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The correlation histopathological and conventional/advanced 
MRI techniques in glial tumors
La correlación histopatológica y la resonancia magnética convencionales/avanzadas en 
tumores gliales

Selim Seker1 , Tamer Altay2 , Ece Uysal2 , Hidayet S. Cine3* , Ahmed Y. Yavuz2 , and Idris Avci4
1Department of Neurosurgery, Istinye University, Liv Hospital; 2Department of Neurosurgery, University of Health Sciences, Prof. Dr. Cemil Tascioglu 
City Hospital; 3Department of Neurosurgery, Istanbul Medeniyet University, Prof. Dr. Suleyman Yalcin City Hospital; 4Department of Neurosurgery, 
Spinal Health Center, Memorial Hospital. Istanbul, Turkey

Abstract

Objective: We aimed to elucidate the histopathological pre-diagnosis of cranial gliomas with magnetic resonance imaging (MRI) 
techniques in gliomas. Method: A total of 82 glioma patients were enrolled to our study. Pre-operative conventional MRI images 
(non-contrast T1/T2/flair/contrast-enhanced T1) and advanced MRI images (DAG and ADC mapping, MRI spectroscopy and 
perfusion MRI [PMRI]) were analyzed. Results: Conventional MRI alone is useful in radiological pre-evaluation in low-grade 
glioma in 54.8% and 86.3% in high-grade glioma. Additional advanced MRI techniques were beneficial in comparing low-grade 
gliomas in 98% and 83.9% in high-grade glioma. On ROC analysis, ADC cutoff value 0.905 mm2/s (p = 0.001), rCBV cutoff 
value 1.77 (p = 0.001), Cho/NAA cut-off value 2.20 (p = 0.001), and Cho/Cr cutoff value 2.01 (p = 0.001) were achieved. Sig-
nificant results were obtained when ADC, Cho/NAA, and Cho/Cr were analyzed into four histopathologically grade groups besides 
(p = 0.001). NAA/Cr values were not significant in pathological grading. rCBV measurements were statistically significant between 
Grades I and IV and between II and IV. Conclusion: Using additional advanced MRI techniques such as PMRI, magnetic reso-
nance spectroscopy, and DWI with conventional MRI could enhance the accuracy of histopathological grading in cranial glioma.

Keywords: Glioma. MR spectroscopy. Perfusion MRI. Diffusion-weighted MRI. Histopathological grading.

Resumen

Objetivo: Nos propusimos dilucidar el pre-diagnóstico histopatológico de los gliomas craneales con técnicas de resonancia 
magnética en gliomas. Método: Un total de 82 pacientes con glioma fueron incluidos en nuestro estudio. Se analizaron imá-
genes pre-operatorias de RM convencional (T1/T2/flair/contraste realzado T1) e imágenes de RM avanzada (mapeo DAG y 
ADC, espectroscopia de RM y RM de perfusión). Resultados: Las técnicas avanzadas adicionales de RM fueron beneficiosas 
en la comparación de los gliomas de bajo grado en el 98% y en el 83,9% en el glioma de alto grado. En el análisis ROC se 
alcanzó un valor de corte ADC de 0,905 mm2/s (p = 0,001), un valor de corte rCBV de 1,77 (p = 0,001), un valor de corte 
Cho/NAA de 2,20 (p = 0,001) y un valor de corte Cho/Cr de 2,01 (p = 0,001). Se obtuvieron resultados significativos cuando 
se analizaron ADC, Cho/NAA y Cho/Cr en cuatro grupos de grado histopatológico además (p = 0,001). Los valores de NAA/
Cr no fueron significativos en la gradación patológica. Las mediciones de rCBV fueron estadísticamente significativas entre 
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Introduction

Imaging methods in gliomas are aimed at 
pre-operative diagnosis, determining tumor grade and 
prognosis, radiotherapy and surgical planning, and 
guiding treatment. The most commonly used imaging 
method is contrast-enhanced magnetic resonance 
imaging (MRI). Conventional MRI plays a primary role 
in evaluating tumor localization, heterogeneity, vas-
cularization, contrast enhancement, peri-tumoral ede-
ma, and proximity to important anatomical-functional 
centers. Secondary tumor findings such as cystic 
formations, calcification (oligodendroglioma), necro-
sis (glioblastoma), and hemorrhage (high-grade glio-
ma) are guiding in the differential diagnosis1,2. The 
World Health Organization (WHO) classification is 
inadequate in important issues such as the anatomi-
cal localization of the tumor, its size, degree of surgi-
cal accessibility or resectability, biological behavior, 
and prediction of response to treatment. Similarly, 
conventional MRI is limited in predicting these crite-
ria. For this reason, the use of various functional MRI 
methods is preferred to determine the tumor 
degree3.

Magnetic resonance spectroscopy (MRS) is a non-
invasive functional MRI method that provides bio-
chemical and metabolic information about the tissue. 
The most important differential diagnosis in this neu-
roimaging is the distinction between neoplastic-non-
neoplastic or low-high-grade tumors4. Perfusion MRI 
(PMRI) is a non-invasive functional MRI method that 
provides information about tissue blood flow, in vivo 
tumor angiogenesis, and tumor microcirculation at the 
microscopic level. Increased vascularity corresponds 
to increased tumor stage and maximum cerebral 
blood volume (CBV)5.

Gliomas are the most common brain neoplasm in 
adults and a major cause of mortality and morbidity. 
According to the revised WHO classification, central 
nervous system tumors are grouped based on micro-
scopic imaging. In this classification, neuroepithelial 
tumors are divided into astrocytic neoplasms, oligo-
dendroglial, oligoastrocytic, ependymal, and choroid 
plexus tumors. The tumor stage indicates the degree 
of malignancy and is closely related to survival and 

prognosis. Staging of gliomas is performed by taking 
into account histopathologically the presence of mi-
totic activity, necrosis, and infiltration, which indicate 
uncontrolled growth and the vascularity of the tumor. 
The tumor is graded from Grade I to Grade IV: I–II is 
considered low grade, and III–IV is regarded as high 
grade. Increased cellularity, atypic cells, and an in-
crease in mitotic activity, endothelial hyperplasia, ne-
crosis, and angiogenesis are additionally observed in 
Grade IV glioblastomas6.

In recent years, MRI has changed from the mor-
phological imaging of the tissue to the functional, 
metabolic, cellular characterization, and secondary bio-
logical behavior of the tumor, and to predict the diag-
nosis, grade, response to treatment, and prognosis 
with advanced imaging methods. The MRI sequences, 
including non-contrast T1, T2, FLAIR, contrast-en-
hanced T1, MRS, PMRI, and diffusion MRI, were per-
formed. Choline (Cho)/N-acetyl aspartate (NAA), NAA/
Creatine (Cr), and Cho/Cr ratios, as well as lipid and 
lactate levels, are utilized as markers, especially useful 
in the diagnosis of tumoral lesions but provide limited 
insight into the malignancy level of the tumor7.

Within the scope of this research, we aimed to elu-
cidate the histopathological pre-diagnosis of cranial 
gliomas with conventional and advanced MRI tech-
niques (DWI, PMRI, MRS, and ADC values) and in-
vestigate the integration of these visual tools in high 
and low-grade gliomas.

Method

In this research, patients who underwent MRI with 
the preliminary diagnosis of an intracranial mass were 
scanned backward from the picture archiving and com-
munication system, and 82  cases with glial tumors 
between the ages of 15–94 were retrospectively ana-
lyzed. Conventional MRI findings, contrast enhance-
ment features, DWI, MRS, PMRI findings, and ADC 
values were compared with pathology results. All pro-
cedures followed were in accordance with the ethical 
standards of the responsible committee on human ex-
perimentation (institutional and national) and with the 
Helsinki Declaration of 1975, as revised in 2008. Ethics 
committee approval was granted from our institution 

los grados I y IV y entre II y IV. Conclusión: El uso de técnicas avanzadas adicionales de RM como la RMMP, la ERM y la 
DWI junto con la RM convencional podría mejorar la precisión de la gradación histopatológica en el glioma craneal.

Palabras clave: Glioma. Espectroscopia de RM. RM de perfusión. RM ponderada en difusión. Graduación histopatológica.
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on 27/08/2019 with protocol number 48670771-514.10, 
and informed consent has been obtained from all 
participants.

MRI, MRS, PMRI, and ADC measurements

Conventional brain MRI, diffusion, MRS, and PMRI 
examinations were performed using a 1.5 Tesla MRI 
device (Magnetom Aera, Siemens, Erlangen, Germany) 
and a brain coil. The standard brain MRI protocol in-
cludes T1-weighted imaging with TR = 426 ms, TE = 99 ms, 
and slice thickness of 5 mm; T2-weighted imaging with 
TR = 4350 ms, TE = 102 ms, and slice thickness of 
5 mm. In FLAIR sequences, TR = 9000 ms, TE = 86 
ms, and slice thickness of 5 mm. For SWI imaging, 
TR = 49 ms and TE = 40 ms. Contrast-enhanced ex-
aminations were performed using 0.5 mmol/ml gado-
teric acid. In contrast-enhanced T1-weighted imaging, 
TR is 402 ms and TE is 5.6 ms.

DWI was taken as TR = 4500 msec, TE = 98 msec, 
and section thickness as 5 mm. The diffusion-weighted 
sequence in the axial plane with single-shot echo-pla-
nar imaging by applying diffusion-sensitive gradients 
at three different b values (b = 50, b = 400, and 
b = 800 mm2/s) in all three directions (x, y, and z-axis). 
The device automatically creates ADC maps of isotropic 
images, and the average ADC values of all lesions were 
measured manually on these maps. Measurements of 
the lesions were made as follows: three circular ROIs 
(Region of Interest) were placed on the ADC map in the 
axial plane and measurements were made, and the 
arithmetic average of these measurements was taken. 
The ROI volume was kept at approximately 15-20 mm2.

MRS was used for spectroscopic examination using 
the PRESS (point-resolved spectroscopy) technique. De-
pending on the size and nature of the mass, a single-
voxel or multi-voxel area of 8 cm3 (2 × 2 × 2  cm) was 
placed on the intracranial mass. To determine the volume 
to be selected for examination (volume of interest), axial, 
coronal, and sagittal images of the mass were obtained 
using the T2A sequence in the patient’s cranial MRI. The 
spectroscopic voxels taken for examination were made 
so that the mass remained as far away from the vascular 
structures and edges of the mass as possible to prevent 
contamination of the surrounding tissues, and the voxel 
areas were checked in all three planes. For single-voxel 
MRS, TE = 135 msec, TR = 2000 msec; For multivoxel 
MRS, signals from NAA, choline, and creatinine protons 
were collected within the mass using the parame-
ters TE = 135 msec, TR = 1700 msec. After the spectral 
data were obtained, the Cho/NAA, Cho/Cr, and NAA/Cr 

ratios of the masses were obtained using the major peak 
amplitudes of NAA, Cho, and Cr molecules.

rCBV values were obtained from PMRI as follows: 
0.2 mmol/kg Gadoteric acid was administered through 
an automatic injector, followed immediately by 100 mL 
isotonic NaCl at a rate of 5 mL/s. Six times in an aver-
age of 90 s, consecutive images, each consisting of 20 
images, were taken. Spin-echo echo-planar imaging 
sequences were used in the images taken. The result-
ing images were transferred to the workstation for post-
processing. rCBV maps were obtained with ready-made 
software programs in the MRI system. When placing 
the ROI, cystic and non-necrotic areas of the mass and 
adjacent vascular structures were avoided. The ROI 
volume was kept at approximately 5-8 mm3. 3 ROIs 
were placed on the lesions, and the arithmetic mean 
of the highest rCBV value was selected. The highest 
ROI obtained was compared with the white matter in 
the opposite hemisphere. Relative CBV ratio = rCBV 
(tumor)/rCBV (normal) was obtained.

Evaluation

While evaluating intracranial masses, radiological 
findings were reviewed by an experienced radiologist 
in the following order: lesions were assessed as low 
and high grade by looking at the features of edema, 
cyst, hemorrhage, necrosis, and contrast enhance-
ment among conventional MRI findings. Then, consid-
ering the predictive values obtained from studies that 
added diffusion, MRS, and perfusion examination 
findings from advanced MR imaging methods to con-
ventional MRI were evaluated as low and high grades. 
Measurements were performed using diffusion, spec-
troscopy, and perfusion examination, which are ad-
vanced MRI examination methods. In the data obtained 
from the measurements, the importance of ADC, 
Cho/Cr, Cho/NAA, and rCBV ratios in both low and 
high-grade discrimination and pathological grading of 
the lesions was evaluated. All radiological ratings ob-
tained were compared with the pathological results.

Statistical analysis

Patient data collected within the scope of the study 
were analyzed with the IBM Statistical Package for the 
Social Sciences (SPSS) for Windows 26.0 (IBM Corp., 
Armonk, NY) package program. Frequency and percent-
age for categorical data and mean and standard devia-
tion for continuous data were given as descriptive 
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values. For comparisons between groups, the “Indepen-
dent Sample T-test” was used for two groups, and the 
“Pearson Chi-square test” was used to compare cate-
gorical variables. The results were considered statisti-
cally significant when the p-value was less than 0.05. 
ROC analysis for ADC measurements and rCBV ratios 
in distinguishing low- and high-grade glial tumors.

Results

The presence of edema, hemorrhage, necro-
sis, cystic focus content, and contrast enhancement 
characteristics in the lesions were assessed through 
conventional MRI (Table  1). The results were as fol-
lows: edema was detected in 76.8%. When the lesions 
were examined to determine whether they contained a 
cystic component, cysts were observed in 50%, hemor-
rhagic focus and necrosis were detected in 54.9%, and 
hemorrhage in 45.1%. Additionally, 53.7% of the lesions 
had no necrosis. A majority of the lesions (84.1%) were 
contrasted to varying degrees. When the lesions were 
grouped as low and high grade according to conven-
tional MRI findings, it was seen that 40.2% of the cases 
were low grade and 59.8% were high grade. The ra-
diological grading based on conventional MRI findings 
was compatible with the pathological grading. However, 
the success rate of conventional MRI in detecting low-
grade tumors was 54.8%, but high-grade tumors were 
higher at 86.3% (Fig. 1).

Radiological grading was performed by adding DWI 
and ADC maps, spectroscopy examination, and PMRI 
findings. In advanced MRI, the following was taken 
into consideration: the cutoff point in terms of ADC 
measurements in distinguishing low and high-grade 
lesions was 1.1 × 10-3 mm2/s based on studies on the 
subject, NAA 2.0-2.02 ppm, Cho 3.22 ppm from spec-
troscopic measurements. The cutoff point for the 
rCBV ratio was 1.75 from perfusion

MRI findings, with a range of 3.0-3.02 ppm, Cho/NAA 
ratio between 2-2.5, and Cho/Cr ratio between 2-2.5. 
The radiological grading was compatible with the patho-
logical results. However, the success of the combination 
of conventional and advanced MRI in detecting low-
grade tumors (83.9%) was better than the grading per-
formed with conventional MRI alone. The detection rate 
for high-grade tumors was higher (98%) (Table 2).

On ROC analysis, the ADC cutoff value was 
0.905 mm2/s (p = 0.001), rCBV cutoff value 1.77 
(p = 0.001), Cho/NAA cutoff value 2.20 (p = 0.001), 
and Cho/Cr cutoff value 2.01 (p = 0.001) with statisti-
cal significance. Significant results were obtained 

Table 1. Results of conventional radiological characteristics

Demographics Low‑grade High‑grade p

n (%)

Gender
Male
Female

16 (51%)
15 (48%)

33 (64%)
18 (35%)

Tumor grade
Pathological
Conventional MRI
Contrast enhancement
Necrosis
Hemorrhage
Cyst
Edema
con + adv MRI

31
33

67.70%
12.90%
12.90%
45.20%
45.20%
83.90%

51
49

94.10%
66.70%
64.70%
52.90%
96.10%

98%

0.189
0.020*
0.001*
0.001*
0.325
0.001*
0.289

*p < 0.05: statistical significance.
con: conventional; adv: advanced; MRI: magnetic resonance imaging.

Figure 1. Comparison of grading according to conventional magnetic 
resource imaging and ADC association findings with pathological 
grading. 

when ADC, Cho/NAA, and Cho/Cr were analyzed into 
four histopathologically grade groups besides Grade III 
and IV (p = 0.001). NAA/Cr values were insignificant 
in pathological grading (p > 0.05).

ROC analysis was performed with rCBV ratios mea-
sured in discriminating low and high-grade lesions. The 
size of the area under the curve was 0.920, and this 
was statistically significant (p = 0.001). The cutoff value 
for rCBV ratios was 1.77. The sensitivity value was 
94.1%, and the specificity value was 64.5% (Fig. 2).

The rCBV ratios were added to the PMRI findings 
and the conventional MRI, and the cutoff point for the 
rCBV ratio was taken as 1.77. The radiological grading 
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Table  2. Comparison of ADC, Cho/NAA, Cho/Cr, NAA/Cr, and 
NAA/Cr values in distinguishing low‑ and high‑grade lesions

MRI Grade of 
tumor

n (%) Median ± SD 
(minimum‑maximum)

p

ADC Low 31 (37%) 1.12 ± 0.24 (0.87‑1.95) 0.001*

High 51 (62%) 0.83 ± 0.16 (0.52‑1.95)

Cho/NAA Low 31 (37%) 3.51 ± 2.70 (0.59‑9.60) 0.004*

High 51 (62%) 5.73 ± 4.06 (0.29‑19.53) 

Cho/Cr Low 31 (37%) 1.97 ± 1.10 (0.52‑4.60) 0.001*

High 51 (62%) 3.99 ± 4.13 (0.63‑19.70)

NAA/Cr Low 31 (37%) 0.77 ± 0.45 (0.00‑1.58) 525

High 51 (62%) 0.83 ± 0.86 (0.15‑4.90) 

rCBV ratio Low 31 (37%) 1.64 ± 0.72 (0.95‑3.58) 0.001*

High 51 (62%) 3.76 ± 1.66 (1.04‑11.22) 

*p < 0.05: statistical significance.
SD: standard deviation; MRI: magnetic resonance imaging; ADC: apparent diffusion 
coefficient; Cho/NAA: Cholin/N‑Asetilaspartat; Cho/Cr: Cholin/Creatin;  
NAA/Cr: N‑asetilaspartat/creatin; rCBV: regional cerebral blood volume. Figure 2. ROC analysis for ADC measurements in distinguishing low- 

and high-grade glial tumors.

Figure 3. ROC analysis for rCBV ratios in differentiating low- and high-
grade glial tumors.

was compatible with the pathological results. How-
ever, the success rate of the combination of conven-
tional MRI and rCBV findings in detecting low-grade 
tumors was 74.2%, and the rate of detecting high-
grade tumors was higher at 92.2%.

Diffusion MRI and ADC maps were added to con-
ventional MRI findings, and the cutoff point for ADC 
was taken as 0.905 × 10-3 mm2/s. The radiological 
grading was compatible with the pathological results. 
However, while the success rate of combining conven-
tional MRI and ADC findings in detecting low-grade 
tumors was 64.5%, the rate of detecting high-grade 
tumors was 73.2%.

Radiological grading was performed again by add-
ing the cutoff points obtained from advanced MRI 
examinations such as DWI and ADC maps, spec-
troscopy examination, and PMRI examination to the 
conventional MRI findings. When the new rating 
made using the cutoff points, we obtained was com-
pared with the pathological rating, it was seen that 
the radiological rating was compatible with the path-
ological rating. However, the success rate of the 
combination of conventional and advanced MRI in 
detecting low-grade tumors was 77.4%. The detec-
tion rate for high-grade tumors was higher, 98% 
(Table 3 and Fig. 3).

On ROC analysis, ADC cutoff value 0,905 mm2/s 
(p = 0.001), rCBV cutoff value 1.77 (p = 0.001), 

Cho/NAA cutoff value 2.20 (p = 0,001), and Cho/Cr 
cut-off value 2.01 (p = 0.001) were achieved. Signifi-
cant results were obtained when ADC, Cho/NAA, and 
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Cho/Cr were analyzed into four histopathologically 
grade groups besides (p = 0.001). NAA/Cr values 
were not significant in pathological grading. rCBV 
measurements were statistically significant between 
Grades I and IV and between II and IV.

Discussion

In recent years, MRI sequences have been devel-
oped that allow us to obtain accurate information 
about tumor physiology and anatomical informa-
tion about brain tumors, and these are called “Ad-
vanced MR Imaging Methods.” Advanced MR imaging 
methods allow numerically measuring dynamic physi-
ological processes in the brain and providing 

qualitative information about tissue physiology. Using 
this qualitative data, the biological behavior of the 
tumor, the patient’s life expectancy, and treatment 
processes can be predicted before the operation6-8. 
According to the results of our study, MRI techniques 
have been shown to be useful in grading glial tumors 
with proper and accurate use of MRI techniques to 
make pathological diagnoses in advance.

While conventional MRI plays a vital role in deter-
mining the localization of intracranial masses, their 
relationship with critical anatomical structures, and 
especially the treatment approaches, it can also give 
us insight into the grading of gliomas6,7.

Law et al. reported the rate of determining the de-
gree of high-grade gliomas with conventional MRI was 
72.5%9, whereas Arvinda et al. stated 72.7%.10. In our 
study, the conventional MRI findings in detecting low-
grade glial tumors were 54.8%; the success rate in 
detecting high-grade glial tumors was 86.3%, and 
these results were compatible with the literature.

However, determining the degree of gliomas using 
conventional MRI has been limited. Moller–Hartmann 
et al. published that their reliability was between 
55.1% and 83.3%11. Gene Kondziolka et al. demon-
strated a 50% false-positive rate in evaluating supra-
tentorial gliomas12. In another study, Lee et al. found 
that 50% of patients with low-grade astrocytoma de-
tected on conventional MR imaging had high-grade 
astrocytoma on histopathological examination13.

In our study, conventional MRI findings such as 
edema, hemorrhage, necrosis, and contrast enhance-
ment significantly distinguished low and high-grade 
lesions according to pathological outcomes. A cyst in 
the lesion was observed in 45.2% of the low-grade 
lesions and 52.9% of the high-grade lesions.

The contrast enhancement in conventional MRI has 
an important place in tumor grading in glial tumors, 
but it is not significant alone in tumor grading. Barker 
et al. investigated the histopathology results of 31 pa-
tients without contrast enhancement, and they found 
that 32% were Grade  III and 4% were Grade  IV14. In 
another study, Fan et al. stated that 14% of non-en-
hancing supratentorial gliomas were high-grade15. 
Dean et al. indicated that the mass effect and necrosis 
were two crucial determinants of tumor grade. How-
ever, they also noted that a high-grade glioma may be 
confused with a low-grade glioma when it does not 
have sufficient edema, contrast medium enhance-
ment, necrosis, and mass effect16. Considering all 
these studies and the results of our study, due to the 
heterogeneous internal structure of tumors and the 

Table  3. Comparison of ADC, Cho/NAA, Cho/Cr, NAA/Cr, and 
NAA/Cr values in distinguishing low and high‑grade lesions in 
advanced MRI

MRI Grade n Median ± SD 
(minimum‑maximum)

p

ADC 1 4 1.55 ± 0.33 (1.19‑1.95) KW = 48.41

2 27 1.15 ± 0.18 (0.87‑1.86) 0.001*

3 17 0.88 ± 0.16 (0.62‑1.13)

4 34 0.80 ± 0.15 (0.52‑1.09)

Cho/NAA 1 4 1.68 ± 1.91 (0.59‑4.55) KW = 11.54

2 27 3.78 ± 2.72 (0.80‑9.60) 0.009*

3 17 6.31 ± 3.80 (1.86‑13.00)

4 34 6.45 ± 4.21 (0.29‑19.53)

Cho/Cr 1 4 1.22 ± 0.46 (0.62‑1.74) KW = 14.39

2 27 2.08 ± 1.13 (0.52‑4.60) 0.002*

3 17 3.56 ± 1.46 (1.10‑6.00)

4 34 4.21 ± 4.96 (0.63‑19.70)

NAA/Cr 1 4 1.14 ± 0.56 (0.38‑1.58) KW = 2.62

2 27 0.71 ± 0.42 (0.00‑1.57) 0.453

3 17 0.74 ± 0.57 (0.20‑2.03)

4 34 0.88 ± 0.98 (0.15‑4.90)

rCBV ratio 1 4 1.88 ± 0.78 (1.15‑2.97) KW = 40.61

2 27 1.61 ± 0.71 (0.95‑3.58) 0.001*

3 17 3.61 ± 1.53 (1.04‑7.44)

4 34 3.83 ± 1.74 (1.64‑11.22)

*p < 0.05: statistical significance.
SD: standard deviation; MRI: magnetic resonance imaging; ADC: apparent diffusion 
coefficient; Cho/NAA: Cholin/N‑Asetilaspartat; Cho/Cr: Cholin/Creatin; NAA/Cr: 
N‑Asetilaspartat/Creatin; rCBV: regional cerebral blood volume; KW: Kruskal–Wallis.
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inability of conventional MRI to provide detailed infor-
mation about tumor physiology and metabolites, the 
correlation of traditional MRI with tumor histopathol-
ogy remains limited.

Conventional MR imaging with gadolinium-based 
contrast agents is an accepted tool for characterizing 
brain tumors. However, DWI, perfusion-weighted im-
aging, and MRS are relatively newer techniques that 
provide additional microstructural, microvascular, and 
biochemical information. These techniques are used 
to determine the histopathology of glial tumors17.

DWI and ADC maps, among these advanced MRI 
techniques, show tumor cellularity. The ADC values 
obtained are inversely proportional to the tumor grade. 
Several studies have shown that ADC correlates well 
with tumor cellularity on histological examination. Cal-
culation of ADC has been demonstrated that it can 
assist conventional MRI in characterizing glial tu-
mors18. In our study, the detection rate of radiological 
grading with ADC values in addition to conventional 
MRI, mainly low-grade glial tumors, was higher than 
the radiological grading by conventional MRI.

Sugahara et al. published that the minimum ADC 
value correlated well with histological cellularity and 
was helpful in grading gliomas19. However, no signifi-
cant difference between high-grade and low-grade 
glial tumors was observed in the studies of Rollin et al. 
and Lam et al.20,21. Lee et al. elaborated that the aver-
age ADC values were 1.19 mm2/s and 1.035 mm2/s in 
high-  and low-grade gliomas, respectively. Again, in 
this study, when the cutoff points were examined us-
ing the ROC analysis, the result was 1.055 mm2/s. 
Contrary to our findings, in significant ADC results 
between tumor grades could be due to the calculation 
made on a single section13. In our study, significant 
results were found only by taking diffusion-restricted 
regions from the tumor area.

Yamasaki et al. conducted measurements in astro-
cytic tumors and achieved a statistical accuracy of 
91.3% between Grade  II and high-grade (III and IV) 
tumors22. Server et al. also found a statistical differ-
ence between Grade  II, Grade  III, and Grade  IV ac-
cording to ADC values from tumor areas23. In our 
study, considering the WHO grades in terms of ADC 
measurements, the difference between the groups 
was statistically significant. When the measurements 
were compared in pairs, the difference between 
Grades I and II, I and III, and I and IV. The difference 
between Grades II and III and II and IV was signifi-
cant. Still, no significance was observed between 
Grades III and IV.

Advanced imaging techniques, such as MRS and 
PMRI, have been proposed in addition to ADC mea-
surement to predict the grading of pre-operative brain 
gliomas24. PMRI, which allows measurement of re-
gional CBV (rCBV), shows a close correlation with the 
histopathological grade in gliomas25. Schmainda et al. 
conducted a study on 73  patients with brain glioma 
and determined the rate of high- and low-grade glial 
tumors as 96% and 69%, respectively26. In our study, 
when conventional and PMRI were evaluated, the de-
tection rate of high-  and low-grade glial tumors was 
92.2% and 74.2%, respectively.

Studies conducted with PMRI in brain gliomas have 
shown that the rCBV cutoff point for distinguishing 
between high and low-grade glial tumors has not yet 
been determined27. Yoon et al. reported the rCBV cut-
off value as 2.44 in a study of 60  patients (12 low 
grade, 48 high grade), whereas Caulo et al. deter-
mined the cutoff value as 2.45 in 118 patients28. In our 
study, the cutoff point was 1.77  (94% sensitivity and 
64.5% specificity), similar to the results of Law et al. 
(1.75 in 120 high- and 40 low-grade glioma patients)9. 
Caulo et al. divided oligodendrogliomas and astrocy-
tomas into degrees and found statistically significant 
differences between Grade  III and Grade  IV and 
Grade II and Grade III oligodendrogliomas. They also 
found a statistically significant difference between 
Grade  II oligodendroglioma and Grade  III astrocyto-
ma28. In our study, a significant difference was found 
only between Grade  I and Grade  IV and between 
Grades II and Grade IV, but no difference was found 
between other grades.

Studies on MRS elaborated that it is a powerful tool 
in brain tumor grading. Specifically, choline elevation 
with NAA depression is a reliable indicator in deter-
mining the character and metabolic status of the tu-
mor29. MRS provided additional information besides 
conventional MRI in the studies. In our study, when 
we compared the radiological grading through analyz-
ing the metabolites in MRS in addition to conventional 
MRI with the pathological results, we recognized that 
the radiological grading was compatible with the path-
ological grading.

Law et al. found that Cho/Cr and Cho/NAA metabo-
lite ratios were useful in determining tumor grade 
(97.5% and 96.7%, respectively)9. However, while high 
specificity was observed in identifying high-grade glio-
mas, lower specificity was observed in low-grade glio-
mas due to the smaller number of samples. In our 
study, in addition to conventional MRI, radiological 
grading was performed using Cho/NAA and Cho/Cr 
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ratios one by one, and their superiority over each 
other was investigated. However, no significance was 
achieved.

Wang et al. conducted a meta-analysis conducted 
on 1228 patients and found that MRS was moderately 
successful in differentiating high-grade from low-
grade gliomas. They also stated that the Cho/NAA 
ratio was superior to the NAA/Cr and Cho/Cr ratios in 
distinguishing high-grade gliomas from low-grade gli-
omas30. Naveed et al. conducted a study with Grade II 
and Grade III oligodendrogliomas. They found that the 
Cho/NAA and Cho/Cr ratios were not statistically dif-
ferent between the two groups31. In our study, we have 
also found that Cho/NAA and Cho/Cr were statistically 
significant.

Al-Okaili et al. performed a study with conventional 
MRI and advanced MRI techniques (DWI and ADC 
maps, MRS, and PMRI) on 111  patients through an 
algorithm with specific cutoff points. They distin-
guished high-grade glial tumors from low-grade ones 
with 90% accuracy and 88% sensitivity32. The results 
of glial tumor grading using the same algorithm in our 
study were that the detection rate of low-grade glial 
tumors was 83.9% and high-grade glial tumors 98%.

The limitation of our study is that glial tumors are 
rare tumors, so larger studies are needed. Further-
more, imaging methods are still insufficient to provide 
information about the molecular nature of the pathol-
ogy. Therefore, imaging methods need to be improved. 
Furthermore, a comparison of this method with 
the normal population may give more support to the 
literature.

Conclusion

Using additional advanced MRI techniques such as 
PMRI, MRS, and DWI, with conventional MRI, could 
enhance the accuracy of histopathological grading in 
cranial glioma. A more consistent pre-operative WHO 
grading is possible when advanced MRI and cutoff 
points are considered in addition to conventional MRI 
findings.
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Abstract

Objective: Understanding the relationship between genetic structure and the molecular changes involved in endometrial can-
cer (EC) provides an opportunity to personalize treatments and incorporate targeted therapies. Method: We compared cyto-
genetic and molecular features observed in tumoral and adjacent healthy tissue endometrium samples in EC patients. 
Results: Non-clonal chromosome aberrations (NCCAs) frequently in patients with EC, especially in 10,15,17,22, X chromo-
somes and were monitored in 73.7%, clonal chromosomal alterations were observed in 26.3% of the patients. Down POLE 
gene expression in 42.1%, up p53gene expression in 57.9%, PTEN down-regulation in 47.3%, down ARID1A gene expression 
in 42.1%, PIK3CA up-regulation was observed in 68% of patients. Conclusion: The up-regulation of tumor suppressor genes 
in our study shows that not only these genes are involved but also different pathways and factors play a role in tumorigenesis. 
Furthermore, an increased number of NCCAs shows an essential role in the development of ECs.

Keywords: Endometrial cancer. Genomics. Pathology. Prognostic factors. Targeted therapy.

Resumen

Objetivo: Comprender la relación entre la estructura genética y los cambios moleculares involucrados en el cáncer de endo-
metrio brinda la oportunidad de personalizar los tratamientos e incorporar terapias dirigidas. Método: Comparamos las carac-
terísticas citogenéticas y moleculares observadas en muestras de endometrio de tejido sano tumoral y adyacente en pacien-
tes con cáncer de endometrio. Resultados: Las aberraciones cromosómicas no clonales (NCCA) son frecuentes en pacientes 
con cáncer de endometrio, especialmente en los cromosomas 10, 15, 17, 22, X y fueron monitoreadas en el 73,7%; se ob-
servaron alteraciones cromosómicas clonales en el 26,3% de las pacientes. Disminución de la expresión del gen POLE en el 
42,1 %, aumento de la expresión del gen p53 en el 57,9%, disminución de la regulación de PTEN en el 47,3 %, disminución 
de la expresión del gen ARID1A en el 42,1%, aumento de la expresión de PIK3CA en el 68% de los pacientes. Conclusión: La 
regulación positiva de los genes supresores de tumores en nuestro estudio muestra que no solo estos genes están involucra-
dos, sino que diferentes vías y factores juegan un papel en la tumorigénesis. Además, un mayor número de NCCA muestra 
un papel esencial en el desarrollo de cánceres de endometrio.

Palabras clave: Cáncer de endometrio. Genómica. Patología. Factores pronósticos. Terapia dirigida.
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Introduction

Although cervical cancer is responsible for the high-
est incidences and deaths of gynecological cancers, 
endometrial cancers (EC) are still quite common1. 
PTEN is a tumor suppressor gene located in the 
10q23.3 chromosome region. PTEN mutations are 
present in approximately 83% of ECs. Detection of up 
to 40% of complex hyperplasia suggests that PTEN 
mutations play a role in early pathogenesis2. POLE 
somatic mutations are found in < 10% of endometrial 
carcinomas3. In EC, p53 mutations are more common 
in high-grade tumors and it considered among late 
mutations in pathogenesis3. The ARID1A gene has 
been characterized as a tumor suppressor, and most 
mutations seen in human cases are frameshift or non-
sense mutations. In particular, ARID1A is mutated in 
all endometrium-associated tumor types, including un-
differentiated endometrial carcinomas4,5. Activating 
mutations and amplification of PIK3CA are common 
in cancer in general. However, the highest rates of 
PI3K pathway alterations were reported in endometrial 
malignancies6.

Five-year survival rates for EC vary according to 
the stage at diagnosis. The 5-year survival rate in 
patients with tumors localized in the uterus is ≥ 95% 
but may decrease to 69% in patients with regional 
metastases and 17% in patients with distant meta-
static disease7.

Endometrioid and serous EC s were divided into 
four groups with distinct clinical, pathologic, and mo-
lecular features3:

–  DNA polymerase epsilon (POLE) mutant 
[ultramutated].

– Microsatellite instability-high (MSI-H)/mismatch-
repair deficient (MMR-D) [hypermutated].

– Copy-number low (CN-low) [endometrioid-like].
– Copy-number high (CN-high) [serous-like].
Chromosome breakpoints are a manifestation of 

chromosomal instability. It has been found that chro-
mosomal deletions in cancer cells often contain tumor 
suppressor genes. Among the 30 most gene-rich 
bands, cancer breakpoints localize at 1p36, 1q21, 
7q22, 8q24, 11p15, 11q13, 11q23, 12q13, 16p13, and 
19p13 sensitive regions8.

Understanding the relationship between genetic 
structure and the molecular changes involved in 
EC provides an opportunity to personalize treat-
ments through facilitating diagnostic testing and 
incorporating targeted therapies. Therefore, in this 

study, we aimed to investigate the genetic features 
of EC s and give clinicians an opinion in this 
direction.

Method

In this study, endometrial tumoral and adjacent 
healthy tissue samples were surgically taken from 
34 patients diagnosed with EC at University Hospital, 
Department of Obstetrics and Gynecology. Patient 
information was obtained from the hospital informa-
tion system and patients. Tumor sizes and degrees 
of myometrial invasion were determined by MR imag-
ing. All patients in our study did not receive any neo-
adjuvant chemotherapy. Primary cell cultures were 
made as explant cultures or as single-cell suspen-
sions by enzymatic application. Chromosome analy-
sis-prepared preparations were examined under 
Leica DM2500 optical microscope. Analyzed meta-
phases were evaluated according to ISCN 2013 (In-
ternational System for Human Cytogenetic 
Nomenclature). Metaphases were photographed in an 
automated imaging (Cytovision) system. In this study, 
at least 20 metaphases from each patient were 
examined.

Thirty mg samples were taken from endometrial tis-
sues with scalpel and homogenized by the RNeasy 
Micro Kit (50) (Qiagen, Germany) protocol, total RNA 
was isolated. The quantity of RNAs was checked with 
a spectrophotometer (NanoDrop ND-1000; NanoDrop 
Technologies, Wilmington, DE). For cDNA synthesis, 
a cDNA synthesis kit (WisentBioProducts, Canada) 
and 1μg total RNA were used. Obtained gene expres-
sion values were normalized using a housekeeping 
gene of beta2 microglobulin. Gene expression ratios 
were compared in tumoral and adjacent healthy tissue 
groups using REST (Relative Expression Software 
Tool). The investigated genes in the study are POLE, 
PTEN, TP53, PIK3CA, and ARID1A. A list of the prim-
ers used for the quantitative RT-PCR are presented 
in table 1.

Statistical analysis

Statistical Package for the Social Sciences 
(SPSS for Windows, Version 25.0, Chicago, IL, 
USA) program was used for statistical analysis. 
Results were presented as the median and inter-
quartile range (25%-75%) for continuous (numeric) 
data; frequency and percentage for categorical 
variables. Fisher’s exact test was used to 
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compare categorical variables. For the statistical 
significance level, p < 0.05 was considered 
sufficient.

Results

While the mean age of the participants was 60.3 ± 
1.4  (30-84), the gravida and parity medians were 
found 3. USG endometrial thickness (mm) was found 
16. When the characteristics of the tumors detected 
in the participants were examined, it was determined 
that the median tumor size was 4  cm and metasta-
sized in 4 of them. When the laboratory findings of 
the participants were examined, it was determined 
that the median of CA 125 was 15.7. In our study, 
tumors were detected as Stage 1A in 69.7% and 
Stage 3C in 12.1% of the patients. Characteristics of 
tumors detected in participants are presented in 
table 2.

The karyotype analysis results of the participants by 
tumor type are shown in table 3. Regulation and ab-
normality situations are presented in table 4.

When the regulation status was compared accord-
ing to the presence of chromosomal anomaly, 
no statistically significant difference was found 
(Table 5).

We analyzed the differential expression of a gene 
in the tissues affected by the disease, compared with 
non-affected tissues. In our results, all gene expres-
sion values show increases and decreases in patho-
logical tissue compared to healthy tissue.

Discussion

Although we started by using explant and enzymatic 
methods to produce primary endometrium cancer cell 
culture, we continued our work with the enzymatic 
method because, by the explant method, the cell 
count was less and cultivated for a longer time. Meta-
phase was observed in only 19 of the 34 patients. This 
shows a slightly higher rate than the literature, with a 
success rate of 56%.

About 90% of solid tumors and 75% of hematopoi-
etic cancers have either gained or lost chromosomes9. 
Aneuploidy occurs before or at the same time as 
malignant transformation10. Furthermore, aneuploidy 
is a feature of cancer caused by increased cell pro-
liferation11. Studies on hematologic cancers conclud-
ed that the survival of cytopenic patients with 
non-clonal chromosome aberrations (NCCAs) is 
worse than cytopenic patients with clonal chromo-
somal alterations (CCAs) without hematologic 
malignancies, suggesting that follow-up should be 
considered for cytopenic patients with both CCAs and 
NCCAs12.

Table 1. List of the primers used for the quantitative RT‑PCR

Genes Primer sequences

POLE (Exon 9) Forward primer: 
5‑CTTTTAACAACCAGAGGGAGGT ‑3
Reverse primer: 
5‑TTGCTCCCATTCCTGGACTAA‑3

PIK3CA (Exon 
21)

Forward primer: 
5‑CATTTGCTCCAAACTGACCA‑3
Reverse primer: 
5‑GATTGGCATGCTGTCGAATA‑3

PTEN (Exon 7) Forward primer: 
5‑CAGTTTGTGGTCTGCCAGCT‑3
Reverse primer: 
5‑ATCACCACACACAGGTAACG‑3

TP53 (Exon 5) Forward primer: 
5‑TTGCCAACTGGCCAAGACCT‑3
Reverse primer: 
5‑ACCTCCGTCATGTGCTGTGA‑3

ARID1A (Exon 
14)

Forward primer: 
5‑TTCAGTTGGGATCCAGGATGC‑3
Reverse primer: 
5‑ATACTGGGCTGATACCCAGG‑3

Table 2. Characteristics of tumors detected in participants

Characteristics of tumors n %

Metastasis
No
Yes

30
4

88.2
11.8

Grade
1
2
3

9
16
9

26.5
47.1
26.5

Histopathology result
Non‑endometrioid
Endometrioid

5
29

14.7
85.3

Chromosomal  
abnormality

CCAs
NCCAs

5
14

73.7
26.3

Myometrial invasion
< ½
> ½

26
8

76.5
23.5

CCAs: clonal chromosomal alterations; NCCAs: non‑clonal chromosome aberrations.



K. Uzel et al.  Endometrial Cancers

141

We observed NCCA losses frequently in patients with 
EC, especially in 10,15,17,22, X chromosomes. On the 
other hand, polyploidy anomalies were frequently en-
countered in these patients. CCAs were observed in 
26.3% of the patients. NCCAs monitoring in 73.7% of 
the participants show that these abnormalities cannot 
be underestimated in cancer cases and play an impor-
tant role in the development of ECs. At the same time, 
a decrease in cell differentiation (increased tumor 
grade) with the numerical anomaly is one of the other 
results of our study.

