colgajo se realizó el sexto día y los animales fueron expuestos a 2 horas de isquemia seguida de reperfusión. 
Se evaluaron los parámetros bioquímicos e histopatológicos. Resultados: El grupo 3 presentó una media significativamente 
disminuida de estrés oxidante total en comparación con el grupo 2 (p = 0.002). Además, se observó un aumento significativo 
de los niveles de capacidad antioxidante total en el grupo 3 en comparación con el grupo 2 (p = 0.048). No hubo diferencias 
estadísticamente significativas entre los grupos en cuanto a inflamación y edema (p > 0.05). No se desarrolló necrosis en 
ninguna de las muestras. Conclusiones: Este estudio reveló que el AO reduce significativamente el estrés oxidativo y aumenta 
la capacidad antioxidante, beneficiando potencialmente las terapias para lesiones por I-R.

Palabras clave: Ácido oleanólico. Isquemia. Daño por reperfusión.
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Introduction

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) injury1.

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 success2,3.

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 decades4. 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 lines5,6. 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 injury7-12.

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, Gülhane 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 I (sham), group II (I/R), 
and group  III (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 6th day, under 
general anesthesia, a 3 × 6  cm epigastric flap was 
elevated and immediately replaced without ischemia or 
reperfusion. After a 4-h waiting period, 1.5 × 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 6th day, under general 
anesthesia, a 3 × 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 × 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 6th day, under 
general anesthesia, a 3 × 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 sacrificed under general 
anesthesia, and 1.5 × 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 
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know which groups the rats belonged to. Preparation 
and dissection of the epigastric artery island flap was 
based on the description of Petry and Wortham13.

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 
H2O2 equivalents per liter (µmol H2O2 Eq/L)14. 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/L15.

For histopathological analysis, tissue samples were 
fixed in 4% formaldehyde and embedded in paraffin. 
The paraffin-embedded blocks were sectioned at 4 μm 

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  
Levene’s test. For non-normally distributed data with 

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

Figure 1. The commercial form of oleanolic acid.
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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 µmol H2O2 
equivalent/L in the sham group, 3.53 ± 0.42 µmol H2O2 
equivalent/L in the I/R group, and 1.13 ± 0.52 µmol 
H2O2 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 (3β-hydroxy-olean-12-en-28-oic acid) is a triter-
penoid compound that occurs naturally in various 

plant species16. 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 stress17. OA reduces 
inflammation by inhibiting various inflammatory cyto-
kines and enzymes18. 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 OA17.

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 success2,3. 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 functions19.  

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

Parameters Group I (sham) Group II (IR) Group III (OA + R) p

TOS (µmol H2O2 equivalent/L (Mean ± SD) 0.55 ± 0.24 3.53 ± 0.42 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 0.49 ± 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 1.57 ± 0.79 1.14 ± 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.

Table 1. Study groups

Procedures Group I (sham) Group II (I/R) Group III (OA+I/R)

Care and treatment Standard care for 5 days

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

↓

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

↓
Flap elevation Flap elevation on the 6th day 

I/R time Immediate replacement of the 
flap without ischemia

↓

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

↓

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

↓
Sample collection 1.5 × 1.5 cm samples were taken from the flap for biochemical and pathological analysis

I/R: ischemia reperfusion; OA: oleanolic acid; PBS: phosphate‑buffered saline.
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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 DNA20, lipids21, and 
proteins22, 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 diseases23. 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 damage24. 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 
stress25. Han et al. created a subarachnoid hemorrhage 
model in animals to investigate the antioxidant effects 

Figure 3. Comparison of total oxidant stress, total antioxidant capacity, inflammation, and edema data among the groups.

Figure 4. Histopathological analysis showing inflammation, edema, and necrosis in hematoxylin and eosin-stained light microscopy images: 
(A) Group I (Sham), (B) Group II (I/R), (C) Group III (OA + I/R). IR: ischemia reperfusion; OA: oleanolic acid.

cba
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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 pathway26. Wang 
et al. confirmed that OA enhances antioxidant capacity, 
reducing oxidative stress and demonstrating potent 
antioxidant activity27. In a review by Fernández-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 pathway28. 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 antioxidants15. 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 injury29. 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 OA25. Wang et al. also demonstrated an 
increase in antioxidant capacity following the admin-
istration of OA in another animal study27. Gao et al. 
observed that the application of OA led to an increase 
in the activities of antioxidant enzymes, such as SOD 
and glutathione peroxidase17. 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 capacity17,27. 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-
tion30,31, 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 inflammation32. In a study by Singh et al., 
OA was demonstrated to reduce both inflammation 
and edema in rats subjected to inflammation and 
edema induction33. 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 diseases34. 
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 
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bioavailability35. 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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The effect of different altitude levels on spinal anesthesia in  
cesarean section surgery: comparison of anesthesia 
parameters and hemodynamic changes
Efecto de diferentes niveles de altitud sobre la anestesia espinal en la cirugía de cesárea: 
comparación de los parámetros anestésicos y los cambios hemodinámicos
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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, Çorum-Group Ç), 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 parámetros anestésicos en mujeres embarazadas sometidas a cesárea 
bajo anestesia neuroaxial. Método: El estudio se realizó a tres altitudes diferentes: nivel del mar (0-10 m, Giresun, grupo G), 
altitud moderada (810 m, Çorum, grupo Ç) y altitud elevada (1725 m, Van, grupo V). Se incluyeron 98 pacientes sometidas 
a cesárea electiva. A todas se les administró el mismo protocolo anestésico. Se evaluaron las características anestésicas y 
los parámetros hemodinámicos. Resultados: Las pacientes a nivel del mar mostraron un límite 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 varió, siendo el más corto a altitud moderada y el más largo a altitud elevada, especialmente en el tercer 
nivel de la escala (p < 0.01). El grupo G tenía un pH del líquido cefalorraquídeo significativamente más alto (p < 0.01). Aun-
que las diferencias en la duración del bloqueo sensorial no fueron significativas, la duración del bloqueo motor fue notablemente 
mayor a altitud moderada (p < 0.01). Conclusiones: Se observó un efecto mínimo sobre los tiempos de bloqueo anestésico 
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Introduction

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 altitude1. 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 conditions2-5.

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 
hypoxemia6. 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 acclimatization3-6.

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 diameter7. 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 drug6. 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; Çorum, 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 statement8.

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 II 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 Çorum 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 

espinal debido a la proximidad de los niveles de altitud estudiados. Las investigaciones futuras deberían incluir altitudes 
mayores y más pacientes para determinar el efecto de la altitud en la eficacia y la seguridad de la anestesia.

Palabras clave: Aclimatación. Anestesia. Embarazo. Cefalea. Gran altitud.
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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  (3rd min), 
T3 (5th min), T4 (10th min), T5 (15th min), T6 (30th min), 
T7  (45th  min), and T8  (60th  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 

Assessed for eligibility
 (n = 150)

Randomized (n = 105)

 Sea level group (n = 36)
Received allocated 

intervention

Moderate altitude group (n = 34)
Received allocated 

intervention

High altitude group (n = 35)
Received allocated 

intervention

Lost to follow-up (n = 3) 
Discontinued intervention 

(n = 0)

Lost to follow-up (n = 2) 
Discontinued intervention 

(n = 0)

 Lost to follow-up (n = 2) 
Discontinued intervention 

(n = 0)

 Final data analysis 
 (n = 34)

 Final data analysis 
 (n = 32)

 Final data analysis 
 (n = 32)

Analysis

Follow-up

 Allocation

Excluded (n = 45)
• Not meeting inclusion 
 criteria (n = 30)
• Refused to participate (n = 15)

Enrollment

Figure 1. Consolidated standards of reporting trials flow diagram.
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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 (α = 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 (25-75th  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 

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).

Table 1. Demographic characteristics of patients

Patients data Group G
(0‑10 m)
n = 34

Group C
(810 m)
n = 32

Group V
(1725 m)

n = 32

p

Age (year) 31 ± 5 29 ± 6 29 ± 7 0.19

Weight (kg) 79.4 ± 3.9 78.2 ± 5.4 78.2 ± 6.5 0.57

Height (cm) 163 ± 3 164 ± 4 164 ± 4 0.46

BMI (kg/cm‑2) 29.8 ± 1.8 29.0 ± 1.6 28.9 ± 1.9 0.11

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

Figure 2. Variation of heart rate mean values with time.

Figure 4. Variation of SpO2 mean values with time.

Figure 3. Variation of mean arterial blood pressure mean values over 
time.
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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 

(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. 

Table 2. Characteristics of spinal block by groups

Variables Group G
(0‑10 m)
n = 34

Group C
(810 m)
n = 32

Group V
(1725 m)

n = 32

p

Thoracic‑6 dermatome reach time (s)* 160 (120‑220) 130 (120‑150) 154 (106‑174) 0.30

Highest level of sensory block** (%)
T2
T3
T4
T5
T6

1 (2.9)a

0 (0)a

19 (55.9)a

13 (38.2)a

1 (2.9)a

0 (0)a

0 (0)a

17 (53.1)a

11 (34.4)a

4 (12.5)a,b

2 (6.3)a

1 (3.1)a

23 (71.9)a

0 (0)b

6 (18.8)b

< 0.01

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)a 210 (195‑240)b 325 (280‑414)c < 0.01

The number of patients required ephedrine** (%)
Yes
No

14 (41.2)a

20 (58.8)a

1 (3.1)b

31 (96.9)b

10 (31.3)a

22 (68.8)a

< 0.01

CSF pH* 7.50 (7.50‑7.50)a 7.40 (7.38‑7.40)b 7.40 (7.30‑7.40)b < 0.01

CSF pH classification** (%)
Neutral
Acidosis
Alkalosis

0 (0)a

0 (0)a

34 (100)a

32 (100)b

0 (0)a

0 (0)b

19 (59.4)c

8 (25) b

5 (15.6)c

< 0.01

*Kruskal-Wallis test. 
**Chi‑square test.
Each superscript symbol (a, b, c) 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 3rd min; T3: postspinal 5th min; T4: postspinal 10th min; T5: postspinal 15th min; T6: postspinal 30th min.

Figure 5. Cerebrospinal fluid pH category by groups.
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Neuroaxial anesthesia techniques are more appropri-
ate for those living at high altitudes due to the delay 
in gastric emptying9. Few studies are available on the 
onset time and duration of spinal anesthesia in those 
living at high altitudes. Aksoy et al.6 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 patients10. 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 outflow11. Higher CSF pressure has 
also been reported to cause more leakage, causing a 
higher PDPH incidence12. 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 level6. 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 highlanders13. Another suggested that 
all patients be considered at risk for PONV because 
of significantly delayed gastric emptying9. 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 acclimatization14,15. 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.

Table 3. Post‑operative period anesthetic characteristics

Variables Group G
(0‑10 m)
n = 34

Group C
(810 m)
n = 32

Group V
(1725 m)

n = 32

p

Sensory block Time (min)* 151.68 ± 41.80 174.06 ± 47.64 147.47 ± 42.86 0.05

Motor block Time (min)* 163.50 ± 41.21a 213.03 ± 49.35b 167.81 ± 71.47a < 0.01

PDPH** (%)
Yes
No

1 (2.9)
33 (97.1)

3 (9.4)
29 (90.6)

2 (6.3)
30 (93.8)

0.55

PONV** (%)
Yes
No

0 (0)
34 (100)

3 (9.4)
29 (90.6)

1 (3.1)
31 (96.9)

0.15

*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.
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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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Analysis of quality of life in the medium-long term in bariatric 
patients using the modified BAROS system
Análisis de la calidad de vida a medio-largo plazo en pacientes bariátricos mediante el 
sistema BAROS modificado

Karina Maiocchi-Segredo*, Homero Beltrán-Herrera, Antoni Llueca-Abella, and Manuel Laguna-Sastre
Unit of Endocrinology and Bariatric Surgery and Metabolic Diseases; General and Digestive Surgery Department, Hospital General Universitario 
de Castellón, Castellón, Spain

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 II 
(M-A II) 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/m2 (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 II), the area rated as 
“very good” was work activity (95.45%), while “very poor” was sexual-relationships (18.4%). Conclusions: Both SG and RYGB show 
favorable medium- to long-term outcomes in terms of weight loss, comorbidity resolution, and improved quality of life.

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

Resumen

Objetivo: Analizar la calidad de vida (CV), el porcentaje de exceso de peso perdido (EWL, effective weight lost) y la resolución de 
la comorbilidad mediante el cuestionario BAROS (Bariatric Analysis and Reporting Outcome System) modificado. Método: Se aplicó 
el cuestionario de CV Moorehead-Ardelt II (M-A II)-BAROS modificado en su versión validada al español. Análisis unicéntrico ambis-
pectivo. Resultados: Se incluyeron 115 pacientes con una media de 7 años desde la intervención (DE: 2.11), con gastrectomía 
vertical (GV) 48 y 67 con bypass gástrico yeyunal (BPGY), laparoscópicos. La edad media fue de 47.65 años (RIC: 27-63) (p < 0.975). 
La reducción promedio del índice de masa corporal fue de 33 kg/m2 (DE: 6.34). El peso perdido con GV fue de 98 kg y con BPGY 
de 83 kg (p < 0.0001). El EWL con GV fue del 22.25% y con BPGY del 30.94% (p = 0.0001). La resolución de comorbilidad se logró 
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 II) 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, corrección de comorbilidad y mejoría de la CV.

Palabras clave: BAROS. Calidad de Vida. Cirugía bariátrica. Obesidad
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Introduction

There is a steadily increasing number of individuals 
with obesity worldwide. In Spain, according to data 
from the Spanish Ministry of Health and Consumer 
Affairs (European Health Survey 2020), the preva-
lence of obesity is 10.3% among individuals aged 
2-17 years and 16% among those older than 18 years.

Obesity leads to the development of major comor-
bidities such as arterial hypertension (HTN), type  2 
diabetes mellitus (T2DM), dyslipidemia (DL), obstruc-
tive sleep apnea syndrome (OSAS), etc., which also 
entails significant pharmacological expenditure1.

The benefits of bariatric surgery are widely demon-
strated in the literature, both in terms of excess weight 
loss percentage (EWL, excess weight loss) and 
improvement and resolution of comorbidities.

The BAROS questionnaire (Bariatric Analysis and 
Reporting Outcome System) was developed in 1998 to 
measure not only weight loss and resolution of comorbidi-
ties after bariatric surgery but also to assess quality of 
life (QoL)2. Years later, it was modified to incorporate the 
Moorehead-Ardelt II QoL survey (modified BAROS)2,3.

The modified BAROS questionnaire uses a Likert 
scale from −0.50 to +0.50, combining percentage of 
weight loss, improvement in medical conditions, post-
operative complications, and reinterventions, thereby 
generating a total score. The higher the score, the 
better the outcome; a score ≤ 1 is considered failure, 
whereas > 7 points is considered an excellent result4,5.

Although several studies have used this tool to mea-
sure institutional bariatric QoL outcomes, follow-up 
duration is usually short, generally 12–24  months4-6. 
For this reason, we considered it appropriate to con-
duct a medium- to long-term study given the scarcity 
of such studies, and additionally to compare the two 
most widely used bariatric techniques worldwide.

