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EDITORIAL

El dilema del Editor ante las circunstancias
actuales de la comunicacion cientifica.

Recientemente la comunidad cientifica
ha sido objeto de mucha controversia por al-
gunos hechos que se han suscitado como ¢l
retiro de revistas por parte de un reconocido
indice internacional (Web of Science/Clari-
vate). Las razones expuestas fueron que no
estaban llevando a cabo adecuados procesos
de revision por pares y publicando articulos
carentes de rigor cientifico a cambio de al-
tos costos de publicacion, la mayoria paga-
dos con dinero ptublico.

Lo cierto es, que se han visto afecta-
dos muchos investigadores que confiaron en
dichas revistas y temen que ello repercuta
en su carrera profesional. Uno de los argu-
mentos del indice, seria la aprobacion de los
manuscritos en tiempo record, y de hecho
se puede comprobar que es frecuente encon-
trar en la WEB, trabajos que aparecen como
aceptados en apenas dos o tres dias después
de la fecha de recepcion, cuando en realidad
en esta época existe una escasez de arbitros
que puedan revisarlos practicamente de in-
mediato; por diversas razones los expertos
no estan aceptando con facilidad las invita-
ciones para revisar trabajos.

Un segundo caso, probablemente rela-
cionado al mismo tema, es el de un inves-
tigador que ha sido sancionado por su uni-
versidad en Europa, al considerar dudosa la
excesiva autoria de trabajos publicados por
dicho individuo en un tiempo muy corto.
Efectivamente, es frecuente encontrar casos
de autores asesorando a grupos de trabajo de
varios paises, muy ajenos a su pais de origen,
quizas solo como analistas de estadistica, u
ofreciendo su reconocido nombre, para esti-
mular la citacion de una instituciéon o pais.

Esto conduce a la pregunta que siempre
se ha considerado prudente discutir cuando
se redacta un trabajo cientifico: éQuiénes
deben cumplir con los requisitos de autor?,
y éCual seria la cuantia de publicaciones que
pueda tener un autor, para que no resulte
sospechoso de autoria gratificante o conve-
niente, para el mismo o para la institucion a
la que pertenece?

También se ha hablado de la obtencién
de autorias en revistas de alto impacto, a
través de pagos o favores recibidos y de ci-
taciones que no corresponden al tema trata-
do en el trabajo. Nuestra revista ha recibido
algunas contribuciones con citaciones fuera
de contexto, las cuales han sido enmendadas
a través de llamados de alerta a los autores,
antes de ser enviadas a revisiéon por pares,
gracias a una revision rigurosa de los textos,
y en especial de las referencias.

Si bien es cierto que, para los investiga-
dores universitarios, existe la imperiosa ne-
cesidad de publicar en revistas acreditadas
por los reconocidos indices internacionales,
no solo como éxito propio, sino para con-
tribuir al prestigio de su institucion, cada
vez se hace mas popular la publicacion, al
menos en los temas del drea de la salud, de
comunicaciones que provienen de resulta-
dos no sujetos a la revision por pares. Esto
es muy comun, en los llamados pre-prints de
conocidas empresas, o en otros buscadores,
o en paginas web individuales, donde cual-
quier investigador puede colocar resultados
que no han sido sometidos a escrutinios de
pares; sin embargo, estos son captados por
los buscadores de datos y asi logran ser cita-
dos, al ser ubicados en la pagina web. Otro
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caso, es el novedoso uso de publicacion de
Restimenes o Trabajos en Extenso, producto
de un evento cientifico realizado en una ins-
titucion académica, los cuales se toman en
cuenta como publicaciéon regular, cuando es
sabido que la mayoria de las comunicaciones
a eventos son resultados preliminares que
terminan pocas veces en una publicacion
completa. Es la Ciencia abierta por la que
muchos abogan como la libertad de comu-
nicar resultados sin la anuencia de arbitros
0 requisitos, a veces muy rigurosos, de las
revistas cientificas. Peor atin, es la comuni-
cacion, realizada por cualquier individuo no
experto en un campo, a través de las redes
sociales mas populares, de conceptos que
calan profundamente en la opinion publica
en general, transmitiéndose como si fueran
hechos probados y alli el peligro, en ¢l caso

especifico de la Medicina, a dafios para la sa-
lud. Todas estas situaciones conducen a que
nosotros, los Editores de revistas cientificas,
apoyados en el Comité Editorial y Asesores
Cientificos, scamos muy vigilantes ante es-
tos hechos, y estemos prestos a discutir las
ventajas o inconveniencias de las modernas
iniciativas, la influencia de los medios so-
ciales en la diseminacién de informacion y
de saber interpretar su impacto en la salud
publica y por otro lado, sopesar el papel de
las citaciones y los indices de impacto, en
la proyeccion de los individuos de Ciencia,
como lo estdan haciendo algunas institucio-
nes académicas de paises europeos (Espana)
o asiaticos (China).
Elena Ryder
ORCID 0000-0003-4613-6424
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The Editor’s dilemma in the current circumstances
of scientific communication

Recently the scientific community has been the subject of much controversy due to
some facts that have arisen. One was the withdrawal of journals by the Web of Science for
not carrying out adequate peer review processes and publishing articles lacking in scientific
rigor in exchange for high publication costs. In fact, it can be verified that it is common to
find works that appear accepted just two or three days after the date of receipt, making it
doubtful of an adequate review. Many advocate “Open Science” as the freedom to commu-
nicate results without the consent of referees or the sometimes very rigorous requirements
of scientific journals. Another example case was that of a researcher sanctioned by his Uni-
versity for considering the excessive authorship of works published by the said individual
in a very short time, which seems to be doubtful. It is common to find cases of researchers
advising working groups from various countries outside their country of origin, perhaps only
as statistical analysts or offering their recognized names to stimulate the citation of an in-
stitution or country. It would then be appropriate to ask the question: What would be the
number of publications that an author may have so that it is not suspected of gratifying or
convenient authorship, for himself or for the institution to which he belongs? On the other
hand, it is known that authorship of papers may be obtained in high-impact journals through
payments or citations that do not correspond to the topic dealt with in the work. Indeed,
we have discovered some contributions with out-of-context citations in Investigacion Clinica
through a rigorous analysis of the references. Worse still, it is the communication, carried
out by any individual who is not an expert in a field, through the most popular social net-
works, of concepts that deeply permeate public opinion in general, being transmitted as if
they were proven facts and therein the danger, in the specific case of Medicine, damage to
health. For all of the above, the Editors of scientific journals must be very vigilant and ready
to discuss the advantages or inconveniences of modern initiatives, the influence of social
media in disseminating information, and knowing how to interpret their impact on public
health. On the other hand, Journals have to balance the role of citations and impact indexes
in the projection of Science individuals, as some academic institutions in European (Spain)
or Asian (China) countries are doing.

Vol. 64(2): 139 - 141, 2023



Invest Clin 64(2): 142 - 150, 2023 https://doi.org/10.54817/1C.v64n2a01

Analysis of the value of dynamic computed
tomography (CT) examination in the
diagnosis of early lung cancer.

Liang Sheng, Liang Wu, Xianwou Xia and Junmiao Li

Department of Medical Imaging, Taizhou Municipal Hospital, Municipal Hospital
Affiliated to Taizhou University, Taizhou, Zhejiang, China.

Keywords: CT dynamic enhancement scan; early stage; diagnostic value; blood flow.

Abstract. Early diagnosis and treatment are vital to improving lung cancer
patients’ quality of life and survival rate. This study aimed to investigate the
value of dynamic enhanced scanning examination by computed tomography
(CT) in early lung cancer diagnosis. One hundred and twenty patients with
isolated lung nodules were selected to analyze this diagnostic method, using
pathological diagnostic results of cancer as the gold standard. Of the 120 pa-
tients with isolated pulmonary nodules, the diagnosis was confirmed by patho-
logical examination in 96 patients with early lung cancer (adenocarcinoma of
the lung) and 24 patients with benign lung lesions. The sensitivity, specificity,
accuracy, positive predictive value, and negative predictive value of CT dynamic
enhancement scans for the diagnosis of early-stage lung cancer were 93.75%,
83.33%, 91.67%, 95.74%, and 76.92%, respectively. Rarly-stage lung cancer had
significantly less blood volume and a noticeably shorter mean time to passage
than benign lung lesions (p<0.01). Blood flow and surface permeability were
higher in early-stage lung cancer than in benign lung lesions (p<0.05). The ar-
eas under the receiver operating characteristic (ROC) curves for blood volume,
blood flow, surface permeability, and mean time to passage for the diagnosis of
early-stage lung cancer were 0.737, 0.724, 0.779, and 0.946, respectively. In
conclusion, CT dynamic enhancement scan has good application value in diag-
nosing early lung cancer and is worth promoting in clinical practice.

Corresponding author: Junmiao Li. Department of Medical Imaging, Taizhou Municipal Hospital, Municipal Hospi-
tal Affiliated to Taizhou University, Jiaojiang District, Taizhou, Zhejiang, China. Email: [jmwylxt@163.com
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Analisis del valor del escaneo dinamico realzado por tomografia
computarizada (TC) en el diagnodstico de cancer de pulmén

temprano.
Invest Clin 2023; 64 (2): 142 — 150

Palabras clave: tomografia computarizada (TC) de realce dindmico; etapa temprana;

cancer de pulmoén; valor de diagnéstico; tflujo sanguineo.

Resumen. El diagndstico y tratamiento tempranos son vitales para mejo-
rar la calidad de vida y la tasa de supervivencia de los pacientes con cancer de
pulmén. Este estudio tuvo como objetivo investigar el valor del examen de esca-
neo dindmico realzado por tomografia computarizada (TC) en el diagndstico de
cancer de pulmén temprano. Ciento veinte pacientes con nédulos pulmonares
aislados fueron seleccionados para analizar este método diagnéstico, utilizando
los resultados del diagnédstico patolégico de cancer como el estandar de oro. De
los 120 pacientes con ndédulos pulmonares aislados, el diagndstico fue confir-
mado mediante un examen patoldgico en 96 pacientes con cancer de pulmén
temprano (adenocarcinoma de pulmén) y 24 pacientes con lesiones pulmona-
res benignas. La sensibilidad, la especificidad, la precision, el valor predictivo
positivo y el valor predictivo negativo de las tomografias computarizadas de re-
alce dindmico para el diagnéstico de cancer de pulmén en etapa inicial fueron
respectivamente del 93,75%, 83,33%, 91,67%, 95,74% y 76,92%. El cancer de
pulmén en etapa temprana tuvo un volumen de sangre de modo significativo
menor y un tiempo medio notablemente mas corto hasta el paso que las lesio-
nes pulmonares benignas (p<0,01). El flujo sanguineco y la permeabilidad de
la superficie fueron mayores en el cancer de pulmén en etapa temprana que
en las lesiones pulmonares benignas (p<0,05). Las areas bajo las curvas ROC
(Caracteristica Operativa del Receptor) para el volumen de sangre, el flujo san-
guineo, la permeabilidad de la superficie y el tiempo medio hasta el paso para
el diagndstico de cancer de pulmén en etapa temprana fueron respectivamente
0,737, 0,724, 0,779 y 0,946. En conclusion, la tomografia computarizada de
realce dindamico tiene un buen valor de aplicacién diagnéstico temprano del
cancer de pulmoén y vale la pena promoverla en la practica clinica.

Received: 07-09-2022  Accepted: 23-10-2022

INTRODUCTION

Lung cancer originates from the bron-
chial mucosa epithelium, and its incidence
gradually increases. The early clinical symp-
toms of lung cancer are not obvious, and
about 2/3 of lung cancer patients are at an
advanced stage (stage III or IV) L Aggres-

sive radiotherapy, chemotherapy, or surgery
can cure and extend the survival time of pa-
tients with early-stage lung cancer. However,
patients with intermediate to advanced lung
cancer have poor outcomes, high mortality
rates, and a significantly lower quality of life 2.

Therefore, early detection and treat-
ment are the keys to improving lung cancer

Vol. 64(2): 142 - 150, 2023
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patients’ survival rate and quality of life. In
clinical practice, the diagnosis of early-stage
lung cancer depends mainly on imaging
data.

With the more frequent usage of imag-
ing techniques, more research concentrated
on detecting pulmonary nodules using com-
puted tomography (CT). CT enhancement
peaks and associated parameters are ob-
tained from CT dynamic enhancement scans
and analyzed for their diagnostic efficacy °.
Due to the aggressive nature of malignant
tumors during the growth period, their mor-
phological features and enhancement modes
are commonly used for early diagnosis of
pulmonary nodules in the clinical practice.

Also, a series of radiomic studies based
on tissue analysis of lung nodules have been
considered for better interpretation of mor-
phological heterogeneity and irregular pro-
liferation of tumor cells than using tradi-
tional CT images *°. It was confirmed that
CT dynamic enhancement detection has
considerable value for identifying malignant
and benign nodules °. Wang and Shan’ re-
ported that dynamic enhanced CT scanning
showed the ability to differentiate pulmo-
nary inflammatory pseudotumor, pulmonary
tuberculosis, and lung cancer, representing
its diagnostic value.

The blood supply in lung cancer is mark-
edly different from benign lesions due to tu-
mor angiogenesis, and the change in tissue
density after contrast injection is marked.
Some studies reported that malignant nod-
ules have higher blood flow, volume, and
mean transit time %'°, Nevertheless, a study
showed that malignant lesions had lower
blood volume and mean transit time . In ad-
dition, the results of a meta-analysis showed
that blood volume is the best indicator and
marker for describing the blood supply, while
permeability surface has a high specificity in
quantifying the vascular permeability *.

However, these studies focused on the
high stages of lung cancer. Therefore, inves-
tigation of CT parameters in early lung can-
cer patients is necessary.

In this study, the value of dynamic CT-
enhanced scanning examination in the diag-
nosis of early lung cancer was investigated.

MATERIALS AND METHODS

Subjects and study design

Patients with isolated pulmonary nod-
ules who attended our hospital from Janu-
ary 2017 to December 2020 were selected.
Inclusion criteria included that all patients
were pathologically confirmed, aged >18
years, without lymph node enlargement, and
underwent CT dynamic enhancement scans.
Exclusion criteria were that the quality of the
images was suboptimal and that the patient
had a combination of other malignancies.
According to the inclusion and exclusion
criteria, 96 patients with isolated pulmo-
nary nodules were included in this study, of
whom 68 were males and 28 were females.
Their ages ranged from 34 to 71 years, with
a mean age of (52.04 = 5.12) years.

CT dynamic enhancement scan

All patients underwent CT dynamic en-
hancement scans and pathological examina-
tions. A SOMATOM Definition AS multi-layer
spiral CT machine from Siemens, Germany,
was employed as the CT dynamic enhance-
ment scanning equipment. A volume of 65
mL of iopamidol injected into the patient’s
elbow vein at a tflow rate of 3 mL/s. Patients
were instructed to fast before the examina-
tion and adopt the correct breathing meth-
od for the iodine allergy test. The patient’s
lung lesion and a surrounding area of ap-
proximately 6 mm were scanned at 20, 80,
140, 200, and 260 s after the contrast injec-
tion, and the CT perfusion parameters were
calculated.

Observation indicators

The diagnostic value of CT dynamic en-
hancement scans for early lung cancer was
analyzed using pathological findings as the
gold standard, including sensitivity, speci-
ficity, accuracy, and positive and negative

Investigacion Clinica 64(2): 2023
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predictive values. CT dynamic enhancement
scans were performed for patients with early
lung cancer, whose diagnosis was confirmed
by a histological study on the sample re-
moved by biopsy through bronchoscopy.

CT perfusion parameters, which includ-
ed blood flow, volume, surface permeability,
and mean time to passage, were compared
between patients with early-stage lung can-
cer and benign lung nodules. Based on the
Patlak analysis method, reflux can be calcu-
lated from the maximum slope of the tissue
concentration-time curve or its peak height
normalized to the arterial input function.
According to this theoretical model, the ex-
change between blood and tissue can be well
described by a Patlak diagram, which shows
the tissue-to-blood concentration ratio ver-
sus the AUC (area under the curve) ratio of
the blood-to-blood concentration curve. For
different time values, if the data fits this the-
oretical model, the graph will be a line with
a slope equal to the blood vacuum per unit
volume (permeability) and an interval equal
to the relative blood volume of the tissue.

Statistical analysis

The SPSS 22.0 was used for the statisti-
cal analysis of the data. The measurement
data were expressed as mean * standard
deviation (x = SD), and the t-test was used
for comparison between groups. The statis-
tical data were expressed as the number of
cases and the rate (%), and the %2 test was
used for comparison between groups. The di-
agnostic value of the perfusion parameters
was assessed using the receiver operating
characteristic (ROC) curve. The difference
was considered statistically significant at
p<0.05.

RESULTS

Pathological findings

Among 120 patients with isolated lung
nodules, 96 patients were diagnosed with
early-stage lung cancer (adenocarcinoma
of the lung) by pathological examination-
Twenty-five patients of those were classified
as stage 0 of TNM (Tumor-Node-Metastasis)
staging system, 44 patients were classified
as stage I A, and 27 patients were classified
as stage I B. There were 24 patients with be-
nign lung lesions, including 11 with pneu-
monia and 13 with tuberculosis (Table 1).

Demographic of patients

Out of 21 patients in TNM stage OM, 17
patients were men, and eight were women.
Also, out of 44 patients in TNM stage 1 A,
30 were men, and 14 were women; out of 27
patients in TNM stage [ B, 21 were men, and
six were women. There were no significant
differences in terms of gender in the three
stages of the disease.

The average age of patients in TNM stage
OM was 54.05 = 6.4 years. Moreover, the aver-
age age of patients in TNM stage I A and TNM
stage I B stages were 52.03 = 3.1 and 55 =
4.2, respectively, and the patients of the three
stages were significantly different in terms of
average age (p <0.03) (Table 2).

Diagnostic value of CT dynamic
enhancement scans for early-stage
lung cancer

The sensitivity, specificity, accuracy,
positive predictive value, and negative predic-
tive value of CT dynamic enhancement scans
for the diagnosis of early-stage lung can-
cer were 93.75% (90/96), 83.33% (20/24),

Table 1
Pathological findings

Early-stage lung cancer

Benign lung lesions

TNM stage 0 TNM stage [ A

TNM stage I B

pneumonia  tuberculosis

Cases 25 44

27 11 13

Vol. 64(2): 142 - 150, 2023
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Table 2
Characteristics of the three groups with different pathological findings.
Characteristics TNM stage OM TNM stage T A TNM stage I B p-value
Gender
Male 17 30 21 ]
0.07%
Female 14 6
Age (y) 54.05 £ 6.4 52.03 = 3.1 55+4.2 0.03%*

*p-value calculated based on chi-square, ** p-value calculated based on One-way ANOVA.

91.67% (110/120), 95.74% (90/94) and
76.92% (20/26), respectively.

Comparison of parameters of early-stage
lung cancer and benign lung lesions

The blood volume of early-stage lung
cancer was significantly lower than that of
benign lung lesions, and the mean time to
passage was significantly shorter than that
of benign lung lesions, and all differences
were statistically significant (p<0.01). Both
blood flow and surface permeability were
higher in early-stage lung cancer than in be-
nign lung lesions, and the differences were
statistically significant (p<0.05). There
were no statistically significant differences
in lesion size and proportion of solid nodules
when comparing carly-stage lung cancer and
benign lung lesions (p>0.05) (Fig. 1).

Comparison of CT perfusion parameters
for early-stage lung cancer at different
TNM stages

The differences in blood flow, surface
permeability, and mean time to passage were
not statistically significant when comparing
patients with TNM stage 0, stage IA and stage
IB carly-stage lung cancer (p>0.05) (Fig. 2).

Diagnostic efficacy of CT perfusion
parameters for early-stage lung cancer
The areas under the ROC curves of
blood volume, blood flow, surface permeabil-
ity, and mean time to passage for the diag-
nosis of early-stage lung cancer were 0.737,
0.724, 0.779, and 0.946, respectively. Sur-

face permeability had the highest sensitivity
of 92.5% for diagnosing early-stage lung can-
cer and the highest specificity of 99.5% for
diagnosing carly-stage lung cancer by mean
time to passage (Table 3).

DISCUSSION

Diagnostic imaging is critical for the de-
tection and staging of lung cancer. Standard
clinical imaging examinations are conven-
tional chest scans and dynamic enhancement
CT 2. Performing a plain chest examination
on a patient usually requires a continuous
change of position to ensure that the exami-
nation is completed. However, it can worsen
the patient’s lung pain, leading to poor com-
pliance. Therefore, in practice, this option is
not chosen for most patients * The CT dy-
namic enhancement scanning technique with
non-overlapping images allows for precise
detection of small early lesions, timely detec-
tion of enlarged mediastinal lymph nodes,
and determination of the extent of tumor in-
vasion of the pleura and surrounding blood
vessels, leading to the correct staging of lung
cancer . In addition, relevant studies have
shown that dynamic CT-enhanced scanning
techniques can be used as an effective adjunc-
tive diagnostic tool for early lung cancer in
clinical practice .

The results of this study showed that the
sensitivity, specificity, accuracy, and positive
and negative predictive values of CT dynamic
enhancement scans for the diagnosis of ma-
lignant lesions were all at a high level. This

Investigacion Clinica 64(2): 2023
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is because the imaging features in the early
diagnosis of lung cancer are manifested by
lobar signs, burr signs, vascular collection
signs, and bronchial inflation signs, which
are absent in patients with benign nodules.
These phenomena allow the identification

*

120 [ |

(=)
(=]

A\

E
(=}
1

Parameters between early stage lung cancer
and benign lung lesions
W
o

of benign and malignant nodules and can
improve the accuracy of diagnosis of early-
stage lung cancer. The lobar sign is caused
by the lack of clear cut and heterogeneity
of the tumor margins, which is caused by re-
stricted growth

[ carly stage lung cancer
[ benign lung lesions

Fig. 1. Comparison of parameters between early-stage lung cancer and benign lung lesions ‘p<0.05.

120

100 H

at different TNM stages

CT perfusion parameters for early stage lung cancer

Blood Flow
[m1/(100- min)]

Surface permeability
[m1/(100- min)]

I O stage
B I A stage
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Fig. 2. Comparison of CT perfusion parameters for early-stage lung cancer at different TNM stages.
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Table 3
Diagnostic efficacy of CT perfusion parameters for early-stage lung cancer.

Parameters Area under 95%CI Optimal cut-off  Sensitivity  Specificity
the curve value (%) (%)
Blood volume 0.74 0.60~0.88 13.15 85.0 65.0
Blood Flow 0.72 0.60~0.85 72.11 81.3 60.0
Surface permeability 0.78 0.66~0.89 27.27 92.5 50.0
Average pass time 0.95 0.89~0.99 10.64 85.0 99.5

Most tumor cells grow invasively along
the alveolar wall and lymphatic vessels, re-
sulting in localized venous stasis and burr.
However, signs of pneumonia may also be
present in pneumonic nodules, which can
lead to misdiagnosis. The CT dynamic en-
hancement scan examination method is
simple, quick, and has non-invasive charac-
teristics, which can detect the whole range
and location of lung lesions with clear im-
ages and high diagnostic accuracy, indicat-
ing that CT dynamic enhancement scan can
be used for the diagnosis of lung cancer to
effectively reduce the misdiagnosis rate and
improve the diagnostic efficiency.

If the differential diagnosis cannot be
made based on the imaging features of early
lung cancer, the diagnosis can be accom-
plished by blood flow parameters. The results
of this study showed that early-stage lung
cancer had significantly less blood volume,
significantly shorter mean time to passage,
and higher blood flow and surface perme-
ability than benign lung lesions. In contrast,
the differences in blood volume, blood flow,
surface permeability, and mean time to pas-
sage were not statistically significant when
comparing patients with early-stage lung
cancer at different TNM stages. These re-
sults suggest that CT flow parameters can
be used clinically to differentiate between
benign and malignant lung lesions but are of
less diagnostic value for clinical TNM stag-
ing, which is caused by the lymphatic return
and lymphatic volume of malignant lesions.
During a CT dynamic enhancement scan,
the patient’s lymphatic reflux slows, and the

lymphatic volume decreases, affecting con-
trast flow due to lymphatic lesions in clinical
malignancies. In contrast, the endothelial
space of the capillaries widens, and there are
various inter endothelial channels, which
leads to a loss of basement membrane and,
therefore, a high blood flow in the vessels.

Some studies have found that CT perfu-
sion parameters such as blood volume, blood
tflow, surface permeability, and passage time
during CT dynamic enhancement scans are
of high diagnostic value for early lung cancer
17218 However, fewer studies have separately
accounted for their sensitivity and specific-
ity. In this study, we found that the mean
time to passage was of high diagnostic value
for early-stage lung cancer by plotting ROC
curves.

In conclusion, CT dynamic enhance-
ment scan has high application value in di-
agnosing early lung cancer and is worthy of
clinical promotion. However, the number of
cases included in this study was small, and
there is a need to expand the sample size in
future studies to eliminate statistical errors.
In addition, it is necessary to further ana-
lyze the intrinsic association between peak
CT enhancement and lung cancer pathogen-
esis in conjunction with some immunohis-
tochemical indicators to elucidate the ad-
junctive clinical significance of CT dynamic
enhancement scanning technology.

Limitation

One of the limitations of the study is
that it was conducted in a single hospital.
Therefore, it is recommended to carry out
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similar studies in several hospitals or medi-
cal centers in the future.
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Pre-stroke physical activity is related to
good functional outcomes in stroke patients
after endovascular thrombectomy.
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Abstract. Studies have shown that regular physical activity (PA) may re-
duce the risk of stroke. Nevertheless, the protective effect of pre-stroke PA on
the post-stroke functional status in patients treated with endovascular throm-
bectomy (EVT) is still uncertain. For this study, hospitalized patients with acute
ischemic stroke were selected, all of whom underwent EVT after occlusion of
the large vessels in the anterior circulation. The PA levels before the stroke were
assessed by the International Physical Activity Questionnaire, and the outcome
indicators (the modified Rankin scale score and the Barthel index) were evalu-
ated. A total of 144 patients were included in this study. Among the patients
with high PA levels before the stroke, men were more active than women, and
the proportion of patients with smoking and alcohol abuse was high before
admission. Also, the patients with a high PA level were more likely to have no
history of hypertension and atrial fibrillation, and had lower triglyceride levels
at admission. We determined that a high pre-stroke PA level is independently
related to a favorable functional outcome at three months. In addition, there
was no correlation between a high pre-stroke PA and a good functional outcome
at two weeks. A high pre-stroke PA level is independently associated with sat-
isfactory activities of daily living at three months. Regular PA before a stroke
is an independent predictor of a favorable functional outcome in patients with
anterior circulation strokes who receive EVT, and it has a protective effect on
the functional prognosis.
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La actividad fisica previa al ictus se relaciona con
un buen resultado funcional en pacientes con ictus tras

una trombectomia endovascular.

Invest Clin 2023; 64 (2): 151 — 164

Palabras clave: actividad fisica; ictus o infarto cerebral; trombectomia indovascular;

prondstico; resultado funcional.

Resumen. Diversos estudios han demostrado que la actividad fisica regu-
lar (AF) antes del ictus puede reducir su riesgo, pero el efecto protector fun-
cional de la AF previa al ictus sobre el estado funcional posterior al ictus, atn
no esta claro en los pacientes tratados con trombectomia endovascular (TEV).
Se seleccionaron pacientes hospitalizados con ictus isquémico agudo, a todos
los cuales se les realizé TEV por una oclusion de los grandes vasos de la circu-
lacién anterior. El nivel de la AF antes del infarto cerebral fue evaluado por el
Cuestionario Internacional de Actividad Fisica y se evaluaron los indicadores
de resultado de acuerdo a la puntuacion de la escala de Rankin modificada y el
indice de Barthel. Un total de 144 pacientes fueron incluidos en este estudio.
Entre los pacientes con niveles elevados de AF antes del ictus, los hombres eran
mas activos que las mujeres, y la proporcion de pacientes con hédbito tabaquico
y abuso de alcohol era alta antes del ingreso. Ademas, lo mas probable es que
los pacientes con los niveles elevados de AF no tenian antecedentes de hiper-
tension vy fibrilacion auricular, y los niveles de triglicéridos estaban mas bajos
al momento de su ingreso. Se determiné que un nivel alto de AF previa al ictus
se relaciona de forma independiente con un buen resultado funcional a los 3
meses. Ademads, no hubo correlacion entre la AF previa al ictus avanzado y un
buen resultado funcional a las 2 semanas. Un nivel alto de AF previa al infarto
cerebral se asocia de forma independiente con actividades satisfactorias de la
vida diaria a los 3 meses. Conclusion: La AF regular antes del ictus es un predic-
tor independiente de un buen resultado funcional en los pacientes con el ictus
de la circulaciéon anterior que reciben TEV, y tiene un efecto protector sobre el
pronéstico funcional.

Received: 02-10-2022  Accepted: 21-11-2022

INTRODUCTION

Stroke is one of the most prevalent
clinical diseases in the cercbrovascular sys-
tem and compromises patients’ health and
quality of life 2. In this disease, cell death
happens because of an unexpected decrease
or stop of the local arterial blood flow to
the brain tissue. This leads to cell death and

damage to some parts of the brain, causing
its malfunction. It can cause the following
symptoms: paralysis, weakness or sensory
changes in one side of the body or face, ver-
tigo, understanding or speech disruption, or
low vision on one side **. Stroke is divided
into two types: ischemic stroke, with high
morbidity, it can cause disability or death,
because of the loss of blood supply and hem-
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orrhagic stroke, caused by bleeding, with
high mortality, high disability rate and high
relapse speed *°. Ischemic stroke is the
main cause of death and disability. This dis-
ease almost always happens in people over
40 vyears-old. To date, recombinant tissue
plasminogen activator (rt-PA), endovascu-
lar thrombectomy (EVT) and antiplatelet
therapy are the only three well-documented
emergency treatment methods for ischemic
stroke 7. For patients with acute ischemic
stroke caused by an occlusion of the large
vessels in the anterior circulation, EVT
has become one of the standard treatment
methods when there is an indication for EVT
(within a specified time limit, based on the
mismatch between regional cerebral perfu-
sion and infarction) %°. Approximately two-
thirds of stroke survivors need some help in
their daily life ') so it is very important for
them to have a reduced degree of functional
impairment.

Fors M et al. found that preoperative
exercise therapy was moderately correlated
with maintaining the postoperative physical
activity level of patients with degenerative
lumbar diseases !'. Moran et al. found that
preoperative exercise rehabilitation train-
ing can reduce all kinds of postoperative
complications after abdominal surgery '°.
In addition, there is strong evidence that
regular physical activity (PA), as a precon-
ditioning stimulus ?, has been consistently
shown to be associated with a reduced risk
of first stroke and its recurrence '*. Animal
studies have proven the beneficial effects of
preischemic exercise training on stroke, and
these beneficial effects include a prolonged
survival time, a reduction in neurological
deficits '°, a decreased infarct volume and an
improvement in the sensorimotor function
after stroke *1°. The mechanism by which
exercise provides this protection may involve
a combination of highly interactive ways,
such as reducing the neurotoxicity through
the glutamate system ", reducing oxidative
stress and apoptosis of nerve cells 7, in-
hibiting the inflammatory injury after cere-

bral ischemia/reperfusion ' improving the

function of the blood-brain barrier after an
ischemic stroke ¥, activating endothelial ni-
tric oxide synthase '® to reduce the vascu-
lar injury after stroke, and promoting the
expression of heat shock protein in neurons
and glia *. Therefore, the clinical guidelines
for stroke prevention recommends regular
PA (2014, Class Ila, Level of Evidence C) 2.
Regular PA is an important recommendation
in preventing stroke .

In this study, we intend to provide PA
advice to the public by investigating the PA
level before stroke and determining whether
it has a beneficial effect on the poststroke
functional status in patients who have had
EVT, for a stroke that was caused by an ante-
rior circulation large vessel occlusion.

METHODS

This study is a prospective cohort study
that was conducted from September 2018 to
May 2020. Patients with acute stroke consec-
utively admitted to the Department of Neu-
rology of the Affiliated Hangzhou First Peo-
ple’s Hospital of Zhejiang University School
of Medicine (Hangzhou, China, a first-class
tertiary hospital) were included. Stroke was
defined according to the World Health Or-
ganization (WHO) standard %. In addition,
according to the diagnosis and treatment
standard that was currently used in the re-
spective stroke unit ward of the neurology
department, all patients received standard-
ized reperfusion therapy (EVT with or with-
out intravenous rt-PA).

Inclusion and exclusion criteria

The inclusion criteria of this study
were as follows: patients with acute isch-
emic stroke who were at least 18 years old
and were hospitalized within 24 hours after
symptoms had appeared; patients who had
a confirmed occlusion of the anterior circu-
lation large vessels on admission; patients
who were treated with emergency EVT, and
patients who had a modified Rankin scale
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(mRs) score of < 1 before the stroke. The
exclusion criteria were as follows: no reliable
information about the patient’s past physi-
cal activities; patients with pre-stroke cogni-
tive impairment; patients who were lost to
follow-up; and patients who were missing
information on their mRs at three months.

The Medical Ethics Committee of the
Affiliated Hangzhou First People’s Hospital
of Zhejiang University School of Medicine
approved this study. After fully informing
the patients of the condition assessment
and treatment methods in this study, the
patients or their legally authorized person
signed the informed consent form and par-
ticipated in the clinical trial. The patient had
the right to withdraw from the trial.

Observation and evaluation index

We recorded information including age,
sex, height, weight, body mass index, educa-
tion level, smoking (currently smoking more
than ten cigarettes a day), alcohol abuse,
on-going antiplatelet therapy, ongoing an-
ticoagulant therapy, hypertension, diabetes,
atrial fibrillation (persistent or paroxysmal),
the severity of stroke (the National Institute
of Health Stroke Scale, NIHSS) at admission,
hypertension, vascular occlusion, blood lip-
ids, blood glucose, fibrinogen and the PA
level before the stroke.

All patients had a CTP (computed to-
mography-guided perfusion scan), an emer-
gency computed tomography (CT) and/or a
magnetic resonance imaging scan. The pa-
tient’s baseline arterial occlusion was evalu-
ated by two methods: digital subtraction
angiography and computed tomography an-
giography. If the M2-MCA segment (middle
cerebral artery, MCA, the second segment of
the middle cerebral artery) was noted to be
occluded when evaluating the anterior cir-
culation of large vessels, then a distal occlu-
sion was considered. The M1 segment (the
first segment of the middle cerebral artery)
and intracranial carotid artery, ICA) were
considered proximal occlusions (proximal-
M1, proximal-ICA).

Our research group conducted quanti-
tative and qualitative interviews with each
patient by a questionnaire to determine the
patient’s regular PA level before the stroke.

When the patient could not answer be-
cause of aphasia, memory loss or any other
stroke-related reasons, we interviewed the
patient’s close relatives. In this study, we
used a standardized and validated question-
naire, the International Physical Activity
Questionnaire (IPAQ) '®, which recorded the
PA of the patients during the week before
admission. The participants were asked if
the activity level of that week actually repre-
sented the activities of the previous several
weeks. If not, the patients were excluded
from the study. The IPAQ quantified the level
of PA. The calculation of the total score of
the questionnaire was defined as the sum of
the daily cumulative time (in minutes) and
frequency (days) of all activities with differ-
ent intensities (low, medium, or intense) in
four fields (work, transportation, housework,
gardening, and leisure) that were performed
in a week. The level of physical activity (MET-
min/week) is expressed by the metabolic
equivalent (MET).