POLE mutation status has proven an independent 
prognostic factor for EC patients. Patients with so-
matic POLE mutations exhibited a favorable progno-
sis13. POLE low expression has been associated with 

a favorable prognosis in EC patients14. In our results, 
we observed down POLE gene expression in 42.1% 
of patients, and Type 1 EC was observed in 78% of 
these patients, which is associated with a favorable 
prognosis.

Several studies have shown that p53 overexpression 
in endometrioid adenocarcinomas of the uterus is sig-
nificantly higher in serous papillary (75-90% of cases) 
than in endometrioid endometrial carcinomas (10-35% 
of cases)15. In patients with endometrial carcinoma, 
overexpression of p53 has been reported largely unfa-
vorable prognostic marker16. Up p53gene expression in 
57.9% of cases and tumor Grade 2–3 in 63% of these 
patients is another result of our research, which is re-
lated to weaker cell differentiation in these cases, as 
well as a poor prognosis.

While decreased expression of PTEN is associated 
with Grade  3, increased PTEN expression is known 
associated with Grades 1 and 2 endometrial carcino-
mas17. In addition, the association between PTEN ex-
pression and the stage of endometrioid endometrial 
adenocarcinomas has been demonstrated18. It has 
been suggested that since PTEN can increase the che-
mosensitivity of neoplastic cells, it is an important prog-
nostic indicator of improved overall survival in patients 
with advanced endometrial carcinoma receiving post-
operative chemotherapy19. Tumor grade was observed 
higher in PTEN down-regulated cases. Grade 2–3 was 
observed in 87% of the patients with down-regulation 
and down-regulation was observed in 47.3% of the 
participants.

Considering tumor development and progression, 
ARID1A loss is associated with deep myometrial in-
vasion in endometrial carcinoma20. Studies have 
shown that ARID1A acts as a tumor suppressor and 
is involved in tumorigenesis, progression, and apop-
tosis through the regulation of cellular proliferation in 
many cancer types, including ECs21. Down ARID1A 
gene expression in 42.1% of patients and deep myo-
metrial invasion was observed in 37.5% of these 
cases.

PIK3CA mRNA expression was found increased 
from normal control tissue to EC tissues and endome-
trioid to non-endometrioid histological type22. Further-
more, high PIK3CA mRNA expression is associated 
with poor prognosis and increased expression in me-
tastases demonstrating the independence of PIK3CA 
mutational status23. We observed PIK3CA up-regula-
tion in 68% of the participants and tumor Grade 2–3 
as an indicator of poor prognosis in 66.6% of these 
patients.

Table 3. Karyotype analysis results according to the tumor type 
of the participants

Histopathology Karyotype

Endometrioid 41~88, X, ‑X [5], ‑4[3], ‑11[3],19[4] 
[cp10]/46, XX[7] NCCAs [10]

Carcinosarcoma 46, XX, inv (9)(p11q13)[17] 
NCCAs[3]

Endometrioid 46, XX[8]/NCCAs[3]

Endometrioid 46, XX[1]/NCCAs[1] 

Carcinosarcoma 46, XX[3]/NCCAs[2]

Endometrioid 46, XX[1]/NCCAs[2]

Endometrioid 46, XX[2]/NCCAs[2]

Endometrioid 46, XX[1]/NCCAs[1]

Endometrioid 46, XX[17]/NCCAs[6]

Endometrioid 44~78, XX,+9[2],+19[2],‑20[3]
[cp5]/46, XX[1] NCCAs[7]

Endometrioid 46, XX[9]/NCCAs[6]

Endometrioid 39~49, XX,‑15[3],+16[2][cp5]/46, 
XX[8]NCCAs[4]

Serous 45, X,‑X,[3],‑16[3]/46, XX[8] 
NCCAs[4]

Endometrioid 40~44, X,‑X[2]/46, XX[6]
NCCAs[7]/46, XX[8]/NCCAs[7]

Endometrioid 46, XX[9]/NCCAs[3]

Endometrioid 46, XX[15]/NCCAs[5]

Endometrioid 46, XX[1]/NCCAs[1]

Endometrioid 46, XX[1]NCCAs[2]

Endometrioid 46, XX[3]/NCCAs[5]

NCCAs: non‑clonal chromosome aberrations.
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Table 4. Karyotype analysis results, gene regulation and chromosome abnormality status of the participants

Karyotype Missing or excess chromosome POLE
12q24.33

PTEN
10q23.31

TP53
17q13.1

ARIDA
3q26.32

PIK3CA
1p35.3

41~88, X, ‑X [5], ‑4[3], ‑11[3],19[4] 
[cp10]/46, XX[7] NCCAs [10]

–1, –2, –3, –4, –5, –6, –7, –9, –10, –11, 
–13, –14, –16, –17, –19, –20, –21, –22, 

–X, +4, +21

10,014u 87,305u 59,466u 67,6,2u 81,346u

46, XX, inv (9) (p11q13)[17]
NCCAs [3]

–6, –12, –17, –X 2,439d 1,312d 1,075u 3,202u 2,542u

46, XX [8]/NCCAs [3] –10, –15 –22, +2 4,389u 7,454u 9,409u 14,611u 12,346u

46, XX [1]/NCCAs[1] +8 3,565u 3,753u 4,011u 16,784u 33,498u

46, XX[3]/NCCAs [2] –1, –8, –9, –10, 11, –12, –15, –17, –18,
–21, –X

29,324u 114,405u 58,242u 60,506u 99,457u

46, XX[1]/NCCAs [2] –2 4,275d 3,143d 2,167d 3,948d 2,556d

46, XX[2]/NCCAs [2] –14, –X, +13 1,480d 2,864u 2,740u 1,486d 1,533u

46, XX[1]/NCCAs [1] –7, –8, –9, –10, –13, –20, –X 1,202d 2,709u 2,369u 2,202u 3,173u

46, XX[17]/NCCAs [6] –6, –8, –9, –10, –14 25,563d 11,096d 5,881d 13,187d 9,409d

44~78, XX,+9[2],+19[2],‑20[3]
[cp5]/46, XX[1] NCCAs [7]

–14, –16, –19, –20, –21, –22, +2, +5, 
+7, +8, +9, +11, +12, +13, +14, +18, 

+19

7,485u 2,852d 2,614d 9,911u 15,412u

46, XX[9]/NCCAs [6] –3, –4, –15, –17, –22,‑X, +8 7,857u 29,000u 18,430u 15,878u 17,101u

39~49, XX,‑15[3],+16[2][cp5]/
46, XX[8] NCCAs [4]

–1, –2, –3, –5, –6, –7, –10, –13, 
–15, –16, –18, –19, –X, +2, +4, +6, 

+10+19, +22

21,917u 316,926u 174,127u 179,644u 48,705u

45, X,‑X,[3],‑16[3]/46, XX[8]  
NCCAs [4]

–3, –5, –7, –14, –15, –16, –18, –19,‑20, 
–X, +15, polyploidy

2,763d 2,045d 1,334d 1,671d 1,520d

40~44, X,‑X[2]/46, XX[6] NCCAs [7]/
46, XX[8]/NCCAs [7]

–3, –6, –7, –15, –16, –17, –18, –20, 
–22

98,633u 5,688u 7,130u 342,272u 303,594u

46, XX[9]/NCCAs [3] –2, –5, –10, –11, –15, –17, –22 9,741u 2,654u 4,608u 2,547u 3,130u

46, XX[15]/NCCAs [5] –2, –4, –5, –6, –15, –16, –17, –18, 
–19, –22

1,038u 4,931d 1,262d 2,315d 1,520d

46, XX[1]/NCCAs [1] –7, –X 20,908d 53,520d 44,818d 39,698d 35,115d

46, XX[1]/NCCAs [2] –19 4,395d 53,150d 16,178d 16,576d 24,488d

46, XX[3]/NCCAs [5] –6, –9, –10, –11, –12, –15, –17, –18, 
–22

2,034u 4,147d 2,275d 1,166d 3,468d

NCCAs: non‑clonal chromosome aberrations; u: up‑regulation; d: down‑regulation; Gene locations: POLE‑12q24.33, PTEN‑10q23.31, TP53‑17q13.1, PIK3CA‑3q26.32, ARID1A‑1p35.3

Although the locations of the genes on the chromo-
somes are: POLE-12q24.33, PTEN-10q23.31, TP53-
17q13.1, PIK3CA-3q26.32, and ARID1A-1p35.3, 
unfortunately, there is no statistical difference be-
tween the cytogenetic findings and the results that 
we obtained with quantitative reverse transcription 
polymerase chain reaction (RT PCR). The reason for 
this is sensitivities of the classical cytogenetic tech-
nique and the RT PCR technique is quite different 
from each other and insufficient to compare these 

methods, and the changes in gene expression don’t 
depend only on the changes in the copy number of 
the genes. While large-scale chromosomal abnor-
malities (insertion/deletion) can be detected with clas-
sical cytogenetics, only gene-based examinations 
with RT PCR are possible. The small number of cells 
analyzed is an important factor and a major limitation 
of our study. At the same time, the inability to follow-
up on the survival of the patients is another limitation 
of the study.
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Table  5. Comparison of the regulation status according to the 
presence of a chromosomal abnormality

Gene Chromosomal 
abnormality

χ2 p

NCCAs CCAs

n % n %

POLE
Up‑regulation
Down‑regulation

7
7

50.0
50.0

4
1

80.0
20.0

1.360 0.338

PTEN
Up‑regulation
Down‑regulation

7
7

50.0
50.0

3
2

60.0
40.0

0.148 1.000

TP53
Up‑regulation
Down‑regulation

8
6

57.1
42.9

3
2

60.0
40.0

0.012 1.000

ARIDA
Up‑regulation
Down‑regulation

7
7

50.0
50.0

4
1

80.0
20.0

1.452 0.338

PIC3CA
Up‑regulation
Down‑regulation

8
6

57.1
42.9

4
1

80.0
20.0

0.827 0.603

χ2: Fisher exact test.

Conclusions

We recommend surgeons and oncologists work with 
diagnostic methods such as chromosomal microarray 
and whole genome sequencing since they are more 
sensitive in the management of targeted therapies. 
Increased expression of POLE, TP53, and PIK3CA 
genes is known associated with decreased survival, 
poor prognosis, and metastasis. We believe that si-
lencing with CRISPR/Cas9-mediated genome editing 
technology using primary tissue samples may be a 
potential strategy in the treatment of patients and will 
be the focus of future research. At the same time, the 
up-regulation of tumor suppressor genes such as 
PTEN, TP53, and ARID1A in our study shows that not 
only these genes are involved but also different path-
ways and factors play a role in tumorigenesis. The 
increased number of NCCAs shows that these abnor-
malities cannot be underestimated in cancer cases 
and play an important role in the development of ECs, 
which indicates the need for further research.
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Comparative analysis of PECS-2 and ESP for acute and chronic 
pain control in breast-conserving surgery. A prospective study
Análisis comparativo de PECS-2 y ESP para el control del dolor agudo y crónico en la 
cirugía conservadora de mama. Un estudio prospectivo
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Abstract

Objective: The aim of this study was to compare the effects of Pectoral Nerve Block 2 (PECS-2) and Erector Spinae Plane 
Block (ESP), which are accepted to have an effect on post-operative pain control after breast cancer surgery, on both acute 
and chronic pain. Method: In this double-blind, prospective, randomized study, patients were randomized using a sealed 
envelope method into two groups: those who underwent PECS-2 (Group P) and those who underwent ESP (Group E) before 
extubation at the end of the operation. The numerical rating scale (NRS) of patients was queried by a blinded researcher at 
post-operative 1, 2, 6, 12, and 24 h. In addition, patients were queried for the presence of chronic pain at the 3rd month using 
NRS. Results: The NRS scores at 1  h and 2  h in Group  P were significantly lower compared to Group  E. There was no 
significant difference in NRS scores at 6 h, 12 h, and 24 h between the groups. The rate of chronic pain was similar between 
the groups. Conclusion: In this study examining the effects of ESP and PECS-2 on acute and chronic pain after BCS due to 
breast cancer, PECS-2 was associated with less post-operative pain.

Keywords: Breast-conserving surgery. Chronic post-operative pain. Nerve block. Pain. Post-operative pain. Ultrasonography.

Resumen

Objetivo: El propósito de este estudio fue comparar los efectos del pectoral nerve block 2 (PECS-2) y el erector spinae plane 
block (ESP) en el dolor post-operatorio del cáncer de mama, tanto agudo como crónico. Método: En este estudio doble ciego, 
prospectivo y aleatorizado, las pacientes se asignaron aleatoriamente a dos grupos: PECS-2 (grupo P) y BES (grupo E) antes 
de la extubación al final de la operación. Un investigador ciego evaluó la numerical rating scale (NRS) de las pacientes a las 
1, 2, 6, 12 y 24 horas del post-operatorio. Además, se preguntó a las pacientes por la presencia de dolor crónico al tercer 
mes utilizando la NRS. Resultados: Las puntuaciones NRS a 1 y 2 horas en el grupo P fueron significativamente menores 
que las del grupo E. No hubo diferencias significativas en las puntuaciones NRS a las 6, 12 y 24 horas entre ambos grupos. 
La tasa de dolor crónico fue similar entre ellos. Conclusión: En este estudio, en el que se examinaron los efectos de ESP y 
PECS-2 sobre el dolor agudo y crónico después de una BCS por cáncer de mama, el PECS-2 se asoció con menos dolor 
post-operatorio.

Palabras clave: Cirugía conservadora de la mama. Dolor post-operatorio crónico. Bloqueo nervioso. Dolor. Dolor post-ope-
ratorio. Ultrasonografía.

ORIGINAL ARTICLE

Cir Cir. 2025;93(2):145-150 

Contents available at PubMed 

www.cirugiaycirujanos.com

*Correspondence: 
Hulya Y. Ak 

E-mail: hulyayilmazak@gmail.com

Date of reception: 17-04-2024

Date of acceptance: 19-06-2024

DOI: 10.24875/CIRU.24000223

CIRUGIA Y CIRUJANOS

0009-7411/© 2024 Academia Mexicana de Cirugía. Published by Permanyer. This is an open access article under the terms of the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://orcid.org/0000-0002-8682-6254
https://orcid.org/0000-0002-7023-4748
https://orcid.org/0000-0002-1809-0791
https://orcid.org/0000-0002-1627-1986
https://orcid.org/0000-0002-2144-9224
https://orcid.org/0000-0003-1078-7786
https://orcid.org/0000-0002-7872-1794
http://crossmark.crossref.org/dialog/?doi=10.24875/CIRU.24000223&domain=pdf
mailto:hulyayilmazak%40gmail.com?subject=
http://dx.doi.org/10.24875/CIRU.24000223


Cirugía y Cirujanos. 2025;93(2)

146

Introduction

Breast-conserving surgery (BCS) is a surgical 
method designed to remove cancer by leaving as 
much of the breast intact as possible. The combination 
of BCS and sentinel lymph node biopsy has become 
the standard treatment for patients with early-stage 
breast cancer. Many patients experience severe acute 
post-operative pain after breast cancer surgery1.

Opioid treatment can bring both the pain itself and 
the accompanying side effects, which can be really 
distressing for the patient. In addition, acute post-oper-
ative pain is a risk factor for chronic post-operative pain 
and low quality of life after breast cancer surgery2. 
Post-operative chronic pain is defined as pain localized 
to the surgical area, lasting for at least 3 months, and 
continuing from acute post-operative pain after exclud-
ing other causes of pain3. Chronic pain after breast 
cancer treatment is a significant clinical problem affect-
ing 25-60% of patients. Therefore, the management of 
post-operative pain is important for outcomes in 
patients undergoing breast cancer surgery4.

Perioperative management during breast cancer sur-
gery typically consists of combinations of regional anes-
thesia techniques combined with general anesthesia. 
Regional anesthesia also provides better post-operative 
analgesia, reduced opioid use, and decreased post-
operative nausea and vomiting. New regional anesthe-
sia techniques, such as fascial plane blocks have 
replaced traditional thoracic paravertebral block due to 
their comparable analgesia with lower complication 
prevalence5. Pectoral Nerve Plane Block 2 (PECS-2) 
was developed to provide analgesia after breast sur-
gery6. This ultrasound-guided block is administered by 
injecting local anesthetic below the pectoralis minor and 
serratus anterior muscles at the level of the third rib. 
Erector Spinae Plane Block (ESP), another commonly 
used plane block for post-operative pain management, 
is a relatively simple and safe technique involving the 
injection of local anesthetic deep into the erector spinae 
muscle, which can also reduce opioid consumption7.

The aim of this study is to investigate the effects of 
two established plane blocks (PECS-2 and ESP) on 
both acute and chronic pain after BCS in terms of 
post-operative pain control.

Method

This double-blind, prospective, randomized study 
was conducted at (Institution name here) between 

June 2023 and January 2024 after obtaining ethics 
committee approval (No: 2023/514/250/32, Date: 
29 May 2023). Written consent was obtained from all 
patients. Patient registration and allocation were per-
formed using a consort diagram (Fig.  1). The study 
included women aged ≥ 18 years who were sched-
uled for BCS, with or without axillary lymph node 
clearance and had an ASA physical status of 1-3. 
Patients who were pregnant, allergic to study drugs, 
had coagulopathy, injection site infection, chronic 
pain, or alcohol or drug dependence were excluded 
from the study. Patients were randomized using a 
sealed envelope method into two groups: those who 
underwent PECS-2 (Group P) and ESP (Group E) at 
the end of the operation. A priori power analysis con-
ducted using GPower 3.1.9.7 software estimated that 
a minimum sample size of 17 participants per group 
would be required, assuming an effect size of 1.0, a 
significance level (α) of 0.05, and 80% power.

Patients were examined and written consent was 
obtained during the pre-operative period. All opera-
tions were performed by the same surgeon. All post-
operative blocks were performed under ultrasound 
guidance (Samsung HM70 EVO) by an anesthesiolo-
gist experienced in regional anesthesia (Blocks were 
applied to all patients by the same anesthesiologist). 
The anesthesiologists who performed intraoperative 
patient monitoring and post-operative pain assess-
ment were blinded to the study.

Anesthesia management

All patients received a standard general anesthesia 
protocol (2 mg/kg IV propofol, 1 µg/kg IV fentanyl, and 
0.6-0.8 mg/kg IV rocuronium for intubation). All patients 
were intubated and connected to the anesthesia 
machine using volume-controlled ventilation with a 
tidal volume of 6-8  mL/kg and EtCO2 maintained at 
35-45 mmHg. Anesthesia maintenance was achieved 
with a mixture of 50% oxygen and 50% air and adjusted 
desflurane and IV remifentanil infusion (0.25-0.5 µg/
kg/min) according to 4-6 minimal alveolar concentra-
tion. All patients received 10 mg/kg paracetamol and 
1 mg/kg tramadol IV at the end of surgery. Based on 
randomization compliance, a plan block was applied 
according to the group before extubation.

Ultrasound-guided plan block application

For PECS-2 application in Group P, under sterile con-
ditions, a high-frequency linear ultrasound probe was 
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placed in a sagittal plane below the clavicle. A 21-gauge 
50 mm isolated facet-tipped needle was inserted from 
cephalad to caudal under ultrasound guidance and 
10 ml of 0.25% bupivacaine was injected between pec-
toralis minor and major and 20 ml of 0.25% bupivacaine 
was injected between pectoralis minor and serratus 
anterior muscles. Bupivacaine was injected slowly with 
aspiration every 5 ml. For Group E receiving ESP, under 
ultrasound guidance, a linear USG probe was placed 
sagittally 2-3 cm lateral to the spine. After identifying the 
erector spinae muscle and transverse processes, the 
needle was inserted from the deep aspect of the erector 
spinae muscle, and 20  ml of 0.25% bupivacaine was 

applied. A 15-min waiting period was observed for any 
potential complications. Patients were monitored and 
followed up for at least 30 minutes in the recovery unit 
after tracheal extubation.

Post-operative pain assessment

Acute post-operative pain was assessed using the 
numerical rating scale (NRS) ranging from 0 (no pain) 
to 10 (worst imaginable pain). In cases where NRS 
was ≥ 4 at post-operative 30  minutes in the post-
anesthetic care unit, patients were given 25  mg IV 
pethidine as rescue analgesia. Patients requiring 

Figure 1. Flow chart of the consort.
BCS: breast-conserving surgery; NRS: numerical rating scale; ESP: Erector Spinae Plane; PECS-2: Pectoralis Plane Block 2.
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additional analgesia were observed in the post-anes-
thetic care unit for 1 h.

Post-operative IV analgesia was standardized for all 
patients. IV Paracetamol 10  mg/kg was administered 
every 6  h and 25  mg IV Dexketoprofen Trometamol 
was administered every 12  h. The NRS scores of 
patients were queried by a blinded researcher at post-
operative 1, 2, 6, 12, and 24 h. Each patient was reas-
sessed at post-operative 3 months for the presence of 
any pain, signs, and symptoms developing or worsen-
ing in the breast area (For patients unable to come for 
follow-up, NRS scores were queried over the phone).

Statistical methods

Descriptive statistics such as mean, standard devia-
tion, median, minimum, maximum, frequency, and ratio 
values were used to describe the data. Discrete and 
continuous data were analyzed for normal distribution 
using the Shapiro-Wilk test. The Independent samples 
t-test and Mann-Whitney U test were used for the 
analysis of continuous data which showed normal and 
skewed distribution. Fisher’s exact test or chi-square 
test was applied to assess statistical significance for 
discrete and categorical data. All statistical analyses 
were performed using SPSS Statistics for Windows, 
version 29.0 (IBM Corp., Armonk, NY, USA). A p < 0.05 
was considered statistically significant.

Results

A total of 50  patients were included in the study to 
undergo BCS surgery. The study excluded a total of 
6  patients: 2 due to non-cooperation during the NRS 
assessment, 2 because sufficient ultrasound images 
couldn’t be obtained, and 2 others because communica-
tion couldn’t be established with them 3 months later. The 
study was completed with a total of 44 patients (Fig. 1). 
All patients were female (100%). The mean age was 54.3 
± 7.9  years, and the mean BMI was 28.1  ±  3.5  kg/m². 
61.4% of the patients underwent surgery on the left breast, 
while 38.6% underwent surgery on the right breast.

There were 22 patients in each group. There were 
no significant differences in age, weight, height, or 
BMI between Group P and Group E (p = 0.173). There 
was no significant difference between the groups 
in  terms of side (right-left) (p = 0.353). The rate of 
chronic diseases in Group P was significantly higher 
than in Group E (p = 0.030) (Table 1).

There were no significant differences between the 
groups in terms of pre-operative, intraoperative 

systolic, and diastolic blood pressure (p = 0.475, 
p  =  0.232, p = 0.205, p = 0.392). The pre-operative 
heart rate in Group P was significantly higher than in 
Group E (p = 0.027). There were no significant differ-
ences between the groups in terms of pre-operative 
and intraoperative saturation and intraoperative heart 
rate (p = 0.636, p = 0.198, p = 0.116). In addition, sur-
gical duration, anesthesia duration, total fluid, and 
total bleeding were similar between the groups 
(p = 0.162, p = 0.490, p = 0.811, p = 0.382).

The NRS scores at 1  h and 2  h were significantly 
lower in Group  P compared to Group  E (p < 0.001, 
p  < 0.001). There were no significant differences 
between the groups in terms of NRS scores at 6  h, 
12  h, and 24  h (p = 0.128, p = 0.159, p = 0.657) 
(Fig. 2). The rate of chronic pain was similar between 
the groups (p = 0.294) (Table 1).

Discussion

In this study, the effect of two different plane blocks 
applied in the pre-extubation period on post-operative 
acute and chronic pain was compared in breast can-
cer patients undergoing BCS. The PECS-2 had sig-
nificantly lower NRS scores compared to ESP. No 
difference was observed in NRS scores queried at 
other times (6, 12, and 24 h) between the groups. We 
could not detect any difference in the effect of these 
two plane blocks on post-operative chronic pain.

Gürkan et al. showed a decrease in total morphine 
consumption in the post-operative period with the ESP 
applied in the pre-operative period in patients undergo-
ing mastectomy. However, in this study, no difference 
was observed in NRS scores between patients who did 
not receive blocks8. On the contrary, in a meta-analysis 
including 679 patients and 11 articles examining recent 
studies, it was found that ESP performed under USG 
guidance significantly reduced post-operative pain 
intensity after breast cancer surgery9. In our study, the 
mean NRS scores at 1, 2, 6, 12, and 24  h remained 
below 5 in Group  E. No complications were encoun-
tered during block application.

Yu et al. conducted a comprehensive study with 
526  patients undergoing breast cancer surgery, com-
paring patients who underwent PECS-2 block in the 
pre-operative period under general anesthesia with 
those who did not. It was observed that PECS-2 reduced 
intraoperative remifentanil consumption10. In the study 
by Versyck et al., which compared patients undergoing 
PECS-2 with those undergoing thoracic paravertebral 
blocks, no significant difference was found in 
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post-operative pain scores, time to first analgesic 
request, and 24-h opioid consumption. PECS-2, being 
a less invasive method compared to thoracic paraver-
tebral block, is important in terms of its efficacy in pain 
management11. Barrington et al. found that in patients 
undergoing a smaller intervention such as BCS, PECS-
2, and surgical local infiltration resulted in similar pain 
scores in terms of post-operative pain in breast cancer 
patients12.

In a meta-analysis involving 17 studies with 
1069 patients, it was shown that both PECS-2 and ESP 
blocks were more effective than systemic analgesia in 
terms of post-operative analgesia following modified 
radical mastectomy13. In the study by Altıparmak et al., 
PECS-2 effectively reduced post-operative tramadol 
consumption and pain scores compared to ESP after 
radical mastectomy14. Similarly, in the study by Bakeer 
et al., total morphine consumption was found to be 
lower in patients undergoing PECS-2 after mastectomy 

Table 1. Comparison of pre and post‑operative period data of patients who underwent ESP and PECS-2 procedures

Variable ESP group PECS‑2 group p

Mean ± SD/n‑% Median Mean ± SD/n‑% Median

Age (year) 52.6 ± 7.0 52.5 56.0 ± 8.5 58.5 0.150

Weight (kg) 73.4 ± 4.7 73.0 71.8 ± 11.0 70.0 0.534

Height (cm) 161.0 ± 3.6 160.0 160.6 ± 3.2 160.0 0.652

BMI (kg/m2) 28.4 ± 2.0 28.4 27.9 ± 4.6 27.2 0.173

Side
Left
Right

12 (54.5%)
10 (45.5%)

15 (68.2%)
7 (31.8%)

0.353

Chronic disease
(‑)
(+)

12 (54.5%)
10 (45.5%)

5 (22.7%)
17 (77.3%)

0.030 

Chronic pain
(‑)
(+)

19 (86.4%)
3 (13.6%)

21 (95.5%)
1 (4.5%)

0.294

Systolic blood pressure (mmHg)
Pre‑operative
Peroperative

135.8 ± 9.9
126.3 ± 11.4

135.5
129.0

138.5 ± 10.1
122.3 ± 11.6

140.0
120.0

0.475
0.232

Diastolic blood pressure (mmHg)
Pre‑operative
Peroperative

80.2 ± 8.7
74.1 ± 5.0

80.0
75.5

83.4 ± 7.4
75.6 ± 4.6

82.0
76.0

0.205
0.392

Heart rate (bpm)
Pre‑operative
Peroperative

81.9 ± 5.0
78.3 ± 6.0

82.0
76.0

86.8 ± 7.3
81.0 ± 7.6

85.0
80.0

0.027
0.116

Saturation (%)
Pre‑operative
Peroperative

99.0 ± 1.0
99.1 ± 0.8

99.0
99.0

99.0 ± 1.3
99.4 ± 0.5

99.5
99.0

0.636
0.198

Surgical duration (min)
Anesthesia duration (min)
Total fluid (mL)
Total blood loss (mL)

114.3 ± 23.1
131 ± 24.9

1272.7 ± 281.5
64.8 ± 22.2

120.0
130.0
1200.0

65.0

104.1 ± 16.4
123.0 ± 13.9

1220.5 ± 140.3
59.8 ± 14.3

105.0
125.0
1200.0

50.0

0.162
0.490
0.811
0.382

NRS score (h)
1
2
6
12
24

4.9 ± 1.0
4.9 ± 1.0
4.2 ± 0.6
3.6 ± 0.5
2.9 ± 0.7

5.0
5.0
4.0
4.0
3.0

2.8 ± 1.1
3.4 ± 0.7
3.9 ± 0.8
3.3 ± 0.6
2.8 ± 0.7

3.0
3.0
4.0
3.0
3.0

< 0.001
< 0.001
0.128
0.159
0.657

BMI: body mass index; ESP: erector spinae plane block; PECS‑2: pectoral nerve block type 2; NRS: numeric rating scale.
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Figure 2. Comparison of NRS scores between groups.
NRS: numeric rating scale.

compared to ESP. In addition, pain intensity was higher 
in the ESP group at 1, 2, and 6 h after surgery15. In our 
study, the NRS score in Group  P was lower than 
Group E at 1 and 2 h post-operatively. Unlike this study, 
there was no difference in NRS scores between groups 
at other times (6, 12, 24 h) in our study.

In the study by Fujii et al., where they investigated 
chronic pain after mastectomy, the rate of chronic pain 
reported 6 months after surgery in patients who under-
went PECS-2 was observed to be lower compared to 
Serratus Plane Block16. De Cassai et al. also showed in 
their study that PECS-2 reduced chronic pain at 3 months 
after mastectomy4. In our study, the rate of chronic pain 
after BCS was 9.1%. This rate was lower than the 
reported rates of chronic pain after mastectomy, which 
range from 20% to 60% in some studies2. This may be 
because BCS is a smaller surgical intervention com-
pared to mastectomy, resulting in a lower rate of chronic 
pain. In addition, since we applied plane blocks in both 
groups, the relatively lower incidence of acute pain in the 
participants could be associated with this. Although three 
out of four patients with chronic pain were in Group E, 
we didn’t observe a significant difference in terms of 
chronic pain between PECS-2 and ESP.

Conclusion

In this study, we examined the effects of ESP and 
PECS-2 on post-operative acute and chronic pain in 
patients undergoing BCS for breast cancer. According 
to our findings, PECS-2 was associated with less pain 
in the post-operative 1st  and 2nd  h. However, neither 
block was effective in reducing chronic pain. Our 
results indicate that PECS-2 is effective in reducing 
early-stage pain in patients undergoing BCS surgery.
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Abstract

Objective: Our aim was to examine the effectiveness of human breast milk exosomes in treating testicular torsion. 
Methods: Rats were divided randomly into three equal groups. Group 1 was our control group. A torsion/detorsion model was 
created for the rats in Group 2. After the torsion/detorsion model, 1 mg/kg intraperitoneally human breast milk exosomes were 
given 30 min before detorsion in Group 3. All testicles were removed at the 6th h of the experiment, for biochemical and his-
topathological examination. Results: There was a statistically significant decrease in Group  3 MDA values compared to 
Group 2. When Group 3 and Group 2 SOD and CAT values were compared, it was seen that these values were higher in 
Group 3. Histopathologically a statistically significant difference was found in Group 3 compared to Group 1 and Group 2 in 
terms of ischemia/reperfusion injury. Conclusion: We have shown that human breast milk exosomes in testicular torsion do 
not completely prevent reperfusion injury but significantly preserve testicular tissue.

Keywords: Testicular torsion. Exosome. Ischemia/reperfusion.

Resumen

Objetivo: Nuestro objetivo era examinar la eficacia de los exosomas de la leche materna humana en el tratamiento de la 
torsión testicular. Métodos: Las ratas se estudiaron en tres grupos iguales. El grupo 1 fue nuestro grupo control. Se creó un 
modelo de torsión/destorsión para las ratas del grupo 2. Después del modelo de torsión/destorsión, se administró 1 mg/kg de 
exosomas de leche materna humana por vía intraperitoneal 30 minutos antes de la destorsión en el grupo 3. Todos los tes-
tículos se extirparon a la sexta hora del experimento para examen bioquímico e histopatológico. Resultados: Hubo una dis-
minución estadísticamente significativa en los valores de MDA del grupo 3 en comparación con el grupo 2. Cuando se com-
pararon los valores de SOD y CAT del grupo 3 y del grupo 2, se vio que estos valores eran mayores en el grupo 3. 
Histopatológicamente se encontró una diferencia estadísticamente significativa en el grupo 3 en comparación con el grupo 1 
y el grupo 2 en términos de lesión por isquemia/reperfusión. Conclusión: Hemos demostrado que los exosomas de la leche 
materna humana en la torsión testicular no previenen completamente la lesión por reperfusión, pero preservan significativa-
mente el tejido testicular.

Palabras clave: Torsión testicular. Exosoma. Isquemia/reperfusión.
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Introduction

Testicular torsion is a surgical emergency that 
causes cessation of blood flow to the testis and sur-
rounding structures due to the vertical rotation of the 
spermatic cord in newborns, children, and adoles-
cents1. The incidence in men under the age of 25 is 
1/40002. Early diagnosis and surgical intervention are 
required to prevent infertility and subfertility3. The di-
agnosis of testicular torsion should be made within the 
first 4-6  h. Especially if there is complete spermatic 
cord torsion, that is if there is a 720-degree rotation, 
it causes irreversible ischemic damage to the testis 
and loss of gonads4.

Ischemic damage during testicular torsion occurs 
due to oxidative stress and inflammation due to reac-
tive oxygen species (ROS). The primary cause of 
testicular damage during the ischemic injury period is 
associated with decreased oxygen supply5. Tissue 
reperfusion should be provided as soon as possible 
to preserve the viability of ischemia-induced tissues. 
It is known that after detorsion of the testis, reperfu-
sion also causes cellular damage, which is associated 
with an increase in ROS production and neutrophil 
infiltration6. The radicals formed in this process cause 
peroxidation of lipids in the cell membrane, denatur-
ation of proteins, and DNA damage7.

In recent years, extensive research has sought ef-
fective strategies and drugs to minimize or prevent 
testicular ischemia/reperfusion (I/R) injury. However, 
other than trying to reduce the temperature of the 
scrotum, this is the only method that has been suc-
cessfully applied in clinical practice8. Therefore, there 
is an urgent need to develop new therapeutic agents 
and a standard treatment protocol to reduce mortality 
and morbidity rates.

Exosomes are nanoscale cell-derived extracellular 
vesicles secreted from various cell types and found to 
contain bioactive components9. Exosomes, which can 
be obtained from saliva, urine, plasma, breast milk, 
and many other bodily fluids, can be used for thera-
peutic purposes, as they provide genetic material 
transfer, immune regulatory roles, and intercellular 
communication6,10,11. Exosomes are natural and, 
thanks to their very small size, can easily pass through 
anybody barrier. Considering these benefits, the ther-
apeutic use of exosomes is inevitable12.

In recent studies, it has been proven that there are 
high concentrations of exosomes in breast milk, and 
they have been used in various experimental studies 

in the literature13,14. In this study, we aimed to investi-
gate the protective effect of human breast milk exo-
somes against I/R damage in testicular torsion and 
their usability as a treatment modality.

Method

This study was carried out with the contributions of 
the Departments of Biochemistry and Pathology after 
being planned by the Department of Pediatric Surgery 
of Karadeniz Technical University (KTU) Faculty of 
Medicine, and the ethics committee approval with pro-
tocol number 2021/10 was obtained. The surgeries 
were performed in the KTU Faculty of Medicine Surgi-
cal Research Laboratory. Our work was supported by 
the Scientific Research Projects Coordination Unit.

Study Design

Three groups of 8 Sprague Dawley rats, which were 
divided randomly and each weighing 250-300 gr, were 
used in the study. The duration of the experiment was 
determined as 1 day. Until the study day, the rats were 
housed in cages with 8 or less sawdust under stan-
dard laboratory conditions at 22 ± 2 °C constant room 
temperature, 60% humidity, and 12 h light/12 h dark. 
Rats fasted for 24  h before surgery, and only water 
was given. In all surgical procedures, anesthesia was 
administered intraperitoneally, 10 mg/kg xylazine hy-
drochloride (Rompun, Bayer, Turkey) and 50  mg/kg 
ketamine (Ketalar, Pfizer, Turkey).

Surgical Technique: The operation area was shaved 
and cleaned with betadine solution. An incision made 
from the scrotal midline was used in the surgeries. 
Torsion/detorsion model; the left testis was taken out 
and rotated 720 degrees counterclockwise. Then, the 
tunica albuginea was sutured with 6/0 monofilament 
and fixed to the scrotum so the testis would not be 
detorsioned again. The scrotum was closed with 4/0 
silk, and torsion was performed. After 4 h, the testis 
was detorted and waited. Orchiectomy was performed 
on the left testis 2 h after the detorsion procedure.

Group  1: after anesthesia, a vertical incision was 
made from the scrotal midline; the left testis was taken 
out by cutting the gubernaculum, then placed in the 
scrotum in an anatomical position without torsion. The 
layers were closed with 4/0 silk, and the left orchiec-
tomy was performed 6 h later.

Group 2: a torsion/detorsion model was created for 
the rats in this group, and left testis orchiectomy was 
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performed 2 h after detorsion, that is, at the 6th  h of 
the experiment.

Group 3: a torsion/detorsion model was created for 
rats in this group, and 1 mg/kg ip human breast milk 
exosomes were given 30  min before detorsion. Left 
orchiectomy was performed 2 h after detorsion, at the 
6th h of the experiment.

The orchiectomy material was divided into two 
parts. Half of the obtained testicular tissue was im-
mediately frozen with liquid nitrogen and stored at –80 
degrees until biochemical analysis. The other half was 
reserved for histopathological examinations.

Human breast milk collection and exosome 
isolation

Approximately 200-300  mL of fresh breast milk 
samples were collected from healthy lactating moth-
ers who applied to the KTU University, Faculty of 
Medicine, Pediatric Surgery Clinic (Trabzon, Turkey). 
Milk samples were frozen immediately and kept 
at  –80 °C until used. Exosomes were isolated from 
breast milk by differential centrifugation and ultracen-
trifugation. All centrifugations were performed at 4 °C, 
and breast milk was centrifuged at 3000×g (F0650 
rotor, Beckman Coulter Instruments, USA) for 10 min 
to separate the milk lipid layer. The supernatant was 
transferred to a new tube, and centrifugation was per-
formed again at 5,000 ×g (F0650 rotor, Beckman 
Coulter Instruments, USA) for 30  min to eliminate 
large cellular debris and remaining lipids. Then, the 
new supernatant was transferred to a new tube, and 
centrifugation was performed again at 12,000 ×g 
(F0650 rotor, Beckman Coulter Instruments, USA) for 
10 min to remove smaller cellular debris and apoptotic 
cells. The exosomes were obtained from the new cen-
trifuged milk supernatant by ultracentrifugation at 
110,000 ×g for 2 h at 4°C using a JS 24.15 rotor (Beck-
man Coulter Instruments, USA). After removing the 
exosome-free supernatant, the crude exosome pellet 
was suspended in 1000 μL phosphate-buffered saline 
(PBS, pH 7.4) in a 1.5 mL Eppendorf tube and stored 
at –80 °C until used for the experiment.

Human breast milk-derived exosome 
protein extraction and confirmation by 
western blot

Human breast milk-derived exosomes were lysed in 
RIPA lysis solution (SE3924401, SERVA) containing 

protease and phosphatase inhibitor cocktail (PPC1010, 
SIGMA) was added, and exosomes were kept on ice for 
15 min. Afterward, the protein was obtained by centrifu-
gation at 15000 xg, +4°C for 15 min, and its concentra-
tions were analyzed using the Bicinchoninic acid (BCA) 
kit (LOT: UD282967, Thermo Scientific, USA) and ana-
lyzed for total CD63 (positive exosome membrane mark-
er) and calnexin (negative marker) protein expression. 
Lysate was separated by SDS-PAGE and transferred 
onto a nitrocellulose membrane. The membranes were 
probed with antibodies and detected using enhanced 
chemiluminescence detection. Primary antibodies were 
as follows: anti-CD63  (1:1000; Abcam, ab68418); and 
anti-calnexin (1:1000; Abcam, ab213243). The second-
ary antibody was horseradish peroxidase (HRP)-conju-
gated goat anti-rabbit (1:5000; Abcam, ab97200).

The protein concentration of the breast milk exo-
somes used in the experiment was adjusted to 1 µg/mL 
by the BCA kit.

Biochemical analysis

Testicular tissue was homogenized with 2  mL of 
cold homogenization buffer in a test tube for about 
20  s until the tissues were completely disintegrated 
and then centrifuged at 3,000 rpm for 10 min. 750 µL 
of supernatant was placed in 1.5  mL Eppendorf. 
600 μL of ethanol-chloroform (2:3) mixture was added 
to it. It was centrifuged at 10,000 xg for 30  min at 
+4°C. After centrifugation, protein determination, su-
peroxide dismutase (SOD), and catalase (CAT) activ-
ity were measured in the protein phases on the upper 
part of the Eppendorf. SOD enzyme activity was per-
formed by modifying the method developed by Sun 
and Oberley15. The Aebi method was used to deter-
mine CAT enzyme activity16.

Testicular tissue was homogenized with 2 mL of cold 
homogenization buffer in a test tube for about 30 s until 
the tissues were completely disintegrated and then 
centrifuged at 3,000  rpm for 10 min. The supernatant 
was taken, and the Malondialdehyde (MDA) level was 
determined. This method was carried out by modifying 
the method based on measuring the absorbance at 
532  nm of the color of the complex formed by MDA 
with thiobarbituric acid in an acidic medium17.

Histopathological assay

Tissues were fixed in Bovine solution for 72 h. Fixed 
tissue pieces were dehydrated by passing through 
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70%, 90%, 96%, and 100% graded alcohol series. It 
was then cleared by passing through a xylene solu-
tion. After the paraffin blocks of the tissues were pre-
pared, 5 μm thick sections were taken with a fully 
automatic microtome. Sections were stained with he-
matoxylin and eosin (H&E) after deparaffinization. The 
H&E stained slides were evaluated histopathologically 
with a light microscope (Olympus BX 51; Olympus 
Optical Co, Ltd, Tokyo, Japan), by an experienced 
pathologist unaware of the study groups. Damage to 
testicular tissues was graded by the Johnsen Testicu-
lar Biopsy Score (JTBS). In this scoring system, tes-
ticular tissues were evaluated semi-quantitatively in 5 
high power fields (HPF) at x200 magnification by light 
microscopy.