The primary endpoint of our analysis using the mod-
ified BAROS questionnaire is to evaluate QoL in 
patients undergoing bariatric surgery by two laparo-
scopic techniques, sleeve gastrectomy (SG) and 
Roux-en-Y gastric bypass (RYGB), as well as to deter-
mine the percentage of EWL and correction of major 
comorbidities in our hospital center from January 2012 
through December 2019.

Method

We conducted a single-center ambispective study 
of patients who underwent bariatric surgery for 

obesity between January 2012 and December 2019. 
Due to the COVID-19 pandemic, these surgeries were 
suspended in 2020.

During this period, 758 bariatric procedures were per-
formed at our center. Of these, only SG and RYGB were 
selected, excluding other bariatric procedures, leaving 
707 patients. Homogeneous groups of 30 patients per 
year and per surgical technique were randomly selected.

Patient recruitment began in February 2022 using 
the QoL questionnaire (BAROS), both by postal mail 
and by personal delivery in a sealed envelope at the 
bariatric surgery clinic. Recruitment concluded in 
June 2023.

Patients were provided with investigators’ contact 
details in case they had questions about the study. 
Participation was confirmed once the patient returned 
the signed informed consent form. If questionnaires 
were not returned within 1 month from initial inclusion, 
a phone call was made to confirm continued willing-
ness to participate. A  second phone call was made 
2  weeks later if the questionnaire had not been 
returned. Participants were excluded if they did not 
return completed questionnaires 2  months after the 
second follow-up call. If the individual no longer 
wished to participate, they were excluded.

A total of 115 patients correctly completed the QoL 
questionnaire.

Prospectively, during 2023, long-term objective vari-
ables necessary to calculate BAROS QoL were collected. 
Preoperative and postoperative data (reinterventions and 
complications) were retrospectively obtained from health 
records and our database.

The study was approved by the quality and ethics 
committee of our hospital center, in accordance with 
its codes and regulations.

All included patients authorized participation by 
signing informed consent prior to completing the mod-
ified BAROS questionnaire (Fig. 1).

The health-related QoL questionnaire (Moorehead-
Ardelt II) included in BAROS (Fig.  2) has also been 
adapted and validated in the Spanish population since 
20147. It is a descriptive questionnaire completed by 
patients or by the investigator during an interview. It 
evaluates QoL in six domains: self-esteem, physical 
activity, social relationships, work performance, sex-
ual activity, and relationship with food.

Scoring is performed using a 10-point visual scale 
guided by graphics corresponding to the level of feel-
ing or satisfaction. The global score is obtained by 
summing the six parameters and classifies QoL as 
very poor, poor, good, very good, and excellent. In the 
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% Excess weight 
loss (points)

Comorbidity
(points)

Quality of life questionnaire

Weight gain
(–1)

Worsened
(–1)

Self‑esteem

0–24%
(0)

No change
(0)

2. Physical

25–48%
(1)

Improvement
(1)

3. Social

50–74%
(2)

One major resolved,
 other improvements
(2)

4. Work

75–100%
(3)

All major resolved, 
other improvements
(3)

5. Sexual

SUBTOTAL: SUBTOTAL: SUBTOTAL:

Complications: Minor: subtract 0.2 points
Major: subtract 1 point

Recovery Subtract 1 point

TOTAL score:

FINAL EVALUATION

Without comorbidity With comorbidity

Failure 0 or less 
Fair > 0 to 1.5 
Good > 1.5 to 3 
Very good > 3 to 4.5 
Excellent > 4.5 to 6

Failure 1 or less 
Fair > 1 to 3 
Good > 3 to 5 
Very good > 5 to 7 
Excellent > 7 to 9

Figure 1. BAROS questionnaire.
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I GENERALLY FEEL

Very bad about myself Really good about myself

I ENJOY PHYSICAL ACTIVITIES

Not at all Very much

I HAVE SATISFACTORY SOCIAL RELATIONSHIPS

None A lot

I AM ABLE TO WORK

Not at all Very much

I ENJOY SEX...

Not at all Very much

MY RELATIONSHIP WITH FOOD IS...

I live to eat I eat to live

Figure 2. Modified BAROS QoL questionnaire – Moorehead-Ardelt II (M-A II).

case of a major complication requiring reintervention, 
only one point is deducted from the modified BAROS 
questionnaire.

Selected patients, aged 18-63  years, underwent 
laparoscopic SG or RYGB.

RYGB was indicated in patients with body mass 
index (BMI) between 40 and 49.9 without metabolic 
alterations and > 35 with metabolic alterations (mainly 
T2DM). Gastric reservoir capacity was 50-60 ml cali-
brated with a 36-Fr Faucher tube. Gastrojejunal anas-
tomosis was performed using a circular mechanical 

DST 25  mm technique according to the modified 
Whittgrove technique with an EEA OrVil, Covidien™ 
device8. In other patients a linear mechanical anasto-
mosis was performed according to the Lönroth 
technique9.

SG was indicated in patients with BMI > 50 or 
between 35 and 39.9 in the absence of metabolic 
pathology, without symptoms of gastroesophageal 
reflux disease and without grade  B-C esophagitis 
according to the Los Angeles classification on prior 
endoscopy.
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Variables

Variables analyzed included demographic data, BMI 
(kg/m2), initial and postoperative weight (kg), percent-
age of EWL, and major comorbidities (HTN, T2DM, DL, 
OSAS).

Other bariatric surgical techniques different from SG 
and RYGB were excluded.

Statistical analysis

Descriptive statistics were performed. Measures of 
central tendency (mean) and dispersion (standard 
deviation [SD]) were calculated for quantitative vari-
ables, and absolute and relative frequencies for quali-
tative variables.

To detect differences between techniques, χ2 test 
(or Fisher’s exact test in the absence of normality) and 
Student’s t-test (or Mann-Whitney nonparametric test 
in the absence of normality) were applied. Normality 
was assessed using the Shapiro-Wilk test.

Spearman’s correlation coefficient was calculated 
between time elapsed since surgery and BAROS score 
to detect a linear relationship. A value of p ≤ 0.05 was 
considered statistically significant.

All analyses were performed using Stata Statistical 
software (14.2 College Station, TX: StataCorp LLC 
2016).

Results

A total of 115  patients were included. Clinical and 
sociodemographic characteristics are shown in table 1. 
Seventy percent were women; mean age was 47 years 
(SD, 8.02); mean initial BMI was 46 (SD, 6.85); and 
mean initial weight was 124 kg (SD, 21.37). Only 5% 
had no comorbidity prior to surgery. No significant dif-
ferences were found between techniques for baseline 
variables, except for T2DM, which was higher in the 
RYGB group.

Mean follow-up was 7  years (SD, 2.11), similar 
between techniques. Follow-up exceeded 5  years in 
nearly 80% of patients. BMI decreased to a mean of 
33 (SD, 6.34), and weight decreased to 89  kg 
(SD, 20.08), with significant differences between SG 
and RYGB: 98 kg vs. 83 kg (p < 0.0001).

Comorbidity decreased to 49% of patients postop-
eratively, with significant differences between SG and 
RYGB: 60% vs. 40% (p = 0.033) (Fig. 3 and Table 2).

Medical conditions improved in 88% of patients, wors-
ened in nearly 9%, and remained unchanged in 3%.

Only 3 patients (2 SG and 1 RYGB) had complica-
tions requiring reintervention.

Mean BAROS score was 5.7 points (SD, 2.71), with 
significant differences between techniques: SG 4.7 vs. 
RYGB 6.4 (p = 0.002). Nearly 70% of patients had 
excellent or very good results, with failure < 8% 
(Fig. 4).

A moderate negative correlation was found between 
time since surgery and BAROS score (ρ = −0.2279; 

Table 2. Medium‑ to long‑term variables

Variables SG 
(n = 48)

RYGB 
(n = 67)

Total 
(n = 115)

p

Time since 
intervention, 
years

6.85 (2.09) 6.60 (2.13) 6.70 (2.11) 0.521

BMI, kg/m² 35.55 (6.92) 30.56 (4.98) 32.64 (6.34) 0.521

Weight, 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*

Comorbidity 29 (60%) 27 (40%) 56 (49%) 0.033*

HTN 23 (48%) 16 (24%) 39 (34%) 0.007*

T2DM 7 (15%) 12 (18%) 19 (17%) 0.639

DL 11 (23%) 9 (13%) 20 (17%) 0.186

OSA 12 (25%) 6 (9%) 18 (16%) 0.020*

*Statistical significance.
RYGB: Roux‑en‑Y gastric bypass; DL: dyslipidemia; T2DM: type 2 diabetes mellitus; 
EWL: excess weight loss (%); GV: sleeve gastrectomy; HTN: hypertension; BMI: body 
mass index; OSA: obstructive sleep apnea syndrome.
Quantitative variables are presented as mean, and qualitative variables as n (%).

Table 1. Clinical and demographic variables

Variables SG
(n = 48)

RYGB
(n = 67)

Total
(n = 115)

p

Women 33 (69%) 47 (70%) 80 (70%) 0.872

Age, years 47.81 (8.29) 47.70 (7.88) 47.75 (8.02) 0.975

BMI, kg/m2 47.24 (8.04) 44.91 (5.72) 45.88 (6.85) 0.094*

Weight, kg 128.07 (23.97) 121.66 (19.03) 124.33 (21.37) 0.158

Comorbidity 44 (92%) 65 (97%) 104 (95%) 0.198

HTN 31 (65%) 33 (49%) 64 (56%) 0.103

T2DM 10 (21%) 51 (76%) 61 (53%) 0.000*

DL 13 (27%) 30 (45%) 43 (37%) 0.053*

OSA 37 (77%) 43 (64%) 80 (70%) 0.138

*Statistical significance.
RYGB: jejunal gastric bypass; DL: dyslipidemia; T2DM: type 2 diabetes mellitus;
SG: sleeve gastrectomy; HTA: hypertension; BMI: body mass index; OSA: obstructive
sleep apnea syndrome.
Quantitative variables are expressed as mean and qualitative variables as n (%).
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p  =  0.0143), meaning that longer time since surgery 
was associated with lower BAROS score. Graphically, 
this correlation is difficult to appreciate (Fig. 5).

Among patients reporting excellent QoL after sur-
gery: work activity 95.45%, social relationships 83.95%, 
self-esteem 78.2%, sexual relationships 72.45%, rela-
tionship with food 59.8%, and physical activity 51.75%. 
Among those reporting very poor QoL: sexual relation-
ships 18.4%, work 10.35%, physical activity 8.05%, 
relationship with food 6.9%, social relationships 3.45%, 
and self-esteem 2.3%.

Discussion

Bariatric surgery has demonstrated reduced mortal-
ity through total or partial resolution of comorbidities, 
as well as improved QoL and prolonged life expec-
tancy, even with modest initial weight reduction.

The modified BAROS questionnaire and the M-A II 
QoL survey are useful tools for analyzing obesity-
related pathologies and QoL perception across self-
esteem, social relationships, work capacity, physical 
activity, sexual relationships, and relationship with 
food, regardless of surgical technique10.

The 2004 Consensus of the  Sociedad Española 
para el Estudio de la Obesidad and Sociedad Espa-
ñola de Cirugía de la Obesidad (SEEDO–SECO), 
based on Reinhold and MacLean, categorizes weight 
loss outcome as excellent if BMI < 30 and EWL > 
75%, good if BMI 30-35 and EWL 50-75%, and failure 
if BMI > 35 and EWL < 50%11.

Short-term studies (12–24  months) or those with 
small sample sizes often report excellent results, even 
using QoL questionnaires other than BAROS12.

González et al.13 and Queiroz et al.14 reported excel-
lent short-term results of 67 and 74.6% at 12 months, 
respectively.

Our main findings show that, at a mean of 7 years 
after SG or RYGB, most patients maintain weight 
loss, reduce comorbidities, and improve QoL – par-
ticularly work capacity and self-esteem – with a low 
complication rate (3%). These findings are consistent 
with long-term studies including various bariatric 
techniques13-15.

Outcomes tend to worsen 3-5 years postoperatively 
due to weight regain or recurrence of comorbidities, 
directly affecting QoL15-17.

Post-surgery comorbidities
Sleeve gastrectomy

Post-surgery comorbidities
Bypass

Post-surgery comorbidities
Total

With comorbidities With comorbidities With comorbiditiesWithout comorbidities Without comorbidities Without comorbidities

Figure 3. Medium- to long-term postoperative comorbidity.

Sleeve
gastrectomy

Bypass

Total

Excellent Very good Good Fair Poor

Figure 4. Postoperative BAROS and M-A II results.

BA
R

O
S

Time since surgery (years)**

Figure 5. Time since intervention and correlation with BAROS results.
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Few medium- to long-term (> 5 years) studies using 
BAROS and M-A II report good to excellent results. In 
our analysis, SG achieved good to excellent results in 
71% and failure in 13%, while RYGB achieved good 
to excellent results in 80% with 4% failure.

When analyzing the reduction of comorbidity by 
comparing both techniques, a greater correction of 
T2DM was observed in favor of RYGB, and this dif-
ference was statistically significant. This result may 
be explained by the fact that most of our patients who 
underwent this technique had T2DM prior to surgery, 
which was not the case with SG.

Himpens et al.18,19 retrospectively studied 77 patients 
who underwent RYGB, obtaining a mean BAROS 
score of 2.0 ± 1.96 points (fair) at 9 years, and when 
evaluating SG outcomes at 6 years, they obtained a 
mean BAROS score of 5.0 ± 2.7 points (good/very 
good)18,19.

A study conducted in our country including 
353  patients (303 RYGB and 50 SG) with a mean 
follow-up of 5.7 ± 2.6  (2.0-11.7) years reported a 
BAROS score of 4.35 ± 2.06 (good/very good); in 
84.7%, outcomes regarding comorbidity resolution 
were good to excellent, and the M-A II score was 1.51 
± 0.93, with 67.2% of patients reporting good or very 
good QoL20.

Thus, the main strength of our study lies in the fact 
that medium-  and long-term QoL in our patients 
ranges from good to excellent, with a mean BAROS 
score of 5.7 points (SD, 2.71), and additionally com-
pares the two most widely used surgical techniques 
worldwide. These results fall within the quality stan-
dards established for this type of study, taking into 
consideration the limited number of medium- to long-
term studies currently available.

Keren et al.21 in a study of 114 patients who under-
went bariatric surgery observed a clear worsening of 
outcomes at 60 months compared with those detected 
at 30 months. EWL decreased from 76.8 kg to 45.3 kg, 
the BAROS score from 7.15 ± 0.8 to 4.32 ± 0.9, and 
the percentage of weight-loss success from 70.17% to 
28.07%.21 Based on these findings, we considered it 
appropriate to include the linear correlation coefficient 
in our statistical analysis in order to obtain data cor-
related with the time elapsed since surgery.

One limitation of our study is the subjectivity of the 
QoL questionnaire, since weight losses lower than 
those considered optimal may nevertheless be suffi-
cient for patients if they perceive improvement in QoL 
and comorbidity.

Conclusions

We believe that our study meets its objectives in most 
of our patients at medium-  to long-term follow-up. We 
can affirm that the bariatric surgery techniques used are 
safe and effective for weight loss and for the resolution 
or improvement of major comorbidity, as well as for 
improving QoL across its six evaluated parameters.