According to the criteria recommended
by the IPAQ working group, the patients were
divided into three groups based on their pre-
stroke PA levels. The details are as follows:

High PA was defined as meeting any one
of the following two standards: (a) the total
number of days that the patient engaged in
various types of vigorous-intensity physical
activity was =3 d/w, and the overall level of
physical activity was =1500 MET-min/week;
(b) the total number of days that the patient
engaged in physical activity at three inten-
sities was >5 d/w, and the overall level of
physical activity was 23000 MET-min/week.

Moderate PA was defined as meeting any
one of the following three standards: (a) en-
gaging in all kinds of vigorous physical activ-
ity for at least 20 min every day that totaled
=3 d/w; (b) engaging in all kinds of moder-
ate intensity and/or walking activities for at
least 30 minutes every day that totaled = 5
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d/w; (c) the total number of days of that the
patient engaged in physical activity at 3 in-
tensities was = 5 d/w, and the overall level
of physical activity was = 600 MET-min/week.

Low PA was defined as no activity had
been reported, or if there was some activity,
it was lower than 600 MET-min/week .

We used the mRS to evaluate the func-
tional results and the Barthel Index to eval-
uate the activities of daily living (ADL) re-
sults, and these data were obtained from in
person interviews or communication tools.

Evaluation at admission

Within 48 hours after admission, an in-
terview was conducted by a researcher (Yan
Wu) who did not participate in the clinical
treatment and was trained on how to con-
duct the clinical evaluation. The basic infor-
mation and clinical information of the pa-
tients were recorded in the case report form.

Follow-up endpoint

The primary outcome was a good func-
tional outcome defined as an mRs< 2 after
three months of stroke (90 days (within a win-
dow of £7 days) after entering the study). The
secondary outcomes were the mRs score (Good
defined as <2) two weeks after stroke (14 days
and within a window of *1 day after the study
entry) and the ADL I evel (Good defined as a
Barthel index score between 95 and 100) three
months after admission (90 days within a win-
dow of =7 days after the study entry).

Statistical analysis

Data for continuous variables were re-
ported as the mean * standard deviation
(SD) or median (interquartile range, IQR),
depending on whether the variables were
normally distributed. Categorical variables
are described as percentages. The y* test was
used to compare the categorical variables
between the groups, and Student’s t test or
ANOVA (normal distribution variables) and
the Kruskal-Wallis test (nonnormal distri-
bution variables) were used to compare the
continuous variables between the groups.

We used a multivariate logistic regres-
sion model to evaluate the correlation be-
tween the PA level before stroke and the
functional outcome. In the logistic regres-
sion model, the pre-stroke PA was evaluat-
ed in two different ways as an independent
variable: (1) as a categorical variable, it
was compared with the high, moderate and
low PA groups; (2) as a binary variable, we
used the receiver operating curve (ROC) to
determine the predictive value of the IPAQ
score for predicting a good functional out-
come in order to find the best cutoff point
for the total IPAQ score for the prediction of
a good functional outcome. The weekly ex-
ercise time corresponding to the IPAQ cut-
off point can be calculated by IPAQ score/
(days * METs assigned by different intensity
activities). The cutoff point was used to di-
vide the patients with different pre-stroke PA
levels into two groups, high and low PA, and
the differences between the two groups were
compared. The results are expressed as the
adjusted odds ratios (ORs) with correspond-
ing 95% confidence intervals (95% Cls).

All statistical analyses were conducted
using SPSS 20.0 for Windows (IBM Corp). A
two-sided P value of < 0.05 was considered
to be statistically significant.

RESULTS

Clinical characteristics of the population
During the trial, 945 patients with isch-
emic stroke were admitted to the research-
er’s hospital. Patients who did not meet the
inclusion criteria were excluded: six patients
whose PA in the last week before admission
did not represent the patient’s activity in the
weeks prior to stroke and four patients who
lacked reliable information on their previous
physical activity. No patients were lost to
follow-up. A total of 144 patients were finally
included in this study (Fig. 1). Table 1 sum-
marizes the baseline characteristics of the
cohort and the three groups of patients with
different PA levels, and this data included the
patients’ basic data and clinical information.
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945 patients admitted with an ischemic stroke

—| 124 with stroke >24 h from onset

»| 282 with a posterior circulation ischemic

stroke; 302 without large vessel occlusion

—»| 81 with baseline mRs >1; 2 refused EVT or
enrollment

o] 4 lacked reliable information about past physical

activity

PA in the last week prior to admission for 6 patients

v

could not represent the activity in the previous
weeks

'

144 patients were included in the analysis

Fig. 1. Flow diagram of patients’ selection for the study (PA= Physical activity. EVT= Endovascular throm-
bectomy; mRs = modified Rankin scale.

Table 1
Socio-demographic of the patient.

Variables Total population Low PA Moderate PA  High PA

(n=144) (n=35) (n=065) (n=44)
Sex (males) 88(61.1%) 17(48.6%) 36(55.4%)  35(79.5%) 0.009
Age, years 69.6x11.3 69.3+13.0 71.0 103 67.9%x11.3 0.375
Primary school 0 0 0 o
and below 98(68.1%) 24(68.6%) 43(66.2%)  31(70.5%)
Educa Junior middle 0 0 0 o
tion level  school 32(22.2%) 7(20.0%) 16(24.6%) 9(20.5%)  0.972
Senior high school 0 0 0 0
or above 14(9.7%) 4(11.4%) 6(9.2%) 4(9.1%)
Smoking habit 45(31.2%) 12(34.3%) 13(20.0%)  20(45.5%) 0.017
Alcohol abuse 37(25.7%) 5(14.3%) 14(21.5%)  18(40.9%) 0.016
BMI, kg/m? 23.4%3.5 23.7x4.1 23.1£3.5 23.5£29 0.389
NIHSS at admission 16 [13-20.75] 17 [12.5-21.5] 16 [12.25-21] 16 [13-20] 0.894

Notes: Data are expressed as n (%), mean = standard deviation or the median [interquartile ranges].

Data on BMI were missing for four patients (1 in the low PA group, and 3 in the mderate PA group) Data on NIHSS
at admission were missing for 4 patients (2 in the low PA group, 1 in the moderate PA group, and 1 in the high PA
group).
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The average age of the enrolled popu-
lation was 69.6x11.3 years old, 61.1% of
the patients were male, and their average
baseline NIHSS was 16 (quartile 13, 20.75).
Cardiogenic stroke was the most common
subtype of stroke (46.50%). The median
total IPAQ score was 1680 MET-min/week
(quartile range 661.5, 3659.25). According
to the IPAQ grouping criteria, there were
44 (30.56%) patients with high PA levels,
65 (45.14%) patients with moderate levels,
and 35 (24.31%) patients with low activity
levels.

The differences between the groups
(patients classified according to the PA lev-
els before the stroke) are shown in Table 1
and Table 2. When the patients with high
pre-stroke PA levels were compared with the
patients with low and moderate PA levels,
men were more active than women, and
the proportion of patients with smoking
and alcohol abuse was high before admis-
sion. The patients with high pre-stroke PA
levels were more likely to have no history of
hypertension or atrial fibrillation and had
lower triglyceride levels at admission. The
baseline NIHSS scores did not differ among
the three groups of patients (p = 0.894).

Comparison of the primary neurological
outcomes

Seventy patients (48.61%) showed
good functional outcomes at three months
(Table 3). The proportion of functionally-
independent patients at three months was
significantly higher in the patients with high
PA levels (Table 3). The logistic regression
analysis showed that high pre-stroke PA lev-
els were independently associated with good
functional outcomes (OR=3.19, 95% CI:
1.07-9.47, p=0.037, Table 4, Model A).

Model A: PA of the patients during
the week before admission and Model B:
High PA was defined as meeting any one of
the following two standards: (a) the total
number of days that the patient engaged
in various types of vigorous-intensity phys-
ical activity was =3 d/w, and the overall

level of physical activity was =1500 MET-
min/week; (b) the total number of days
that the patient engaged in physical activ-
ity at three intensities was >5 d/w, and
the overall level of physical activity was
=3000 MET-min/week.

Analysis of the ROC curve analysis
showed that the total IPAQ cutoff point
score of 3859.5 MET-min/week (the area
under the curve is 0.688, 95% CI 0.586-
0.789) has the highest predictive value
of functional independence, with a sensi-
tivity of 74.8% and a specificity of 68.8%
(p=0.001). Regarding the ROC curve, it is
necessary to mention that due to the sensi-
tivity of 68.8% and specificity of 74.8%, and
subsequently high false negative and false
positive values (FN= 25.2%; FP: 21.84%),
this test has limitations as a good indicator
to distinguish PA groups (Fig. 2).

The logistic regression analysis showed
that the pre-stroke high PA level group,
which was above the cutoft point (IPAQ >
3859.5 MET-min/week), was also indepen-
dently associated with good functional out-
comes (OR = 3.3, 95% CI: 1.25-8.71, p =
0.016, Table 4, model B).

Comparison of the secondary neurological
outcomes

Thirty-nine patients (27.08%) showed
good functionality at two weeks (Table 3).
The logistic regression analysis showed
no correlation between a high pre-stroke
PA and a good functional outcome at
two weeks (Table 4, Models A and B). Re-
garding the Barthel index, 71 patients
(49.30%) showed satisfactory activities in
daily living at three months (Table 3). The
proportion of patients with acceptable ac-
tivities of daily living at three months was
significantly higher in the patients with
high levels of PA (Table 3). The logistic re-
gression analysis showed that a high pre-
stroke PA was correlated independently
with good ADL (p <0.05, Table 4, Models
A and B). Pre-stroke PA is an independent
predictor of good ADL.
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Table 2
Characteristics of the patients at baseline.
Variables Total Low PA Moderate PA High PA p
population (n=35) (n=065) (n=44)
(n=144)
Etiology Atherosclerosis  28(19.4%) 7(20.0%) 10(15.4%) 11(25.0%)  0.101
Offcerebfal Cardiogenic 67(46.5%)  15(42.9%) 38(58.5%) 14(31.8%)
. i
PRATEHON T Undetermined  49(34.0%)  13(37.1%) 17(26.2%)  19(43.2%)
Site of Proximal-ICA 53(36.8%) 13(37.1%) 20(30.8%) 20(45.5%) 0.6
occlusion  proyimal.M1 77(53.5%) 18(51.4%) 39(60.0%) 20(45.5%)
Distal-M2 14(9.7%) 4(11.4%) 6(9.2%) 4(9.1%)
Minutes from stroke 260 292 239 296 0.116
onset to admission [185.5-363] [169-402] [182-332] [213-403.75]
Reperfusion EVT alone 102(70.8%) 26(74.3%) 44(67.7%) 32(72.7%)  0.745
therapics  (ombined re-PA 42(29.2%) 9(25.7%) 21(32.3%) 12(27.3%)
and EVT
On-going antiplatelet therapy 24(16.7%) 9(25.7%) 8(12.3%) 7(15.9%) 0.226
On-going anticoagulant 16(11.1%) 5(14.3%) 7(10.8%) 4(9.1%) 0.761
therapy
Hypertension 96(66.7%) 28(80.0%) 46(70.8%) 22(50.0%)  0.012
Diabetes 31(21.5%) 10(28.6%) 13(20.0%) 8(18.2%) 0.494
Glucose, mmol/L 7.2 7.7 7.2 6.985 0.470
[6.4-8.5] [6.375-9.25] [6.4-7.99] [6.275-8.125]
Total cholesterol, mmol/L 3.69 3.78 3.695 3.59 0.828
[3.165-4.425] [3.25-4.4125] [3.1375-4.3025] [3.13-4.87]
HDL cholesterol, mmol/L 1.13 1.045 1.14 1.16 0.140
[0.925-1.245] [0.8975-1.18] [0.955-1.25] [0.93-1.25]
LDL cholesterol, mmol/L 1.97 2.13 1.99 1.9 0.902
[1.635-2.565] [1.7375-2.4825] [1.6325-2.5825] [1.56-2.93]
Triglyceride, mmol/L 1.31 1.435 1.365 1.01 0.018
[0.8-1.74] [1.1575-2.0525] [0.8-2.2175] [0.63-1.54]
Fibrinogen,g/L 2.57 2.65 2.45 2.595 0.269
[2.28-2.99] [2.45-3.09] [2.1425-2.99] [2.2875-2.94]
Atrial fibrillation 79(54.9%) 20(57.1%) 42(64.6%) 17(38.6%)  0.027
CAD 15(10.4%) 4(11.4%) 6(9.2%) 5(11.4%) 0.915

Notes: Data are expressed as n (%), mean * standard deviation or the median [interquartile ranges].
Proximal-ICA= Proximal- intracranial carotid artery; Proximal-M1= Proximal- the first segment of middle cerebral
artery; Distal-M2= Distal- the second segment of the middle cerebral artery; rt-PA = recombinant tissue plasmino-
gen activator; EVT= Endovascular thrombectomy; HDL= High density lipoprotein; LDL=Low density lipoprotein;
CAD= Coronary heart disease; PA= Physical activity.

Data on glucose was missing for 1 patient (in the low PA group)

Data on total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride were missing for 3 patients respectively (1
in the low PA group, 1 in the moderate PA group, and 1 in the high PA group), Data on fibrinogen was missing for
1 patient (in the moderate PA group.
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Table 3
Comparison of primary and secondary neurological outcomes in different groups.

Total population

Variables (n = 144)

Low PA
(n = 35)

Moderate PA
(n = 65)

High PA
(n = 44) P

mRs(=<2) at 3 months 70(48.61%) 10(28.57%)  31(47.69%)  29(65.91%) 0.004
mRs(=2) at 2 weeks 39(27.08%) 4(11.43%) 18(27.69%) 17(38.64%) 0.026
Barthel index (95~100) 71(49.30%) 10(28.57%)  30(46.15%) 31(70.45%) 0.001
at 3 months
Notes: Data are expressed as n (%); PA= Physical activity. mRs= modified Rankin scale
Table 4
Multivariate regression analyses of the association between pre-stroke physical
activity level and outcome variables.

Level of PA mRs 0-2 at 3  p-value mRs <2 at p-value  Barthel Index of 95 p

months * 2 weeks * or 100 at 3 months *

Odds ratio Odds ratio
Model A Low 1.0 0.096 1.0 0.163 1.0 0.03

Moderate 2.34(0.89,6.15) 0.086 3.18(0.92,11.03) 0.068 2.07(0.81, 5.28) 0.13

High 3.19(1.07,9.47) 0.037 3.12(0.84, 11.58) 0.089
1.91(0.77,4.78)  0.166

Model B High PA group: 3.3(1.25,8.71) 0.016
IPAQ= cutoff
point

4.25(1.45,12.41) 0.008
3.32 (1.29, 8.56) 0.013

Notes:

In model A, the relationship between pre-stroke PA and prognosis in high, moderate and low level groups was com-

pared.

In model B, the IPAQ cutoff point was 3859.5 MET-min/week.

Patients were divided into high level and low level PA groups with this cutoff point.

The relationship between these two groups and good functional outcomes was compared. PA= Physical activity;
IPAQ= International Physical Activity Questionnaire. mRs= modified Rankin scale

a Adjustment for sex, smoking, alcohol abuse, hypertension, atrial fibrillation and triglyceride levels.

DISCUSSION

This prospective study on patients with
an acute anterior circulation large vessel oc-
clusion shows that a high level of regular PA
before stroke was significantly related to a
good functional outcome and better activi-
ties of daily living after an EVT.

To the best of our knowledge, there is
no report on the influence of the PA on the
functional prognosis of stroke in patients
who have received an EVT for a stroke caused
by an anterior circulation occlusion.

For people who are relatively inactive,
such as the elderly (who had an average age
of 69 years old in this study), the necessi-
ty of physical activity in their daily life and
work has been confirmed in this research.
As a benetfit for the patients themselves and
society, PA before a stroke can play a neuro-
protective role, which is helpful to improve
significantly the outcome of a stroke, reduce
the social burden and achieve a healthy and
disability-free life.

As shown in Table 1, PA may play a dose-
dependent role. The ROC curve indicated a
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Fig 2. Receiver operating characteristics (ROC) curve analysis for predictive power of International Physical
Activity Questionnaire (IPAQ) score on functional outcome in stroke patients who were treated with
EVT(= Endovascular thrombectomy). Area under curve (95%CI) =0.688(0.586-0.789).

beneficial effect of PA before a stroke on the
stroke outcome and that the cutoff point
was 3,859.5 MET-min/week. The required PA
level can be reached by walking for approxi-
mately three hours (180 minutes) every day
for seven days or by intense physical activ-
ity (such as lifting heavy objects, digging,
jogging or fast cycling) for approximately
69 minutes every day. Among the above ac-
tivities, walking is common, convenient, and
cheap. Walking requires the use of large skel-
etal muscles of the whole body, with almost
no side effects; therefore, it is worthy of pro-
motion.

Previous studies that evaluated pa-
tients who did not receive rt-PA and EVT
20217 a study that did not mention throm-
bolysis %%, and other retrospective observa-
tional study that evaluated patients who
received rt-PA %%, showed that pre-stroke
PA could benefit patients with ischemic
stroke in terms of its severity at admis-
sion, the final infarct area size reduction

and the prognosis. In contrast, other stud-
ies that evaluated patients with intrave-
nous rt-PA thrombolytic therapy 2°, or only
conventional drug therapy 7, showed that
PA had no significant effects on the stroke
severity and functional outcome.

In this study, we found that there was
no significant association between the
physical activity level before stroke and the
severity of the stroke. However, we found a
significant association between the PA level
before the stroke and obtaining a satisfac-
tory functional outcome at three months,
consistent with some of the abovemen-
tioned research results. The inconsistency
of the results may be caused by the inclu-
sion population and the research design.
The patients in this study had a high degree
of stroke (NIHSS score was 16 at admis-
sion), which was why they were willing to
undergo EVT.

The operation itself may also affect the
functional outcome. Another reason may
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be that we used the IPAQ to evaluate PA.
This questionaire is currently recognized
as an effective and worldwide used method
for measuring the physical activity levels of
adults. It has been used in Chinese popu-
lation research and has excellent validity
and reliability *%2°. The IPAQ involves ask-
ing about the patient’s physical activities
in various fields of daily life, so the esti-
mated level of the patient’s physical activ-
ity is higher than the other survey results
(in some of above mentioned studies) that
simply asked about the patient’s physical
activity that was undertaken in their leisure
time 25293° The TPAQ will not classify the
patients with high-intensity professional
sports activities and lack of leisure time
for physical activities into the moderate or
low PA group. In addition, compared with
the effective drugs for treating stroke, the
physical activity level is more likely to be
only a surrogate marker of the patient’s
past health status 3.

Our research has some limitations.
First, we used a cohort study. The nature
of this type of observational study makes
us unable to determine the causality. There
may also be residual confounding factors,
such as the different surgical times and
smoothing degrees for each patient, the
degree of professional rehabilitation inter-
vention during the postoperative recovery,
and psychological factors, such as depres-
sion and anxiety symptoms that affect the
patient’s physical function and stroke prog-
nosis. Second, because the patients entered
the study based on their will and compli-
ance with the inclusion criteria, research-
ers could not select the participants in a
targeted way, which resulted in the incon-
sistency in some of the baseline data levels
in the different groups of patients. How-
ever, we believe that these inconsistencies
are due to the characteristics of the differ-
ent level of PA groups and the results of the
study. Third, the severities of the strokes
in the patients enrolled in this study were
high. For patients with severe disability and

aphasia, most of their PA levels before onset
were determined by questioning their fami-
lies. Moreover, we used self-reports for ret-
rospective registration to assess the level
of physical activity before stroke. All these
may lead to bias in the results of pre-stroke
activity.

In conclusion, this study confirms that
regular PA before stroke is an independent
predictor of a good functional outcome in
patients with an anterior circulation stroke
who receive EVT, and PA can play a protec-
tive role in the functional prognosis. In fu-
ture research, we can expand the sample
size to determine whether pre-stroke ex-
ercise plays a beneficial role in the stroke
outcome.

Limitation

According to the cut off obtained from
the ROC curve and the values of FN and FP,
the test used had limitations for distinguis-
hing groups, and it is necessary and impor-
tant to pay attention to this point in future
studies.
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Laparoscopic and Seldinger techniques
for the treatment of concomitant
gallstones and choledocholithiasis.

A retrospective study
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Abstract. This study aimed to determine the efficacy and safety of a mini-
mally invasive combined approach for concomitant stone clearance of choleli-
thiasis and choledocholithiasis. From November 2018 to March 2021, 30 pa-
tients were enrolled in this retrospective study that compared two methods of
treating combined cholelithiasis and choledocholithiasis. The study comprised
two groups: 15 patients in Group A underwent combined laparoscopic and
Seldinger techniques for complete stone clearance, retaining the gall bladder
in situ. In Group B, 15 patients underwent laparoscopic cholecystectomy and
choledocholithotomy with T-tube drainage. The rates of successful completion
of the operations, procedure-related complications, length of hospitalization,
hospital cost, and patient satisfaction were compared between the two groups.
The two groups had no differences in general patient characteristics, and all
procedures were successfully completed. Compared to Group B, patients in
Group A had a shorter operative time (84 vs. 105 min), less blood loss (10 vs.
28 mL), were less expensive, and had a shorter postoperative recovery. A single
patient in group B developed bile leakage. The satisfaction rate was 93% in
Group A, in contrast to 80% in Group B. The combined use of laparoscopic and
Seldinger techniques to achieve complete stone removal in patients with con-
comitant cholelithiasis and choledocholithiasis was demonstrated to be safe
and successful.
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Técnicas laparoscéopica y de Seldinger para el tratamiento
de calculos biliares y coledocolitiasis concomitantes.

Un estudio retrospectivo.
Invest Clin 2023; 64 (2): 165 - 172

Palabras clave: colelitotomia minimamente invasiva; colelitiasis y coledocolitiasis;

recuperacion postoperatoria.

Resumen. Este estudio tuvo como objetivo determinar la eficacia y la se-
guridad de un enfoque combinado minimamente invasivo para la eliminacion
de calculos de la vasicula biliar y del conducto colédoco. Desde noviembre de
2018 hasta marzo de 2021, treinta pacientes se inscribieron en este estudio
retrospectivo que compar6 dos métodos combinados de tratamiento de cole-
litiasis y coledocolitiasis. El estudio comprendié dos grupos: en el Grupo A
15 pacientes se sometieron a coledocotomia laparoscopica y a colecistostomia
con la téenica de Seldinger para el tratamiento simultdaneo de la litiasis de la
vesicula biliar y coledociana, dejando la vesicula biliar in situ. En el grupo B, 15
pacientes se sometieron a colecistectomia y coledocotomia laparoscopica con
drenaje del tubo T. Las tasas de conclusion exitosa de las operaciones, compli-
caciones relacionadas con el procedimiento, la duracién de la hospitalizacién,
el costo hospitalario y la satisfaccion del paciente se compararon entre los dos
grupos. No hubo diferencias en las caracteristicas generales del paciente entre
los dos grupos y todos los procedimientos se completaron con éxito. En compa-
racion con el grupo B, los pacientes en el Grupo A tuvieron un tiempo operativo
mas corto (84 frente a 105 min), menos pérdida de sangre (10 frente a 28 mL),
eran menos costosas y tenian una recuperacion postoperatoria mas corta. Un
solo paciente en el Grupo B desarroll6 fugas biliares. La tasa de satisfaccion
fue del 93% en el Grupo A en contraste con el 80% en el Grupo B. La técnica
laparoscopica combinada con la colecistostomia de Seldinger para lograr la
eliminacion completa de calculos en pacientes con calculos de la vesicula biliar
y del colédoco fue segura y exitosa.

Received: 11-11-2022  Accepted: 09-12-2022

INTRODUCTION

Cholelithiasis is a commonly encoun-
tered condition caused by several factors,
such as metabolic abnormalities and un-
healthy lifestyle habits . The treatment of
patients with combined cholelithiasis and
choledocholithiasis is more complex. In re-
cent years, multiple operative approaches
have been undertaken to address both prob-

lems. These have included the combination
of laparoscopic cholecystectomy (LC) with
laparoscopic common bile duct exploration
(LCBDE), endoscopic retrograde cholan-
giopancreatography (ERCP), and LC plus
transcystic exploration 2*. There have been
advantages and disadvantages to all these
strategies. Similar to the classic open cho-
lecystectomy and CBD (common bile duct)
exploration, a T-tube has often been placed
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during LCBDE to prevent postoperative bile
leakage. An associated potential of damage
to the CBD exists, and the postoperative
management and inconveniences of the T-
tube are well known. Transcystic stone re-
moval can avoid the need for a T-tube and
obviate the need and risk of postoperative
ERCP for stone management.

Additional minimally invasive treat-
ments are needed for patients with choleli-
thiasis combined with choledocholithiasis.
In 2016, Pet et al. ? reported the placement
of an intraoperative endoscopic nasobiliary
drainage (ENBD) tube in the common bile
duct with primary closure of the CBD to
prevent postoperative bile leakage. This was
accomplished using Tri-scope (laparoscope,
choledochoscope, and gastroscope) surgery,
which appeared feasible, safe, and cost-effec-
tive.

In the present study, we treated pa-
tients with concomitant cholelithiasis and
choledocholithiasis with a combination of
laparoscopic and Seldinger technology. Man-
agement involved a guide wire, catheter, and
balloon catheter placed into and through
the gallbladder into the CBD to clear the
stones. To provide a frame of reference, we
compared the outcomes of the above pa-
tients with those treated with laparoscopic
choledocholithotomy and T-tube drainage.

METHODS

Patients

Thirty patients (17 males, 13 females)
with concomitant cholelithiasis and cho-
ledocholithiasis were enrolled from Novem-
ber 2018 to March 2021. These patients
(age range, 24-80 years) were diagnosed
using computed tomography (CT) and mag-
netic resonance cholangiopancreatography
(MRCP). All patients underwent preopera-
tive physical examination, including blood
tests, to assess liver and kidney function,
urine amylase, and coagulation parameters.

Inclusion criteria included: no previ-
ous surgical treatment of the hepatobiliary

system, duodenum, or stomach and preop-
erative confirmation of concomitant choleli-
thiasis and choledocholithiasis by MRCP. The
gallstones were removed, leaving the intact
gallbladder in Group A. The cholecystecto-
my was performed in Group B.

Exclusion criteria in all two groups:
acute or suppurative inflammation of the
hepatobiliary system; mental illness; the
presence of pancreatic cancer, diabetes, or
other relatively serious diseases; and the
presence of severe lung or kidney problems.

Patients group

All patients signed informed consent.
The approach of surgery was performed ac-
cording to the principle of voluntary partici-
pation. This study was approved by the ethics
committee of our hospital (registration No.
ChiCTR2100047160).

Surgery techniques
Combined laparoscopic and Seldinger
techniques

Group A. Under satisfactory general en-
dotracheal anesthesia, a pneumoperitoneum
was established through a standard umbili-
cal incision, and two ports were placed °. A
2-3 cm incision was made 10 mm below the
umbilical cord to establish pneumoperito-
neum by injecting CO2 and finding the gall-
bladder. The bottom of the gallbladder was
sutured with a traction line, and the bot-
tom of the gallbladder was filled with sterile
gauze to protect the tissues around the gall-
bladder. With laparoscopic visualization, the
gallbladder was elevated, and a 1-cm inci-
sion was performed. Bile was aspirated with
steady fixation of the gallbladder, and the
gallstones were completely removed using
a rigid choledochoscope. An 8.5-F Dawson-
Mueller drainage catheter was then inserted
into the gallbladder lumen under the guid-
ance of fluoroscopy. Stone removal was per-
formed after the alleviation of cholecystitis
or cholangitis at a mean of 4.5 days after
cholecystostomy. The drainage catheter was
then exchanged over a 0.035-inch super-stiff
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guide wire to an 8-F sheath. A 5F catheter
(40 cm long) was introduced through the
sheath, and a 0.035-inch hydrophilic guide
wire was used to navigate the cystic duct.
After crossing the cystic duct, the guide
wire was further inserted down the common
bile duct (CBD) through the papilla of Vater
into the duodenum. The size, location, and
number of stones in the common bile duct
were determined by choledochography us-
ing iodixanol. A stone extractor was used to
remove the gallbladder directly for smaller
stones. For larger stones, a biopsy forceps
was used for crushing the stones before re-
moving them. According to the size of the
stones and the common bile duct dilatation,
a suitable balloon catheter was used to ex-
pand the duodenal papilla. The stone could
be pushed through the papilla into the duo-
denum using a stiff guide wire. Intraopera-
tive choledochography was performed again
to verify there were no residual stones and
patency of the common bile duct. After with-
drawing the guide wire and catheter, the
gallbladder incision was sutured, and the
abdomen was closed. The sheath was finally
exchanged with an 8.5-F Dawson-Mueller
drainage catheter in the gallbladder to allow
drainage and prevent complications.

In group A, the gallbladder was normal
in size, without structural abnormality, and
its wall was smooth without thickening. The
stones can move within the capsule, and it is
better if they are large and few.

Laparoscopic choledocholithotomy
and T-tube drainage

Group B. Under satisfactory general en-
dotracheal anesthesia, a pneumoperitoneum
was established through a standard umbili-
cal incision, and a four-port technique was
performed ®7. The gallbladder was dissected,
and the cystic and common bile ducts were
visualized and safely dissected. The cystic
duct was ligated with No.7 silk, and the com-
mon bile duct was opened using hook elec-
trocautery at the point where the cystic duct
joins the common bile duct. The stones were

removed using previous choledochoscopic ir-
rigation. If necessary, the operation was con-
verted to a laparotomy, and the CBD stones
were retrieved with choledocholithotomy
forceps through the infra xiphoid incision.
At the completion of the choledochoscopic
exploration, a T-tube was placed in the com-
mon bile duct, which was closed with a 3-0
absorbable suture, and the gallbladder was
then removed. The gallbladder bed drainage
tube and T-tube exited through laparoscopic
portholes. On postoperative day 2 or 3, the
drainage tube was removed if the drainage
was satisfactory. One month postoperatively,
after satisfactory T-tube cholangiography,
the T-tube was removed.

In group B, the gallbladder structure
was abnormal, and the cyst wall was thick-
ened. The contraction function of the gall-
bladder was lost.

Operative and postoperative comparison
parameters

Comparison parameters for the two
groups included operative success rate, op-
erative time and blood loss, postoperative
fasting time and complications, total hos-
pitalization time and expenses, and patient
satisfaction.

All patients were contacted postopera-
tively either by telephone or WeChat as well
as the scheduled one-month follow-up visit.
All 30 patients were successfully followed.

Statistical analysis

The SPSS 20.0 (SPSS Inc., Chicago, IL,
USA) software was used to analyze the data.
Measurement data were analyzed by the Stu-
dent’s t-test, and categorical data were ana-
lyzed by the Chi-square test or Fisher’s exact
test. Statistical significance was defined by
p<0.05.

RESULTS
General characteristics

The general characteristics of the pa-
tients in both groups are shown in Table 1.
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Table 1
General characteristics of the two groups.
Characteristics Group A Group B p

Age (years) 60.67+12.06 56.07+16.54 0.391
Female 7 6

Male 8 9

Aspartate aminotransferase (U/L) 256.67+342.23 167.27+136.87 0.356
Alanine aminotransferase (U/L) 201.07x214.38 199.07+£152.87 0.977
Glutamyl transpeptidase (U/L) 449.73+314.36 456.33+456.85 0.964
Globulin ratio 1.46+0.46 1.44+0.47 0.907
Direct bilirubin (umol/L) 39.85+28.07 33.80+30.94 0.579
Uric acid (umol/L) 275.67+98.13 299.27+91.68 0.502
Creatinine (umol/L) 64.80+14.10 72.80+20.58 0.225

The differences in data between groups were analyzed by the Student’s t-test.

There were no significant differences with
respect to age, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), glu-
tamyl transpeptidase (GGT), globulin ratio,
direct bilirubin, uric acid, or creatinine.

Postoperative complications

The patients in both groups underwent
successful operations. Postoperative compli-
cations are detailed in Table 2. In group A,
one patient had elevated amylase and hema-
turia on the day of the operation but recov-
ered to normal with fasting and treatment
with somatostatin for two days. In group B,
one patient developed bile leakage after re-
moving the drainage tube three days post-
operatively. The remaining group B patients
were discharged with T-tubes from five to
seven days postoperatively.

Outcomes of procedures

The outcome parameters of operative
time, blood loss, postoperative times of fast-
ing and hospitalization, and expenses are tab-
ulated in Table 3. Group A patient outcomes
were significantly better than Group B with
regard to operative time, blood loss, fasting,
and hospitalization times (p<0.01). The two
groups had no significant difference in aver-
age hospitalization expenses (p= 0.745).

Clinical follow-up

Longer-term follow-up results are shown
in Table 4. The time needed to return to work
in Group A was significantly shorter than in
group B (p<0.001). Except for a single pa-
tient with incisional discomfort in Group A
and one case of upper abdominal discomfort
in Group B, no other problems were encoun-
tered at the 1-month follow-up. Patient sat-
isfaction rates of group A and B were 93%
(14/15) and 80% (12/15), respectively. In
group B, three patients noted that the time
interval the T-tube remained in place was too
long, which greatly impacted their daily life.

DISCUSSION

The development of minimally invasive
surgery has provided various options for treat-
ing concomitant cholelithiasis and choledocho-
lithiasis. The laparoscopic approach, enhanced
with choledochoscopy and duodenoscopy to
perform common bile duct exploration and li-
thotomy, has been recognized as unique mini-
mally invasive biliary surgery technology %°.
With the development of multi-disciplinary
consultation and joint treatment of diseases,
disciplines previously working independently
have been united, minimizing iatrogenic injury
and improving work efficiency.
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Table 2
Postoperative complications in the two groups.

Postoperative Group A Group B p
complications

Bile leakage 0 1 1.000
Residual stone

Postoperative acute 0

pancreatitis

The difference in data between groups was analyzed by
the Chi-square test.

Extending these advanced combined
technologies, laparoscopy combined with the
Seldinger techniques described for stone clear-
ance when cholelithiasis is complicated with
choledocholithiasis offers advantages of mini-
mal tissue trauma, quicker recovery, and pres-
ervation of sphincter of Oddi’s anatomy and
function. The present study data would also
indicate this technique provides extraordinary
patient satisfaction.

With the increasing demand by patients
to maximize quality of life, increasing atten-
tion has been paid to gallbladder preserva-
tion 1%, Although the long-term assessment

of this approach has yet to be fully reviewed,
combining laparoscopic and Seldinger tech-
niques to clear the gallbladder and CBD of
stones while preserving the gall bladder in
situ and avoiding the need for a T-tube pays
attention to the restoration of normal anat-
omy and function. Moreover, if gallstones re-
cur, the minimal tissue trauma of this opera-
tion should pose minimal scarring or other
issues if reoperation is needed.