Statistical analysis

SPSS 23.0 statistical package program was used in 
the analysis of the data. Descriptive statistics of the 
evaluation results were given as median and quartiles 
(Q1-Q3). The suitability of the data for normal distribu-
tion was checked with the Kolmogorov-Smirnov test. 
The Kruskal-Wallis test was used to compare the nu-
merical values of three independent groups. A statisti-
cally significant level was taken as p < 0.05 in the 
Kruskal-Wallis test. Since significant results were 
found in the Kruskal-Wallis test, Bonferroni correction 
was made when making pairwise comparisons. Mann-
Whitney U test was used and p < 0.017 (0.05/3) was 
considered significant.

Results

Confirmation of exosomes from mother 
milk

The presence of exosomes from human breast milk 
was confirmed by Western blot for the exosome mem-
brane markers cluster of differentiation 63 (CD63) and 
the negative marker calnexin (Fig. 1).

Biochemical analysis

When the tissue MDA, SOD, and CAT values of the 
three groups were compared, a statistically significant 
difference was found which is shown in table 1.

When the pairwise MDA values of the groups were 
compared, a statistically significant difference was 
found between group 1-group 2 and group 2-group 3 

Figure 1. Confirmation of mother-breast milk exosomes by Western 
Blot.

(p < 0.05). There was no significant difference be-
tween group 1 and group 3.

When the pairwise SOD values of the groups were 
compared, a statistically significant difference was 
found between group 2 and group 3 (p < 0.05). There 
was no significant difference between group 1-group 2 
and group 1-group 3.

When the pairwise CAT values of the groups were 
compared, a statistically significant difference was 
found between group 1 and group 2 (p < 0.05). There 
was no significant difference between group 1-group 3 
and group 2-group 3. A pairwise comparison of tissue 
MDA, SOD, and CAT values is given in table 1.

Histopathological assay

When the left testis JTBS of different groups were 
compared histopathologically, the difference between 
them was found to be statistically significant. Values 
are given in table 2.

A statistically significant difference was found be-
tween group  1-group  2 and group  2-group  3 when 
comparing the JTBS values of the groups in pairs. 
There was no significant difference between Group 1 
and group 3 (p < 0.05). Values are given in table 2. 
Histopathological images in all three groups are 
shown in figure 2.

Discussion

The primary pathology in testicular torsion is venous 
occlusion that causes testicular edema and pain. 
However, this venous occlusion causes hypoxia in the 
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Table 2. Histopathological assay; JTBS results

Groups JTBS mean values
Median (Q1‑Q3)

p* Post‑hoc**

Group 1 9.5 (9.0‑10.0) < 0.001* p1‑2 < 0.001
p2‑3 = 0.014

Group 2 3.0 (3.0‑4.0)

Group 3 8.0 (7.0‑8.0)

*p < 0.05 was considered statistically significant. Kruskal-Wallis test was used. 
**p < 0.017 was considered statistically significant. Bonferroni correction has been 
made. Mann‑Whitney U test was used.
JTBS: Johnsen testicular biopsy score.

Table 1. The mean values of the biochemical results of the groups

Parameters Group 1
Median (Q1‑Q3)

Group 2
Median (Q1‑Q3)

Group 3
Median (Q1‑Q3)

p* Post‑hoc**

MDA (nmol/mg protein) 28.45 (21.03‑34.73) 68.74 (44.11‑91.00) 22.38 (19.68‑22.52) < 0.001 p1‑2 = 0.015
p2‑3 < 0.001

SOD (U/mg protein) 9.83 (8.67‑10.65) 10.86 (9.21‑13.96) 7.30 (6.78‑9.46) 0.012 p2‑3 = 0.004

CAT (k/g protein) 6.87 (5.54‑7.38) 3.33 (2.39‑3.84) 5.70 (3.88‑6.95) 0.007 p1‑2 = 0.002

*p < 0.05 was considered statistically significant. The Kruskal-Wallis test was used. **p < 0.017 was considered statistically significant. Bonferroni correction has been made. 
Mann‑Whitney U test was used.
MDA; malondialdehyde; SOD: superoxide dismutase; CAT: catalase.

testis, just as in other tissues, by disrupting the arterial 
circulation because the tunica of the testis is not elas-
tic. Thrombi formed at venous, arterial, and capillary 
levels cause testicular ischemia and subsequent ne-
crosis18. By eliminating the factor causing ischemia in 
reperfusion, blood flow to the ischemic organ can be 
restored, irreversible damage can be prevented, and 
lost functions can be restored. However, “reperfusion 
damage” occurs due to the free oxygen radicals 
formed and the activated blood cells in the blood. 
Reperfusion after ischemia damages the tissue more 
than ischemia19,20.

Despite the search for alternative medical treatment 
methods for testicular torsion, emergency surgery is 
still a valid and widely applied treatment. Although the 
effect of testicular tissue by torsion is related to the 
duration and degree of torsion, the efficacy of numer-
ous pharmacological agents and treatments have 
been evaluated in animal models to prevent testicular 
reperfusion injury since the primary preventable tis-
sue damage occurs during the post-detorsion reperfu-
sion period21.

Exosomes are serious cell-cell communication mes-
sengers and contain proteins, lipids, and genetic mate-
rial that can be transported between cells to mediate 
intercellular communication and immune response22. 
Their existence as natural carriers, high biodistribution 
and stability in plasma, and relatively small size make 
them suitable candidates for therapeutic applications12.

A recent study suggested that exosomes produced 
from human breast milk may reduce oxidative stress 
and support immune system development23, and this 
encouraged us to use human breast milk exosomes 
in our study. Admyr et al. showed that exosomes in 
human breast milk can potentially affect the in-
fant’s immune system14. To investigate the effect of 

Figure 2. A: sertoli cell, spermatogonia (↑), and Spermatocyte (▲) in testicle of group 1. B: diffuse fresh bleeding in the interstitial area and 
exfoliated necrotic cells in seminiferous tubule lumen, few ghost germinal epithelial cells in the left testicular tubule lumen belonging to group 2 
(▲) (H&E ×100). C: Spermatids (↑) and spermatozoons (▲) in the testis belonging to group 3.

A B C
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exosomes against I/R damage in testicular torsion 
due to their protective effects in reperfusion injury 
mentioned above and positive effects on sperm motil-
ity and viability, we used exosomes obtained from 
breast milk, which has not been tested in the literature 
before.

First, we showed that the presence of human breast 
milk exosome produced in the Department of Bio-
chemistry of KTU was confirmed by the presence of 
CD63 and the absence of calnexin using the Western 
blot method. Then we applied ip low dose (1 cc) exo-
somes 30  min before detorsion to the torted testis. 
Studies show that local injection of the damaged testis 
has no adverse effect on the contralateral testis24,25. 
Our study, in which we obtained statistically significant 
results, shows that testicular I/R damage and necrosis 
occur in the testicular tissue.

Keivan et al. have shown that rats’ blood serum-
derived exosomes inhibit testicular damage, including 
seminiferous tubule degeneration and loss of intersti-
tial tissue, due to high NO and MDA levels following 
testicular torsion and NO, MDA, and apoptotic gene 
expression levels decrease and provide healthy sperm 
production26. Similarly, in our study, when the MDA 
values of group  2 and group  3 were compared, we 
found a statistically significant difference between the 
two groups. Group 3 had significantly lower MDA val-
ues. The MDA value does not increase due to the 
effect of exosomes on reducing tissue damage. In 
addition, no statistically significant difference was 
found when the MDA values of group 1 and group 3 
were compared.

No statistically significant difference was found 
when the SOD and CAT values of group 1 and group 3 
were compared, and this makes us think that antioxi-
dant enzymes are consumed less in group  3, and 
instead, the exosome is used as an antioxidant. As a 
result of these data, we think the exosome is bio-
chemically effective in I/R damage since the MDA and 
SOD values are significantly different, and the CAT 
values are higher than Group 2, although there is no 
statistically significant difference.

Liu et al. showed that caspase-dependent apopto-
sis pathways are activated after testicular torsion in-
jury, and spermatogenic cells are largely apoptotic, 
whereas treatment with exosomes significantly re-
duces the degree of apoptosis in spermatogenic 
cells24. In addition, it has been shown histopathologi-
cally that the proliferative effect of the exosomes on 
spermatogenic cells is not limited to primary sper-
matocytes, and that it can inhibit spermatogenic cell 

apoptosis and promote proliferation after testicular 
torsion-detorsion injury24. In our study, when group 2 
and group  3 were compared, it was shown that the 
testicles of group  3 had less damage than group  2, 
and the difference between them was statistically 
significant. When group  1 and group  3 were com-
pared, although there were histopathological differ-
ences, there was no statistically significant difference. 
Since exosome application significantly reduced the 
reperfusion damage in testicular tissue compared to 
the torsion group in histopathology, it was seen as an 
expected result that it was not statistically significant. 
In group  3, spermatids and spermatozoa were pre-
served, although not as much as normal; it has been 
shown that there is a significant difference compared 
to group 2.

Finally, the fact that exosomes were taken from hu-
man breast milk, prepared and confirmed with a series 
of procedures, and the application dose was taken by 
taking samples from previous experimental studies 
can be considered among the limitations of our study.

Conclusion

Exosomes are important in diagnostic and thera-
peutic research as they are natural liposomes. Al-
though studies on exosomes obtained from human 
breast milk have succeeded and increased in recent 
years, there is no clinical use in humans yet. We 
showed that exosomes were significantly protecting 
the testicular tissue and germ cells compared to the 
torsion group and new long-term experimental studies 
with different doses should be needed.
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Abstract

Objective: The systemic inflammation response index (SIRI) is a marker used to predict survival. The aim of this study is to 
examine the relationship between SIRI and clinicopathological features and survival. Method: The relationship between clini-
copathological characteristics and survey and SIRI was retrospectively investigated. Results: A  total of 178  patients were 
included in the study. Poor prognostic factors such as tumor size, t, T-stage, tumor-node-metastasis (TNM) stage, and CA19-9 
level were found to have a statistically significant relationship with patients with high SIRI (p = 0.039, p = 0.001, p = 0.001 and 
p = 0.013, respectively). A high SIRI was found to be an independent and poor prognostic factor for 3-year and 5-year survi-
val (p = 0.014 and p = 0.027, respectively). Conclusions: High SIRI was associated with a poor survival rate, as were advan-
ced TNM stage, advanced T stage, larger tumor size, and elevated CA19-9 level; all these are poor prognostic markers for 
gastric cancer.

Keywords: Clinical features. Gastric adenocancer. Gastric adenocancer. Systemic inflammation response index.

Resumen

Objetivo: El índice de respuesta inflamatoria sistémica (SIRI) es un marcador utilizado para predecir la supervivencia. El 
objetivo de este estudio es examinar la relación entre SIRI y las características clinicopatológicas y la supervivencia. 
Método: Se investigó retrospectivamente la relación entre las características clinicopatológicas, la encuesta y SIRI. 
Resultados: Se incluyeron un total de 178 pacientes. Se encontró que los factores de mal pronóstico como el tamaño del 
tumor, el estadio T, el estadio TNM y el nivel de CA19-9 tenían una relación estadísticamente significativa con el SIRI elevado 
(p = 0.039, p = 0.001, p = 0.001 y p = 0.013, respectivamente). Se encontró que un SIRI alto es un factor pronóstico 
independiente y malo para la supervivencia a tres y cinco años (p = 0.014 y p = 0.027, respectivamente). Conclusiones: Un 
SIRI alto se asoció con una tasa de supervivencia deficiente, al igual que el estadio TNM avanzado, el estadio T avanzado, 
el tamaño del tumor más grande y el nivel elevado de CA19-9; todos estos son marcadores de mal pronóstico para el cáncer 
gástrico.

Palabras clave: Características clínicas. Adenocáncer gástrico. Adenocáncer gástrico. Índice de respuesta inflamatoria 
sistémica.
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Introduction

Gastric cancer is the fifth most common type of can-
cer and the fourth most common cause of cancer-re-
lated death1. Gastric cancer is an aggressive disease 
with a poor prognosis; the 5-year survival was 5.3% for 
advanced disease and 68.8% for localized disease. 
The absolute number of diagnosis for gastric cancer 
has been increased although its global incidence de-
creases2. The treatment strategies of patients are tried 
to be guided according to the poor prognostic features 
determined through investigations on the relationship 
between prognosis and demographic, clinical, and his-
topathological variables in gastric cancer.

Inflammation in the tumor microenvironment stimu-
lates malignant cell proliferation, angiogenesis, and 
metastasis, impairs the adaptive immune response, 
and promotes cancerous tissue survival3. Cancer-re-
lated inflammation, called the 7th hallmark of cancer, 
can be measured using cellular (white blood cell 
counts, neutrophils, lymphocytes, monocytes, and 
platelets) and humoral components4. It was shown 
that neutrophil (N) has an effect on cancer develop-
ment and progression, monocyte (M) progression and 
metastasis, and lymphocyte (L) inhibits the prolifera-
tion of cancerous cells. The systemic inflammation 
response index (SIRI) was developed by incorporating 
these three parameters as M × N/L5,6. The SIRI was 
developed for the 1st time as a poor prognostic factor 
in pancreatic cancer, and later it was associated with 
many cancer types such as hepatocellular cancer, 
lung cancer, esophageal cancer, breast cancer, and 
oral squamous cancer5,7,8. Studies were shown that 
SIRI was correlated with some prognostic variables 
such as stage, tumor size, and lymphovascular inva-
sion (LVI) in cancer patients, and can be a predictor 
of poor prognosis7,8. There are limited studies on the 
relationship between gastric cancer and SIRI. In these 
studies, reported from China, SIRI was shown as a 
poor prognostic factor6,9,10.

The purpose of this study is to investigate the rela-
tionship between SIRI and 3-and 5-year survival as 
well as to examine its relationship to demographic, 
clinical, and pathological data of gastric cancer in the 
Turkish population.

Method 

This study consisted of 178 patients who underwent 
elective gastric surgery with a diagnosis of gastric 

adenocancer between January 2011 and December 
2016 to achieve 5-year survival, retrospectively. This 
study was performed in line with the principles of the 
Declaration of Helsinki. Approval was granted by the 
Local Ethics Committee.

The study included men and women over 18  years 
of age with gastric adenocancer who were operated 
under elective conditions. Exclusion criteria were as 
follows: (1) post-operative mortality in the first 30 days, 
(2) metastasis, positive surgical margins, or < 15 lymph 
node extraction (both D1 and D2 lymph node dissec-
tion), (3) receiving neoadjuvant therapy, (4) patients 
with chronic hematological or inflammatory diseases, 
and known additional cancers dialysis patients, (5) pa-
tients had blood transfusions up to 2 months before the 
operation. Patients’ age, gender, preoperative labora-
tory results (CEA, CA19-9, N, M, and L), tumor location 
and Borrmann Classifications according to gastroscopy 
results, type of gastrectomy (total/subtotal), lymph node 
resection width (D1/D2), post-operative pathology re-
sults (tumor size, tumor-node-metastasis [TNM] stage-
AJCC), In the 8th edition of the Gastric Cancer Staging 
System, the degree of differentiation, the presence of 
LVI, and the presence of perineural invasion (PI) were 
used in the analyses.

SIRI was calculated using N×M/L formula. The cut-
off value was determined for SIRI by performing a 
Receiver operating characteristic (ROC)-curve analy-
sis. According to this value, the patients were divided 
into two groups: group  1, which had a SIRI value of 
low, and group 2, which had a SIRI value of high.

Statistical analyses were performed using SPSS 
(Statistical Package for the Social Sciences, SPSS 
Version 15.0, Chicago, IL). The descriptive statistics 
of the patients were presented as mean ± standard 
deviation (SD) or median (minimum-maximum) de-
pending on the normality assumption being met for 
numerical variables and frequency (percentage) for 
categorical variables, respectively. Comparisons were 
made using the Independent Samples t-test or Mann-
Whitney U test for numerical variables and the Chi-
square test for categorical variables. The normality of 
the numerical variables was assessed with the Kol-
mogorov-Smirnov test. The Kaplan-Meier method was 
implemented to construct the 3-and 5-year survival 
curves, and the equality of the 3-and 5-year survival 
distributions was compared with the Mantel-Cox (log-
rank) test. The effect of the prognostic factors on 
3-and 5-year survival was assessed with the Cox 
Proportional Hazards Model. Variables that had a p < 
0.20 were included in the Multiple Cox Model, and the 
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Backward Likelihood Ratio Test methods were used 
for variable selection. The p < 0.05 was considered 
as statistically significant.

Results

The analyses were conducted using the information 
of 178  patients who met the criteria. There were 
60 (33.7%) female and 118 (66.3%) male patients. The 
mean age of the patients was 61.74 ± 11.43. In 97 pa-
tients (54.5%), a total gastrectomy was performed. There 
were 20 (11.2%) Stage 1 patient, 45 (25.3%) Stage 2 pa-
tients, and 113  (63.5%) Stage 3 patients. Only five out 
of 178 gastric adenocarcinoma patients had signet ring 
cell subtypes, while pathological results revealed signet 
ring cells in 41 (23%) patients whose signet cells were 
present on final pathology but not enough percentage to 
be labeled as a signet ring cell subtype. LVI was de-
tected in 112  (68.5%) patients and PNI (66.9%) was 
detected in 119  patients. When the ROC curve was 
made for SIRI, the area under the curve was 0.564 and 
the cut-off point was determined as 1.35. There were 
77  (43.3%) patients in the group  1 (SIRI ≤ 1.35) and 
101 (56.7%) in the group 2 (SIRI > 1.35).

There was a statistically significant correlation be-
tween Group 2 and tumor size, advanced T stage (T3 
and T4 disease), advanced disease (Stage 2/Stage 3 
disease), and CA 19-9 level (p = 0.039, p = 0.001, 
p < 0.001, p = 0.013, respectively) (Table 1).

The 3-year survival rate was 51.1%, and the 5-year 
survival rate was 42.7%. The 3-year and 5-year sur-
vival rates in group  2 were significantly lower than 
those in group 1, according to the Kaplan-Meier curve 
and log-rank test (p = 0.014 and p = 0.027, respec-
tively) (Figs. 1 and 2).

According to univariate analyses, age, tumor size, T 
stage, N stage, TNM stage, signet ring cell presence, 
and PI presence were associated significantly with 
3-year survival. SIRI value is also related to 3-year 
survival (hazard ratio (HR): 1.321, 95% CI: 1.102-1.584, 
p = 0.003) (Table 2). According to univariate analysis, 
T stage, N stage, TNM stage, signet ring cell presence, 
and PI presence had a significant correlation with 
5-year survival. Furthermore, SIRI was associated with 
the highest 5-year survival (HR: 1.261, 95%CI: 1.062-
1.498, p = 0.008) (Table 3).

Age, TNM stage, and signet ring cell presence were 
found to be associated with 3-year survival after mul-
tivariate analyses (Table 2). Multivariate analysis also 
showed that a high SIRI value was significantly as-
sociated with 3-year survival (HR: 1.367, 95% 

CI: 1.105-1.689 p = 0.004) (Tables 2 and 3). According 
to the multivariate analysis, it was observed that age, 
TNM stage, and signet ring cell presence were rele-
vant to 5-year survival. The high SIRI value was also 
significantly associated with 5-year survival (HR: 
1.304, 95%CI: 1.069-1.592, p = 0.009) (Table 3).

Discussions

The severity of cancer-related inflammation can be 
measured by cells such as neutrophils, lymphocytes, 
monocytes, and leukocytes in peripheral blood, and 

Figure  2. Systemic inflammation response index low and systemic 
inflammation response index high Group 5 years follow-up, Kaplan-
Meier Analysis.

Figure  1. Systemic inflammation response index low and systemic 
inflammation response index high Group 3 years follow-up, Kaplan-
Meier Analysis.
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Table 1. Demographic, 0clinical, and pathological data

Variables Group 1 (SIRI ≤ 1.35) n = 77 (43.3%) Group 2 (SIRI > 1.35) n = 101 (56.7%) p

Age (year), mean ± SD 61.32 ± 11.94 62.05 ± 11.07 0.676

Gender
Female
Male

 
29 (37.66)
48 (62.34)

 
31 (30.69)
70 (69.31)

0.342

Localization
Kardia
Non‑kardia

 
15 (19.48)
62 (80.52)

 
25 (24.75)
76 (75.24)

0.470

Borrmann classification
Type 1
Type 2
Type 3
Type 4
Type 5

 
17 (22.08)
26 (33.77)
29 (50.65)

0
5 (6.50)

 
15 (14.85)
30 (29.70)
44 (43.55)

6 (5.95)
6 (5.95)

0.156

Surgery
Total gastrectomy
Subtotal gastrectomy

 
41 (53.25)
36 (46.75)

 
56 (55.45)
45 (44.55)

0.879

Lymph node dissection
D1
D2

 
6 (7.79)

71 (92.21)

 
9 (8.91)

92 (91.09)

1.000

Tumor size, cm, median (min‑max) 5.50 (0.70‑25.0) 6.00 (2.00‑17.00) 0.039*

T stage
T1
T2
T3
T4

  
14 (18.18)a

7 (9.10)a,b

39 (50.65)b

17 (22.07)b

  
2 (1.98)a

5 (4.95)a,b

64 (63.37)b

30 (29.70)b

0.001*

N stage
N0
N1
N2
N3

 
25 (32.46)

6 (7.79)
13 (16.88)
33 (42.85)

 
27 (26.73)
12 (11.88)
23 (22.77)
39 (38.62)

0.554

TNM stage
Stage 1
Stage 2
Stage3

 
17 (22.08)c

12 (15.58)d

48 (62.34)d

 
3 (2.97)c

33 (32.67)d

65 (64.36)d

<0.001*

Differentiation degree
Poor
Moderate/Well

 
37 (48.05)
40 (51.95)

 
57 (56.44)
44 (43.56)

0.291

Signet ring cell
Presence
Absence

 
17 (22.08)
60 (77.92)

 
24 (23.76)
77 (76.24)

0.858

Lymphovascular invasion
Presence
Absence

 
50 (64.94)
27 (35.06)

 
72 (71.29)
29 (28.71)

0.417

Perineural invasion
Presence
Absence

 
45 (58.44)
32 (41.56)

 
74 (73.27)
27 (26.73)

0.053

CEA,(U/mL), Median (Min‑Max) 1.84 (0.61‑65.80) 1.94 (0.37‑350.71) 0.376

CA19‑9, (U/mL), Median (Min‑Max) 9.63 (0.60‑4351.00) 16.30 (0.001‑460.20) 0.013*

*Statistically significant difference. ab,cd: There was a statistically significant difference between those grouped with different letters. SD: standard deviation; cm: centimeter; T: tumor; 
N: nodal status; TNM: tumor‑node‑metastasis; CEA: carcinoembryonic antigen; CA 19‑9: carbohydrate antigen 19‑9.
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indices created with different combinations of these 
cells can show the severity of cancer-related inflamma-
tion3,4. Neutrophils, the first cells of the immune re-
sponse to inflammation, can promote tumor progression 
by inducing tumor cell proliferation, stimulating angio-
genesis, and deactivating antitumor immunity11. Mono-
cytes, which migrate to other tissues in the body and 
turn into macrophages, and whose number increases 

in the peripheral circulation with the activation of the 
immune system, exhibit prognostic value in diseases 
such as cancer, chronic kidney disease, and pneumo-
nia12. After tumor-induced immune regulation, the first 
line of defense against tumor cells, monocytes and 
macrophages become tumor-supportive and aid in tu-
mor growth, angiogenesis, invasion, and metastasis12. 
Lymphocytes show an antitumor effect and prevent 

Table 2. Univariate and multivariate survival analysis for 3 years followed up

Variables Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Age (year) 1.021 (1.002‑1.040) 0.030* 1.024 (1.002‑1.047) 0.031*

Male gender 1.312 (0.829‑2.077) 0.246

Non‑kardiac localization 1.026 (0.623‑1.691) 0.920

Borrmann classification
Type 1
Type 2
Type 3
Type 4
Type 5

 
Reference

1.255 (0.645‑2.442)
1.496 (0.798‑2.803)
2.013 (0.656‑6.179)
1.080 (0.385‑3.209)

0.639
 

0.504
0.209
0.222
0.884

Total gastrectomy 1.480 (0.962‑2.277) 0.075

D2 lymph node dissection 0.698 (0.361‑1.349) 0.285

Tumor size, cm 1.054 (1.002‑1.108) 0.043*

T Stage
T1
T2
T3
T4

 
Reference

0.286 (0.032‑2.556)
2.247 (0.813‑6.211)
3.063 (1.076‑8.722)

0.023*
 

0.263
0.119
0.036

N stage
N0
N1
N2
N3

 
Reference 

1.263 (0.485‑3.287)
2.602 (1.321‑5.122)
3.094 (1.698‑5.637)

0.001*
 

0.632
0.006

< 0.001

TNM stage
Stage 1
Stage 2
Stage 3

 
Reference

1.435 (0.468‑4.403)
3.928 (1.432‑10.772)

< 0.001*
  

0.527
0.008

 
Reference

0.960 (0.300‑3.071)
2.920 (1.016‑8.387)

0.001*
  

0.945
0.047

Poor differentiation 1.254 (0.821‑1.916) 0.295

Signet ring cell presence 2.013 (1.286‑3.153) 0.002* 1.772 (1.074‑2.924) 0.025*

Lymphovascular invasion presence 1.571 (0.961‑2.568) 0.072

Perineural invasion presence 1.715 (1.048‑2.804) 0.032

CEA, (U/mL) 1.004 (0.999‑1.008) 0.093

CA19‑9, (U/mL) 1.000 (1.000‑1.001) 0.562

SIRI 1.321 (1.102‑1.584) 0.003* 1.367 (1.105‑1.689) 0.004*

(*) Statistically significant difference. HR: hazard ratios; CI: confidence interval; cm: centimeter; T: tumor; N: nodal status; TNM: tumor‑node‑metastasis; CEA: carcinoembryonic antigen, 
CA 19‑9: carbohydrate antigen 19‑9; SIRI: systemic inflammation response index.
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tumor progression, and studies showed that lymphope-
nia is associated with low survival in cancers13. SIRI 
was developed using these three parameters, which 
are known to be associated with the development of 
cancerous tissue and which are one of the indexes 
showing the severity of inflammation in cancer7,8.

In this study, the relationship between SIRI and 
3-year survival, and 5-year survival as well as clinical 
and pathological features of gastric cancer was 

investigated. The 3- and 5-year survival was better in 
the SIRI low group. Furthermore, the SIRI highness 
was found to be significantly associated with the T 
stage, TNM stage, tumor size, and CA19-9 levels.

SIRI is a parameter that was defined in 2016 and is 
associated with prognosis in different types of malignan-
cies5,7,8. It was shown that high SIRI is associated with 
poor prognosis when evaluated alone or in combination 
with parameters such as fibrinogen and albumin when 

Table 3. Univariate and multivariate survival analysis for 5 years followed up

Variables Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Age (year) 1.017 (1.000‑1.035) 0.051 1.021 (1.002‑1.041) 0.034*

Male gender 1.299 (0.852‑1.982) 0.224

Non‑kardiac localization 0.993 (0.624‑1.581) 0.978

Borrmann classification
Type 1
Type 2
Type 3
Type 4
Type 5

 
Reference

1.091 (0.590‑2.017)
1.506 (0.854‑2.657)
2.233 (0.816‑6.106)
1.078 (0.422‑2.756)

0.328

0.781
0.158
0.118
0.875

Subtotal gastrectomy 0.754 (0.509‑1.117) 0.159

D2 lymph node dissection 0.796 (0.414‑1.530) 0.493

Tumor size, cm, 1.050 (1.002‑1.100) 0.043*

T stage
T1
T2
T3
T4

 
Reference 

1.140 (0.285‑4.558)
2.947 (1.072‑8.103)
3.438 (1.210‑9.772)

0.032*
 

0.853
0.036
0.020

N stage
N0
N1
N2
N3

 
Reference

1.392 (0.601‑3.225)
2.622 (1.406‑4.888)
3.190 (1.842‑5.522)

< 0.001*
 

0.441
0.002

< 0.001

TNM stage
Stage 1
Stage 2
Stage 3

 
Reference

2.070 (0.701‑6.118)
5.003 (1.829‑13.685)

< 0.001*
 

0.188
0.002

 
Reference

1.464 (0.479‑4.476)
3.702 (1.629‑12.786)

< 0.001*
 
 

0.014

Poor differentiation 1.239 (0.838‑1.831) 0.283

Signet ring cell presence 2.174 (1.435‑3.295) < 0.001* 1.915 (1.210‑3.030) 0.006*

Lymphovascular invasion presence 1.510 (0.967‑2.359) 0.070

Perineural invasion presence 1.776 (1.129‑2.792) 0.013*

CEA, (U/mL) 1.004 (0.999‑1.008) 0.102

CA19‑9, (U/mL) 1.000 (1.000‑1.001) 0.242

SIRI 1.261 (1.062‑1.498) 0.008* 1.304 (1.069‑1.592) 0.009*

(*) Statistically significant difference. HR: hazard ratios; CI: confidence interval; cm: centimeter; T: tumor; N: nodal status; TNM: tumor‑node‑metastasis; CEA: carcinoembryonic antigen; 
CA 19‑9: carbohydrate antigen 19‑9; SIRI: systemic inflammation response index.
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it is considered specifically for gastric cancer6,9,10. How-
ever, these studies were of Chinese origin. There were 
no studies on its effectiveness in different societies. To 
the best of our knowledge, this is the first study con-
ducted by a Turkish/Western society on gastric cancer. 
In this study, it was shown that there is a statistically 
significant relationship between high SIRI and poor 
prognosis in both 3-year and 5-year survival rates and 
that SIRI is an independent variable of survival. Further-
more, the statistical relationship between 3-year survival 
and SIRI appears to be more significant than the statisti-
cal relationship between 5-year survival and SIRI, and 
this can be considered a stronger predictor of SIRI value 
in post-operative early-period surveillance.

The TNM classification is the most important inde-
pendent prognostic factor in gastric cancer, and it is 
the main guiding factor in the treatment of patients14. 
The TNM staging system, published by the American 
Joint Commission on Cancer, and constantly revised 
with up-to-date data, was last updated with the 8th edi-
tion in 201615. It is tried to reach a prediction about the 
extent of the tumor in the tissue, the severity of the 
tumor, and the prognosis of the disease by evaluating 
the T stage indicating the depth of the tumor in the 
tissue, the N stage determined by the number of lymph 
nodes to which the tumor has spread, with at least 15 
lymph nodes, and the M stage indicating the distant 
organ metastasis of the tumor14,15. In our study, it was 
shown that there was a significant difference between 
SIRI elevation and patients with Stage 1 and Stage 2-3 
in the TNM staging system, and the SIRI elevation was 
higher in Stage 2-3  patients with a worse prognosis. 
When we looked at the subgroups of TNM staging, it 
was seen that there was a difference between T1-T2 
groups and T3-T4 groups at the T stage, and SIRI was 
statistically higher in T3-T4 groups. In addition, no re-
lationship was found between the N stage and SIRI 
elevation in our study, and when patients with distant 
metastases were not included, the relationship with the 
M stage and its relationship with patients with TNM 
Stage 4 could not be evaluated. Consistent with the 
literature, T stage, N stage, and TNM stage gave sig-
nificant results in both 3- and 5-year survival in univari-
ate analyses, but when multivariate analyses were 
examined, only TNM staging for both 3-  and 5-year 
survival gave a statistically significant result.

The effect of gastric cancer tumor size on prognosis 
is controversial. In previous studies, it was shown that 
tumor size may increase the depth of tumor invasion 
and lymph node/distant metastasis, that is, as the size 
increases, the success of en-bloc resection may 

decrease. Hence, there may be a significant relation-
ship between tumor size and prognosis16. In our study, 
it was seen that the SIRI is significantly higher in pa-
tients with high tumor sizes (p = 0.009). Therefore, as 
the tumor size increases, cancer-related inflammation 
also increases. In addition, while tumor size was sta-
tistically associated with poor prognosis for both 3-year 
survival and 5-year survival in univariate analysis, this 
effect could not be seen in multivariate analysis.

CA 19-9 is a Lewis blood group antigen, not secreted 
in approximately 5-7% of the population, is thought to 
affect cell adhesion, and can be secreted from normal 
epithelial cells such as the gallbladder, pancreas, 
stomach, and prostate17. It is known that CA 19-9 is 
increased in many types of cancer, especially pancre-
atic adenocarcinoma as well as non-malignant dis-
eases such as cholecystitis, pancreatitis, diabetes 
mellitus, and autoimmune disorders17. The relationship 
between CA 19-9 and gastric cancer is unclear. Stud-
ies are showing that CA19-9 elevation is associated 
with lymph node metastasis and CA19-9 positivity at 
the time of recurrence is poor prognostic18,19. CA 19-9 
might be used as a marker in gastric cancer, especially 
in advanced cases as a prognostic marker to predict 
recurrence/metastasis and post-treatment follow-up 
but cannot be used in early diagnosis and screening17. 
In this study, the relationship between CA 19-9 level 
and prognosis could not be demonstrated. However, it 
has been shown that CA 19-9 level is associated with 
SIRI, which is a poor prognostic factor. The CA 19-9 
level is higher in the group with high SIRI.

Some limitations exist in our retrospective study. 
The surgical records of the patients were used to de-
termine the D1 and D2 lymph node dissections. Fur-
thermore, TNM staging was reported in patients who 
had more than 15 lymph nodes removal, depending 
on pathological findings.

Conclusions

In this study, there was a significant relationship 
between high SIRI and 3-  and 5-year survival, and 
high SIRI was associated with poor survival. In addi-
tion, this study was the first in the West for gastric 
cancer to show a survival relationship with SIRI. Fur-
thermore, a relationship was found between high SIRI 
and advanced TNM stage, advanced T stage, larger 
tumor size, and high CA19-9 levels, which are poor 
prognostic factors of gastric cancer. This is valuable 
for predicting prognosis before treatment with a low-
cost and standardized test.
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Cambios en la audición de pacientes pediátricos con cáncer 
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Hearing changes in pediatric cancer patients treated with cisplatin
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Resumen

Objetivo: Medir los cambios en la audición evaluada por audiometría tonal y emisiones otoacústicas por productos de distor-
sión (EOAPD) en niños con cáncer tratados con cisplatino. Método: Estudio de cohorte retrospectiva. Se incluyeron 42 archi-
vos de niños con cáncer que tenían audiometría tonal (frecuencias convencionales y altas frecuencias) y EOAPD, realizados 
después de cada dosis de cisplatino. Se comparó la audición con la cantidad de cisplatino y el número de dosis. 
Resultados: El 88.1% tuvieron criterios para ototoxicidad (pCCO) y el 11.9% sin criterios (pSCO). La terapia antineoplásica 
se administró en dos (31%) o tres dosis (69%). En el segundo estudio hubo deterioro superficial en tonos medios y agudos 
en pCCO (p < 0.046). Las altas frecuencias estuvieron afectadas desde la primera dosis en pCCO y hasta la segunda en 
pSCO; el daño tuvo relación con la dosis acumulada (rs = 0.54; p = 0.0001; odds ratio [OR]: 1.125; intervalo de confianza del 
95% [IC95%]: 0.893-1.417) con dosis de 300-325 mg/m2 de superficie corporal. Las EOAPD estuvieron ausentes en el 100% 
de pCCO en la última dosis (OR: 4.0; IC95%: 0.733-21.838) a 300-325  mg/m2 de superficie corporal (p = 0.034). 
Conclusiones: El uso de cisplatino en niños con cáncer se relacionó con daño auditivo entre 2000 y 16,000 Hz desde el 
inicio del tratamiento y a dosis de 300 mg/m2 de superficie corporal.

Palabras clave: Cisplatino. Cáncer pediátrico. Emisiones otoacústicas. Hipoacusia. Ototoxicidad.

Abstract

Objective: To measure changes in hearing assessed by tone audiometry and otoacoustic emissions by product distortions 
(OAEPD) in children with cancer treated with cisplatin. Method: Retrospective cohort study. There were 42 files of children 
with cancer, who had tone audiometry (conventional frequencies and high frequencies) and EOAPD, performed after each 
dose of cisplatin. Hearing was compared with cisplatin amount and doses number. Results: Of the 42 subjects, 88.1% were 
patients with criteria for ototoxicity (pCCO) and 11.9% without criteria (pSCO). Antineoplastic therapy was administered in 
2 (31%) and 3 (69%) doses. In the second study, there was superficial damage in medium and high tones in pCCO (p < 0.046). 
The high frequencies were affected from first dose in pCCO and second dose in pSCO; the damage was related with accu-
mulated dose (rs = 0.54; p = 0.0001; odds ratio [OR]: 1.125; 95% confidence interval [95%CI]: 0.893-1.417) in doses of 300-
325 mg/m2 of body surface. EOAPD were absent in 100% of pCCO at the last dose (OR: 4.0; 95%CI: 0.733-21.838) at 300-
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Introducción

De acuerdo con la Organización Mundial de la Salud, 
los tipos de cáncer infantil más comunes son leucemia, 
cáncer cerebral, linfoma y tumores sólidos como el 
neuroblastoma y el tumor de Wilms1. Según la Agencia 
Internacional para la Investigación del Cáncer, en 2015 
hubo entre 344,543 y 360,​​114 casos de cáncer infantil 
en todo el mundo (178.0 por millón), de los que 29,002 
casos se ubicaron en América Latina y el Caribe2. En 
México, el cáncer es la segunda causa de muerte en 
menores de 15 años, debido a que los niños están 
sobreviviendo hasta los 2-6 años, edad en que la inci-
dencia del cáncer es más alta. En 2007 se inició el 
Registro Nacional de Cáncer Infantil y se reportó que 
entre 2007 y 2015 hubo 24,039 casos nuevos tan solo 
del Seguro Popular, lo que representó un incremento 
en la incidencia de 133.5 por millón en 2007 a 150.1 
por millón en 2015. En nuestro país, la tasa de morta-
lidad por cáncer es de 8.6/100,000 niños por año entre 
los 15 y 18 años, con una sobrevivencia global del 75% 
en instituciones con más de 15 camas y al menos tres 
oncólogos3. En el Instituto Mexicano del Seguro Social, 
la sobrevivencia global a 5 años fue del 56.1% (media-
na de tiempo: 3.4 años) en el periodo de 2006 a 20124, 
y ha continuado con esa tendencia3.

Debido a los avances en la atención de pacientes 
con cáncer pediátrico ha mejorado la supervivencia a 
largo plazo, por lo que la cirugía, la quimioterapia (QT) 
y la radioterapia (RT) pueden provocar efectos tardíos 
en los sobrevivientes de cáncer infantil3,5, creando una 
población creciente de sobrevivientes que pasarán par-
te de sus vidas en riesgo de afecciones crónicas y 
mortalidad tardía, con pérdida potencial de años de 
vida o viviendo con discapacidad6. Entre los efectos 
discapacitantes se encuentra la pérdida auditiva rela-
cionada con el uso de QT, común en estos niños, ya 
que se ha detectado que cuando son tratados con RT 
y QT experimentan una alta incidencia de hipoacusia 
neurosensorial a lo largo del tiempo como efecto se-
cundario, encontrándose asociación entre la hipoacu-
sia neurosensorial más grave y las dosis recibidas7. En 
particular, la RT ha mostrado que con más dosis mayor 
será el riesgo y más grave la discapacidad auditiva, 

como respuesta retardada a la radiación fraccionada. 
La hipoacusia es permanente cuando se provoca daño 
irreversible al oído interno, y se ha propuesto que la 
vuelta basal es más susceptible a la radiación, aunque 
la cóclea se considera como un órgano completo para 
el análisis de dosis-respuesta8.

El cisplatino es de uso común para algunos cánce-
res frecuentes en los niños, pero en ocasiones se 
combinan la RT y la QT9, y aunque existen trabajos 
que señalan que la dosis de cisplatino supera la im-
portancia de la dosis de RT sobre la cóclea, parece 
que la irradiación previa reduce el umbral de dosis de 
cisplatino para la pérdida auditiva10, por lo que adquie-
re trascendencia determinar el impacto ototóxico adi-
tivo de la QT que permita a los oncólogos encontrar 
dosis más seguras para la cóclea11.

El cisplatino es uno de los más potentes agentes 
citostáticos antitumorales disponibles, comúnmente 
utilizado como tratamiento estándar contra una am-
plia gama de cánceres infantiles, que en regímenes 
combinados permite un alto índice de cura12, con el 
inconveniente de que atraviesa la cóclea y provoca 
pérdida auditiva neurosensorial permanente, cuya re-
percusión se refleja en deficiencias en áreas neuro-
cognitivas, que provocan alteraciones en el proceso 
de aprendizaje y contacto social, y problemas de con-
ducta que afectan la calidad de vida, más evidente 
cuanto más pequeño sea el niño, por la deprivación 
del estímulo auditivo sobre el sistema nervioso cen-
tral13,14. El platino reside en el oído durante meses o 
años después del tratamiento, por lo que el 70% de 
los niños tratados con platino desarrollan una pérdida 
auditiva irreversible y el 40% necesitarán audífonos 
en una etapa temprana15. Al igual que la RT, más do-
sis de cisplatino provocan mayor ototoxicidad, pero 
existen dudas sobre la dosis acumulada, lo que difi-
culta desarrollar enfoques ajustados al riesgo para su 
administración y para orientar mejor los nuevos agen-
tes otoprotectores, como el tiosulfato de sodio13, lo 
que apoyaría la prevención de la pérdida auditiva 
inducida por cisplatino, carboplatino u oxaliplatino, 
con influencia positiva en la calidad de vida de los 
supervivientes de cáncer infantil16. Cuando los com-
puestos de platino se generalizaron tenían una mayor 
incidencia de pérdida auditiva, pero actualmente 

325  mg/m2 of body surface (p = 0.034). Conclusions: The use of cisplatin in children with cancer was associated with 
hearing damage between 2000 and 16,000 Hz from the start of treatment and at dose of 300 mg/m2 of body surface.