There are other factors related to the mental domain 
that the modified BAROS does not assess and that 
may not improve as markedly after bariatric surgery, 
such as worsening QoL following progressive weight 
regain beyond 24 months after surgery.

Therefore, further medium- to long-term studies are 
needed to obtain more precise results regarding QoL 
and comorbidity correction after bariatric surgery, in 
accordance with the time elapsed since the surgical 
intervention.
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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 investigación sobre el osteocondroma para revelar ideas sobre el enfoque, 
la colaboración y la dirección de la ciencia. Método: Se analizaron artículos de la base de datos WOS en función de los 
recuentos de citaciones, títulos, autores, revistas, años y países, utilizando herramientas como CiteSpace, Bibliometrix y 
VOSviewer. Resultados: El análisis de 1588 publicaciones de 593 revistas y 7067 autores de 83 países muestra que el mayor 
número de artículos (335, el 21.1%) provienen de los Estados Unidos de América, y a continuación de China (200, el 12.1%). 
La Universidad de Leiden tuvo 79 publicaciones, y P.C.W. Hogendoorn contribuyó con 24 (índice H: 19). D.J. Flemming, M.J. 
Kransdorf y M.D. Murphey recibieron 314 citaciones locales cada uno. Cureus Journal of Medical Science publicó 37 artículos, 
mientras que Skeletal Radiology difundió 33. Journal of Bone and Joint Surgery lidera las citaciones locales, con 1339. La 
referencia más influyente es Murphey MD, 2000, Radiographic. Palabras clave como osteocondroma solitario y exostosis 
hereditaria experimentaron explosiones de citaciones. Los mapas temáticos indican lagunas en la bibliografía sobre palabras 
clave menos investigadas, como expresión y heparán sulfato, lo que subraya la necesidad de más investigación genética. 
Conclusiones: Este análisis proporciona una visión general de los artículos clave sobre osteocondromas, destacando las 
tendencias y las contribuciones que abordan las lagunas en la literatura y guían la investigación futura.

Palabras clave: Visualización. Bibliométrica. Osteocondroma. Tendencias de investigación. Citaciones.
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Introduction

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 tumors1,2. Osteochondromas 
(are) cartilage-capped lesions of metaphysis com-
monly seen around the femur, humerus, pelvis, and 
tibia with a pedunculated or sessile shape3. About 
40% of osteochondromas are diagnosed before 
patients reach 10  years of age4. They can be single 
solitary or multiple osteochondromas as part of a syn-
drome known as hereditary multiple exostoses 
(HMEs)4. 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 damage4,5. 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 fracture6, while the most severe 
complication is the malignant transformation of osteo-
chondroma to chondrosarcoma7-10.

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 groups11,12.

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” 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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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, 

9.6%), followed by other contributing countries such 
as Japan, Turkey, and Korea. Figure 1C distinguishes 
between single-country publications (SCP) and 

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.

dc
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e

Table 1. Distribution of research by countries

Country Articles Articles % SCP MCP MCP %

USA 335 21.1 293 42 12.5

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 5.5 86 1 1.1

Korea 69 4.3 64 5 7.2

United Kingdom 60 3.8 50 10 16.7

Italy 53 3.3 39 14 26.4

Germany 48 3 34 14 29.2

Spain 42 2.6 39 3 7.1
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multiple-country collaborations (MCP), where the 
United States, China, and Italy demonstrate a higher 
proportion of SCP, indicating a solid domestic research 
output. On the other hand, countries such as Italy, 
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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contribution to the field. The active participants also 
include Kitsoulis P., and Agnantis N. J, Bai M, among 
others, with over a hundred citations. This distribution 

of local citations also points out other key authors 
whose works have significantly contributed to the 
community, forming the basis of current research.

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.
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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 

Table 2. Top 10 authors of osteochondroma research

Authors Articles H‑Index

Hogendoorn PCW 24 19

Wang X 15 7

Yang C 14 6

Li J 13 7

Li Y 13 7

Zhang Y 13 7

Wang Y 12 7

Zhang L 11 5

De Andrea CE 9 9

Hu J 9 6

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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“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, Radiographic2, 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., 199413; J Bone Joint and Kitsoulis 
et al., 2008, In Vivo6. The network reveals distinct 
clusters, indicating thematic research areas. For 
instance, references by Wolford et al. from 200214 and 
201415 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 Genet16 had an early burst from 2000 to 2003, 
while Vasseur MA, 2000, J Vasc Surg17 and Porter DE, 
1999, and J Pathol18 also saw significant early bursts. 
More recent bursts are seen for D’Arienzo et al., 2019, 

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.
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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.

dc

ba

Orthop Res Rev19 and Pacifici, 2017, Curr Osteoporos 
Rep20, which continue into 2024. Notably, Yang et al., 
2011, Brit J Oral Max Surg21 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.

Authors

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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Keywords

Bursts

The most frequently used 15 keywords with the 
most robust citation bursts in osteochondroma 
research from 2000 to 2024 are 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.

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.
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Co-occurrence

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, Radiographic2, 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 Genet16, Vasseur MA, 
2000, J Vasc Surg17, Porter DE, 1999, and J Pathol18.

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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Episodic memory, self-perceived memory and mental health  
in older adults, by age, during the COVID-19 pandemic
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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 c2 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.

Resumen

Objetivo: Comparar el funcionamiento de la memoria episódica y la memoria autopercibida, y su asociación con síntomas 
emocionales, en personas de 60 años y mayores de 70 años durante la pandemia de COVID-19. Método: Estudio trasversal, 
descriptivo, correlacional, realizado a distancia. Se obtuvieron las características sociodemográficas, de funcionamiento y 
autopercepción de la memoria y de la salud mental de 100 adultos mayores distribuidos en tres grupos de edad. Se realizó 
análisis descriptivo, con pruebas c2, Kruskal-Wallis y ANOVA, así como coeficiente de correlación de Spearman. 
Resultados: Se encontró asociación entre la edad y el nivel de desempeño global de la memoria episódica. Los tres grupos 
mostraron una correlación inversa entre la autopercepción del funcionamiento de la memoria y la autopercepción de la memo-
ria como problemática. Los síntomas de depresión se correlacionaron con la autopercepción de la memoria en los tres grupos. 
Además, la depresión y la ansiedad rasgo presentaron más correlaciones con la memoria episódica en los más longevos. 
Conclusiones: Los síntomas emocionales durante la pandemia afectaron la autopercepción de la memoria y se relacionaron 
con el rendimiento de la memoria episódica en el grupo más longevo.

Palabras clave: Memoria episódica. Memoria autopercibida. Adultos mayores. Pandemia de COVID-19. Confinamiento.
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Introduction

The COVID-19 pandemic demonstrated the fragility of 
older adults, as they were part of the age group with the 
highest mortality rates worldwide1-4. The high likelihood 
of becoming ill and even dying led to the implementation 
of strategies aimed at prevention and reduction of infec-
tions, such as physical and social distancing and lock-
down5. As a population that showed significant 
vulnerability to COVID-19, older adults received more 
recommendations for isolation6,7. This raised concerns 
about the potential effects of these measures on cogni-
tive functions due to reduced stimulation8.

Memory is a process in which different brain func-
tions participate in tasks of classification, encoding, 
storage, and retrieval of information9. It is based on 
experiences that modify brain structure and behav-
ior10. It has been reported that performance declines 
with increasing age11. The greatest vulnerability is 
observed in episodic, semantic, working, and pro-
spective memory12,13.

On the other hand, memory self-perception is a 
subjective estimate or judgment about one’s own 
capacity or functioning. Previous studies conducted in 
older adults show two perspectives related to the self-
perception of memory alterations: on the one hand, 
evidence of objective cognitive alterations in early 
stages or with a higher risk of developing cognitive 
impairment, and on the other hand, the presence of 
anxiety or depression symptoms14,15.

The study of cognitive functions has shown that 
memory becomes substantially compromised with 
aging, and it has also been described that complaints 
and concerns related to memory tend to become more 
frequent as age increases16,17. Studies on memory self-
perception in older adults during the pandemic show 
perceived deterioration and poor functioning18-22.

Previously, other studies compared memory perfor-
mance and perception across different age ranges. 
Lima-Silva et al.16 studied the relationship between 
age and the presence of memory complaints in two 
groups of older adults, one aged 56-74 years and the 
other aged 75-92 years, and reported that no signifi-
cant difference was found in objective memory test 
performance and that age was not associated with 
memory complaints or performance. On the other 
hand, Commissaris et al.17 divided a sample into four 
age groups: 25-35, 40-50, 55-65, and 70-85  years, 
and found that in the oldest group, 50% described 
themselves as forgetful.

Based on the above, the aim of the present study 
was to compare episodic memory functioning and 
self-perceived memory, and their association with 
emotional symptoms, in individuals older than 60 years 
analyzed by age groups during lockdown due to the 
COVID-19 pandemic in Mexico.

Method

We conducted a cross-sectional, descriptive, and 
correlational study remotely. Following a social media 
call for participation, 145 individuals expressed inter-
est in participating; 26 only requested information, 7 
did not meet the selection criteria, and 12 did not 
complete the assessment. A participation rate of 69% 
was obtained, that is, 100 older adults. Three groups 
were created according to participants’ age: Group A 
consisted of 39 participants aged 60-64  years, 
Group  B of 31 participants aged 65-69  years, and 
Group C of 30 participants aged 70 years and older.

Data were collected from September 23rd, 2021 
through May 23rd, 2022, while national social isolation 
recommendations remained active. The protocol was 
approved by the Comité Institucional de Investigación 
y Ética of Instituto Nacional de Rehabilitación Luis 
Guillermo Ibarra Ibarra (No.  32/21). Participants 
signed informed consent and authorized the use of 
anonymized data.

Inclusion criteria were being 60  years of age or 
older, minimum completion of primary education, 
Internet access, having an electronic device (smart-
phone, tablet, or computer), skills to participate in a 
video call, and a score ≥ 24 points on the Montreal 
Cognitive Assessment (MoCA)23. Exclusion criteria 
included prior diagnosis of dementia, uncorrected 
hearing or visual problems, history of stroke, epilepsy, 
drug or alcohol abuse in the past 5 years, and use of 
antipsychotic, antiepileptic, hypnotic, or benzodiaze-
pine medications.

Instruments

The MoCA was administered as a screening tool to 
rule out prior cognitive impairment, and the memory 
section of Neuropsi24. was used to determine episodic 
memory functioning. Additionally, participants com-
pleted a questionnaire administered via a Google form 
designed to collect sociodemographic information, rel-
evant medical history, and memory self-perception 
through two questions:
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1.	“From 1 to 10, how would you rate your memory 
during this lockdown period?”, where 1 corre-
sponded to “very poor” and 10 to “very good”.

2.	“From 1 to 10, do you consider that during this 
time your memory has become a problem for 
you?”, where 1 corresponded to “not problematic 
at all” and 10 to “very problematic”.

The Yesavage Geriatric Depression Scale25. was 
also included to determine severity of depressive 
symptoms according to the obtained score (0-10 
points: no depression; 11-20 points: mild depression; 
21-30 points: moderate to severe depression), as well 
as the State-Trait Anxiety Inventory26. in which sever-
ity was classified as ≤ 29 low anxiety, 30-44 moder-
ate anxiety, and ≥ 45 high anxiety.

Procedure

Volunteers received an email containing the Google 
form link, which included the questionnaire and the 
depression and anxiety scales. Once their responses 
were registered in the system, a video call meeting 
was scheduled, beginning with administration of the 
MoCA and continuing with the Neuropsi memory sec-
tion. It should be noted that the backward digit span 
subtest was excluded from Neuropsi due to difficulty 
administering it via video call.

Statistical analysis

We conducted a descriptive analysis, obtaining 
means and standard deviations for quantitative vari-
ables and frequencies and percentages for qualitative 
variables. To determine differences between groups, 
ANOVA was performed for the quantitative sociode-
mographic variables age and years of employment.

To establish associations between variables, the 
Kruskal-Wallis test was used for memory self-percep-
tion (functioning and problematic perception), and the 
χ² test for qualitative sociodemographic variables of 
episodic memory functioning and mental health. 
Spearman correlations were calculated to determine 
the association between episodic memory, self-per-
ceived memory, and mental health. The analysis was 
conducted using SPSS Statistics version  26, with a 
significance level of p < 0.05.

Results

The sociodemographic characteristics of the sam-
ple, the obtained values, and the results of ANOVA 

and χ² are summarized in table 1. In all three groups, 
women’s participation was higher. The most frequent 
marital status in Groups A and B was married, and in 
Group C it was single or married. The most common 
place of residence was Mexico City in all three groups. 
Regarding years of employment, the highest mean 
was observed in Group C, with 41.8 years. A signifi-
cant difference was found between groups for age and 
years of employment, and a significant association 
was found between age and educational level; in this 
regard, higher education predominated in Group  A 
and basic education in Group C.

Results for memory self-perception and perfor-
mance on episodic memory subtests are presented 
in table 2. No significant difference was found between 
groups in memory self-perception. An association was 
observed between age and overall episodic memory 
functioning, digit span corresponding to working mem-
ory, memory curve, logical memory stories during 
encoding, spontaneous verbal memory, verbal mem-
ory with cues, and logical memory stories during 
recall. Group  B showed a higher percentage of par-
ticipants with high-normal and normal performance.

Inverse correlations were found between self-per-
ception of memory functioning and perception of 
memory as problematic in all three groups. In Group A, 

Table  1. Sociodemographic characteristics of the sample 
by age group

Characteristic Group A
(n = 39)

Group B
(n = 31)

Group C
(n = 30)

p*

Age, mean (years) 61.9 66.8 74.6 0.001

Years of employment, mean 33.2 35.2 41.8 0.029

Sex, n
Women
Men

30
9

24
7

21
9

0.751

Marital status, n
Single
Married
Divorced
Common‑law union

10
22
5
2

8
19
1
3

11
11
7
1

0.189

Place of residence
Mexico city
Morelos
State of Mexico
Other

20
7
6
6

20
3
1
7

19
3
4
4

0.494

Educacional level
Basic education
Higher education

9
30

13
18

18
12

0.008

*ANOVA was applied to age and years of employment (mean), and χ. test to sex, marital 
status, place of residence, and educational level.
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an association was found between self-perception of 
functioning and the Rey-Osterrieth figure during 
encoding, indicating that better perceived memory 
functioning was associated with better performance 
on this subtest. In Group C, a greater number of cor-
relations were found. Self-perception of functioning 
was positively and moderately related to several recall 
subtests. Self-perception of memory as problematic 
was moderately and negatively related to faces during 
encoding and to verbal memory with cues during 
recall, indicating, on the one hand, that better per-
ceived functioning was associated with better perfor-
mance, and on the other hand, that greater perception 
of memory as problematic was associated with poorer 
performance on the mentioned subtests (Table 3).

Qualitatively, mental health analysis showed no sig-
nificant associations between age and symptoms of 
depression or anxiety. Groups A and B included par-
ticipants with moderate to severe depressive symp-
toms. Trait and state anxiety symptoms were reported 
similarly across the three groups, with Group A show-
ing a higher percentage of participants with high state 
anxiety (Table 4).