However, this study has limitations.
The overall patient numbers were relatively
small, and the follow-up was limited to the
early postoperative period (one month). Ad-
ditionally, advanced laparoscopic skills are
required, and longer follow-ups with larger
patient series are necessary for the valida-
tion of the present findings.

As a conclusion, combined laparoscopic
and Seldinger techniques to clear stones in
patients with concomitant cholelithiasis and
choledocholithiasis, with preservation of the
gallbladder in situ, has the advantages of mini-
mal tissue trauma, quick recovery, avoidance of
a T-tube, high patient satisfaction, and restora-
tion of normal anatomy and function.

Table 3
Outcomes of procedures in the two groups.
Outcomes of procedures Group A Group B p
Blood loss (mL) 9.95+2.45 27.55+7.57 0.000
Operation time (min) 84.20+16.84 105.75+14.80 0.001
Fasting time (h) 24.15+11.21 43.65+11.55 0.000
Hospitalization time (d) 4.27+1.03 10.20x1.52 0.000
Hospitalization expenses (CnY) 16108.93+1366.11 16430.0£3516.5 0.745
The difference in data between groups was analyzed by the Student’s t-test.
Table 4
The follow-up results in the two groups.
Follow-up results Group A Group B p
Time return to work (d) 3.67x0.82 32.87+1.19 0.000
Number of people with discomfort (n) 1 1
Satisfaction rate (%) 93.3%(14/15) 80%(12/15) 0.598

The difference in “time return to work” between groups was analyzed by the Student’s t-test. The difference in
“satisfaction rate” between groups was analyzed by the Chi-square test.
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The sonographic features of preoperative
ultrasonography of metastatic tumors

of thyroid cancer confirmed by surgical
pathology.
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Abstract. This study aimed to analyze the sonographic features of metastatic
tumors in patients with thyroid cancer that underwent preoperative ultrasonogra-
phy. One hundred and three thyroid cancer patients whose metastases were con-
firmed by surgical pathology in The First People’s Hospital of Wenling from January
2020 to December 2021 were enrolled. All patients received preoperative ultra-
sound examinations, and the sonographic features were analyzed. Ultrasound ex-
amination showed 83.50% of cervical lymph node metastasis (CLNM), 24.27% of
soft tissue invasion (STI), 3.88% of distant organ metastasis (DOM), 8.74% of CLNM
+ STI, 0.97% of CLNM + DOM, and 0.97% of CLNM + STI+DOM. Unilateral CLNM
accounted for 72.09%, while bilateral CLNM accounted for 27.91%. The mean long
diameter of metastatic lymph nodes was (1.83+0.63) c¢m, and the mean short di-
ameter was (1.03+0.42) cm. Metastases to zone II, III, IV, V, VI, and VII accounted
for 8.14%, 48.84%, 23.26%, 4.65%, 11.63%, and 3.49%, respectively. The L/T ratio
of lymph nodes in 65 cases was lower than 2; 45 of 70 solid metastases exhibited
solid hyperechoic, 15 multifocal hyperechoic, seven unifocal hyperechoic, and three
diffusely distributed solid hyperechoic images. There were 25 patients with ST that
experienced invasion of the thyroid capsule, ten patients experienced the invasion
of the cervical fatty muscles, two patients had invasion of the trachea, and one pa-
tient had invasion of the thyroid cartilage. Of the four patients with DOM, one had
parotid metastasis, one had submandibular metastasis, one had axillary metastasis,
and one had uterine metastasis. The most common metastatic sites of thyroid can-
cer are cervical lymph nodes. However, there were also metastases in the soft tissues
and distant organs. The ultrasonography exhibited typical sonographic features. An
adequate familiarity with these sonographic features can aid in detecting suspicious
metastases in time, which is crucial to the clinical diagnosis, treatment, and prog-
nostic assessment.
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Caracteristicas ecograficas de la ultrasonografia preoperatoria
de tumores metastasicos de cancer de tiroides confirmados
por patologia quirargica.

Invest Clin 2023; 64 (2): 173 — 183

Palabras clave: patologia quirtrgica; cancer de tiroides; lesiones metastasicas;
ultrasonografia; Caracteristicas ecograficas.

Resumen. Este estudio tuvo como objetivo analizar las caracteristicas
ecogrificas de tumores metastasicos en pacientes con cancer de tiroides
que se sometieron a una ultrasonografia preoperatoria. Se inscribieron 103
pacientes con cancer de tiroides cuyas metdstasis fueron confirmadas por
patologia quirtrgica en el primer Hospital Popular de Wenling desde enero
de 2020 hasta diciembre de 2021. Todos los pacientes recibieron un examen
de ultrasonido preoperatorio y se analizaron sus caracteristicas ecograficas.
El examen de ultrasonido mostré 83,50% de metastasis de ganglios linfaticos
cervicales (CLNM), 24,27% de invasion de tejidos blandos (ITS), 3,88% de me-
tastasis de organos distantes (DOM), 8,74% de CLNM + ITS, 0,97% de CLNM
+ DOM y 0,97% de CLNM + STI + DOM. La CLNM unilateral representé un
72,09%, mientras que la CLNM bilateral representé el 27,91%. El didmetro
largo medio de los ganglios linfaticos metastasicos fue 1,83 + 0,63 cm, y el
didzmetro corto medio fue 1,03 + 0,42 cm. La metéstasis a las Zonas II, III,
IV, V, VI y VII representan 8,14%, 48,84%, 23,26%, 4,65%, 11,63% y 3,49%,
respectivamente. La relacion L/T del ganglio linfatico en 65 casos fue inferior
a 2. Cuarenta y cinco de 70 metastasis so6lidas exhibieron hiperecoico sélido,
15 hiperecoico multifocal, 7 hiperecoico unifocal y 3 hiperecoico so6lido dis-
tribuido difusamente. Hubo 25 pacientes con ITS experimentados por inva-
sion de la capsula tiroidea, 10 pacientes experimentaron invasion de los mus-
culos grasos cervicales, 2 pacientes con invasion de la traquea y 1 paciente con
invasion del cartilago tiroideo. De los 4 pacientes con DOM, 1 tenia metastasis
parétidas, 1 tenia metdstasis submandibulares, 1 tenia metastasis axilares y 1
tenia metastasis uterina. Los sitios metastasicos mas comunes de cancer de ti-
roides son los ganglios linfaticos cervicales. También hay metastasis en los teji-
dos blandos y los 6rganos distantes. La ultrasonografia exhibi6 caracteristicas
ecogrificas tipicas. La familiaridad adecuada con las caracteristicas ecograficas
puede ayudar a detectar metastasis sospechosas a tiempo, lo cual es clave para
el diagnostico clinico, el tratamiento y la evaluacion pronéstica.

Received: 11-11-2022  Accepted: 28-12-2022

INTRODUCTION ding pathological types, papillary thyroid

carcinoma has the highest incidence and a

The thyroid is a vital hormone gland higher degree of differentiation than other
that critically impacts the body’s metabo- types. However, it is less malignant, resul-
lism. Thyroid cancer refers to malignant tu- ting in a relatively better prognosis. Patients
mors originating from the thyroid !. Regar- can survive longer, while local and distant
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metastases primarily invade the lymph no-
des °. Evidence on metastasis of papillary
thyroid carcinoma found that the inciden-
ce of CLNM surpassed 80% °. Another study
found that more than 60% of patients with
medullary thyroid carcinoma already have
lymph node metastases in the neck when re-
ceiving surgery. In comparison, about 80%
of undifferentiated thyroid carcinomas will
induce lymph node metastases *.

Since thyroid cancer does not present
specifically in its early stage, most patients
see a doctor due to neck lumps and pal-
pable nodules. Some patients even have
swellings that have been present for years
upon consultation >°. Once local invasion or
distant metastases occurs, the probability
of postoperative recurrence is significantly
higher, severely increasing the risk of pa-
tient death 7. Metastasis of thyroid can-
cer is widely recognized as an independent
factor affecting prognosis Thus, early
clinical detection of metastases in patients
with thyroid cancer can guide physicians to
formulate a comprehensive treatment plan
and determine the efficacy as well as patient
prognosis by observing the metastatic le-
sions.

Ultrasound, as the most common
imaging method, has shown good value
in clinical applications with simple ope-
ration and accurate results As diagnosis
and treatment technologies advance, the
performance of ultrasound instruments is
gradually improved, and high-frequency ul-
trasound can not only show the internal
structure of the lesion but also visualize
the blood flow of the lesion site, which can
guide the clinical judgment of the nature
of the lesion *'°. Most studies have explored
ultrasound’s role in examining thyroid can-
cer "2, However, there is a lack of research
on its effectiveness in the diagnosis of
metastatic thyroid cancer. This study was
conducted to investigate the value of the
preoperative implementation of ultrasound
in 103 patients with pathologically confir-
med metastatic thyroid cancer.

MATERIALS AND METHODS

Baseline data

One hundred and three thyroid cancer
patients whose metastases were confirmed
by surgical pathology in The First People’s
Hospital of Wenling from January 2020 to
December 2021 were enrolled, including 45
males and 58 females, with patient ages ran-
ging from 22 to 71 years, with an average
age of 51.16=10.38 years. All patients had
pathologically confirmed metastasis after
surgery and underwent preoperative ultra-
sonography. All patients were aware of the
study procedures and voluntarily signed the
study consent form. This study got ethical
approval from our hospital.

Methods

SONOLINE, a color Doppler ultrasound
diagnostic instrument (Type: MylabClassC),
was used for examination with a probe fre-
quency set from 7.0 to 12.0 MHz. During the
examination, the patient lay in a supine po-
sition with the head slightly tilted back, and
the shoulder and neck were elevated with soft
pillows to ensure complete exposure of the
examined area. The parameter settings of the
color Doppler diagnostic instrument were tu-
ned, and the patient’s position was adjusted
to ensure the most satisfactory ultrasound
images. For patients diagnosed with metas-
tatic thyroid cancer on ultrasonography, the
type and location of the metastasis were re-
corded, and its characteristics, such as long
and short diameters, morphology, borders,
fusion, internal echogenicity, calcification,
cystic changes, and blood flow signals were
recorded. Metastases were typed according
to the metastatic patterns, including Type I:
CLNM, Type II: STI, and Type III: DOM. The
subdivision of the lymph nodes was comple-
ted according to the neck dissection classifi-
cation ! (Fig. 1) and endorsed by the rele-
vant organizations and committees. If there
were metastatic lymph nodes in a zone that
were present for more than one month, the
largest of these lymph nodes was examined.
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Fig. 1. Image of levels and sublevels of the neck
(Modified image from Robbins et al. ).

Outcome Measurements

The metastases of 103 patients with
thyroid cancer were analyzed. The ultra-
sound features of metastatic lymph nodes,
including location, number, size, morpho-
logy, and internal echogenicity, were analy-
zed. The ultrasound features of soft tissue
invasion and distant organ metastases were
also analyzed.

Statistical Methods

All data were analyzed using SPSS
23.0. Count data [n (%)] were tested by X°.

ANOVA with post hoc F test was per-
formed for multi-point comparisons. Mea-
surement data were indicated by mean =+
standard deviations, p<0.05 was conside-
red statistically significant.

RESULTS

Overall thyroid cancer metastasis

Among the 103 patients with thyroid
cancer, there were 86 cases (83.50%) of
CLNM, 25 cases (24.27%) of STI, and 4 ca-
ses (3.88%) of DOM revealed by preope-
rative ultrasonography. There were nine
patients with CLMN and STI, accounting
for 8.74%, and one patient presented with
CLMN and DOM, accounting for 0.97%.
Some of the ultrasound findings are shown
in Fig. 2 and Fig. 3.

The ultrasound features of CLNM

Preoperative ultrasonography showed
86 patients with CLNM, of which 62 ca-
ses were unilateral CLNM, accounting for
72.09%, and 24 cases were bilateral CLNM,
accounting for 27.91%. The long diame-
ter of metastatic lymph nodes in these 86
patients ranged from 0.6-2.9 c¢m, with a
mean long diameter of 1.83+0.63 c¢m, and
short diameter ranged from 0.3-1.7 ¢cm, with
a mean short diameter of 1.03+0.42 cm.

In terms of location, there were seven
cases in zone II, accounting for 8.14%; 42
cases in zone III, accounting for 48.84%; 20
cases in zone IV, accounting for 23.26%; four
cases in zone V, accounting for 4.65%; 10
cases in zone VI, accounting for 11.63%,
three cases in zone VII, accounting for
3.49%, and no metastasis in zone I. Morpho-
logically, 65 of the 86 patients with CLNM
had a lymph node L/T ratio <2 and showed
a round-like or round shape.

Regarding internal echogenicity, 66 ca-
ses of CLNM showed no medullary manifes-
tations. Punctate hyperechogenicity could
be observed within the lymph nodes in 43
patients, and the pathological examination
showed microcalcified colloid. Coarse calci-
fication could be observed within the lymph
nodes in three patients, and the metastatic
Iymph nodes in six patients with patho-
logically confirmed papillary thyroid cancer
showed internal cystic necrosis with partial
or complete cystic changes.
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Fig. 2. Morphology of thyroid metastases. (A)
shows an enlarged lymph node in the right
cervical region III, partly with intense
echogenicity, clear borders, full shape, in-
distinct  corticomedullary  demarcation,
and absence of the lymphatic hilum; (B)
shows an enlarged lymph node in the right
cervical region VI; (C) shows the right axi-
llary metastasis.

The sonograms of metastatic lymph
node cystic changes showed mostly hete-
rogencous thickness separation, some with
wall nodules or with punctate hyperechoge-
nicity, and larger wall nodules showed the
presence of blood flow signal within them.
Seventy cases developed solid metastases,
including 45 cases of solid hypoechogenici-
ty, 15 cases of multifocal hyperechogenicity,
seven cases of unifocal hyperechogenicity,
and three cases of diffusely distributed so-
lid hyperechogenicity (Table 1).

Ultrasound features of soft tissue invasion

Cervical soft tissue invasion occurred
in 25 cases, manifesting as the invasion of
the thyroid peritoneum in all patients, in-
vasion of the fatty muscles in 10 patients,
invasion of the trachea in two cases, and in-
vasion of the thyroid cartilage in one case.
Ultrasonography showed capsule disruption,
no clear line of demarcation between the pri-
mary lesion and the soft tissues, hete-
rogenecous echogenicity, and calcification
(Table 2). Some of the ultrasound findings
are shown in Fig. 4.

Ultrasound features of distant organ
metastases

Distant organ metastases occurred in
four cases, including one case, with uterine
metastasis, in which the ultrasonography
showed a solid mass with septa. One case
presented with parotid metastasis and
showed as a solitary and solid hypoechoic
nodule in the parotid gland with clear bor-
ders, sharp margins, and posterior acoustic
enhancement, very close to mixed tumors
of the salivary gland. One case presented
with axillary metastasis, and ultrasonogra-
phy showed axillary lymph nodes with a L/T
ratio of <2 and no medullary type. Fina-
lly, one case presented metastasis in the
submandibular gland, and ultrasonography
showed a solid, hypoechoic nodule with
coarse margins (Table 3). Some of the ultra-
sound findings are shown in Fig. 5.
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Fig. 3. Internal echo image of the thyroid gland. (A) shows an enlarged lymph node in the right cervical re-
gion IV; (B) shows a left cervical enlarged lymph node with clear borders, indistinct corticomedullary
demarcation, and multiple intense echogenic foci.

Table 1
The ultrasound features of cervical lymph node metastasis from thyroid cancer

Ultrasound features and manifestations Number of cases/results % p
L/T ratio <2 65 75.58 /
Loss of cortical medulla 66 76.74 /
Cystic changes 6 6.98 /
Mean length diameter of metastatic lymph nodes 1.83+0.63 / /
Mean short diameter of metastatic lymph nodes 1.03+0.42 / /
The side Unilateral metastases 62 72.09 <0.01

Bilateral metastases 24 29.91
Calcification Microcalcification 43 50.00 <0.01

Coarse calcification 3 3.49
Solid metastases Diffuse hyperechoic 3 3.49 <0.05

Unifocal hyperechoic 7 8.14

Multifocal hyperechoic 15 17.44

Solid hypoechoic 45 52.33
Location of lymph node Zone I 0 0.00 <0.05
metastases Zone II 7 8.14

Zone 111 42 48.84

Zone IV 20 23.26

Zone V 4 4.65

Zone VI 10 11.63

Zone VII 3 3.49

Note: The parametric test was used, including the t-test and the analysis of variance

(ANOVA, namely the F test).
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Table 2
The ultrasound features of soft tissue invasion
Ultrasound sonographic features Number of cases %
Invasion of the thyroid capsule 25 100.00
Invasion of the fatty muscles 10 40.00
Invasion of trachea 2 8.00
Invasion of the thyroid cartilage 1 4.00

Note: %2 test was used.

Fig. 4. Cervical soft tissue invasion. The hypoechoic mass in the subcutaneous soft tissue of the left neck has a
clear border, irregular shape, and uneven edge; CDFI: no evident blood flow signal was observed.

Table 3
The ultrasound features of distant organ metastases
Ultrasound sonographic features Number of cases %
Uterine metastasis 1 25.00
Parotid metastases 1 25.00
Axillary metastasis 1 25.00
Submandibular metastases 1 25.00

2
Note: ¥~ test was used.

DISCUSSION

The types of metastasis in patients
with thyroid cancer include cervical lymph
node metastasis, soft tissue invasion, and
distant organ metastasis, and the inciden-
ce of cervical lymph node metastasis is the
highest 5. Clinical data showed that half of

the patients with thyroid cancer had deve-
loped regional lymph node metastasis upon
consultation, with the highest incidence of
ipsilateral and middle CLNM, which con-
tains bilateral CLNM and supraclavicular
lymph node metastasis '°. A small fraction
of patients developed lymph node metasta-
sis when the primary tumor was tiny, which
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Fig. 5. Distant metastases. Figure A: left side; Figure B: right side. Hypoechoic masses were observed in both
parotid glands, with clear borders, uneven edges, partially angular and irregular shapes, and no

evident internal blood flow signal.

was the first symptom of metastatic lymph
node enlargement in some patients '’
Lymph node metastasis was predomi-
nantly unilateral. Unilateral metastasis ac-
counted for 72.09% of this study’s 86 pa-
tientswith thyroid cancer. Statistics showed
that lymph node metastases were mostly in
the middle and lower of the neck, being ap-
proximately 68% of all neck lymph nodes '®.
Studies have shown that lymph node enlar-
gement could be detected in only 30% of
patients with papillary thyroid cancer un-
dergoing physical examination. Pathological
examination revealed that over 80% of pa-
tients have lymph node metastasis, indi-
cating some underdiagnosis of lymph node
metastasis by ultrasound '. It was found
that thyroid cancer patients with CLNM ex-
perience higher recurrence rates, mortality,
and worse prognosis than patients without
CLNM ?°. Early examination is required for
the detection of lymph node metastasis in
patients with thyroid cancer. Comprehensive
observation of lymph node in terms of mor-
phology, borders, internal echogenicity and
other features was performed. The following
reliable features of lymph node metastasis
were summarized in this study with referen-
ce to ultrasound findings. Solid hyperechoic
or hypoechoic nodules, cystic changes, and

gravel-like calcifications were found, with
zones III, IV, and VI being the metastatic
arcas with the highest incidence rate. Stu-
dies have shown that ultrasound showed an
accuracy of >75% in the diagnosis of CLNM
in patients with thyroid cancer *'. Studies
have proposed that thyroid cancer first me-
tastasized to zone VI lymph nodes, showing
the highest rate of metastasis *>. A study
analyzed patients with papillary thyroid
cancer treated with systemic lymph node
dissection. It showed that over 80% of pa-
tients had multi-divisional metastases, with
the highest rates in Zone III, Zone IV, Zone
II, and Zone V. However, there were no cases
of metastasis to Zone I >, which is consis-
tent with the results of this study, demons-
trating that the rate of metastasis from the
highest to the lowest occurred in Zone III,
Zone 1V, Zone VI, Zone 11, Zone V, and Zone
VII. There were no patients with metastasis
to Zone I. However, in clinical practice,
the missed rate of lymph node metastases
was highest in zone VI, and the diagnos-
tic rate by ultrasound for metastatic lymph
nodes in this region was low. However, typi-
cal features could be obtained since other
primary head and neck tumors basically do
not metastasize to this region It can
be concluded from the above analysis that
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clinical physicians should pay attention to
zones III, IV and VI of the neck to reduce
missed diagnoses and ensure the diagnostic
accuracy.

Invasion of the surrounding soft tis-
sues and organs is also one metastatic rou-
te of thyroid cancer, primarily affecting the
thyroid capsule, the fatty muscles, the tra-
cheal ring, the thyroid cartilage, and the
larynx 5. In this study, 25 patients develo-
ped soft tissue invasion involving the thyroid
capsule, ten patients developed invasion of
the fatty muscles. Two patients had invasion
of the trachea, and one patient had invasion
of the thyroid cartilage. If the primary
lesion is in close proximity to the thyroid
capsule, there is a higher risk of CLNM and
also the invasion of adjacent soft tissues, in
which aggressive surgical treatment and
complete clearance of regional lymph no-
des on the lateral side of the neck are
required *°. Although papillary thyroid car-
cinoma showed a slight malignant transfor-
mation, it can develop distant metastases,
with bone, brain, and lung more likely in-
volved. The limitations of ultrasonography
result in a low detection rate in these si-
tes by ultrasonography *’. Previous evidence
showed that distant metastases from papi-
llary thyroid cancer occurred in the breast,
axilla, orbit, and pancreas, and ultrasonogra-
phy was performed based on patient history
*% In this study, distant organ metastases
occurred in four cases of thyroid cancer
(parotid gland, submandibular gland, axilla)
and one case in the uterus.

In conclusion, the most common me-
tastatic site of thyroid cancer is the cervical
lymph nodes. The soft tissues and distant
organs were also involved. There are typical
sonographic features in ultrasonography,
and adequate familiarity with the sonogra-
phic features can help to diagnose suspi-
cious metastases in a timely manner, which
is crucial for clinical diagnosis, treatment,
and prognostic assessment. However, there
are shortcomings in the present study, as
shown by the small sample size and the lack

of sufficient representativeness of the obtai-
ned results, as well as the lack of differentia-
tion of thyroid cancer types for the analysis
of metastases, which need to be improved in
future studies.
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Abstract. We investigated the expression of micro ribonucleic acid (miR)-
20a-5p and its target gene, breast cancer metastasis suppressor 1 like (BRMS1L),
in colon cancer tissues and their effects on the proliferation and apoptosis of colon
cancer cells. The dual luciferase assay was used to detect the targeted regulation
of miR-20a-5p on BRMS1L. The expression levels of miR-20a-5p and BRMSI1L in
colon cancer tissues and cells were detected by quantitative real-time polymerase
chain reaction (qRT-PCR). MiR-20a-5p mimic and mimic negative control (NC)
were transfected into the colon cancer cell line SW480 by the liposome transient
transfection method. The MTT assay, monoclonal formation of cancer cells, and
flow cytometry were used to detect cell proliferation and apoptosis. The expres-
sion level of miR-20a-5p in colon cancer tissues was significantly higher than that
in adjacent tissues, and the expression level of BRMS1L was significantly lower
than that in adjacent tissues. The expression level of miR-20a-5p was significantly
correlated with tumor-node-metastasis (TNM) stage, lymph node metastasis, in-
vasion depth, and differentiation degree. The higher the expression level of miR-
20a-5p, the more advanced the TNM stage and invasion depth, and the easier
it is for lymph nodes to metastasize (p<0.05). Compared with the control and
the miR-NC groups, the miR-20a-5p group’s cell proliferation ability, expression
of CyclinD1 and B-cell lymphoma-2 (Bel-2) were significantly increased, while
apoptosis ability and caspase-3 protein expression were significantly decreased
(p<0.05). The expression of miR-20a-5p in colon cancer tissues and cells in-
creased. Overexpression of miR-20a-5p could promote the proliferation of colon
cancer cells and inhibit their apoptosis.
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Expresion del MiR-20a-5p y su gen objetivo en cancer de colon
y sus efectos sobre la proliferacion y apoptosis de células
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Resumen. Investigamos la expresion del dcido microribonucleico (miR)-
20a-5p y su objetivo, el gen similar al supresor de metastasis del cancer de mama
1 (BRMSIL), en tejidos de cancer de colon y sus efectos sobre la proliferacion y la
apoptosis de las células de cancer de colon. Se utilizé el ensayo de luciferasa dual
para detectar la regulacion especifica del miR-20a-5p en BRMS1L. Los niveles
de expresion de miR-20a-5p y BRMS1L en tejidos y ¢élulas de cancer de colon
se detectaron mediante la reaccién en cadena de la polimerasa cuantitativa en
tiempo real (qQRT-PCR). El MiR-20a-5p mimico y el control mimico negativo
(NC) se transfectaron a la linea celular de cancer de colon SW480 mediante el
método de transfeccion transitoria de liposomas. Se utilizaron el ensayo MTT,
la formacion monoclonal de células cancerosas y la citometria de flujo para de-
tectar la proliferacion celular y la apoptosis. El nivel de expresion de miR-20a-
5p en tejidos de cancer de colon fue significativamente mayor que en los tejidos
adyacentes, y el nivel de expresion de BRMS1L fue significativamente menor
que en tejidos adyacentes. El nivel de expresién de miR-20a-5p se correlaciono
significativamente con el estadio tumor-ganglio-metdstasis (TNM), la metasta-
sis al ganglio linfatico, la profundidad de la invasion y el grado de diferencia-
cion. Cuanto mayor era el nivel de expresion de miR-20a-5p, mas avanzada eran
la etapa TNM y la profundidad de la invasién, y mas facil era que los ganglios
linfaticos hicieran metastasis (p<0,05). En comparacion con los grupos con-
trol y miR-NC, la capacidad de proliferacion celular del grupo miR-20a-5p, la
expresion de CycelinD1 y el linfoma-2 de células B (Bel-2) aumentaron signifi-
cativamente; mientras que la capacidad de apoptosis y la expresion de la pro-
teina caspasa-3 disminuyeron significativamente (p<0,05). La expresion del
miR-20a-5p en células y tejidos de cancer de colon aumenté. La sobreexpresion
del miR-20a-5p podria promover la proliferacion de células de cancer de colon
¢ inhibir su apoptosis.

Received: 11-11-2022  Accepted: 04-12-2022

INTRODUCTION

Colon cancer (CC) is a common ma-
lignant tumor of the digestive tract, and
its morbidity and mortality are increasing
year by year. Every year, there are 1.2 mil-
lion new colon cancer patients in the world,

with 600,000 deaths . The pathogenesis of
colon cancer is complex, and the activation
of carcinogenic pathways and the inhibi-
tion of defense mechanisms are important
causes of the tumor, which not only affect
the function of the digestive system but also
involve the liver, lung, and other organs in
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distant metastasis . When colorectal can-
cer is diagnosed at an early stage, it can be
cured by surgery, but when it is diagnosed
at an advanced stage, the curative effect of
chemotherapy drugs is very limited °. There-
fore, finding new therapeutic methods and
targets is very important. Micro ribonucle-
ic acid (MiRNA) is an endogenous single-
stranded non-coding RNA with a length of
20-25 nt, which combines with the messen-
ger ribonucleic acid (mRNA) of the target
gene through base complementary pairing,
resulting in its degradation or translation
stop, thus down-regulating the expression of
the target gene *. MiRNA plays the role of on-
cogene or tumor suppressor gene in tumors
and can regulate biological processes such
as proliferation, differentiation, invasion,
and apoptosis of tumor cells 5. It has been
reported that miR-20a-5p regulates tumor
growth, cell differentiation, and apoptosis
of many cancers. Luo Sheng et al. ¢ pointed
out that up-regulation of the expression of
miR-20a-5p could promote the proliferation
of pancreatic cancer cells and inhibit their
apoptosis. Liu Xiao dong et al. ™ found that
HAGLROS inhibited the expression of miR-
20a-5p, thus inhibiting the proliferation of
cardiomyocytes induced by high glucose and
promoting their apoptosis. MiR-20a-5p was
sheared from miR-20a. At present, miR-20a
is widely studied in the serum of colon cancer
patients, but the expression of miR-20a-5p in
colon cancer tissues and its effect on colon
cancer cells are rarely reported. Therefore,
this study intended to explore the expres-
sion level of miR-20a-5p and its target gene
in colon cancer tissues and cells, as well as
its effects on proliferation and apoptosis of
colon cancer cells, so as to provide theoreti-
cal basis for early diagnosis and treatment of
colon cancer.

MATERIALS AND METHODS

Objectives
This study belongs to a single-center
study, and the research objects are collected

in a continuous way. Inclusive criteria: All
patients were diagnosed as colon cancer by
histopathology, and had not received radio-
therapy, chemotherapy or other anti-tumor
adjuvant therapy before operation. Exclu-
sion criteria: Other digestive diseases (colon
polyps, chronic enteritis, etc.) and other sys-
temic malignant tumors (lung cancer, breast
cancer, ete.). From January 2021 to October
2022, 87 cases of colon cancer patients in
our hospital were collected. The specimens
of colon cancer tissues and adjacent tissues
>5cm from the tumor edge were collected.
The collected specimens were kept in liquid
nitrogen. General clinical data include age,
sex, smoking history, drinking history, tumor
diameter, tumor location, tumor-node-me-
tastasis (TNM) stage, lymph node metasta-
sis, infiltration depth, differentiation degree
and other information were collected.

Cells

Human normal colon epithelial cell
lines FHC, colon cancer cell lines SW480,
HT-29 and HCT-116 (Beina Biotechnology
Co., Ltd.) (Wuhan, China).

Reagents and Equipment

MiR-20a-5p mimic (MiR-20a-5p mimic)
and mimic negative control (NC) (Shang-
hai Jima Pharmaceutical Technology Co.,
Ltd.); MiR-20a-5p and BRMSIL primers
(Shanghai Shenggong Bioengineering Co.,
Ltd.); Monoclonal antibodies against Cy-
clinD1, B-cell Ilymphoma-2(Bcl-2), cas-
pase-3 and  glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (Cell Signal Tech-
nology Company, USA); Trizol ribonucleic
acid(RNA) extraction kit, Lipofectamine
TM3000 liposome and reverse transcrip-
tion kit (Dalian Bao Biotechnology Co.,
Ltd.); Bicinchoninic acid(BCA) protein as-
say kit (Shanghai Biyuntian Biotechnology
Co., Ltd.); Fetal serum, Dulbecco’s modifi-
cation of Eagle’s medium (DMEM) medium
and trypsin (GIBCO Company, USA); Net
Airtech clean bench (Thermo Fisher Com-
pany, USA); DYCZ 425D double vertical elec-
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trophoresis apparatus (Beijing Liuyi Instru-
ment Factory); Carbon dioxide incubator
(Thermo Company, USA); SpectraMax i D5
microplate reader (Thermo, USA); IXplore
Standard inverted microscope (Olympus, Ja-

pan).

Cell culture

Colon cancer cell lines (SW480, HT-29,
HCT-116) and human normal colon epitheli-
al cell line FHC were resuscitated, then add-
ed into DMEM medium containing 10% fetal
bovine serum, and cultured in an incubator
at 37°C and 5% CO2. When the cell fusion
rate reached 80%, the cells were digested
and passaged with trypsin.

Grouping processing

SW480 cells were divided into three
groups: control group: untranstected SW480
cells; MiR-NC group: SW480 cells transfected
with mimic NC; miR-20a-5p group: SW480
cells transfected with miR-20a-5p mimic.

10 mL SW480 cell fluid were inoculat-
ed into 6-well plate, 100 pmol of miR-20a-5p
mimic and mimic NC were added into DMEM
medium, and 4ul. Lipofectamine 3000 were
added to incubate for 30 min. The cells were
washed with the mixture, cultured in DMEM
medium for 24 h, and the transfection effi-
ciency was detected by flow cytometry.

Bioinformatics prediction and double
luciferase experiment

Using bioinformatics database Tar-
getScanHuman (http://www.targetscan.org/
vert_72/) to predict the related target genes
of miR-20a-5p, it was found that BRMSI1L
might be the target gene of miR-20a-5p.
The wild-type 3’UTR vector (pgl3-BRMSI1L-
3’-UTR-wt) and the mutant 3’UTR lucifer-
ase reporter vector (pGL3-BRMS1L-3’UTR-
MUT) were constructed in turn. SW480 cells
in logarithmic growth phase were inoculat-
ed into 6-well plates, and the two plasmids
were mixed with mimic NC and miR-20a-5p
mimic respectively, and then co-transfected
into the cells by Lipofectamine TM3000 for

48 hours. Collect cells from each group to
prepare cell lysate, and detect luciferase ac-
tivity according to the requirements of the
kit, to determine whether miR-20a-5p binds
to 3’UTR of BRMS1L.Each group had three
parallel settings.

Detection of miR-20a-5p and BRMS1L in
colon cancer tissues and cells by qRT-PCR
Total RNA was extracted from tissues
and cells by Trizol reagent. RNA was reverse
transcribed into ¢cDNA by reverse transcrip-
tion kit, and amplified by SYBR Green meth-
od. The U6 was used as internal reference.
The reaction conditions: pre-denaturation
at 95°C for Smin, pre-denaturation at 95°C
for 30s and pre-denaturation at 60°C for 30
s, a total of 40 cycles. The relative expres-
sion levels of miR-20a-5p and BRMS1L were
calculated by 244¢T formula. PCR primers:
miR-20a-5p forward primer, 5’-AGTCTATA-
CAAGGGCAAGCTCTC-3’, reverse primer,
5’-CCCAATACGACCAAATCCGTT-3’. U6 for-
ward primer 5’-CTGCTTCGGCAGCACA-3’,
reverse primer 5-AACGCTTCACGAATTT
GCGT-3’. BRMS1L forward primer, 5’-GGCA-
CAGCATTGATATTACCTCA-3’, reverse prim-
er, 5’ TATGGACCTGAAACAACAACTGG-3'.
Each group had three parallel settings.

Detection of cell proliferation by MTT
assay and cell cloning

After 24 hours of transfection, the cells
were digested and inoculated in 96-well
plates at the density of 1x103/ well. Each
well was equipped with three duplicate wells,
which were cultured for 24, 48, 72 and 96
hours, respectively. MTT solution was added,
incubated at 37°C for 4 hours, centrifuged to
remove supernatant, DMSO was added, and
the absorbance value was detected at 490
nm with enzyme-labeled instrument. Each
group had three parallel settings.

The cell density was adjusted to 1X10°/
well, and the cells were inoculated in 6-well
culture plates, and each well was provided
with three duplicate wells. After culturing
for ten days, it was fixed with 4% paraformal-
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dehyde solution, stained with crystal violet,
and the colony formation was observed un-
der microscope and counted. Each group
had three parallel settings.

Detection of the apoptosis of cell lines
by flow cytometry

The adjusted cell density was 1x10%/
well, which was inoculated into 6-well plates,
cultured for 48 h, washed with PBS, and sus-
pended with binding buffer. AnnexinV FITC
and PI were added, incubated in the dark for
10 min, and cell apoptosis was detected by
flow cytometry. Each group had three paral-
lel settings.