Keywords: Cisplatin. Pediatric cancer. Otoacoustic emissions. Hearing loss. Ototoxicity.
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parece que la detección de daño se ha estabilizado 
en los sobrevivientes y se propone que puede ser 
porque los nuevos regímenes de tratamiento tienen 
menos radiación ototóxica y los compuestos de plati-
no se dosifican con mayor cuidado17.

Considerando todo lo anterior, el objetivo del pre-
sente trabajo fue medir los cambios en la audición de 
niños con cáncer manejados con cisplatino en diferen-
tes dosis, mediante la realización de audiometría tonal 
con frecuencias convencionales y altas frecuencias, 
así como emisiones otoacústicas por productos de 
distorsión (EOAPD).

Método

Para lograr el objetivo, se realizó un estudio de co-
horte retrospectiva mediante revisión de expedientes 
de niños con diagnóstico de cáncer y que incluyeron 
cisplatino como parte de la QT. Los criterios de se-
lección fueron edad entre 4 y 17 años, registro en el 
expediente de las dosis administradas de QT y un 
mínimo de dos valoraciones audiológicas relaciona-
das con la administración de cisplatino en cualquier 
combinación. Se excluyeron los pacientes que tenían 
antecedente de hipoacusia antes del diagnóstico de 
cáncer o del inicio del tratamiento, aquellos con an-
tecedente de RT en cabeza o cuello, antecedente de 
infección aguda o crónica, o cirugía de oído previa. 
Las evaluaciones audiológicas fueron audiometría to-
nal liminar (0.125  Hz a 8  kHz), audiometría tonal de 
altas frecuencias (10 a 16 kHZ) y EOAPD.

La ototoxicidad se evaluó utilizando los criterios de 
la American Speech-Language-Hearing Association 
(ASHA), que incluyen:

–	 Disminución ≥ 20 dB HL nivel de audición (Hea-
ring level), por sus siglas en inglés, en el umbral 
de tonos puros en una sola frecuencia de 
prueba.

–	 Disminución ≥ 10  dB HL en el umbral en dos 
frecuencias adyacentes.

–	 Pérdida de respuesta en tres frecuencias conse-
cutivas en las que se obtuvieron respuestas 
previamente.

Los criterios de la ASHA detectan cambios ototóxi-
cos tempranos antes de la clínica, con existencia de 
hipoacusia neurosensorial, pero no detectan pérdida 
auditiva clínicamente significativa en oncología, por lo 
que cuando se encontró hipoacusia neurosensorial 
significativa se clasificó la pérdida con el uso de la 
escala de grados propuesta por Chang para ototoxi-
cidad, específicamente desarrollada para cambios 

clínicamente significativos inducidos por platino. Los 
criterios de ototoxicidad de Chang para la gravedad 
de la pérdida auditiva, son:

–	 0 = umbrales ≤ 20 dB en 1, 2 y 4 kHZ.
–	 1a = umbrales ≥ 40 dB en 6-12 kHZ.
–	 1b = umbrales > 20 y < 40 dB en 4 kHZ.
–	 2a = ≥ 40 dB en frecuencias ≥ 4 kHZ.
–	 2b = umbrales > 20 y < 40 dB en frecuencias < 

4 kHz.
–	 3 = ≥ 40 dB en frecuencias ≥ 2 kHZ.
–	 4 = umbrales ≥ 40 dB en frecuencias ≥ 1 kHz18,19.
De acuerdo con los hallazgos en las pruebas au-

diológicas para umbral tonal, los pacientes se clasifi-
caron utilizando los criterios de Brock para la pérdida 
auditiva:

– � Ninguna: hipoacusia bilateral, menos de 40  dB 
en todas las frecuencias.

– � Leve: hipoacusia bilateral, superior a 40  dB en 
8000 Hz.

– � Moderada: hipoacusia bilateral, superior a 40 dB 
desde 6000 Hz.

– � Marcada: hipoacusia bilateral, superior a 40  dB 
desde 4000 Hz.

– � Grave: pérdida auditiva bilateral, mayor de 40 dB 
desde 2000 Hz20,21.

Resultados

Se revisaron 140 expedientes de niños y adolescen-
tes con cáncer en el Hospital Infantil de México Fede-
rico Gómez, tratados con cisplatino en combinación 
con otros medicamentos, de los cuales 42 cumplieron 
con los criterios de inclusión (30%). De estos, hubo 
22  (52.4%) mujeres y 20  (47.6%) hombres, con una 
edad promedio de 10.9 ± 3.38 años. En la tabla 1 se 
muestran el resto de las características generales de 
los 42 casos y su división en pacientes con criterios 
para ototoxicidad (pCCO) (n = 37; 88.1%), ubicados en 
grado 1a, y pacientes sin criterios para ototoxicidad 
(pSCO) (n = 5; 11.9%), correspondientes al grado 0 de 
Chang, así como el esquema terapéutico y la dosis de 
cisplatino prescrita, independientemente del número 
de administraciones en las que fue otorgada. Se pue-
de observar el predominio de mujeres, sin diferencia 
significativa en la edad promedio (p > 0.05). El osteo-
sarcoma fue el tipo de cáncer más frecuente (78.6%). 
Todos recibieron cisplatino como parte del esquema 
de tratamiento y se puede apreciar que se utilizaron 
siete diferentes esquemas de QT, siendo cisplatino 
con adriamicina la combinación más común (71.4%). 
La administración del medicamento se proporcionó en 
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Tabla 1. Características generales, esquema terapéutico y dosis otorgada de cisplatino de los 42 pacientes seleccionados y separados 
de acuerdo con la presencia o ausencia de ototoxicidad

Característica Variable Población 
general (n = 42)

Pacientes con 
ototoxicidad (n = 37)

Pacientes sin 
ototoxicidad (n = 5)

Sexo Masculino, (%) 20 (47.6%) 20 (54.1%) 0

Femenino, (%) 22 (52.4%) 17 (45.9%) 5 (100%)

Edad (años) X ± DE 10.9 ± 3.38 10.89 ± 3.35 11 ± 4

Diagnóstico
(tipo de cáncer)

Osteosarcoma 33 (78.6%) 29 (78.4%) 4 (80%)

Meduloblastoma 3 (7.1%) 3 (8.1%) 0

Rabdomiosarcoma 2 (4.8%) 2 (5.4%) 0

Tumor germinal 2 (4.8%) 2 (5.4%) 0

Sarcoma 1 (2.4%) 1 (2.7%) 0

Adenoma suprarrenal 1 (2.4%) 0 1 (20%)

Esquema de 
tratamiento

Cisplatino ± adriamicina 30 (71.4%) 27 (73%) 3 (60%)

Cisplatino ± adriamicina ± doxorrubicina 2 (4.8%) 1 (2.7%) 1 (20%)

Cisplatino ± etopósido 2 (4.8%) 1 (2.7%) 1 (20%)

Cisplatino ± adriamicina ± ciclofosfamida 2 (4.8%) 2 (5.4%) 0

Cisplatino ± adriamicina ± etopósido 1 (2.4%) 1 (2.7%) 0

Cisplatino ± ciclofosfamida 1 (2.4%) 1 (2.7%) 0

Cisplatino ± etopósido ± ciclofosfamida 1 (2.4%) 1 (2.7%) 0

Cisplatino ± doxorubicina 1 (2.4%) 1 (2.7%) 0

Cisplatino ± doxorubicina ± vincristina 1 (2.4%) 1 (2.7%) 0

Cisplatino ± etopósido ± doxorubicina 1 (2.4%) 1 (2.7%) 0

Número de fármacos 
combinados

2 34 (81.0%) 30 (81.1%) 4 (80%)

3 8 (19.0%) 7 (18.9%) 1 (20%)

Número de dosis 
recibidas

2 13 (31%) 9 (24.3%) 4 (80%)

3 29 (69%) 28 (75.7%) 1 (20%)

Primera dosis de 
cisplatino (mg/m2 sc)

155.19 ± 37.55 150.48 ± 31.27 190 ± 62.7

Segunda dosis de 
cisplatino (mg/m2 sc)

153.57 ± 34.16 152.8 ± 36.16 159 ± 12.4

Tercera dosis de 
cisplatino (mg/m2 sc)

155.5 ± 37.5 155.7 ± 38.17 150 ± 0

Dosis acumulada de 
cisplatino (mg/m2 sc) 

416.1 ± 118.8 421.16 ± 118.9 379 ± 124.56

n: número de pacientes; X±D.E.: promedio y desviación estándar; mg/m2 sc: miligramos por metro cuadrado de superficie corporal.

tres dosis en la mayoría de los pacientes (69%). Tam-
bién se muestra la dosis administrada de cisplatino, 
en la población general y dividida en pCCO y pSCO.

En la tabla 2 se puede apreciar que la mayoría 
recibieron los fármacos en tres dosis (37 pacientes). 
A  pesar de ser pocos los sujetos sin ototoxicidad 
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Tabla 2. Número de dosis recibidas y cantidad administrada de cisplatino en la población general y en pacientes con y sin criterios 
de ototoxicidad

Número de dosis de  
cisplatino recibidas (mg/m2 sc)

Población general  
(n = 42)

Pacientes con  
ototoxicidad  

(n = 37)

Pacientes sin 
ototoxicidad  

(n = 5)

Dosis X ± DE 2 dosis  
(n = 13)

3 dosis  
(n = 29)

2 dosis  
(n = 9)

3 dosis  
(n = 28)

2 dosis  
(n = 4)

3 dosis  
(n = 1)

Primera dosis X ± DE 151.2 ± 19.2 157 ± 43.6 146.1 ± 19.5 151.9 ± 34.4 162.5 ± 14.4 300

Segunda dosis X ± DE 152.3 ± 18.7 154.1 ± 39.5 148.3 ± 20 154.3 ± 40.2 161.3 ± 13.1 150

Tercera dosis X ± DE 155.5 ± 37.5 155.7 ± 38.2 150

Dosis acumulada X ± DE 303.5 ± 34.5 466.7 ± 107.8 294.4 ± 36.8 461.9 ± 106.7 323.8 ± 18.4 600

sc: superficie corporal; X ± DE: promedio y desviación estándar.

(cinco pacientes), en ellos se observaron las mayo-
res dosis promedio por administración en dos 
y tres dosis (rango: pSCO 150-300  vs. pCCO 
146.11-155.71  mg/m2 de superficie corporal), y fue 
estadísticamente significativo entre grupos para la 
primera dosis administrada (p = 0.025), pero no para 
la segunda (p = 0.71) y la tercera dosis (p = 0.88), 
así como para la dosis acumulada (rango: pSCO 
294.44-461.89  vs. pCCO 323.75-600) (p = 0.46). 
Sin embargo, sí hubo significancia en la dosis acu-
mulada al separarlos entre los que recibieron dos y 
tres dosis, entre los grupos con y sin ototoxicidad (p 
= 0.0001). En la comparación intragrupo no hubo 
diferencias para las diferentes dosis administradas.

En la tabla 3 se muestran los umbrales auditivos 
de los 42 pacientes de la investigación, y separados 
en pCCO y pSCO. Puede observarse que las fre-
cuencias graves y medias se mantuvieron en prome-
dio dentro de los límites de la normalidad en todos 
los estudios (< 20 dB), aunque las frecuencias agu-
das sí mostraron alteraciones mayores en el tercer 
estudio, en el grupo con ototoxicidad; no obstante, 
se puede apreciar un incremento promedio en todas 
las mediciones y los rangos permiten evidenciar que 
sí había pacientes con deterioro auditivo en cada 
medición audiológica. El análisis inferencial en pCCO 
mostró que solo hubo diferencia significativa en el 
nivel auditivo intragrupo entre el primero y el segundo 
estudios en las frecuencias medias (p = 0.043) y en 
las agudas (p = 0.046).

Al separar los grupos considerando el número de 
dosis (Tabla  4), se encontró que en aquellos que 
recibieron dos dosis también hubo diferencia signi-
ficativa en las frecuencias medias (p = 0.043) y 
altas (p = 0.018) entre los estudios. En los que re-
cibieron tres dosis se encontró diferencia 

significativa desde las frecuencias bajas entre el 
primero y el tercer estudios (p = 0.003), y entre el 
segundo y el tercer estudios (p = 0.010); para las 
frecuencias medias solo hubo diferencia en los um-
brales auditivos entre el segundo y el tercer estu-
dios (p = 0.001); y en las frecuencias agudas, la 
diferencia se ubicó en todas las comparaciones 
entre estudios (primero-segundo, primero-tercero y 
segundo-tercero) (p = 0.0001).

En los pacientes sin ototoxicidad no hubo diferencia 
intragrupo en los umbrales de las frecuencias graves 
(p = 0.99), medias (p = 0.141) ni agudas (p = 0.180) 
entre los estudios de aquellos que recibieron dos do-
sis (p > 0.05); no fue procedente el análisis en el único 
paciente con tres dosis.

En la tabla 5 se muestran los hallazgos auditivos 
en frecuencias supraumbrales (10-16 kHZ), donde se 
aprecia que desde el primer estudio el umbral prome-
dio se ubicaba arriba de los 20 dB, con un incremento 
constante en las frecuencias evaluadas en todos los 
pCCO (dos y tres dosis). En contraste, los pSCO que 
recibieron dos dosis tuvieron umbrales promedio nor-
males, aunque el análisis al interior de los datos 
muestra que ya había pacientes con afección > 20 dB 
en el segundo estudio (20.0 ± 3.4 dB y rango 18-25); 
así como el único paciente que recibió tres dosis, que 
desde el segundo estudio mostró un umbral anormal 
y se incrementó en el tercer estudio. Al comparar a 
los pCCO se observó mayor daño auditivo cuando se 
compararon con pSCO, desde el primer estudio, pero 
solo fue significativo en el segundo (p = 0.004) y el 
tercer estudios (p = 0.008). La comparación intragru-
po evidenció que la diferencia fue significativa para 
pCCO entre el primero y el segundo estudios 
(p = 0.0001), y entre el primero y el tercer estudio 
(p = 0.0001), pero no entre el segundo y el tercer 
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Tabla 3. Umbral auditivo promedio por frecuencias (graves, medias y agudas) en la población general y separada por pacientes con 
y sin ototoxicidad

Umbral auditivo por 
frecuencias

X ± DE/
Rango

Población general  
(n = 42)

Con ototoxicidad 
(n = 37)

Sin ototoxicidad 
(n = 5)

p

Graves dosis 1 (dB) X ± DE 13.4 ± 3.3 13.7 ± 3.2 11.4 ± 3.3 0.142

Rango 8‑21 8‑21 8‑15

Graves dosis 2 (dB) X ± DE 14.8 ± 6.3 15.27 ± 6.5 11.6 ± 3.6 0.228

Rango 8‑47 8‑47 8‑16

Graves dosis 3 (dB) X ± DE 17.7 ± 8.3 17.6 ± 8.5 19.0 0.874

Rango 7‑56 7‑56

Medias dosis 1 (dB) X ± DE 14.1 ± 6.6 14.49 ± 6.9 11.4 ± 2.07 0.335

Rango 7‑47 7‑47 8‑13

Medias dosis 2 (dB) X ± DE 13.8 ± 7.6 14.68 ± 7.6 7.4 ± 3.3 0.043

Rango 4‑34 5‑34 4‑12

Medias dosis 3 (dB) X ± DE 12.2 ± 6.9 12.3 ± 7.0 8.0 0.547

Rango 3‑34 3‑34

Agudas dosis 1 (dB) X ± DE 19.17 ± 12.7 19.8 ± 13.5 14.4 ± 1.1 0.379

Rango 8‑63 13‑16

Agudas dosis 2 (dB) X ± DE 31.1 ± 18.2 33.16 ± 18.4 16 ± 1.7 0.046

Rango 10‑76 10‑76 15‑19

Agudas dosis 3 (dB) X ± DE 44.6 ± 20.9 45.7 ± 20.3 11.0 0.104

Rango 11‑91 11‑91

X ± DE: promedio y desviación estándar.

estudios (p = 0.319). A pesar del incremento constan-
te en los umbrales de los pSCO, las diferencias no 
fueron significativas (p > 0.06). Se encontró una co-
rrelación entre la dosis acumulada y el umbral auditi-
vo del segundo estudio en tonos graves (rs = 0.38; p 
= 0.013), tonos medios (rs = 0.53; p = 0.0001) y tonos 
agudos (rs = 0.32; p = 0.034).

Las alteraciones en las altas frecuencias fueron 
evidentes desde la primera administración del fárma-
co en los pCCO, con pérdidas promedio siempre ma-
yores de 20 dB hasta la tercera dosis, aunque fueron 
significativas solo entre el primero y el segundo estu-
dios (p = 0.0001) y entre el primero y el tercer estudios 
(p = 0.001) tanto en pacientes con dos como con tres 
dosis, pero no entre el segundo y el tercer estudios 
(p = 0.793). En los pSCO apareció alteración leve en 
la segunda y la tercera dosis, pero no significativa 
(p > 0.05) (Tabla 5). De igual forma, la comparación 
entre pCCO y pSCO fue significativa solo en el se-
gundo (p = 0.001) y el tercer estudios (p = 0.006) 

(Tabla 5). Considerando el daño en las altas frecuen-
cias, hubo diferencia en la tercera dosis (p = 0.001) y 
con la dosis acumulada (p = 0.0001), y una correla-
ción excelente entre la pérdida auditiva después de 
la tercera dosis con haber recibido tres dosis (rs = 0.80; 
p = 0.0001) y con la dosis acumulada (rs = 0.54; 
p = 0.0001), así como una mayor pérdida con dosis 
superiores a 300 y 325 mg/m2 de superficie corporal 
en la segunda dosis (p = 0.036) y en la dosis acumu-
lada (p = 0.009), y también entre el tercer estudio y 
la dosis acumulada (p = 0.006). Se documentó un 
riesgo (odds ratio [OR]) de 1.125 (intervalo de confian-
za del 95% [IC95%]: 0.893-1.417) para presentar daño 
en frecuencias supraumbrales en el tercer estudio 
con dosis de cisplatino de 300  mg/m2 de superficie 
corporal.

Las EOAPD mostraron cambios relacionados con 
la dosis administrada de cisplatino. En la tabla 6 se 
puede apreciar que, en el primer estudio, la mayoría 
de los pacientes tenían respuestas presentes en 
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Tabla 4. Promedio y desviación estándar, y rango, por frecuencias del umbral auditivo en tonos graves (0.125, 0.250 y 0.500 kHZ), 
medios (1‑2 kHZ) y agudos (4‑8 kHZ) en la población general y separada por pacientes con y sin ototoxicidad, considerando el número 
de dosis recibidas (dos o tres)

Población general Con ototoxicidad Sin ototoxicidad

Umbral auditivo por 
frecuencias

X ± DE/Rango 2 dosis  
(n = 13)

3 dosis  
(n = 29)

2 dosis  
(n = 9)

3 dosis  
(n = 28)

2 dosis  
(n = 4)

3 dosis  
(n = 1)

Graves dosis 1 (dB) X ± DE 11.69 ± 2.175 14.2 ± 3.41 12.2 ± 1.64 14.18 ± 3.47 10.5 ± 3.0 15

Rango 8‑15 8‑21 10‑15 8‑21 8‑14

Graves dosis 2 (dB) X ± DE 11.69 ± 2.17 16.2 ± 7.07 12.2 ± 1.64 16.25 ± 7.2 10.5 ± 3.0 16

Rango 8‑15 8‑47 10‑15 8‑47 8‑14

Graves dosis 3 (dB) X ± DE 17.8 ± 8.4 17.79 ± 8.56 19

Rango 7‑56 7‑56

Medias dosis 1 (dB) X ± DE 11.46 ± 2.47 15.3 ± 7.55 11.6 ± 2.69 15.39 ± 7.68 11.0 ± 2.160 13

Rango 7‑16 8‑47 7‑16 8‑47 8‑13

Medias dosis 2 (dB) X ± DE 8.3 ± 3.75 16.28 ± 7.6 9.0 ± 3.8 16.5 ± 7.67 6.75 ± 3.59 10

Rango 4‑16 6‑34 5‑16 6‑34 4‑12

Medias dosis 3 (dB) X ± DE 12.5 ± 6.8 12.68 ± 6.89 8

Rango 3‑34 3‑34

Agudas dosis 1 (dB) X ± DE 16.3 ± 4.49 20.45 ± 14.9 17.0 ± 5.3 20.7 ± 15.15 14.75 ± 0.95 13

Rango 13‑28 8‑63 13‑28 8‑63 14‑16

Agudas dosis 2 (dB) X ± DE 21.2 ± 9.46 35.5 ± 19.49 23.4 ± 10.7 36.29 ± 19.4 16.25 ± 1.89 15.00

Rango 14‑45 10‑76 14‑45 10‑76 15‑19 15

Agudas dosis 3 (dB) X ± DE 45.38 ± 20.8 46.6 ± 20.13 11.00

Rango 11‑91 11‑91 11

X ± DE: promedio y desviación estándar.

Tabla 5. Promedio y desviación estándar, y rango, por frecuencias supraumbral (tonos agudos 10‑16 kHZ) en la población general y 
separada por pacientes con y sin ototoxicidad, considerando el número de dosis recibidas (dos o tres)

Población general Con ototoxicidad Sin ototoxicidad

Umbral auditivo para 
altas frecuencias

X ± DE/
Rango

2 dosis  
(n = 13)

3 dosis  
(n = 29)

2 dosis  
(n = 9)

3 dosis  
(n = 28)

2 dosis  
(n = 4)

3 dosis  
(n = 1)

Primer estudio (dB)
(dosis 1)

X ± DE 22.3 ± 10.7 23.8 ± 16.8 24.7 ± 12.3 24.0 ± 17.0 17.0 ± 1.6 18.0

Rango 15‑53 2‑71 17‑53 2‑71 15‑19

Segundo estudio (dB)
(dosis 2)

X ± DE 35.9 ± 18.2 45.0 ± 19.9 43.0 ± 17.6 45.8 ± 19.9 20.0 ± 3.4 23.0

Rango 18‑70 14‑87 25‑70 14‑87 18‑25

Tercer estudio (dB)
(dosis 3)

X ± DE ‑ 58.8 ± 19.8 ‑ 60.0 ± 19.1 ‑ 26.0

Rango ‑ 21‑102 ‑ 21‑102 ‑ ‑

X ± DE: promedio y desviación estándar.
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Tabla 6. Proporción de pacientes con presencia/ausencia de emisiones otoacústicas por productos de distorsión en la población 
general y separada por pacientes con y sin ototoxicidad, considerando el número de dosis recibidas (dos o tres)

Población general Con ototoxicidad Sin ototoxicidad

EOAPD (presentes/
ausentes)

Presentes/ausentes 2 dosis  
(n = 13)

3 dosis  
(n = 29)

2 dosis  
(n = 9)

3 dosis  
(n = 28)

2 dosis  
(n = 4)

3 dosis  
(n = 1)

Primer estudio (dosis 1) Presentes 12 26 8 25 4 1

Ausentes 1 3 1 3 0 0

Segundo estudio (dosis 2) Presentes 7 12 4 11 3 1

Ausentes 6 17 5 17 1 0

Tercer estudio (dosis 3) Presentes ‑ 1 0 0 ‑ 1

Ausentes ‑ 28 0 28 ‑ 0

EOAPD: emisiones otoacústicas por productos de distorsión.

pCCO (33 pacientes; 89.2%) y pSCO (5 pacientes; 
100%). Hubo cambios posterior a la segunda dosis en 
pCCO, en los que la mayoría no presentaron emisio-
nes (22 pacientes; 60%), pero la variación no fue 
significativa (p = 0.11; χ2), y para la evaluación des-
pués de la tercera dosis todos presentaron ausencia 
de respuesta (28 pacientes; 100%) (p = 0.05). En los 
pSCO no hubo cambios, pues solo un paciente no 
tuvo respuesta (p = 0.34). El único paciente que reci-
bió tres dosis siempre presentó respuesta en las di-
ferentes mediciones. La presencia/ausencia de 
respuestas en las EOAPD mostraron una diferencia 
significativa solo después de la segunda dosis de 
cisplatino (p = 0.034), con una OR de 1.973 (IC95%: 
1.097-3.549) para la ausencia de respuestas con do-
sis superiores a 300 y 325  mg/m2 de superficie cor-
poral. En los pacientes con tres dosis la diferencia fue 
significativa, con ausencia de respuestas (p = 0.0001). 
Se encontró una asociación (rs = 0.67; p = 0.036) con 
la dosis acumulada de 300 mg/m2 de superficie cor-
poral en los pCCO después de la segunda dosis y 
una OR de 4.0 para la ausencia de respuestas 
(IC95%: 0.733-21.838) con la misma dosis (p = 0.034).

Discusión

Uno de los hallazgos más importantes del presente 
estudio fue identificar el deterioro auditivo en niños 
con cáncer tratados con cisplatino en tonos agudos y 
altas frecuencias (10,000-16,000 Hz) desde la primera 
dosis de cisplatino, combinado con uno o dos fárma-
cos más (Tablas 3 a 5). Es importante señalar que la 
prevalencia de pérdida auditiva al término del trata-
miento es considerada como el hallazgo primario más 

importante, pues refleja la toxicidad de la QT al final 
(Tablas 3 a 5). En esta investigación se encontró que 
los 37 pCCO (100%) presentaron deterioro en las al-
tas frecuencias desde la primera dosis y tuvieron 
daño en las agudas a partir de la segunda dosis, de 
acuerdo con la clasificación de Brock (Tablas 4 y 5), 
coincidiendo con otras publicaciones15.

Se ha publicado que la pérdida auditiva ocurre en 
alrededor del 10% de los sobrevivientes de cáncer in-
fantil en general22, pero en nuestro trabajo la prevalen-
cia fue mucho mayor (88.1%), más acorde con lo 
reportado por Diepstraten et al.15, quienes señalan que 
hasta el 70% de los niños tratados con platino desarro-
llan una pérdida auditiva irreversible, y el 40% necesi-
tan usar audífonos en etapa temprana. No obstante, 
nuestra cifra puede estar sobrecalculada, ya que todos 
usaron cisplatino y contaban con estudios audiológicos, 
aunque congruente con el reporte de que las estima-
ciones de prevalencia de pérdida de audición después 
de cisplatino varían ampliamente entre diferentes tra-
bajos, debido a factores de riesgo adicionales como el 
uso de aminoglucósidos y diuréticos de asa, o de otros 
agentes antineoplásicos que causan hipoacusia22.

Algunos autores proponen que en la evaluación de 
estos niños es conveniente el uso de más de un es-
tudio que evalúe la función auditiva, por la credibilidad 
de los resultados considerando la edad del menor al 
momento de realizar estudios conductuales. En este 
trabajo se usó la audiometría tonal y la de altas fre-
cuencias, así como los EOAPD, porque no se consi-
deran relevantes los hallazgos de impedanciometría 
ni los potenciales auditivos de tallo cerebral15,23.

De acuerdo con otros autores, encontramos que la 
dosis acumulada de cisplatino se asoció con la pérdida 
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de la audición11, pues las dosis cíclicas más altas pue-
den aumentar la administración coclear del fármaco a 
través de la saturación de los mecanismos de trans-
porte activo y pasivo en la cóclea, y una vez en ella, 
el cisplatino se acumula y se retiene, en particular 
después de dosis altas repetidas24. Fue interesante que 
una dosis acumulada superior a 300 y 325 mg/m2 de 
superficie corporal se relacionó con la presencia de 
lesión en altas frecuencias y en tonos agudos, y con 
ausencia de respuesta en las EOAPD (p < 0.05)15.

Keilty et al.7 encontraron, para el desarrollo de hipoa-
cusia, una OR de 1.48 para la dosis de cisplatino, to-
mando en cuenta 100 mg/m2 de superficie corporal (p 
< 0.001), con incrementos en la incidencia acumulada 
de hipoacusia de alta frecuencia (> 4 kHz) a los 5 años 
de edad y en todas las frecuencias después de los 5 
años7. Nuestro análisis permitió evidenciar una OR de 
1.125 (IC95%: 0.893-1.417) de presentar daño en altas 
frecuencias en el tercer estudio con dosis de cisplatino 
de 300  mg/m2 de superficie corporal, y una OR de 
1.973 (IC95%:1.097-3.549) para la ausencia de res-
puestas en las EOAPD con dosis por arriba de 300 y 
325 mg/m2 de superficie corporal al término del trata-
miento7,15. A  pesar de que encontramos diferencias 
significativas en la pérdida de audición entre las dosis 
administradas, segunda y tercera dosis, así como en 
la dosis acumulada, parece que no importa el tiempo 
de duración de las infusiones16.

Bass et al.18 identificaron efectos subclínicos de pér-
dida auditiva después de la exposición a RT en pacien-
tes con cáncer particularmente en el rango de las altas 
frecuencias y en las EOAPD, mientras la audición se 
mantuvo normal para las frecuencias convencionales. 
Nuestros hallazgos son congruentes con este compor-
tamiento, con relación al uso de cisplatino, aunque sin 
seguimiento a largo plazo (Figs. 1 y 2, y Tabla 6). No 
obstante, es importante seguir la recomendación del 
seguimiento durante varios años para controlar los po-
sibles efectos auditivos tardíos18, por la exposición a 
ototóxicos con QT o RT. También Moke et al.13 repor-
taron que el riesgo para hipoacusia aumentó en un 
10-20% por cada 100 mg/m2 de superficie corporal de 
dosis acumulada de cisplatino (OR: 1.11; IC95%: 1.01-
1.23). Nosotros encontramos un riesgo similar (OR: 
1.125; IC95%: 0.893-1.417) con una dosificación de 
cisplatino de 300 y 325  mg/m2 de superficie corporal 
en la segunda dosis (p = 0.036), mientras que en el 
trabajo de Moke et al.13 la pérdida fue moderada/grave 
al final del tratamiento con dosis de cisplatino, encon-
trando que por cada aumento de 50 mg/m2/ciclo, iden-
tificaba un OR = 2.16 (IC95%:1.37–3.51). Además, 

encontramos que diferencias en la dosificación de cis-
platino confirieron una OR de 4.0 (IC95%: 0.733-
21.838) en pérdida de respuestas en las EOAPD. Si 
bien se debe considerar que el aumento de la dosis 
acumulada de cisplatino administrado (± 100 mg/m2 de 
superficie corporal) protegió contra la muerte, fue al 
contrario con la progresión de la enfermedad13.

Contrario a lo expuesto por Moke et al.13, se cree que 
sea probable que el cisplatino retenido solo contribuya a 
la toxicidad a largo plazo, pues se ha detectado cisplatino 
circulante en el plasma de sobrevivientes incluso décadas 
después de la terapia. Por ello, se justifica una mayor 
investigación sobre las posibles intervenciones para re-
ducir la hipoacusia inducida por cisplatino mediante la 
alteración de la intensidad de la dosificación de cisplatino 
con o sin la introducción de agentes otoprotectores, mien-
tras se mantienen la citotoxicidad y el potencial curativo 
de la dosificación acumulativa, como el uso de amifostina 
y tiosulfato de sodio en niños como una intervención oto-
protectora13 o el uso de nanopartículas de dexametasona 
y antioxidantes, que previnieron eficazmente la apoptosis 
y la producción de especies reactivas de oxígeno causa-
das por estímulos ototóxicos25.

Los datos audiológicos encontrados muestran que la 
pérdida de audición es frecuente en los sobrevivientes 
de cáncer infantil. Es difícil establecer la relación entre 
la pérdida de audición y otros antineoplásicos (como la 
vincristina)13, debido a que el tratamiento con cisplatino 
fue un criterio de inclusión, lo que dificulta la identifica-
ción de la contribución de otros factores. Sin embargo, 
las pruebas de audición no son invasivas, son baratas y 
fáciles de realizar, y cada niño las realiza varias veces 
durante la infancia con fines de cribado. Por lo tanto, 
nuestros resultados son congruentes con la necesidad 
de que los estudios futuros tengan criterios de inclusión 
más amplios y ofrecer pruebas de audición a todas las 
personas que recibieron alguna QT, no solo a los que 
recibieron fármacos que ya se sabe que son ototóxicos22. 
Estudios con criterios más amplios permitirán detectar 
nuevos factores de riesgo en el paisaje en constante 
evolución de los tratamientos contra el cáncer26.

Las pruebas audiológicas precisas y la detección 
oportuna de la ototoxicidad contribuyen a la detección 
de hipoacusia en etapa temprana, que puede conducir 
indirectamente a una mejor calidad de vida. Además, 
se logró recopilar datos de alta calidad sobre la relación 
entre el estado de la enfermedad, el tipo de tratamiento 
y el funcionamiento audiológico en niños con cáncer 
durante el tratamiento, que en el futuro podrían usarse 
para identificar a los niños que están en riesgo y que 
podrían beneficiarse de los agentes otoprotectores15. 
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Figura  1. Comportamiento de los umbrales auditivos, con y sin criterios de ototoxicidad, según número de dosis. PA: pérdida auditiva; 
pCCO: pacientes con criterios para ototoxicidad; pSCO: pacientes sin criterios para ototoxicidad.
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Figura  2. Comportamiento de las respuestas supraumbral, con 
y sin criterios de ototoxicidad, de acuerdo al número de estudio. 
pCCO: pacientes con criterios para ototoxicidad; pSCO: pacientes sin 
criterios para ototoxicidad.

También consideramos relevante este trabajo porque 
algunos autores mencionan que hay una sorprendente 
falta de trabajos que investiguen específicamente los 
efectos tardíos en los sobrevivientes de cáncer infantil, 
considerando que actualmente ha aumentado la canti-
dad de sobrevivientes27.

Conclusiones

El cisplatino es un fármaco antineoplásico amplia-
mente utilizado en el tratamiento del cáncer en la 

infancia, y la ototoxicidad es uno de sus efectos ad-
versos más frecuentes. Nosotros encontramos un 
88.1% de pacientes con deterioro auditivo y hasta un 
100% cuando se incluyeron las altas frecuencias en 
los casos estudiados. Se documentó que la hipoacu-
sia neurosensorial inicia en las altas frecuencias, pero 
con el incremento en la dosis acumulada de cisplatino 
(≥ 300 mg/m2 de superficie corporal) el daño conti-
núa a frecuencias agudas y medias, comprometiendo 
el área del lenguaje después de la segunda y la ter-
cera dosis. Evaluar la función auditiva de los niños 
con cáncer durante su tratamiento con cisplatino pue-
de permitir la detección oportuna del deterioro de los 
umbrales auditivos. La audiometría tonal de altas fre-
cuencias y los EOAPD mostraron ser útiles, ya que 
revelaron de manera temprana cambios en la función 
auditiva con respecto a la audiometría tonal en las 
frecuencias convencionales, por lo que los protocolos 
de monitorización auditiva en los pacientes tratados 
con cisplatino deben incluir, por lo menos, estos es-
tudios audiológicos.

En conclusión, debido a que el número de sobrevi-
vientes de cáncer infantil ha incrementado en las últi-
mas décadas, es de suma importancia establecer 
protocolos de cribado y monitorización de ototoxicidad 
en pacientes tratados con cisplatino y otros agentes 
potencialmente ototóxicos para conocer la función au-
ditiva desde las etapas iniciales del tratamiento, y poder 
intervenir oportunamente con la rehabilitación auditiva, 
ya que la hipoacusia en este grupo de población tiene 
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repercusiones en el lenguaje, el aprendizaje, la integra-
ción social y el desarrollo de la personalidad.
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Complications in transgender patients undergoing vaginoplasty 
procedure
Complicaciones en pacientes transgénero sometidas a procedimiento de vaginoplastia

Francisco Delgado-Guerrero
Servicio de Urologia, Hospital General de Tlahuac, Mexico City, Mexico

Abstract

Objective: To report the statistics of complications in gender reassignment surgery (vaginoplasty) observed in the first surgical 
center in Mexico for public transgender surgery. Method: We conducted a descriptive, observational study of patients treated 
and postoperatively underwent vaginoplasty surgery in the period 2019 to 2022. Intraoperative, immediate and late complica-
tions were evaluated. Intraoperative complications were taken as: rectal perforation and bleeding. Immediate complications: 
wound dehiscence, hematoma, and necrosis of the vaginal segment. Late complications: urethrovaginal fistula, rectovaginal 
fistula, and stenosis of the vaginal introitus. Results: Twenty-two patients who underwent vaginoplasty with inversion of the 
foreskin were evaluated. Regarding immediate complications, the most frequent were alterations in scarring and tissue integra-
tion, being necrosis of the vaginal segment the most frequent. As for late complications, only vaginal prolapse and urethral 
stricture were found. Conclusion: Foreskin inversion vaginoplasty is the most widely used and safest technique worldwide, 
above colovaginoplasty and peritoneal vaginoplasty techniques, and fortunately serious complications are rare. In our report, 
tissue alterations were the common ones and that is secondary alteration of vascular integration and devascularization factors 
during the dissection.

Keywords: Transgender health. Post-operative complications. Reconstructive surgical procedure.

Resumen

Objetivo: Reportar la estadística de complicaciones en cirugía de reasignación de genero (vaginoplastia) observadas, en el 
primer centro quirúrgico en México de cirugía transgénero público. Método: Realizamos un estudio descriptivo y observacio-
nal de las pacientes tratadas y post-operadas de cirugía de vaginoplastia en el periodo de 2019 a 2022. Se evaluaron las 
complicaciones: intraoperatorias, inmediatas y tardías. Se consideraron complicaciones intraoperatorias la perforación rectal 
y el sangrado. Complicaciones inmediatas: dehiscencia de herida, hematoma y necrosis del segmento vagina. Complicaciones 
tardías: fístula uretrovaginal, fístula rectovaginal y estenosis del introito vaginal. Resultados: Se evaluaron 22 pacientes a las 
que se les realizó vaginoplastia con inversión del prepucio. En cuanto a las complicaciones inmediatas, las más frecuentes 
fueron las alteraciones en la cicatrización y la integración tisular, siendo la necrosis del segmento vaginal la más frecuente. 
En cuanto a las complicaciones tardías, solo se encontraron prolapso vaginal y estenosis uretral. Conclusión: La vaginoplas-
tia con inversión de prepucio es la técnica más usada mundialmente y la más segura, por arriba de las técnicas de colovagi-
noplastia y vaginoplastia peritoneal, y las complicaciones graves son pocos comunes, afortunadamente. En nuestro reporte 
las alteraciones tisulares fueron las comunes y eso es secundario a la alteración de la integración vascular y los factores de 
desvascularización durante la disección.

Palabras clave: Salud transgénero. Complicaciones postoperatorias. Procedimiento quirúrgico reconstructivo.
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Introduction

The performance of gender-affirming procedures 
has become increasingly common, reflecting a chang-
ing social and political climate of equality for gender 
identity. Although many transgender patients do not 
choose to undergo the surgical transition process, 
gender-affirming procedures remain an option for 
those who wish to further align physical appearances 
with their identified gender. Vaginoplasty with foreskin 
inversion is commonly performed for female transgen-
der patients in which the foreskin and scrotum are 
used to create a natural-appearing vulva and vaginal 
canal.

Despite these positive results, penile inversion for 
vaginoplasty is associated with a high rate of func-
tional and cosmetic complications, most of which are 
self-limited or treated on an outpatient basis without 
the need for surgical procedures. Large series report 
that 70% of patients experience some type of postop-
erative complications such as altered skin tissue flap 
integration (26%) and less commonly but more con-
sistently neo vaginal stenosis (4%) and rectovaginal 
fistula (2%). In addition, up to 33.7% of patients un-
dergo procedures for secondary correction of esthetic 
conditions and function1-3.

In this article, we present our experience and man-
agement of patients with post-surgical complications 
in patients undergoing vaginoplasty procedure.

Method

A descriptive and observational study was per-
formed, of patients attended and post-operated of 
vaginoplasty in the period from 2019 to 2022, patients 
with complete surgical protocol and previous assess-
ments by endocrinology and psychiatry, of clínica 
Condesa, in addition to hormonal interruption 2 months 
before surgical procedure, all patients with strict com-
pliance with the criteria of World Professional Asso-
ciation for Transgender Health, such as: majority of 
age, hormonal treatment for at least 2 years, assess-
ment by 2 mental health professionals (psychiatry), 
24/7 life experience with chosen sex.

The technique performed was the penis-scrotal in-
version technique, which consists of a series of pro-
cedures such as: penectomy, orchiectomy, clitoroplasty, 
and vaginoplasty. The creation of vaginoplasty in-
volves inversion of the penile skin and is perhaps the 
most studied and used today. For most surgeons, it is 

the technique of choice. It uses the inverted penile 
skin that functions as a tube that becomes the neo-
vagina. It has been described that the average vaginal 
depth ranges from 10 to 13.5 cm; the average width 
of the neovagina is 3 to 4 cm.

An evaluation of the complications in the patients 
operated in the period from 2019 to 2022, with vagi-
noplasty technique with inversion of the foreskin was 
carried out, three groups were divided: intraoperative, 
immediate, and late. The immediate complications 
were: rectal perforation, bleeding with necessity, and 
transfusion. As for immediate complications: wound 
dehiscence, hematoma, vaginal segment necrosis, 
vaginal edema, abscess, urethral necrosis, clitoral ne-
crosis, and urinary tract infection. Late complications 
were taken as: urethrovaginal fistula, rectovaginal fis-
tula, vaginal introitus stenosis, vaginal prolapse, ure-
thral meatus stenosis, and urethral prolapse.

Results

The total number of patients studied were 22 post-
operative patients of vaginoplasty procedure with fore-
skin inversion, performed by a single surgeon in our 
institution, the mean age was 36 years, 2 patients with 
a history of previous orchiectomy, mean body mass 
index 28.0 kg/m² (range, 20.2-39.4 kg/m²), mean use 
of hormonal treatment of 6 years, with follow-up during 
each month for 6 months (Tables 1 and 2).

Of the 22 patients operated on, intra-operative com-
plications were found as intraoperative bleeding in 
only one patient, secondary to a sacral bleeding 
>500cc, indication for transfusion by the anesthesiol-
ogy service. As for immediate complications, the most 
common was alterations in healing and tissue integra-
tion, being necrosis of the vaginal segment, the others 
were: hematoma, wound dehiscence, abscess, wound 
infection, and edema (Figs. 1 and 2). Finally, the late 

Table  1. Characteristics of the patients who underwent 
vaginoplasty

Variable p 

Total patients (n)
Age (years)
Diabetes Mellitus
Arterial hypertension
Years of hormonal treatment
Previous orchiectomy
Body mass index
History of circumcision.
Smoking

22
36.2 (19‑55)

2
1

7 (2‑18)
2

28.0 kg/m²
2
3
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complications presented were: vaginal prolapse sec-
ondary to severe edema and partial stenosis of meatal 
urethral stenosis.