Regarding correlations between mental health and 
episodic memory functioning, a greater number of 
associations were observed in Group C, which were 
negative and moderate between depressive symp-
toms and working memory subtests, encoding, and 
recall. Notably, depressive symptoms showed strong 
and negative correlations in Groups B and C with self-
perception of memory functioning, and positive and 
moderate correlations were found with perception of 
memory as problematic. The strongest correlations 
between trait anxiety symptoms and memory perfor-
mance were found in Group C, mainly in verbal mem-
ory subtests during recall (Table 5).

Discussion

The results obtained in the present study show that 
overall episodic memory functioning in most older 
adults was good; however, a significant association 
was found between age and overall performance. It is 
noteworthy that Group B, aged 65-69 years, showed 
the best performance, as Groups A and C had fewer 
participants with high-normal results, with Group  A 
performing below Group  C, composed of the oldest 
participants (70 years and older), who showed better 
performance in backward digit span (working mem-
ory) and memory curve encoding.

Table  2. Median of self‑perceived memory and percentage of 
episodic memory functioning

Self‑Perception and 
Functioning

Group A 
(n = 39)

Group B 
(n = 31)

Group C 
(n = 30)

p*

Self‑perceived memory, median

Functioning (0 = very poor, 
10 = very good)

8 8 8 0.666

Problematic (0 = not 
problematic at all, 10 = very 
problematic)

5 6 2 0.082

Neuropsi (%)

Overall episodic memory 
performance

High normal
Normal
Mild to moderate 
impairment

17.9
76.9
5.1

51.6
48.4

-

26.7
70
3.3

0.035

Working memory
Backward digit span
High normal
Normal
Mild to moderate 
impairment

-
84.6
15.4

16.1
80.6
3.2

30
66.7
3.3

0.003

Encoding
Memory curve
High normal
Normal
Mild to moderate 
impairment

12.8
71.8
15.4

25.8
74.2

-

36.7
63.3

-

0.008

Paired associates
High normal
Normal
Mild to moderate 
impairment

20.5
76.9
2.6

9.7
87.1
3.2

16.7
76.7
6.7

0.673

Logical memory stories
High normal
Normal
Mild to moderate 
impairment

12.8
74.4
12.8

35.5
64.5

-

33.3
63.3
3.3

0.042

Rey‑Osterrieth figure
High normal
Normal
Mild to moderate 
impairment
Severe impairment

2.6
87.2
7.7

2.6

-
83.9
16.1

-

-
90
-

10

0.097

Faces
Normal
Severe impairment

94.9
5.1

100
-

100
-

0.203

Recall
Spontaneous verbal memory
High normal
Normal
Mild to moderate impairment
Verbal memory with cues
High normal
Normal
Mild to moderate impairment
Verbal memory recognition
High normal
Normal
Mild to moderate impairment

-
92.3
7.7

10.3
84.6
5.1

23.1
71.8
5.1

38.7
61.3

-

64.5
32.3
3.2

48.4
51.6

-

20
80
-

36.7
63.3

-

26.7
73.3

-

0.001

0.001

0.079

(Continues)
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Table  2. Median of self‑perceived memory and percentage of 
episodic memory functioning (continued)

Self‑Perception and 
Functioning

Group A 
(n = 39)

Group B 
(n = 31)

Group C 
(n = 30)

p*

Neuropsi (%)

Paired associates
High normal
Normal
Mild to moderate impairment
Severe impairment

23.1
71.8
5.1
-

48.4
45.2
3.2
3.2

33.3
60
3.3
3.3

0.341

Logical memory stories
High normal
Normal
Mild to moderate impairment

15.4
84.6

-

58
35.5
6.5

40
53.3
6.7

0.001

Rey‑Osterrieth figure
High normal
Normal
Mild to moderate impairment
Severe impairment

23.1
61.5
12.8
2.6

25.8
71
3.2
-

3.3
93.3
3.3
-

0.057

Face recognition
High normal
Normal
Mild to moderate impairment

2.6
89.7
7.7

3.2
90.3
6.5

-
90
10

0.887

*p value calculated using the Kruskal-Wallis test for memory self‑perception and the χ² 
test for Neuropsi in working memory, encoding, and recall.

These findings do not fully align with previous stud-
ies, as it would be expected that younger participants 
would perform better in all aspects of memory. As part 
of normal aging, a decline in performance in different 
cognitive tasks27. including memory28,29. is common, 
suggesting that increased age is associated with 
greater decline in functioning30. However, it has also 
been documented that under stressful situations indi-
viduals may experience blocked access to informa-
tion, and high stress levels may exert negative effects 
on memory self-perception19. In this case, the 
COVID-19 pandemic could be considered a significant 
stressful event.

Considering the impact of mental health on episodic 
memory, the presence of correlations between depres-
sion and performance on some subtests stands out, 
especially in Group C (oldest), indicating that greater 
severity of depressive symptoms was associated with 
poorer performance. Likewise, in all three groups a 
relationship was found between depressive symptoms 
and memory self-perception, indicating that higher 
depressive symptoms were associated with poorer 
perceived functioning and greater perception of mem-
ory as problematic.

In this regard, negative attitudes toward  
aging31. as well as the effect of depressive symptomatology  

Table  4. Percentages of depression, trait anxiety, and state 
anxiety in each group

Characteristics Group A 
(n = 39)

Group B 
(n = 31)

Group C 
(n = 30)

p

Depression
No depression
Mild
Moderate to severe

82.1
7.7
10.3

64.5
25.8
9.7

80
20
-

0.118

Trait anxiety
Moderate
High

46.2
53.8

41.9
58.1

43.3
56.7

0.936

State anxiety
Moderate
High

35.9
64.1

51.6
48.4

46.7
53.3

0.396

*p value calculated using the χ² test.

Table  3. Correlations between self‑perceived memory and 
episodic memory subtests (only significant correlations 
are shown)

Variables Group A 
(n = 39)

Group B 
(n = 31)

Group 
C (n = 30)

Perception of memory functioning
Perception of memory as 
problematic
Rey‑Osterrieth figure (ENC)
Paired associates (ENC)
Faces (ENC)
Spontaneous verbal memory 
(REC)
Verbal memory with cues (REC)
Paired associates (REC)

ρ = –0.468

ρ = 0.368
-
-
-

-
-

ρ = –0.726

-
-
-
-

-
-

ρ = –0.685

-
ρ = 0.466
ρ = 0.483
ρ = 0.371

ρ = 0.456
ρ = 0.393

Perception of memory as 
problematic

Faces (ENC)
Verbal memory with cues (REC)

-
-

-
-

ρ = –0.455
ρ = –0.430

ENC: encoding; REC: recall.

characterized by frequent negative perceptions toward 
oneself and one’s abilities-may have been intensified 
by the perception of higher vulnerability of older adults 
due to COVID-19 mortality in this age group, which may 
have contributed to negative self-appraisal of cognitive 
performance. According to Aaron Beck’s cognitive 
model of depression, a critical event (the COVID-19 
pandemic) may activate dysfunctional schemas char-
acterized by negative thoughts, promoting a negative 
self-view and leading, in this particular case, to poor 
self-perception of memory functioning32.

Trait anxiety symptoms were also significantly related 
in Group C, indicating that higher levels of trait anxiety 
symptoms were associated with poorer verbal memory 
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performance during recall. In contrast, elevated state 
anxiety symptoms were more frequent in Group  A 
(lower performance), suggesting that this type of anxi-
ety, combined with how the participant felt at the time 
of evaluation, may have affected performance.

Sanz Blasco et al.33 in a systematic theoretical 
review reported that in explicit memory tasks bias is 
frequently observed in individuals with panic disorder 
and, to a lesser extent, in those with post-traumatic 
stress disorder in free recall tasks, where acute anxi-
ety states prevail.

A notable characteristic of participants was the higher 
frequency of older adults with undergraduate and grad-
uate education, a factor proposed in the literature as an 
indicator of cognitive reserve, which may function as a 
positive modulator of memory performance and the fre-
quency and severity of emotional symptoms34,35.

Trait anxiety symptoms also showed a moderate 
and positive association with self-perceived memory 
functioning in Group B; that is, higher anxiety symp-
tomatology was associated with better perceived func-
tioning. This correlation might be considered 
inconsistent, since it would be expected that increased 
anxiety would be associated with a decreased percep-
tion of memory functioning.

However, in this case, trait anxiety is an affective 
state reflecting a stable disposition to interpret stimuli 

as threatening, regardless of recent environmental 
events36. This may have functioned as a factor favor-
ing a positive perception of performance without 
increasing perceived threat despite confinement, and 
was consistent with the episodic memory performance 
observed in this group, which demonstrated the best 
results.

With regard to self-perception of memory as prob-
lematic, the trend observed in participants’ responses 
was that they generally considered it moderately prob-
lematic, particularly in Groups A and B, whereas the 
oldest group perceived their memory as less problem-
atic. Likewise, in all three groups a correlation was 
found between self-perceived memory functioning 
and perception of memory as problematic, indicating 
that better perceived functioning was associated with 
lower perception of memory as problematic during 
confinement.

The associations observed between mental health 
and episodic memory performance may be explained by 
the modifications reported in the central nervous system 
of patients with anxiety and depression. In depression, 
abnormalities have been reported in the amygdala and 
hippocampus, as well as functional alterations in the 
subgenual anterior cingulate cortex, dorsolateral pre-
frontal cortex, amygdala, and ventral striatum37. Depres-
sion has also been associated with brain inflammation 

Table 5. Correlations between mental health, episodic memory, and self‑perceived memory

Variables Group A 
(n = 39)

Group B 
(n = 31)

Group C 
(n = 30)

Depression
Backward digit span (WM)
Faces (ENC)
Spontaneous verbal memory (REC)
Verbal memory with cues (REC)
Paired associates (REC)
Perception of memory functioning
Perception of memory as problematic

-
-
-
-
-

ρ = –0.455
ρ = 0.525

-
-
-
-
-

ρ = –0.622
ρ = 0.501

ρ = –0.463
ρ = –0.423
ρ = –0.397
ρ = –0.484
ρ = –0.367
ρ = –0.735
ρ = 0.539

Trait anxiety
Paired associates (ENC)
Paired associates (REC)
Logical memory (stories) (ENC)
Rey‑Osterrieth figure (ENC)
Spontaneous verbal memory (REC)
Verbal memory with cues (REC)
Verbal memory recognition (REC)
Global memory functioning
Perception of memory functioning

ρ = –0.411
ρ = –0.343

-
-
-
-
-
-
-

-
-

ρ = –0.370
ρ = 0.388

-
-
-
-

ρ = 0.369

-
-
-
-

ρ = –0.492
ρ = –0.541
ρ = –0.517
ρ = –0.398

-

State anxiety
Paired associates (ENC)
Rey‑Osterrieth figure (REC)

ρ = –0.382
-

-
ρ = 0.425

-
-

ENC: encoding; REC: recall; WM: working memory.
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leading to changes in neurotransmitter metabolism, neu-
roendocrine function, and neuronal plasticity38. Addition-
ally, some clinical symptoms associated with depression 
are cognitive in nature, including impairment of memory, 
concentration, and attention39,40.

With respect to anxiety, structural alterations have 
been described in locus coeruleus function, serotoner-
gic dysfunction, global functional alterations in the 
autonomic nervous system (responsible for involuntary 
physiological processes along the hypothalamic–pitu-
itary–adrenal axis), and thyroid disorders41. Functional 
alterations of the amygdala and its connectivity with 
the cerebral cortex have also been described42.

These findings suggest that emotional factors pres-
ent during the pandemic, together with those arising 
from COVID-19 public health contingency measures, 
affected the emotional domain and, along with intensi-
fied negative attitudes related to perceived age-asso-
ciated risk and vulnerability, influenced older adults’ 
self-appraisal of memory.

In this regard, Beck’s proposal may be revisited, which 
posits that schemas are composed of positive and nega-
tive aspects that contribute to the determination of self-
worth and may at times reach critical states in which a 
lack of flexibility triggers, in this case, a sense of vulner-
ability that affects self-esteem and self-evaluation. Thus, 
greater cognitive vulnerability leads to more negative 
perception and appraisal, influencing self-judgment32.

Moreover, it is worth considering the possibility that 
older adults may present metacognitive difficulties 
that hinder accurate estimation of their own memory 
functioning. McWilliams et al.43 reported that confi-
dence judgments regarding one’s own performance 
tend to become more negative with advancing age. 
The authors emphasize that this age-related decrease 
in confidence is not usually accompanied by objective 
changes in performance, which tends to remain stable 
throughout life, suggesting that input from a close 
family member or caregiver may be necessary.

Overall, the results suggest that mental health played 
an important role in both performance and self-percep-
tion of memory in older adults during the pandemic, 
with differentiated effects according to trait or state 
anxiety symptoms and depressive symptoms.

Of note, at the onset of the health emergency, once 
confinement and physical and social distancing mea-
sures were implemented, international literature pre-
sented by experts and international organizations 
expressed the possibility that these measures, 
together with other factors such as economic instabil-
ity, misinformation, and uncertainty, could contribute 

to deterioration of functions or abilities, as well as to 
the development or worsening of mental health 
problems.8,44,45

The limitations of the study lie in the fact that the 
sociodemographic characteristics of the sample are not 
representative of the Mexican older adult population, 
and 75% were women; therefore, the results are not 
generalizable to the rest of the Mexican population. 
Additionally, the sample was recruited virtually, and 
participants required knowledge of and access to digital 
media and devices, which does not reflect the reality of 
many older adults in Mexico. Furthermore, the majority 
had a high level of education, suggesting a potentially 
favorable sociocultural and economic background.

It is important to note that, during part of the data 
collection period, vaccination with the first dose for 
older adults had already begun (from February through 
May 2021), representing a different stage of the pan-
demic context in the country and potentially influenc-
ing participants’ perspectives. In addition, we do not 
know the specific characteristics of confinement or 
whether participants had the company of others.

Memory assessment via video call may have limited 
the evaluator’s ability to observe important details, 
such as in the Rey–Osterrieth figure subtest. It is also 
worth considering that what older adults report as 
memory alterations may in fact be attention problems, 
an aspect not evaluated in this study but that should 
be addressed in future research.

Conclusions

Lockdown and physical and social distancing during 
the COVID-19 pandemic favored the presence of mod-
erate and high levels of trait and state anxiety symp-
toms, which significantly affected episodic memory 
performance, particularly in the younger group, who 
showed greater vulnerability to emotional symptoms 
during the health emergency. Greater age was associ-
ated with better emotional control and, consequently, 
better episodic memory performance and a less nega-
tive self-perception of memory.
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Personalized weight improvement of 3D-printed testicular 
prostheses using polypropylene
Mejora del peso personalizada en prótesis testiculares impresas en 3D con polipropileno

Chuanfeng Liu1, Qian Meng2, Weikang Wang2, Di Chen2, Shouxia Cao2, Yongqiang Xia1,  
and Haifang Guan2*
1Department 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 cm³, 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

Objetivo: Desarrollar prótesis testiculares 3D en polipropileno (PP) personalizadas que repliquen los testículos naturales en 
tamaño, forma y peso. Método: Analizamos datos de dos pacientes con resección testicular. La densidad testicular (0.99 g/ml) se 
calculó usando tres especímenes (peso medio: 6.67 g). Las prótesis 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 ácido 
poliláctico (PLA) incluyeron análisis 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 prótesis de PP 
exitosas, mientras que dos fallaron por soportes inadecuados. Las prótesis 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 testículos naturales (p = 0.062), mientras que las de PLA (1.23 ± 0.01 g/ml) mostraron una des-
viación significativa (p < 0.001). Conclusiones: El PP permite fabricar prótesis testiculares 3D que cumplen los requisitos 
clínicos de tamaño, forma y peso, mejorando potencialmente la satisfacción del paciente.