Detection of CyclinD1, Bel-2
and caspase-3 by Western blotting

Cell precipitation was harvested and
added with precooled protein lysate, fol-
lowed by incubation on ice for 30 min and
centrifugation at 10,000 rpm at 4°C. Sub-
sequently, the supernatant was taken for
protein quantification using the BCA Pro-
tein Assay Kit (Thermo Fisher), and the
total protein content was adjusted for sam-
ple preparation. After electrophoresis at
90 V, the proteins were transferred onto a
PVDF membrane. The target band was cut,
blocked with 5% skim milk, and incubated
on a shaker at room temperature for 1 h.
After antibody corresponding incubation
solution (CyclinD1, Bel-2, caspase-3, GAP-
DH, 1: 2000) was added, the membrane was
incubated on a shaker at room temperature
for 30 min, and then 4°C overnight. On the
second day, after returning to room tem-
perature, the membrane was washed. Next,
the membrane was added with secondary
antibody corresponding incubation solu-
tion (1:5,000), and incubated on a shaker
at room temperature for 2 h. After wash-
ing, the membrane added with an appro-
priate amount of ECL solution, followed
by reaction for 5 min avoiding light. Then,
fluorescence results were gathered using a
quantitative imager. Each group had three
parallel settings.

Statistical analysis

The SPSS 26.0 software (International
Business Machines Corporation, New York,
USA) was utilized for statistical analysis, and
GraphPad Prism 5.0 software was employed
for plotting. The t-test was adopted for com-
parison between groups, and one-way ANO-
VA was used for comparison among groups.
A difference of p<0.05 was considered as
statistically significant.

RESULTS

Bioinformatics prediction and double
luciferase experiment

TargetScanHuman prediction showed
that miR-20a-5p and BRMS1L had targeted
binding sites. The double luciferase experi-
ment showed that the luciferase activity of
wild-type BRMS1L was significantly decreased
(p<0.05) after transfection of miR-20a-5p,
while that of mutant BRMS1L was no signifi-
cantly different (p>0.05) (Fig. 1), indicating
that there was a targeted regulation relation-
ship between miR-20a-5p and BRMS1L.

BRMSLIL 3'UTR wt
§'-GCUAAAAGGAGCACUUU-3'

miR-20a-5p | | |
§'-ACGUGAUAUUCGUGAAA-3'

BRMSL1L 3'UTR mut
5'-ACGUGAUAUUAACAAGG-3'

EX miR-NC
miR-20a-5p

ot
n
1

0

1.0

0.5

Relative expression level of
Fluorescence

e
(=]
1

Fig. 1. Double luciferase verification experiment
(compared with miR-NC group, *: p<0.05).
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Expression of miR-20a-5p and BRMS1L
mRNA in colon cancer tissues and colon
cancer cell lines

The results of qRT-PCR (Fig. 2) showed
that the expression of miR-20a-5p in colon
cancer tissue was significantly higher than
that in para-cancerous tissues (p<0.05), and
the expression of BRMS1L was significantly
lower (p<0.05). Compared with human nor-
mal colon epithelial cell line FHC, the ex-
pression of miR-20a-5p in colon cancer cell
lines SW480, HT-29 and HCT-116 increased
significantly, and the expression of BRMS1L
decreased significantly (p<0.05).
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Relationship between the expression
of miR-20a-5p and clinicopathological
features of patients

To verify the role of miR-20a-5p in the
occurrence and development of colon can-
cer, 87 patients were divided into a high-ex-
pression group (n=43) and a low-expression
group (n=44) according to the p median
expression of miR-20a-5p. Results (Table 1)
showed that age, sex, smoking history, drink-
ing history, tumor size, and tumor location
had no significant differences between the
high-expression group and the low-expres-
sion group of miR-20a-5p (p>0.05), but had
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Fig. 2. The expression of miR-20a-5p and BRMS1L in colon cancer tissues (A, B, Compared with normal tissues,
*:p<0.05, **: p<0.001) and colon cancer cells (C, D, Compared with FHC, *: p<0.05, **: p<0.001).
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Table 1
Relationship between expression level of miR-20a-5p in colon cancer
and clinicopathological parameters of patients.
miR-20a-5p
- Low High % p
expression Expression
n (%) n (%)

Age 1.299 0.254
<65 22 13 (52.00) 9 (36.00)
=65 28 12 (48.00) 16 (64.00)
Gender 0.725 0.395
Male 27 15 (60.00) 12 (48.00)
Female 23 10 (40.00) 13 (52.00)
History of smoking 0.368 0.544
Yes 16 7 (28.00) 9 (36.00)
No 34 18 (72.00) 16 (64.00)
History of drinking 0.439 0.508
Yes 12 5 (20.00) 7 (28.00)
No 38 20 (80.00) 18 (72.00)
Tumor diameter (cm) 1.389 0.239
<5 18 11 (44.00) 7 (28.00)
>5 32 14 (56.00) 18 (72.00)
Tumor location 3.949 0.139
Gastric antrum 23 15 (60.00) 8 (32.00)
Gastric body 11 4 (16.00) 7 (28.00)
Gastric fundus and cardia 16 6 (24.00) 10 (40.00)
TNM 6.65 0.01
I~1I 29 19 (76.00) 10 (40.00)
I~1v 21 6 (24.00) 15 (60.00)
Lymph node metastasis 5.195 0.023
Yes 28 10 (40.00) 18 (72.00)
NO 22 15 (60.00) 7 (28.00)
Infiltration depth 6.876 0.009
Mucosa layer 31 11 (44.00) 20 (80.00)
Submucosal layer 19 14 (56.00) 5 (20.00)
Degree of differentiation 5.882 0.015
poorly 34 13 (52.00) 21 (84.00)
Medium/high 16 12 (48.00) 4 (16.00)
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Fig. 3. MTT assay (A) and cell cloning (B) were used to detect the cell proliferation ability (compared with

miR-NC group, *: p<0.05).

statistical differences with the TNM stage,
lymph node metastasis, infiltration depth,
and differentiation degree between the high-
expression group and the low-expression
group of miR-20a-5p.

Results of cell proliferation detected
by MTT assay and cell cloning

The results of the MTT assay (Fig. 3A)
showed that at 24h, 48h, 72h and 96h, the
OD value of the miR-20a-5p group was signifi-
cantly higher than that of the control and miR-
NC groups (p<0.05). However, there was no
significant difference in OD between the con-
trol group and the miR-NC group (p>0.05).
The monoclonal formation experiment (Fig.
3B) showed that at 48h, compared with the
control and miR-NC groups, the number of
cell monoclonal formation in the miR-20a-5p
group was significantly higher than that in
the control and miR-NC groups, and the dif-
ference was statistically significant (p<0.05).
However, there was no significant difference
in the number of cell clones between control
group and miR-NC group (p>0.05).

Results of cell apoptosis detected by flow
cytometry

The results of tflow cytometry (Fig. 4)
showed that compared with control group

and miR-NC group, the apoptosis rate of
miR-20a-5p group decreased significantly
(p<0.05). However, there was no signifi-
cant difference in apoptosis between control
group and miR-NC group (p>0.05).

Results of CyclinD1, Bel-2 and caspase-3
expressions detected by Western blotting.
The Western blot results (Fig. 5) showed
that compared with the control and miR-NC
groups, the expression levels of CyclinD1 and
Bel-2 in the miR-20a-5p group were significant-
ly increased, and the expression levels of cas-
pase-3 were significantly decreased (p<0.05).
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Fig. 4. Fow cytometry was used to detect apoptosis
(compared with miR-NC group, *: p<0.05).
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Mechanism of miR-20a-5p affecting
malignant phenotype of colon cancer cells

By detecting the levels of miR-20a-5p and
BRMSI1L in colon cancer tissues and cells, we
found that the expression of miR-20a-5p in co-
lon cancer tissues and cells was up-regulated,
while that of BRMS1L was down-regulated,
and the level of miR-20a-5p was significantly
correlated with the TNM stage, lymph node
metastasis, invasion depth and differentiation
degree of patients. miR-20a-5 played the role
of an oncogene, and BRMS1L played the role
of tumor suppressor. It indicated that miR-
20a-5 and BRMS1L were related to the pro-
gression of colon cancer. To further observe
the effect of miR-20a-5p on the malignant
behavior of colon cancer cells, we tested the
proliferation and apoptosis of cancer cells,
and found that overexpression of miR-20a-
Sp promoted cell proliferation and inhibited
cell apoptosis. At the same time, miR-20a-5p
could increase the protein levels of CyclinD1
and Bel-2 and decrease the expression of cas-
pase-3. Therefore, we concluded that miR-
20a-5p could promote the proliferation of
colon cancer cells and inhibit the apoptosis
of colon cancer cells by targeted regulation of
BRMS1L (Fig. 6).

DISCUSSION

MiRNA can regulate the expression of
target genes, and participate in the prolif-

e
e

e promotion e

Bel-2 T
caspa se—#

Fig. 6. Mechanism of action of miR-20a-5p on ma-
lignant phenotype of colon cancer cells.

CycinD}

Apoptosis

eration, migration, invasion and apoptosis of
tumor cells as oncogenes or tumor suppres-
sor genes 57,

Many studies have shown that miR-20a-
S5p has the function of oncogene. The re-
search of Wang Xiaojing et al. '° showed that
miR-20a-5p could alleviate the endothelial
cell injury induced by oxidized low density
lipoprotein (ox-LDL) by targeting and regu-
lating cardiac myosin-related transcription
factor A(MMRTFA). Zheng Hui e et al. ' found
that acupuncture can down-regulate the
expression of miR-20a-5p, thus promoting
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cell proliferation and inhibiting cell apop-
tosis in rats with cerebral ischemia-reperfu-
sion injury.

Bai et al. '? found that miR-20a-5p was
highly expressed in triple-negative breast
cancer, and promoted the growth of tumor
cells by targeting human-related transcrip-
tion factor 3 (RUNX3).

However, Yu et al. '? found that miR-
20a-5p showed low expression in neuroblas-
toma, which inhibited the proliferation of
tumor cells through targeted regulation
of autophagy related gene 7(ATG7). It was
suggested that miR-20a-5p had different
regulatory effects on the occurrence and
development of tumors. The results showed
that the expression of miR-20a-5p in colon
cancer was significantly higher than that
in adjacent tissues. MiR-20a-5p was sig-
nificantly correlated with the TNM stage,
lymph node metastasis, invasion depth and
differentiation degree, and the higher the
expression of miR-20a-5p, the more serious
the TNM stage and invasion depth, and the
easier it was for lymph nodes to metastasize
(p<0.05). The cell experiment showed that
after miR-20a-5p mimic was transfected,
the proliferation ability of SW480 cells was
obviously enhanced, but the apoptosis abil-
ity was obviously weakened, which indicated
that miR-20a-5p played a cancer-promoting
role in colon cancer.

BRMSI1L is the homologous gene of
BRMS1, which can promote the deacety-
lation of histone deacetylase and combine
with specific transcription factors, so as to
regulate the expression of related genes
and inhibit the proliferation and metastasis
of various tumor cells. Cao et al. * found
that BRMSIL inhibited the invasion and
metastasis of ovarian cancer cells by inhib-
iting B-catenin-wnt signaling pathway. Lv et
al. © found that BRMS1L inhibited the inva-
sion of tumors of the nervous system and
played an anti-cancer gene role in these
tumors. Wang Jihong et al. '* found that
miR-17-5p could promote the proliferation,

invasion, migration and apoptosis of CNE2
cells of nasopharyngeal carcinoma by down-
regulating the expression of BRMS1L. Chen
Jie 17 found that miR-20a-5p targeted and
regulated the expression of BRMS1L, inhib-
ited the proliferation of the human colorec-
tal cancer cell line SW480 and promoted its
apoptosis. In this study, the online database
of TargetScanHuman was used to predict
that miR-20a-5p has a binding site with
BRMS1L, and the double luciferase gene re-
porting experiment verified that miR-20a-
5p can effectively target the negative regu-
lation of BRMS1L.

The growth of a tumor is closely related
to cell proliferation and apoptosis. When the
expression of proliferation and apoptosis
genes that affect tumor growth changes, the
progress of cancer will also change accord-
ingly 8. CyclinD1 is a proliferation-promot-
ing gene, which is involved in the regulation
of cell cycle. Its coded products can bind to
the corresponding kinases, thus promoting
the development of cell cycle and enhancing
cell vitality '°. Bel-2 is an apoptosis-inhibit-
ing gene, which plays a role by antagonizing
the apoptosis-promoting gene Bax 2°. Cas-
pase-3 is a pro-apoptosis gene, which is acti-
vated by the mitochondrial and death recep-
tor pathways, and then causes cell apoptosis
2 In this study, the expression of CyclinD1,
Bel-2 and caspase-3 in miR-20a-5p group
were significantly increased, which indicated
that miR-20a-5p induced the proliferation of
cancer cells and inhibited their apoptosis by
regulating the expression of CyclinD1, Bel-2
and caspase-3.

To sum up, the expression of miR-
20a-5p in colon cancer tissues and cells
increased, and the expression of its target
gene BRMSI1L in colon cancer tissues and
cells increased. Over-expression of miR-20a-
S5p could enhance the proliferation of co-
lon cancer cells and inhibit their apoptosis,
which provided a theoretical and experimen-
tal basis for the treatment of colon cancer
by inhibiting the expression of miR-20a-5p.
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Risk factors for the prognosis of patients
with decompensated hepatitis B cirrhosis
and their predictive values.
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Abstract. We aimed to investigate the risk factors affecting the progno-
sis of patients with decompensated hepatitis B cirrhosis and their predictive
values. The clinical data of 149 patients with decompensated hepatitis B cir-
rhosis, treated from August 2015 to June 2019, were analyzed retrospectively.
They were divided into death and survival groups during a one-year follow-up.
Their baseline data were compared, and the risk factors affecting death, corre-
lations among risk factors, and predictive values of these factors for death were
analyzed. Survival analysis was conducted. During a one-year follow-up, 103 pa-
tients survived, and 46 died. High neutrophil-lymphocyte ratio (NLR), red cell
distribution width (RDW), the model for end-stage liver disease (MELD) score,
the Child-Turcotte-Pugh (CTP) score, and low serum sodium were independent
risk factors for death in patients with decompensated hepatitis B cirrhosis. NLR
correlated positively with GTP and MELD scores (r=0.346, p=0.0001,r=0.243,
p=0.0003, respectively). Likewise, the RDW had positive correlations with CTP
and MELD scores (r=0.417, p=0.0001, r=0.413, p=0.0003, respectively). Se-
rum sodium was negatively correlated with CTP and MELD scores (r=-0.484,
p=0.0001, r=-0.476, p=0.0001, respectively). The survival rate was high in
patients with NLR<7.38, RDW<16.15%, serum sodium>146.31 mmol/L, CTP
score<10.26 points, and MELD score<11.31 points (p=0.0001). NLR, RDW,
serum sodium, MELD, and CTP scores had high death predictive values. NLR,
RDW, serum sodium, CTP score, and MELD score can be considered as critical
indices for evaluating and predicting the prognosis of patients with decompen-
sated hepatitis B cirrhosis.
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Factores de riesgo para el prondstico de pacientes con cirrosis
por hepatitis B descompensada y sus valores predictivos.

Invest Clin 2023; 64 (2): 196 — 205

Palabras clave: cirrosis por hepatitis b descompensada; prondstico; factor de riesgo;

valor predictivo.

Resumen. Nuestro objetivo fue investigar los factores de riesgo que afectan
el pronéstico de los pacientes con cirrosis por hepatitis B descompensada y sus
valores predictivos. Se analizaron retrospectivamente los datos clinicos de 149
pacientes con cirrosis por hepatitis B descompensada tratados desde agosto de
2015 hasta junio de 2019. Estos pacientes se dividieron en grupos de muerte y
supervivencia, durante un afno de seguimiento. Se compararon sus datos basales
de referencia y se analizaron los factores de riesgo que afectan la muerte, las
correlaciones entre los factores de riesgo y los valores predictivos de muerte de
estos factores. El analisis de supervivencia durante un ano de seguimiento, de-
mostré que sobrevivieron 103 pacientes y fallecieron 46. La alta proporcion de
neutrofilos-linfocitos (NLR), el ancho de distribucién de glébulos rojos (RDW), el
modelo para la puntuacién de enfermedad hepatica en etapa terminal (MELD),
la puntuacién de Child-Turcotte-Pugh (CTP) y el bajo nivel de sodio sérico fueron
factores de riesgo independientes para la muerte en pacientes con cirrosis por
hepatitis B descompensada. NLR tuvo correlaciones positivas con la puntuacion

CTP y la puntuacion MELD (r =

0,346, p = 0,0001, r = 0,243, p = 0,0003,

respectivamente). RDW tuvo correlaciones positivas con la puntuacién CTP y la
puntuaciéon MELD (r = 0,417, p = 0,0001, r = 0,413, p = 0,0003, respectiva-
mente). El sodio sérico se correlacioné negativamente con las puntuaciones GTP
y MELD (r=-0,484, p=0,0001, r=-0,476, p=0,0001, respectivamente). La tasa
de supervivencia fue alta en pacientes con NLR <7,38, RDW <16,15%, sodio
sérico> 146,31 mmol/L, puntuaciéon CTP <10,26 puntos y puntuacién MELD
<11,31 puntos (p = 0,0001). NLR, RDW, sodio sérico, puntaje MELD y puntaje
CTP tuvieron altos valores predictivos de muerte. NLR, RDW, sodio sérico, punta-
je CTP y puntaje MELD pueden considerarse indices importantes para evaluar y
predecir el prondstico de pacientes con cirrosis por hepatitis B descompensada.

Received: 08-07-2022  Accepted: 17-12-2022

INTRODUCTION

Liver cirrhosis is a chronic progressive
liver disease that involves histopathological
changes such as hepatocyte necrosis, re-
generative nodules, diffuse liver fibrosis and
formation of pseudolobules due to multiple
causes . Hepatitis B is one of the common
causes of liver cirrhosis 2. The decompen-

sated stage is the end stage of liver cirrho-
sis, manifested as portal hypertension and
liver damage in clinical practice °. Addition-
ally, abdominal organ injury can induce vari-
ous complications such as ascites, hemor-
rhages due to varicose vein rupture, hepatic
encephalopathy and secondary infections,
which seriously affect the prognosis of pa-
tients and cause a high mortality rate. The

Investigacion Clinica 64(2): 2023



Prognostic evaluation of decompensated hepatitis B cirrhosis 197

five-year mortality rate of patients with de-
compensated cirrhosis who have not under-
gone liver transplantation is up to 85%, of
which the one-year mortality rate of those
complicated with gastrointestinal bleeding
and ascites as well as renal failure and in-
fection is 57%, 20% and 67%, respectively *.
Hence, it is of great significance to under-
stand comprehensively the causes of death
and risk factors in patients with decompen-
sated hepatitis B cirrhosis®.

In this study, the risk factors affecting
the prognosis of patients with decompensat-
ed hepatitis B cirrhosis and the predictive
value of these factors for the prognosis were
analyzed, aiming to provide reliable bases
for early clinical identification, disease judg-
ment and prognostic evaluation.

MATERIALS AND METHODS

Subjects

The clinical data of 149 patients with
decompensated hepatitis B cirrhosis treated
in our hospital from August 2015 to June
2019 were collected and retrospectively ana-
lyzed. According to the Diagnostic Criteria
for Chronic Hepatitis B in 2015 °, the diag-
nostic criteria included: a) clear evidence
for etiology of hepatitis B virus (HBV) infec-
tion, and no other common causes of liver
cirrhosis, b) confirmed evidence of liver cir-
rhosis through histology, clinical manifes-
tations, and imaging: morphology showing
liver fibrosis, regenerative nodules and pseu-
dolobules, clinical manifestations exhibit-
ing portal hypertension, liver insufficiency,
and B-ultrasound, computed tomography,
magnetic resonance, and radionuclide im-
aging indicating signs of liver cirrhosis;
and ¢) complications such as hepatic en-
cephalopathy, hemorrhages caused by rup-
ture of esophageal and gastric varices, and
ascites. The inclusion criteria were set as
follows: a) patients who met the above diag-
nostic criteria, b) those with no recent ac-
tive infection, ¢) those with complete clini-

cal data, and d) those who and whose family
members signed the informed consent and
could cooperate to complete the follow-up.
The exclusion criteria involved: a) patients
with acute liver failure, b) those who were
complicated with severe heart, lung, or kid-
ney diseases, ¢) those who were complicated
with primary liver cancer or other malignant
tumors, d) those who were complicated with
history of brain diseases, metabolic enceph-
alopathy or toxic encephalopathy, ¢) those
who received glucocorticoid or immunosup-
pressive therapy, or f) cases undergoing liver
transplantation. This study was approved by
the Medical Ethics Committee of our hos-
pital. The number of samples included in
factor analysis is about 5-10 times that of
variable factors. There were 20 variable fac-
tors in this study, so the number of included
samples should have been >100. Finally, 149
cases were included (Fig. 1).

Data collection and scoring

The medical records were reviewed to
collect the gender, age and physical examina-
tion results of every patient. After admission,
the patient’s first laboratory examination data
were recorded, including routine blood tests,
coagulation function, liver function, and
kidney function. ChildTurcotte-Pugh (CTP)
score 7: ascites, hepatic encephalopathy, se-
rum total bilirubin (TBil), albumin (Alb), and
prothrombin time (PT) were scored accord-
ing to the severity of the disease, namely 1,
2 and 3 points, respectively. The score of 5
items was added, and 5-6 points were Grade
A, indicating liver function compensation;
7-9 points were Grade B, indicating liver func-
tion decompensation; and 10-15 points were
Grade C, indicating severe decompensation
of liver function. The Model for end-stage liv-
er disease (MELD) was utilized to assess the
patients’ liver function ®. The MELD score was
calculated with the formula: 3.8 X In [biliru-
bin (mg/dL)] + 11.2 X In [prothrombin in-
ternational normalized ratio (INR)] + 9.6 X
In [creatinine (mg/dL)] + 6.4.
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Patients with decompensated
hepatitis B cirrhosis (n=163)

Acute liver failure (n=2)

Complicated with serious
basic diseases such as heart,
lung and kidney (n=4)

Combined with primary liver
cancer or other malignant
tumors (n=3)

Complicated with history of
brain, metabolic
encephalopathy and toxic
encephalopathy (n=3)

Treatment with
glucocorticoid or
immunosuppressant (n=2)

Patients included in the study
(n=149)

Fig. 1. Study enrollment tflowchart.

Follow-up and grouping

The date of patients admitted to the
hospital with a confirmed diagnosis of de-
compensated hepatitis B cirrhosis for the
first time was regarded as the start of follow-
up. The last follow-up or death was set as the
end event. The follow-up period was not less
than one year. During the one-year follow-up
period, the dead patients were selected as
the death group, while the surviving patients
were enrolled as the survival group.

Statistical analysis

The SPSS 16.0 software was used for sta-
tistical analysis. The measurement data con-
forming to normal distribution were expressed
as means * standard deviations, and the in-
dependent t-test was used for comparison be-
tween groups. If the data did not conform to
the normal distribution, they were expressed as
medians (lower quartiles and higher quartiles)
[M (P25, P75)], and the rank sum test was
used for comparison between the groups. The
numerical data were expressed as percentages
(%), and the * test was used for comparison be-
tween groups. The Multivariate COX regression
analysis was utilized to explore the risk factors
for the death of patients with decompensat-
ed hepatitis B cirrhosis, and the correlations
among indices were analyzed by the Spearman
correlation test. The Long-rank y° test was

used to analyze the death of patients, and the
Kaplan-Meier method was adopted to draw the
survival curve. The positive and negative pre-
dictive values of these factors for the death of
patients were analyzed by the receiver operat-
ing characteristic (ROC) curve, and the area
under the curve (AUC) was calculated. The in-
spection level was a=0.05. p<0.05 indicated
that the difference was statistically significant.

RESULTS

Among the 149 patients with decom-
pensated hepatitis B cirrhosis, there were
86 males and 63 females, aged 46-70 years
old, with an average of 56.42 = 6.45. During
the one-year follow-up, 103 patients survived
(69.13%), and 46 died (30.87%).

No statistically significant differences
were found in gender, aspartate amino-
transferase  (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP)
and platelet (PLT) between the two groups
(p>0.05). The age, total bilirubin (TBil),
white blood cell count (WBC), neutrophils
(N), neutrophil-lymphocyte ratio (NLR), red
cell distribution width (RDW), serum creati-
nine (Scr), PT, INR, CTP score, and MELD
score were higher. Body mass index (BMI),
Alb, lymphocyte (L), and serum sodium were
lower in the death group than those in the
survival group, suggesting statistically sig-
nificant differences (p<0.05) (Table 1).

Among the variables with statistically
significant differences between the survival
and death groups, TBil, Alb, PT, INR, Scr,
N, and L displayed multiple linear relation-
ships with the CTP, MELD, and NLR scores,
so they were excluded from the multivariate
COX regression analysis. Finally, the mul-
tivariate COX regression analysis included
age, BMI, WBC, NLR, RDW, serum sodium,
MELD, and CTP scores. The results exhib-
ited that high NLR, RDW, MELD score and
CTP score, and low serum sodium were in-
dependent risk factors for death in patients
with decompensated hepatitis B cirrhosis
(Table 2).
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Table 1
Baseline data of survival and death groups.
Index Survival group (n=103) Death group (n=46) x2/Z/t p
Gender (male/female, case) 69/34 28/18 0.524 0.469
Age (vear, ¥£SD) 54.06 = 5.40 61.72% 5.41 7.995  0.0001
BMI (kg/m2, x+=SD) 22.03x1.09 19.44+1.00 13.736  0.0001
AST (U/L, x£SD) 47.86+5.42 49.23+5.51 1.418 0.158
ALT (U/L, x£SD) 52.45%+7.39 53.82+7.44 1.043 0.299
ALP (U/L, x=SD) 146.72+15.83 147.61%+16.09 0.315 0.753
TBil (wmol/L, [M(P25,P75)])  28.95(21.36~42.07) 64.52(25.48~113.65) 26.596  0.0001
Alb (g/L, x£SD) 32.75+4.61 25.13+3.48 10.003 0.0001
WBC (109/L, x=SD) 6.34x0.75 7.49+0.94 7.978 0.0001
N (109/L, [M(P25,P75)]) 6.27(3.65~8.49) 8.13(5.08~10.97)  7.328  0.0001
L (109/L, ¥=SD) 1.48(0.72~2.13) 0.75(0.49~1.06) 5267 0.0001
NLR (¥+SD) 578(1.71~11.79)  11.38(4.79~14.63)  13.586  0.0001
RDW (%, [M(P25,P75)]) 15.68(14.05~17.26)  17.29(14.97~19.38)  6.419  0.0001
PLT (109/L, x£SD) 76.85+23.19 75.37%£22.68 0.362 0.718
Ser (mg/L, x=SD) 0.76x0.25 1.64+0.82 9.941 0.0001
Serum sodium (mmol/L, x=SD) 139.29+7.79 126.27x7.35 9.587 0.0001
PT (s, [M(P25,P75)]) 15.14(12.96~17.03)  18.73(15.42~20.91)  8.693  0.0001
INR (x=SD) 1.41+0.35 1.98+0.62 7.140 0.0001
CTP score (point, x=SD) 9.53+0.85 12.54+0.97 19.104 0.0001
MELD score (point, ¥ £SD) 9.34x2.51 17.54+3.31 16.636  0.0001

Body mass index (BMI), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), serum total bilirubin (TBil), albumin (Alb), white blood cell count (WBC), neutrophils (N), lymphocyte
(L), neutrophil-lymphocyte ratio (NLR), red cell distribution width (RDW), platelet (PLT), serum creatinine (Scr),
prothrombin time (PT) international standard ratio (INR).

Table 2
Risk factors for death in patients Wi:::lll)l chompcnsatcd hepatitis B cirrhosis.
Factor B SE Wald p OR 95%CI
Age 0.975 0.826 1.257 0.482 0.893 0.568~1.347
BMI -0.824 0.672 1.438 0.519 1.275 0.641~1.852
WBC 1.356 1.198 2.065 0.237 1.684 0.753~2.469
NLR 2.249 1.863 3.521 0.0001 3.536 2.384~4.728
RDW 0.832 0.754 1.849 0.021 2.048 1.276~3.514
Serum sodium -0.765 0.627 1.232 0.035 1.952 1.597~3.863
CTP score 2.493 2.182 4.574 0.009 4.376 3.458~5.692
MELD score 2.608 2.379 4.683 0.004 4.715 3.629~5.847

The independent variables were assigned values with the median as the cut-off point: age: >57 years old=1, <57
years old=0, BMI: >21.2 kg/m?>=1, <21.2 kg/m*=0, WBC: >6.65x10°/L=1, <6.65x10°/L=0, NLR: >7.38=1,
<7.38=0, RDW: >16.15%=1, <16.15%=0, serum sodium: >135.39 mmol/L=1, <135.39 mmol/L=0, CTP score:
>10.26 points=1, <10.26 points=0, MELD score: >11.31 points=1, <11.31 points=0.
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NLR had positive correlations with the CTP
score and MELD score (r=0.346, p=0.0001,
r=0.243, p=0.0003). RDW had positive rela-
tions to CTP score and MELD score (r=0.417,
p=0.0001, r=0.413, p=0.0003). Serum sodi-
um was negatively associated with CTP score
and MELD score (r=-0.484, p=0.0001, r=-
0.476, p=0.0001) (Fig. 2).

According to the independent risk
factors obtained in the multivariate COX
regression analysis, the indices were cat-
egorized into more than the median group
and less than the median group. The sur-
vival rate was 89.47% in NLR<7.38 group
and 47.95% in NLR>7.38 group, suggest-
ing a statistically significant difference
(x*=30.090, p=0.0001). It was 82.89% in
the RDW<16.15% group and 54.79% in the
RDW>16.15% group, suggesting a statis-
tically significant difference (¥*=13.777,

p=0.0001). It was 94.59% in the serum so-
dium>146.31 mmol/L group and 44.00% in
the serum sodium<146.31 mmol/L group,
suggesting a statistically significant differ-
ence (*=44.678, p=0.0001). Besides, the
survival rate was 86.67% in the CTP score
<10.26 points group and 51.35% in the CTP
score >10.26 points group, suggesting a sta-
tistically significant difference (¥*=21.768,
p=0.0001). It was 90.67% in the MELD
score<11.31 points group and 47.30% in
the MELD score>11.31 points group, sug-
gesting a statistically significant difference
(x*=32.829, p=0.0001) (Fig. 3).

In predicting the death of patients with
decompensated hepatitis B cirrhosis, the
area under the NLR curve was 0.836, the 95%
confidence interval (CI) was 0.770-0.903, the
optimal cut-off value was 7.49, the sensitivity
was 81.1%, the specificity was 86.7%, and the
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Fig. 2. Correlations of NLR, RDW, and serum sodium with CTP score and MELD score.
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Fig. 3. Independent risk factors for survival of patients with decompensated hepatitis B cirrhosis.

Youden’s index was 0.678. The area under the
RDW curve was 0.752, the 95% CI was 0.670-
0.834, the optimal cut-off value was 16.22%,
the sensitivity was 78.4%, the specificity was
78.7%, and the Youden’s index was 0.571.
The area under the serum sodium curve was
0.774, 95% CI was 0.695-0.853, the optimal
cut-off value was 120.95 mmol/L, the sensi-
tivity was 75.7%, the specificity was 85.3%,
and the Youden index was 0.610. Besides, the
area under the CTP score curve was 0.883,
95% CI was 0.823-0.942, the optimal cut-off
value was 10.34 points, the sensitivity was
86.5%, the specificity was 90.7%, and the
Youden’s index was 0.772. The area under the
MELD score curve was 0.894, the 95% CI was
0.839-0.948, the optimal cut-off value was
11.35 points, the sensitivity was 87.8%, the
specificity was 88.0%, and the Youden’s index
was 0.758 (Fig. 4 and Table 3).

DISCUSSION

Patients with decompensated cirrhosis
are prone to malnutrition, with an inci-
dence rate of up to 60-100% in the advanced
stage ?. Verma et al. reported that the nutri-
tional indices, BMI and Alb, significantly de-

clined in the patients with poor prognosis,
so both of them can be used to predict the
prognosis of patients with decompensated
cirrhosis '°. Likewise, we herein found that
the BMI and Alb of the death group were
significantly lower than those of the survival
group. Probably, lipids and proteins are ab-
normally synthesized due to liver damage,
which induces malnutrition, especially in
patients with decompensated cirrhosis. As
a result, the synthesis and decomposition
of apolipoproteins and blood lipids are af-
fected 1.

WBC count is usually employed to
evaluate the inflammatory response. Gener-
ally, the count increases when the inflamma-
tory response is enhanced 2. Consistently,
this study exhibited that the count of WBC
was significantly higher in the death group.
Zhang et al. reported that NLR had a high pre-
dictive value for the occurrence of hepatitis
B-related liver failure *. Additionally, Kalra
et al. reported that NLR was an independent
predictor for the 30-day death of patients
with decompensated hepatitis B cirrhosis 4.
The above conclusions are consistent with
the results of this study. During the progres-
sion of chronic liver disease into the end
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Fig. 4. Predictive values of independent risk factors for death of patients with decompensated hepatitis B

cirrhosis.
Table 3
Parameters of predictive efficiency.

Parameter NLR RDW Serum sodium  CTP score  MELD score
Sensitivity 81.1% 78.4% 75.7% 86.5% 87.8%
Specificity 86.7% 78.7% 85.3% 90.7% 88.0%
Positive predictive value 0.801 0.725 0.773 0.826 0.891
Negative predictive value 0.592 0.556 0.557 0.613 0.650
Youden’s index 0.678 0.571 0.610 0.772 0.758
AUC 0.836 0.752 0.774 0.883 0.894
95%CI 0.770~0.903 0.670~0.834 0.695~0.853 0.823~0.942 0.839~0.948

Optimal cut-off value 7.49

16.22%

120.95 mmol/L 10.34 points 11.35 points

stage, the excessive immune response stimu-
lates the activation of T and B-lymphocytes
to release a large number of inflammatory
mediators to induce inflammation, oxidative
stress, and chemotaxis. As a result, neutro-
phils stored in the liver sinusoids are largely
released into the blood, then increasing the
neutrophil count in the peripheral blood '°.
In addition, the long-term malnutrition of
patients with chronic liver disease not only

hinders lymphocyte synthesis but also pro-
motes lymphocyte apoptosis, thus reducing
the lymphocyte count and ultimately in-
creasing NLR '°.