Discussion

Minor wound healing problems are commonly re-
ported after vaginoplasty (range 3.3%-33%), and 
many resolve without surgical intervention. Wound 
dehiscence, especially in areas of increased tissue 
tension (i.e., introitus and labia majora), most com-
monly occurs within the 1st month after surgery4,5. In 
the observed results, most of the complications ob-
served were of the immediate type the most common, 
with impaired healing as well as the presence of par-
tial necrosis of vaginal tissue, Ferrando reported that 
of the 17% of her patients (n = 76  patients) who 
experienced complications, more than 50% of these 
complications involved wound dehiscence or wound 
separation. Most studies consistently report that 
post-operative wound dehiscence is treated with lo-
cal wound care and does not require surgical 
intervention6,7.

Tissue loss may be associated with wound dehis-
cence and occurs most frequently at points of maxi-
mal tissue tension, such as the vaginal introitus. Minor 
tissue necrosis (i.e., resolved without reoperation un-
der general anesthesia) representing the highest inci-
dence reported in some studies8,9. Minor cases of 
tissue necrosis can often be treated with local wound 
care, whereas more significant tissue loss may require 
surgical debridement. The most common major com-
plication (17%) was tissue necrosis along the lower 
edge of the wound. García MM et al. reported that of 
the patients requiring reoperation, 25% were related 
to tissue necrosis10,11.

Pre-operative patient optimization (smoking cessa-
tion, control of diabetes, and cardiopulmonary status) 
is important, as these concomitant conditions may 
be independent predictors of post-operative tissue 
necrosis.

Conclusion

Complications arising from surgery are defined as 
an unexpected or undesired outcome of surgical treat-
ment that causes, in addition to a difficult situation for 
the surgeon, a lengthening of the hospital stay, vary 
in severity and some can be easily treated with con-
servative management strategies and/or small revi-
sion surgeries, whereas other events are considered 
true complications and require and/or surgery to treat 
the problem.

Foreskin inversion vaginoplasty is the most wide-
ly used and safest technique worldwide, above 

Table 2. Complications percentage intraoperative

Time complication %

Intraoperative
Rectal perforation.
Bleeding

-
1 (4.5)

Immediate
Wound dehiscence
Hematoma
Vaginal segment necrosis
Abscess
Urethral necrosis
Wound infection
Edema.
Necrosis of the clitoris

2 (9.0)
2 (9.0)
4 (18)
1 (4.5)

-
1 (4.5)
2 (9.0)

-

Late
Urethrovaginal fistula
Rectovaginal fistula.
Introitovaginal stenosis
Vaginal prolapse
Meatourethral stenosis
Urethral prolapse

-
-
-

1 (0.45)
1 (0.45)

-

Figure 2. A: vaginal border necrosis. B: vaginal border granulation.

BA

Figure  1. A: severe edema after vaginoplasty surgery. B: vaginal 
fundal prolapse.

BA
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colovaginoplasty and peritoneal vaginoplasty tech-
niques, and fortunately serious complications are rare. 
In our report, tissue alterations were the common ones 
and that is secondary alteration of vascular integration 
and devascularization factors during the dissection.
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Rehabilitation effect of manual lymphatic drainage on pain 
threshold and tolerance, tactile sensation, and strength
Efecto de rehabilitación del drenaje linfático manual en el umbral y tolerancia al dolor, 
sensación táctil y fuerza

Emine Cihan1*  and Cansu S. Pirinççi2
1Department of Therapy and Rehabilitation, Selcuk University, Vocational School of Health Sciences, Konya; 2Department of Cardiopulmonary 
Physiotherapy and Rehabilitation, Gulhane Physiotherapy and Rehabilitation Faculty, University of Health Sciences, Ankara. Turkey

Abstract

Objective: This study evaluates the acute therapeutic effect of manual lymphatic drainage (MLD). Method: Eighty-two indi-
viduals (164 upper limbs) participating in the study were divided into two groups: MLD and sham. Before and after treatment, 
measurements of pressure pain threshold (PPT), pain tolerance, muscle strength (using a hand dynamometer and pinchmeter), 
and two-point discrimination (2PD) with an esthesiometer were conducted. Results: Age, height, weight, body mass index, 
gender, and dominant extremity of the participants showed similar characteristics (p > 0.05). There was a difference hypothenar 
PPT (p = 0.038) and pain tolerance (p = 0.009), thenar PPT (p = 0.021) and pain tolerance (p = 0.001), mid-ulnar PPT (p = 
0.028), biceps PPT (p < 0.001), pain tolerance (p < 0.001), and grip strength (p = 0.030) between the groups after the therapy. 
When comparison was made between the groups at baseline and after the treatment all were found to differ (p  <  0.05). 
Conclusions: MLD reduced PPR, pain tolerance, hand grip, and pinch strength in young adults. However, in this population, 
the distance felt in 2PD evaluation with MLD decreased.

Keywords: Manual lymphatic drainage. Pain threshold. Pain tolerance. Tactile sense. Muscle strength.

Resumen

Objetivo: Este estudio evalúa el efecto terapéutico agudo del drenaje linfático manual (DLM). Método: Ochenta y dos indivi-
duos (164 miembros superiores) que participaron en el estudio se dividieron en dos grupos: DLM y DLM simulado. Antes/
después del tratamiento, mediciones de umbral de dolor por presión (PPT) y tolerancia al dolor, mediciones de fuerza mus-
cular con dinamómetro de mano y pinchómetro, y evaluación de discriminación de dos puntos (2PD) con un estesiómetro. 
Resultados: La edad, talla, peso, índice de masa corporal, sexo y extremidad dominante de los participantes mostraron 
características similares (p > 0.05). Hubo diferencia entre PPT hipotenar (p = 0.038) y tolerancia al dolor (p = 0.009), PPT 
tenar (p = 0.021) y tolerancia al dolor (p = 0.001), PPT mediocubital (p = 0.028), PPT de bíceps (p < 0.001) y tolerancia al 
dolor (p < 0.001), fuerza de agarre (p = 0.030) entre los grupos después de la terapia. Cuando se hizo la comparación entre 
los grupos al inicio y después del tratamiento, se encontró que todos diferían (p < 0.05). Conclusiones: El DLM redujo la 
PPT, la tolerancia al dolor, el agarre manual y la fuerza de pellizco en adultos jóvenes. Sin embargo, en esta población, la 
distancia sentida en la evaluación 2PD con DLM disminuyó.

Palabras clave: Drenaje linfático manual. Umbral del dolor. Tolerancia al dolor. Sentido táctil. Fuerza muscular.
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Introduction

Manual lymphatic drainage (MLD), one of the com-
ponents of complex decongestive physiotherapy, is 
a gentle massage technique with proven positive 
effects on lymphatic circulation. MLD can be applied 
to different parts of the body (e.g., arms, legs, neck, 
abdomen, and trunk), with a different technique for 
each region (stationary circle, scoop, pump, and 
rotary)1. It has disease-specific application princi-
ples, and its efficacy can be further increased by 
respiration2. MLD is effective in mobilizing lymph 
fluid, promoting lymphangiomotor activity and venous 
return, and supporting the immune system. With 
these effects, MLD has been proven to reduce 
edema in the extremities3.

Although the efficacy of MLD is frequently investi-
gated in patients with lymphedema/chronic venous 
insufficiency, it has been reported that this application 
has different effects on the body other than edema 
reduction in different patient populations and healthy 
individuals4-6.

Various studies conducted with different popula-
tions have shown that soft touch activates different 
receptors on the skin through, not only increases 
stimulation in nerve endings but also activates inhibi-
tory nerve endings, causes changes in tactile sensa-
tion, provides the activation of the parasympathetic 
system, increases muscle strength, results in changes 
in systolic and diastolic blood pressure, and reduces 
heart rate7,8.

However, it is not known whether these effects are 
due to the MLD technique or the general therapeutic 
effectiveness of soft touches. Explaining the effects of 
MLD in every aspect can provide more effective man-
agement of the technique on diseases and pave the 
way for its use in different areas. Therefore, its effects 
on healthy individuals need to be known and defined. 
In this study, the effects of MLD technique and random 
soft touches on pain threshold, pain tolerance, muscle 
strength, and tactile sense were investigated.

Method

Patients and study protocol

Ninety-six healthy individuals participated in this 
2-arm randomized controlled study. Fourteen indi-
viduals that used corticosteroid drugs within the past 
2  months, and a further five that did not accept to 

participate in the study were excluded from the study. 
As a result, 82 (MLD group: 41, sham group: 41) volun-
teers were included in the study that November 2023.

The participants were randomly divided into two groups 
as the study and sham groups. The randomization 
procedure was performed using a coin toss. The 
participants were blinded to the group allocation. Ethical 
approval was obtained from the Non-Pharmaceutical and 
Medical Device Research Ethics Committee of blinded 
(decision number: blinded), and the study was conducted 
in accordance with the principles of the Declaration of 
Helsinki. Individuals were explained about the 
measurements and the reason for the study. Consent 
forms were obtained. It was explained to the participants 
that if they wanted to leave the study, they could leave the 
study at any time. The patients’ demographic data were 
questioned. MLD application was made by lymphedema 
physiotherapist. The research was conducted in the 
physiotherapy course laboratory at Selcuk University.

This is prospective randomized controlled study and 
randomization was carried out by a different researcher  
Cansu Sahbaz Pirinççi (CSP), who did not apply the 
intervention, using a computer program. A  researcher 
(EC) performed the assessments and treatments in this 
study. The participants were blinded to the group 
allocation.

Age, gender, height, weight, body mass index (BMI), 
and dominant extremity were recorded. MLD was 
applied to both extremities of the participants (a total 
of 164 upper extremities). Before and after MLD, the 
same physiotherapist performed pressure pain thresh-
old (PPT) measurements, hand dynamometer (Jamar) 
and pinchmeter evaluations (Baseline), and tactile 
sensation evaluation with an esthesiometer.

Inclusion criteria

–	 Being aged 18-30 years
–	 Did not have any communication disorders.

Exclusion criteria

–	 Having any skin disease
–	 Having a history of neurological and/or orthope-

dic disease
–	 Having a significant scar or burn tissue in the 

upper extremity
–	 Having any condition that would prevent 

communication
–	 Steroid users.
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Procedures

Manual Lymphatic Drainage (MLD)

MLD was limited to the upper extremities. During the 
MLD application, when the volunteers were in the supine 
hook position, blood hemodynamics and lower extremity 
motor function were increased through active bilateral 
shoulder rotation combined with breathing after first 
effleurage. Cervical lymph nodes were stimulated. The 
suction power in the thoracic duct was increased with 
breathing exercises. After the stimulation of central 
lymph nodes, the axillo-axillary collateral path was 
activated by stimulating the axillary lymph nodes in 
the contralateral region, and axillo-inguinal lymph 
nodes were activated by stimulating inguinal lymph 
nodes in the ipsilateral region. Then, upper extremity 
drainage was applied to the participants in this 
position. Following the drainage of the proximal part 
of the upper extremity, it was distally proceeded. The 
lymph fluid was drained by returning from the distal 
to the proximal and moved to axillary and inguinal 
lymph nodes through collateral pathways. The MLD 
session took an average of 30 min for each volunteer9.

Sham Manual Lymphatic Drainage (MLD)

Similar to the MLD group, the physiotherapist 
applied random soft touches to similar areas. The 
touches were not in the order appropriate to any man-
ual technique. Treatment duration and frequency for 
individuals in the sham MLD group were quite similar 
to their counterparts in the MLD group.

Outcome measures

Pressure Pain Threshold (PPT) and pain tole-
rance measurement

Quantitative PPT measurements were performed 
using a 1-cm2 surface algometer (Baseline, USA), 
which was found to be valid and reliable by previous 
studies10. This algometer consists of a metal piston 
attached to a dial that can measure pressure in kilo-
grams (kg) and pounds (Lb). The algometer was posi-
tioned vertically and placed on the thenar, hypothenar, 
mid-ulnar, and biceps regions using the marked 
points. Measurements were repeated 3  times with a 
rest period of 10 s. The average of these three 
measurements was used for analysis. Pain tolerance 

was measured once at the same points. The highest 
tolerable pressure was used in the measurement and 
it was recorded.

Evaluation of hand and finger grip strength

The Jamar dynamometer recommended by the 
American Association of Hand Therapists was used 
to measure hand grip strength. A pinchmeter (Base-
line) was used to measure finger grip strength. Hand 
grip and finger grip strength was measured using the 
recommended standard position, with the patients sit-
ting, with their shoulders in adduction, elbows in 90° 
flexion and mid-rotation, and wrists in neutral position. 
Three measurements were made at 1-min intervals, 
and the average values were recorded11,12.

Two-point discrimination (2PD)

This evaluation was performed using an esthesiometer 
(Instrument Company, Lafayette, IN, USA), with the par-
ticipants in the sitting position with their eyes closed. 
Evaluation was made from the biceps medial to the 
elbow13. Starting from the range where two points could 
be easily distinguished, the distance between the two 
points was reduced in 1-mm increments until the two 
points were felt as one point. Then, starting with two-point 
stimulation at the minimum interval that was felt as a 
single point, the distance between the two points was 
increased in 1-mm intervals until the distance between 
the two points was felt separately as two points again. 
The contact time of the two-point stimulation was adjusted 
to be approximately 1-2 s, and approximately 3-5 s was 
waited between each stimulation. The shortest distance 
felt between two points provided the static 2PD value.

Statistical analysis

G*Power software package (G*Power, Version 
3.0.10, Franz Faul, Universität Kiel, Germany) was 
used to calculate the sample size. Ten participants 
from each group were randomly recruited for the pilot 
study. The effect size corresponding to this value was 
0.632. It was calculated that to achieve 80% power 
with α = 0.05 type  I error, 41 patients were required 
for each group. Frequency tables and descriptive sta-
tistics were used to interpret the findings. The confor-
mity of the variables to the normal distribution was 
examined using visual (histogram and probability 
graphs) and analytical (Shapiro-Wilk test) methods. 
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Related-samples t-test (Wilcoxon test) was used to 
evaluate the parameters that did not show a normal 
distribution and the paired-samples t-test was used to 
evaluate the parameters with a normal distribution 

within the groups. In the intergroup evaluations, 
Mann-Whitney U-test was used for the data that did 
not show normal distribution. The effect size (d) was 
calculated by Cohen’s guidelines. In all statistics, 

Figure 1. CONSORT flow diagram.
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p significance value was accepted as p < 0.05. Sta-
tistical analyses were performed using IBM SPSS Sta-
tistics version 24.0 package 61 (IBM Corp. Released 
2016. IBM SPSS Statistics for Windows, Version 24.0. 
Armonk, NY: IBM Corp.).

Results

A total of 82 (MLD group: 41, Sham group: 41) peo-
ple participated in the study. No side effects were 
observed in participant during and after application. 
There was no loss during the study (Fig.  1). Age, 
height, weight, BMI, gender, and dominant extremity 
of the participants showed similar characteristics 
(p > 0.05). Changes of the participant’s demographic 
data are shown in table 1.

In the comparison between the groups, all the 
parameters were similar before the therapy (p > 0.05). 
There was a difference hypothenar PPT (p = 0.038) and 
pain tolerance (p = 0.009), thenar PPT (p = 0.021) and 
pain tolerance (p = 0.001), mid-ulnar PPT (p = 0.028), 
biceps PPT (p < 0.001), and pain tolerance (p < 0.001) 
between the groups after the therapy. In the MLD group, 
all parameters changed after the treatment (p < 0.05). 
In SHAM group, hypothenar PPT (p = 0.008), mid-ulnar 
pain tolerance (p = 0.007), and biceps pain tolerance (p 
= 0.005) changed after the treatment. Changes in PPT 
and pain tolerance are shown in table 2.

In the comparison between the groups, all the param-
eters were similar before the treatment (p > 0.05). There 
was a difference grip strength (p = 0.030) between the 
groups after the treatment. In the MLD group, all 

parameters changed after the treatment (p < 0.05). In 
SHAM group, grip strength (p = 0.008 changed after 
the treatment. Changes in muscle strength and 2PD 
are shown in table 3.

When comparison was made between the groups 
at baseline and after the treatment all were found to 
differ (Table 4).

Discussion

On completion of the study, we conducted with 
healthy young adults, we found that MLD caused a 
decrease in PPT and pain tolerance, reduced grip and 
pinch strength, and increased their tactile sensation 
in 2PD.

MLD is part of complex decongestive therapy, which 
is considered as the gold standard in the treatment of 
lymphedema14. In the past decade, the efficacy of 
MLD on edema and pain has been investigated in dif-
ferent patient groups. In a study including MLD in 
exercise therapy for complex regional pain syndrome, 
Uher et al. reported that MLD improved pain, edema, 
and range of motion, but the results were similar to 
the exercise-only group15. Similarly, Kim (2014) found 
that MLD had a curative effect on pain, but this was 
not statistically significant. The author also noted that 
PPT significantly increased after MLD treatment8. 
There are also studies showing that the increase in 
PPT and pain tolerance has clinical significance16.

The effect of MLD on pain can be explained by 
different theories: MLD nociceptive receptors can 
increase parasympathetic responses by reducing 

Table 1. Demographic data of the participants

Variables MLD Group (n = 41) Sham group (n = 41) x2, z p

X ± SD n (min‑max) X ± SD (n = 41) n (min‑max)

Age (years) 20.07 ± 1.52 20 (18‑24) 19.97 ± 1.90 19 (18‑25) –0.919 0.358

Height (cm) 166.61 ± 8.05 165 (153‑186) 169.73 ± 7.87 168 (158‑186) −1.779 0.075

Weight (kg) 64.27 ± 12.11 62 (42‑95) 63.43 ± 13.69 65 (45‑89) −0.605 0.545

BMI (kg/m²) 23.02 ± 3.12 22.67 (17.94‑31.02) 21.78 ± 3.15 21.95 (18‑28.41) −1.648 0.099

n % n %

Gender
Male
Female

 
14
27

 
34.1
65.9

 
20
21

 
48.8
51.2

 
1.809

 
0.179

Dominant extremity
Right
Left

 
33
8

 
80.5
19.5

 
28
13

 
68.3
31.7

 
1.6

 
0.206

cm: centimeter; kg: kilogram; m: meter; X: mean; SD: standard deviation; n: number of participants; min: minimum; max: maximum; %: percentage; BMI: body mass index.
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Table 2. Changes in PPT and pain tolerance

Variables Variables MLD Group (n = 82) Sham group (n = 82) z p d

Mean ± SD Median (min‑max) Mean ± SD Median (Min‑Max)

Hypothenar BT‑PPT 6.54 ± 2.28 6 (3‑14) 6.06 ± 2.49 6 (3‑12) −1.828 0.068

AT‑PPT 5.60 ± 2.27 5 (2‑13) 6.40 ± 2.48 6 (3‑12) −2.075 0.038 0.336

t, z −3.301 −2.668

p 0.001 0.008

d 0.413 0.136

BT‑pain tolerance 10.82 ± 5.13 10 (3‑30) 10.34 ± 4.82 9.75 (5‑30) −0.670 0.503

AT‑pain tolerance 8.62 ± 3.37 8 (2‑17) 10.73 ± 5.22 10 (3‑30) −2.621 0.009 0.480

t, z −4.496 −1.178

p < 0.001 0.239

d 0.057 0.077

Thenar BT‑PPT 6.54 ± 2.72 6 (2‑15) 6.13 ± 2.12 6 (2‑14) −0.678 0.498

AT‑PPT 6.52 ± 7.22 5 (2‑55) 6.16 ± 2.11 6 (2‑14) −2.300 0.021 0.067

t, z −3.174 −1.633

p 0.002 0.102

d 0.003 0.014

BT‑Pain tolerance 9.43 ± 3.95 8.75 (4‑25) 9.18 ± 3.37 8.75 (4‑20) −0.187 0.852

AT‑Pain tolerance 7.29 ± 2.74 7 (2‑16) 9.07 ± 3.40 8.5 (4‑20) −3.383 0.001 0.576

t, z −4.885 −1.807

p < 0.001 0.071

d 0.629 0.032

Mid‑Ulnar BT‑PPT 5.77 ± 2.18 5 (1‑13) 5.54 ± 1.92 5 (1‑12) −0.577 0.564

AT‑PPT 5 ± 1.80 5 (2‑13) 5.44 ± 1.93 5 (1‑12) −2.193 0.028 0.235

t, z −2.795 −1.841

p 0.005 0.066

d 0.385 0.051

BT‑Pain tolerance 8.68 ± 3.04 8 (4‑16) 8.21 ± 2.85 8 (4‑15) −1.049 0.294

AT‑Pain tolerance 7.55 ± 2.72 7 (2‑15) 7.90 ± 2.67 8 (4‑15) −0.791 0.429 0.129

t, z −3.620 −2.692

p < 0.001 0.007

d 0.391 0.112

Biceps BT‑PPT 5.22 ± 1.66 5 (2‑10) 5.49 ± 1.77 5 (2‑12) −0.89 0.373

AT‑PPT 4.36 ± 1.62 4 (1‑9) 5.30 ± 1.86 5 (2‑12) −3.751 < 0.001 0.538

t, z −4.178 −1.897

p < 0.001 0.058

d 2.626 0.104

(Continues)
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sympathetic nervous system activation through rhythmic 
stimulation. According to the gate control theory of pain, 
MLD can reduce the activity of A delta and C fibers 
through the soft touches that it contains or it can regulate 
pain intensity by helping increase neurotransmitter 
release8,17,18.

Contrary to the literature, in the present study, we 
found that MLD caused a significant decrease in PPT 
and pain tolerance. This may be due to the criteria 
that we used in sample selection. We only included 

Table 2. Changes in PPT and pain tolerance (continued)

Variables Variables MLD Group (n = 82) Sham group (n = 82) z p d

Mean ± SD Median (min‑max) Mean ± SD Median (Min‑Max)

BT‑Pain tolerance 7.82 ± 2.79 7.75 (3‑15) 8.06 ± 2.74 8 (3.5‑15) −0.556 0.578

AT‑Pain tolerance 5.89 ± 2.46 5 (2‑13) 7.71 ± 2.80 8 (3.5‑15) −4.201 < 0.001 3.341

t, z −5.282 −2.823

p < 0.001 0.005

d 0.733 0.126

BT: before treatment; AT: after treatment; PPT: pressure pain threshold; MLD: manual lymph drainage; X: mean; SD: standard deviation; n: number of extremities; min: minimum; max: 
maximum; p < 0.05.

Table 3. Changes in muscle strength and two‑point discrimination

Variables MLD Group (n = 82) Sham Group (n = 82) z p d

Mean ± SD Median (min‑max) Mean ± SD Median (min‑max)

BT‑Grip strength 29.20 ± 9.68 26.6 (16.3‑58.3) 28.36 ± 9.70 26.45 (11‑55) −0.406 0.685

AT‑Grip strength 25.70 ± 9.31 21.6 (10‑46) 28.06 ± 9.55 25.80 (11‑55) −2.169 0.030 0.250

t, z −6.738 −2.668

P < 0.001 0.008

D 0.368 0.031

BT‑Pinch Strength 4.34 ± 1.71 4.1 (1.6‑9.6) 4.19 ± 1.70 4 (1.6‑9) −0.628 0.530

AT‑Pinch Strength 3.84 ± 1.47 3.55 (1.5‑7.6) 4.04 ± 1.73 3.6 (1.6‑9) −0.313 0.754 0.124

t, z −3.375 −1.728

P 0.001 0.084

D 0.340 0.087

BT‑Two‑point discrimination 13.97 ± 2.10 15 (1‑15) 13.59 ± 2.35 14 (1‑15) −1.452 0.146

AT‑Two‑point discrimination 13.54 ± 1.84 14 (8‑18) 13.85 ± 1.37 14 (9‑15) −0.703 0.482 0.191

t, z −2.563 −0.885

P 0.010 0.376

D 0.217 0.135

BT: before treatment; AT: after treatment; MLD: manual lymph drainage; X: mean; SD: standard deviation; n: number of extremities; min: minimum; max: maximum; p < 0.05.

individuals with a pain level of < 1 according to the 
Visual Analog Scale, which may actually be evidence 
that the pain-reducing mechanisms of these individuals 
were deactivated. We consider that this mechanism of 
action of MLD on pain has not yet been explained.

The results we obtained from the 2PD evaluation 
indicate that MLD may have increased sensitivity in 
fibers carrying pressure sensation. Static 2PD assess-
ment tests the slowly adapting type I afferent Aβ fiber 
system in the skin and is received by Merkel receptors. 
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While only myelinated thick afferents were previously 
considered to be tactile sensory receptors, recent 
studies have shown that C fibers also contribute to 
tactile sensation. These are unmyelinated low-thresh-
old C afferents that respond strongly to the pleasant 
sensation caused by a light and soft touch19. C affer-
ents carrying delayed pain20 may make the skin sensi-
tive to touch by acting as tactile receptors for pleasant 
touches in the absence of pain. Thus, increased tac-
tile sensitivity may heighten the “pressure”21 factor 
based on the working mechanism of the algometer. 
We consider that in painless and healthy tissue that 
becomes sensitive to pressure, this may cause a 
decrease in PPT and pain tolerance.

MLD generally provides an increase in muscle 
strength when used in cases that develop lymph-
edema after cancer. An increase in muscle strength 
with increased function as a result of reduced edema 
is an expected result11. It has been reported that MLD 
supports the regeneration of muscle strength in the 
post-exercise period in athletes engaged in Far East-
ern sports, MLD has been suggested to be one of the 
important elements of therapeutic methods to reduce 
the risk of injury22. However, these studies reporting 
improvement in muscle strength performed evalua-
tions in the regeneration period. In studies investigat-
ing classical massage applications, massage is not 
recommended before performance because it may 
reduce performance in activities, such as sprinting and 

vertical jumping, that require muscle strength23. Mas-
sage, whether superficial or deep, affects neuromotor 
and neuromuscular components and changes the 
internal tension of structures24. In our study, grip and 
pinch strength significantly decreased after MLD, 
which may be due to the reaction of muscles to 
changes in internal tension or the increase in muscle 
relaxation as a result of heightened parasympathetic 
responses with the suppression of the sympathetic 
system8. Increased parasympathetic activity may have 
caused a decrease in readiness for action.

Conclusion

MLD applied to healthy individuals causes a decrease 
in muscle strength. However, it enhances tactile sensa-
tion and results in increased sensitivity in 2PD. It 
reduces PPT and pain tolerance. In this case, MLD can 
be thought that the activity in pain and sensory recep-
tors increases. The decrease in muscle strength empha-
sizes the reducing effect of MLD on the internal tension 
of the muscle. Based on these findings, the clinical 
usage areas of MLD can be rearranged.

Limitations

Due to the similar ages of the participants, we only 
evaluated a certain age group. The use of this method 
in different populations may show age-related variations 

Table 4. Comparison of differences between groups at baseline and after treatment

Variables MLD group (n = 82) Sham group (n = 82) z p d

Mean ± SD Median (Min-Max) Mean ± SD Median (Min-Max)

Hypotenar PPT −0.93 ± 2.67 −1 (−9-6.5) 0.34 ± 1.11 0 (0-5.5) −5.161 < 0.001 0.621

Hypotenar pain tolerance −2.20 ± 4.51 −2 (−20-7) 0.39 ± 2.89 0 (−2-25) −5.858 < 0.001 0.683

Thenar PPT −0.02 ± 7.50 −1 (−10-49) 0.03 ± 0.16 0 (0-1) −4.09 < 0.001 0.009

Thenar pain tolerance −2.14 ± 3.91 −2 (−19-4) −0.10 ± 0.54 0 (−3-1) −4.893 < 0.001 0.730

Mid-ulnar PPT −0.77 ± 2.21 −1 (−7-4) −0.09 ± 0.51 0 (−4-0) −2.551 0.011 0.423

Mid-ulnar pain tolerance −1.13 ± 2.57 −1 (−9-4) −0.31 ± 0.97 0 (−4-0) −2.561 0.010 0.422

Biceps PPT − −1 (−6-4) −0.18 ± 0.91 0 (−5-1.5) −4.188 < 0.001 0.474

Biceps pain tolerance −1.93 ± 2.72 −2 (−9-5) −0.34 ± 1.03 0 (−5-0) −5.631 < 0.001 0.773

Grip strength −3.50 ± 4.13 −2.65 (−17-8) −0.30 ± 0.99 0 (−6-0) −7.771 < 0.001 1,06

Pinch strength −0.49 ± 1.31 −0.3 (−5-2.9) −0.15 ± 0.79 0 (−3.5-2) −3.24 0.001 0.314

Two-point discrimination −0.42 ± 2.67 0 (−7-13) 0.26 ± 1.64 0 (−2-8) −2.797 0.005 0.306

PPT: pressure pain threshold; MLD: manual lymph drainage; X: mean; SD: standard deviation; n: number of extremities; min: minimum; max: maximum; p < 0.05.
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in terms of efficacy. In addition, laboratory studies 
should be included in the future to make the results 
more objective.
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Evaluation of the presence of sarcopenia and the relationship 
with disease activity in fibromyalgia
Evaluación de la presencia de sarcopenia y su relación con la actividad de la enfermedad 
en la fibromialgia

Pınar Ö. Başaran*  and Dilek E. Büyükşireci
Department of Physical Medicine and Rehabilitation, Hitit University Erol Olçok, Education and Research Hospital, Çorum, Turkey

Abstract

Objective: The objective of this study was to investigate the presence of sarcopenia in fibromyalgia and whether there is any rela-
tionship between physical performance, disease activity, pain levels, and the existence of sarcopenia. Method: Fifty female patients 
diagnosed with fibromyalgia syndrome (FMS) based on the classification criteria of the 2016 American College of Rheumatology 
and 50 healthy controls were admitted. Disease activity was evaluated with the Fibromyalgia Impact Questionnaire (FIQ) and pain 
level was evaluated with the Numerical Rating Scale. Sarcopenia was screened by the SARC-F questionnaire and the presence of 
sarcopenia was evaluated according to ISarcoPRM criteria. Furthermore, right-hand grip strength was evaluated with a dynamom-
eter. Ultrasound was used to measure the anterior thigh muscle thickness on the quadriceps femoris. Results: SARF-C scores were 
significantly higher in patients with FMS (p < 0.001). The presence of sarcopenia was found as 20  (40%) in FMS patients and 
6 (12%) in healthy controls (p < 0.001). Right-hand grip strength was significantly different in patients with FMS (p = 0.007). Right 
anterior thigh muscle thickness was similar in the two groups (p = 0.875). A positive correlation was observed between FIQ score 
and SARF-C score in FMS patients with sarcopenia (r = 0.708, p < 0.001). Conclusion: Sarcopenia was thought of as a common 
problem in patients with FMS. Evaluating sarcopenia in patients with FMS could enhance the effectiveness of FMS treatment.

Keywords: Disease activity. Fibromyalgia. Sarcopenia. Ultrasonography.

Resumen

Objetivo: Investigar la presencia de sarcopenia en la fibromialgia y si existe alguna relación entre el rendimiento físico, la 
actividad de la enfermedad, los niveles de dolor y la existencia de sarcopenia. Método: Ingresaron 50 mujeres diagnosticadas 
de síndrome de fibromialgia (SFM) según los criterios de clasificación del American College of Rheumatology de 2016 y 50 
mujeres sanas como controles. La actividad de la enfermedad se evaluó con el Fibromyalgia Impact Questionnaire (FIQ) y el 
nivel de dolor con la Numerical Rating Scale. La sarcopenia se detectó mediante el cuestionario SARC-F y su presencia se 
evaluó según los criterios ISarcoPRM. También se evaluó la fuerza de prensión de la mano derecha con un dinamómetro. Se 
utilizó ecografía para medir el grosor muscular de la cara anterior del muslo en el cuádriceps femoral. Resultados: Las puntua-
ciones SARC-F fueron significativamente mayores en las pacientes con SFM (p < 0.001). Se detectó presencia de sarcopenia 
en 20  (40%) de las pacientes con SFM y en 6  (12%) de las controles sanas (p < 0.001). La fuerza de prensión de la mano 
derecha fue significativamente diferente en las pacientes con SFM (p = 0.007). El grosor del músculo anterior derecho del muslo 
fue similar en los dos grupos (p = 0.875). Se observó una correlación positiva entre las puntuaciones FIQ y SARC-F en las 
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Introduction

Fibromyalgia syndrome (FMS) is a chronic rheu-
matic condition characterized by numerous symp-
toms, including tenderness in specific areas of the 
body, reduced pain threshold, fatigue, psychological 
issues, and sleep disturbances1. FMS affects approxi-
mately 2% of the general population, predominantly 
middle-aged women2. In a study conducted with 
1930 females in Türkiye, the prevalence of fibromyal-
gia was found to be 3.6%3. Patients were diagnosed 
with FMS based on the 2016 diagnostic criteria estab-
lished by the American College of Rheumatology 
(ACR)4. The etiology and pathogenesis of FMS are not 
fully known. Furthermore, genetic disorders, and 
causal factors such as the occurrence of trauma, the 
inflammation process, mental stress, and infections 
may change the neuroendocrine mechanisms related 
to pain or can trigger deterioration5.

Sarcopenia is characterized as a progressive and 
generalized musculoskeletal disorder involving accel-
erated muscle mass decline and functional impair-
ment6. It is a relatively uncommon condition in the 
musculoskeletal spectrum. The European Working 
Group on Sarcopenia in Older People (EWGSOP)6 
established a consensus definition and clinical diag-
nostic criteria for sarcopenia in 2010, later updated as 
EWGSOP2 in January 20197. There is limited research 
exploring the association between fibromyalgia and 
sarcopenia. Within the International Society of Physi-
cal and Rehabilitation Medicine (ISPRM) framework, 
Kara et al.8 determine the diagnostic algorithm for 
sarcopenia (ISarcoPRM). And also Kara et al.9 used 
the ultrasonographic evaluation to clarify the diagno-
ses of sarcopenia.

Because of widespread body pain, physical activity 
level decreases in FMS. A small number of studies in 
the literature have examined the relationship between 
fibromyalgia and sarcopenia10,11. Our study aims to 
explore the prevalence of sarcopenia in fibromyalgia 
patients using the new ISarcoPRM criteria and to 
investigate potential correlations between physical 
performance, disease activity, pain levels, and sarco-
penia presence.

Method

This cross-sectional study was conducted in the 
Turkish population and included 50  female patients 
diagnosed with FMS based on the 2016 ACR criteria, 
along with 50 healthy controls matched for age and 
sex. The participants were recruited from the Physical 
Medicine and Rehabilitation outpatient clinic for rou-
tine health check-ups, including physical examinations 
and hemogram measurements, between August 2023 
and December 2023. The study received ethical 
approval from the Local Ethics Committee of the Uni-
versity (decision number 114, 2023) and adhered to 
the principles of the Declaration of Helsinki. All par-
ticipants provided informed consent before enroll-
ment, and they were thoroughly briefed about the 
study protocol.

Female subjects between 25-65  years old, diag-
nosed with fibromyalgia for at least 6  months were 
included in the study. Patients undergoing physical 
therapy in the past 3  months, had a history of con-
comitant rheumatic disease, diabetes mellitus, hyper-
tension, myopathies, diseases that affect ambulation 
such as lower extremity operations, peripheral or cen-
tral nervous system disease, severe lung or heart 
failure, kidney or liver diseases, malignancy, preg-
nancy or breastfeeding or any psychiatric disorder, 
and any medications that could influence muscle func-
tion, such as steroids were excluded from the study. 
After the demographic characteristics of the patients 
were recorded, physical examinations were performed 
and body mass indexes (BMI) were noted. All evalu-
ations were made by the same physician.

The Fibromyalgia Impact Questionnaire (FIQ) was 
used to evaluate the disease activity and it comprises 
ten items organized into three domains: functional, 
physical symptoms, and mental symptoms. Each item 
is rated on a scale (0-10), where lower scores indicate 
better disease activity. Sarmer et al.12 established the 
reliability of the FIQ in the Turkish population.

The numerical rating scale (NRS)13 was employed 
to evaluate pain levels, where patients rated their pain 
on a scale from 0 to 10, high scores describe more 
severe pain.

pacientes con SFM y sarcopenia (r = 0.708; p < 0.001). Conclusiones: La sarcopenia se consideró un problema común en las 
pacientes con SFM. La evaluación de la sarcopenia en pacientes con SFM podría mejorar la eficacia del tratamiento del SFM.

Palabras clave: Actividad de la enfermedad. Fibromialgia. Sarcopenia. Ultrasonografía.
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Sarcopenia was screened by the SARC-F question-
naire14. It includes five questions, each question 
scores 0-2 points. Five domains are rising from chair 
strength, stair climbing, walking ability, and history of 
falls. A  score of 4 points or higher is indicative of 
sarcopenia.

The presence of sarcopenia was evaluated accord-
ing to ISarcoPRM8. According to ISarcoPRM diagnos-
tic algorithm for sarcopenia, the first hand grip strength 
was measured with a Jamar dynamo meter in kilo-
grams (Saehan hydraulic hand dynamometer)15. 
Patients performed the test 3  times with each hand, 
with 30 s rest between trials then an average of three 
trials calculated separately for the right and left hands. 
Results under 19 kg were assessed as probable sar-
copenia. Then, anterior thigh muscle thicknesses 
were evaluated with ultrasonography. Ultrasound was 
used to measure the anterior thigh muscle thickness 
on the quadriceps femoris. All measurements were 
conducted by the same researcher. A multi-frequency 
probe (6-12 MHz: Philips purewave) was utilized for 
ultrasound examinations. Participants were positioned 
supine with legs extended and muscles relaxed, and 
images were captured midway between the superior 
border of the patella and the anterior superior iliac 
spine. Sonographic Thigh Adjustment Ratio (STAR) is 
already suggested for the diagnosis of sarcopenia8. If 
the ratio was under 1.0 in females, this was accepted 
as sarcopenia. The presence of sarcopenia was 
recorded.

Physical performance was assessed with the test of 
five times sit-to-stand test (FTSST) and usual gait 
speed with 6 meters walk test (6MWT). At FTSST 
subjects sit down without touching the back of the 
chair and stand up fully for 5  times and time was 
measured in seconds16. The 6MWT, a 6-m flat path, 
was marked on the hospital corridor, participants 
walked on the path and walking time was measured 
in seconds17. Above 15 s was accepted as a disability 
according to the ISarcoPRM diagnostic algorithm8.

Statistical analysis

SPSS for Windows version 16.0 software was used 
for statistical analysis. The normal distribution of vari-
ables was assessed visually and with the Kolmogorov–
Smirnov test. Continuous data were presented as 
mean ± standard deviation or median with interquartile 
range, while categorical data were summarized as 
frequencies and percentages. Parametric data were 
compared using the Student t-test, and non-parametric 

data using the Mann-Whitney U-test. Correlations 
between patient characteristics and clinical parame-
ters were evaluated using Spearman and Pearson cor-
relation coefficients. Statistical significance was set at 
p < 0.05

Results

Age, weight, height, and BMI were similar in FMS 
patients and the control group (Table 1). SARF-C score, 
6MWT, and FTSST tests were significantly higher in 
patients with FMS (p < 0.001). The presence of sarco-
penia was found as 20  (40%) in FMS patients and 
6  (12%) in healthy controls according to ISarcoPRM 
criteria (p < 0.001). Right-hand grip strength was sig-
nificantly different in patients with FMS (p = 0.007). 
Right anterior thigh muscle thickness is similar in the 
two groups (p = 0.875). FTSST and 6MWT were sig-
nificantly decreased in FMS patients (p < 0.001).

NRS and FIQ scores were not different between 
FMS patients with sarcopenia and FMS patients with-
out sarcopenia (Table  2). A  positive correlation was 
found between FIQ score and SARF-C score in FMS 
patients with sarcopenia (r = 0.708, p < 0.001). How-
ever, FIQ score was not correlated with anterior thigh 
muscle thickness, hand grip strength, 6MWT, and 
FTSST tests (Table 3).

Discussion

This study revealed an elevated prevalence of sar-
copenia among patients with FMS. Although there is 
no difference in anterior thigh muscle thickness mea-
sured by USG, we evaluated a loss in physical per-
formance and hand grip muscle strength in patients 
with FMS. We identified a correlation between the 
severity of fibromyalgia symptoms and the presence 
of sarcopenia.

There are a few studies investigating the frequency 
of sarcopenia in FMS11,12. An important point about our 
study was that we used the US for diagnosing sarco-
penia. Dual X-ray absorptiometry (DXA), magnetic 
resonance imaging (MRI), computerized tomography 
(CT), ultrasonography (US), and bio-electrical imped-
ance analysis (BIA) can be used for evaluating muscle 
mass. In addition to the radiation to which the patient 
is exposed, specific muscle mass cannot be evaluated 
by DXA. CT and MRI are the gold standard methods 
for quantifying muscle mass but they are expensive 
and time-consuming procedures. The US is portable, 
easier, and cheaper. Because of that, we used the US 
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Table 2. Clinical features of fibromyalgia patients with sarcopenia and without sarcopenia

Variables Patients with sarcopenia
(n = 20)

Patients without sarcopenia
(n = 30)

p

Age 46.85 ± 9.12 46.6 ± 8.7 0.923

NRS 8.20 ± 2.11 7.53 ± 2.37 0.315

Fibromyalgia Impact Questionnaire (FIQ) 76.57 (68.02‑89.06) 73.9 (53.32‑84.0) 0.373

SARF‑C 5.85 ± 2.39 4.10 ± 2.0 0.007

6MWT (s) 15.87 ± 3.33 13.43 ± 3.43 0.016

FTSST (s) 12.78 ± 2.72 10.89 ± 2.28 0.011

Right anterior thigh muscle thickness (mm) 1.68 ± 0.43 1.55 ± 0.41 0.573

Right hand grip strength (kg) 14.1 ± 3.5 25.63 ± 5.2 < 0.001

NRS: numeric rating scale; SARF‑C: a simple questionnaire to rapidly diagnose sarcopenia; 6MWT: 6 m walk test; FTSST: five times sit‑to‑stand test; n: number. Numerical data are given 
as mean ± standard deviation or median (interquartile range) values. p values in bold and italics indicate statistically significant.