Palabras clave: Prótesis e implantes. Impresión tridimensional. Procedimientos quirúrgicos urológicos masculinos. Polipropileno.
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Introduction

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. Trauma1-3. 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 disorders4,5.

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 al6. 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 cases7. 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 hardness8-10. 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 Narlicay11-13 
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/m² 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/m² 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 figure 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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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 

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 cm³, 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 

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 5.58 5.60 1.00

Testicle 3 9.13 9.00 1.01

Average 6.67 6.70 0.99

Figure 1. Data acquisition of reference testicles. A: testicular tissue completely enucleated during surgery. B: weighing the testicle. C: measuring 
the testicle volume.

A B C
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Table 2. 3D printing process and optimized parameter settings

Number Printing time (min) Prosthesis weight (g) 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 /

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 δ = 5, σ = 2.5, 1-β = 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 hardness8-10. 
Between 25.5 and 70% of patients reported the pros-
thesis being too hard14,15, 20-39% mentioned the posi-
tion being too high10,14, 19-37% found the size 
inappropriate16,17, 13-46% cited shape issues18,19, and 
10-38% noted the prosthesis being too heavy18,19. 
Notably, Coloplast’s Torosa™ – the sole Food and 
Drug Administration-approved testicular implant for 

Figure 2. Volume of the target testicular prosthesis. A: prosthesis length. B: prosthesis width.

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

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.

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.

both adults and children in the US and the global 
market leader – provides elliptical shapes with stan-
dardized sizing options but lacks weight specifica-
tions8. Despite advancements in 3D printing technology 
to address these limitations, weight optimization 
remains critically understudied. Skewes et al.11 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 
Narlicay12 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.13 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)9. 
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.11 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 achievements7. 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 prostheses20. 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 
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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 [CI], 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% CI, 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) más azitromicina (AZT) comparada con HCQ sola 
y con placebo en pacientes con COVID-19 leve para disminuir el riesgo de hospitalización. Método: Ensayo clínico 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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Introduction

At the end of December 2019, a new viral infection 
belonging to the Coronavirus family emerged in China1, 
which spread rapidly worldwide2. 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 option4,5.

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 activity6,7. On the other hand, AZT is a 
macrolide antibiotic, which has shown anti-inflamma-
tory and antiviral effects in vitro8, which is why it was 
proposed as an accessible and cost-effective option 
for SARS-CoV-2 infection9.

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-
tent10,11, which is attributed to the delayed initiation of 
treatment12. 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 hospitalizations13.

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 Mexico14. 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 

cada 12 horas por 5 días, seguido por HCQ 200 mg cada 12 horas por 5 días; (2) HCQ 200 mg cada 12 horas por 10 días; 
o (3) placebo cada 12 horas por 10 días. Resultados: Se incluyeron 92 participantes. La incidencia de hospitalización 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 
progresión de la enfermedad fue mayor en el grupo de HCQ. El riesgo de neumonía fue mayor en el grupo de HCQ que en 
el de placebo (RR = 3.33; IC 95%: 1.01-10.9). No se observó alargamiento del segmento QT en los grupos que recibieron 
HCQ + AZT y HCQ. Conclusiones: El uso de HCQ + AZT no disminuyó el riesgo de hospitalización; el uso de HCQ incre-
mentó el riesgo de progresión y de neumonía.

Palabras clave: SARS-CoV-2. Hidroxicloroquina. Azitromicina. Hospitalización. Ensayo clínico controlado.
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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 
pneumonia15, 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 α 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 population16.

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, tempera-
ture, oxygen saturation, NEWS, glucose, urea, lactic 
dehydrogenase, gamma-glutamyl transpeptidase, 
transaminases, serum iron, neutrophils and 
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platelets, and 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 interval17. 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, 
pneumonia, or disease progression.

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% CI, 0.80-6.74; p = 0.10), figure 2, and 
the RR for the HCQ group versus placebo was 
3.25  (95% CI, 1.19-8.87; p = 0.01). Even though 
there was a statistically significant risk for develop-
ing pneumonia in the HCQ group compared to the 
placebo group (RR = 3.33 [CI 95% 1.10, 10.9; p = 
0.02]), the pneumonia incidence was 30% (9/30) in 
the HCQ + AZT group, 32.2% (10/31) in the HCQ 
group and 9.6% (3/31) in the placebo group. The 
fixed combination of HCQ + AZT did not benefit 
compared to placebo. The frequency of patients 
who required supplemental oxygen was 20% (6/30) 
in the HCQ+ AZT group, 6.4% (2/31) in the HCQ 
group, and 3.2% (1/31) in the placebo group. There 
were no significant differences between the groups. 
There was no statistical difference 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%, 
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Enrollment

Assessed for
eligibility (n = 245)

Excluded (n = 153)
– Not meeting inclusion criteria (n = 51)
– Declined to participate (n = 30)
– Negative RT-PCR (n = 72)

Randomized (n = 92)Allocation

HCQ (n = 31) HCQ+AZT (n = 30) Placebo (n = 31)

Received allocated
intervention (n = 31)

Received allocated
intervention (n = 31)

Received allocated
intervention (n = 31)

Follow-Up

Analysis

Lost to follow-up (n = 2)
– Hospitalization
Discontinued intervention (n = 5)
– 4 withdrawal of consent
– 1 medication error

Lost to follow-up (n = 0)Lost to follow-up (n = 0)
Discontinued intervention (n = 1)
1 withdrawal of consent

Analysed (n = 31)
– Excluded from analysis (n = 0)

Analysed (n = 30) ¨ Excluded
from analysis (n = 0)

Analysed (n = 31)
– Excluded from analysis (n = 0)

Figure 1. Consolidated standards of reporting trials flow diagram of the study.

and hypertriglyceridemia with a rate of 3.8%. Adverse 
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 conducted18.

The study population consisted of participants with 
mild COVID-19 who had a low risk of complications. 
Of whom, only 2% required hospitalization19.

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 
moderate COVID-19, which showed no significant dif-
ferences for any of the treatment groups in terms of 
hospitalization or mechanical ventilation20. 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 mortality11,21-25.
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Table 1. General characteristics according to treatment arm

Variables Total  
n = 92

HCQ  
n = 31

HCQ+AZT  
n = 30

Placebo  
n = 31

p

Age (years)b 37 (27.5‑50.5) 38 (24‑49.5) 41 (33.7‑49.5) 32 (24‑51) 0.34

Male sex (n,%)c 45 (48.9) 13 (41.9) 12 (40.0) 20 (64.5) 0.07

Comorbidities (n,%)c 25 (27.2) 9 (29.0) 7 (23.3) 9 (29.0) 1.0

Smoking (n,%)c 32 (34.8) 10 (32.3) 9 (30.0) 13 (41.9) 0.42

Time of evolution until treatment start (days)b 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/m2)b 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)b 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)a 117.7 ± 13.7 117.2 ± 13.9 117.0 ± 12.5 118.3 ± 14.7 0.93

Diastolic pressure (mmHg)a 78.6 ± 8.4 78.3 ± 8.1 78.5 ± 8.8 78.9 ± 8.8 0.97

Oxygen saturation (%)b 94 (93‑96) 95 (93.7‑96) 94 (92‑95) 94 (93‑96) 0.53

National early warning scoreb 1 (0, 2) 0.5 (0, 2) 1 (0, 2) 2 (0, 2) 0.43

PCR (CT)a 26.6 ± 4.7 26.2 ± 4.8 26.4 ± 4.9 27.1 ± 4.5 0.72

Glucose (mg/dL)b 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)a 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)b 196.6 (164.6‑221.1) 198.3 (158.4‑231.4) 194.5 (167.7‑217.5) 182.9 (166.5‑220.6) 0.97

Gamma glutamil transferasa (U/L)b 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)b 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)b 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)a 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)a 4.99 ± 1.49 5.1 ± 1.5 5.1 ± 1.6 4.8 ± 1.2 0.78

Neutrophils (K/L)b 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)a 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.4 0.99

Platelets (K/L)b 212 (172‑256.5) 212 (175‑257) 202 (157.7‑266) 218.5 (181‑257.5) 0.76
aData is presented as mean, standard deviation, and statistical was done was ANOVA.
bData is presented as median and interquartile range 25‑75 (IQR), statistical test was Kruskal-Wallis.
cData are presented as frequencies and percentages, statistical test was X2.
HCQ: hydroxychloroquine, AZT: azithromycin, IQR: interquartile range, ANOVA: analysis of variance.

Table 2. Efficacy of treatment for primary and secondary outcomes

Outcomes HCQ+AZT 
n = 30 (%)

HCQ  
n = 31 (%)

Placebo  
n = 31 (%)

HCQ+AZT versus 
placebo RR (CI 95%)

p HCQ versus placebo 
RR (95% IC)

p

Primary
Hospitalization 2 (6.7) 0 (0) 0 (0) NC ‑ NC ‑

Secondary outcomes
Progression
Pneumonia
Use of supplementary 
oxygen
Negative test on day 11a

9 (30)
9 (30)
6 (20)

21 (87.5)

13 (41.9)
10 (32.2)

2 (6.4)

27 (90)

4 (12.9)
3 (9.6)
1 (3.2)

30 (96.8)

2.32 (0.80, 6.74)
3.1 (0.92, 10.3)
6.2 (0.79, 48.4)

0.90 (0.76‑1.06)

0.10
0.06
0.10

0.30

3.25 (1.19, 8.87)
3.33 (1.01, 10.9)
2.0 (0.19, 20.9)

0.93 (0.81‑1.06)

0.01
0.02
0.61

0.354
aData were missing for seven patients in the group with HCQ+AZT. 
NC: not calculable; HCQ: hydroxychloroquine; AZT: azithromycin; RR: relative risk; CI: confidence interval.
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Figure  2. Efficacy of hydroxychloroquine + azithromycin versus  
placebo for secondary outcomes.

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

Outcomes Placebo 
n  = 31 (%)

Active 
treatment 
n = 61 (%)

RR p

Secondary
Progression
Pneumonia
Use of 
supplementary 
oxygen

4 (12.9)
3 (9.6)
1 (3.2)

22 (36.1)
19 (31)
8 (13.1)

0.35 (0.13, 0.94)
0.31 (0.09, 0.96)
0.24 (0.03, 1.87)

0.02
0.02
0.13

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 1.49 0.71 4.44 (1.08, 18.1) 0.03

HCQ+AZT 1.38 0.72 4.00 (0.96, 16.6) 0.06

Placebo Reference

R2 = 0.093

Step 2 HCQ 1.55 0.76 4.72 (1.06, 20.9) 0.04

HCQ+AZT 1.37 0.76 3.93 (0.88, 17.5) 0.07

Placebo Reference

Age (years) 0.05 0.02 1.05 (1.01, 1.09) 0.007

Comorbidities 0.12 0.58 1.13 (0.36, 3.56) 0.831

R2 = 0.212

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

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 symptoms26.

Our results on the lack of benefit for the different 
outcomes of the study contrast with the results 
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 mortality27.

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.27 analyzing the effect of chlo-
roquine on Chikungunya virus infection, who highlighted 
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 results27,28.

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 interval30. 
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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 
the end of the follow‑upa

416 (390‑434) 413 (387‑439) 421 (396‑430) 413 (384‑435) 0.903

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

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 gas-
trointestinal symptoms, characterized by nausea, vomit-
ing, pain, and abdominal distension. The sample size 
calculation was 105 participants. However, the study was 
stopped after the inclusion of 92 participants due to a 
decrease in the number of patients in Mexico before the 
third pandemic wave. Participants who received ivermec-
tin 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 pro-
gression. The use of HCQ and HCQ + AZT was associ-
ated with an increased risk of disease progression. The 
adverse events observed were mild and infrequent, pre-
dominantly consisting of gastrointestinal symptoms.
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Abstract

Objective: To assess the concordance between imaging findings and pathology results from biopsied breast lesions. Method: A ret-
rospective, 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 significant 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.

Resumen

Objetivo: Conocer la concordancia entre imagen y patología 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 utilizó estadística descriptiva e inferen-cial, 
aplicando el coeficiente kappa de Cohen para evaluar la concordancia entre imagen y patología. 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 institución: A 39%, 
B 62% y C 19%. La edad media fue de 34 años. El centro B destacó por uso de hormonoterapia (22%; p = 0.001). El centro 
C reportó menor escolaridad (4% analfabetismo) y el A mayor pobreza (88%). La biopsia escisional prevaleció en el centro C 
(73%). Conclusiones: La baja concordancia entre imagen y patología refleja disparidades institucionales. Se requiere mayor 
entrenamiento médico para optimizar la indicación y el análisis de biopsias mamarias.

Palabras clave: Lesiones mamarias. BI-RADS. Concordancia. Imagen. Patología.
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Introduction

Breast lesions represent a broad spectrum of altera-
tions ranging from benign nonproliferative lesions to 
invasive malignant neoplasms with metastatic poten-
tial. In gynecologic oncology practice, the diagnostic 
approach to these conditions constitutes a constant 
challenge due to their clinical, radiologic, and histo-
pathologic variability1-4.

Breast cancer is currently the most common malig-
nant neoplasm among women worldwide and the 
leading cause of cancer-related death in several coun-
tries, including Mexico. According to data from the 
Global Cancer Observatory (GLOBOCAN), in 2022 
there were 2,296,840 new cases worldwide, with 
666,103 attributable deaths. In Mexico, in the same 
year, 31,043 new cases of breast cancer and 8195 
deaths were reported, representing an incidence of 
39.9 and a mortality of 10.3 per 100,000 women5. This 
increasing trend has been attributed to numerous fac-
tors, including changes in reproductive patterns, 
greater exposure to endogenous and exogenous 
estrogens, sedentary lifestyle, obesity, and family his-
tory of cancer, among others6-9.

In this context, early detection represents one of the 
fundamental pillars for reducing mortality from this 
disease. Mammography is recognized as the method 
of choice for population screening due to its ability to 
identify lesions before they become palpable10-12. The 
BI-RADS (Breast Imaging Reporting and Data Sys-
tem) classification system, developed by the American 
College of Radiology in 1993, has standardized the 
interpretation of mammographic findings, categorizing 
lesions according to their probability of malignancy 
and thereby guiding clinical decisions13-16.

Diagnostic mammography reported according to BI-
RADS allows identification of suspicious lesions (cat-
egories 4 and 5)17,18. These include findings such as 
microcalcifications, nodules, asymmetries, or archi-
tectural distortion18-23. BI-RADS categories 4 and 5 
correspond to suspicious lesions and must be studied 
by biopsy to confirm or rule out malignant neo-
plasm13,24. Core needle biopsy is the ideal method 
indicated for solid lesions. Fine-needle aspiration 
biopsy has markedly decreased in use, with overall 
sensitivity ranging from 25% to 86.4%; currently, it is 
reserved for special situations such as evacuation of 
palpable cysts or biopsy of axillary lymph nodes19,25-28. 
In the study by Aziz et al.29 invasive ductal carcinoma 
and ductal carcinoma in situ were reported as the 

most frequent neoplasms, whereas fibroadenoma and 
intraductal papilloma were the most common benign 
lesions.