Zhang et al. reported that RDW was posi-
tively associated with decompensated hepati-
tis B cirrhosis and gastrointestinal bleeding
as an independent factor 7. Besides, Ferdous
et al. reported that RDW was significantly
increased in patients with hepatitis B and
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positively related to the disease severity '8,

Moreover, Wang et al. reported that RDW was
closely correlated with the mortality rate of
patients with hepatitis C cirrhosis ', which
is consistent with the results of this study.
RDW increases due to nutrient (such as fo-
lic acid, vitamin B12, and iron) deficiencies,
aggravated erythrocyte destruction, inflam-
mation, and bone marrow suppression. These
conditions usually exist in patients with
chronic liver disease, especially in those with
decompensated hepatitis B cirrhosis 2. The
incidence rate of complications increases
in patients with decompensated hepatitis B
cirrhosis complicated by hyponatremia. De-
creased serum sodium levels shorten the av-
erage survival time, and the mortality rate
is elevated ?'. The decreased level of serum
sodium is an independent risk factor leading
to poor prognosis of patients with decom-
pensated hepatitis B cirrhosis 2°. This study
further confirmed the above results. On the
one hand, the damaged liver attenuates the
inactivation of antidiuretic hormone, which
facilitates the reabsorption of water by renal
tubules, leading to water retention. On the
other hand, the energy-rich phosphate link-
age is reduced due to liver function decline.
The sodium pump activity decreases, thereby
inhibiting the activity of Na*-K*-ATPase, and
resulting in the difficulties of K* entering
cells and Na* releasing from cells. Additional-
ly, plasma colloid osmotic pressure is reduced
by hypoproteinemia, which causes fluid ex-
travasation and dilutional hyponatremia .
CTP and MELD scores are commonly
utilized to evaluate the liver reserve func-
tion, disease severity, and prognosis of pa-
tients with cirrhosis in clinical practice.
Fernandez Carrillo et al. found that the CTP
and MELD scores of patients with decom-
pensated cirrhosis were significantly higher
in the death group than those in the survival
group and could be considered as indepen-
dent risk factors for death and predictors
for prognosis **. Similar to our study, Qiang
et al. reported that CTP and MELD scores
were positively related to NLR and RDW

and negatively associated with serum so-
dium #°. Notably, there are also differences
between the results of this study and those
mentioned above, which may be ascribed to
the differences between individuals, detec-
tion reagents, determination criteria, and
sample size.

Regardless, this study has some limi-
tations. This is a retrospective single-cen-
ter study with a small sample size, and the
indicator levels of patients with different
complications were not analyzed. Further
prospective multicenter studies with larg-
er sample sizes are ongoing in our group.
More detailed data can be obtained through
grouping based on different complications
of patients to provide reliable guidance for
clinical practice.

In conclusion, NLR, RDW, serum so-
dium, CTP score, and MELD score can be
considered as critical indices to evaluate
and predict the prognosis of patients with
decompensated hepatitis B cirrhosis.
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Resumen. La mucormicosis es una micosis emergente, oportunista, inva-
siva y severa, de distribucion mundial, baja frecuencia y elevada morbi-morta-
lidad, asociada a estados de inmunodeficiencia. Su incremento como mucor-
micosis asociada a la COVID-19 (CAM o COVID-19 associated mucormycosis)
se registra en la India y en varios paises de las Américas. Se describe la presen-
tacién y manejo de un caso CAM y se valora la importancia clinica y de salud
publica de sus caracteristicas respecto a casos CAM y no-CAM reportados
en la literatura médica. Se exponen, sobre una linea de tiempo, aspectos de
diagnostico epidemiol6gico, clinico, microbiolégico, histopatoldgico, image-
nolégico y de su manejo multidisciplinario. Se traté de un paciente masculino
de 64 afos, procedente del centro-norte de Venezuela, con diabetes mellitus
y antecedente de COVID-19 moderada, tratada en forma ambulatoria, quien
present6 cuadro de mucormicosis rino-sinusal-orbitaria unilateral izquierda,
con extensiéon dentomaxilar. Habia iniciado con sinusitis, lesiones palatinas,
dolor en region maxilar y movilidad dentaria, 19 dias después del diagnos-
tico de la COVID-19. El diagnéstico micolégico basado en histopatologia,
examen directo y cultivo, senalé Rhizopus spp. El caso se tratd exitosamente
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con anfotericina B, cirugia con abordaje endoscépico y control metabdlico.
Se discuten la posible influencia de la COVID-19 y su manejo en el desarrollo
de la CAM vy la importancia del acceso a la salud en esta situacién. La mucor-
micosis debe considerarse entre las complicaciones potenciales en pacientes
diabéticos con la COVID-19. La atencidn integral y el seguimiento de la salud
del paciente con la COVID-19 deben mantenerse en todas sus fases.

COVID-19 associated mucormycosis in Venezuela:
case report and literature review.

Invest Clin 2023; 64 (2): 206 — 225

Keywords: amphotericin B; CAM; COVID-19; diabetes; mucormycosis; case report.

Abstract. Mucormycosis is an emerging, severe, opportunistic, invasive
mycosis with a worldwide distribution, low frequency, and high morbidity and
mortality linked to immunodeficiency conditions. A significant increase in
COVID-19-associated mucormycosis (CAM) has occurred in countries such
as India and several countries of the Americas. We describe the presentation
and management of a CAM case and discuss the clinical and public health sig-
nificance of its characteristics concerning CAM and non-CAM cases reported
in the literature. Using a timeline, epidemiological, clinical, microbiological,
histopathological, imaging features, and multidisciplinary interventions in
this CAM case are presented. A 64-year-old male patient from the north cen-
ter of Venezuela, with a history of diabetes mellitus and a home-cared mod-
erate COVID-19 episode treated on an outpatient basis, presented with left
unilateral rhino-sinus-orbital mucormycosis with dentomaxillary extension.
His first symptoms and signs were sinusitis, palatal changes, maxillary region
pain, and loosening of teeth 19 days after the COVID-19 diagnosis. Mycologi-
cal diagnosis supported by histopathology, direct examination, and culture
indicated a Rhisopus spp. infection. The patient was successfully treated with
amphotericin B, surgery with an endoscopic approach, and metabolic control.
We discuss the influence of COVID-19 and its management regarding CAM
development, as well as the importance of access to healthcare in this situa-
tion. Mucormycosis should be considered among potential complications in
diabetic patients with COVID-19. Therefore, comprehensive care and moni-
toring must be provided in all phases of the COVID-19 clinical picture.
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INTRODUCCION

Mucormicosis es un término que abarca
un amplio espectro de infecciones oportu-
nistas severas, causadas por hongos mucora-
les !. De distribucion mundial, las mucormi-
cosis se encuentran asociadas a condiciones
de inmunodeficiencia y describen un curso
agresivo por efecto angio-invasivo que ocasio-
na necrosis y mucho dano tisular. Los hon-
gos del orden Mucorales son cosmopolitas,
ubicuos en el medioambiente, donde crecen
rapidamente y liberan al aire gran cantidad
de esporas, a las cuales los humanos se en-
cuentran ampliamente expuestos 2?. Aunque
la morbilidad por mucormicosis no ha podido
medirse con exactitud, por falta de estudios
poblacionales, la evidencia sefiala su caracter
emergente, con un rapido incremento de su
incidencia a nivel global en los tltimos quin-
ce afios, asi como su importante concurren-
cia en casos de diabetes mellitus *°. Su eleva-
da tasa de mortalidad puede variar entre 40%
y 80% y depende primeramente de la forma
clinica que adopte, la condicion basal del pa-
ciente o comorbilidad y el tipo de hongo 2.

En medio del segundo afo de la pande-
mia por COVID-19, emerge la mucormicosis
asociada a esta virosis, senalada como CAM
o COVID-19 associated mucormycosis, lo
cual introduce cambios importantes en su
frecuencia de reporte a nivel mundial, donde
destaca la India %, En América del Sur se
habia registrado un incremento paulatino de
mucormicosis antes del tiempo de la pande-
mia por COVID-19 °. Los casos de CAM se
han reconocido como un evento importan-
te en Estados Unidos, México, Brasil & 1011
Chile ' Honduras, Uruguay, Paraguay '° y
Argentina 2,

Considerando los términos de la lista de
verificacion CARE (Case Report Guidelines),
se describe la presentacion clinica y mane-
jo de un caso de mucormicosis rino-sinusal-
orbitaria asociado a un episodio de la CO-
VID-19 en un paciente con diabetes mellitus
tipo 2, procedente de la regién centro-norte
de Venezuela. Se revisa el significado de sus

caracteristicas respecto al conocimiento ac-
tual sobre casos CAM (mucormicosis asocia-
da a la COVID-19, segan literatura del ano
2019 a mayo de 2022) y no-CAM (mucor-
micosis no relacionada con COVID-19) y se
discuten, en términos del acceso y cobertura
sanitarias universales, las implicaciones de
su ocurrencia. Mediante un desarrollo na-
rrativo sobre la linea de tiempo, se descri-
ben aspectos de diagndstico epidemiolégico,
clinico, de laboratorio e imagenoldgico, asi
como del manegjo y tratamiento multidisci-
plinarios de este caso CAM.

PRESENTACION Y MANEJO DEL CASO

Se trata de un paciente masculino de
64 anos de edad, natural y procedente de la
region centro- norte de Venezuela, quien se
presenta a la consulta de Medicina Interna e
Infectologia del Hospital Metropolitano del
Norte (HMN), centro de salud privado (CSP)
del estado Carabobo, con 79,500 kg de peso;
1,82 m de talla; indice de masa corporal 24
kg/m?; tension arterial 120/80 mmHg; de
ocupacién funcionario de aduana en ambien-
te de oficina, Graffar VVI. Diabetes mellitus
tipo 2 de 15 afios de evolucion, insulino re-
quiriente desde tiempo anterior a sus motivos
de consulta, en tratamiento con insulina NPH
30u mas glimepirida (4 mg/dia). Anteceden-
tes de vigilancia de enfermedad periodontal;
hébito tabaquico hasta hace 25 afos y prac-
tica ocasional de cocinar con lena; habito al-
cohdlico ocasional, llegando a embriaguez;
antecedentes quirirgicos entre los anos 2006
y 2018, sin complicaciones, donde incluye la
reduccion de una fractura abierta de la murie-
ca izquierda, postraumatica.

El dia 20/03/2021 presenta escalofrios,
disnea progresiva, fiebre y tos y solo un dia
expectoracion marrén. Un Médico Internista
(en CSP), realiza el diagnéstico de la CO-
VID-19 (diagnéstico clinico inicial sin prue-
bas de laboratorio) y prescribe tratamiento
ambulatorio con levofloxacina, polivitami-
nas, aspirina infantil; también, dexameta-
sona 4 mg cada 8 horas por tres dias y adi-
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cionalmente metilprednisolona cada 8 horas
por dos dias, posterior a lo cual hace estado
hiperglicémico (500 mg/mL), sin cetosis,
que se controlé después de 10 dias. Recibe
oxigeno hiimedo con bigote nasal durante
una semana, administrado con agua envasa-
da en botellon, mismo medio empleado en la
nebulizaciéon (budesonida, alternativamen-
te con solucién 0,9%). Los sintomas de la
COVID-19 cedieron al cabo de 15 dias, con
prueba antigénica tardia negativa y serolo-
gia positiva para inmunoglobulina G. La TAC
(Tomografia Axial Computarizada) de torax
del 02/04/2021 presenté focos neumonicos
con signo de halo invertido, signos de vidrio
esmerilado bibasales a predominio derecho y
de fibrosis pulmonar (Fig.1A). La evidencia
combinada, clinica, radiol6gica y de labora-
torio, en ese momento epidemioldgico, se
consider6 consistente con la COVID-19.

Acude a Odontologia General (CSP)
el 08/04/2021, donde se realiza drenaje de
abscesos en la region vestibular maxilar iz-
quierday se instaura tratamiento con clinda-
micina, amoxacilina/clavulanico y pregaba-
lina. Se ordena realizar ortopantomografia.
También consulta a Otorrinolaringologia
(CSP), donde se le diagnostica sinusitis. La
TAC de craneo (10/04/2021) describe ima-
gen hiperdensa del seno maxilar izquierdo
extendida a celdillas etmoidales izquier-
das, cornetes nasales superior, medio ¢ in-
ferior izquierdo y seno esfenoidal izquierdo
(Fig.1B).

El dia 15/05/2021 el paciente nota au-
mento de volumen con lesion eritematosa
blanda en el paladar duro, asi como aumen-
to de volumen en la region maxilar poste-
rior izquierda, con dolor local, movilidad de
estructuras dentarias en la arcada superior,
parestesias en el labio superior con acentua-
cion del dolor e irradiacion hacia el globo
ocular ipsilateral.

Sin presentar mejoria, el 20/05/2021
consulta al Servicio de Cirugia Bucal y Maxi-
lofacial del Hospital Universitario “Dr. Angel
Larralde “- Instituto Venezolano de los Se-
guros Sociales (HUAL-IVSS), donde los es-

pecialistas describen aumento de volumen
de la hemicara izquierda, con dolor pulsatil
irradiado al ojo izquierdo. Al proceder a la
odontectomia de las estructuras méviles 25,
26 y 27, junto con ellas se desprende espon-
taneamente un fragmento del hueso maxilar
(tabla vestibular y palatina). Bajo la impre-
sion diagnoéstica de seno maxilar ocupado
(la ortopantomografia mostraba velamiento
del seno maxilar izquierdo) y osteonecro-
sis maxilar, se toma la biopsia para estudio
histopatolégico. El Laboratorio de Patologia
Bucal y Maxilofacial (laboratorio indepen-
diente, sector privado) describe al examen
microscopico (20/05/2021): extensa necro-
sis, tanto de tejido blando y como de tejido
dseo, severo infiltrado inflamatorio mixto a
predominio mononuclear y presencia de hi-
fas grandes, abundantes, prominentes, no
tabicadas y ramificadas, diagnésticas de mu-
cormicosis (Fig.10).

El dia 25/05/2021, en consulta con
Medicina Interna/Infectologia del HMN (re-
ferido por el HUAL-IVSS), el paciente se
presenta en buenas condiciones generales,
con dolor a la digitopresion sobre la region
malar izquierda y con un soplo grado II/IV
en el foco adrtico, como todo dato positivo
al examen fisico. Al no observarse lesiones
sugestivas de mucormicosis, segin los crite-
rios clasicos de Smith y Krichner citados ®,
en las areas intervenidas en la cavidad oral
o adyacentes (Fig.1D), se ordena repetir el
estudio micoldgico y el 26/05/2021, el La-
boratorio de Micologia y Enfermedades Tro-
picales (laboratorio independiente, sector
privado) realiza examen directo y cultivo en
muestras del 4rea de las odontectomias, del
maxilar y de la fosa nasal izquierdos, dando
como resultado mucormicosis en tejido del
seno maxilar izquierdo.

El reporte del Laboratorio Micol6gi-
co detalla: a) Sobre la muestra del tejido
maxilar, bajo microscopia directa con KOH
se observaron moderadas hifas, hialinas, ce-
nociticas (no tabicadas), gruesas, tortuosas,
algunas acintadas, ramificadas en angulo
recto (Fig.1E). Igual imagen se aprecié en
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el extendido con tincion de Giemsa, donde
ademads se reportaron escasos polimorfonu-
cleares neutréfilos, escasos linfocitos, esca-
sos macro6fagos, escasa microbiota bacteria-
na de morfologia mixta y no se observaron
formas micéticas intracitoplasmaticas. Al
examen directo con tinta china (tincion al
negativo) no se observaron formas micéticas
capsuladas. El cultivo de la muestra reveld
desarrollo repetitivo del hongo con aspec-
to filamentoso, Rhizopus spp. Y b) Sobre
la muestra del tejido de fosa nasal izquier-
da, al examen directo con KOH y con tinta
china, no se observaron formas micéticas;
en el extendido con Giemsa se observaron
escasas células (polimorfonucleares neutro-
filos, linfocitos, macréfagos), sin presencia
de formas micéticas. Luego de cinco dias de
incubacion, no hubo desarrollo de hongos en
el cultivo.

El Servicio de Neurocirugia (HUAL-IVSS)
no observo lesion del tejido cerebral en la Re-
sonancia Magnética Nuclear (RMN) con ga-
dolinio del dia 27/05/2021. Bajo supervision
continua del equipo integrado por el Internista
Infectdlogo v los Cirujanos Buco-Maxilofacia-
les, el 07/06/2021 el paciente se hospitaliza
para iniciar tratamiento con anfotericina B
(AmB), ciprofloxacina y meropenem, con una
evolucion favorable. Se programa la cirugia
para el dia 16/06/2021, planteiandose reali-
zar hemimaxilectomia de inframeoestructura
izquierda y limpieza quirtrgica, con preserva-
cion del globo ocular ipsilateral.

Durante su estancia hospitalaria de 44
dias en el HUAL-IVSS, el paciente recibi6 an-
fotericina B desoxicolato (AmB-D), a razon
de 0,5 a 1 mg/kg/peso y durante una venta-
na de tres dias, desde el 15/06,/2021, anfote-
ricina B liposomal (AmB-L) a razén de 3 mg/
Kg/peso, por via parenteral. La dosis acumu-
lada antes de la cirugia, al dia 15/06/2021
era de 875 mg, siendo de 1605 mg para ¢l
dia 20/06/2021, para totalizar 2500 mg al
momento del alta. Adicionalmente, recibi6
irrigacion del seno maxilar izquierdo con
solucion de AmB desde el primer dia de
hospitalizacion. El paciente presentd leves

alteraciones de la funcion hepatica y renal,
asi como de niveles del potasio, que se nor-
malizaron.

El 09/06/2021, el paciente manifies-
ta mejoria de su cuadro, niega dolor, solo
refiere obstruccién nasal. Es evaluado por
Oftalmologia (CSP, especializado en retina
y vitreo), donde se valoran antecedentes
quirargicos, agudeza visual, reflejos pupila-
res, campimetria por confrontacion, tensién
ocular y biomicroscopia. El fondo de ojo
describe nervio éptico indemne, ovalado, de
bordes bien definidos con emergencia y tra-
yectos vasculares normales, area macular sin
signos de patologia, no se observan signos
de retinopatia diabética; adelgazamiento
arteriolar generalizado y algunos cruces ar-
teriovenosos patologicos. En ojo izquierdo,
lente intraocular y escleromalasia nasal en
zona de cirugia previa de pterigion; en el
area inferotemporal a la macula se aprecio
area de exudacion blanda en retina, posible
vasculitis retinal en resolucion.

El 10/06/2021 la evaluacién espiromé-
trica describe patron ventilatorio restrictivo
leve, sin respuesta significativa al broncodi-
latador inhalado, con buena colaboracion al
gjercicio y 97% de saturaciéon por oximetria
de pulso.

El 12/06/2021 se repite la TAC de cra-
neo donde se observa reduccion de la lesion
del seno paranasal y la comunicacién oroan-
tral izquierda, pero siguen tomadas arcas
(Fig.1F) del maxilar, etmoides y esfenoides,
ademas del septo -desviacién mixta-, con
compromiso del piso de la 6rbita.

El 14/06/2021, el paciente se encuen-
tra estable, euglicémico, sin signos de flo-
gosis ni necrosis en sitio de la boca, ni en
las fosas nasales. Conserva dispositivos tipo
dren en la region maxilar izquierda, para los
lavados del seno maxilar, previos al acto qui-
rargico (solucion de 20 mg de AmB diluidos
en 20 cc de agua destilada). Para esta fecha,
completaba siete dias bajo tratamiento anti-
fangico sistémico.

El 16/06/2021 se realiza la cirugia en
el HUAL-IVSS, mediante abordaje intrabucal
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aplicando la técnica de degloving maxilar. Se
hizo hemimaxilectomia de inframeoestruc-
tura, turbinectomia izquierda, hemietmoi-
dectomia izquierda y desfuncionalizacion
del seno esfenoidal. Hubo que realizar cure-
taje sobre la pared medial y piso de la 6rbi-
ta, con adelgazamiento de estos segmentos,
pero preservando el hueso. El globo ocular
nunca estuvo comprometido, por lo cual se
traté de una mucormicosis rino-sinusal-obi-
taria con limitado compromiso de la 6rbita ¢
indemnidad anatémica y funcional del globo
ocular; no presenté sindrome de fisura orbi-
taria. Durante la operacion, el paciente se
mantuvo con una infusion continua de AmB
y, por dltimo, sobre al 4rea intervenida, se
colocaron apésitos impregnados con AmB
durante diez minutos, realizando lavados
con solucion de AmB antes y después de ello.
El tiempo del acto quirargico fue de aproxi-
madamente dos horas.

El estudio microscépico sobre las mues-
tras obtenidas en el momento quirdrgico re-
sulté negativo al estudio micoldgico, tanto
al examen directo como en cultivo, mientras
el estudio histopatologico detect6 todavia el
hongo en el tejido examinado (Fig.1G). Los
examenes micologicos y de histopatologia
fueron realizados por los mismos observado-
res y laboratorios que efectuaron el diagnos-
tico inicial y participaban del seguimiento
del caso. Los detalles fueron los siguientes:
A) Estudio micoldgico sobre cinco muestras
distinguidas como: No. 1 Tejido 6seo de re-
gion etmoidal, No. 2 Tejido blando de region
esfenoidal, No. 3 Tejido blando de pared me-
dial de la 6rbita izquierda, No. 4 Cornete su-
perior, No. 5 Tubo endotraqueal, al examen
directo con KOH y con tinta china (tincion
al negativo): no se observaron formas mic6-
ticas. El cultivo a 28°C y 37°C de cada una de
estas muestras, programadas para observarse
alos 5y alos 30 dias de incubacion, no pre-
sent6 desarrollo de hongos de desarrollo len-
to. B) El estudio histopatolégico, sobre biop-
sia excisional, maxilar izquierdo, describi6
caracteristicas macroscopicas y microscopi-
cas de ocho muestras de tejidos, distingui-

das como sigue (observaciones resaltantes):
No.1 Hemimaxilar izquierdo y pterigoides:
Inflamacién crénica severa; No. 2 Piso de la
Orbita izquierda: Inflamacién mixta severa;
No. 3 Cornete inferior: Inflamaciéon crénica
severa; No. 4 Seno esfenoidal: Mucormicosis
(areas en forma de granulomas, con escasas
hifas y esporangiosporas en su drea central).
—Las esporangiosporas, estructuras que se
encuentran en el interior del esporangio de
los hongos del orden Mucorales, se observan
aisladas en el tejido cuando el esporangio se
rompe—. No.5 Etmoidal 6seo: Mucormicosis
(ocasionales hifas); No. 6 Etmoidal blando:
Mucormicosis (esporangiosporas); No. 7 Pa-
red antero-medial del seno maxilar izquier-
do: Mucormicosis (esporangiosporas); No.8
Pared medial de la 6rbita: Inflamacion créni-
ca severa (trabéculas de tejido 6seo maduro
vital).

En el postoperatorio mediato y tardio,
el paciente mantuvo controles médicos inte-
grales (HUAL-IVSS y HMN) a ritmo de tres,
seis y doce meses, con una evolucion favo-
rable (Fig.1H). Se destaca: i) Al finalizar ¢l
tratamiento con anfotericina B, inici6 vori-
conazol a razén de 400 mg cada 12 horas
como dosis de impregnacion y luego 200 mg
cada 12 horas, de mantenimiento, durante 1
mes. ii) Seis semanas después de la cirugia,
en fase de rehabilitacién, se le colocé una
protesis obturadora removible sujeta a suce-
sivos ajustes. iii) El1 24/02/2022, sobre hiso-
pado de las fosas nasales y del seno maxilar,
el estudio micoldgico informé la no presen-
cia de hongos al examen directo con KOH,
examen directo con tincion de Kane negati-
vo para bacterias y cultivo micolégico a 28°C
sin desarrollo de hongos, hasta los 30 dias
de incubacion. iv) El 18/04/2022 se realiza
RMN de control, la cual reporta reduccién
del tamano del antro maxilar izquierdo, asi
como ausencia de cornetes izquierdos y de
la arcada dentaria del maxilar izquierdo,
en correlacion con antecedente quirtrgico.
Paredes orbitarias indemnes, con aspecto
irregular del piso de la 6rbita izquierda; sin
evidencia de lesiones de los globos oculares.
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Fig. 1. (A) 02/04/2021. TAC de térax, focos neumonicos con signo de halo invertido, signos de vidrio esme-

rilado bibasales a predominio derecho, engrosamiento intersticial sugestivo de fibrosis pulmonar.
(B) 10/04/2021. TAC craneal, imagen hiperdensa en seno maxilar izquierdo extendida a celdillas
etmoidales izquierdas, cornetes nasales superior, medio e inferior izquierdo y seno esfenoidal izquier-
do. (C) 20/05/2021. Estudio histopatolégico, extensa necrosis de tejido blando y 6seo, severo infil-
trado inflamatorio mixto y presencia de hifas grandes, abundantes, prominentes, no tabicadas y rami-
ficadas, diagndsticas de mucormicosis. Tincién: Hematoxilina y eosina (HE), 20X. (D) 22/05/2021.
Cavidad oral posterior a: odontectomias, debridamiento quirdrgico, cierre de la comunicacion bu-
cosinusal y estudio histopatologico (E) 26/05/2021. Microscopia directa con KOH: hifas hialinas,
no tabicadas, gruesas, tortuosas, algunas acintadas, ramificadas en angulo recto. (F) 12/06/2021).
TAC craneal, reduccion de la lesion del seno paranasal y de la comunicacion oroantral izquierda;
compromiso de: maxilar, etmoides y esfenoides, septo y piso de la érbita. Del tiempo postoperatorio:
(G). 16/06/2021. Estudio histopatologico sobre muestra obtenida en el momento quirdrgico: hifas
grandes, algunas acintadas, no segmentadas, ramificadas. Tincion: HE, 40X. (H) 18/09/2021. Cavi-
dad oral tres meses después del momento quirargico.

Se planifica la reconstruccion del drea inter- DISCUSION

venida y se prepara al paciente para realizar

el cierre de la comunicacion oroantral em- La mucormicosis es una infeccion rara,
pleando un colgajo del misculo temporal y aun entre los pacientes de alto riesgo . Si
la reconstruccién maxilar con implantes ci- bien se le considera una enfermedad espora-
gomaticos, lo cual se programa para ¢l mes dica y a los Mucorales, un grupo de agentes
de octubre de 2022. saproéfitos, comunes en el medioambiente
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natural y presentes en el doméstico y no-
socomial '*1° su ocurrencia asociada a la
COVID-19 en un paciente diabético refleja
efectos de la interaccion de diversos factores
sobre la indemnidad del sistema inmunitario
o la capacidad del organismo de combatir la
infeccion. Junto a sus propias caracteristicas,
deben considerarse: A) la patogenia de la CO-
VID-19 per se, B) el manegjo de la COVID-19
respecto al uso de: i) los corticoesteroides, ii)
los antibiéticos, iii) dispositivos y materiales
que alcanzan mucosas y vias respiratorias, C)
la diabetes como comorbilidad inmunosupre-
sora que subsidia los recursos patogénicos de
un germen oportunista y D) el acceso a la sa-
lud, como canal para el diagndstico temprano
y el tratamiento especifico, oportuno y precoz
de esta micosis. Estos factores y su balance
en el manejo del paciente con la COVID-19,
marcan la diferencia en la evolucion de la
mucormicosis y en la sobrevida del paciente.
Enfocamos asi, como grandes aspectos dis-
cutibles en este caso: 1) sus caracteristicas,
frente a elementos que explican la asociacion
de la mucormicosis a la COVID-19 y 2) los
determinantes del acceso a la salud reflejados
en la atencion del cuadro de mucormicosis.

Mucormicosis asociada a la COVID-19

El cuadro de la COVID-19 y su mane-
jo suman elementos que favorecen la coin-
feccion y el desarrollo de mucormicosis. El
virus SARS-CoV-2 causa dafno endotelial,
deprime la actividad fagocitica de los glébu-
los blancos (también los corticoesteroides,
la comorbilidad), al tiempo que cuadros de
hiperglicemia junto al aumento de interleu-
kina-6 y acidosis, favorecen el incremento
del hierro libre. Este medio 4cido, hipéxico,
con altos niveles de glucosa y hierro, favo-
rece el desarrollo del hongo 2%. También se
han sefialado los mecanismos por los cuales
la accion del SARS-CoV-2 altera la funcion
pancreatica ¢ induce o agrava la diabetes
mellitus 1718,

Por su parte, la patogenia de la mucor-
micosis explica su importante frecuencia
en pacientes con diabetes y COVID-19, en

lo que algunos autores describen como una
relacion intrincada y compleja . Las hifas
del hongo crecen dentro y alrededor de los
vasos sanguineos 2, por lo cual entre los fac-
tores de virulencia de los hongos Mucorales
se destaca su capacidad para invadir las cé-
lulas endoteliales, causando dano vascular,
trombosis y necrosis, lo que facilita su dise-
minacion y la extension de las lesiones. El
mecanismo de angioinvasion depende de la
Proteina 78-Regulada por Glucosa (GRP-78)
y es por ende favorecido por niveles altos de
glucosa que inducen la expresion de dicha
proteina . A esto se suma que el grosor de
las hifas dificulta su fagocitosis y las espo-
rangiosporas secretan proteasas y toxinas
que ademads de lesionar el endotelio, pro-
ducen metabolitos antifangicos capaces de
disminuir la reaccién inmunitaria ante ellos,
evadiéndola. También, los Mucorales, son
capaces de sobrevivir dentro del macrofago,
lo cual se supone facilita la diseminacién.
El modo de accion de los Mucorales incluye
diversos mecanismos que han sido descritos
en detalle, en forma amplia y muy didactica
en la literatura > 17,

Rasgos epidemioldgicos basicos, como
edad y sexo, cuentan para la evolucion del
cuadro de CAM. Sus casos se han descrito
con mayor frecuencia (78,9%) en el sexo
masculino *8% 1120 y en las décadas de 50 y
60 anos de edad ' 2!, reportandose que en
mayores de 54 afnos la CAM se asocia a alto
riesgo de muerte °.

El periodo de incubacion para la mu-
cormicosis rino-cerebral no se ha estableci-
do con claridad * y un analisis sobre casos
CAM ocurridos entre enero y mayo de 2021
reporta que puede ser muy variable ''. Una
rigurosa revision y metaanalisis sobre estu-
dios de prevalencia fusionados, principal-
mente realizados en la India, con cohortes
de pacientes hospitalizados, senala el inicio
de la mucormicosis 14,59 = 6,88 dias des-
pués del diagnoéstico de la COVID-19 °. En
nuestro caso, entre el inicio de la COVID-19
y el inicio de la semiologia en cavidad oral y
la sinusitis transcurrieron aproximadamente
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19 dias, lo cual también se refleja en el va-
lor promedio de 18,9 + 9,1 dias encontrado
en un estudio de casos y controles con 152
casos CAM 2! Igualmente, corresponderia
a CAM tardia °, definida como la mucormi-
cosis que ocurre a los ocho o mas dias de
inicio de la COVID-19. Estos autores obser-
varon cetoacidosis mas frecuente en la CAM
temprana que en la tardia (28% versus 5%) y
que tanto la hipoxemia por COVID-19 como
la administracion inapropiada de glucocorti-
coides se asociaban con CAM tardia °. Tam-
bién en la India, en la notable serie de 2826
casos, la mucormicosis se manifest6 mayor-
mente entre los dias 10 y 15 siguientes al
inicio de la COVID-19, siendo que 56% inicio
antes del dia 14 y 44% después de 14 dias del
diagnostico de la COVID-19. En esta serie,
25 casos (25/2826 o 0,88%) ocurrieron ha-
cia el dia 19 7. La revision sistematica sobre
101 casos CAM (ocurridos hasta mediados
de mayo de 2021 (81% procedentes de la
India), también reporté mucormicosis mas
frecuente en pacientes con COVID-19 activa
(40,6%) que en recuperacion 5.

Diabetes mellitus, mucormicosis
y COVID-19

A nivel mundial, la diabetes mellitus
compensada o descompensada, es la primera
enfermedad subyacente en casos de mucor-
micosis #1422 especialmente en paises de
bajo y mediano ingreso, donde se proyecta
que los incrementos esperados en la preva-
lencia de diabetes acomparnen los de la fre-
cuencia de la mucormicosis **. Reconocidos
los mecanismos por los cuales la diabetes in-
crementa la morbimortalidad por COVID-19,
ya sean pacientes infectados o recuperados,
también se senala que los pacientes diabéti-
cos son mas propensos a adquirir COVID-19
acompanada de mucormicosis 2.

En casos no-CAM descritos en Améri-
ca del Sur, la mortalidad por mucormicosis
asociada a diabetes, se incrementd de 45%
a 58%, cuando el paciente recibié esteroi-
des °. Aunque ya se conocia la mucormicosis
entre las complicaciones de la diabetes me-

llitus, en el nuevo contexto de la pandemia
por COVID-19, el uso de corticoesteroides y
la diabetes (controlada o descompensada)
destacan como los principales factores pre-
disponentes en el desarrollo de la CAM %23,
con frecuencias, respectivamente, de 78,7%
v 60,4% ¢, 87% v 78% 7 o de 76,3% y 80% .
También se describe la concurrencia de dia-
betes descompensada y la forma severa de
la COVID-19 como una oportunidad al de-
sarrollo de la mucormicosis ?*, aunque ha
ocurrido la CAM donde la COVID-19 es la
unica enfermedad subyacente, hasta en un
tercio de los casos °. Al describir la CAM en
ausencia de factores de riesgo considerados
tradicionales, se ha atribuido el cuadro al
uso de corticoesteroides, recomendandose
su uso criterioso como accion preventiva 23,

Como parte del tratamiento para la CO-
VID-19, el caso que se describe recibid corti-
coesteroides durante cinco dias, presentan-
do hiperglicemia sin cetosis. Sin embargo,
se ha sefialado un efecto acumulativo para
los corticoesteroides y que aun cursos cor-
tos (uso por 5-14 dias) pueden asociarse a
mucormicosis, especialmente en el paciente
diabético ®. En resumen, se ha senalado que
el uso de esteroides y antibidticos en efecto
dispara ¢l inicio de la mucormicosis, espe-
cialmente en pacientes con enfermedades
subyacentes 2.

Signos, sintomas y formas clinicas

La sinusitis en el paciente diabético
debe hacer pensar en mucormicosis, se-
gun se ha senalado en casos no-CAM 02,
Para casos CAM, ante la diabetes, es fun-
damental identificar signos de alarma y
aplicar algoritmos para el diagnostico y
tratamiento inmediato de la mucormicosis
rino-orbitaria-cerebral ®!'*. En estos casos,
como primeras senales de advertencia se
tienen: dolor facial, bloqueo o congestion
nasal, secrecion sanguinolenta/marrén/ne-
gra con o sin dolor o sensibilidad local, lo
cual puede ir asociado con fiebre, nduseas
y cefalea. Son frecuentes las tlceras nasales
0 costras que se tornan negras mas tarde.
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También, los pacientes pueden desarrollar
entumecimiento o edema cuando se afec-
tan los senos paranasales maxilares, fron-
tales o etmoidales. La afectacion palatina
puede observarse como una tilcera sobre el
paladar superior que evoluciona a una ne-
crosis oscura. También puede presentarse
como dolor dentario y/o aflojamiento de
piezas dentales maxilares y restriccion del
movimiento de la mandibula ¢,

La evidencia global sobre 110 casos
CAM destaca entre las caracteristicas clini-
cas la afectacién unilateral en 90%, asi como
la localizacion orbitaria, sinusal y palatina
en 74%, 72% y 1,9%, respectivamente. La
tasa de mortalidad en pacientes con compro-
miso bilateral resulta mayor (66,7%) que la
de aquellos con manifestaciones unilaterales
(44,3%) 1.