Table 1. Demographic and clinical features of the participants

Patients' characteristics Fibromyalgia group
(n = 50)

Healthy controls
(n = 50)

p

Age (year) 46.70 ± 8.78 43.82 ± 8.71 0.103

Height (cm) 156.55 ± 6.51 159.21 ± 6.94 0.051

Weight (kg) 69.6 (64.62‑78.52) 67.1 (63.5‑75.32) 0.285

BMI (kg/m2) 29.56 ± 4.55 27.77 ± 4.70 0.057

NRS 9 (6‑10)

Fibromyalgia Impact Questionnaire (FIQ) 74.8 (53.96‑85.65)

SARF‑C 4.8 ± 2.31 1.40 ± 1.65 < 0.001

SARF‑C, n (%) 37 (74%) 10 (20%) < 0.001

6MWT (s) 11.64 ± 2.61 7.47 ± 1.43 < 0.001

FTSST (s) 14.40 ± 3.56 8.01 ± 1.27 < 0.001    

Right hand grip strength (kg) 21.02 ± 7.33 24.60 ± 5.37 0.007

Right anterior thigh muscle thickness (mm) 16.3 ± 4.2 16.4 ± 3.5 0.875

Presence of sarcopenia, n (%) 20 (40%) 6 (12%) 0.001

BMI: body mass index; NRS: numeric rating scale; SARF‑C: a simple questionnaire to rapidly diagnose sarcopenia; 6MWT: 6 m walk test; FTSST: five times sit‑to‑stand test. n: number. 
Numerical data are given as mean ± standard deviation or median (interquartile range) values. p values in bold and italics indicate statistically significant.

for evaluating the muscle mass in our study according 
to ISarcoPRM criteria.

In a previous study18, quadriceps femoris muscle 
mass, evaluated by ultrasonography, was found to be 
significantly lower in FMS patients. However, this 
study did not investigate the relationship between 
muscle mass, muscle strength, and physical perfor-
mance. In a larger study19, muscle mass was assessed 

using BIA, revealing no differences between FMS 
patients and healthy controls. Our study found similar 
anterior thigh muscle mass thickness between FMS 
patients and healthy participants. Despite no observed 
loss of muscle mass, our research identified reduced 
muscle strength in patients with FMS. Unlike these 
two studies, we utilized ultrasound for evaluation, 
employing a more detailed methodology.
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Table 3. Correlation between sarcopenia criteria and clinical features in fibromyalgia patients with sarcopenia

Variables SARF‑C 6MWT (s) FTSST (s) Right anterior thigh 
muscle thickness (mm)

Right hand grip 
strength (kg)

Age* r = 0.192
p = 0.418

r = 0.402
p = 0.079

r = 0.405
p = 0.077

r  =  –0.168
p = 0.479

r  =  –0.272
p = 0.245

NRS* r = 0.204
p = 0.389

r = 0.056
p = 0.815

r = 0.401
p = 0.080

r  =  –0.221
p = 0.348

r  =  –0.222
p = 0.346

Fibromyalgia Impact Questionnaire (FIQ) r = 0.708
p = 0.000

r = 0.132
p = 0.578

r = 0.059
p = 0.806

r  =  –0.063
p = 0.791

r  =  –0.100
p = 0.675

SARF‑C: a simple questionnaire to rapidly diagnose sarcopenia; 6MWT: 6 m walk test; FTSST: five times sit‑to‑stand test; NRS: numeric rating scale; *Pearson correlation.
Values in bold and italics indicate statistically significant.

Some studies showed that muscle strength and phys-
ical performance reductions were found in FMS patients 
similar to our study6,20,21. These studies also showed a 
relationship between disease activity and quadriceps 
femoris muscle strength21-23. We found decreased hand 
grip strength in patients with FMS. However, we did not 
evaluate the quadriceps femoris muscle strength and 
we did not find a relationship between hand grip strength 
and disease activity in our study.

We did not classify patients according to the dura-
tion of fibromyalgia diagnosis or age range. Muscle 
strength may decrease more over time in patients with 
long-term disease10. At the same time, if patients were 
classified according to their age range, different 
results related to muscle strength may be obtained. In 
the previous study, patients with FMS were examined 
at 10-year age intervals and hand strength decreased 
significantly every 10  years, although muscle mass 
remained the same19. Devrimsel et al.23 found higher 
hand disability scores in patients with FMS than in 
healthy populations. This shows that the assessment 
of hand strength is not only useful for screening sar-
copenia but also may help to prevent disability. 
According to the results of our study, it is useful to be 
vigilant for sarcopenia in FMS patients with low hand 
grip muscle tests.

The previous study conducted in patients who 
developed sarcopenia after COVID-19 infection 
showed that high-intensity exercise increases hand 
grip strength, physical performance, and quality of life 
compared to low-intensity exercise24. Likewise, in the 
previous studies, we also found a significant loss in 
physical performance in FMS patients compared to 
healthy controls6,20,21. It is debatable whether fibromy-
algia itself reduces physical performance or whether 
physical activity and, therefore, poor performance trig-
ger fibromyalgia. In conclusion, the increased 

prevalence of sarcopenia and poor physical perfor-
mance which we found in fibromyalgia patients may 
be due to lack of physical activity. In this case, an 
increased frequency of sarcopenia in fibromyalgia 
patients seems to be an expected result. This study 
once again emphasizes the importance of exercise 
and strategies to prevent sarcopenia and improve the 
quality of life in patients with fibromyalgia. Another 
study conducted in elderly adults found that patients 
with sarcopenia had higher mortality during in-hospital 
follow-up25. A  meta-analysis involving women with 
ovarian cancer showed that sarcopenia and low mus-
cle mass were associated with poor survival and high 
mortality26. This suggests that sarcopenia is not only 
associated with quality of life but also with mortality 
in later life. For this reason, it is important to be diag-
nosed and treated at a young age.

Some studies were found that patients with FMS 
had significantly decreased muscle strength, func-
tional performance, and exercise capacity compared 
with healthy individuals27-29. Also in some studies, the 
values of the fat mass percentage were found higher 
in FMS patients30. In FMS, insulin-like growth factor I 
levels decrease, and proinflammatory cytokines IL-
1beta, and TNF-a are increased31. These cytokines 
are also thought that they be associated with the 
development of sarcopenia32; on all these facts, there 
may be a connection between sarcopenia and FMS.

Chronic muscle pain has a great impact on the per-
formance of daily activities. Being aware that the pain 
occurs with isokinetic movements has been reported 
among the possible causes of poor muscle perfor-
mance in patients with FMS28,29. In our study, there 
was no relationship between sarcopenia and pain 
level in patients with FMS. This may suggest that 
there are more different factors than pain that play a 
role in muscle mass and strength in fibromyalgia.
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FMS occurs in young women of reproductive age. 
In patients who develop sarcopenia at this age, not 
only functionality is affected but it alos can cause seri-
ous morbidity in patients at older ages. Sarcopenia in 
the elderly is an expected outcome, but affecting 
women of this age may also cause socioeconomic 
problems. So far, no complete protocol has been 
applied in previous studies on sarcopenia in patients 
with FMS. In a study, sarcopenia was assessed only 
by muscle strength, in the other only by the US or by 
functional status. In our study, we used both the 
SARC-F questionnaire, upper and lower extremity 
performance, and at the end US as an objective 
assessment parameter. This was a valuable study 
because there are a few studies about FMS and sar-
copenia in the literature and sarcopenia is common in 
young women with FMS. However, there are some 
limitations in our study. Only female FMS patients 
were invited to our study and we did not comment on 
male FMS patients. Second, we did not know the 
other conditions that can affect sarcopenia such as 
physical activity levels, and nutritional status.

Conclusion

As a result of this study, we think that sarcopenia is 
common in patients with FMS. Hand strength is useful 
for suspecting sarcopenia. Assessing the presence of 
sarcopenia in FMS patients may improve the success 
of FMS treatment by improving the exercise 
program.
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Resumen

Objetivo: Crear modelos anatómicos tridimensionales y de realidad aumentada para el estudio de la neuroanatomía, a partir 
de modelos cadavéricos por medio de fotogrametría para su reconstrucción tridimensional, comparando dos software, uno 
totalmente automatizado y otro semiautomatizado, con los libros clásicos para el estudio de la neuroanatomía. Método: Se 
crearon modelos anatómicos tridimensionales mediante la técnica de fotogrametría por medio de dos software. Los objetos 
fueron evaluados por los residentes de neurocirugía. Resultados: Se crearon tres modelos anatómicos tridimensionales a 
partir de fotogrametría por cada programa y se evaluaron con una encuesta aplicada a 23 residentes de neurocirugía. 
Conclusiones: No hay diferencia significativa entre la herramienta 3DF Zephyr© 2021  3Dflow para la creación de objetos 
tridimensionales anatómicos de forma semiautomatizada y el Autodesk ReCap Photo 22.1 Automated Software© 2021 Auto-
desk, Inc. Los residentes consideran que los modelos realizados en el presente trabajo son útiles en el aprendizaje de la 
neuroanatomía.

Palabras clave: Neuroanatomía. Fotogrametría. Imágenes de realidad aumentada. Tridimensional. Modelos anatómicos. 
Anatomía.

Abstract

Objective: Create three-dimensional anatomical and augmented reality models for the study of neuroanatomy, from cadav-
eric models using photogrammetry for three-dimensional reconstruction, comparing two software, one fully automated and the 
other semi-automated with classic books for the study of neuroanatomy. Method: Three-dimensional anatomical models were 
created through the photogrammetry technique and by means of two software. The objects were evaluated by the neurosurgery 
residents. Results: Three three-dimensional anatomical models were created from photogrammetry for each program and 
evaluated with a survey applied to 23 neurosurgery residents. Conclusions: There is no significant difference between the 
3DF Zephyr© 2021 3Dflow tool for creating anatomical three-dimensional objects in a semi-automated way compared to Au-
todesk ReCap Photo 22.1 Automated Software© 2021 Autodesk, Inc. The residents consider that the models made in this work 
are useful in learning neuroanatomy.

Keywords: Neuroanatomy. Photogrammetry. Augmented reality images. Three-dimensional. Anatomical models. Anatomy.
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Introducción

El conocimiento de la anatomía humana es uno de 
los pilares de la medicina y del desarrollo de la neu-
rocirugía, contando para su estudio con textos espe-
cíficos, aunque en el presente existen descripciones 
muy precisas e imágenes que permiten su compren-
sión. Por consideraciones éticas y escasez de progra-
mas de donación es cada vez menor la exposición de 
los estudiantes de medicina a especímenes cadavé-
ricos1-3, y adicionalmente, para los residentes de neu-
rociencias, la posibilidad de acceder a modelos 
anatómicos precisos es baja y los especímenes ca-
davéricos existentes en anfiteatros pueden presentar 
un deterioro significativo por el uso y el tiempo4, por 
lo que la creación de modelos anatómicos tridimen-
sionales y de realidad aumentada por medio de téc-
nicas automatizadas, como la fotogrametría, se 
convierte en una herramienta de mayor precisión ana-
tómica para los residentes de neurocirugía y mejora 
el aprendizaje de la neuroanatomía4.

Método

Se adquirieron múltiples fotografías de los especí-
menes cadavéricos neuroanatómicos disponibles en 
el laboratorio de anatomía de la Universidad El Bos-
que con una cámara semiprofesional Canon EOS Re-
bel T5i, bajo los parámetros modo automático y 
manual ISO 100, con exposiciones oscilantes f8-f29 
y apertura de diafragma de 4 a 10 segundos de todos 
los especímenes (360°), siguiendo las recomendacio-
nes establecidas en los tutoriales en línea de 3Dflow 
Academy. Luego, con la técnica de fotogrametría, la 
cual a partir de múltiples imágenes previamente cap-
tadas por fotografía permite crear modelos tridimen-
sionales por medio de software5, en este caso 
Autodesk ReCap Photo 22.1© 2021 Autodesk, Inc. y 
3DF Zephyr© 2021  3Dflow, se realizó la reconstruc-
ción tridimensional de las imágenes. El primero de los 
programas solo requirió la carga de las imágenes en 
sus servidores, ya que el proceso es automatizado. 
Con el programa 3DF Zephyr© 2021 3Dflow es nece-
sario contar con un equipo capaz de realizar el pro-
cesamiento de dichas imágenes; en nuestro caso se 
utilizó un computador con especificaciones Intel(R) 
Core(TM) i9-10980XE CPU @ 3.00GHz, RAM 64,0 
GB (63.7 GB utilizable) y tarjeta gráfica NVIDIA Ge-
Force RTX™ 3090 Founders Edition. Se procedió a 
realizar el proceso semiautomatizado, que consta de 

una fase previa manual opcional de enmascaramiento 
de las imágenes para limpiar defectos de la imagen 
y permitir un mejor emparejamiento de las fotografías, 
lo cual es realizado por el usuario, y una fase auto-
mática posterior para el proceso de creación del ob-
jeto tridimensional. Cada modelo fue valorado por un 
fotógrafo profesional (Juan Manuel Martínez Segura) 
que evidenció unas condiciones óptimas de luz para 
poder ser procesados en dichos software.

Finalmente se compararon dichas herramientas 
para definir cuál era el mejor modelo tridimensional y 
de realidad aumentada que contara con una precisión 
óptima para el estudio de sus componentes, basán-
dose en una encuesta realizada a los residentes de 
neurocirugía de la Universidad del Bosque, la Univer-
sidad Militar Nueva Granada y el Hospital General de 
México, comparando los modelos anatómicos crea-
dos entre ellos, las imágenes de fotografía cadavérica 
y los esquemas plasmados en los libros guía de neu-
roanatomía (Fig. 1).

Posteriormente se tabularon los datos en una matriz 
realizada en Excel, de la cual se realizó una estadís-
tica descriptiva de las primeras ocho variables de la 
encuesta y se aplicó el coeficiente de correlación de 
Pearson para la comparación entre los modelos ana-
tómicos realizados en el programa Autodesk ReCap 
Photo y los realizados en el programa 3DF Zephyr.

Resultados

Se adquirieron imágenes fotográficas con múltiples 
parámetros de exposición, apertura de diafragma, en 
ISO 100, de tres especímenes cadavéricos (hemisfe-
rio cerebral, base de cráneo y vértebra C1), en un 
rango entre 52 y 100 fotos dependiendo de la canti-
dad de áreas con formas irregulares, las cuales re-
quieren una mayor cantidad de imágenes, como las 
apófisis y los forámenes en la base del cráneo y la 
superficie cerebral. Luego se procesaron las imáge-
nes en cada uno de los software para la creación de 
modelos tridimensionales a prueba, obteniendo tres 
modelos anatómicos por cada programa, es decir, 
seis en total (Figs. 2 a 4).

Se aplicó una encuesta para evaluar y comparar los 
modelos anatómicos a 23 residentes de neurocirugía, 
de los cuales el 82.6% eran hombres, con edades 
entre 27 y 40 años, con un promedio de edad de 30.3 
años (Tabla 1).

En cuanto a las preferencias de literatura para el 
aprendizaje de neuroanatomía en el cráneo, el 
66.6% de los residentes usan el libro de Rhoton y 
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Figura  1. Montaje para toma de fotografías de especímenes 
cadavéricos.

Tabla 1. Población de estudio

n (%)

Sexo
Femenino
Masculino

4 (17.39)
19 (82.6)

Año de residencia
1
2
3
4
5

2 (8.69)
6 (26.08)
7 (30.43)
5 (21.73)
3 (13.04)

Promedio de edad 30.3 años

el 33% usan Rhoton, Netter y Latarjet. Respecto a 
las preferencias para el estudio de neuroanatomía 
en la columna, los residentes en su mayoría prefie-
ren Latarjet (44.4%), seguido de Anatomy Atlas and 
Interpretation of Spine Surgery (22.22%) y Latar-
jet-Carpenter, Springer y Netter, con un 11.11% cada 
uno6-10.

El 50% de los residentes han tenido la oportuni-
dad de usar modelos anatómicos tridimensionales y 
de realidad aumentada para el aprendizaje de neu-
roanatomía, y el 11.1% no usaría los modelos para 
su formación. Sin embargo, el 100% de los residen-
tes considera que los modelos realizados en el 

presente trabajo son útiles en el aprendizaje de la 
neuroanatomía.

Referente a la pregunta «Comparando con los mo-
delos cadavéricos que ha tenido a su disposición, 
¿considera que los modelos anatómicos tridimensio-
nales y de realidad aumentada son una mejor herra-
mienta para el aprendizaje de neuroanatomía?», el 
26% de los residentes consideran que no hay diferen-
cia, el 21.7% que son una mejor herramienta y el 
47.8% que son una peor herramienta para el apren-
dizaje de neuroanatomía.

Al comparar los modelos realizados (modelos 1 en 
el programa Autodesk ReCap Photo y modelo 2 en el 
programa 3DF Zephyr) con las figuras plasmadas en 
los libros escogidos por los residentes como su guía 
bibliográfica, para el modelo de hemisferio cerebral el 
47.8% de los residentes prefirieron el modelo 1, el 
13% el modelo 2 y el 30.4% la imagen del libro de 
Rhoton. Para el modelo de la vértebra C1, el 43.4% 
prefirieron el modelo 1, el 43.4% el modelo 2 y el 8.6% 
prefirieron Latarjet. Para el modelo de la base del 
cráneo, el 60.8% escogieron el modelo 2, el 60.8% el 
modelo 2 y el 17.3% la imagen de Netter.

Para comparar la definición y la precisión anatómi-
ca percibida por los residentes, de los modelos 

Figura 2. Modelos 1 y 2: hemisferio cerebral. 

Figura 3. Modelos 1 y 2: vértebra C1 (Atlas).

Figura 4. Modelos 1 y 2: base de cráneo (óseo).
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realizados en el presente trabajo se asignó un valor 
a cada variable dispuesta en la encuesta, siendo 5 
muy buena, 4 buena, 3 aceptable, 2 mala y 1 muy 
mala. Se aplicó el coeficiente de correlación de Pear-
son y se evidenció que no hay diferencias significa-
tivas en la definición ni en la precisión anatómica 
entre los programas Autodesk ReCap Photo y 3DF 
Zephyr para todos los modelos anatómicos realiza-
dos (Tabla 2).

Discusión

A lo largo de la historia se ha tratado de refinar el 
conocimiento acerca de la composición del cuerpo 
humano. Los primeros aportes se encuentran en los 
papiros de Smith, Ebers y Brugsch («el gran papiro 
de Berlín»), escritos entre los años 3000 y 2500 a.C., 
cuyos contenidos describen estructuras craneales. 
Posteriormente, Alcmeón de Crotona e Hipócrates de 
Cos, en los siglos V y IV a.C., respectivamente, rea-
lizan otras descripciones anatómicas. Por otra parte, 
de Hipócrates se cuenta con 72 libros y 59 tratados, 
y así mismo Aristóteles, en esa misma época, brinda 
en sus escritos información sobre anatomía compa-
rativa y embriología1,11,12.

Entre los años 310 y 250 a.C., Herófilo de Calce-
donia y Erasístrato de Ceos realizaron importantes 
trabajos de investigación, enriqueciendo el conoci-
miento obtenido hasta ese momento sobre el sistema 

nervioso y los vasos sanguíneos y linfáticos. En la 
época de los antiguos romanos, comprendida entre 
los años 670 a.C. y 480 d.C., la mayor fuente de co-
nocimiento anatómico provenía de los gladiadores 
heridos, siendo Claudio Galeno Nicon el principal 
representante de ese tiempo11,12.

Tras el fin del Imperio Romano, el estudio del cuer-
po humano se trasladó al Medio Oriente durante la 
edad dorada islámica, entre los años 701 y 1300 d.C. 
En el Renacimiento, muchos dibujos atómicos fueron 
aportados por artistas, entre los que destaca Leonar-
do da Vinci (1452-1519), quien describió por primera 
vez las meninges cerebrales1,11,13,14.

Desde finales del siglo XX se ha planteado la ne-
cesidad imperiosa de realizar modificaciones a la en-
señanza tradicional de la anatomía humana, por lo 
que se ha impulsado el desarrollo de bases de datos 
y simuladores con los que se puedan realizar interac-
ciones más estrechas y un real afianzamiento del 
conocimiento teórico-práctico en los estudiantes tanto 
de ciencias básicas como de residencias médico-qui-
rúrgicas, sin perder el realismo y la riqueza de infor-
mación que podría proveer un modelo cadavérico. 
Dentro de las técnicas actuales que emplean el estu-
dio anatómico tridimensional se incluyen, en orden 
cronológico de aparición, la estereoscopia (1920), la 
tomografía computarizada y la resonancia magnética 
(1970), y los modelos de simulación o software tridi-
mensionales (1986)15-18. La característica esencial de 
estos últimos es que permiten la materialización y la 
integración de imágenes digitales obtenidas a través 
de registros fotográficos, tomográficos o por resonan-
cia magnética, que posteriormente son modelados y 
editados en computadores tridimensionales, y final-
mente impresos19,20.

La implementación de modelos anatómicos tridi-
mensionales en el aprendizaje de los estudiantes de 
medicina puede llegar a proporcionar un diagnóstico 
oportuno y así mismo generar mayor análisis de dife-
rentes patologías previo a la realización de laborato-
rios o imagenología, debido al conocimiento integral 
de la anatomía21,22. Igualmente son de gran ayuda en 
cuanto a la preparación de los estudiantes antes de 
iniciar prácticas en exploraciones cadavéricas 23-25.

La fotogrametría permite crear imágenes tridimen-
sionales con características de un modelo real, por lo 
que logra ser de gran ayuda para la formación de 
estudiantes de medicina o de residentes, tanto en 
habilidad quirúrgica17 y razonamiento espacial, en 
comparación con los métodos convencionales26, 

Tabla 2. Análisis de precisión anatómica y definición de la imagen

Definición de 
la imagen

Precisión 
anatómica

Promedio
Modelo 1 Hemisferio 
 (Autodesk ReCap Photo)
Modelo 2 Hemisferio  
(3DF Zephyr)
p

3.27

3.04

0.580593089

3.36

3.09

0.508693651

Promedio
Modelo 1 Atlas  
(Autodesk ReCap Photo)
Modelo 2 Atlas  
(3DF Zephyr)
p

3.45

3.45

0.682692308

3.31

3.22

0.822045998

Promedio
Modelo 1 Base de cráneo 
(Autodesk ReCap Photo)
Modelo 2 Base de  
cráneo (3DF Zephyr)
p

4

3.22

0.42014774

2.3

3.18

0.399507359
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como en apoyo en la presentación de casos clínicos, 
foros o congresos.

Conclusiones

En el presente estudio se evidencia que no hay 
diferencia en la calidad visual ni en la percepción por 
parte de los residentes entre los modelos tridimensio-
nales creados con dos aplicaciones distintas. Adicio-
nalmente, los residentes prefirieron el uso de modelos 
anatómicos tridimensionales sobre las figuras de los 
textos guía.

Aunque aún no se ha logrado implementar los mo-
delos tridimensionales como base del aprendizaje de 
los estudiantes, en este caso los residentes de neu-
rocirugía consideraron que son de gran utilidad en 
su formación académica. Se espera, en un futuro 
cercano, lograr su implementación para estudiantes 
de neurociencias, debido a que pueden ser un gran 
complemento de diferentes referencias bibliográficas 
para ayudar a comprender y retener información 
anatómica27.
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Do the ınflammatory markers have a prognostic role in an 
elderly patient population diagnosed with non-muscle ınvasive 
bladder cancer?
¿Tienen los marcadores inflamatorios un papel pronóstico en una población de pacientes 
ancianos diagnosticados con cáncer de vejiga no invasivo?

Aykut Demirci*, Tuncel Uzel, Abdullah Bolat, and Halil Başar
Department of Urology, Dr. Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital, Ankara, Turkey

Abstract

Objective: To evaluate whether the systemic immune-inflammation index (SII), neutrophil–lymphocyte ratio (NLR), platelet–
lymphocyte ratio (PLR), and De–Ritis ratio (DRR) are determinants of progression-free survival (PFS), recurrence-free survival 
(RFS) and overall survival (OS) in patients aged ≥ 70 years diagnosed with non-muscle invasive bladder cancer (NMIBC). 
Method: The study included 173 elderly patients diagnosed with NMIBC between January 2015 and March 2022. The clinical 
and pathological data of the patients were examined. Cox regression analysis was performed. Results: The patient’s mean 
age was 75.6 ± 4.57  years. A  statistically significant correlation was determined between higher mean NLR, PLR, and SII 
values and PFS (p = 0.04, p = 0.009, and p = 0.007, respectively) and OS (p = 0.001, p = 0.003, and p < 0.001, respectively). 
The multivariate analysis results showed that tumor size (≥ 3 cm) and PLR (> 144.6) were independent risk factors for PFS 
(HR: 2.09, p = 0.03; HR:3.2, p = 0.01, respectively), the presence of multiple tumors for RFS (HR: 1.73, p = 0.01), and 
comorbid diseases for OS (HR: 2.18, p = 0.006). Conclusion: Inflammatory parameters were found to have no independent 
effects on RFS and OS in patients of advanced age with NMIBC, and only PLR could be used to predict PFS.

Keywords: Bladder Cancer. Systemic immune-inflammation index. The neutrophil–lymphocyte ratio. Platelet–lymphocyte 
ratio. De–Ritis ratio.

Resumen

Objetivo: El objetivo de este estudio fue evaluar si el índice de inmunoinflamación sistémica (SII), la relación neutrófilo-linfo-
cito (NLR), la relación plaqueta-linfocito (PLR) y la relación De-Ritis son determinantes de la supervivencia sin progresión 
(SSP), la supervivencia sin recurrencia (SSR) y la supervivencia global (SG) en pacientes de 70 años o más diagnosticados 
con cáncer de vejiga invasor no músculo (CVNM). Método: Se incluyeron en el estudio un total de 173 pacientes ancianos 
diagnosticados con CVNM entre enero de 2015 y marzo de 2022. Se registraron datos clínicos y patológicos. Se realizó un 
análisis de regresión de Cox. Resultados: La edad media de los pacientes fue de 75.6 ± 4.57 años. Los resultados revelaron 
una asociación estadísticamente significativa entre valores medios más altos de NLR, PLR y SII y la SSP (p = 0.04, p = 0.009 
y p = 0.007, respectivamente) y la SG (p = 0.001, p = 0.003 y p < 0.001, respectivamente). El análisis multivariante identificó 
el tamaño del tumor (≥ 3 cm) y la PLR (> 144.6) como factores de riesgo independientes para la SSP (hazard ratio [HR]: 
2.09, p = 0.03; HR: 3.2, p = 0.01, respectivamente), la presencia de múltiples tumores para la SSR (HR: 1.73, p = 0.01) y las 
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Introduction

Although the incidence of bladder cancer varies ac-
cording to country, it has been reported to be the 
10th  most frequently seen cancer type with approxi-
mately 573,000 new patients per year worldwide1. 
Cases of non-muscle invasive bladder cancer (NMIBC) 
constitute 75% of these patients. Patients with NMIBC 
are at risk of recurrence at the rate of 70% and pro-
gression at 30%. This causes patients to undergo 
repeated surgery and creates a risk of impaired blad-
der functions2,3. Models have been formed to evaluate 
various clinical and pathological markers to determine 
prognostic risk groups of NMIBC patients, and devel-
opments are ongoing4,5.

The distribution of cells playing a role in inflamma-
tion and the developing microenvironment is thought 
to have an impact on the development and prolifera-
tion of tumor cells6. Previous studies in the literature 
have attempted to show that the neutrophil-lympho-
cyte ratio (NLR), platelet-lymphocyte ratio (PLR), and 
systemic immune-inflammation index (SII), which are 
calculated according to the relative status of these 
cell counts to each other, and the De-Ritis ratio 
(DRR), which is calculated from the serum activity 
values of liver enzymes such as aspartate amino-
transferase (AST) and alanine aminotransferase 
(ALT) which are thought to be a marker of tumor me-
tabolism, could be used to determine tumor behavior 
in NMIBC patients7,8.

Although the calculation of these ratios is simple 
and low-cost, there are inconsistencies in the results 
between studies, and their place in clinical use re-
mains a matter of debate. In addition, there is no study 
showing what the role of these ratios could be in the 
prognostic determination of NMIBC patients of ad-
vanced age, who are expected to have reduced im-
mune capacity together with aging9.

The aim of this study was to evaluate the relation-
ship of the NLR, PLR, SII, and DRR with progression, 
recurrence, and overall survival in an elderly patient 
population diagnosed with NMIBC.

Method

Patient selection

This retrospective study was approved by the Ethics 
Committee of Dr.  Abdurrahman Yurtaslan Oncology 
Training and Research Hospital (Decision no: 2022-
02/51). The study sample comprised 173  patients 
aged ≥ 70  years who were diagnosed with NMIBC 
following transurethral bladder tumor resection 
(TURBT) in our clinic between January 2015 and 
March 2022. The study exclusion criteria were defined 
as non-attendance of clinic follow-up appointments, 
incomplete data, a diagnosis of a muscle-invasive 
bladder tumor or benign pathology as a result of a 
pathological examination, or a history of hematologi-
cal disease, a diagnosis of pneumonia within 3 months 
before admission, severe hepatic or renal diseases, 
or an active infection within 2 weeks before admission 
(Fig. 1).

Management and follow-up

The demographic and clinical data of each patient 
were recorded, including age, gender, comorbid dis-
eases, duration of follow-up, smoking status, pre-op-
erative laboratory examinations (hemogram, serum 
creatinine level, NLR, PLR, DRR, and SII values), and 
pathological data such as number and size of tumors, 
clinical T stage (cT) according to the 2017 Tumor, 
Node, Metastasis (TNM) classification, tumor grade 
according to the WHO 2016 classification, and the 
presence of carcinoma in situ.

Recurrence was defined as the determination of a 
tumor of the same pathological grade and progres-
sion as the determination of a tumor of a more ad-
vanced grade during the follow-up period. A  record 
was made of the total duration of follow-up (months), 
the time from first diagnosis to progression and/or 
recurrence if any (months), and survival status. The 
NLR was calculated by dividing the neutrophil count 
by the lymphocyte count, the PLR by dividing the 
platelet count by the lymphocyte count, the SII by 

enfermedades concomitantes para la SG (HR: 2.18, p = 0.006). Conclusión: Se encontró que los parámetros inflamatorios 
no tienen efectos independientes en la SSR y la SG en pacientes de edad avanzada con CVNM, y solo la PLR podría usarse 
para predecir la SSP.

Palabras clave: Cáncer de vejiga. Índice de inflamación inmunitaria sistémica. Relación neutrófilo-linfocito. Relación 
plaqueta-linfocito.
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dividing the neutrophil by the lymphocyte count then 
multiplying by the platelet count, and the DRR by 
dividing AST by ALT.

Following the transurethral resection of bladder tu-
mor (TURBT) procedure, patients were classified ac-
cording to the EAU NMIBC 2021 scoring system. 
Low-risk patients were administered a single dose of 
intravesical treatment early after the operation, then if 
no tumor was determined on cystoscopy at 3 months, 
follow-up consisted of cystoscopy at 9  months, then 
annually for 5 years thereafter. Patients evaluated as 
high-risk or very high-risk who refused radical cystec-
tomy were applied with thoracoabdominal computed 
tomography (CT) once a year, intravesical Bacillus 
Calmette-Guerin (BCG) treatment for up to a year to-
gether with cystoscopy and urinary cytology at 
3 months, and if no tumor was determined, this was 
repeated once every 3 months for 2 years, then once 
every 6 months for up to 5 years, and annually there-
after. The follow-up protocol for moderate-risk patients 
was made on an individual basis combining the ele-
ments of the low-risk and high-risk patient groups2.

Statistical analysis

Statistical analyses of the study data were per-
formed using SPSS version  22.0 software (SPSS, 
Chicago, IL, USA). The Shapiro-Wilk test was applied 
to assess the conformity of data to normal distribution. 
Continuous data were reported as mean ± standard 
deviation or median (interquartile range) values, and 
categorical data as number (n) and percentage (%). 
The Mann-Whitney U-test was applied in the compari-
sons of two groups of independent, non-parametric 
data. The cutoff values with the highest sensitivity and 
specificity were determined with ROC curve analysis. 

Survival status was examined using Kaplan-Meier 
analysis. The independent effect of variables on pro-
gression, recurrence, and overall survival, was deter-
mined through univariate and multivariate Cox 
regression analyses. Statistical significance was set 
at the level of p < 0.05.

Results

The evaluation was made of 173 patients compris-
ing 86.7% males and 13.3% females with a mean age 
of 75.6 ± 4.57 years, and a median follow-up of 25 (36) 
months. Progression was observed in 30.1% of the 
patients at a median of 11.5 (28) months. Recurrence 
was observed in 46.2% of the patients at a median of 
9  (13) months. The clinical and demographic data of 
the patients are summarized in table 1.

A statistically significant difference was determined 
between progression and the inflammatory parameters 
of NLR (p = 0.04), PLR (p = 0.009), and SII (p = 0.007). 
No significant difference was observed between recur-
rence and the inflammatory parameters (p > 0.05). 
A  statistically significant difference was determined 
between overall survival and NLR (p = 0.001), PLR 
(p = 0.003), and SII (p < 0.001) (Table 2).

The cutoff values with the highest sensitivity and 
specificity were determined to be NLR: 2.8 (p = 0.04), 
PLR: 144.6 (p = 0.009), and SII: 697.35 (p = 0.007). 
For the determination of OS, the best cutoff points were 
determined to be NLR: 2.84 (p = 0.001), PLR: 136.05 
(p = 0.003), and SII: 656.03 (p < 0.001) (Fig.  2 and 
Table 3).

In the Kaplan-Meier analysis examining the PFS 
and OS curves of the low and high NLR, PLR, and SII 
groups according to the determined cutoff values. Sig-
nificant differences were determined between the high 
and low groups of NLR, PLR, and SII for PFS (log-
rank p = 0.002, p < 0.001, p = 0.03, respectively) and 
OS (log-rank p = 0.04, p = 0.02, p = 0.004, respec-
tively) (Fig. 3).

In the univariate Cox regression analysis, tumor size 
(p = 0.01), tumor stage (p = 0.003), tumor grade 
(p = 0.01), NLR (p = 0.003), PLR (p < 0.001), and 
SII (p = 0.04) values were seen to be significantly as-
sociated with progression (Table 4a). Age (p = 0.006) 
and the number of tumors (p = 0.04) were found to be 
associated with recurrence (Table  4b). A  significant 
relationship was determined between OS and the vari-
ables of age (p = 0.01), comorbidities (p = 0.03), tumor 
stage (p = 0.001), tumor grade (p = 0.001), PLR 
(p = 0.02), and SII (p = 0.005) (Table 4c).

Figure 1. Flowchart of the study design.
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advanced age and the presence of multiple tumors for 
recurrence (p = 0.002, p = 0.01, respectively, Table 4b), 
and age and comorbidities for OS (p = 0.03, p = 0.006, 
respectively) (Table 4c).

Discussion

In previous studies in literature, NLR, PLR, SII, and 
DRR are among the markers usually evaluated to 
predict the survival of cancer patients10. The aim of 
this retrospective study was to examine the effect of 
these values on prognosis in an elderly patient popu-
lation diagnosed with NMIBC following TURBT, and 
the results showed that with the exception of DRR, 
an increase in the other parameters had a negative 
effect on both progression and overall survival. How-
ever, the results of the multivariate analyses includ-
ing other clinical and pathological data showed that 
only PLR was determined to be a significant marker 
for progression.

Inflammation and the subsequent host response 
formed against cancer cells play a significant role in 
both the development of tumors and antitumoral ac-
tivity and this status affects the oncological re-
sults11,12. The determination of white blood cell 
distribution in the complete blood count is a fre-
quently used method in the evaluation of inflamma-
tion13. Inflammatory markers such as NLR, PLR, and 
SII are examined to determine prognosis in most 
cancer types14-16. The effect of these parameters has 
become more important with the knowledge of the 
role played by inflammation in the development of 
bladder tumors17. Although development is from the 
same epithelial cell type, in contrast to upper urinary 
system tumors, there are still no recommended in-
flammatory parameters in routine use for NMIBC 
patients2.

In a study of 122 patients which examined the ef-
fect of NLR on the prognosis of NMIBC patients, a 
cutoff value of 2.41 for NLR was determined to be 
an independent predictor of disease progression 
and recurrence18. In another study of patients with 
a median age of 69.27 years (63.78-79.44), the best 
NLR cutoff value was determined to be 3 and this 
was reported to be an independent risk factor for 
recurrence but not progression19. In contrast to 
these results, there are also studies showing that 
there is no effect of NLR in the determination of 
progression or recurrence7,20. The results of a study 
of 1551 patients diagnosed with NMIBC showed that 
PLR (cutoff point:124) was correlated with overall 

Table 1. Demographic and clinical characteristics of the patients

All patients (n  =  173)

Age* 75.6 ± 4.57

Sex, n (%)
Male
Female

150 (86.7)
23 (13.3)

Follow‑up period (months)** 25 (36)

Chronic diseases, n (%)
None
DM
HT
CAD
COPD

71 (35.1)
37 (18.3)
56 (27.7)
24 (11.8)
14 (6.9)

Smoking, n (%)
Yes
No
Ex‑smoker

46 (26.6)
79 (45.7)
48 (27.7)

sCR (mg/dL)** 1.01 (0.44)

WBC (10^9/L)* 8.05 ± 2.46

Number of tumors, n (%)
Single
Multiple

102 (59,0)
71 (41.0)

Diameter, n (%)
< 3 cm
≥ 3 cm

70 (40.5)
103 (59.5)

Category, n (%)
cTa
cT1

100 (57.8)
73 (42.2)

Concomitant CIS, n (%)
Yes
No

15 (8.7)
158 (91.3)

Grade (WHO, 2016), n (%)
Low grade
High grade

88 (50.9)
85 (49.1)

Adjuvant treatment, n (%)
Yes
No

77 (44.5)
96 (55.5)

Progression, n (%)
Yes
No

52 (30.1)
121 (69.9)

Recurrence, n (%)
Yes
No

80 (46.2)
93 (53.8)

Overall survival, n (%)
Alive
Dead

111 (64.2)
62 (35.8)

*(Mean ± SD); **(Median [IQR])
DM: diabetes mellitus; HT: hypertension; CAD: coronary artery disease; CVA: cerebrovascular 
accident; COPD: chronic obstructive pulmonary disease; CIS: carcinoma in situ; sCR: serum 
creatinine level; WBC: white blood cells; cT: clinical T stage.

In the multivariate analysis, predictive factors were 
determined to be tumor size (≥ 3 cm) and PLR (> 144.6)  
for progression (p = 0.03, p = 0.01, respectively, Table 4a), 
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Table 2. Inflammatory parameters according to the prognosis of patients

Variables Progression p† Recurrence p† Overall status p†

Yes ( n = 52) No (n = 121) Yes (n = 80) No (n = 93) Alive (n = 111) Dead (n = 62)

NLR* 3.6 ± 1.8 3.34 ± 2.55 0.04 3.31 ± 2.12 3.51 ± 2.53 0.83 3.05 ± 2.12 4.07 ± 2.6 0.001

PLR* 181.59 ± 88.2 153.12 ± 99.9 0.009 156.9 ± 76.8 165.7 ± 112.05 0.8 149.8 ± 99.4 182.8 ± 89.9 0.003

SII* 1023.7 ± 690.3 881.75 ± 1239.5 0.007 903.8 ± 973.7 942.1 ± 1208.8 0.97 793.7 ± 1071.2 1158.5 ± 1129.8 < 0.001

De–Ritis 
Ratio*

1.34 ± 0.57 1.28 ± 0.47 0.56 1.28 ± 0.49 1.31 ± 0.51 0.5 1.29 ± 0.46 1.29 ± 0.57 0.96

*Mean ± standard deviation
†Mann-Whitney U test
NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; SII: systemic immune-inflammation index.
Significant values were shown in bold (p < 0.05).

Table 3. ROC curve analysis

Variables Progression Overall survival

Cut‑point AUC (95%CI) Sensitivity Specificity p Cut‑point AUC (95%CI) Sensitivity Specificity p

NLR 2.8 0.596 (0.5‑0.68) 0.71 0.55 0.04 2.84 0.647 (0.55‑0.73) 0.67 0.56 0.001

PLR 144.6 0.625 (0.53‑0.71) 0.69 0.62 0.009 136.05 0.63 (0.55‑0.72) 0.67 0.57 0.003

SII 697.35 0.62 (0.53‑0.72) 0.59 0.58 0.007 656.03 0.66 (0.58‑0.75) 0.71 0.61 < 0.001

AUC: area under the ROC curve; 95% CI: 95% confidence interval; NLR: neutrophil‑lymphocyte ratio; PLR: platelet‑lymphocyte ratio; SII: systemic immune‑inflammation index.
Significant values were shown in bold (p < 0.05).

Figure 2. Receiver operator characteristic curve analysis.
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survival but was not significant for PFS or RFS21. In 
another study of NMIBC patients aged ≥65 years, 
higher PLR values were determined in those with 
more advanced stage pT1 than in those with pTa 
stages, but there was no evaluation of the prognosis 

of patients and multivariate analyses were not per-
formed22. As the studies conducted for PLR have 
been more with muscle-invasive bladder cancer pa-
tients, it is difficult to reach a conclusion for NMIBC 
patients23. The SII has started to be used in recent 

Figure 3. Kaplan-Meier analysis.