Recent studies have documented considerable vari-
ability in the interpretation of imaging findings between 
institutions and even among healthcare professionals, 
which may directly impact the indication of invasive 
procedures such as breast biopsy27-30. Imaging–
pathology correlation, that is, the degree of concor-
dance between the radiologic finding (BI-RADS) and 
the definitive histopathologic diagnosis, has emerged 
as a crucial tool for evaluating the quality of the diag-
nostic process in breast disease. Adequate concor-
dance not only validates the appropriateness of biopsy 
indication but also improves clinical efficiency, reduces 
costs, and avoids unnecessary interventions30,31.

Despite efforts to standardize the diagnostic man-
agement of suspicious breast lesions, inequalities per-
sist in Mexico regarding access to imaging services, 
physician training, and availability of technological 
resources32. This heterogeneity may translate into sig-
nificant differences in diagnostic quality and patient 
outcomes, particularly in public health institutions or 
those not directly specialized in breast oncology. Mul-
ticenter evaluation of imaging-pathology concordance 
offers a unique opportunity to identify these dispari-
ties and generate evidence to optimize clinical prac-
tice nationwide.

The present study arises from the need to evaluate 
this concordance in three Mexican institutions provid-
ing specialized gynecologic care but not serving as 
referral centers for malignant neoplasms.

Method

We conducted a retrospective, observational, ana-
lytical, and comparative study in patients with abnor-
mal mammographic findings who underwent breast 
biopsy between January 2019 and July 2024 in three 
institutions (A, B, and C). Records lacking complete 
information for study purposes were excluded. Clinical 
variables, BI-RADS stratification, and disease results 
were identified.

Statistical analysis

Measures of central tendency were calculated using 
medians and ranges for continuous variables, and 
absolute and relative frequencies for qualitative vari-
ables. Comparative analysis between groups was per-
formed using the Mann–Whitney U test, Wilcoxon 
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rank-sum test, χ2 test, or Fisher’s exact test, depend-
ing on variable type. Cohen’s kappa was used to 
determine concordance between imaging findings and 
pathology results. A significant difference was defined 
as p < 0.05. Statistical analysis was performed using 
IBM SPSS Statistics Version 24. The study was 
approved by the Research and Ethics Committee of 
center A (reference A, -0021-2024).

Results

A total of 434 patients were identified and included 
(248 in A, 85 in B, and 101 in C) who met inclusion 
and exclusion criteria. The mean age was 34  years 
(range: 13-87). When comparing institutions, statisti-
cally significant differences were observed: patients 
in A were significantly younger (34.6 years) than those 
in B (42.6 years) and C (48.6 years) (p = 0.001), with 
age differences of up to 14 years; however, no signifi-
cant difference was observed between C and B 
(p = 0.858).

Center B reported lower educational level (4% illit-
eracy), and center C reported higher poverty rates 
(88%). Smoking as a risk factor was identified in 19% 
of patients in center A. Regarding body mass index 
(according to World Health Organization classifica-
tion), 39% (n = 96) in A were overweight, 48% (n = 41) 
in B, and 43% (n = 43) in C. Center B stood out for 
higher use of hormone replacement therapy (22%) 
compared with the other two centers (p = 0.001) 
(Table 1).

Regarding BI-RADS imaging reports, BI-RADS 2 
lesions were reported in 2% (n = 5) in A, 11% (n = 9) 
in B, and 6% (n = 6) in C. BI-RADS 3 reports accounted 
for 71% (n = 175) in A, 48% (n = 41) in B, and 6% 
(n = 6) in C. BI-RADS 4A reports corresponded to 
22% in A, 18% (n = 15) in B, and 29% (n = 29) in 
C. BI-RADS 4B reports were 3% (n = 8) in A, 14% 
(n = 12) in B, and 36% (n = 36) in C. No BI-RADS 4C 
reports were recorded in A, whereas they accounted 
for 2% (n = 2) in B and 15% (n = 9) in C. BI-RADS 5 
reports were 2% (n = 4) in A, 7% (n = 6) in B, and 9% 
(n = 9) in C (Table 2).

The most frequently used biopsy type was fine-
needle aspiration biopsy in A (39%, n = 97) and core 
needle biopsy in B (40%, n = 34); notably, excisional 
biopsy was the most frequently performed procedure 
in C (73%, n = 74) (p = 0.0001).
Final pathology reports (Table 3) showed:
-	 Fibroadenoma: 69% (n = 170) in A, 44% (n = 37) 

in B, and 35% (n = 35) in C.

-	 Fibrocystic mastopathy: 2% (n = 6) in A, 7% 
(n = 6) in B, and 0% in C.

-	 Carcinoma in situ: 1% (n = 2) in A, 4% (n = 3) in 
B, and 9% (n = 9) in C.

-	 Invasive carcinoma: 6% (n = 14) in A, 14% 
(n = 12) in B, and 19% (n = 19) in C.

Other benign results were reported in 19% (n = 47) 
in A, 29% (n = 25) in B, and 27% (n = 27) in C. Other 
malignant results were reported in 3% (n = 7) in A, 
1% (n = 1) in B, and 7% (n = 7) in C.

Overall imaging-pathology concordance was only 
43%. By institution, concordance was 39% in A, 62% 
in B, and 19% in C.

Discussion

Breast lesions encompass a broad spectrum of 
alterations, from benign nonproliferative changes to 
advanced breast cancer. Imaging-pathology correla-
tion is an essential tool in clinical decision-making; 
however, it may vary significantly between institutions, 
particularly those that are not referral centers for 
breast cancer diagnosis and treatment33,34.

Recent studies have demonstrated the usefulness 
of the BI-RADS system for stratifying malignancy risk, 
particularly in subcategories 4A, 4B, and 4C, which 
show progressively increasing malignancy rates33,34. 
In this study, concordance between BI-RADS catego-
ries and histopathological findings was evaluated in 
patients with abnormal mammography or ultrasound 
studies who underwent biopsy at three specialized 
gynecology institutions that are not oncologic referral 
centers.

A total of 434 patients were included, most of whom 
were treated at Center A (57.1%, n = 248), followed by 
Center C (23.3%, n = 101) and Center B (19.6%, 
n = 85). This distribution may be explained by the 
nature of Center A as a regional referral hospital serv-
ing a large population in the southeastern region of 
the country. In contrast, Centers B and C have more 
specific admission criteria.

During the analysis, significant differences were 
observed both in the distribution of BI-RADS catego-
ries and in the concordance between imaging and 
disease, suggesting variability in diagnostic practice 
among institutions. At Center A, for example, patients 
were significantly younger, which may be related to its 
role as a high-volume regional hospital, resulting in 
biopsies being performed in younger women than 
reported in other studies, such as that of Arruel Cara-
veo et al.35 which reported a mean age of 53 years, 
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consistent with the peak incidence of breast cancer in 
Mexico.

Although age alone is not directly associated with 
a higher or lower risk of malignancy, it may influence 
the sensitivity of imaging studies, since dense breasts 
in younger women make radiological interpretation 
more difficult. Moreover, breast cancer in younger 
women tends to be more aggressive and associated 
with a poorer prognosis36. This may lead to more inter-
ventional clinical decisions in cases of doubtful 
lesions.

Regarding the distribution of BI-RADS categories, 
BI-RADS 3 predominated at Center A (40.3%), 
whereas at Center C high-suspicion BI-RADS catego-
ries were mainly observed (approximately 90%). Cen-
ter B showed an intermediate profile, with predominance 
of BI-RADS 4A and 4B and also a high proportion of 
BI-RADS 3 (48%).

In contrast to the study by Arruel Caraveo et al.35 in 
which most biopsies corresponded to BI-RADS 4A 
(55.9%) and only 17% to BI-RADS 3, in our study 
biopsies were performed on a greater number of 

Table 1. Demographic characteristics of the subjects

Characteristics A 
(n = 248)

B 
(n = 85)

C 
(n = 105)

p

Age, years (range) 34 (13‑67) 42 (18‑76) 48 (21‑81)

Body mass index
18‑24.99
25‑29.99
30‑34.99
35‑39.99
≥ 40

85 (34%)
96 (39%)
51 (21%)
13 (5%)
3 (1%)

28 (33%)
41 (48%)
10 (12%)

3 (3%)
3 (3%)

24 (24%)
43 (43%)
28 (28%)

5 (5%)
1 (1%)

0.128

Smoking
Yes
No

48 (19%)
200 (81%)

10 (12%)
75 (88%)

8 (8%)
93 (92%)

0.016

Alcohol use
Yes
No

43 (17%)
205 (82%)

17 (20%)
68 (80%)

16 (16%)
85 (84%)

0.754

Physical activity
Yes
No

44 (18%)
204 (82%)

12 (15%)
73 (85%)

9 (9%)
92 (91%)

0.107

Family history of breast cancer
Yes
No

37 (15%)
211 (85%)

23 (27%)
62 (73%)

9 (9%)
92 (91%)

0.002

Hormone replacement therapy
Yes
No

10 (4%)
238 (96%)

19 (22%)
66 (78%)

6 (6%)
95 (94%)

0.001

Education level
None
Primary
Secondary
High school
Bachelor’s degree

1 (1%)
49 (20%)

115 (46%)
58 (23%)
25 (10%)

0 (0%)
7 (8%)

37 (43%)
34 (40%)

7 (9%)

4 (4%)
19 (19%)
48 (48%)
19 (19%)
11 (10%)

0.0002

Socioeconomic level
Low
Middle
Lower‑middle

219 (88%)
13 (5%)
16 (6%)

61 (72%)
21 (25%)

3 (3%)

63 (62%)
13 (13%)
25 (25%)

0.0001

Type of biopsy
Fine‑needle aspiration
Core needle
Ultrasound‑guided
Stereotactic
Excisional

97 (39%)
63 (25%)

8 (4%)
5 (2%)

75 (30%)

18 (21%)
34 (40%)

1 (1%)
0 (0%)

32 (38%)

3 (3%)
21 (21%)

1 (1%)
2 (2%)

74 (73%)

0.0001
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lesions classified as BI-RADS 3. This difference may 
be explained by institutional and sociocultural factors, 
as well as by the absence of strong referral and coun-
ter-referral mechanisms within the health system. At 
Center A, in particular, many biopsies were requested 
directly by patients, motivated by fear of breast cancer 
and the perception of limited access to medical follow-
up. This situation compromises adherence to criteria 
established by the American College of Radiology.

When histopathological results were analyzed, 
91.7% of lesions classified as BI-RADS 2, 3, 4A, and 
4B were benign, whereas in categories 4C and 5, 
48.4% were malignant. Although this result is consis-
tent with the progressive risk trend, the proportion of 
malignancy in category 5 was lower than expected (> 
95%)35. This could reflect overdiagnosis and lack of 
timely follow-up, leading to biopsies being performed 
even in cases of minimal suspicion.

Compared with the study by Arruel Caraveo et al.35 
which reported 95% benignity in low-  to moderate-
suspicion categories and 60.4% malignancy in 

BI-RADS 4C and 5, our results are slightly lower. 
However, that study reported a sensitivity of 0.99 and 
a specificity of 0.91, indicating high diagnostic perfor-
mance of the BI-RADS system when used appropriately.

In our study, overall concordance between BI-RADS 
and histopathology (benign vs. malignant) was moder-
ate, with a kappa coefficient of 0.43 (p < 0.001), dem-
onstrating both limitations of the system and possible 
deficiencies in radiologic interpretation. This situation 
may be exacerbated by delays in performing biopsies, 
delivering pathology results, and initiating treatment, 
ultimately negatively impacting quality of care.

Regarding concordance by center, at Center A, of 
235 BI-RADS lesions of low to moderate suspicion, 
93.1% were benign and 6.9% malignant. In the high-
suspicion group, 61.5% were malignant. A  kappa 
value of 0.391 (p < 0.001) was obtained, indicating 
weak to moderate concordance. It is concerning that 
16 malignant lesions were found in the low-suspicion 
group, compromising the specificity of the BI-RADS 
lexicon, while five benign lesions underwent unneces-
sary biopsy in the high-suspicion group, which is less 
concerning than the opposite scenario.

At Center B, moderate to good concordance was 
observed, with a kappa value of 0.62 (p < 0.001). In 
the low-  to moderate-suspicion group, 93.8% were 
benign and 6.2% malignant. In the high-suspicion 
group, 65% were malignant. Although the results are 
more consistent, unnecessary biopsies were still 
observed in BI-RADS 3, which is expected since BI-
RADS 3 is not an indication for biopsy.

Finally, Center C showed the lowest concordance, 
with a kappa value of 0.18 (p = 0.030). In the low- to 
moderate-suspicion group, 19.5% of biopsies were 
malignant, whereas in the high-suspicion group only 
40% were malignant. This indicates overestimation of 
risk in many lesions, highlighting the need to improve 
radiologic evaluation quality.

A study conducted at the Instituto Mexicano del 
Seguro Social in 2020 found even lower concordance 
(overall index: 0.2), with very low values in BI-RADS 
4A and 4B and moderate values in 4C, reinforcing 
evidence of suboptimal image interpretation at differ-
ent levels of the health system37. These findings have 
not only clinical implications but also profound social 
repercussions.

Fragmentation of the health system, lack of stan-
dardized protocols, insufficient continuous training of 
medical personnel, and limited technological 
infrastructure result in unequal access to accurate and 

Table 3. Histopathologic report

Diagnosis A B C

Fibroadenoma 170 (68%) 37 (44%) 35 (35%)

Fibrocystic mastopathy 6 (2%) 6 (7%) 0 (0%)

Papilloma 2 (1%) 1 (1%) 4 (4%)

Carcinoma in situ 2 (1%) 3 (4%) 9 (9%)

Invasive carcinoma 14 (6%) 12 (14%) 19 (19%)

Others (benign) 47 (19%) 25 (29%) 27 (26%)

Others (malignant) 7 (3%) 1 (1%) 7 (7%)

Total 248 (100%) 85 (100%) 101 (100%)

Table 2. Cases referred for biopsy

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%)
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timely diagnoses, especially for women in more vul-
nerable sectors.

When diagnostic decisions are influenced more by 
lack of follow-up, fear of cancer, or social pressure 
than by well-founded clinical criteria, a chain of unnec-
essary interventions is generated, increasing the emo-
tional, economic, and physical burden on patients. 
Conversely, underestimation of malignant lesions in 
institutions with lower concordance may translate into 
diagnostic delays, late treatment, and increased 
mortality.

This dual aspect of the problem-overdiagnosis on 
one hand and underdiagnosis on the other – reflects 
a structural crisis in which women, particularly those 
with limited access to information or resources, are 
most affected.

In this context, improving diagnostic accuracy 
should not be understood solely as a technical or 
academic challenge but as an imperative of health 
equity. Decision-makers must recognize that ensuring 
proper interpretation of breast imaging studies is also 
a matter of social justice, as it reduces diagnostic 
uncertainty, improves system efficiency, and above all 
protects the health and dignity of thousands of women 
facing the fear of breast cancer in a system still 
marked by inequalities38.