Siendo la mucormicosis rino-orbitaria—
cercbral la mas comun de las formas clini-
cas, se distingue una semiologia oftdlmica y
no oftdlmica. Entre los sintomas no oftalmi-
cos mas frecuentes se describen, en este or-
den: ficbre (26 - 44%), cefalea, edema facial
(27 - 34%), dolor facial (3 - 22%), rinorrea,
epistaxis, sinusitis (1 - 26%), hemiplejia, ul-
ceracion nasal, escara palatina (5 - 14%),
odontalgia (0,5 - 3,5%), osteonecrosis y alte-
racion de la conciencia (2 - 22%). La infec-
cién puede alcanzar al cerebro desde el area
sino-nasal o desde la region retro-orbitaria,
al extenderse a través de los senos etmoida-
les y esfenoidales *.

En el caso que se describe, mientras el
diagnostico de sinusitis fue aparentemente
menos llamativo que las lesiones en boca, re-
sulta cuestionable el significado de la expec-
toracién marrén referida como evento ais-
lado durante la fase aguda de la COVID-19.
Cabria considerar si el paciente ya cursaba
con sinusitis en esta etapa, dados los facto-
res que pudieron favorecer la implantacién
del hongo. En pacientes con la COVID-19, la
mucormicosis afecta principalmente el ojo,
la region oral y el cerebro 2, observacion que
otorga importancia a las caracteristicas del
presente caso.

En un lapso de quince dias, anteriores
al inicio del tratamiento antiftingico, el cor-
tejo sintomatico del caso incluy6: en pala-
dar duro, aumento de volumen y lesion eri-
tematosa en mucosa, aumento de volumen
del maxilar izquierdo (y de la hemicara),
abscesos en la region vestibular, dolor local
pulsatil en region malar irradiado al globo
ocular, movilidad de estructuras dentarias,
parestesias en labio superior y obstruccion
nasal. Esta serie de signos y sintomas se re-
fleja irregularmente en la frecuencia de 33%
asignada al edema facial como signo y de
21% como sintoma, 23% para dolor facial/
orbitario, 9% para obstruccién nasal, 0,6%
para lesion oral o palatina tipo tlcera/esca-
ray 0,1% para estructuras dentarias flojas,
descritas en la India en mas de dos mil casos
CAM 7. El dolor y la movilidad dentaria, jun-
to con evidencia radiologica de compromi-
so maxilar han sido observados en muchos
casos CAM, mas no en casos no-CAM °. En
la serie de 55 casos no-CAM con afectacion
oral descritos en México hasta el afio 2019,
el signo mas frecuente fue la ulceracion pa-
latina y mandibular con 92,7% y necrosis
gingival (5,4%), en un grupo donde todos los
pacientes presentaron inicialmente cefalea,
edema facial, fiebre y dolor *. En general,
los senos faciales son los lugares mas comu-
nes de infeccién, con 39% de frecuencia 28, lo
cual orientaria la situacién que se describe.
Respecto a la fiebre, aunque su forma pro-
longada se registra en la mayoria de los pa-
cientes con mucormicosis, algunos pueden
no presentarla *, como ocurrio en este caso.

Las formas clinicas de la mucormicosis
generalmente senalan la puerta de entrada
del hongo y se han clasificado comtnmente
en namero de seis, a saber: rino-orbitaria-
cerebral (la forma mas comin de todas),
pulmonar, cutdnea, gastrointestinal, disemi-
nada y un grupo miscelaneo, con localizacio-
nes poco frecuentes ?, aunque otros autores
enumeran siete, afadiendo la forma renal a
las mencionadas *. Las formas rino-orbitaria
y rino-orbitaria-cerebral asocian significa-
tivamente alta mortalidad °. La infeccion
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rino-orbitaria-cerebral usualmente se origi-
na en los senos paranasales, ocurriendo des-
truccion Osea y subsecuente invasion de la
Orbita, el ojo y el cerebro 2%, lo cual valora
el riesgo en el presente caso. Por otro lado,
siguiendo la progresion anatémica y la seve-
ridad de la infeccion en cada segmento, se
ha ponderado la mortalidad que acarrecan *2
y en funcion de lo mismo, se ha propuesto un
sistema de grados o estadios para facilitar la
clasificacion de los pacientes y personalizar
su atencion ?°. Segun estos autores, el pre-
sente caso se ubicaria en Estadio 3A o 3B
2% pues hubo limitado compromiso de la es-
tructura 6sea de la Orbita, sin afectacion de
partes blandas alrededor del globo ocular, de
movimientos oculares, ni de la visién.

El analisis de 851 reportes de casos no-
CAM mostré asociacion significativa entre
la mucormicosis rino-orbitaria-cerebral y la
diabetes mellitus 22, La forma rino-orbitaria
se considera tipica entre los pacientes diabé-
ticos 2y se ha registrado en la India en 187
casos CAM con frecuencia de 62,6% frente
a 23,5% de la forma rino-orbitaria-cerebral ©
mientras esta se ha considerado la forma mas
frecuente (aproximadamente 50% a 80%) en
pacientes no-CAM con diabetes . Otros au-
tores, sobre 101 casos CAM, posicionan la
forma rino-sinusal como la mas frecuente
(88,9%) seguida de la rino-orbitaria (56,7%)
y la rino-orbitaria-cerebral (22,2%). Final-
mente, estos autores senalan que el térmi-
no “mucormicosis rino-orbitaria-cerebral”
se refiere a todo un espectro que va desde
una enfermedad limitada rino-sinusal (con
invasion de tejido rino-sinusal) que pasa por
una enfermedad limitada rino-orbitaria (con
progresion a o6rbita) hasta la enfermedad
rino-orbitaria-cerebral (extendida al sistema
nervioso central) 8.

En el presente caso, la extension den-
tomaxilar de la mucormicosis y las lesiones
palatinas, se reflejan en la Mucormicosis con
Afectacion Oral (MAO o OIM, por Oral In-
volvement Mucormicosis) descrita en Méxi-
co, en 55 casos no-CAM registrados en un
lapso de 34 afos (1985-2019). La mayoria

de estos casos desarroll6 compromiso pala-
tino y mandibular; en 14,5% (8/55) la mu-
cosa oral fue el sitio primario, tratandose de
tlceras palatinas y lesiones gingivales. Esos
casos evolucionaron rapidamente a la forma
cerebral, lo cual llevé a los autores a seia-
lar la MAO como primera manifestacion de
la mucormicosis rino-cerebral, de mal pro-
néstico 2. Por otro lado, en una importan-
te revision concentrada en la mucormicosis
asociada a la atencién en salud (también
casos no-CAM), los autores describieron que
la extraccion dental (5 casos) y la anestesia
local asociada (1 caso) podian causar mu-
cormicosis durante el procedimiento, resu-
miendo que, de 5 casos observados con este
antecedente, tres presentaron la forma rino-
cerebral (dos de ellos con diabetes mellitus)
y dos, osteomielitis del maxilar, siendo pa-
cientes ambulatorios. En cinco de estos seis
casos no se identificé el germen '°.

Apoyo ventilatorio

Se ha reconocido la necesidad de ad-
ministrar oxigeno bajo estrictas medidas de
asepsia y uso de agua estéril, para prevenir la
CAM %°. En una serie de 187 casos CAM, 17,6%
manejé COVID-19 en su residencia, antes de
desarrollar mucormicosis °, mientras en otra
serie de casos CAM, 26% de los pacientes
COVID-19 sintomaticos fue atendido en casa
y 57% requirié soporte con oxigeno ’. En el
presente caso, el episodio de la COVID-19
moderada se manejé en forma ambulatoria y
précticas precarias relacionadas con la tera-
pia con oxigeno y nebulizacion pudieron fa-
vorecer la entrada y desarrollo del hongo por
via inhalatoria. Si fuera el caso, se trataria de
una “infeccion asociada a la atencion de sa-
lud domiciliaria” 3°, dado que el uso de agua
no estéril se ha confirmado como una de las
dos razones principales de contaminacion de
equipos humidificadores, con impacto en la
salud de personas inmunodeficientes *'. Las
mascaras y mangueras de dispositivos nebuli-
zadores y humidificadores de oxigeno pueden
ser colonizadas por bacterias y hongos 2. En
nuestro contexto, el uso de agua envasada (en
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botellon) para la administracion de oxigeno
y nebulizaciones, expuso al paciente a una
fuente potencial de infeccion #°; desplegando
la importancia de los determinantes sociales
y ambientales de la salud, en calidad de ries-
gos y peligros ambientales. Es importante se-
falar que la mayoria de las mucormicosis se
adquiere en la comunidad '. Adicionalmente,
el uso prolongado de mascarillas (respecto
a no usarlas), asi como hisopados nasofarin-
geos repetidos, se han asociado al riesgo de
desarrollar la CAM 2!, dos aspectos a investi-
gar en estos casos.

Diagnéstico

En el caso que se describe, transcurrie-
ron unos 12 dias desde el momento en que
se habla de sinusitis (aproxima el inicio de la
mucormicosis) hasta la fecha que registra el
diagnostico por la histopatologia. Este valor
se aproxima a la mediana de 10 dias (varia-
cion 5 a 17 dias) observados en 199 de 851
casos no-CAM %2,

El nivel diferencial de evidencia que
aportan las técnicas diagnoésticas ante la mu-
cormicosis se puede apreciar en el caso ve-
nezolano. En general, el diagnostico clinico,
pese a su baja sensibilidad y especificidad,
ayuda a activar la sospecha *y orienta reali-
zar precozmente pruebas de laboratorio. La
microscopia directa, la histopatologia y ¢l
cultivo representan los métodos esenciales
de diagnostico de esta micosis *!*;la prime-
ra posee una sensibilidad alrededor de 90%,
la segunda aporta informacion diagnostica
en 80% de los casos y solo en 50% de cultivos
se observa crecimiento del hongo *?°. Otros
autores asignan 97% a la contribucion de la
histopatologia *?, que en el presente caso,
describi6 el aspecto grueso y acintado de
la hifa, considerado un rasgo mas distintivo
que el aspecto tabicado y las ramificaciones
en angulo recto . Adicionalmente, la ima-
genologia (TAC) mostré opacidad del seno
paranasal y ostedlisis del seno, signos indica-
tivos de enfermedad avanzada *°.

Grupos de expertos recomiendan con-
firmar el diagnostico de mucormicosis con

el cultivo y técenicas moleculares 3. Sin em-
bargo, dada su ubicuidad, los Mucorales po-
drian contaminar los cultivos micologicos,
por lo que se considera que su observacion
al microscopio en las biopsias de los tejidos
infectados (hifas anchas, sin tabiques o poco
tabicadas y ramificadas en angulo recto) tie-
ne un valor diagnéstico mucho mayor que su
aislamiento en el cultivo, aunque este debe
realizarse 2. Debido a la estructura de la
pared celular de los Mucorales, no se dispo-
ne de biomarcadores que si se emplean en
otras infecciones fungicas invasivas !. Aun-
que los caracteres morfolégicos al microsco-
pio permiten la identificacion presuntiva, las
técnicas moleculares aumentan la precision
diagnostica *. Las técnicas moleculares me-
diante PCR tienen alto potencial diagnésti-
co, dadas las altas concentraciones de 4dcidos
nucleicos que se detectan en pacientes con
mucormicosis '. Durante la dltima década,
iniciativas mundiales han insistido en el de-
sarrollo de diversas técnicas moleculares que
permitan fortalecer la estrategia de diagnos-
tico en mucormicosis, mismas que esperan
por su estandarizacion y evaluacion clinica
19.33 y cuyo uso ha ido en aumento **; aunque
su disponibilidad se encuentra limitada para
muchos paises *.

La mayoria de las infecciones fungicas
estan definidas por el género de la especie
causal. La evidencia actual senala que la mu-
cormicosis en seres humanos es causada por
38 especies diferentes, ubicadas dentro de
11 géneros *°. Estos hongos presentan me-
canismos complejos en su patogenia, que
pueden ser especie-especificos y asocian una
variabilidad genética importante, que com-
plica la comprension de la patogenia y vin-
cula ademas cuadros de resistencia a los an-
tifingicos, ante los cuales la anfotericina B
se mantiene como una excepceion . En todo
caso, cualquier especie patégena del orden
Mucorales puede producir cualquier forma
clinica de mucormicosis '°.

El género Rhizopus destaca como el
agente causal de mucormicosis mas im-
portante en el mundo * y siendo el de mas
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frecuente registro * ' 223 ¢s también el

principal género asociado a la forma rino-
orbitaria-cerebral #2235, Se ha senalado que
la especie del hongo determina diferencias
en el cuadro clinico y su identificacion resul-
ta de extrema importancia para comprender
mejor la epidemiologia de la mucormicosis
23, En los 55 casos no-CAM con afectacion
oral precitados, se aislé Rhizopus arrhisus
con 67,2% de frecuencia 27, mientras en otros
143 casos no-CAM descritos para América
del Sur, la frecuencia por R. arrhisus descri-
bi6 una letalidad de 65%, misma que varid
entre 87,5% solo para Brasil y 50% para otros
paises, entre los cuales Venezuela aportaba
siete casos de la serie ?. Igualmente, en la In-
dia, R. arrhizus encabez6 la lista de agentes,
en una serie de casos CAM donde los autores
no encontraron asociacion entre la especie
micotica y la ubicacion anatémica de las le-
siones °.

Tratamiento de eleccion y duracion
del tratamiento

El tratamiento efectivo de la mucormi-
cosis impone combinar la administracion sis-
témica de antiftngicos, el debridamiento qui-
rargico >34, el control de factores de riesgo
2y de enfermedades de base. El tratamiento
médico-quirtrgico precoz, oportuno y preciso
mejora la sobrevida del paciente .

La mortalidad se reduce significativa-
mente si el paciente recibe antifingicos,
siendo mayor la sobrevida cuando se admi-
nistra anfotericina B en formulacién lipidica
(AmB-L) comparada con desoxicolato (AmB-
D) ?, dado el mejor indice terapéutico de la
primera !, que la convierte en el farmaco de

eleccion 27, Es asi como para todas las for-

mas clinicas de la mucormicosis, la mas alta
recomendacion terapéutica con antifingi-
cos corresponde al uso de AmB-L a razén de
5 a 10 mg/kg/dia, y si no hay compromiso
del sistema nervioso central, se recomienda
usar 5 mg/kg 2. La sobrevida se incrementa
significativamente al combinar AmB-L con
la cirugia *°. En pacientes que no reciben

tratamiento, la mortalidad puede ser mayor
de 90% °.

Por otra parte, la duracién 6ptima del
tratamiento farmacoldgico de la mucormi-
cosis no se ha establecido, resultando en
una decision que se personaliza y adapta a
la evolucion de cada caso. Sin embargo, hay
consenso en que la remision de los signos y
sintomas de infeccién y una mejoria radiolo-
gica concurrente sustancial y completa son
fundamentales, al tiempo que la respuesta
clinica y la tolerancia a la terapéutica anti-
fangica deben sopesarse 2.

Lo que plantea la mucormicosis

La ocurrencia de una infeccion rara y
agresiva como la mucormicosis en un pa-
ciente que lucié competente para superar la
COVID-19, sefiala la importancia de estre-
char la vigilancia y seguimiento sobre la sa-
lud de los pacientes, en cualquier momento
de la evolucién de la COVID-19, con especial
atencion sobre condiciones de riesgo como
la diabetes, los efectos del uso de corticoes-
teroides y la aparicion de signos y sintomas
de alarma propios de la micosis >%°. Es nece-
sario considerar, no solo cémo las comorbili-
dades pueden cambiar el curso de un cuadro
de COVID-19, sino c¢éomo los propios efec-
tos de la COVID-19 y de su manejo pueden
ampliar la vulnerabilidad del medio interno
y barreras naturales, potenciando factores
predisponentes que facilitan el desarrollo de
complicaciones como la mucormicosis.

Dondequiera que la mucormicosis ocu-
rra durante el tiempo pandémico, su fre-
cuencia se incrementa al asociarse a la CO-
VID-19. La incorporacion de la sigla CAM
(COVID-19-associated mucormycosis) al
argot cientifico denota la carga sanitaria por
esta coinfeccion en el marco de la pandemia
por la COVID-19.

El acceso a la salud: Atencién del paciente
y determinantes estructurales

La ocurrencia de un caso de mucor-
micosis desafia las condiciones del sistema
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de salud, devela su modelo de atencion y la
capacidad de respuesta institucional, proba-
blemente agravando lo que ya ha hecho al
respecto la pandemia por la COVID-19. Un
caso de mucormicosis, sospechoso o confir-
mado, representa una emergencia médica y
exige acciones sanitarias inmediatas '3, La
notificacion obligatoria de la COVID-19 im-
plica que los problemas asociados también
sean de notificaciéon obligatoria '?, vincu-
lando el derecho a la informacion y el dere-
cho a la salud. Ciertamente, por tratarse de
una enfermedad rara, la mucormicosis no
ha sido de notificacion obligatoria en gran
cantidad de paises. La India, solo tras el in-
cremento extraordinario de su incidencia,
principalmente en su forma CAM, la declar6
notificable a mediados de mayo de 2021 5.
Ademas de este aspecto basico de la vigilan-
cia, se ha propuesto que el enfoque terapéu-
tico de la COVID-19 incluya guias para el
manejo de mucormicosis, con algoritmos,
alternativas terapéuticas y protocolos de in-
vestigacion 13

Importante insistir en que el diagnésti-
co y tratamiento precoces son cruciales para
la cura y sobrevida del paciente con mucor-
micosis > %23 dada la rdpida diseminacién
de la infeccion. Infrecuente y de diagndstico
dificil * 2%, las manifestaciones inespecificas
pueden distraer y desestimar su identifica-
cién, por lo cual sentar la sospecha clinica en
la comunidad general y en ¢l equipo de salud
requiere la comunicacion del evento y la dis-
cusion de la experiencia de su manejo, como
ha sido el objetivo del presente trabajo. Es es-
tratégico promover el conocimiento sobre los
factores de riesgo y signos de alarma > 4 %
2 tanto como el trabajo multidisciplinar en
red, que brinde un manejo integral, integrado
y particularmente oportuno para el paciente.
Advertir especialmente al paciente diabético,
de alta por la COVID-19, sobre estos signos
de alarma, es importante .

La CAM o mucormicosis asociada a la
COVID-19, ademas de reconocerse como una
epidemia dentro de la pandemia en curso %, se
considera un fenémeno sindémico %' porque

expresa interacciones biologicas y sociales. Un
caso CAM pone de manifiesto los aspectos fun-
damentales de la cobertura universal en salud
como concepto aplicado, a saber: i) el acceso a
la salud (servicios de promocion, prevencion,
tratamiento y rehabilitacion, bajo el enfoque
determinantes de la salud) que conduce a una
buena salud vy ii) proteccion financiera, donde
se remedie el problema de salud sin acarrear
pobreza ¥. En el lapso de un mes, solamente
hasta el momento quirtrgico, ¢l paciente tuvo
contacto con al menos diez especialistas en
distintas disciplinas de la salud, en su ruta de
acceso al diagnostico de mucormicosis opor-
tuno y de calidad, que se concreté casi exclu-
sivamente en el ambito del sector privado del
sistema de salud, generando gastos financia-
dos totalmente por el paciente. Por otra parte,
transcurrieron dieciocho dias entre el diagnos-
tico micoldgico y la instauracion del tratamien-
to antifingico, también sufragado mayormen-
te por el paciente. Su estancia hospitalaria, de
44 dias, en un centro de salud publico, la inicia
para recibirlo junto al tratamiento quirtrgico.
No recibir tratamiento antifingico variaria la
mortalidad por mucormicosis entre 89,5% vy
100% °. Esto ilustra el nivel de oferta, en tér-
minos de seguridad humana, que un caso de
mucormicosis demanda del sistema de salud y
c¢6mo su desenlace cambiaria sustancialmente,
en funcion del acceso a la salud y la proteccion
financiera.

La prevencion de la CAM se basa prin-
cipalmente en la sospecha temprana del
cuadro ', en el control de factores de ries-
go relativos a enfermedades de base ** y en
el manejo criterioso de medicamentos que
afectan la inmunidad, todo lo cual puede
ocurrir antes, durante y después el episodio
de la COVID-19. Se enfatiza que debe sospe-
charse CAM en cualquier paciente diabético
con infeccion presente o pasada por SARS-
CoV-2 que haya recibido corticoesteroides .

Si ya la COVID-19 per se impone aten-
cién diferenciada de los pacientes con co-
morbilidad, el caso aqui descrito marca la
importancia de su seguimiento, recomenda-
do especialmente durante al menos un mes
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siguiente a la recuperacion de la COVID-19,
para el paciente diabético **. Se debe con-
siderar la importancia de valorar riesgos
potenciales para un determinado paciente,
su educacion, la exhaustividad del interroga-
torio y del examen fisico, asi como la sos-
tenibilidad de pautas medicamentosas y no
medicamentosas. Otros autores concuerdan
en ello, tanto para efectos del paciente, su
familia y su comunidad, como del personal
asistencial y de tomadores de decisiones en
salud ?. La vigilancia en salud es una herra-
mienta preventiva, siempre que medie una
comunicacion efectiva y educacion entre to-
dos los actores involucrados y competentes,
rindiendo la capacidad de identificar precoz-
mente cualquier cambio desfavorable en la
salud, que modifique los resultados. Como
punto de partida fundamental, la conside-
racién y comunicacion de su ocurrencia, asi
como de factores predisponentes y condicio-
nantes colocard a la mucormicosis en el ojo
vigilante del personal de salud y de la comu-
nidad general.

Fortalezas y limitaciones

Este reporte coloca a Venezuela en el
mapamundi de la CAM >3 actualiza su
propio registro de mucormicosis y hace un
llamado de atencion sobre la importancia de
comunicar e investigar este evento.

Como limitaciones en la descripcion de
este caso mencionaremos el no disponer de
la RT-PCR sobre el diagndstico del cuadro
antecedente de la COVID-19. El caso presen-
tado retine criterios como caso probable de
COVID-19, seguin las orientaciones provisio-
nales de la Organizacion Mundial de la Salud
(cumple criterios clinicos, criterios epide-
miolégicos al estar vinculado a transmision
comunitaria y describe signos indicativos de
la COVID-19 en la TAC de térax) ***, nivel
de clasificacién validado por otros autores al
identificar casos de CAM 72!, Por su lado, el
diagnodstico micologico no incluyé téenicas
de base molecular, por cuestiones de dispo-
nibilidad, limitacién reconocida para varios
contextos 4. Sin embargo, en el caso de la

mucormicosis, la confirmacion diagnostica
se basa fundamentalmente en la microbiolo-
gia, bien sea microscopia directa y/o cultivo
o la histopatologia, acompanando elementos
semiolOgicos y radioldgicos 7.

COMENTARIOS FINALES

Hemos descrito un caso confirmado de
mucormicosis asociada a la COVID-19, de
localizacion rino-sinusal-orbitaria en un pa-
ciente masculino con diabetes mellitus com-
pensada, tratado con antifingicos, cirugia y
control metabdlico. Su evolucion favorable y
atipica (ubicada en el 10% de mucormicosis
intracraneal no fatal), la consideramos con-
secuencia tanto de las buenas condiciones
del paciente como de su acceso al diagndsti-
co y tratamiento especiticos.

Este reporte hace un llamado de aten-
cién sobre los alcances del manejo de la
COVID-19 y la importancia del seguimiento
de la salud del paciente, particularmente si
cursa con comorbilidades como inmunodefi-
ciencia/trastorno metabdlico, tipo diabetes
mellitus, que puedan favorecer la instalacion
de infecciones oportunistas, probabilidad
afianzada por el manejo de glucocorticoides
y antibi6ticos. Enfatizar el apego a las bue-
nas practicas de atencién y asistencia en sa-
lud, para ampliar todo lo posible la seguridad
del paciente con la COVID-19 en cualquier
etapa, representa una estrategia preventiva,
tanto como lo es promover el conocimiento
sobre los factores de riesgo para mucormico-
sis. [gualmente, advierte sobre la importan-
cia del correcto acondicionamiento de dis-
positivos de terapia ventilatoria, para evitar
que su manejo inadecuado contribuya a su
desarrollo.

La amenaza sanitaria que representa
una infeccion agresiva como la mucormico-
sis exige las mejores condiciones gestoras
del sistema de salud, de modo que satisfacer
los dos aspectos fundamentales de la cober-
tura sanitaria universal (acceso y proteccion
financiera en salud), refleje la estructura del
rol protector del Estado y traduzca una aten-
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cion 6ptima, para su deteccion, diagndstico
y tratamiento precoces. Estimamos que in-
vestigaciones futuras deben valorar el signi-
ficado de la ocupacion del paciente y de la
naturaleza de su entorno habitual, asi como
considerar la pertinencia de estudiar aspec-
tos relativos al uso de mascarillas, ya que se
ha demostrado su contaminaciéon por hon-
gos Mucorales, incluido Rhizopus spp *.

Dado el caracter emergente de la mu-
cormicosis en su novedosa y severa asocia-
cion a la COVID-19, es aconsejable someter a
discusion y contextualizar con los equipos de
salud de todo nivel —administrativo-politico,
téenico, gerencial, académico y asistencial —,
las mejores guias disponibles para ello 132
* v materiales ejemplares ', que detallan su
epidemiologia y manifestaciones clinicas * *
22, Esto ampliara las competencias del equipo
de salud, las capacidades basicas de deteccion
y notificacion del evento y apoyara la reorga-
nizacion de las areas de actuacion sanitaria,
de las redes profesionales del clinico, el epi-
demidlogo y el tomador de decisiones, para
generar la respuesta rapida y efectiva de salud
publica que requieren las personas.

Consideraciones éticas

El reporte de este caso para la comuni-
dad cientifica se elabor6 una vez obtenido por
escrito el consentimiento informado del pro-
pio paciente y de su familia (07/06/2021),
autorizando su publicacion, reproduccion y
divulgacion en soporte papel y en formato
de libre acceso en internet. Se ha respetado
el protocolo ético que media en el acceso a
la informacion clinica y de laboratorio del
paciente, en los centros de salud donde fue
atendido. Respecto a la investigaciéon con
personas, el trabajo de reporte se condujo
siguiendo los principios de la Declaracion de
Helsinki (Asociacion Médica Mundial, 1975,
revisada en 2013), la Declaracién Universal
sobre Bioética y Derechos Humanos de la
UNESCO (2005), v el Codigo de Etica para
la Vida segtin el Ministerio del Poder Popular
para la Ciencia, Tecnologia e Industrias In-
termedias de Venezuela (2012).
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Resumen. La hernia de Amyand es la hernia inguinal que contiene el apén-
dice cecal en su interior. Es una entidad poco frecuente y de hallazgo opera-
torio. En este reporte se describe el caso de un adulto mayor con tumoracion
blanda, aumento de volumen progresivo en region inguinal derecha y dolor
reductible en el reposo. En el acto quirirgico se encontré saco herniario y, en
su interior, apéndice cecal aumentado de tamano, con signos de inflamacion.
Se realiz6 apendicectomia. Se reintrodujo el saco herniario y se reparo la pared
posterior del conducto inguinal (técnica mixta de Lichtenstein con Bassini). La
evolucion postoperatoria fue satisfactoria.
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Intraoperative finding of Amyand’s hernia:

case report and literature review.

Invest Clin 2023; 64 (2): 226 — 232

Keywords: Amyand s hernia; hernioplasty; appendectomy; inguinal hernia; case report.

Abstract. Amyand’s hernia is an inguinal hernia that contains the cecal
appendix inside. It is a rare entity and its discovery is generally made intraop-
eratively. We present the case of a older male adult, with a soft tumor, with pro-
gressive increase in volume, in the right inguinal region accompanied by local
pain, reducible at rest. During surgery, a hernial sac was found with an enlarged
cecal appendix inside it, with signs of inflammation. An appendectomy was per-
formed. The hernia sac was reintroduced and the posterior wall of the inguinal
canal was repaired (Lichtenstein and Bassini mixed technique). Postoperative

evolution was satisfactory.

Recibido: 28-11-2022

INTRODUCCION

La hernia de Amyand es el hallazgo del
apéndice cecal dentro de una hernia ingui-
nal !. Su incidencia es baja, entre 0,2 y 2%, y
su hallazgo ocurre por lo general en la etapa
intraoperatoria y con mayor frecuencia en
hombres 2. La incidencia de complicaciones
como perforaciones o abscesos es atin me-
nor, alrededor del 0,1%, pueden ser causadas
por el aumento de la presion intraabdominal
y la consecuente compresion del apéndice,
provocando isquemia y aumento de la repli-
cacion bacteriana °.

El diagndstico preoperatorio de esta
entidad es dificil, pues no cursa con signos
o sintomas especificos, presentandose gene-
ralmente como una hernia inguinal derecha
irreductible. En aquellos casos en que se
asocia a apendicitis aguda, puede cursar con
distension y dolor abdominal, nduseas y vo-
mitos °. El manejo quirtrgico es variable en
funcioén del tipo de hernia. La clasificacion
de Losanoff-Basson * que toma en cuenta
el estado inflamatorio del apéndice, sugie-
re procedimientos que van desde la simple

Aceptado: 14-01-2023

reducciéon de la hernia, en los casos en que
el apéndice esté normal, hasta apendicecto-
mia con laparotomia exploratoria en casos
de apendicitis aguda asociada a sepsis abdo-
minal 3.

En Venezuela son escasos los reportes
de hernia de Amyand, encontriandose solo 6
casos publicados * %, por lo que los hallazgos
de esta patologia son de gran interés. Se pre-
senta el caso de un paciente masculino de 61
anos de edad, con hallazgo intraoperatorio de
hernia de Amyand tipo I, realizado en el Cen-
tro Médico Sinergia, Mérida ,Venezuela.

Presentacion de caso

Caso clinico: paciente masculino de
61 anos de edad, con enfermedad actual de
ano y medio de evolucion, caracterizado por
aumento de volumen en region inguinal de-
recha, acompanado de dolor de leve intensi-
dad al esfuerzo fisico, reductible a la sedes-
tacion. Al examen fisico no se evidenciaron
signos de flogosis. El paciente no cursé con
signos de obstruccién intestinal.

Antecedentes personales: hipertension
arterial, controlado con valsartan 160 mg
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OD + hidroclorotiazida 12,5 mg OD. Niega
diabetes mellitus y asma. Refiere alergia a la
penicilina. Niega intervenciones quirirgicas
y patologias oncoldgicas.

Paraclinicos preoperatorios: hemoglobi-
na 16,1 g/dL, hematocrito 44%, leucocitos
7.600 /ul, hematies 5.360/ul., neutroéfilos
63,1%, linfocitos 30%, plaquetas 244.000/uL,
TP 13,5 s (control: 12,6 s), TPT 33,4 s (con-
trol: 32,4 s), glicemia basal 98,1 mg/dL, urea
20,5 mg/dL, creatinina 0,81 mg/dL.

Hallazgos imagenolégicos: el ultraso-
nido de piel y partes blandas reporté pro-
trusion de asa intestinal a través del anillo
inguinal superficial derecho, posterior a ma-
niobras de Valsalva (Fig. 1).

Es conducido a cirugia en septiembre
de 2022, bajo diagnéstico preoperatorio de
hernia inguinal indirecta derecha. Se reali-
z6 profilaxis antibi6tica con cefalosporina de
1ra generacion.

Transoperatorio: se procedio a la disec-
cion del contenido del conducto inguinal
derecho, identificindose saco herniario, li-
poma pre-herniario y cordén espermatico.
Se abrié el saco herniario observiandose, en

H R

Il N2E)

primera instancia, el apéndice cecal (Fig. 2)
aumentado de tamaio, con multiples bandas
formando adherencias sobre el saco hernia-
rio y el mesoapéndice, el cual se encontra-
ba engrosado. El ciego se hallaba adherido
a la pared del saco herniario; se liberaron las
adherencias. Se realizé la apendicectomia
apico-basal + invaginacion del muiién apen-
dicular en zetaplastia. Se utilizé la maniobra
de Chatle °. Se reintrodujo el saco herniario
previa diseccion y se repar6 la hernia con la
pared posterior del conducto inguinal y el
ligamento inguinal. Se efectudé una técnica
mixta de Lichtenstein con Bassini '°. Se rea-
lizaron controles médicos a los 8 y 15 dias
del procedimiento, evidenciandose un ade-
cuado proceso de cicatrizacion sin compli-
caciones durante el posoperatorio mediato.

DISCUSION

La hernia de Amyand es el hallazgo del
apéndice cecal inflamado o no, dentro de una
hernia inguinal. Es llamada asi por Claudius
Amyand, quien describi6 esta entidad en un
nifio de 11 afios con una apendicitis perfo-

h.on
'

Fig. 1. Ultrasonido de piel y partes blandas de region inguinal derecha. Se utilizé un transductor de 6.0 Me-
gahercios multifrecuencia. Se evidencié imagen hipoecoica de 4,0 cm x 2,3 cm.
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Fig. 2. Hernia de Amyand. a) Diseccién de saco herniario. b y ¢) Apéndice cecal.

rada dentro del saco de una hernia inguinal,
realizando exitosamente, por primera vez,
una apendicectomia a través del abordaje de
la ingle Y. El primer reporte de un apéndi-
ce cecal sin inflamacion dentro de una her-
nia inguinal fue realizado por René-Jacques
Croissant de Garengeot en 1731 12,

Hutchinson en 1993 3, realiz6 una di-
sertacion sobre la conducta a tomar frente
a una hernia de Amyand con un apéndice
no inflamado. Los argumentos a favor de la
apendicectomia “profilactica o reglada” im-
plican una disminucién de la morbimortali-
dad y de costos, sin aumento del riesgo qui-
rargico y anestésico; tampoco supone mayor
complejidad quirdrgica la extirpacion del
apéndice a través del saco.

Ademas, debe considerarse que aunque
el apéndice no revele signos macroscopicos
de inflamacion, no se pueden descartar sig-
nos microscopicos causados por la compre-
sion ¢ isquemia del cuello herniario’. Los
argumentos en contra, plantean un incre-
mento del riesgo de complicaciones sépticas
dada la reseccion de un Organo con conte-
nido fecal; riesgo derivado de convertir una
cirugia limpia, como lo es la hernioplastia
inguinal, en una cirugia limpia contamina-
da, como la apendicectomia 8. Hutchinson

tambien reporté casos que cursaron con
apendicitis aguda postoperatoria, debido a
la manipulacion del apéndice asintomatico
durante la herniorrafia; por ello se puede
plantear la apendicectomia como una alter-
nativa favorable. No obstante, dicho aborda-
je y conducta contintia siendo un tema con-
troversial en la actualidad y practicamente
queda bajo criterio de cada cirujano.

En 2018, se reporté un caso de hernia
de Amyand tipo 1 en un paciente masculi-
no de 80 anos de edad, a quien se le reali-
z6 apendicectomia pese a no estar indicada
segun la clasificacion de Losanoff y Basson;
sin embargo, se plante6 dicha conducta para
reducir el riesgo de futura reintervencion
quirdrgica .

En Venezuela, la frecuencia de la hernia
de Amyand es mayor en la edad adulta, en
promedio a los 55 afios (Tabla 1); sin em-
bargo, en la literatura se reporta que es tres
veces mas probable el diagndstico en nifios
que en adultos dada la permeabilidad del
proceso peritoneo-vaginal 3. En la Tabla 1
también se muestra que la mayor incidencia
ocurre en hombres (67%), como se describe
ampliamente. Es llamativo que en Venezuela
se realizé apendicectomia en ¢l 83% de los
casos.
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Tabla 1
Casos de hernias de Amyand reportados en Venezuela.
Autores Edad Sexo Tipo  Apendicectomia Téenica

Lopez 2015 7 56 M T2 Si Lichtenstein
Lujan y col. 2016 ® 18 M T1 Si Halsted I

55 F T1 Si Lotheissen - Mc Vay

66 F T1 No Lotheissen - Mc Vay
Jaramillo y col. 2020 3 65 M T3 Si Cierre preperitoneal - Pouchet
Amato y col. 2021 ¢ 62 M T1 Si Laparoscopia - Veress

M = masculino, F = femenino.