Table 4a. Cox regression analysis of progression predictors

Variables Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Age (continuous variable) 1.04 0.98‑1.11 0.17 ‑ ‑ ‑

Number of tumors (single vs. multiple) 1.31 0.75‑2.28 0.33 ‑ ‑ ‑

Tumor size (< 3 cm vs. ≥ 3 cm) 2.23 1.18‑4.21 0.01 2.09 1.05‑4.16 0.03

Tumor stage (cTa vs. cT1) 2.34 1.34‑4.09 0.003 1.59 0.65‑3.91 0.3

Concurrent CIS (yes vs. no) 1.09 0.43‑2.77 0.84 ‑ ‑ ‑

Tumor grade (low vs. high) 2.02 1.14‑3.55 0.01 1.002 0.41‑2.42 0.99

Adjuvant treatment (yes vs. No) 1.26 0.72‑2.2 0.4 ‑ ‑ ‑

NLR (< 2.8 vs. ≥ 2.8) 2.56 1.38‑4.74 0.003 1.6 0.66‑3.91 0.29

PLR (< 144.6 vs. ≥ 144.6) 2.96 1.62‑5.42 < 0.001 3.2 1.3‑7.86 0.01

SII (< 697.35 vs. ≥ 697.35) 1.80 1.02‑3.18 0.04 0.48 0.2‑1.14 0.09

De-Ritis ratio (continuous variable) 1.57 0.85‑2.88 0.14 ‑ ‑ ‑

CIS: carcinoma in situ; NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; SII: systemic immune‑inflammation index.
Significant values were shown in bold (p < 0.05).
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Table 4b. Cox regression analysis of recurrence predictors

Variables Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Age (continuous variable) 1.06 1.01‑1.11 0.006 1.07 1.02‑1.12 0.002

Number of tumors (single vs. multiple) 1.56 1.006‑2.42 0.04 1.73 1.1‑2.71 0.01

Tumor size (< 3 cm vs. ≥ 3 cm) 0.98 0.62‑1.53 0.93 ‑ ‑ ‑

Tumor stage (cTa vs. cT1) 1.38 0.89‑2.16 0.14 ‑ ‑ ‑

Concurrent CIS (yes vs. no) 1.72 0.85‑3.46 0.12 ‑ ‑ ‑

Tumor grade (low vs. high) 1.15 0.74‑1.79 0.52 ‑ ‑ ‑

Adjuvant treatment (yes vs. no) 1.21 0.78‑1.88 0.38 ‑ ‑ ‑

NLR (continuous variable) 1.03 0.93‑1.14 0.54 ‑ ‑ ‑

PLR (continuous variable) 1.000 0.99‑1.002 0.88 ‑ ‑ ‑

SII (continuous variable) 1.000 1.000‑1.000 0.59 ‑ ‑ ‑

De-Ritis ratio (continuous variable) 0.87 0.55‑1.39 0.58 ‑ ‑ ‑

CIS: carcinoma in situ; NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; SII: systemic immune‑inflammation index.
Significant values were shown in bold (p < 0.05).

Table 4c. Cox regression analysis of overall survival predictors

Variables Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Age (continuous variable) 1.06 1.01‑1.12 0.01 1.06 1.004‑1.128 0.03

Comorbidity (yes vs. no) 1.76 1.05‑2.95 0.03 2.18 1.25‑3.82 0.006

Number of tumors (single vs. multiple) 1.56 0.95‑2.58 0.07 ‑ ‑ ‑

Tumor size (< 3 cm vs. ≥ 3 cm) 1.66 0.96‑2.86 0.06 ‑ ‑ ‑

Tumour stage (cTa vs. cT1) 2.39 1.43‑4.00 0.001 1.33 0.66‑2.66 0.41

Concurrent CIS (yes vs. no) 0.34 0.08‑1.42 0.14 ‑ ‑ ‑

Tumor grade (low vs. high) 2.37 1.40‑4.01 0.001 1.5 0.74‑3.02 0.25

Adjuvant treatment (yes vs. no) 0.69 0.41‑1.16 0.16 ‑ ‑ ‑

NLR (< 2.84 vs. ≥ 2.84) 1.7 0.99‑2.91 0.051 ‑ ‑ ‑

PLR
(< 136.05 vs. ≥ 136.05)

1.82 1.06‑3.11 0.02 0.99 0.43‑2.28 0.98

SII (< 656.03 vs. ≥ 656.03) 2.19 1.26‑3.80 0.005 1.78 0.75‑4.19 0.18

De-Ritis ratio (continuous variable) 1.02 0.62‑1.65 0.93 ‑ ‑ ‑

CIS: carcinoma in situ; NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; SII: systemic immune‑inflammation index.
Significant values were shown in bold (p < 0.05).

years to obtain more information about the host in-
flammatory response using both the neutrophil and 
platelet counts together24. In a multicenter study 
which examined 1117  patients, there was 

determined to be no significant effect of SII (cutoff 
point:580) on OS, and although the effect was sig-
nificant on PFS and RFS, this effect was not seen 
in subgroup analyses16.
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In addition to increasing comorbid diseases togeth-
er with aging, there has also been reported to be a 
higher risk of autoimmune diseases and malignant 
diseases. This causes a deterioration in the body’s 
homeostasis, which is important in the fight against 
cancer25. In particular, a decrease in the number of T 
lymphocytes, which are responsible for cellular im-
munity and antitumoral activity, contributes to this9. 
However, in elderly patients, the platelet cells in the 
blood remain relatively higher than other white blood 
cells26. By surrounding tumor cells circulating in the 
blood, platelet cells prevent apoptosis of the tumor 
cells, and the ongoing secretion of growth factors and 
cytokines increases angiogenesis, causing an in-
crease in the tumorogenic effect27. The cutoff values 
determined in the current study for PLR and SII were 
higher than those reported in previous studies. More-
over, although it was determined that NLR, PLR, and 
SII could have a significant effect on progression and 
overall survival, PLR was seen to be more significant 
for PFS. In accordance with these results, it can be 
considered that in the evaluation of advanced-age 
NMIBC patients, platelet cells have an important role 
in survival, and this should be kept in mind in the ap-
proach to this group of patients.

With the rapid proliferation and destruction of can-
cer cells, the level of AST enzymes in the blood can 
increase, and the DRR is obtained with the thought 
that cancer metabolism can be determined by dividing 
the AST value by ALT, which is an enzyme specific to 
the liver28. With the use of DRR in the evaluation of 
prognosis in most cancer types, studies in recent 
years have started to show what contribution is made 
in NMIBC patients. In the most comprehensive study 
of 1117 patients, a cutoff value of 1.2 was determined 
for DRR and it was shown to be associated only with 
RFS8. Despite a statistically significant correlation de-
termined between DRR and progression in another 
study, Batur et al. found no significant relationship 
between DRR and progression or recurrence29,30. The 
results of the current study were similar to those of 
Batur et al., and no relationship was determined be-
tween OS and DRR, therefore, no cutoff value was 
formed for DRR. Although patients with hepatitis and 
hematological diseases were not included in the cur-
rent study, which could change the DRR results, there 
is the possibility that the results were affected by 
multiple drug use, which is common at advanced 
ages. These points must be taken note of in the clini-
cal use of DRR.

This study had some limitations that should be con-
sidered. The study design was retrospective, the fol-
low-up period was short, the patient number was 
relatively low, and other known values showing inflam-
mation such as C-reactive protein and erythrocyte 
sedimentation rate, were not available from the patient 
records. As the patient population was aged ≥ 
70 years, it was not possible to form a healthy control 
group to compare the parameters. As some patients 
could not tolerate adjuvant treatments and/or because 
of the “stay at home” regulation during the COVID-19 
pandemic, some patients could not go to pharmacies, 
so the full effect of adjuvant therapy could not be re-
flected in the results31.

Conclusion

Despite following the necessary treatment and fol-
low-up protocols, there is a risk of developing recur-
rence and progression for patients diagnosed with 
bladder cancer. In addition to age, comorbidities, and 
tumor characteristics in the determination of the prog-
nosis of elderly NMIBC patients, the inflammatory pa-
rameters seem to be promising. When evaluated with 
other clinical and pathological variables, the inflam-
mation parameters showed no significance for recur-
rence and overall survival in an elderly population 
diagnosed with NMIBC but PLR was determined to be 
an independent marker in the determination of pro-
gression-free survival.
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Resumen

La enfermedad por reflujo gastroesofágico (ERGE) es una condición compleja y altamente prevalente. El deterioro de la co-
municación intestino-cerebro está asociado a la disfunción autonómica. La modulación del sistema nervioso autónomo con-
trola las funciones gastrointestinales. En la ERGE se han reportado una disminución del tono vagal (actividad parasimpática) 
y un aumento de la actividad simpática, con el equilibrio autónomo desplazado hacia el sistema simpático. Los cuestionarios 
clínicos y la medición de la variabilidad de la frecuencia cardiaca, método no invasor, pueden ser útiles en los pacientes con 
ERGE para detectar la disfunción autonómica. La restauración de la actividad del sistema parasimpático (principalmente 
neuromodulación), con la subsecuente mejoría de la actividad parasimpática, disminuirá la intensidad de los síntomas au-
tonómicos y de la ERGE, mejorando la calidad de vida.

Palabras clave: Sistema nervioso autónomo. Variabilidad de la frecuencia cardíaca. Enfermedad por reflujo gastroesofágico. 
Disfunción autonómica.

Abstract

Gastroesophageal reflux disease (GERD) is a complex and highly prevalent entity. Impaired gut-brain communication is as-
sociated with autonomic dysfunction. Modulation of the autonomic nervous system controls gastrointestinal functions. In GERD, 
a decrease in vagal tone (parasympathetic activity) and an increase in sympathetic activity with autonomic balance shifted 
towards the sympathetic system have been reported. Clinical questionnaires and non-invasive measurement of heart rate 
variability may be useful in patients with GERD to detect autonomic dysfunction. Restoration of parasympathetic system activ-
ity (mainly neuromodulation), with subsequent improvement of parasympathetic activity, will reduce the intensity of autonomic 
symptoms and GERD, improving quality of life.

Keywords: Autonomic nervous system. Heart rate variability. Gastroesophageal reflux disease. Autonomic disfunction.
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Introducción

La enfermedad por reflujo gastroesofágico (ERGE) 
es una condición clínica compleja en la que el reflujo 
del contenido gastroduodenal hacia el esófago provo-
ca síntomas o complicaciones, afección en la calidad 
de vida y un alto costo del manejo que supera los 
12,000 millones de dólares anuales en los Estados 
Unidos de América1-4.

En Latinoamérica, su prevalencia se ha descrito 
entre el 15% y el 25%5. En los Estados Unidos de 
América, la ERGE es el trastorno gastrointestinal más 
prevalente y afecta a un tercio de la población adulta6. 
En el mundo occidental, la prevalencia en los adultos 
se ha reportado en un 20%6,7.

El reflujo gastroesofágico (RGE) es un fenómeno 
fisiológico. El consenso de Lyon 2.0 definió la «ERGE 
comprobada» cuando existe evidencia concluyente de 
RGE, incluida la presencia de esofagitis erosiva (gra-
dos B, C y D de la clasificación de Los Ángeles), el 
esofágo de Barrett y la estenosis péptica, y un tiempo 
de exposición al ácido en el esófago distal > 6% me-
dido por monitorización ambulatoria del pH e impe-
danciometría de 24 horas. La ausencia de esofagitis 
significativa y un tiempo de exposición al ácido en el 
esófago < 4% descartan la enfermedad. Sin embargo, 
es importante aclarar que la evidencia objetiva de 
ERGE tiene poca correlación con la frecuencia y la 
intensidad de los síntomas, ya que estos no solo de-
penden de la intensidad del estímulo esofágico, sino 
también del grado de sensibilidad esofágica de cada 
individuo4,5.

Patogénesis de la enfermedad por reflujo 
gastroesofágico

La fisiopatología de la ERGE es compleja (Fig. 1)8. 
La exposición constante del esófago al RGE (ácido 
gástrico, bilis, pepsina y enzimas pancreáticas) puede 
causar daño de la mucosa esofágica (inicialmente 
relacionado con la pepsina y luego con la respuesta 
inflamatoria mediada por las citocinas y la infiltración 
leucocitaria)9.

Los mecanismos que más contribuyen al desarrollo 
de ERGE son: 1) el incremento en el número de las 
relajaciones transitorias del esfínter esofágico inferior 
(EEI), 2) el aumento de la presión abdominal y 3) la 
presión disminuida del EEI. La fisiopatología de la 
ERGE incluye un mal funcionamiento de la unión 
esofagogástrica, una disminución del aclaramiento 

esofágico y alteraciones en la integridad de la mucosa 
esofágica2.

La barrera antirreflujo está compuesta por el EEI y 
el diafragma crural. El EEI tiene un componente in-
trínseco, formado por las fibras musculares esofági-
cas bajo un control neurohormonal, y otro extrínseco, 
formado por los pilares diafragmáticos y el ligamento 
frenoesofágico, los cuales proporcionan el soporte 
anatómico al EEI y mayor protección contra el 
RGE3,10,11.

Síntomas típicos y manifestaciones 
extraesofágicas

Los síntomas típicos y más comunes de ERGE son 
pirosis (sensación de ardor subesternal) y regurgita-
ción (retorno sin esfuerzo del contenido gástrico hacia 
la boca). La diana terapéutica en las enfermedades 
relacionadas con el ácido es la supresión farmacoló-
gica de la secreción ácida del estómago. El control 
del pH intragástrico está relacionado con la curación 
de la mucosa y el alivio sintomático1. La escala de pH 
es logarítmica (valores de 0 a 14), siendo un pH 4 diez 
veces menos ácido que un pH 2, cien menos que un 
pH 3 y mil menos que un pH 111. Aunque la pirosis y 
la regurgitación son síntomas comunes de la ERGE, 
son pobres predictores de la presencia de esofagitis 
grave. Estos síntomas por sí solos no son suficientes 
para confirmar o descartar la presencia de esofagitis. 
La sensibilidad y la especificidad diagnósticas para la 
pirosis se han reportada en un 30-76% y un 62-96%, 
respectivamente12.

Para entender la enfermedad, el Consenso de Mon-
treal dividió la ERGE en síndromes13:

–	 Esofágicos:
•	 Sintomáticos: reflujo típico y dolor torácico por 

reflujo.
•	 Daño de la mucosa esofágica (esofagitis por 

reflujo, estenosis por reflujo, esófago de Barrett 
y adenocarcinoma).

–	 Extraesofágicos:
•	 Asociación establecida: tos crónica, asma, la-

ringitis y erosiones dentales por RGE.
•	 Asociación propuesta: laringitis, sinusitis, otitis 

media recurrente, fibrosis pulmonar 
idiopática.

En la ERGE, los pacientes con daño de la mucosa 
tienen mayor probabilidad de tener una anormal ex-
posición del esófago al ácido (71% vs. 40%). En el 
fenotipo erosivo se ha reportado mayor dilatación de 
los espacios intercelulares. La disminución en la 



S. Sobrino-Cossío et al.  Disfunción autonómica en la enfermedad por reflujo gastroesofágico

213

Figura 1. Mecanismos subyacentes en el desarrollo de enfermedad por reflujo gastroesofágico (ERGE)8. EEI: esfínter esofágico inferior.

resistencia tirular, el aumento en la permeabilidad y 
el paso de los iones H+ están asociados con una ma-
yor respuesta inflamatoria, sensibilización de las ter-
minaciones nerviosas sensoriales aferentes y 
disfunción neural14,15. El fenotipo erosivo puede subdi-
vidirse en tres grupos:

–	 Alteración del aclaramiento esofágico debido a 
una motilidad esofágica alterada.

–	 Disfunción de la unión esofagogástrica o de la 
barrera antirreflujo debido a hipotensión del EEI, 
relajaciones transitorias del EEI o disinergia en-
tre el EEI y el diafragma crural (p. ej., presencia 
de hernia de hiato).

–	 Factores gástricos posteriores, incluido el retraso 
en el vaciado gástrico y la presencia de una bol-
sa de ácido gástrico7.

La enfermedad por reflujo no erosiva (ERNE) es el 
fenotipo más común y representa hasta el 70% de los 
casos de ERGE, mientras que la esofagitis erosiva 
representa aproximadamente el 30% y el esófago de 
Barrett un 6-8% de la población de pacientes con 
ERGE7.

El fenotipo no erosivo es un grupo extraordinaria-
mente heterogéneo que incluye tres subgrupos (des-
pués de las mediciones objetivas del reflujo) de 
pacientes: 1) verdadero reflujo ácido (exposición 
anormal al ácido [EAA] positiva en 50%), 2) esófago 
hipersensible (EAA negativa e índice de síntomas 
> 50%) y 3) pirosis funcional (EAA negativa e índice 
de síntomas < 50%)16. El índice de síntomas es la 
relación entre la pirosis y el número de episodios de 
reflujo ácido. El fenotipo no erosivo es más refracta-
rio al tratamiento, ya que incluye afecciones no re-
lacionadas con el ácido (50%)17. En la ERNE, las 
predicciones de la respuesta a los inhibidores de la 
bomba de protones (IBP) son difíciles, por lo que una 
prueba con un supresor más potente permitiría es-
tratificar a los pacietes respondedores. La falla al 
tratamiento puede ser explicada porque el diagnós-
tico está basado en los síntomas, la persistencia de 
eventos de reflujo débilmente ácidos con extensio-
nes al esófago proximal y la hipersensibilidad visce-
ral1. Sin embargo, cuando se seleccionan pacientes 

con evidencia objetiva de reflujo ácido (impedancio-
metría intraluminal multicanal con pH-metría de 
24  h), la tasa de respuesta a los IBP es similar en 
los fenotipos erosivos y en la ERNE verdadera (72% 
vs. 73%)18. La pirosis funcional y la hipersensibilidad 
al reflujo representan más del 90% de los pacientes 
con pirosis sin respuesta al tratamiento con IBP dos 
veces al día18.

Los mecanismos subyacentes a las manifestacio-
nes de las vías respiratorias extraesofágicas aún no 
se conocen bien. Se han propuesto dos hipótesis: 
1) el contacto directo del ácido gástrico con las vías 
respiratorias superiores y 2) un reflejo vagal provoca-
do por la acidificación del esófago distal, que provoca 
broncoespasmo13. La sensibilización del árbol pulmo-
nar puede hacer que las vías respiratorias se vuelvan 
reactivas a otros estímulos, lo que produce broncoes-
pasmo a través de un mecanismo vagal19,20.

Es importante destacar que se ha reportado una 
mayor frecuencia de disfunción (disautonomías) del 
sistema nervioso autónomo (SNA) en los pacientes 
con síntomas de ERGE; la fisiopatología de la ERGE 
se ha relacionado con alteraciones en la actividad del 
SNA21,22.

Los pacientes refieren que los síntomas de ERGE 
ocurren con mayor frecuencia en el período pospran-
dial. Se ha reportado que existen factores precipi-
tantes de los síntomas en la ERGE (material refluido) 
y factores que modifican la respuesta al tratamiento, 
como un aclaramiento esofágico alterado y la sensi-
bilidad de la mucosa. Se estima que entre el 10% y 
el 40% de los pacientes con ERGE tienen una res-
puesta incompleta o nula a una dosis estándar de 
IBP1.

Aunque no hay datos que confirmen la mayor fre-
cuencia de síntomas autonómicos en el posprandio 
temprano o tardío en los pacientes con ERGE, mu-
chos aparecerán después de la ingesta de grasa o 
de condimentos (mayor volumen), incluso en pacien-
tes bajo tratamiento con supresores del ácido. Du-
rante la evaluación de la ERGE, la presencia y la 
intensidad de los síntomas autonómicos (sequedad 
de la mucosa oral, hipersalivación, alteraciones en 
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el ritmo cardiaco, disnea súbita, ansiedad, depre-
sión, intolerancia ortostática, estado de alerta o hi-
pervigilancia, y dolor torácico) no suelen ser 
considerados.

Sistema nervioso autónomo y enfermedad 
por reflujo gastroesofágico

El SNA está compuesto anatómicamente y funcio-
nalmente por dos divisiones: 1) el sistema nervioso 
simpático (SNS) y 2) el sistema nervioso parasim-
pático (SNPS) (Figs. 2-4 y Tabla 1). Ambos son tó-
nicamente activos y proporcionan una frecuencia 
variable de entradas neuronales (aumento o dismi-
nución) a los tejidos (potenciación o disminución). 
Esta característica mejora la capacidad para regular 
con mayor precisión la actividad funcional de un 
tejido. Sin la actividad tónica, la entrada neural a un 
tejido podría aumentar. El SNS y el SNPS trabajan 
en forma coordinada y, en general, tienen efectos 
opuestos23.

Las fibras simpáticas (principalmente esplácnicas), 
como las parasimpáticas (vagales), inervan el EEI, 
siendo esencial la actividad parasimpática para su 
relajación reflexiva. Los aferentes sensoriales vaga-
les provienen desde el EEI y el esófago distal, y ha-
cen sinapsis en el núcleo del tracto solitario del 
rombencéfalo. Los eferentes vagales se originan en 
el núcleo motor dorsal y hacen sinapsis con el plexo 
mientérico del sistema nervioso entérico. El SNPS 
contribuye a las neuronas inhibidoras y excitadoras. 
Las fibras excitatorias surgen de la porción rostral del 

núcleo motor dorsal y las inhibidoras surgen de la 
porción caudal. El núcleo motor dorsal y el núcleo 
del tracto solitario forman un complejo vagal dorsal 
en el rombencéfalo que coordina el control reflejo del 
EEI23.

Milovanovic et al.21 reportaron que los pacientes 
con síntomas de ERGE tienen distorsión de los com-
ponentes del SNS y del SNPS. La función parasim-
pática deteriorada se ha asociada con la ERGE. La 
asociación entre síntomas gastrointestinales y arrit-
mias cardíacas, como uno de los deterioros del SNA 
en la ERGE, se ha descrito como síndrome gastro-
cardíaco. El SNA tiene efectos en los diferentes sis-
temas; la neuropatía autonómica puede manifestarse 
en casi cualquier sistema. La hipotensión ortostática 
una de las manifestaciones más comunes de la di-
sautonomía autonómica, pero pueden presentarse 
otras24.

Disautonomía

El SNA controla las funciones corporales vitales 
(presión arterial, respiración, sistema gastrointestinal, 
frecuencia cardiaca, control de la temperatura corpo-
ral y actividad de la vejiga). El sistema nervioso cen-
tral proporciona sus entradas al sistema nervioso 
entérico modulando el SNA para controlar las funcio-
nes gastrointestinales. El SNA está compuesto por 
una red controlada por los sistemas fisiológicos a 
través de entradas (interna y externa) para mantener 
la homeostasis. La red del sistema nervioso central, 
junto con el SNS y el SNPS, regulan las funciones 

Figura 2. Efectos del sistema nervioso autónomo22-26.
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Figura 3. Efectos sobre sistemas específicos22-26. SNPS: sistema nervioso parasimpático; SNS: sistema nervioso simpático.

Figura 4. Comprendiendo la disfunción autonómica22-26. SNPS: sistema nervioso parasimpático; SNS: sistema nervioso simpático.

corporales, y cuando falla se expresa por diversas 
manifestaciones clínicas22-25 (Tabla 1):

–	 Cardiovasculares: frecuencia cardiaca fija, hipo-
tensión postural, taquicardia en reposo.

–	 Gastrointestinales: disfagia, gastroparesia, 
náuseas, vómitos, plenitud abdominal, 
constipación.

–	 Genitourinarias: atonía de la vejiga.
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 Tabla 1. Síntomas simpáticos y parasimpáticos que afectan al ser humano23-25

Efecto de la estimulación

Sistema/órgano Simpática Parasimpática

Ojo Contracción del músculo radial del iris (dilatación de 
pupila: midriasis)

Contracción del músculo esfínter del iris 
(constricción de la pupila: miosis)

Relajación del músculo ciliar (visión lejana) Contracción del músculo ciliar (visión cercana)

Corazón ↑ frecuencia cardiaca ↓ frecuencia cardiaca

↑ fuerza de contracción

↑ tasa de conducción

Vasos sanguíneos Vasoconstricción (mayoría de vasos sanguíneos), ↑ 
presión arterial

Vasodilatación (ciertos vasos sanguíneos)

Tracto gastrointestinal ↓ motilidad y secreciones ↑ motilidad y secreciones

Vejiga Relajación del músculo detrusor Contracción del músculo detrusor

Glándulas sudoríparas ↑ sudoración (diaforesis) Sin efecto directo

Músculos piloerectores Contracción (piel de gallina) Sin efecto directo

Bronquios Relajación (broncodilatación) Contracción (broncoconstricción)

Pupilomotor Dilatación pupila (midriasis) Constricción pupila (miosis)

Gastrointestinal ↑ motilidad y secreciones, lo que puede llevar a 
estreñimiento

↑ motilidad y secreciones, facilitando la digestión

Secretomotor ↓ secreciones (excepto sudor) ↑ secreciones

Vasomotor Cambios de color de la piel (enrojecimiento, palidez)

Genitourinario Dificultad en la erección Función sexual normal

Función del sueño Alteraciones del sueño

–	 Pupilares: reflejos luminosos ausentes o retrasa-
dos, disminución del tamaño de la pupila.

–	 Sexuales: disfunción eréctil, eyaculación retrógrada.
–	 Sudomotoras: anhidrosis, salivación.
–	 Vasomotoras: extremidades frías (debido a la 

pérdida de respuestas vasomotoras), edema (de-
bido a la pérdida del tono vasomotor y al aumen-
to de la permeabilidad capilar).

Los síntomas más frecuentes de disautonomía son 
hipotensión ortostática, confusión, visión de túnel y 
malestar en la cabeza, el cuello o el tórax. Puede pre-
sentarse concomitantemente con hipertensión en de-
cúbito supino debido al aumento de la resistencia 
periférica, que induce natriuresis, exacerbando la hipo-
tensión ortostática. Hay muchos otros estímulos más 
benignos que pueden disminuir la presión arterial (bi-
pedestación, deglución, maniobra de Valsalva, deshi-
dratación, ejercicio, hiperventilación, calor, etc.) o 
aumentarla (reposo en decúbito supino, ingesta de 

agua o café, inclinación de la cabeza hacia abajo, hi-
poventilación, etc.)25.

Se ha observado que los síntomas autonómicos son 
más frecuentes en los pacientes con ERGE que en 
voluntarios sanos. En el estudio de Milovanovic et al.21 
se detectó una disfunción autonómica grave en el 44.4 
% de los pacientes con ERGE, comparado con el 7.9% 
de los controles (p < 0.001). Así mismo, la medición de 
la presión arterial ambulatoria de 24 h mostró valores 
significativamente más altos de presión arterial sistólica 
y presión del pulso en el grupo con ERGE comparado 
con el grupo de control21.

Se ha sugerido que la disfunción parasimpática no 
es solo una consecuencia de la inflamación esofágica 
crónica, sino también el factor principal en la etiología 
de la ERGE. Las alteraciones en la actividad del SNA 
afectan tanto la contracción como la relajación tran-
sitoria del EEI (que actúa como una barrera de 
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reflujo), lo que lleva a la aparición y la progresión de 
la ERGE23,26.

El esófago distal y el corazón comparten la inerva-
ción vagal aferente, lo cual dificulta distinguir entre la 
isquemia por dolor torácico del esófago y la cardiaca; 
el dolor esofágico imita el malestar cardiaco isquémi-
co. En los contextos clínicos, esto conduce al diagnós-
tico erróneo de dolor torácico por RGE como angina 
de pecho, y viceversa27. La presencia de ERGE puede 
predisponer a la isquemia miocárdica al alterarse el 
equilibrio simpático-parasimpático por una función pa-
rasimpática alterada. Este mecanismo podría desen-
cadenar un reflejo esofagogástrico-cardiaco, dando 
como resultado una disminución de la perfusión mio-
cárdica. La ERGE y los trastornos de la interacción 
cerebro-intestino podrían estar asociados con una dis-
función autonómica, que puede identificarse mediante 
la variabilidad de la frecuencia cardiaca28.

El SNA con sus dos ramas, el SNS y el SNPS, 
también desempeña un papel fundamental en la mo-
dulación de las funciones cardiacas, como la arritmo-
génesis. Existe evidencia de que la hiperactividad del 
SNPS puede desencadenar arritmias «vagotónicas» 
(p. ej., fibrilación atrial paroxística, síndrome de Bru-
gada, fibrilación ventricular idiopática)29.

La variabilidad en la frecuencia cardiaca es menor 
en los pacientes con síntomas ERGE en comparación 
con los controles, lo cual indica una disfunción auto-
nómica grave. Los pacientes con síntomas más gra-
ves exhiben una mayor dominancia simpática29. Otros 
autores reportan datos similares30,31.

Basándose en un análisis de la variabilidad de la 
frecuencia cardiaca, Ali y Chen32 reportaron que los 
trastornos de la interacción cerebro-intestino (antes 
trastornos funcionales gastrointestinales) y la ERGE 
estaban asociados con una disminución de la activi-
dad parasimpática y un aumento de la actividad del 
SNS con el equilibrio autónomo desplazado hacia el 
sistema simpático. Estas afecciones fueron asociadas 
con disfunción autonómica, principalmente debido a 
la supresión del tono vagal y un simpático hiperactivo. 
Puede evaluarse de forma no invasiva utilizando las 
mediciones de la variabilidad en la frecuencia 
cardiaca.

Disautonomía, enfermedad por reflujo 
gastroesofágico y síntomas de COVID-19 
prolongada

Una revisión sistemática informó que el análisis de 
la variabilidad de la frecuencia cardiaca fue 

consistente para detectar la reducción de la actividad 
parasimpática y la dominancia simpática en pacientes 
con trastornos del eje cerebro-intestino. Algunos es-
tudios han reportado las relaciones de la frecuencia 
cardiaca (máxima/mínima) durante el cambio postu-
ral, la maniobra de Valsalva, el agarre manual y la 
respiración profunda para registrar la variabilidad del 
ritmo cardiaco en lugar de parámetros en el dominio 
del tiempo o la frecuencia. Seis de 15 estudios con-
cluyeron que los pacientes tenían baja variabilidad de 
la frecuencia cardiaca en comparación con los con-
troles. Cuatro estudios informaron una disminución de 
la actividad del SNPS y del SNS33. Djeddi et al.33 
estudiaron la actividad autónoma antes, durante y 
después del evento de RGE, y encontraron que la 
actividad del SNPS se suprime significativamente an-
tes del evento de reflujo. Jones et al.34 indicaron que 
un mejor control de la disfunción autónoma tiene un 
efecto positivo sonre la mejoría sintomática en la 
ERGE.

Los síntomas típicos incluyen fatiga crónica, sínto-
mas gastrointestinales, confusión mental, taquicardia 
ortostática y disnea de esfuerzo. Estos pueden ser 
graves y debilitantes, y muchos pacientes quedan con 
incapacidad o independencia modificada. Las causas 
subyacentes de las denominadas secuelas posagu-
das del síndrome de SARS-CoV-2 (PASC, postacute 
sequelae of SARS-CoV-2 infection) aún no están acla-
radas, pero ante la evidencia de la similitud entre la 
clínica de los fenotipos de PASC y el síndrome de 
taquicardia ortostática postural se ha postulado que 
la disautonomía puede desempeñar un papel en su 
fisiopatología. La activación compensatoria del siste-
ma nervioso simpático en el síndrome de taquicardia 
ortostática postural puede causar taquicardia, insom-
nio, disfunción gastrointestinal y ansiedad, síntomas 
también comunes en las PASC35.

Las PASC se presentan en muchas formas y afec-
tan a todos los órganos del cuerpo. Esta presentación 
heterogénea sugiere la participación del SNA. Hasta 
ahora, los estudios sobre la desregulación del SNA 
en personas con PASC han sido en gran medida ob-
servacionales y descriptivos, basados ​​en inventarios 
de síntomas o en medidas objetivas, pero indirectas, 
de la función cardiovascular, y han prestado poca 
atención a los componentes adrenomedular, hormo-
nal y nervioso entérico del SNA36.

La detección temprana (presencia e intensidad) de 
los síntomas disautonómicos en los pacientes con 
síntomas de ERGE crónicos, cuya prevalencia en 
nuestro país es alta, independientemente del riesgo 
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cardiometabólico, puede mejorar la respuesta al tra-
tamiento con fármacos supresores ácidos, procinéti-
cos o neuromoduladores, en especial en los pacientes 
con una exposición esofágica normal al ácido (hiper-
sensibilidad al reflujo), lo cual puede contribuir a me-
jorar su calidad de vida.

El equilibrio entre el SNS y el SNPS es crucial para 
mantener la homeostasis y prevenirc las arritmias 
cardiacas. El desequilibrio puede manifestarse con 
una variedad de síntomas, y su identificación y trata-
miento pueden ser importantes en el manejo de di-
versas condiciones clínicas.

Los síntomas autonómicos se presentan con mayor 
frecuencia en el periodo posprandial en los pacientes 
con ERGE crónica. Nuestro grupo considera que este 
es un fenotipo diferente en la ERGE que no ha sido 
evaluado de manera adecuada. El incremento en la 
frecuencia y en la intensidad de las alteraciones au-
tonómicas en la ERGE (no erosiva, diabéticos, obe-
sos, post-COVID-19) producido por el desequilibrio 
entre el SNS y el SNPS requiere la realización de 
estudios clínicos con cuestionarios clínicos y medicio-
nes de la variabilidad de la frecuencia cardiaca) car-
diaca para evaluar el impacto sobre la salud, la 
respuesta a tratamiento y la calidad de vida. El Con-
senso de Montreal debería considerar los fenómenos 
disautonómicos como un subtipo especial.

Escenarios clínicos

La figura 5 muestra el abordaje diagnóstico en es-
cenarios clínicos de pacientes con ERGE y síntomas 
autonómicos.

Síntomas autonómicos aislados

Cualquier sujeto sano o con ERGE leve puede ma-
nifestar síntomas autonómicos posterior a una abun-
dante ingesta de alimentos (chile, grasa o condimentos), 
los cuales son infrecuentes, de corta duración y baja 
intensidad. Las medidas higiénico-dietéticas y el ade-
cuado control de la supresión ácida serán suficientes 
para aliviar los síntomas.

ERGE crónica con síntomas autonómicos

Los pacientes pueden referir mayor intensidad de 
síntomas autonómicos en el posprandio mediato (aso-
ciado al volumen y al tipo de alimento), de aparición 
súbita, difíciles de explicar y que desencadenan 

ansiedad ante el miedo de sufrir una enfermedad car-
diaca (dolor torácico, taquicardia o bradicardia, dis-
nea, sequedad de boca o confusión mental) o 
complicaciones de la ERGE (odinofagia, disfagia, dis-
tensión y dolor abdominal epigástrico, cáncer). Gene-
ralmente están asociados con factores detonantes 
(cambios bruscos de dieta, ayuno prolongado, ingesta 
de fármacos analgésicos, antiinflamatorios, esteroi-
des u hormonales, y estrés postraumático). Estos sín-
tomas pueden manifestarse de manera ocasional o 
persistente.

Si los síntomas autonómicos son persistentes, se 
deberá considerar el uso de cuestionarios clínicos y 
la prueba de variabilidad de la frecuencia cardiaca21. 
Los síntomas son desencadenados por la supresión 
del tono vagal y un simpático hiperactivo21,22,24. Los 
fármacos supresores del ácido neutralizan el pH in-
tragástrico, pero no tienen efecto significativo para 
paliar los síntomas. En este grupo debe considerarse 
lo siguiente:

–	 Síntomas típicos de la ERGE (pirosis y regurgi-
tación): incremento en la duración y la intensidad, 
incluso con la ingesta de agua o de alimentos no 
irritantes.

–	 Dolor torácico opresivo: es complejo distinguir el 
origen cardiaco del esofágico, ya que tienen la 
misma inervación. El dolor puede ser desenca-
denado con la ingesta de agua o de alimentos 
no irritantes. Muestra carácter difuso (difícil loca-
lización), pobre relación con la enfermedad (o la 
intensidad del estímulo) que lo origina, capacidad 
de producir respuestas autonómicas de gran in-
tensidad y capacidad de generar sensaciones 
referidas (dolor referido). En el tracto gastrointes-
tinal, la relación entre daño tisular y dolor no es 
obvia; estímulos relativamente leves (contracción 
tónica de la musculatura lisa, inflamación leve de 
la mucosa o isquemia leve) pueden producir re-
acciones intensas de dolor37.

–	 Dispepsia: uno de los síntomas más frecuentes 
es la saciedad temprana, seguida de distensión 
abdominal con o sin dolor epigástrico, náuseas 
y eructos.

–	 Disfagia con o sin globus.
–	 Sobreposición sintomática.
En este grupo deben considerarse las mediciones 

objetivas del RGE (endoscopia e impedanciometría 
intraluminal multicanal con pH-metría de 24 h)16,18 y la 
optimización de los fármacos supresores del ácido, 
procineticos, agentes para mejorar la acomodación 
gástrica o neuromoduladores.
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Figura 5. Propuesta de abordaje en pacientes con enfermedad por reflujo gastroesofágico (ERGE) y síntomas autonómicos. EEI: esfínter eso-
fágico inferior; ERNE: enfermedad por reflujo no erosiva; IBP: inhibidores de la bomba de protones. 

Disautonomía (prueba diagnóstica: tilt 
test)

Los síntomas más frecuentes de disautonomía son 
hipotensión ortostática, confusión, visión de túnel y 
malestar en la cabeza, el cuello o el tórax26. El estrés, 
el calor, el ayuno prolongado, el desvelo, la deshidra-
tación y la falta de apego al tratamiento cardiológico 
pueden ocasionar un incremento en la frecuencia, la 
duración y la intensidad de los síntomas en los dife-
rentes sistemas. Los mecanismos fisiopatológicos en 
la ERGE (alteraciones en el EEI, vaciamiento esofá-
gico alterado y retraso del vaciamiento gástrico) son 
controlados por el SNA (fibras vagales). La inervación 
parasimpática desempeña un papel importante en la 
regulación del tono del EEI38, y este se incrementa 
con un mal control de la disautonomía. En estos ca-
sos, es difícil tratar de comprobar la causalidad, pero 
son enfermedades asociadas que influyen en una 
mala calidad de vida. Un buen control de los síntomas 
de ERGE mejorará el control autonómico, y 
viceversa.

Conclusiones

La vida humana depende del SNA, pues controla 
funciones corporales involuntarias, como la presión 
arterial, el sistema gastrointestinal, la frecuencia car-
diaca y la actividad de la vejiga. Por lo anterior, se 
sugiere evaluar la frecuencia y la intensidad de los 
síntomas autonómicos en los sujetos con ERGE, y la 

presencia de manifestaciones esofágicas y extraeso-
fágicas en pacientes con síntomas autonómicos per-
sistentes y disautonómicos.
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A rare cause of intestinal obstruction: sock ingestion
Una causa rara de obstrucción intestinal: ingestión de calcetines

Mustafa Azizoğlu1*, Salih Bayram2, Bahattin Aydoğdu1, and Mehmet H. Okur1

1Department of Pediatric Surgery Dicle University Medical School, Diyarbakır; 2Department of Pediatric Surgery, Mardin Training and Research 
Hospital, Mardin. Turkey

Abstract

Although most foreign bodies leave the gastrointestinal tract spontaneously without causing serious injuries such as bleeding 
and obstruction, they can sometimes occlude the intestine and may present with symptoms of ileus. A 14-year-old boy with 
cerebral palsy was admitted to our center due to persistent bilious vomiting. A  foreign body (sock) was seen in the jejunal 
loops at laparotomy. Enterotomy and enterostomy were performed.

Keywords: Socks ingestion. Foreign body. Children.

Resumen

Aunque la mayoría de los cuerpos extraños abandonan el tracto gastrointestinal de forma espontánea sin causar lesiones 
graves como sangrado y obstrucción, a veces pueden ocluir el intestino y pueden presentarse con síntomas de íleo. Un niño 
de 14 años con parálisis cerebral ingresó en nuestro centro por vómitos biliosos persistentes. Se observó un cuerpo extraño 
(calcetín) en las asas yeyunales en la laparotomía. Se realizó enterotomía y enterostomía.

Palabras clave: Ingestión de calcetines. Cuerpo extraño. Niños.

CASO CLÍNICO

Introduction

Foreign body ingestion is one of the common prob-
lems among children1. Of the many kinds of objects 
found in such cases, which include coins, pins, button 
batteries, magnets, and many others, the most common 
objects found in most countries were coins1,2. Ingested 
foreign bodies can lodge anywhere in the gastrointesti-
nal (GI) tract, including the proximal esophagus, distal 
esophagus, and stomach. The diversity of the foreign 
bodies and lodging positions can cause different severi-
ties of complications such as bledding and obstruction2,3 
A plain radiography can be the most useful 

investigation. The radiograph demonstrates the loca-
tion, number, size, and shape of any foreign bodies3.

Case report

A 14-year-old boy with cerebral palsy and medical 
history of foreign body ingestion was admitted to the 
emergency department due to intractable vomiting.  
The patient presented with a 2-day history of the inabil-
ity to defecate, retch, nausea, bilious vomiting, restless-
ness, and abdominal pain. On abdominal examination, 
tenderness was observed. There was no gas and stool 
output after the rectal enema. At the admission, body 
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temperature: 37.5°C, blood pressure: 110/76  mmHg, 
heart rate: 96/min, C-reactive protein: 1.25  mg/dL, 
WBC: 22.74, and NEU: 20.9. The X-ray revealed an 
air-fluid level with partial obstruction (Fig. 1).

The CT reports noted intestinal obstruction and il-
eus secondary to foreign body ingestion (Fig. 2).

Then, the patient underwent a laparotomy. All bowel 
loops were checked. We found that proximal intestinal 
loops were dilated. The foreign body (sock) was palpable 
at 110 cm of the ligament of traits (Fig. 3). Enterotomy was 
performed at this point of the intestine on the antimesen-
teric face and the sock was removed. And then, the intes-
tine was repaired with a double layer of continuous stitching. 
Endoscopy was performed on the patient, and after making 
sure that there was no other foreign body. The surgical 
intervention was completed without complications.

Oral feeding was started at the post-operative 
48th h. The patient was discharged uneventfully at the 
72nd h postoperatively.