Conclusions

Our study demonstrates a positive trend between 
increasing BI-RADS category and probability of malig-
nancy in histopathological reports; however, the pres-
ence of malignant results in categories traditionally 
considered low risk (such as BI-RADS 2) underscores 
limitations in interpretation and the need for a com-
prehensive diagnostic approach.

Interinstitutional variability and discrepancies in 
diagnostic quality highlight the importance of imple-
menting continuous educational strategies and 
advanced technologies to improve diagnostic accu-
racy. In addition, the high proportion of biopsies in 
young women raises critical questions regarding 
biopsy indications at early ages and their cost–benefit 
relationship.

Interobserver variability represents an important 
limitation that could be assessed in future research, 
potentially supported by systems incorporating artifi-
cial intelligence and machine learning, which are cur-
rently emerging as tools to strengthen diagnostic 
standardization and optimize clinical decision-making, 

minimizing unnecessary procedures and ensuring that 
high-risk patients receive timely interventions.
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Implementation of pre- and post-COVID pandemic outcomes  
of colon cancer patients undergoing colectomies
Aplicación de los resultados pre- y pospandemia de COVID-19 en pacientes con cáncer 
de colon sometidos a colectomía

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 (FI), 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 FI 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%CI: 0.331-1.393; p = 0.007) and in CCI (OR: 0.067; 95% CI: 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 
CCI for comorbidities might be helpful tools to identify post-operative mortality of colectomies.

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

Resumen

Objetivo: Evaluar la clínica y la patología de las colectomías electivas y de urgencia por cáncer de colon, correlacionando 
los índices pronósticos con los resultados pre- y pospandemia de COVID- 19. Método: Se analizaron 250 casos de colecto-
mía entre 2017 y 2021, incluyendo marcadores pronósticos como la clasificación de Clavien-Dindo (CDC), el índice de fragi-
lidad (FI), el índice HALP y el índice de comorbilidad de Charlson (CCI). Resultados: La CDC de grado 2 predominó en 
ambos periodos para los pacientes (p = 0.014) y los casos electivos (p = 0.006), no así para el FI y el HALP. Se observó una 
mayor invasión 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) afectó a la tasa de mortalidad 
pandémica. Conclusiones: Los análisis revelaron influencias a corto plazo de la pandemia de COVID-19 en la atención 
quirúrgica de los pacientes con cáncer de colon. El tratamiento quirúrgico de la comorbilidad, la CDC para las complicaciones 
y el CCI para la comorbilidad podrían ser herramientas útiles para identificar la mortalidad posoperatoria de las colectomías.

Palabras clave: Cáncer de colon. Colectomía. Morbilidad. Índice de fragilidad.
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Introduction

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 emergency1,2. 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 
illness2,3. 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 postponed3. 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 therapy4. 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 
COVID-19-associated complications and mortality5. 
Therefore, there is a need to minimize the risk of 
COVID-19 positive patients for elective surgery and to 
introduce prioritization and additional safety measures 
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 cancers6. Other indexes are 
the pre-operative Frailty index (FI) 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 index7,8. CCI 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 weight1-6, 
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 (CCI; < 4 and ≥ 4). 
CCI has been adapted and verified as applicable and 
valid for predicting the outcome and risk of death from 
the colon cancer9. 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, 103/mm3], white blood cells 
[WBC] count [109/L], C-reactive protein [CRP], neutro-
phil [cells/mm3], lymphocyte [cells/mm3] 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 II; moderately dif-
ferentiated, Grade  III; severe), tumor diameter, total 
number of resected lymph nodes (LN), and number of 
patients with positive LN involvement was examined. 
The 8th 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) × 
albumin (g/L) × 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 FI, respec-
tively. All complications were graded according to the 
CDC10, 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 grade11.

The comorbidities were also stratified by modified 
FI, which included five features as 5-mFI: CHF, chronic 
obstructive pulmonary disease, HT requiring medica-
tion, diabetes, and non-independent functional status. 
The 5-mFI score was measured by multiplying each 
number of frailty features (1 point per each existence; 
0-5 points). Patients were categorized into three 
groups (mFI = 0, mFI = 1, and mFI ≥ 2)12.

The last scoring system we used in this study was 
CCI, 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 



Cirugía y Cirujanos (Eng). 2026;94(1)

82

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 III 
(44.1%), and of post-COVID patients were at ASA II 
(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).

Table 1. Demographic and baseline features of patients

Findings of 
patients

All colon cancer patients p Emergency cases p Elective cases p

Total 
(n = 250)

Pre‑COVID 
(n = 188)

Post‑COVID 
(n = 62)

Pre‑COVID 
(n = 87)

Post‑COVID 
(n = 30)

Pre‑COVID 
(n = 101)

Post‑COVID 
(n = 32)

Age, year 
(X ± SD)

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

Gender, n (%)
Male
Female

144 (57.6)
106 (42.4)

111 (59.0)
77 (41.0)

33 (53.2)
29 (42.8)

0.512 52 (59.8)
35 (40.2)

13 (43.3)
17 (56.7)

0.177 59 (58.4)
42 (41.6)

20 (62.5)
12 (37.5)

0.839

ASA, n (%)
1
2
3
4

32 (12.8)
97 (38.8)

109 (43.6)
12 (4.8)

28 (14.9)
65 (34.6)
83 (44.1)
12 (6.4)

4 (6.5)
32 (51.6)
26 (41.9)

0 (0.0)

0.018
12 (13.8)
28 (32.2)
39 (44.8)

8 (9.2)

2 (6.7)
17 (56.7)
11 (36.7)

0 (0.0)

0.057
16 (15.8)
37 (36.6)
44 (43.6)

4 (4.0)

2 (6.2)
15 (46.9)
15 (46.9)

0 (0.0)

0.304

BMI, n (%)
1
2
3
4

80 (32.0)
123 (49.2)
38 (15.2)
38 (15.2)

52 (27.7)
95 (50.5)
32 (17.0)

9 (4.8)

28 (45.2)
28 (45.2)

6 (9.7)
0 (0.0)

0.025 29 (33.3)
38 (43.7)
15 (17.2)

5 (5.7)

3 (43.3)
14 (46.7)
3 (10.0)
0 (0.0)

0.369 23 (22.8)
57 (56.4)
17 (16.8)

4 (4.0)

15 (46.9)
14 (43.8)

3 (9.4)
0 (0.0)

0.049

Complications, 
n (%)

Major 
Minor

25 (10.0)
36 (14.4)

20 (10.6)
31 (16.5)

5 (8.1)
5 (8.1)

0.153
0.733

20 (23.0)
17 (19.5)

4 (13.3)
3 (10.0)

0.360
0.386

3 (3.0)
11 (10.9)

2 (6.2)
1 (3.1)

0.751
0.326

Frailty index
mFI = 0
mFI = 1
mFI ≥ 2

95 (38.0)
63 (25.2)
92 (36.8)

72 (38.3) 
46 (24.5)
70 (37.2)

23 (37.1)
17 (27.4)
22 (35.5)

0.897 39 (44.8)
19 (21.8)
29 (33.3)

9 (30.0)
8 (26.7)
13 (43.3)

0.360 33 (32.7)
27 (26.7)
41 (40.6)

14 (43.8)
9 (28.1)
9 (28.1)

0.393

CDC, n (%)
1
2
3
4
5

78 (31.2)
108 (43.2)
38 (15.2)

4 (1.6)
22 (8.8)

58 (30.9)
76 (40.4)
33 (17.6)

1 (0.5)
20 (10.6)

20 (32.3)
32 (51.6)

5 (8.1)
3 (4.8)
2 (3.2)

0.014
12 (13.8)
36 (41.4)
22 (25.3)

0 (0.0)
17 (19.5)

9 (30.0)
14 (46.7)
4 (13.3)
2 (6.7)
1 (3.3)

0.006
46 (45.5)
40 (39.6)
11 (10.9)

1 (1.0)
3 (3.0)

11 (34.4)
18 (56.2) 

1 (3.1)
1 (3.1)
1 (3.1)

0.329

CCI (X ± SD) 3.49 ± 1.88 3.11 ± 1.56 3.62 ± 1.97 0.067 3.80 ± 2.00 3.23 ± 1.59 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; CCI: charlson comorbidity index.
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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 FI 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 II 
(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 2. Laboratory findings of patients

Laboratory 
findings

All colon cancer patients p Emergency cases p Elective cases p

Total
(n = 250)

Pre‑COVID
(n = 188)

Post‑COVID 
(n = 62)

Pre‑COVID 
(n = 87)

Post‑COVID 
(n = 30)

Pre‑COVID 
(n = 101)

Post‑COVID 
(n = 32)

Albumin 3.77 ± 0.62 3.72 ± 0.61 3.89 ± 0.63 0.064 3.66 ± 0.68 3.84 ± 0.78 0.243 3.78 ± 0.54 3.94 ± 0.45 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 0.591 29.5036 ± 42 24.77 ± 29.17 0.505

WBC 9.88 ± 3.91 9.68 ± 3.67 10.48 ± 4.52 0.163 10.43 ± 4.41 12.41 ± 4.82 0.040 9.04 ± 2.77 8.67 ± 3.38 0.536

Lymphocyte 1.90 ± 0.98 1.86 ± 0.92 2.01 ± 1.14 0.271 1.63 ± 0.84 2.03 ± 1.44 0.064 2.05 ± 0.94 2.00 ± 0.79 0.759

Neutrophil 7.05 ± 3.62 6.92 ± 3.39 7.43 ± 4.27 0.339 7.94 ± 3.83 9.23 ± 4.72 0.137 6.04 ± 2.67 5.74 ± 2.98 0.587

Platelets 
(X ± SD)

330.6 ± 109.3 329.6 ± 106.5 333.7 ± 118.1 0.797 334.9 ± 99.2 366.1 ± 115.6 0.157325.0 ± 112.6 303.3 ± 114.0 0.346

MPV 9.97 ± 1.23 10.01 ± 1.29 9.85 ± 1.02 0.367 10.09 ± 1.37 9.81 ± 1.10 0.315 9.94 ± 1.22 9.88 ± 0.97 0.800

Hemoglobin 11.67 ± 2.29 11.71 ± 2.20 11.56 ± 2.55 0.654 12.05 ± 2.37 11.82 ± 2.91 0.672 11.42 ± 2.00 11.32 ± 2.18 0.800

HALP score 
(X ± SD)

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

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.
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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 

Table 3. Clinicopathological features of patients

Surgical findings All colon cancer patients p Emergency cases p Elective cases p

Total 
(n = 250)

Pre‑COVID 
(n = 188)

Post‑ COVID
(n = 62)

Pre‑COVID 
(n = 87)

Post‑ COVID
(n = 30)

Pre‑COVID 
(n = 101)

Post‑ COVID

(n = 32)

Location, n (%)
Right 
Left

 
108 (43.2)
142 (56.8)

77 (41.0)
111 (59.0)

 
31 (50.0)
31 (50.0)

 
0.272

 

 
33 (37.9)
53 (62.1)

 
13 (43.3)
17 (56.7)

 
0.76

 

 
44 (43.6)
57 (56.4)

 
18 (56.2)
14 (43.8)

 
0.294

 

Procedure, n (%)
Left Hemicolectomy
Right Hemicolectomy
Subtotal colectomy
Anterior resection

 
106 (42.4)
47 (18.8)

5 (2.0)
92 (36.8)

 
38 (20.2)
77 (41.0)

4 (2.1)
69 (36.7)

 
9 (14.5)

29 (46.8)
1 (1.6)

23 (37.1)

 
 

0.743
 
 

 
22 (25.3)
33 (37.9)

2 (2.3)
30 (34.5)

 
8 (26.7)
13 (43.3)

0 (0.0)
9 (30.0)

 
 

0.8
 
 

 
16 (15.8)
44 (43.6)

2 (2.0)
39 (38.6)

 
1 (3.1)

16 (50.0)
1 (3.1)

14 (43.8)

 
 

0.308
 
 

Stoma, n (%)
None
Ileostomy
Colostomy
Ileus, n (%)
Ascites, n (%)
Diameter (X ± SD)
Perineural invasion, n (%)
Lymphatic invasion, n (%)
Adjacent organ 
invasion, n (%)

 
194 (77.9)

15 (6.0)
40 (16.1)

118 (47.2)
19 (7.6)

5.59 (2.72)
104 (41.6)
175 (70.0)
45 (18.0)

 
141 (75.0)

14 (7.4)
33 (17.6)
90 (47.9)
18 (9.6)

5.49 (2.27)
73 (38.8)

131 (69.7)
34 (18.1)

 
53 (86.9)

1 (1.6)
7 (11.5)

28 (45.2)
1 (1.6)

5.89 (3.79)
31 (50.0)
44 (71.0)
11 (17.7)

 
0.107

 
 

0.823
0.076
0.319
0.162
0.975

1

 
48 (55.2)
11 (12.6)
28 (32.2)
84 (96.6)
14 (16.1)

5.66 (1.95)
53 (60.9)
77 (88.5)
24 (27.6)

 
22 (75.9)

0 (0.0)
7 (24.1)
27 (90.0)

0 (0.0)
6.62 (4.80)
18 (60.0)
26 (86.7)
9 (30.0)

 
0.059

 
 

0.356
0.044
0.128

1
1

0.986

 
93 (92.1)

3 (3.0)
5 (5.0)
6 (5.9)
4 (4.0)

5.35 (2.51)
20 (19.8)
54 (53.5)
10 (9.9)

 
31 (96.9)

1 (3.1)
0 (0.0)
1 (3.1)
1 (3.1)

5.21 (2.40)
13 (40.6)
18 (56.2)

2 (6.2)

 
0.439

 
 

0.867
1.000
0.788
0.032
0.943
0.784

Grade, n (%)
1
2
3

 
29 (11.6)

186 (74.4)
35 (14.0)

 
23 (12.2)

136 (72.3)
29 (15.4)

 
6 (9.7)

50 (80.6)
6 (9.7)

 
0.408

 
 

 
7 (8.0)

61 (70.1)
19 (21.8)

 
3 (10.0)
23 (76.7)
4 (13.3)

 
0.59

 
 

 
16 (15.8)
75 (74.3)
10 (9.9)

 
3 (9.4)

27 (84.4)
2 (6.2)

 
0.498

 
 

T stage, n (%)
0
1
2
3
4

 
2 (0.8)
5 (2.0)

14 (5.6)
103 (41.2)
126 (50.4)

 
2 (1.1)
4 (2.1)

11 (5.9)
80 (42.6)
91 (48.4)

 
0 (0.0)
1 (1.6)
3 (4.8)

23 (37.1)
35 (56.5)

 
 

0.783
 
 
 

 
0 (0.0)
0 (0.0)
2 (2.3)

30 (34.5)
55 (63.2)

 
0 (0.0)
0 (0.0)
1 (3.3)
8 (26.7)
21 (70.0)

 
 

0.715
 
 
 

 
2 (2.0)
4 (4.0)
9 (8.9)

50 (49.5)
36 (35.6)

 
0 (0.0)
1 (3.1)
2 (6.2)

15 (46.9)
14 (43.8)

 
0.854

 
 
 
 

N stage, n (%)
0
1
2

 
95 (38.0)
98 (39.2)
57 (22.8)

 
69 (36.7)
73 (38.8)
46 (24.5)

 
26 (41.9)
25 (40.3)
11 (17.7)