El sintoma mas comun fue el aumento
de volumen, generalmente acompanado de
dolor en la regién inguinal, tal como ocurrid
en el paciente del presente caso. La literatu-
ra coincide en que, al examen fisico, se pone
en evidencia la irreductibilidad de la hernia;
sin embargo, en este caso era reductible a la
sedestacion.

En relacion a las complicaciones que
pueden derivar de esta hernia, se han descri-
to apéndice perforado o absceso intraabdo-
minal, fascitis necrosante de la region ante-
rior de la pared abdominal, orquiepidimitis
o absceso testicular, y rara vez, trombosis
arterial in situ. Se reporta una mortalidad
del 6-15% 2.

El diagnéstico preoperatorio es dificil;
por clinica, habitualmente se manifiesta
como una hernia inguinal derecha irreducti-
bley, en caso de asociarse apendicitis aguda,
los sintomas tipicos suelen estar ausentes.
En relaciéon a las téenicas de imagen, estas
tampoco tienen buena sensibilidad ni espe-
cificidad para hacer el diagnéstico; sin em-
bargo, hay escasos reportes de diagndstico
por imagen de manera incidental ' aunque
casi siempre se trata de un hallazgo intrao-
peratorio. Es importante tener en conside-
racion los diagnoésticos diferenciales tales
como hernia incarcerada, estrangulada, her-
nia de Ritcher, adenitis inguinal, epididimi-
tis aguda, orquiepidimitis, hidrocele agudo,
torsion testicular, entre otros ®.

La clasificacién de la hernia de Amyand
fue propuesta por Losanoff y Basson, y modi-
ficada por Rikki (Tabla 2). Segin esta clasi-
ficacién, el abordaje quirtrgico depende del
estado del apéndice evidenciado durante el
transoperatorio. El caso en estudio se cla-
sific6 como una hernia tipo 1, dada la au-
sencia de apendicitis aguda. En cuyo caso el
manejo mas ampliamente descrito consiste
en reduccién de la hernia y reparaciéon con
malla; sin embargo, en pacientes jovenes se
recomienda la apendicectomia. No obstan-
te, el manejo quirdrgico debe determinarse
contextualizando al paciente y tomando en
consideracién, ademas del estado del apén-
dice, factores como las caracteristicas de
la hernia y presencia de comorbilidades. El
paciente del caso presentado, fue un adul-
to mayor, hipertenso, en quien se procedi6
a realizar apendicectomia, dada la evidencia
de cambios tréficos y signos de inflamacion
debidos a un proceso crénico de dafio me-
canico ejercido por el ciego que se hallaba
adherido, formando parte del saco herniario.

Con base en lo anteriormente descrito,
se puede concluir que la hernia de Amyand
es una entidad poco frecuente e infradiag-
nosticada, hecho favorecido por la tendencia
actual de reducir el contenido herniario sin
apertura del saco. La forma de presentacion
clinica es similar a la de una hernia inguinal
atascada, por lo que debe sospecharse siem-
pre que se tenga una patologia herniaria de-
recha con leucocitosis y neutrofilia.
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Tabla 2
Clasificacion de Rikki de la hernia de Amyand a partir de la clasificacién de Losanoff y Basson

4,17,18

Clasificacion Descripcion Manejo quirtirgico

Tipo 1 Apéndice normal dentro de una Reduccién de hernia, reparacién con malla,
hernia inguinal apendicectomia en pacientes jovenes

Tipo 2 Apendicitis aguda dentro de una Apendicectomia por hernia, reparacion
hernia inguinal, sin sepsis abdominal primaria de hernia, sin malla

Tipo 3 Apendicitis aguda dentro de una Laparotomia, apendicectomia, reparacion
hernia inguinal, pared abdominal primaria de hernia, sin malla
o sepsis peritoneal

Tipo 4 Apendicitis aguda dentro de una Manejar como hernia de los tipos 1 a 3,
hernia inguinal, patologia abdominal investigar o tratar la segunda patologia
relacionada o no segun corresponda

Tipo - 5a Apéndice normal dentro de una Apendicectomia a través de hernia, reparacion
hernia incisional primaria de hernia incluyendo malla

Tipo - 5b Apendicitis aguda dentro de una Apendicectomia por hernia, reparacion
hernia incisional, sin sepsis primaria de hernia
abdominal

Tipo - 5¢ Apendicitis aguda dentro de una Manejar como hernia tipo 4

hernia incisional, pared abdominal
o sepsis peritoneal o en relacion
con una cirugia previa
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Papel del virus del papiloma humano en el
desarrollo del cancer del cuello uterino.
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virus del papiloma; genoma de los virus del papiloma; carcinogénesis.

Resumen. La presente revision narrativa fue realizada con el objeto de
investigar y recopilar informacion sobre la fisiopatologia del Virus del Papiloma
Humano (VPH) y los mecanismos virales para infectar a las células huéspedes,
como sobrevive a los mecanismos inmunolégicos innatos del huésped y los me-
canismos para producir infecciones benignas y malignas del cuello uterino. La
revision de la literatura fue realizada electréonicamente en PubMed, Medline,
ISI, DOAJ, Springer, Embase. Web of Knowledge, DOAJ, y Google Scholar, Hina-
ri, JAMA Network, Oxford Academic y Research Life para los articulos escritos
en inglés. Scielo, Lantidex, Imbiomed-L, Redalyc y Google Scholar fue revisados
en busqueda de articulos escritos en espanol. La biisqueda incluy6 las palabras
claves (MESH): fisiopatologia del VPH, ciclo de vida del VPH, carcinogénesis del
VPH, estructura genémica del VPH, mecanismo de infeccion del VPH, bases ge-
néticas de la carcinogénesis del VPH, infeccion del VPH, taxonomia del VPH. Se
buscaron, revisaron y analizaron las publicaciones desde enero de 1985 a agosto
de 2021. Esta revision narrativa nos permite entender como el VPH ocasiona la
infeccion productiva y no productiva en las células de los epitelios escamosos
estratificados del ser humano, en especial el del cuello uterino, nos explica
c6mo la infeccion por el virus puede producir lesiones benignas y lesiones ma-
lignas, y nos explica porque se clasifican en VPH-AR y VPH-BR, segtin su capa-
cidad oncogénica. Estos procesos han permitido entender el comportamiento
del virus y establecer tratamiento primario para el cancer del cuello uterino.

Autor de correspondencia: José Nunez- Troconis. Departamento de Obstetricia y Ginecologia, Facultad de Medici-
na, Universidad del Zulia, Maracaibo, Venezuela. E-mail: jtnunezt@gmail.com
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of cervical cancer.
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Keywords: human papillomavirus; physiopathology of human papillomavirus; infection

by human papillomavirus; taxonomy of papillomavirus; genome of
papillomavirus; carcinogenesis.

Abstract. The present narrative review was conducted to investigate and
to compile information about the physiopathology of the Human Papilloma
Virus (HPV) and the viral mechanisms of infection of the host’s cells, as well
as how the virus survives the host’s innate immunological mechanisms and
the mechanisms to produce cervical benign and malignant lesions. Literature
searches were performed electronically in PubMed, Medline, ISI, DOAJ, Spring-
er, Embase. Web of Knowledge, DOAJ, y Google Scholar, Hinari, JAMA Network,
Oxford Academic and Research Life for original articles written in English and
Scielo, Lantidex, Imbiomed-L, Redalye, and Google Scholar for original articles
written in Spanish. The searches included the keywords (MESH): physiopathol-
ogy of HPV, HPV viral cycle, Carcinogenesis of HPV, HPV genomic structure,
infection mechanism, and HPV taxonomy. Publications from January 1985 to
August 2021 were reviewed. This narrative review allows us to understand how
HPV produces productive and non-productive infection in the cells of the strati-
fied squamous epithelium of the human being, especially that of the cervix, ex-
plains how infection by the virus can produce benign lesions and malignant le-
sions and explains why they are classified as HPV-HR and HPV-LR, according to
their oncogenic capacity. These processes have made it possible to understand
the behavior of the virus and establish primary treatment for the prevention of

cervical cancer.

Recibido: 30-01-2022

INTRODUCCION

Los virus del papiloma (VP) son virus
muy antiguos que infectan a los vertebrados
como los mamiferos, peces, reptiles, y aves
capaces de infectar la piel y las mucosas ta-
les como las del area anogenital, boca, y vias
aéreas. En los humanos, los VP tienen pre-
ferencia por infectar epitelios escamosos di-
ferenciados o estratificados, y la piel es uno
de ellos . Los VP se transmiten por contacto
fisico directo produciéndose un micro-trau-
ma que permite la entrada del virus, sin pro-

Aceptado: 11-03-2023

ducir una enfermedad evidente 2. Producen
verrugas cutaneas planas o excrecentes y son
capaces de causar cidncer 2. Los VP fueron
identificados por primera vez a principio del
siglo XX en las verrugas presentes en la piel
y se demostr6 que podian transmitirse de
una persona a otra. En 1935, Francis Peyton
Rous demostré que los VP causaban cdncer
en la piel de los conejos; esa fue la primera
vez que se demostré que un virus podia pro-
ducir cancer en mamiferos °.

Los VP muestran una gran diversidad
genotipica y una amplia variacién en la pre-
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sentacion fenotipica de la infeccion . Su cla-
sificacion ha sido algo complicada debido a
varios factores. A diferencia de otros virus,
los papilomavirus no generan una respuesta
inmunitaria humoral adecuada y persisten-
te, tanto en humanos o en otros mamiferos,
por lo cual no ha sido posible desarrollar un
sistema de clasificacion por serotipos, a lo
que se agrega la ausencia de modelos de in-
feccion celulares o de animales de laborato-
rio >4, Para la clasificacion de los papilomavi-
rus se han tomado dos criterios basicos: a) el
huésped, dado que estos virus son altamente
especificos de especie y b) la secuencia ge-
nética, que permite la diferenciacion entre
los virus aislados; la secuencia mas utilizada
para la clasificacion de los papilomavirus es
la del gen L1. Se establece un nuevo tipo de
VP cuando la secuencia del gen L1 varia en
mas de 10% respecto a tipos virales ya cono-
cidos. Si la diferencia es de 2 a 10%, se les
clasifica como subtipos virales y si la diferen-
cia es menor a 2% se definen como variantes
virales >7. En los primeros VP se empez6 a
utilizar la palabra tipo y un ntimero, para de-
nominar a los diferentes virus descubiertos,
lo cual puede llevar a pensar que un tipo es
equivalente a una especie de VP 8,

Los virus de la familia Papillomaviri-
dae fueron clasificados inicialmente como
una subfamilia de los Papovaviridae en
1962, pero se reclasificaron en 2002 como
una familia independiente. De acuerdo al
International Committee on Taxonomy of
Viruses en su actualizaciéon del 2020, la
familia Papillomaviridae esta dividida en
2 subfamilias: la Firstpapillomavirinae y
la Secondpapillomavirinae. La subfamilia
Firstpapillomavirinae tiene 53 géneros y
133 especies y la subfamilia Secondpapillo-
mavirinae tiene 1 género 12 (Tabla 1).

En relacién a los VP que afectan al hu-
mano, Virus del Papiloma Humano (VPH), el
Centro Internacional de Referencia del Virus
del Papiloma Humano del Instituto Karolins-
ka ha reportado hasta el 2023, la identifica-
cién de 229 diferentes tipos de VPH'. Los
géneros mas evolucionados de la subfamilia

Firstpapillomavirinae son el Alpha, el Beta
y el Gamma; estos virus han evolucionado
con capacidad de infectar ciertos tipos de
epitelios con estrategias especificas para so-
brevivir. Muchos de los VPH pertenecientes
a los géneros Beta y Gamma estan asociados
a infecciones asintomaticas o no visibles de
la piel que se adquieren en la infancia, per-
sistiendo a lo largo de la vida y produciendo
particulas virales en pequenias cantidades
durante afios o décadas 2. Los VPH del g¢é-
nero Mu infectan la piel de la palma de la
mano y la planta de los pies produciendo ve-
rrugas profundas que generalmente desapa-
recen después de meses o anos debido a una
respuesta inmune de tipo celular. Los VPH
del género Alphapapilllomavirus atectan las
mucosas orales y genito-anal de los humanos
y los primates !; este género también incluye
tipos que pueden sobrevivir sin producir nin-
guna patologia. Este género ha sido dividido
en dos grupos: los de bajo riesgo, que se aso-
cian principalmente con verrugas genitales
benignas y los de alto riesgo que se asocian
por su alto potencial oncogénico como agen-
tes etiologicos del cancer del cuello uterino,
vagina, vulva, pene y ano *°.

Entre los VPH del género Alpha que son
considerados de bajo riesgo se encuentran
el 6, 7, 11, 30, 42, 43, 44, 45, 51, 54, 55,
61, 71,7 2, 81 y cand90. Entre los VPH de
alto riesgo o con capacidad oncogénica se
encuentran: 16,18, 31, 33, 34, 35, 39, 45,
51, 52, 56, 58,59, 66, 68, y 70 21113,

Los VPH pueden llegar a afectar hasta
20% de la poblacion en un momento dado; la
incidencia de la infeccién varia dependiendo
del tipo del virus, del grupo etario de la po-
blacion y la predileccion del virus por el te-
jido mucoso o el tejido cutdneo **. Este tipo
de infeccion afecta al 10,4% de la poblacion
femenina, alrededor del mundo .

La persistencia de los genotipos de los
VPH de alto riesgo, mencionados anterior-
mente, es la causante del cancer del cuello
uterino (CaCu), en especial los de los tipos
16 y 18. EL VPH es transmitido por contac-
to sexual y los factores de riesgo para desa-
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Sub-Familia Firstpapillomavirinae
Géneros Géneros
1 Alphapapilllomavirus 31 Kappapapillomavirus
2 Betapapillovirus 32 Lambdapapillomavirus
3 Chipapapillomavirus 33 Mupapapillomavirus
4 Deltapapillomavirus
34 Nupapillomavirus
5 Dyochipapillomavirus
6 Dyodeltapapillomazirus 35 Omegapapillomavirus
7 Dyoep silonpapfillomatvirus 36 Omikronpapilloma‘virus
8 Dyoetapapillomavirus 37 Phipapapillomavirus
9 Dyoetapapillomavirus 38 Pipapillomazirus
10 Dyoiotapapillomavirus
39 Psipapillomavirus
11 Dyokappapapillomavirus
. . 40 Rhopapillomavirus
12 Dyolambdapapillomavirus
a1 v . .
13 Dyomupapapillomavirus Sigmapapillomazirus
. . 42 Thaupapillomavirus
14 Dyonupapapillomavirus
15 Dyoomegapapillomavirus 43 Thetapapillomavirus
16 Dyoomiokronpapillomavirus 44 Treisdeltapapillomavirus
17 Dyophipapillomavirus 45 Treisepsilonpapillomavirus
18 Dyopipapillomazvirus 46 Treisetapapillomavirus
19 Dyopsipapillomavirus 47 Treisiotapapillomavirus
20 Dyorh ill irus
YOTROPAPILOTMATITUS 48 Treiskappapapillomavirus
21 Dyosigmapapillomavirus
49 Treisthetapapillomavirus
22 Dyotaupapillomavirus
Treis ] VITUS
3 Dyothetapapillomazirus 50 reissetapapillomavirus
24 Dyoupsilonpapillomavirus Sl Upsilonpapillomavirus
- 2 Xi ] i
25 Dyoxipapillomavirus > ipapapillopmazirus
26 Dyosetapapillomavirus 53 Zetapapillomavirus
27 Epsilonpapillomavirus Sub-Familia Secondpapillomavirinae
28 Etapaillomavirus
29 Gammapapillomavirys Género
30 Totapapillomavirus Alefpapillomavirus
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rrollar el CaCu incluyen sexarquia a edades
tempranas, niimero de companeros sexuales,
uso prolongado de anticonceptivos orales,
paridad, habito tabdquico, enfermedades
de transmisiéon sexual asociadas en espe-
cial el HIV e inmunosupresiéon crénica, en-
tre otras 5.

Sin embargo, a pesar que el VPH es el
factor mas importante en ¢l origen del CaCu
y su transmision es facil y silente, la infec-
cion por VPH es transitoria, en el 90% de los
casos en un plazo entre meses a 2 6 3 anos,
la persistencia de la infeccién por el virus,
en especial si es de alto grado, es uno de los
factores virales mas importantes en el desa-
rrollo de las lesiones premalignas y malignas
del cuello uterino ¢17,

El objetivo de esta revision narrativa es
analizar la fisiopatologia del virus que nos
explica por qué algunas infecciones persis-
ten y otras no y, como consecuencia seria la
explicacion del origen y evolucion de las le-
siones premalignas hacia el CaCu.

MATERIAL Y METODOS

Se realiz6 la busqueda bibliografica en
las paginas electréonicas de Pub Med, Goo-
gle Scholar, Springer, Web of Knowledge,
DOAJ, Hinari, Oxford Academic, JAMA Net-
work, Embase, y Research Life en la litera-
tura de habla inglesa y en Scielo, Latindex,
Imbiomed-L, Redalyc y Google Scholar en
la literatura de habla espanola. Se usaron
y buscaron empleando los términos y/o
palabras clave (MESH): fisiopatologia del
VPH, ciclo de vida del VPH, carcinogéne-
sis del VPH, estructura genémica del VPH,
mecanismo de infeccion y transformacion
del VPH, bases genéticas de la carcinogé-
nesis del VPH, infeccién del VPH, taxono-
mia del VPH. La busqueda se realiz6 usan-
do palabras solas o usando la combinacién
de AND/Y u OR/O. Dentro de los criterios
de inclusion se consideraron: a) articulos
de fuentes primarias publicados en revis-
tas indexadas con naturaleza de revision,

articulos originales de investigacion, estu-
dios comparativos, estudios de evaluacion,
capitulos de libros y meta-analisis de acceso
abierto; b) articulos en idioma inglés y espa-
nol. Fueron excluidos de la revision: cartas
al editor, reportes de casos y estudios sin
control. Igualmente, fueron excluidas las
publicaciones que no tenian libre acceso. Si
en mas de una publicacién se encontraba
la misma poblacion estudiada, se analiz6 la
publicacién mas reciente o con mayor ni-
mero de pacientes estudiados. Se revisaron
los articulos publicados desde el ano 1980
hasta agosto 2021.

Se encontraron 415 articulos durante
la basqueda primaria de la investigacion. Se
excluyeron 280 de ellos por no poseer acceso
libre al texto completo o por no reunir otros
criterios de inclusion para la revision como
se mencioné en el parrafo anterior. De los
135 articulos para la revision y consulta del
texto completo, 100 fueron elegidos para la
revision, los restantes 25 fueron excluidos
por no reunir los criterios de inclusion, ade-
mas 10 de ellos eran articulos repetidos.

Fisiopatologia
Especificidad tisular

Los VP son virus con alto tropismo por
el huésped y los tejidos, y muy rara vez se
transmiten entre especies 8. Como mencio-
namos arriba, los VP tienen afinidad y pre-
ferencia por infectar epitelios escamosos
diferenciados o estratificados, como la piel
de los humanos y las mucosas tales como
la genital, la anal, la bucal y la de las vias
respiratorias . Los VP se replican exclusi-
vamente en las células de la capa basal de
los tejidos o epitelios planos estratificados;
estos epitelios tienen un proceso de madura-
cién o diferenciacion desde las capas basales
hasta las capas superficiales. Este hecho es
importante para la replicacion de los VP, Es-
tos virus penetran en estos epitelios a través
de micro traumas y ganan las células basales
las cuales son infectadas y asi comienza el
proceso de replicacion del virus.
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Unioén, penetracion, transcripcion
y replicacion

Una vez que el virus gana la capa basal
del epitelio plano estratificado, se produce
una interacciéon entre la proteina L1 a nivel
de su extremo carboxilo terminal y los azu-
cares sulfatados de la membrana de la ¢é-
lula huésped; de esa manera se produce la
union del virus a la membrana de la célula
huésped'”2!. Entonces, el virus es capaz de
penetrar al interior de la célula o sea al ci-
toplasma desde la membrana al interactuar
con el receptor usando la via a-6-f4 integri-
na >3 proceso denominado endocitosis y es
transportado a los endosomas 2*?°, Se han
descrito dos sistemas de endocitosis para los
VPH: ¢l primero involucra un complejo pro-
teico llamado clatrina %7, utilizado mas que
todo por los tipos 16 y 18; ¢l segundo sis-
tema consiste en un grupo de proteinas de
las cuales la principal es la caveolina por lo
que este sistema se denomina “endocitosis
por caveolas” y es utilizado principalmente
por el tipo 31 %%, La proteina tardia L2 de la
cdpside rompe la membrana del endosoma
a través de un péptido catidnico, la capside
experimenta un proceso de reduccion quimi-
ca que dana los puentes disulfuros que esta-
bilizan la capside, originandose capsémeros
y monémeros, los cuales son transportados
al nacleo, junto con fragmentos pequenios
de ADN viral, pudiendo atravesar los poros
nucleares de un didmetro aproximado a 39
nm; con ello, el genoma viral y las proteinas
de la capside participarian en los procesos
de transcripcion génica, replicacion del
ADN y maduracién de viriones **%2. Duran-
te el proceso de infectacion, la transcrip-
cion se realiza y el ADN se divide en esta-
dios 0 marcos de lectura abierta tempranos
y tardios (siglas en inglés: ORF Ey L %°. La
transcripeion de los ORFs E y L se realiza
en la misma cadena del ADN y en la misma
direccion. El precursor del ARN mensajero
(ARNm) experimenta un proceso postrans-
cripcional, el cual incluye el taponamiento
y poliadenilacion de los terminales 5’ y 3’
respectivamente, asi como también, el em-

palme o acoplamiento. El uso eficiente de la
informacion genética codificada implica el
empalme o acoplamiento diferencial de los
ARN vy la utilizacion de ORFs superpuestos.
Los ARNm tempranos codifican las protei-
nas reguladoras que pueden tener o exhibir
propiedades transactivadoras, estas propie-
dades incluyen las proteinas que son reque-
ridas para la replicacion del ADN. La expre-
sion de estas proteinas produce la depresion
o disminucion de la accion de enzimas de la
célula huésped y también puede estimular la
sintesis del ADN de la célula huésped. Antes
de comenzar los eventos tardios, la replica-
cion del ADN viral se inicia en el nicleo de la
célula. El transporte de las transcripciones
produce las proteinas estructurales que es-
tan involucradas en la formacion de la capsi-
de. Las modificaciones post-translacionales
de algunas proteinas virales tempranas (E)
y tardias (L) incluyen la fosforilacion, la N-
acetilacion, la ADP ribosilacion y otros even-
tos. Algunas de las proteinas virales poseen o
contienen secuencias, denominadas sefales
de localizacion nuclear, las cuales facilitan el
transporte de proteinas al nicleo de la célu-
la huésped donde ocurre ¢l ensamblaje y ma-
duracién de los viriones; estos son liberados
por la lisis de la célula huésped producida
por el virus 13,

El genoma de muchos de los miembros
de la familia Papillomaviridae que han sido
secuenciados, contiene de 9 a 10 ORFs, de-
nominados desde E1 a ES sucesivamente, y
L1y L2. Las proteinas producto de los genes
de los VPs se pueden dividir en: 1.- protei-
nas centrales: E1, E2, L1 y L2; y 2.- protei-
nas accesorias: E4, E5, E6 y E7 (Tabla 2).
Las proteinas centrales estan involucradas
directamente en la replicacion del genoma
viral (E1 y E2) y en el ensamblaje del virus
(L1 y L2) y son constantes o conservadas en-
tre todos los VPs. Estas proteinas se mani-
fiestan cuando la transcripcién se produce
durante el ciclo de vida viral. Las proteinas
accesorias muestran una mayor variabilidad
tanto al momento de expresarse y como en
sus caracteristicas funcionales, asimismo,
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Tabla 2
Funciones de las proteinas del VPH.

Tipo de Proteina

Nombre

Funciones

El

E2

No Estructurales E4

E6

E7

L1

Estructurales L2

Funciones de Helicasa. Esencial para la replicacion y la transcripeion
Esencial para la replicacion y la transcripeion, segregacion gendmica
y encapsidacion

Regula la expresion de los genes tardios, controla la maduracion viral
y la salida de los viriones

Estimula la actividad transformante de E6 y E7, promueve la fusiéon
celular ocasionando ancuploidia e inestabilidad cromosémica

Se une e induce la degradacion de la p53, inhibiendo la apoptosis,
interactiia con ¢l sistema inmunitario innato, contribuye a la evasion
de la respuesta inmunitaria y a la persistencia del virus, activa la ex-
presion de la Telomerasa

Se une ¢ induce la degradacion de la pRB, incrementa la actividad de
la actividad de la Cinasas dependiendo de Ciclinas, afecta la expre-
sion de los genes en la fase S del ciclo celular por interaccién directa
con el Factor de transcripecion E2F y las Histona Desacetilasa, contri-
buye a la evasién a la Respuesta Inmune

Proteina principal de la capside, reconoce receptores de la célula
huésped, es altamente inmunogénica e induce la formacién de anti-
cuerpos neutralizantes

Proteina secundaria de la capside, participa en la unién, entrada y
transporte al niicleo del virion a la célula, liberacién de genoma viral
y en el ensamble de los viriones

los genes que codifican estas proteinas ac-
cesorias, modifican la célula infectada para
facilitar la replicacion del virus y permitir su
supervivencia 2. Algunos de sus miembros no
poseen la ORF E3 y la ORF ES. Las protei-
nas que codifican los ORFs E, con una po-
sible excepcion de la E4, son polipéptidos
no estructurales que estan involucrados en
la transcripcién, en la replicacion del ADN y
en la transformacion, mientras que aquellas
proteinas que son codificadas por las ORFs
L, son proteinas estructurales. La replica-
cion del genoma viral es iniciada en forma
bidireccional por la union especifica de las
proteinas E1 y E2 1133,

Una vez que se produce la infeccion de
la c¢élula por el VPH, la expresion gendémica
del virus es controlada por multiples pro-
motores y un patrén complejo de empalme
de ARNm que permite a diferentes produc-

tos gendémicos virales que se expresan en
diferentes etapas durante el ciclo de vida
viral 334,

Propiedades antigénicas

Los VP no producen una respuesta in-
munoldgica humoral en humanos y en otros
mamiferos infectados, sin embargo, la pro-
teina tardia L1 posee ciertos tipos de do-
minios y la proteina tardia L2 posee grupos
especificos de epitopes, lo que ha permitido
obtener las llamadas “Particulas parecidas al
Virus” a base de las proteinas .1 o L1 y L2,
las cuales generan una respuesta antigénica
humoral .

Propiedades biologicas

Los VP son virus altamente especificos
de la especie del huésped y de los tipos de
tejido. Los VPH requieren la diferenciacion
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terminal de las células del epitelio infecta-
do para lograr su replicacion y formacion o
produccion de los viriones. Como se ha men-
cionado anteriormente, la infeccién comien-
za principalmente via de una microlesion o
microtrauma en el epitelio que permite a los
viriones o particulas virales penetrar en las
células de la capa basal de los epitelios 0 mu-
cosas por lo que la transmisién del virus ocu-
rre por un contacto cercano y sucede por la
liberacion de los viriones desde la superficie
de las verrugas y las lesiones papilomatosas,
las cuales, poseen o contienen frecuente-
mente una gran cantidad de estas particulas
dentro de las capas superficiales diferencia-
das del epitelio afectado .

Incidencia y transmision

La incidencia de los VPH que afectan
el drea anogenital se eleva abruptamente
en la poblacién al iniciarse las relaciones
sexuales (no necesariamente se necesita la
penetracion). La transmision del virus se
produce durante el acto sexual por el mi-
cro-trauma que se origina en el epitelio, el
cual, permite la penetracion del virus. De-
bido a que esta infeccién es generalmente
asintomadtica, altamente transmisible y pasa
desapercibida o sea no es notoria, se dise-
mina rapidamente. La transmision a través
de féomites ha sido mencionada pero no es
una via importante 2%, Cualquier persona
puede adquirir simultdneamente o secuen-
cialmente, maltiples nuevas infecciones de
diferentes tipos de VPH debido a que la res-
puesta inmune natural de cada persona a la
infeccion es variable, débil, y especifica a un
tipo particular de VPH. Las infecciones con-
currentes por diferentes tipos de VPH son
raras contrario a lo que se piensa 3°, pero
no se interfieren mutuamente 7%, Algunos
estudios demuestran que la incidencia de la
infeccion por VPH en nivel del cuello uteri-
no, cae o disminuye con el aumento de la
edad y la paridad. Se cree que es debido a
un menor niamero de nuevos contactos se-
xuales y al desarrollo de una inmunidad na-
tural contra el virus 40,

El porcentaje del llamado “aclaramien-
to del virus” o la desaparicion de la infeccion
viral es inicialmente rapido, pero luego con-
tinua en forma lenta y gradual. Las infeccio-
nes persistentes que pasan de 2 a 3 afos, son
poco comunes y mas del 90% desaparecen
entre 2y 7 anos 2?7, El virus, bien sea, com-
pletamente eliminado de los tejidos, o supri-
mido por los mecanismos de la inmunidad
celular a niveles muy bajos que el ADN viral
no es detectado por los métodos de biologia
molecular sensibles, en otras palabras, el vi-
rus entraria en un periodo de latencia °. Hoy
en dia no es posible distinguir con certeza
entre latencia y aclaramiento del virus. Una
prueba de ADN o ARN del VPH positiva pos-
terior a una prueba negativa puede significar
una nueva infeccién o una reactivacion de
una infeccion latente. En el cuello uterino,
la proporcion de reactivacién de la infeccion
en comparacion con la adquisicion de una
nueva infeccion aumenta con la edad, la dis-
minucién del nimero de parejas sexuales y
probablemente la disminucién de los contro-
les inmunolégicos; estos hallazgos pudieran
ayudar a explicar el aumento de la prevalen-
cia del VPH en los pacientes de mayor edad,
que ha sido observada en varios grupos po-
blacionales 24142,

Prevalencia y persistencia

La prevalencia del VPH se debe a 2 fac-
tores: a la incidencia y a la persistencia exage-
rada de la infeccion viral. Ha sido demostrado
que la prevalencia de la infeccién del VPH es
bastante variable dependiendo del 4rea o re-
gion geografica, de la edad, de la conducta
sexual, del control inmunoldgico que posea el
huésped contra ¢l virus y los efectos que ten-
ga el tratamiento de las lesiones producidas
por el virus sobre todo en las regiones donde
existan métodos de pesquisa adecuados *3.

La infecciones latentes y reactivadas pue-
den contribuir en un pequefio porcentaje al
cancer cervical en mujeres de mayor edad 2.
Algunos estudios reportan que muchas de las
lesiones precancerosas son precedidas por in-
fecciones persistentes >*. Diferentes autores
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mencionan que hay 3 clases de cofactores que

influencian la persistencia de la infeccion por

VPH y que determinan si esa persistencia es su-

ficientemente larga para permitir el desarrollo

de la lesion precancerosa y del cancer del cue-
llo uterino %, Estos cofactores serian: 1.- fac-

tor viral; 2.- factor huésped; y 3.- factor estilo o

conducta de vida sexual

1. El factor viral: se refiere a la capacidad

oncogénica del tipo de VPH y la carga
viral que infecte al huésped ¢ influencie
el desarrollo de lesiones precancerosas
y cancerosas >,

2. El factor huésped: se refiere a la capaci-
dad inmunoldgica natural que determi-
na ¢l futuro de la infeccion 243,

. El factor conducta: se refiere al habito
del cigarrillo, multiparidad, uso pro-
longado de pastillas anticonceptivas,
inicio a edades tempranas de las rela-
ciones sexuales, multiples companeros
sexuales, deficiencias nutricionales **
4 Se han mencionado otros factores
como la coinfeccion con la Chlamydia
trachomatis, el Herpes Virus Simple
Genital tipo 2, y el virus de la inmuno-
deficiencia adquirida ***®. La influencia
del factor conducta es relativamente
modesta, sin embargo, incrementa el
riesgo relativo de desarrollar lesiones
precancerosas en un 1,5 a 2 veces una
vez adquirida la infeccion por VPH 74,

w

Ciclo de vida viral

El desarrollo de la lesion viral por el
VPH, bien sea la producida por un tipo de
bajo o alto grado, requiere, como hemos
mencionado, el acceso del virus a las célu-
las de la capa basal del epitelio y que esta
barrera sea sobrepasada; a nivel del cuello
uterino, esto ocurre en la zona de transfor-
macion donde las células estan en perma-
nente transformaciéon. Una vez que el VPH
esta dentro de las células de la capa basal del
epitelio, las cuales, estdn en constante divi-
sion y diferenciacion, condicion necesaria de
los VPH para infectar la ¢célula y establecerse
en el nicleo donde se replica; esto se con-

sidera como un infeccién no productiva de
enfermedad y lo hace en un nimero bajo de
copias episomales (de 20 a 30 copias por cé-
lula infectada); alli se replica usando la ma-
quinaria de replicacion del ADN de la célula
huésped para sintetizar su ADN en un prome-
dio de una copia por ciclo celular %%, Para
que la infeccion sea persistente se requieren
cambios en el microambiente celular tales
como ¢l aumento de los niveles de diferentes
factores de crecimiento que pudieran jugar
un papel importante en el establecimiento o
persistencia de un reservorio de la infeccion
viral en las células de la capa basal del epite-
lio 3*57, La capacidad del VPH para infectar,
replicarse, y conducir a la produccion de una
lesién cancerosa depende de la funcién de
las proteinas virales, la posicién de la c¢élula
en el epitelio donde se encuentran estas pro-
teinas expresadas y si la expresion gendémi-
ca viral esta adecuadamente controlada en
un sitio epitelial particular 2. La célula basal
infectada, se divide, madura y se convierte
en una célula parabasal, intermedia y super-
ficial, esta sometida a un programa de expre-
sion genomica que esta unido al proceso de
diferenciacion.

La amplificacion del genoma viral ocu-
rre en las capas intermedias del epitelio
mientras que el ensamblaje viral y su libera-
cién ocurren en las capas superficiales 335458,
La amplificacion del genoma viral requiere
de la accion combinada de mdltiples genes
virales tales como E6, E7, E2 y la helicasa
E1, pero el mantenimiento de la replicacién
del virus en la capa basal del epitelio depen-
deria de los factores replicativos de la célula
huésped infectada %%, Como se menciond
anteriormente, el virus en las capas superfi-
ciales cambia al modo de ADN circular de re-
plicacion y su amplificacion aumenta en ni-
mero de copias, sintetiza las proteinas de la
capside y se produce el ensamblaje viral 130,

La diferenciaciéon o maduraciéon de la
célula basal infectada esta sometida a un
programa de diferenciacion que la convierte
en la célula epitelial suprabasal, como men-
cionamos anteriormente, involucra cambios
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temporales en la actividad del promotor y en
los patrones de empalme del ARNm que faci-
litan la produccion de diferentes productos
o proteinas gendémicas en los diferentes es-
tadios del proceso de diferenciacién o madu-
racion programada **°%, La funcion de las
proteinas virales es modulada por la modifi-
cacién postraduccional incluidas la fosforila-
cion y la escision proteolitica °'.