Discussion

Foreign body ingestion is a pediatric emergency dis-
ease that is very common in children, especially in men-
tally retarded individuals, and does not require surgery 
in the vast majority, but the surgical situation varies 
according to the location of the foreign body1. Although 
the majority of foreign bodies leave the GI tract sponta-
neously, especially large foreign bodies with the poten-
tial to adhere to the intestines cannot leave, and surgical 

intervention is required for these2,3. Some of these for-
eign bodies can be life-threatening2. When we look at 
the overall event, approximately 10-20% of cases of 
foreign body ingestion require endoscopic removal, 
while < 1% needs surgery to take out the foreign body 
or to treat complications4. Abdominal radiography is the 
first preferred radiological study in foreign body inges-
tion4,5. For this patient too, at admission, abdominal 
radiography was performed firstly. CT can be performed 
only in patients with suspected complications and for 
differential diagnosis4-6. Therefore, we performed CT for 
differential diagnosis of other causes of ileus. Laparot-
omy was performed on the patient after abdominal CT 
was reported as having intestinal obstruction due to a 
foreign body. For the patient with a history of foreign 
body, endoscopy was also performed; in case, there 
was a foreign body in the stomach. The main complica-
tions of the FBI in the bowel involve mucosal bleeding, 
intestinal obstruction, and perforation1,4,7. In this patient, 
we thought intestinal obstruction was due to a foreign 

Figure 2. Computed tomography; the foreign body observed in bowel 
loop.

Figure 1. X-ray shows several air-fluid levels.
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body, and therefore, we performed a laparotomy. For-
eign bodies impacted in the intestine can be removed 
by performing enterotomy8. Thus, we performed an en-
terotomy and successfully removed the foreign body.

Conclusion

Especially when mentally retarded patients present 
with intestinal obstruction, it should be considered that 
they may have swallowed a foreign body, and CT may 
be performed to confirm the diagnosis in these patients. 
At the same time, considering that these patients may 
swallow more than one foreign body, endoscopy may 
be performed during the surgery.
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Traqueoplastia slide sin bypass cardiopulmonar para el 
tratamiento de la estenosis congénita larga y compleja:  
reporte de caso y revisión de la literatura
Slide tracheoplasty without cardiopulmonary bypass for the treatment of long and 
complex congenital stenosis: case report and review of the literature

Rogelio Sancho-Hernández*, Rubén E. Carlos-Corona y Lizbéth Solorio-Rodríguez
Servicio de Cirugía Torácica Pediátrica; Servicio de Cirugía Cardiovascular; Servicio de Neonatología. Instituto Nacional de Pediatría, Ciudad de 
México, México

Resumen

La estenosis traqueal congénita es una afección que causa obstrucción aguda de la vía aérea y asocia unas altas morbilidad 
y mortalidad ante el retraso diagnóstico y por sus comorbilidad acompañante. La traqueoplastia slide es el procedimiento de 
elección y requiere tradicionalmente el uso de bypass cardiopulmonar para facilitar la técnica de reconstrucción traqueal. No 
existen reportes nacionales de esta traqueoplastia. Con una modificación a la descripción original se describe la técnica 
quirúrgica y se reporta un caso sin uso de bypass cardiopulmonar. Se propone una revisión de la literatura que permita 
orientar un abordaje y un tratamiento integrales.

Palabras clave: Traqueoplastia. Traqueoplastia slide. Estenosis traqueal congénita. Broncoscopia.

Abstract

Congenital tracheal stenosis is an entity that causes acute airway obstruction and is associated with high morbidity and mortality 
due to diagnostic delay and its accompanying comorbidity. Slide tracheoplasty is the procedure of choice that traditionally requires 
the use of cardiopulmonary bypass to facilitate the tracheal reconstruction technique. There are no national reports of this tracheo-
plasty. With a modification to the original description, the surgical technique is described and a case report executed without the 
use of cardiopulmonary bypass. A review of the literature is proposed to guide the comprehensive approach and treatment.

Keywords: Tracheoplasty. Slide tracheoplasty. Congenital tracheal stenosis. Bronchoscopy.

CASO CLÍNICO

CIRUGIA Y CIRUJANOS

Cir Cir. 2025;93(2):224-230 

Contents available at PubMed 

www.cirugiaycirujanos.com

*Correspondencia: 
Rogelio Sancho-Hernández 

E-mail: rogeliosanchohernandez@gmail.com

Fecha de recepción: 09-06-2022

Fecha de aceptación: 10-10-2022

DOI: 10.24875/CIRU.22000311

0009-7411/© 2022 Academia Mexicana de Cirugía. Publicado por Permanyer. Este es un artículo open access bajo la licencia CC BY-NC-ND  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.24875/CIRU.22000311&domain=pdf
mailto:rogeliosanchohernandez%40gmail.com?subject=
http://dx.doi.org/10.24875/CIRU.22000311


R. Sancho-Hernández et al.  Traqueoplastia slide en estenosis congénita

225

completos, que no permite el paso del equipo. Se decide 
realizar dilatación traqueal rígida y asegurar la vía aérea 
con una CET de 3 mm hasta la carina. Con mejoría de 
las condiciones hemodinámicas, se realiza una tomogra-
fía computarizada con reconstrucción aérea que advierte 
estenosis traqueal larga, compleja, con colapso inspira-
torio en el bronquio izquierdo. Con el paciente estable, se 
interviene para traqueoplastia slide (deslizamiento tra-
queal) a los 4 meses edad (Fig. 1).

Técnica quirúrgica

Con intubación con CET de 3 mm en la carina se 
realiza esternotomía media con extensión cervical, 
disección con preservación de vasos supraaórticos 
hasta exponer totalidad de la tráquea hasta la carina 
y emergencias bronquiales, se transecciona la trá-
quea en el punto medio de la estenosis longitudinal 
y se resecan dos anillos traqueales completos y 
centrales, con la estrechez más crítica incluida, para 
evaluación patológica. Se realiza un corte longitudi-
nal medial y anterior en el slide traqueal distal o 
inferior que permite la ventilación con CET de 3 mm 
con globo (esta modificación de la técnica original 
permitió la reconstrucción sin BCP convencional 

Introducción

La estenosis traqueal congénita (ETC) es una afec-
ción urgente que causa obstrucción aguda de la vía 
aérea y asocia una alta morbimortalidad ante el retra-
so diagnóstico y por la comorbilidad acompañantes. 
La ETC larga y compleja se caracteriza por la presen-
cia de anillos traqueales completos a lo largo del 
segmento estenótico, lo que determina una estrechez 
fija del lumen traqueal que se expresa con estridor y 
dificultad respiratoria en la lactancia temprana. Las 
anormalidades cardiovasculares se presentan en un 
69% de los casos, siendo las anomalías vasculares 
como el sling (anillo) de la arteria pulmonar las que 
determinan el pronóstico y la sobrevida. La broncos-
copia es el estándar diagnóstico y la principal estra-
tegia para la planeación quirúrgica y el seguimiento1. 
Desde su primera descripción por Tsang et al.2 en 
1989, la traqueoplastia slide es considerada el proce-
dimiento de elección para la ETC larga, y requiere 
tradicionalmente el uso de bypass cardiopulmonar 
(BCP) para facilitar la técnica de reconstrucción tra-
queal. No existen reportes nacionales de esta tra-
queoplastia por deslizamiento (slide) para el 
tratamiento de la ETC. Con una modificación a la 
técnica original se describe el procedimiento quirúr-
gico y se reporta un caso de traqueoplastia slide 
ejecutada sin uso de BCP. Se propone una revisión 
de la literatura que permita orientar el tratamiento de 
esta emergencia congénita de la vía aérea.

Caso clínico

Varón de 3 meses de edad con trisomía 21 y retraso 
del crecimiento intrauterino, con estridor bifásico y dificul-
tad respiratoria al nacimiento. Se logra la intubación con 
cánula endotraqueal (CET) de 3.5 mm que se detiene en 
el cuello sin lograr avanzar distal a la carina. Intubado por 
1 mes y hospitalizado por 2 meses por neumonía, es 
egresado. Acude al servicio de urgencias con dificultad 
respiratoria grave y se estabiliza nuevamente con intuba-
ción endotraqueal de 3.5 mm con la punta de la CET a 
nivel del cuello. La ecocardiografía muestra un defecto 
septal atrial de 3 mm. Presenta hipertensión pulmonar de 
50  mmHg y volumen espiratorio forzado del 65%, sin 
cardiopatías estructurales y estado de falla cardíaca se-
cundario a un aumento en las resistencias de la vía aé-
rea. Se realiza evaluación con broncoscopio flexible inicial 
de 2.8  mm, encontrando estenosis traqueal fija en el 
segundo anillo traqueal, extensa e infundibular de anillos 

Figura 1. A: lactante con estridor y dificultad respiratoria con cánula 
endotraqueal (CET) de 3 mm que se detiene a nivel de la vía aérea 
cervical. B: presencia de estenosis crítica infundibular de anillos com-
pletos a partir del segundo anillo traqueal que confirma el diagnóstico 
de estenosis traqueal congénita (ETC) por broncoscopia. C: avance 
distal hasta la carina de una CET de 3 mm posterior a la dilatación 
rígida traqueal que mejora las condiciones hemodinámicas y respira-
torias. D: ETC de larga extensión con colapso inspiratorio en bronquio 
izquierdo en una reconstrucción tomográfica de la vía aérea.
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durante todo el operatorio). Se prepara el cabo proxi-
mal o superior como slide posterior con un corte 
longitudinal medial y posterior, se espatulan los bor-
des de ambos slides traqueales hasta alcanzar una 
dispocisión en forma de lengua, se corrobora la 

aproximación de ambos cabos sobrepuestos sin ten-
sión y con adecuada irrigación se completa la anas-
tomosis por sobreposición de ambos slides o cabos 
traqueales preformados con sutura absorbible de 
Vicryl 4-0. Previamente completada la anastomosis 

Figura 2. A: esternotomía media y cervical con conservación de vasos supraaórticos exponiendo la totalidad de la tráquea. Se determina por 
broncoscopia transoperatoria la extensión de la estenosis traqueal congénita (ETC) y se marcan con dos agujas los extremos de la estenosis crí-
tica. Obsérvese la grave reducción del calibre de la tráquea. B: transección de la ETC en el punto medio longitudinal entre las dos agujas cefálica 
y caudal previamente marcadas. Se corrobora la presencia diagnóstica de anillos traqueales completos con ausencia de tráquea membranosa 
en ambos cabos traqueales y se inicia la ventilación con cánula endotraqueal (CET) de 3 mm en el cabo traqueal distal. C: se prepara el cabo 
traqueal proximal como slide posterior: insición longitudinal media en la tráquea posterior con extensión al segundo anillo traqueal estenótico. 
D: preparación del cabo traqueal distal como slide anterior: insición longitudinal media de la pared traqueal anterior con extensión a la emer-
gencia bronquial izquierda sobre la CET de 3 mm con globo inflado para ventilación transoperatoria. E: se espatulan los extremos triangulares 
de ambos slides para lograr una disposición en forma de «lengua». F: se corrobora el deslizamiento sin tensión de ambos slides sobrepuestos. 
G: anastomosis traqueal posterior iniciando en el vértice de ambos slides. La ventilación por slide distal prosiguió durante el transoperatorio. 
H: anastomosis y reconstrucción de la neotráquea anterior. Se avanza una CET de 3.5 mm para su edad. I: disposición final de la traqueoplastia 
slide (la pinza de disección señala el cartílago cricoides). Se corrobora la integridad de la reconstrucción traqueal bajo visión broncoscópica.
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posterior, se avanza una CET de 3.5 mm sin globo, 
se completa la anastomosis anterior y se corrobora 
con una breve extubación y broncoscopia transope-
ratoria la integridad de la traqueoplastia slide, con 
aceptable aumento del calibre de su lumen y avance 
del equipo hacia la segmentación pulmonar, se as-
piran las secreciones y se reintuba con CET de 
3.5 mm por arriba de la neocarina. Es trasladado a 
cuidados intensivos sin drenajes (Fig.  2). En el se-
guimiento posoperatorio se realiza a los 7 días una 
extubación exitosa, con egreso a los 40 días del 
posquirúrgico. Cursa con reingresos por eventos 
sépticos asociados a su inmunodeficiencia que re-
quieren intubación endotraqueal con CET para su 
edad en tres ocasiones sin incidentes. Al año de 
edad presenta granuloma y estenosis traqueal con-
céntrica y fibrosa del 50% en sitio de vértices de la 
traqueoplastia refractaria a manejo endoscópico. Se 
realiza traqueoplastia para resección de dos anillos 
traqueales en el tercio medio traqueal con anasto-
mosis término-terminal sin complicaciones. Se ad-
vierte evidente crecimiento en longitud y lumen 
aéreo post-slide, con vía íntegra broncoscópica y 
asintomático a 2 años de seguimiento (Fig. 3).

Discusión

Se han descrito numerosas técnicas para la recons-
trucción quirúrgica de la ETC: resección y anastomo-
sis término-terminal traqueales, traqueoplastia de 
aumento con parche pericárdico o cartílago costal 
autólogos, y traqueoplastia slide o por deslizamiento. 
Desde su primera descripción por Tsang et al.2 en 
1989, la traqueoplastia slide se ha aceptado como la 
técnica de reconstrucción preferida, con mayores ven-
tajas pronósticas y quirúrgicas sobre otros métodos: 
reconstrucción traqueal definitiva y rígida, con estabi-
lidad en la vía aerea con tejido traqueal vascularizado 
y preservado que impacta en una reconstrucción tra-
queobronquial sin excesiva tensión, duplica la circun-
ferencia traqueal y aumenta hasta cuatro veces el 
área traqueal, extubación temprana con reducción en 
la formación de tejido de granulación y con un poten-
cial crecimiento traqueal en el posquirúrgico y el se-
guimiento3. La broncoscopia es la estrategia 
diagnóstica más importante, pues corrobora, como en 
nuestro paciente, la presencia característica de anillos 
traqueales cartilaginosos completos, así como la au-
sencia de tráquea membranosa; además, permite de-
cidir la estrategia quirúrgica ante malformaciones 
aerodigestivas asociadas, como la compresión pulsatil 

en la vía aérea de algún anillo vascular acompañante 
y las lesiones adquiridas resultantes del trauma en la 
intubación endotraqueal y el escenario de intervencio-
nes endoscópicas o quirúrgicas previas. La broncos-
copia asistió la dilatación rígida terapéutica y aseguró 
la vía aérea para mejorar las condiciones hemodiná-
micas y preoperatorias del paciente. Cuando la eva-
luación endoscópica distal de la vía aérea no es 
posible por la estrechez crítica del lumen traqueal, la 
tomografía computarizada con reconstrucción tridi-
mensional de la vía aérea permite graduar la exten-
sión y la gravedad de la vía aérea comprometida; así 
mismo, descarta la presencia de malformaciones car-
diovasculares asociadas evaluadas funcionalmente 
durante la ecocardiografía. Ambos elementos comple-
mentan la elección de la estrategia quirúrgica más 
apropiada4.

La mitad de los pacientes con ETC acompañan un 
anillo vascular tipo sling de la arteria pulmonar, por lo 
que su reconocimiento preoperatorio es obligado para 
realizar convencionalmente la reimplantación vascular 
de la arteria pulmonar izquierda a la porción troncal 
de la arteria pulmonar principal simultánea, junto con 
la traqueoplastia slide, en el 60% con asistencia del 
BCP5. La ventilación preoperatoria previa es requeri-
da, como en nuestro caso, en el 31% de los pacientes 

Figura  3. A: estenosis intrínseca adquirida en la neotráquea post-
slide refractaria a manejo endoscópico. Adviértase el incremento del 
lumen traqueal. B: sexto anillo traqueal estenótico resecado. C: tra-
queoplastia con anastomosis término-terminal sin tensión con cánula 
endotraqueal para su edad. D: se advierte la neotráquea post-slide 
con incremento diametral y longitudinal superior a la estenosis tra-
queal congénita en la figura 2A.
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ante la presencia de estridor y dificultad respiratoria 
en la sala de reanimación neonatal. La dificultad para 
avanzar una CET de 3.5 mm en el recién nacido de 
término hacia la vía aérea distal debe advertir al pe-
diatra de la posibilidad de una obstrucción congénita 
de la vía aérea. Abocar inmediatamente por debajo 
de las cuerdas vocales la CET o una menor de 3 mm 
suficiente para ventilar al paciente son medidas acep-
tables para asegurar la vía aérea y evitar el trauma 
adquirido agregado a las maniobras de intubación 
que empeoran el pronóstico de la ETC. La broncos-
copia es obligada, pues este abordaje evitará la rea-
lización errónea de una traqueostomía como conducta 
inadvertida. Los días de ventilación mecánica y la 
estancia hospitalaria promedian los 7 y 20 días, res-
pectivamente. Se ha encontrado que la mortalidad 
hospitalaria estaba relacionada con el inicio de oxi-
genación con membrana extracorpórea [ECMO]) 
preoperatoria más que el uso concomitante de BCP. 
La estancia hospitalaria prolongada está influenciada 
por la complejidad de la malformación en la vía aérea 
y por los efectos sistemicos en la duración del soporte 
con BCP, sin influenciar en la sobrevida; esta última 
se ve afectada por la necesidad de una cirugía intra-
cardíaca simultánea. Entonces, las ETC aisladas sin 
sling pulmonar o sin malformaciones intracardíacas 
podrían beneficiarse, como en nuestro caso, de la 
traqueoplastia slide posterior a los 3 meses de edad 
sin los factores de riesgo asociados al BCP: hemo-
rragia intraoperatoria con incremento en la transfusión 
de hemoderivados, efectos sistémicos de la heparini-
zación y la sobrecarga hídrica, este último con impac-
to en la generación de edema y riesgo de dehiscencia 
en la línea de sutura de la anastomosis traqueal.

La duración prolongada de la ventilación mecánica 
posoperatoria se ha asociado a reintervenciones en 
la vía aérea, esto favorecido quizás por el trauma 
endotraqueal que agrega daño local durante las es-
trategias de intubación endotraqueal. Así mismo, la 
complejidad de la ETC y la edad menor de 3 meses 
al momento de la traqueoplastia slide son otros fac-
tores asociados a mortalidad hospitalaria6.

Grillo et al.7 publicaron los primeros reportes en 
torno a la traqueoplastia slide sin uso de BCP, corro-
borando también el crecimiento satisfactorio de la vía 
aérea a largo plazo posterior a la intervención. Al 
igual que en nuestro caso, se modificó la descripción 
original de Tsang et al.2 preparando inicialmente con 
una incisión medial y longitudinal en la cara anterior 
de la porción distal traqueal un slide anterior que per-
mite ventilar con una CET con globo para la edad del 

paciente la vía aérea y pulmonar durante el transope-
ratorio, contrario a la recomendación original de inci-
dir el segmento proximal anteriormente y el segmento 
distal posteriormente bajo el apoyo de la circulación 
con BCP. Iniciamos la anastomosis superiormente en 
la pared posterior, no encontramos dificultades para 
culminar la anastomosis y no hubo necesidad de re-
tirar y reinsertar la CET para facilitar la anastomosis 
del slide traqueal7. La otra modificación fue espatular 
los bordes libres de los cabos preformados de tal 
manera que se lograra una sobreposición hermética 
y perfecta con forma de «lengua» de ambos slides2,8, 
en lugar de la disposición triangular de las incisiones 
originales que predisponían a una línea de sutura 
sobreponiendo los cabos y fomentando la caracterís-
tica deformidad en «ocho» de la visión broncoscópi-
ca. Creemos también que esta modificación evita la 
exposición cartilaginosa intraluminal de dicha defor-
midad como predisponente de reestenosis recurren-
tes y refractarias. Se ha documentado la seguridad 
de esta técnica, reservando el uso de BCP con canu-
lación bicaval con moderada hipotermia y cardioplejia 
para acompañar los procedimientos intracardíacos o 
aquellos con fisiología cardíaca limítrofe. En ausencia 
de una reparación intracardíaca, la canulación venosa 
simple con BCP en normotermia es suficiente8. Se 
recomiendan las actuales tendencias de extubacion 
temprana desde el posoperatorio inmediato e inclusi-
ve las técnicas de ventilación no invasiva (ventilación 
nasal de alto flujo, presión positiva con dos niveles 
de presión [BiPAP], presión positiva continua en la vía 
respiratoria [CPAP]), que generan menor daño local y 
edema sobre la anastomosis.

Para optimizar la estrategia quirúrgica más reco-
mendable para cada paciente basada en los pronós-
ticos de mortalidad y anomalías cardiovasculares 
asociadas se han propuesto tres grupos:

–	 Con una ETC larga aislada, la traqueoplastia 
slide podría ser recomendada con o sin el uso 
de soporte de BCP; grupo de mortalidad baja.

–	 Con una ETC larga con anomalías vasculares y 
cardíacas no complejas (sling de la arteria pul-
monar, defectos septales y atriales, etc.), la tra-
queoplastia slide y la anomalía intracardíaca 
simple podrían ser corregidas simultáneamente.

–	 Con una ETC larga y anomalías cardíacas y vas-
culares complicadas (estenosis pulmonar crítica, 
tetralogía de Fallot con ausencia de válvula pulmo-
nar, bloqueo al flujo de salida del ventrículo dere-
cho, etc.), en las que la duración del BCP es el 
principal factor pronóstico de mortalidad, se sugiere 



R. Sancho-Hernández et al.  Traqueoplastia slide en estenosis congénita

229

una estrategia quirúrgica en etapas: estabilización 
de la vía aérea inicial (como en nuestro caso), tra-
queoplastia slide y corrección de la cardiopatía in-
tracardíaca en tiempos quirúrgicos diferentes.

En las ETC con extensión menor del 20% de la lon-
gitud traqueal total es recomendable la resección y 
anastomosis término-terminal traqueal. En nuestro 
caso fue posible practicarla como reoperación de una 
lesión adquirida local de estenosis secundaria al trau-
ma de intubación y tejido de granulación asociados. Se 
puede corroborar durante la traqueoplastia de reinter-
vención el crecimiento traqueal transversal y longitudi-
nal, radiológico y endoscópico, documentado en varios 
reportes posteriores a la traqueoplastia slide9. Deben 
realizarse, desde el posquirúrgico inmediato hasta el 
tardío, la detección y corrección de las complicaciones 
mayores y menores. Las complicaciones mayores jus-
tifican las intervenciones oportunas y tempranas; por 
ejemplo, la dehiscencia anastomótica en los primeros 
10 días posoperatorios con datos de sepsis y fuga aé-
rea que requerirá una broncoscopia inmediata diagnós-
tica y estabilizar la vía aérea con una intubación 
endotraqueal videoasistida, con insuflación temporal de 
un globo distal a la dehiscencia, o la intubación bron-
quial selectiva para mejorar las condiciones para una 
inmediata reoperación idónea. La broncoscopia, en to-
dos los casos, como una intervención menor garantiza 
el potencial éxito del manejo conservador con terapia 
tópica antiinflamatoria y terapia nebulizada con bron-
codilatación de algunas secuelas tempranas asociadas 
a la intubación endotraqueal y ventilación mecánica 
desde el edema, evaluación de malacia y traqueoen-
dobronquitis hasta la resección endoscópica temprana 
de granulomas inflamatorios. Las complicaciones me-
nores, como la formación subaguda o tardía de tejido 
de granulación, podrían requerir, como en nuestro 
caso, la remoción de tejido de granulación con fórceps 
o dilatación traqueal neumática con esteroide local y 
sistémico. Ante la recurrencia fibrótica y la reestenosis 
traqueal por tejido de granulación y la refractariedad 
en el manejo endoscópico previo están justificadas las 
intervenciones tardías y mayores para resección este-
nótica y anastomosis término-terminal traqueal, como 
ocurrió en el presente caso.

A medida que la mortalidad intrahospitalaria previa al 
egreso y posterior a la traqueoplastia slide ha disminui-
do desde un 30% hasta un 6% secundario al manejo 
multidisciplinario con reconocimiento temprano y trata-
miento de las complicaciones, la mejoría en las varia-
bles de la técnica quirúrgica y los cuidados intensivos 
de la vía aérea, entre otros, la mortalidad tardía 

posterior al egreso permanece estable en un 10%, sien-
do la reestenosis recurrente de la vía aérea la causa 
principal. En nuestro caso, la reestenosis recurrente y 
refractaria secundario a la formación de tejido de gra-
nulación fue la principal razón de reintervención (pre-
sente hasta en un 23% de las revisiones, incluida la 
malacia traqueobronquial). Hemos adoptado la reco-
mendación de reconocer los datos clínicos de estridor 
y el aumento en las secreciones bronquiales y la eva-
luación broncoscópica secuencial entre la extubacion y 
los 10 días, a 1, 3 y 6 meses, y anual posterior a la 
traqueoplastia slide para el reconocimiento y la inter-
vención temprana de estas complicaciones tardías10.

Conclusiones

La traqueoplastia slide es el tratamiento quirúrgico 
de elección para la ETC compleja. La broncoscopia 
es la herramienta diagnóstica y de seguimiento idó-
nea, junto a la angiotomografía y la evaluación de la 
comorbilidad asociada. Se puede ofrecer una estra-
tegia quirúrgica aceptable; con una modificación a la 
descripción original es posible, en nuestro medio, 
ofertar la reconstrucción traqueal por deslizamiento 
sin los factores de riesgo asociados al BCP y con la 
participación de un equipo multidisciplinario.
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Sinus pilonidal de localización perianal. Difícil diagnóstico 
diferencial con fístula perianal
Pilonidal sinus of perianal location. Difficult differential diagnosis with perianal fistula

Laura Rubio-López*, Silvia Benito-Barbero, Paloma Guillamot-Ruano y Javier Páramo-Zunzunegui
Servicio de Cirugía General y del Aparato Digestivo, Hospital Universitario de Móstoles, Móstoles, Madrid, España

Resumen

La enfermedad pilonidal generalmente surge en el área sacrococcígea en varones jóvenes. Se presenta el caso de un varón 
de 39 años con diagnóstico inicial de fístula perianal. A pesar de la exploración clínica y la resonancia magnética pélvica, solo 
durante la cirugía se evidenció que el origen de la fístula se encontraba en una enfermedad pilonidal perianal. El sinus pilo-
nidal perianal es muy raro en la literatura. A menudo se confunde con otras enfermedades perianales, como la fístula anal. 
Por ello, la enfermedad pilonidal perianal debe tenerse en cuenta en el diagnóstico diferencial de la fístula perianal.

Palabras clave: Sinus pilonidal. Fístula. Ano.

Abstract

Pilonidal disease usually arises in the sacrococcygeal area in young men. We present a case of a 39-year-old male with an 
initial diagnosis of perianal fistula. Despite clinical examination and pelvic magnetic resonance image, only during surgery was 
revealed that the origin of the fistula was in perianal pilonidal disease. Perianal pilonidal sinus are very rare in the literature. 
It is often confused with other perianal diseases such as anal fistula. Thus, perianal pilonidal disease should be considered in 
the differential diagnosis of perianal fistula.

Keywords: Pilonidal sinus. Fistula. Anus.
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Introducción

La enfermedad pilonidal es una patología supurati-
va que afecta con mayor frecuencia a varones de 
entre 15 y 30 años. Se caracteriza por un quiste de 
contenido piloso, localizado en la región sacrococcí-
gea, que puede infectarse y fistulizar a la piel1. La 
presencia de sinus pilonidales localizados en la re-
gión perianal es muy infrecuente.

Caso clínico

Varón de 39 años, sin cirugías anales previas ni 
otros antecedentes de interés, valorado en consulta 
por un cuadro de supuración perianal intermitente de 
1 año de evolución. En la exploración física presenta-
ba un orificio fistuloso externo (OFE) localizado a las 
2 horas, a 3 cm del margen anal en posición de lito-
tomía, con supuración activa y sin alteraciones en el 
tacto rectal. Las imágenes ponderadas en T2 de la 
resonancia magnética (RM) pélvica (Fig. 1), aparente-
mente, mostraron una fístula transesfinteriana anterior 
con una pequeña colección hiperintensa en el pliegue 
interglúteo. Ante la sospecha de fístula anal se realizó 
una exploración quirúrgica (Fig.  2), observando un 
OFE localizado a las 2 horas, con signos de abscesi-
ficación, y otro OFE a las 7 horas en litotomía. Así 
mismo, asociaba un orificio pilonidal en la región coc-
cígea. Se canularon los OFE y se inyectó peróxido de 
hidrógeno, sin evidenciar comunicación con el canal 
anal en la anuscopia, al contrario de lo que sugería la 
RM. El OFE a las 2 horas comunicaba con la cavidad 
abscesual y el OFE de las 7 horas comunicaba con la 
fosita pilonidal posterior. Se realizaron fistulotomías, 
que mostraron cavidades pilonidales crónicas, con 
gran contenido piloso y de granulación (Fig.  3). Se 
efectuaron escisiones completas de las cavidades pi-
lonidales y posterior marsupialización de los bordes 
para favorecer el cierre por segunda intención. Al mes 
y medio de la intervención (Fig. 4), el paciente se en-
contraba asintomático, con una correcta cicatrización 
de las heridas quirúrgicas. Tras 2 años de seguimien-
to, el paciente no muestra datos de recidiva.

Discusión

El diagnóstico de sinus pilonidal suele ser sencillo. 
Es un diagnóstico clínico, basado en la presencia de 
un orificio pilonidal en la parte superior del surco in-
terglúteo, a 4-10 cm del margen anal1. La enfermedad 

pilonidal crónica se presenta con cicatrices y fístulas 
que se comunican con la piel, limitándose casi exclu-
sivamente a la región sacrococcígea y sin comunicar 
con el canal anal. Sin embargo, en la literatura cien-
tífica se han publicado reducidos casos de enferme-
dad pilonidal de localización perianal, en los que, 
como en nuestro paciente, no se llega al diagnóstico 
correcto hasta la exploración quirúrgica2-8.

La RM pélvica es la prueba de imagen de elección 
para el diagnóstico diferencial de la enfermedad perianal, 
presentando una sensibilidad del 100% y una especifici-
dad del 98% para el diagnóstico de fístula perianal, y 
resulta de gran utilidad en la planificación preoperatoria9. 
No obstante, tal como defiende Sert2, no es útil en el 
diagnóstico diferencial entre fístula perianal y enferme-
dad pilonidal perianal, lo cual pensamos que se debe, en 
parte, al bajo índice de sospecha de esta última.

Figura 1. Resonancia magnética pélvica (imagen ponderada en T2) 
que muestra una fístula transesfinteriana anterior con una pequeña 
colección hiperintensa en el pliegue interglúteo (flecha).

Figura 2. Exploración quirúrgica. Se observan dos orificios fistulosos 
externos, uno localizado a las 2 horas (flecha), con signos de abs-
cesificación (asterisco), y otro a las 7 horas en litotomía (flecha). Así 
mismo, asociaba un orificio pilonidal en la región coccígea (círculo). 
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Figura 4. Cicatrización de las heridas quirúrgicas al mes y medio de 
la intervención. 

Figura 3. Fistulotomías que muestran unas cavidades pilonidales cró-
nicas, con contenido piloso y de granulación. 

Autores como Eberspacher et al.3 y Aggarwal et al.4 
reportan que, de manera infrecuente, la enfermedad 
pilonidal perianal puede producir abscesos que fistu-
licen al canal anal. En nuestro paciente, aunque el 
quiste pilonidal no presentaba aparente relación con 
los esfínteres, ni evidencia de fístula anal, existiría el 
riesgo de que a largo plazo la hubiera desarrollado.

El tratamiento de la enfermedad pilonidal perianal se 
basa en los mismos principios que en la localización sa-
crococcígea, teniendo especial cuidado en la obliteración 
del trayecto fístuloso y la preservación de los esfínteres. 
Sert2 realizó manejo conservador mediante incisión y feno-
lización, pero la técnica más empleada en los casos publi-
cados ha sido la escisión, con o sin cierre primario3,5,7,8. En 
nuestro paciente se realizó una escisión amplia con 

marsupialización de los bordes y cierre por segunda inten-
ción, con buenos resultados durante el seguimiento.

Conclusiones

El sinus pilonidal de localización perianal es muy 
infrecuente en la práctica clínica, pero debe tenerse 
en cuenta en el diagnóstico diferencial de la fístula 
perianal, sobre todo en aquellos pacientes con diag-
nóstico simultáneo de sinus pilonidal. Por último, con-
sideramos que nuestro paciente puede ser agregado 
a los escasos casos clínicos publicados.
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Señor Editor:
El deterioro cognitivo y el riesgo de demencia son 

comunes en los pacientes que tuvieron la infección por 
SARS-CoV-2 (COVID-19), diabéticos y adultos mayo-
res. El número de personas con este padecimiento se 
ha proyectado que alcanzará 115.4 millones en el año 
2050 a nivel global, actualmente como parte de la CO-
VID-19 prolongada1. En población adulta mayor en Mé-
xico se ha reportado que el alelo E4 de APOE está 
asociado con los grados de deterioro cognitivo. Basa-
dos en lo anterior, se estudiaron 690 pacientes con 
diabetes tipo 2 originarios del Estado de Oaxaca, con 
ancestría zapoteca y que tuvieron COVID-19 corrobo-
rada por qRT-PCR (quantitative real time polymerase 
chain reaction), con un rango de edad de 30-45 años, 
de los cuales 286 presentaban deterioro cognitivo de 
leve a moderado evaluado mediante la escala 3MSE. 
El riesgo de desarrollo se estimó mediante el cálculo 
de la razón de momios con intervalo de confianza del 
95% acorde al cociente de Wolf. Mediante la técnica de 
PCR-FRLP (polymerase chain reaction - restriction frag-
ment length polymorphism) se estimaron los genotipos 
para APOE con la enzima HbaI2,3. Se detectaron los 
tres alelos que conducen a cambios de aminoácido en 
los residuos 122 y 158 de la apolipoproteína E: el alelo 
E3 (112cis-158arg), el alelo E2 (112cis-158cis) y el alelo 

E4 (112arg-158arg)2,3. Así, el genotipo más frecuente en 
la población analizada fue el homocigoto E3/E3 y E3/
E4. Se encontró una asociación positiva como factor 
de riesgo para el deterioro cognitivo al genotipo E3-E4, 
E2-E3 y para los portadores del alelo E4; como factor 
protector, al genotipo E3-E3, el alelo E3 y los homoci-
gotos (Tabla 1).

Este es el primer reporte que muestra la participa-
ción del gen APOE en el síndrome de COVID-19 pro-
longada, particularmente el deterioro cognitivo 
post-COVID-19. En México, los genotipos con los ale-
los E2 y E4 están implicados con diabetes y altera-
ciones metabólicas3,4. Los presentes resultados son 
similares a los reportado para los alelos E4 y E2 de 
APOE en estudios previos3,4, por lo cual, en los pa-
cientes con COVID-19 y que son diabéticos, ser por-
tador del alelo E4 o del genotipo E2-E3 incrementa el 
riesgo de deterioro cognitivo como una manifestación 
de la COVID-19 prolongada.
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Tabla 1. Variantes de APOE en el deterioro cognitivo por Covid-19

Genotipo Diabéticos tipo 2 con 
Covid-19 sin DC 

Diabéticos tipo 2 con 
Covid-19 con DC

ORR p x2 IC95%

E2-E2 4 2 1.14 0.6853 0.0001179 0.6452, 2.014

E2-E3 2 14 2.231 0.0001003 13.19 corregida 1.812, 2.746

E2-E4 2 4 1.617 0.2083 1.586 0.9119, 2.867

E3-E3 252 146 0.6699 0.000000932 24.06 0.5699, 0.7873

E3-E4 140 102 0.843 0.05731 3.614 0.7045, 1.009

E4-E4 4 18 6.039 0.0002274 13.59 corregida 1.64, 2.535

Alelo
E2
E3
E4

12
646
150

22
408
142

0.3769
0.7695
1.228

0.04874
0.008624
0.04919

3.884
6.899
3.869

0.1378, 1.031
0.6385, 0.9273

1.009, 1.495
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Elective surgery in patients with asymptomatic COVID-19 
infection: the other side of the coin
Cirugía electiva en pacientes asintomaticos con COVID-19: la otra cara de la moneda
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Guadalajara, Guadalajara; 3Centro Universitario de Tlajomulco, Universidad de Guadalajara, Tlajomulco de Zúñiga. Jalisco, México

LETTER TO THE EDITOR

To the Editor:
Global health systems have been significantly 

impacted by the coronavirus disease-19 pandemic. 
During the initial peak disruption, millions of elective 
procedures were postponed or canceled, and for a 
variety of reasons, it was anticipated that elective 
surgery case volumes would continue to fall. A nota-
ble worry is the safety of the patient. Early research 
has shown that severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) surgical patients had 
higher mortality rates and cardiovascular problems, 
possibly more than non-surgical SARS-CoV-2 hospi-
talized patients. The relative risk of these problems in 
SARS-CoV-2  patients compared to uninfected con-
trols, however, it was not clearly characterized1.

A combination of lower virulence of circulating varia-
tions, vaccination programs, and natural immunity from 
prior infection are likely to be responsible for the 
observed trends toward less severe infection and fewer 
sequelae associated with SARS-CoV-2 infection, com-
pared with 2020. It is pre-mature to assume that this 
will result in a decrease in perioperative problems from 
SARS-CoV-2 infection and a consequent change the 
recommended window of time between infection and 
elective surgery2. Although it is positive that all infec-
tions tend to be less severe in hospitalized patients with 
acute medical illnesses, it is unclear how this applies 
to perioperative patients and the resulting impact on 
morbidity and mortality after surgery. Evidence from 

surgical patients does not support the claim that the 
gap between asymptomatic SARS-CoV-2 infection and 
elective surgery might be reduced to 5 days.

The prospective CovidSurg Week research pro-
vides the most reliable data on the timing and safety 
of surgery following SARS-CoV-2 infection worldwide. 
These data comprised patients receiving both elec-
tive (n = 97,442) and emergency (n = 42,778) surgery 
during October and November 2020 in 116 countries. 
Seven weeks after infection, the unfavorable effects 
of SARS-CoV-2 infection remained in both asymp-
tomatic and symptomatic individuals having both 
major and minor procedures. This is mirrored in mul-
tidisciplinary consensus guidelines issued by the 
Centre for Perioperative Care, which advocate a 
7-week wait following SARS-CoV-2 infection, includ-
ing in patients without symptoms, before surgery. The 
lack of data regarding the impact of vaccination or 
the Omicron variation on perioperative outcomes is 
highlighted in a fairly recent update to these guide-
lines, which also challenges the notion that a mild or 
asymptomatic infection does not raise the risk of peri-
operative complications3,4. Given evolving viral patho-
genicity, rising vaccination rates, and innate immunity, 
it is conceivable that there may come a time in the 
future when no delay is necessary for vaccinated 
patients with asymptomatic infection. Besides, it’s 
possible that even people with the symptomatic dis-
ease will be treated similarly to those who have upper 
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or lower respiratory tract infections, with delays only 
as long as they are needed for the patient to become 
asymptomatic and return to baseline health. It is 
unknown, though, whether or when we will reach this 
position or in what circumstances. The most recent 
study evaluated the outcomes of asymptomatic 
SARS-CoV-2 polymerase chain reaction (PCR)-posi-
tive patients who underwent general anesthesia and 
surgery and were compared with controls. The study 
found that surgery among asymptomatic PCR-posi-
tive patients was not associated with increased 
mortality5.

The choice to postpone surgery may be impacted 
by a number of competing hazards, which may differ 
between nations and health systems. We must encour-
age the use of consensus recommendations that 
incorporate the best available data. Nevertheless, 
there are still gaps in the literature as it pertains to 
the dynamic international clinical setting.
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Los efectos de la pandemia de COVID-19 todavía 
siguen vigentes, no solo respecto a la circulación del 
virus y las secuelas post-COVID-19, sino también en 
cuanto a la discusión de cómo estar mejor preparados 
para futuras crisis de salud pública internacional. En 
2021 se abrió una discusión acerca de los instrumen-
tos vigentes de la política internacional para afrontar 
las pandemias1,2, en la que se planteó la necesidad 
de revisar el Reglamento Sanitario Internacional 
(RSI), cuya función precisamente consiste en orientar 
las acciones durante emergencias de salud pública 
internacional1.

Por la magnitud de las consecuencias de la reciente 
pandemia se han reactivado las dudas y las críticas 
sobre la capacidad del RSI para afrontar una crisis 
de salud internacional. Se ha señalado la poca efica-
cia del RSI para el cumplimiento de los acuerdos por 
parte de los países, así como la escasa autoridad de 
la Organización Mundial de la Salud (OMS) para logar 
el acatamiento de las directrices2,3. En consecuencia, 
diferentes líderes mundiales y la propia OMS realiza-
ron un llamado para discutir la elaboración de un 
nuevo tratado sobre pandemias. Varios autores ya 
fijaron diferentes ideas acerca de la orientación y el 
contenido que debería contener el nuevo documento 
de política internacional (Tabla 1).

Tabla 1. Temas de consenso para abordar un nuevo tratado sobre 
pandemias

Extender la perspectiva de los derechos humanos y de salud 
pública.

Promover una perspectiva de «Salud Global» o «Una Salud».

Ampliar consensos y compromisos globales por parte de los 
gobiernos.

Garantizar la equidad en el acceso y la distribución de los recursos 
sanitarios.

Fomentar un mayor intercambio de información científica.

Establecer compromisos jurídicamente vinculantes para los 
gobiernos.

Exención de los derechos de propiedad intelectual para la 
producción de tecnología sanitaria.

Fortalecer los sistemas de salud y el financiamiento específico para 
crisis sanitarias.

Mejorar el sistema de información y comunicación de riesgos de 
salud pública.

Revisar el sistema de alarma de emergencia internacional. 

Promover una mayor coordinación y gobernanza internacional en 
salud.

Enfatizar en las acciones de prevención de las pandemias.

Favorecer la coordinación con otros organismos internacionales.

Proporcionar mayor autoridad a la Organización Mundial de la 
Salud.

http://crossmark.crossref.org/dialog/?doi=10.24875/CIRU.24000077&domain=pdf
mailto:maypsi%40yahoo.com.ar?subject=
http://dx.doi.org/10.24875/CIRU.24000077



M. Gallegos.  Tratado sobre pandemias

239

Si bien estos son algunos de los consensos más 
visibles entre los diferentes autores, también se ha 
llamado la atención sobre otros temas cruciales que 
deberían incorporarse en la discusión, tales como la 
mayor participación de la sociedad civil, la perspecti-
va de género, la discusión sobre el cambio climático, 
la ampliación de la visión del Sur Global y estimular 
una perspectiva crítica de la salud que limite las vi-
siones hegemónicas y colonialistas4,5. En conclusión, 
el debate se encuentra abierto y resulta necesario 
dotar de mayor diversidad a la elaboración del nuevo 
tratado sobre pandemias.
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