 
0.525

 
 

 
16 (18.4)
40 (46.0)
31 (35.6)

 
10 (33.3)
13 (43.3)
7 (23.3)

 
0.191

 
 

 
53 (52.5)
33 (32.7)
15 (14.9)

 
16 (50.0)
12 (37.5)
4 (12.5)

 
0.865

 
 

M stage, n (%)
0
1

 
206 (82.4)
44 (17.6)

 
151 (80.3)
37 (19.7)

 
55 (88.7)
7 (11.3)

 
0.046

 
56 (64.4)
31 (35.6)

 
26 (86.7)
4 (13.3)

 
0.039

 

 
88 (87.1)
13 (12.9)

 
30 (93.8)

2 (6.2)

 
0.477

 
 

Stage, n (%)
0
1
2
3
4

 
2 (0.8)

15 (6.0)
71 (28.4)

110 (44.0)
52 (20.8)

 
2 (1.1)

11 (5.9)
50 (26.6)
80 (42.6)
45 (23.9)

 
0 (0.0)
4 (6.5)

21 (33.9)
30 (48.4)
7 (11.3)

 
 

0.24
 
 
 

 
0 (0.0)
1 (1.1)

11 (12.6)
44 (50.6)
31 (35.6)

 
0 (0.0)
1 (3.3)
7 (23.3)
17 (56.7)
5 (16.7)

 
 

0.168
 
 
 

 
2 (2.0)
10 (9.9)
39 (38.6)
36 (35.6)
14 (13.9)

 
0 (0.0)
3 (9.4)

14 (43.8)
13 (40.6)

2 (6.2)

 
 

0.711
 
 
 

LN, n (%)
Total

Positive

 
26.04  

(14.40)
2.73  

(5.66)

 
26.73  

(15.32)
2.85  

(5.45)

 
23.94  

(10.97)
2.35  

(6.28)

 
0.186

0.55

 
24.14  

(13.40)
4.31  

(7.06)

 
21.70  

(10.06)
2.27  

(3.11)

 
0.364

0.129

 
28.96  

(16.55)
1.59  

(3.03)

 
26.03  

(11.53)
2.44  

(8.28)

 
0.353

0.39

LN: lymph node.
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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 N0 
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% CI: 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 

patients2,13,14. The current study included patients with 
colon cancer that underwent elective or emergency 
surgeries before and during the pandemic. We found 
that FI 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 practices15,16. Consistency 
with the reports, there has been an increase in the 
number of urgent surgeries at hospitals where elec-
tive activity was reduced17,18, 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 infection19. The evaluation of Kuzuu 

Figure  1. Cancer-specific survival curve (Kaplan-Meier curve) for 
patients with colon cancer during COVID-19 pandemic period.
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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 cancer20. 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 pandemic21,22. 
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 
infection24. Moreover, it was reported that some 
patients avoided visiting the hospital unless it was 
an emergency because they feared contracting 
COVID-1925. 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 
rates26. 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 infection27. In another 
study, colorectal cancer patients showed no signifi-
cant differences in comorbidities, CCI, and mortality 
rate determined in pre-COVID vs. during COVID28. 
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 

Table 4. Multivariate cox regression analysis of Clinicopathological 
factors affecting the mortality during COVID-19 pandemic

Clinicopathological factors Hazard ratio (95% CI) 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

CCI 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; 
FI: frailty index; CDC: clavien dindo classification; CCI: charlson comorbidity index; 
CI: confidence interval.
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cancer, as in literature29,30. 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 patients31. 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 cancer12. 
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 disease32,33. 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 declines35. 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 I to III colorectal cancer has an influence 
on survival time. A study concluded that an appropri-
ate delay of surgical date did not affect survival36. 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 diagnosis30. 
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 I colorectal cancer20. 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 prevention36. 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 
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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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artificial neural networks based on parameters obtained from 
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Predicción del sexo usando algoritmos de aprendizaje automático y redes neuronales 
artificiales a partir de parámetros obtenidos del seno esfenoidal

Oguzhan Harmandaoglu1, Yusuf Secgin2, Seren Kaya3, Deniz Senol4*, Zulal Oner5, and Omer Onbas6

1Department of Therapy And Rehabilitation, Çatalzeytin Vocational School, Kastamonu University, Kastamonu; 2Department of Anatomy, Faculty of 
Medicine, Karabük University, Karabük; 3Department of Anatomy, Faculty of Medicine, Duzce University, Düzce; 4Department of Anatomy, Faculty 
of Medicine, Duzce University, Düzce; 5Department of Anatomy, Faculty of Medicine, Izmir Bakırçay University, İzmir; 6Department of Radiology, 
Faculty of Medicine, Düzce University, Düzce. Turkey

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 automático y redes neuronales artificiales a partir de pará-
metros del seno esfenoidal medidos en imágenes de tomografía computarizada (TC). Método: Se evaluaron las mediciones de lon-
gitud, ancho y volumen del seno esfenoidal de imágenes de TC de 300 individuos, 150 hombres y 150 mujeres, con un rango de edad 
de 18 a 65 años. Se utilizaron los algoritmos de análisis discriminante lineal (LDA), análisis discriminante cuadrático (QDA), regresión 
logística (LR), clasificador de árbol extra (ETC), bosque aleatorio (RF), árbol de decisión (DT), Gaussian Naive Bayes (GaussianNB), 
vecinos más próximos (k-NN) y modelo de redes neuronales artificiales (ANN) para la predicción del sexo. Resultados: Las longitudes, 
anchuras y volúmenes 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 automático 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 precisión y proporcionaron datos fiables para la predicción del sexo.

Palabras clave: Redes neuronales artificiales. Algoritmos de aprendizaje automático. Predicción del sexo. Seno esfenoidal.
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Introduction

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 
medicine1-3. Due to the preservation of sinuses in deep 
locations during cases such as burns, paranasal sinuses 
play a prominent role in gender determination4.

The sphenoid sinus begins to develop in the 3rd-
4th  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)5,6. 
By connecting the viscerocranium and neurocranium 
bones through its articulations, it occupies a crucial and 
deeper position among the skull bones7. 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-
tion7,8. Of the paranasal sinuses, especially the maxillary 
and frontal sinuses have been widely evaluated for sex 
prediction9-11. Several studies have evaluated the accu-
racy and reliability of sphenoid sinus morphometric fea-
tures for gender estimation using various methods5,6,12. 
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)7,13,14.

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 analysis2,3,15-17. In ML, various algo-
rithms, each with advantages and disadvantages, 
achieve prediction results using statistical, probabilistic, 
and optimization methods applied to large data 
sources18,19. 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 randomization18. 
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 trees20. LR estimates the probability of a sample 
belonging to a specific class19. Gaussian Naive Bayes 
(GaussianNB) calculates the probability of a state based 
on prior knowledge of the conditions relevant to that 
state19. K-Nearest Neighbors (k-NN) is a supervised 

algorithm that predicts the classification of unlabeled 
data by considering the characteristics of the training 
data21. Linear Discriminant Analysis (LDA) categorizes 
new members by typifying the differences between 
groups through linear combinations of predictive data 
that best separate the groups22. Quadratic Discriminant 
Analysis (QDA) is used when the covariance matrices 
of the groups are different23. Artificial neural networks 
(ANN) are a subset of ML that simulates the signaling 
process of neurons in the human brain18.

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 sinuses16,24. 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 sinuses5,12,25. 
CT scans enable better identification of craniometric 
points, making it easier to calculate morphometric fea-
tures such as length, area, and volume25.

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 Düzce 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 Düzce 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.

=
+ + +

TPAcc
TP FN FP TN

=
+

Sen TP
TP FN

=
+

Spe TN
TN FP

×
=

+
F1 2 Precision 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 

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).

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

Figure 1. Right and left sphenoid sinus area in coronal section.
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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).

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 determination26. 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%27. However, the QDA and RFC algorithms, 

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.

Table  1. Descriptive statistics of the parameters and gender 
comparisons

Parameters Gender Median (Min.‑Max.) p

Left sphenoid sinus 
length

Female 21.700 (11.100‑42.800) 0.5825

Male 22.400 (10.400‑31.900)

Left sphenoid sinus 
width

Female 15.600 (8.300‑26.300) 0.284

Male 16.300 (9.160‑25.300)

Left sphenoid sinus 
volume

Female 5.400 (2.940‑11.800) 0.000

Male 4.860 (1.110‑7.560)

Right sphenoid 
sinus length

Female 19.350 (10.300‑32.500) 0.000

Male 23.500 (10.800‑32.700)

Right sphenoid 
sinus width

Female 15.250 (9.200‑26.900) 0.010

Male 16.700 (8.000‑27.400)

Right sphenoid 
sinus volume

Male 5.425 (1.180‑11.100) 0.001

Female 5.050 (1.340‑8.540)

Figure 4. SHAP analyzer (feature 0: right sphenoid sinus volume, 1: 
left sphenoid sinus width, 2: right sphenoid sinus length, 3: left sphe-
noid sinus volume, 4: right sphenoid sinus width, 5: left sphenoid sinus 
length).

Figure 3. Confusion matrix table
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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 Sancaklı’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 groups28. Similarly, Digilli’s study found that 
the sphenoid sinus volume was significantly higher in 
males than in females, aligning with our results29. 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 females13. 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 study14. Özer 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 results7. 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 results30. 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%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 
study12. Hekimoğlu 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 least16. 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 females6. In our study, left sphenoid sinus 
volume was found to be more determinative than right 
sphenoid sinus volume in sex determination.
In Şimşek 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%31. In 
another study by Şimşek 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-
tion10. 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 gender9. 
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 

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.
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on individuals1,32. 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 effectiveness33. Şenol 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 iterations3. Öner et al., in 
their study estimating gender from the sternum using 
the ANN method, reported an accuracy between 0.83 
and 0.971. In another study comparing discriminant 
analysis and ANN methods for gender estimation from 
femur head circumference and transverse diameter, 
ANN showed higher accuracy rates34. 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, respectively24. Yaşar 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% 
accuracy11. 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 cm3 
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 males35. In 
another study, the mean volume of the left and right 

sphenoid sinuses was measured as 4.58 cm3 and 
5.00  cm3, respectively. The total volume was also 
found to be higher in males36. Cohen et al. found the 
volume of the right and left sphenoid sinus to be 
3.12 cm³ and 3.04 cm³ in females and 4.65 cm³ and 
4.29 cm3 in males, respectively. The total volume was 
found to be statistically higher in males37. 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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Host biliary bacteria in cholecystectomy at a secondary-care 
teaching hospital, an observational study
Bacteriología biliar del huésped en colecistectomía en un hospital de enseñanza 
de segundo nivel, un estudio observacional

Adriana A. Duarte-Martinez1 and Carlos R. Cervantes-Sánchez1,2*
1General Surgery Service, Chihuahua City General Hospital “Dr.  Salvador Zubirán Anchondo”; 2Department Educational Research, Faculty of 
Medicine and Biomedical Sciences, Autonomous University of Chihuahua. Chihuahua, Mexico

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

Objetivo: La prevalencia de colelitiasis en México es alta y la colecistectomía es un procedimiento muy frecuente, en el que 
es usual el manejo antimicrobiano, siendo importante cultivar el líquido biliar para identificar la sensibilidad antibiótica local, 
evitar complicaciones y reducir la resistencia antimicrobiana. Método: Se diseñó un estudio observacional, transversal y 
prospectivo para identificar la flora biliar de pacientes colecistectomizados en un hospital universitario de segundo nivel con 
pruebas de identificación, sensibilidad y resistencia antimicrobiana. Resultados: Se incluyeron 60 pacientes (47 mujeres y 13 
hombres) y hubo 15 casos de bactibilia. La identificación 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 mayoría sensibles a las quinolonas, mientras 
que K. pneumoniae lo fue a los carbapenémicos y a la tigeciclina. Se halló resistencia a ampicilina, bencilpenicilina y trime-
toprima-sulfametoxazol. Conclusiones: De acuerdo con los hallazgos microbiológicos locales, se propone, en patología biliar 
aguda en pacientes mayores de la séptima década de la vida, antibioticoterapia empírica con toma de muestra de bilis antes 
de la disección vesicular, para posterior ajuste antimicrobiano.

Palabras clave: Colelitiasis. Colecistectomía. Microbiología. Bacteriología.
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Introduction

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 life1.

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 women2,3.

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 infection4,5.

Surgical management for gallbladder pathology 
arose at the end of the 19th 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 decade6,7.

In the past century, it was widely accepted that bile 
fluid was sterile in conditions without biliary tract 
pathology8. 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 diseases9. Furthermore, the presence of living 
bacteria in gallstones has been proven using electron 
microscopy, bacteriological cultures, and molecular 
genetic methods8.

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 perfringens10.

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 agents5, 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 protocol11.

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, Brazil12. 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 2. Type of intervention and germ grown

Type of intervention Frequency 
(%)

Positive 
culture (%)

Negative 
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)

Table 1. Bacterial identification from cultures

Diagnosis Frequency 
(%)

Positive 
culture (%)

Negative 
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)

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 
studies5,13-18. 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

increasing to nearly 30% when the risk increases, as 
it was identified in our study17,18.

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 life10.

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 resources18,19. 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 

Table 4. Antibiotic sensitivity and resistance of positive bile cultures

Antibiotic Isolated pathogen

Enterococcus 
faecalis (%)

Escherichia 
coli (%)

Klebsiella 
pneumonia (%)

Raoutella 
planticola (%)

Streptococcus 
infantarius (%)

Antibiotic sensibility (CMI) 
Ciproflaxin
Moxifloxacin
Levofloxacin
Gentamicin
Amikacin
Ertapenem
Mecropenem
Ceftriaxone
Cefepime
Tigecycline

< 0.5‑1 (100)
≤ 0.25 (83.3)

1‑2 (100)
 
 

 
 
 

< 0.12 (16.7)

< 0.25 (60)
≤ 0.25 (100)

< 1 (100)
< 2 (100)

< 0.5 (100)
< 0.25 (100)

≤ 1 (100)
≤ 1 (100)

< 0.5 (100)

 

< 0.5 (100)
< 0.25 (100)

< 1 (100)
 

< 0.5 (100)

< 0.25 (100)

< 0.5 (100)
< 0.25 (100)

 
 

< 0.5 (100)

< 0.5 (100)
< 0.5 (100)
< 0.5 (100)

 
 

Antibiotic resistance (CMI)
Clindamicine
Peniciline
Tetraciline
Ampiciline
Ciprofloxacine
Nitrofurantoine
SMZ‑TMP

≥ 8 (100)
> 32 (100)
> 16 (50)

  
 
 
 

 
 
 

> 32 (66.7)
≥ 4 (100)
≥ 4 (100)

 

 
 
 

> 32 (100)
 
 
 

 
 
 

> 32 (100)
 
 
 

 
 
 
 
 
 

> 32 (50)
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the sensitivity and antimicrobial resistance of the 
causative agent, and then adjusting the antibiotic 
treatment5.

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 alcohólica y cirrhosis

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

LETTER TO THE EDITOR

To the Editor,
We read with interest the article by Küçük et al.1 

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 injury2.

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 

(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 conditions3. Whether 
such strategies can be translated to the treatment of 
severe alcoholic hepatitis is a compelling area for 
future investigation.

We congratulate Küçük et al.1 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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