Puesto que los VPH solo codifican de
8 a 10 proteinas, necesitan y emplean los
factores de replicacion de la célula huésped
para regular la transcripcion y la replicacion
viral. La replicacion del VPH comienza con
factores de la célula huésped los cuales inte-
ractian con la region LCR del genoma viral
y comienza la transcripcion de los genes vi-
rales E6 y E7. Los productos de los genes E6
y E7 desregulan el ciclo de crecimiento de la
célula huésped mediante la unién e inactiva-
cion de las proteinas supresoras de tumores,
ciclinas celulares y dependientes de ciclina
quinasas %%, La funcion de estos productos
durante la infeccién productiva del VPH es
subvertir las vias que regulan el ciclo de cre-

Canal cervical - e
.‘-_;

Capa
escamosa
madura

Capa
escamosa

Células
parabasales

cimiento de la ¢élula huésped y modificar el
ambiente celular de manera de facilitar la
replicacion viral en una célula que esta com-
pletamente diferenciada y ha salido o perdi-
do su propio ciclo celular ** (Fig. 1).

El crecimiento celular estd regulado por
2 proteinas celulares: la proteina supresora
de tumor: p53 y la proteina retinoblastoma
(pRB) . El producto o la proteina del gen
VPH E6 se une a la p53 lo que origina una
rapida degradacion a través de una ubiqui-
tina ligasa celular . Esta degradacion tiene
el mismo efecto que una mutacion inactiva-
dora °'. Entre las actividades normales de
p53 es controlar la fase G1 del ciclo celular;
como consecuencia, se bloquean el arresto,
la apoptosis y la reparacion del ADN celular,
de manera que la proteina E6 del VPH pue-
de unirse y formar complejos con al menos
otras 6 proteinas celulares '3.

La proteina E6, constituida por 150
aminoacidos, se liga o se une al Zinc; gran
parte de sus funciones biol6gicas depende de
la integridad de 4 residuos de cisteina ®. Ella
forma un complejo con p53 y la enzima ubi-

Las particulas del virus

se ensamblan y el virus
] se libera. INFECCION

PRODUCTIVA

El virus utiliza células del
huésped para replicar el

ADN viral y expresar las
proteinas codificadas

Células basales

Membrana basal

Epitelio
Normal

w | ) EI'VPH infecta la capa
/ basal epitelio cervical.

El HPV usa la maquinaria biosintética de la célula

Fig. 1. Ciclo de vida del HPV en el cérvix.

(Adaptade de Frazer IH. Nat Rev Inmunol 2004; 4:46-54)
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quitina ligasa produciendo la degradacion de
la p53, proceso que se desencadena frente
a una carga viral elevada o ante mutaciones
del ADN celular. El gen p53 se encuentra en
el cromosoma 17 y su proteina p53 en con-
diciones basales o normales permite detener
el ciclo celular en la fase G1, efecto mediado
por la proteina p21cip/WAF1, la cual inhibe
las quinasas dependientes de ciclinas o ac-
tivan el mecanismo de apoptosis mediante
la activacion del gen bax. De esta manera,
la funcion protectora del genoma celular es
alterada por la proteina E6. Otras funciones
de esta proteina son: amplificar la actividad
de la telomerasa, inducir la sintesis de ADN
mutado y aumentar la integracion del ADN
viral al ADN de la célula huésped .

La proteina del gene E7 del VPH esta
constituida por 100 aminoacidos que se
unen al Zine, se une a la forma hipofosfori-
lada (ya que experimenta una fosforilacion)
de las proteinas de la familia RB a través de
su extremo N-terminal; esta unién rompe el
complejo formado entre la pRB y el factor de
transcripcion celular E2F-1, el cual permite
la transcripcion de los genes cuyos produc-
tos o proteinas son requeridas para que la
célula entre en la fase S del ciclo celular. El
gen de la proteina RB se localiza en ¢l cro-
mosoma 13. La interaccion entre el factor
transcripcion celular E2F-1en la fase G1 del
ciclo celular inhibe la expresion de los genes
relacionados con la replicacién del ADN ce-
lular y la proliferacion celular®; de esta for-
ma, permite la expresion de la timidina qui-
nasa, la c-myc, la polimerasa A, la PCNA, la
Ki-67, la proteina mantenimiento de micro-
cromosomas, la p16 y las ciclinas Ay E *". La
proteina E7 también se puede asociar o unir-
se a otras proteinas celulares mitéticamente
interactivas como la ciclina *. Otras de las
funciones de la E7 que han sido descritas
son: 1.- La union a la quinasa de la histona
H1, lo que favorece la accion transformante
de la célula °°; 2.- La inhibicién de la protei-
ink4A

que en condiciones basales frena

68, 3.- Efecto muta-

naplo6
la multiplicacion celular

génico; 4.- Producir aneuploidias; 5.- Favo-
recer la integracion del genoma viral al de
la c¢élula huésped °°. De esta manera ambas
proteinas, E6 y E7, favorecen la proliferacion
e inmortalizacion del virus en las células con
mayor carga de ADN mutado.

La proteina ES es sintetizada en el ge-
noma viral localizandose principalmente en
la membrana de la célula huésped e interac-
tuando con algunos factores como el factor
de crecimiento epidérmico, el factor de creci-
miento derivado de plaquetas, el factor p185-
neu y los factores estimulantes de colonias;
de esta manera, podria estimular la accion de
estos diferentes factores vinculados a la pro-
liferacion celular; otro mecanismo asociado a
esta proteina ES es la de activar la via de la
proteina quinasa activada por mitogenos, la
cual, esta asociada a la proliferacion y dife-
renciacion celular ©. La proteina del gene ES
induce un aumento de la actividad de la MAP
quinasa, por lo tanto, mejora la respuesta de
la c¢élula a los factores que intervienen en el
crecimiento y la diferenciacion; esto resulta
en una proliferaciéon continua y en un retardo
de la diferenciacion de la célula huésped.

Las proteinas de los genes E1 y E2 son
sumarizadas a continuacioén; la E2 es una pro-
teina dimérica que forma un complejo con la
E1, y la proteina del gen E2 es una proteina
que se une al ADN que bloquea la transcrip-
cién de los genes E6 y E7 y permite que el
producto o proteina del gen E1 -el cual es
una proteina multimérica con actividad de
ATPasa y de helicasa-, se una al ADN viral a
nivel de LCR 32! y ambas formen un comple-
jo de iniciacion con ciclinas, principalmente
la E, quinasas dependientes de ciclinas, la
ADN polimerasa A, en la regiéon p68, y con
proteinas de la ¢célula huésped 217", En este
proceso la E2 es fosforilada por quinasas a
nivel de los residuos de serina 298 y 301, re-
gulando de esa forma su unién a la E1 2172,
Asimismo, la E2 suprime al promotor P97
del VPH 16 o el P105 del VPH 18, que estidn
ubicados préximo al gen TATA box de dichos
virus, encargados de la transcripcion de las
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proteinas E6 y E7, reduciendo de esta forma
la sintesis de dichas proteinas 213, También,
la E2 activa directamente la sintesis de la
p53 lo que produce la detencién del ciclo ce-
lular en G1 y por supuesto la apoptosis 174,
Todas estas uniones o complejos inician la
replicacion del genoma viral como elemen-
tos extracromosomales en la fase S del ci-
clo celular y el namero de copias del virus es
mantenido en forma constante en la célula
infectada y con bajo nivel de transcripcion.
La transcripcion de las proteinas E6 y
E7 es regulada y controlada por la proteina
E2 lo que permite la liberacion de las pro-
teinas p53 y pRB, eso hace que el proceso
normal de diferenciacion celular de la célula
huésped contintie. Luego, un promotor tar-
dio activa los genes de la capside, L1 y L2; las
particulas virales son ensambladas en el ni-
cleo y forman el virion; los viriones, son libe-
rados por las células epiteliales superficiales
al descamarse. Las proteinas E1 ™ E4 son la
mayormente expresadas en las capas superfi-
ciales de los epitelios infectados por los VPH,
en especial la E4, y constituyen aproximada-
mente el 30% del contenido proteico viral en
la célula infectada; se sintetizan como una
proteina mixta involucrando los genes Ely
E4 debido a un ARNm empalmado, los cua-
les, codifican 5 aminodcidos del ORF E1 em-
palmado a la proteina codificada por el ORF
E4 76 Ellas forman complejos hexaméricos
capaces de unirse a la red de citoqueratina
de la célula huésped, a través de su region
N-terminal produciendo su desestabilizacion,
igualmente, produce alteracion del potencial
de membrana de la mitocondria. La region
C-terminal de la proteina permite su unién a
la proteina del gen DEAD-box, alterando sus
funciones como tipo helicasa, ATPasa, recam-
bio de ARN vy estabilizacion del ribosoma™.
La region intermedia de ella (aminoacidos
17 al 45) detiene el ciclo celular en la fase
G2, a través de la union a ciclinas y quina-
sas dependientes de ciclinas y por ¢l bloqueo
de E7. Como consecuencia, la célula pierde
su soporte estructural por la alteracion del
citoesqueleto, produciéndose un dano mito-

condrial y del metabolismo energético “°. La
proteina E4 juega un papel en la maduracion
y liberacion de los viriones del VPH, pero no
parece ser citolitico en el proceso de replica-
cion por lo que el ADN viral se encuentra en
las células de las capas del epitelio, pero los
viriones intactos se encuentran solo en las
capas superiores del epitelio 3.

La proteina de gen E2 que es sintetiza-
da posteriormente, tiene la funcién de blo-
quear la transcripeion de los genes E6 y E7,
lo que resulta en la liberacion de las protei-
nas p53 y la pRB vy, permitir que la proteina
del gen E1 se una al principio de la replica-
cién viral localizada en el LCR; esta unién
inicia la replicacion del genoma viral como
elementos extracromosémicos en la fase del
ciclo celular S1. Luego las particulas virales
son ensambladas en el nicleo y liberadas
en las capas superficiales del epitelio estra-
tificado °. Es posible que, durante la etapa
de amplificacion del genoma viral, la inhibi-
cion de las oncoproteinas E6 y E7, el dano
al citoesqueleto, el trastorno mitocondrial-
energético y la apoptosis permitan una ma-
yor diseminacion del virus, siempre que las
proteinas de la céapside, L1 y L2, hayan sido
sintetizadas formando con el ADN viral los
nuevos viriones infectantes 1.

En la Tabla 2 se resume la funcién de
las proteinas virales.

Lesiones premalignas y malignas
del cuello uterino

Las neoplasias intraepiteliales cervi-
cales (NICs) y el cancer del cuello uterino
(CaCu) son unos de los mejores ejemplos
para entender como una infeccién viral pue-
de producir una transformacién maligna. La
infeccion por los VPH de alto riesgo (VPH-
AR) interfiere con la funcion de las proteinas
celulares y con la expresion de los productos
de los genes de la célula .

En las lesiones benignas producidas por
el VPH, el ADN viral esta localizado fuera de
los cromosomas o en forma episomal, a nivel
del ntcleo; en las NICs y CaCu, el ADN del
VPH estd generalmente integrado al genoma
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o al ADN de la célula huésped. En algunos
casos, la forma episomal y la forma integra-
da al ADN celular estan presentes simulta-
neamente en la célula huésped 378,

El evento central ¢ importante para la
transformacioén maligna de las células infec-
tadas es la integracion del ADN del HPV-AR
al ADN celular; esta integracion interrumpe
o bloquea el ORF E2, lo que ocasiona la pér-
dida de su expresion 313787 Este bloqueo de
la funcion del gen E2, la cual normalmente
regula la transcripeion de los genes E6 y E7,
conduce a un incremento de la expresion de
ellos. En los VPH-AR, las proteinas E6 y E7
tienen una alta afinidad por la p53 y pRB,
esta union altera la funcién normal de es-
tas proteinas celulares que intervienen en el
control del ciclo celular originando un au-
mento de la rata de proliferacién e inestabili-
dad genémica. Como consecuencia la célula
infectada acumula cada vez mas un ADN da-
nado que no puede ser reparado. La proteina
E6 forma un complejo E6-AP al degradar o
bloquear la p53 881 ¢l resultado del bloqueo
de la p53 es la pérdida de la capacidad que
tiene dicha proteina de producir el arresto o
detencion del crecimiento celular y la apop-
tosis lo que trae como consecuencia el dano
al ADN de la célula infectada %, Asimis-
mo, como mencionamos anteriormente se
afectan otras vias independientes de la p53
como son: 1. La activacion de la telomera-
sa®; 2. La inhibicion de la degradacion de la
familia SRC tirosina quinasas Blk % y 3. La
union o la degradacion de proteinas celula-
res en el dominio PDZ % Estas vias afectadas
juegan un papel adicional en la transforma-
cion oncogénica inducida por el VPH-AR. La
proteina E7 ademas de degradar o inhibir la
pRB y provocar la liberacion del factor de
transcripcion E2F y la sobrerregulacion de
la p16"™4 también interactiia y degrada las
llamadas “proteinas de bolsillo”: la p107 y la
p130 8788, Por otra parte, la proteina E5 es la
otra oncoproteina que estimula la actividad
transformadora del factor de crecimiento
epidermal y parece tener importancia en la
fase inicial de la infeccién, como menciona-

mos anteriormente %, pero no esta claro qué
papel juegan las otras proteinas tempranas:
E1, E2 y E4, en el proceso de malignizacion.
Las 2 proteinas estructurales L1 y L2 no se
encuentran expresadas en las células prema-
lignas ni malignas. Los genes E6 y E7 inac-
tivan los genes supresores de tumor como la
p53 y la pRB, respectivamente, como hemos
mencionado anteriormente; esta capacidad
que tienen los VPH-AR ha permitido diferen-
ciarlos de los VPH-BR.

La inmortalizacion del virus en las c¢élu-
las infectadas requiere de la cooperacion de
las proteinas E6 y E7, sin embargo, la protei-
na E7 por si sola, en niveles muy elevados, es
capaz de inmortalizarse en la c¢élula infectada
1390 como mencionamos anteriormente la al-
teracion de las proteinas celulares conlleva a
un aumento de su proliferacion y a una ines-
tabilidad gen6mica y como consecuencia se
acumula en la célula infectada ¢ inmortaliza-
da por el VPH, mas y mas dano en su ADN, de
tal forma, que se hace imposible su repara-
cion y eventualmente, las mutaciones acumu-
ladas conducen a la ¢élula hacia una transfor-
macion maligna; en adiccion a los oncogenes
activados y a la inestabilidad cromosomica,
se agregan la metilacion del ADN celular y vi-
ral, la activacion de la telomerasa y factores
hormonales ¢ inmunolégicos que contribu-
yen a esta transformacion maligna de la cé-
lula infectada. La progresion de las lesiones
premalignas al CaCu toma en ocasiones mas
de 2 décadas, aunque algunos pacientes pue-
den desarrollar el CaCu mas rdapido que otras,
incluso entre 1 a 2 anos 21,

En las infecciones por los VPH-BR ge-
neralmente, la proteina E6 no se une a la
p53 en niveles detectables y la proteina E7
se une a la pRB con una baja afinidad %%,

Inmunopatologia de la infeccién del VPH
La inflamacion crénica estd asociada
con el desarrollo de procesos malignos, en-
tre ellos el CaCu. Aproximadamente un ter-
cio de los tumores cancerosos estan ligados
a procesos inflamatorios debido a microor-
ganismos . En ¢l caso del CaCu, durante el
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evento inflamatorio crénico se produce una
sobrerregulacion de las citocinas y la pre-
sencia de células del sistema inmune en el
tejido del CU que modulan la inflamacion
como también la progresion o regresion de
la lesion premalignas del CU 293,

Varios mecanismos presentes en las
personas inmunocompetentes poseen un
papel critico en prevenir ¢l inicio y la evo-
lucion de la lesion activa o subclinica de la
infeccion del VPH. Estos mecanismos de de-
fensa permiten que la mayoria de las infec-
ciones por ¢l virus se eliminen después de
un tiempo relativamente corto con poca a
ninguna secuela de la infeccién. Hay eviden-
cias indican que la regresion de las lesiones
inducidas por ¢l VPH es la consecuencia de
la respuesta inmune mediada por células **.

La producciéon y liberacion de varias
citoquinas por células cervicales y por célu-
las componentes del sistema inmune innato
tales como los macréfagos, células asesinas
naturales y leucocitos tipo linfocitos pueden
ser activadas por estimulos antigénicos, que
incluyen la infeccion por VPH 24, El VPH
es capaz de inducir un bloqueo o disminu-
cion de la expresion del interferén (IFN),
un aumento de la interleucina 10 (IL-10) y
del factor de crecimiento transformante-f1
(TGF-B1) para producir una inmunosupre-
sion local que junto con los antigenos de
superficies tumorales forman una red que
inhibe la respuesta inmune antitumoral 3.

Boccardo y col. ** también han mencio-
nado que la respuesta inmune debida a la pre-

sencia de la infeccién viral se debe a que el
factor de necrosis tumoral alfa (TNF-a), la in-
terleucina-1 (IL-1) y el interfer6n-alfa y beta
(IFN-a y B) inhiben in vitro la transcripcion
de los oncogenes virales y el crecimiento de
lineas celulares que posee el genoma viral.
Sin embargo, como es sabido, un pequeno
niamero de casos evaden la respuesta inmune,
provocando que la infeccién persista, provo-
cando el desarrollo de lesiones premalignas
y CaCu. La infeccion viral persistente se ha
relacionado con la inflamacién crénica que
como se menciono arriba es un cofactor en el
desarrollo de tumores cancerosos *°.

Segun Tindle 7, un aspecto clave de la
persistencia o eliminaciéon de la infeccion
del VPH, es que el virus logre evadir o no la
respuesta inmune innata del huésped en vez
de inhibirla. Esto se debe a que se logre o no,
una combinacién de factores que incluyen la
restriccion de la replicacion e infeccion del
virus en los sitios anatomicos especificos, la
ausencia de lisis celular y una disminucion
de los niveles de expresion de las proteinas
virales. Otros factores que pueden contri-
buir a evitar el sistema inmunoldogico del
huésped son también, la disminucién a la ex-
posicion a este sistema que desencadena po-
tentes mecanismos antivirales e inmunomo-
duladores tales la activacion de la via IFN y
la produccion del TNF-a ¢ IL-1. En la Tabla 3
se puede observar el efecto de las diferentes
citocinas sobre la evolucion de la neoplasia
intraepitelial cervical.

Tabla 3

Efectos de las citocinas en la evolucion de la neoplasia intraepitelial cervical

Neoplasia intraepitelial cervical

Citocinas

Previenen progresion
Inducen progresion

Efecto dual

IL-2, INF- y, IL-12, IL-21, IL-10, IL-32, IL-37, and TGF-1
IL-1, IL-6, IL-8, IL-10, IL-17, IL-32, TGF- B1, MCP-1, y RANTES
IL-10, IL-32, and TGF- B1

Reproducido con permiso de: Carrero YN, Callejas DE, Mosquera JA. In situ immunopathological events in hu-
man cervical intraepithelial neoplasia and cervical cancer: Review. Transl Oncol. 2021 May;14(5):101058. doi:

10.1016/j.tranon.2021.101058. Epub 2021 Mar 4.
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Regresion de la infeccion y latencia
del VPH

La progresion de la infeccion por el VPH
al CaCu solo ocurre en un porcentaje peque-
no de mujeres infectadas por el virus ya que
la mayoria de esas infecciones son aclaradas
o eliminadas®1%. La infeccion es predomi-
nantemente una infeccién limitada por si
misma con una duraciéon media de aproxi-
madamente 8 a 12 meses °; el tipo de VPH
que sea mds persistente tiene mas probabi-
lidad de incorporarse al genoma de la célula
infectada y llegar a producir su transforma-
cion maligna. La persistencia del virus en la
célula es el factor clave en la patogenicidad
del tipo del VPH ™. El VPH tipo 16 es el tipo
mas probable de persistir que cualquier otro
tipo 34119 es decir, su capacidad oncogéni-
ca viene dada por su habilidad de persistir
y producir lesiones NIC y CCU en compara-
cién con otros tipos oncogénicos y no onco-
génicos (5). Sin embargo, hay varios VPHs
de BR como son: 54, 61 y 71, que persisten
como los de AR, pero no son capaces de pro-
gresar y producir la transformacion maligna
de la célula (5). En resumen, la persistencia
de la infeccién viral es un mecanismo comun
usado tanto por los tipos de ARy BR, sin em-
bargo, los tipos de AR y en especial el tipo 16
por su elevada prevalencia y capacidad onco-
génica son promotores de la progresion de la
infeccion hacia la malignizarian de la célula
huésped °.

A pesar de los esfuerzos que realiza el
virus para evadir los mecanismos defensi-
vos del huésped, casi todas las infecciones
que persisten inicialmente son controladas
inmunolégicamente 2. A pesar de que se
puede lograr la eliminacion temprana de la
infeccion por las respuestas inmunoldgicas
innatas del huésped, la regresion de la lesion
requiere una respuesta eficaz de las células
T que implica linfocitos T citotéxicos CDS8
+ antigenos especificos y las células CD4
+ T helper 1 (TH1) (que producen IL-2 ¢
IFN-y) que reconocen las proteinas virales
E6, E7 y E2. Estas células circulantes, los
linfocitos T CD8 + y CD4 + se infiltran en

la lesioén y superan en nimero a las células
reguladoras CD25 + 91, A pesar de esta in-
tensa respuesta local, la respuesta sistémica
de las células a antigenos especificos T es dé-
bil, a menudo transitoria y dificil de medir o
determinar que los efectores celulares han
sido identificados, la regresion de los CIN 1
producidos por el VPH 16 no se correlacio-
na con la presencia de las células citotoxicas
granzima B + CD8 + y CD56 + 191192 Agj-
mismo, el agravamiento de la lesioén precan-
cerosa esta asociado con un bajo nimero o
ausencia de antigenos especificos de células
T circulantes, y a medida que se empeora la
lesion las células regulatorias CD25+ do-
minan el infiltrado celular local'®. Debido
a que las células del epitelio afectado estidn
inmunocomprometidas, las quimioquinas y
sus receptores, que son necesarios para la
presencia de las células T intraepiteliales, se
encuentran disminuidos . M4s atin, los ni-
veles locales de IFN-y estan disminuidos y los
niveles del IL-10 y el TGF-B (citocinas que
bloquean la produccién de citocinas proin-
flamatorias ¢ inhiben la proliferacion de las
células TH-1 y de las células citotoxicas) es-
tan incrementados. Estudios realizados en
conejos y perros con virus del papiloma para
sus especies han sido utilizados como mo-
delos pares estudiar el comportamiento de
los VPH en los epitelios humanos; en estos
animales, una vez infectados por el virus se
produce una infiltracién linfocitaria con re-
gresion de la lesion entre la semana 8 y 12
de post-infeccion y para la semana 16 se ob-
serva un epitelio sano 31, Este patron de
comportamiento de la infeccién y mecanis-
mo defensivo ha sido reportado también en
el ganado vacuno 7.

Sin embargo, la eliminacién de la infec-
cién productiva o de un NIC 1 producida por
el VPH por el sistema inmune del huésped no
necesariamente conduce a una eliminacion
total de genoma viral en las células basales
del epitelio, es decir, se mantiene el virus en
forma latente o sea una infeccion latente””
104108109 "1 cual encaja bien con la observa-
cion de que el mantenimiento del genoma
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viral requiere solo una expresion limitada
del gen viral y el sistema de vigilancia por
las células inmunes innatas que se encuen-
tra en la capa basal del epitelio previene una
reactivacion de la infeccion del VPH. Zhang
y col. 1% han sugerido que durante la infec-
cion latente la expresion de los genes esta
restringida a los E1 y E2 y no se requiere los
genes E6 y E7.

Cuando se compara la prevalencia de la
infeccion del VPH en la poblacion general,
el nimero de casos o lesiones que progre-
san al cancer es bajo (7). Rodriguez y col.*!
reportaron que un 67% de las infecciones se
elimina o aclara en un plazo de 12 meses,
sin embargo, si la infeccion persiste por lo
menos 12 meses, el riesgo de desarrollar un
NIC2+ en 30 meses es del 21% y el riesgo es
mas elevado en mujeres menores de 30 afos
infectadas con el VPH 16, si la infeccion per-
siste por lo menos 12 meses. El riesgo de
progresion de una displasia leve o NIC 1 a
una displasia severa o NIC 3 es del 1% por
ano mientras que el riesgo de progresion de
una displasia moderada o NIC 2 a displasia
severa o NIC 3 es del 16% en 2 afnios 'y del 25%
en 5 anos 1.

CONCLUSION

Los mecanismos y procesos descritos
previamente nos explican como el VPH pro-
duce la infeccion productiva y no producti-
va en las células de los epitelios escamoso
estratificados del ser humano en especial
el del cuello uterino. Nos explican ademas
como la infeccién por el virus puede produ-
cir lesiones benignas y lesiones malignas,
asimismo nos explica él por qué se clasifican
en VPH de AR y BR. Estos procesos han per-
mitido entender el comportamiento del vi-
rus y establecer el tratamiento primario para
la prevencion del CaCu.
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Matrix metalloproteinase 2 expression
and disease-free survival of patients
with osteosarcoma: a meta-analysis.

Tianshu Gao, Zhenting Wang, and Yi Liu

Department of Orthopedics, Wuxi People’s Hospital Affiliated to Nanjing Medical
University, Wuxi, Jiangsu Province, China.

Keywords: meta-analysis; MMP-2; osteosarcoma; prognosis.

Abstract. Numerous studies indicate the influence of matrix metallopro-
teinase-2 (MMP-2) overexpression in osteosarcoma (OS) outcomes. A previous
study has systematically analyzed the correlation between MMP-2 expression
and the prognosis of OS. However, the results of subsequent studies remain in-
consistent. Therefore, a meta-analysis in terms of the prognostic value of MMP-
2 expression in OS was conducted. We employed the Newcastle-Ottawa scale
(NOS) to evaluate the quality of the studies. Five studies involving 284 patients
were included. The relative risk (RR) with a corresponding 95% confidence in-
terval (95%CI) was calculated to appraise the predictive value of MMP-2 positive
expression for OS recurrence and metastasis, and lower disease-free survival.
It was indicated by the results that MMP-2 positive individuals with OS had
higher recurrence and metastasis rates than negative individuals (RR=1.85,
95%CI1:1.16-2.93, p<0.01). Sensitivity analysis showed that the combined RR
was stable. There was no significant change, independently of whichever article
was excluded.
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Expresion de la metaloproteinasa de matriz 2 y supervivencia
libre de enfermedad de pacientes con osteosarcoma:

un metanalisis
Invest Clin 2023; 64 (2): 255 - 262

Palabras clave: metandlisis; MMP-2; osteosaroma; prondstico.

Resumen. Numerosos estudios indican la influencia de la sobreexpresion
de la metaloproteinasa-2 de matriz (MMP-2) en los resultados del osteosarcoma
(OS). En un estudio previo se analiz6 sistematicamente la correlacion entre
la expresion de MMP-2 y el prondstico del OS. Sin embargo, los resultados de
estudios posteriores siguen siendo inconsistentes. Por lo tanto, se llevo a cabo
un metanalisis en términos del valor prondstico de la expresion de MMP-2 en el
OS. Se empleo la escala de Newcastle-Ottawa (NOS) para evaluar la calidad de
los estudios. Se incluyeron 5 estudios con 284 pacientes y se calcul6 el riesgo
relativo (RR) con su correspondiente intervalo de confianza del 95% (ic95%)
para evaluar el valor predictivo de la expresion positiva de MMP-2 para recidiva
de OS y metastasis, y menor supervivencia libre de enfermedad. Los resultados
indicaron que los individuos positivos para MMP-2 con OS presentaron mayor
tasa de recidiva y metdstasis que los individuos negativos (RR= 1,85; ic 95%:
1,16-2,93; p<0,01). El andlisis de sensibilidad mostr6 que el RR combinado
era estable. Cualquiera que fuera el articulo excluido, no hubo ningiin cambio

significativo.

Received: 19-09-2022

INTRODUCTION

Osteosarcoma (OS) is one of the most
common primary malignant bone tumors,
which mainly afflicts children, adolescents,
and young adults. The incidence rate of OS
worldwide is 1 to 3 per million people every
yea 2. Owing to advanced surgical proce-
dures and combined chemotherapy, the sur-
vival rate of OS sufferers has improved from
under 20% to 70% °. Nevertheless, this im-
provement was limited to individuals with lo-
cal or earlier-stage OS, and the survival rate
of individuals with recurrences or metastasis
has not improved *. At present, the patho-
genesis of OS remains ambiguous °. Consid-

Accepted: 06-11-2022

ering there is no suitable biomarker to esti-
mate the prognosis of OS, it is crucial to find
an appropriate biomarker to identify those
critical patients and give them individual-
ized treatment on time.

Matrix metalloproteinases-2 (MMP-2)
pertains to the family of zinc-dependent en-
dopeptidases. It is associated with diverse
cytological processes, including cell prolif-
eration, migration, apoptosis, angiogenesis,
and immunity °. Previous studies have shown
its overexpression in endometrial, oral epi-
thelial, and hepatocellular carcinoma and
generally predicted poorer prognosis 7.
MMP-2 may also be related to the prognosis
of OS sufferers, but the conclusions remain
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controversial 1%, Therefore, we performed a
meta-analysis to systematically evaluate the
correlation between the expression of MMP-
2 and OS recurrence and metastasis.

MATERIALS AND METHODS

Search strategy

A systematic search was performed in
PubMed, Embase, Cochrane Library, Wan-
fang database and China National Knowl-
edge Internet (CNKI) for relevant articles
that were published before February 9, 2021
with no language restrictions. These terms
were included: “ostecosarcoma” or “osteo-
genic sarcoma” and “matrix metalloprotein-
ase 2”7 or “MMP-2”. The ethics approval is in-
appropriate because meta-analysis is based
on former studies.

Inclusive and exclusive criteria
Inclusive criteria:

1. MMP-2 expression in OS tissues was
determined by immunohistochemical
staining;

2. Patients were pathologically diagnosed
with OS (gold standard);

3. Included studies had to be cohort stud-
ics;

4. Sufficient information for constructing
a 2X2 contingency table was available
in these studies.

Exclusive criteria:

1. No pathology was applied to confirm
the diagnosis of OS;

2. The critical value for positive versus
negative expression was not given;

3. Review articles, case reports, disserta-
tions, and articles on in vitro cell exper-
iments and animal experiments.

4. MMP-2 expression was not recorded with
dichotomous variables, or the patient
survival outcomes were unidentified.

5. Earlier and smaller sample size stud-
ies were excluded for articles with the
same patient population from the same
authors.

Data extraction

Two investigators (TG and ZW) extract-
ed the data separately from selected articles.
Two investigators (YL and TG) reached a
consensus and then crosschecked the data
extracted. The main information extracted
from the ultimately selected studies is pre-
sented below, including the first author’s
name, publication year, number of partici-
pants, and the critical value. MMP-2 expres-
sion was divided into positive and negative
groups according to the critical values pro-
vided in the articles.

Quality assessment

Newcastle-Ottawa scale (NOS) ° was
employed to evaluate the quality of the stud-
ies. NOS possesses eight indicators with a to-
tal of nine stars. Studies obtaining a score of
no less than six stars were included.

Statistical analysis

The pooled risk ratio (RR) with 95%
confidence intervals (95%CI) was calculated
to evaluate the predictive value of MMP-2
expression for OS recurrence and metasta-
sis. The significance of the pooled RR was
then checked through the Z test, which was
considered significant when the P value was
<0.05. The heterogeneity between the stud-
ies was evaluated through I° statistics, which
described the proportion of total variation
in meta-analysis assessment from 0 to 100%.
The random effect model was used in this
meta-analysis. We also adopted Begg’s fun-
nel plot together with Egger’s test to evalu-
ate the probability of publication bias. The
statistical analysis was performed by The
Review Manager 5.3 (RevMan 5.3) and Stata
version 12.0 (Stata Corporation) softwares.
The 2-tailed P value under 0.05 would be
considered statistically significant.

RESULTS

Selection and study characteristics
Five cohort studies '™ with 284 indi-
viduals were included in the primary retriev-
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al and ulterior evaluation of full texts (Fig.
1). Two of them were written in English, and
the other three were written in Chinese.
Among the 284 individuals, 191(67.3%)
individuals were positive for MMP-2 expres-
sion, and 93(32.7%) individuals were nega-
tive for MMP-2 expression. The other study
characteristics are shown in Table 1.

Quality assessment of studies

We evaluated the quality of the included
cohort studies through the NOS. The scores
ranged from 6 to 8 stars, with an average
score of 6.6 stars. The characteristics of the
included studies are shown in Table 1, and
the detailed scores for each study are listed
in Table 2.

Meta-analysis

The combined RR for evaluating the
correlation between positive MMP-2 expres-
sion and OS recurrence and metastasis is
(RR=1.85, 95%CI:1.16-2.93, p<0.01) (Fig.
2). This also indicated that removing any
separate study did not significantly change
our results. The Begg funnel plot and Egger’s

Records identified through
database searching
(n=295)
Pubmed:50
Embase:172
Cochrane Library:1
CNKI:27
WanFang Database:45

Records after
duplicates removed
(n=251)

Records screened
(n=251)

Full texts assessed for
eligibility
(n=21)

Studies included in
quantitative synthesis
(n=5)

Fig. 1. Schematic representation of the study selection.

test assessed the publication bias. The fun-
nel plot suggested that there was no obvious
publication bias in this meta-analysis (Fig.
3), and the same outcome was obtained by
the Egger’s test (p>0.1).

DISCUSSION

OS is one kind of primary bone tumor
mainly aftlicting the young generation 17,
The survival rate of local or earlier-stage OS
patients has increased by over 70% owing
to advanced surgical techniques and com-
bined chemotherapy. Still, the prognosis of
patients with recurrence or metastasis re-
mains tragic 8. Therefore, it is vital to iden-
tifty high-risk patients through appropriate
biomarkers and give them individualized
treatment as soon as possible.

Belonging to the zinc-dependent en-
dopeptidase, MMP-2 hydrolyzes diverse mol-
ecules in the extracellular matrix. For exam-
ple, it participates in numerous biological
processes, including cell proliferation, dif-
ferentiation, adhesion, and migration. Its
overexpression is usually associated with

f Records excluded(n=230), "\
with reasons
-animal experiment
-in vitro study
-review or systematic review
-not osteosarcoma or MMP-2
-dissertation

( Full texts excluded(n=16), \

with reasons
-not cohort study
-in vitro study
-not MMP-2
-studies of non-dichotomous
MMP-2 expression levels

k -lack of survival outcome /
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Fig. 2. Expression of MMP-2 and recurrence and metastasis rate of OS patients.

Begg's funnel plot with pseudo 95% confidence limits

logrr
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Fig. 3. Funnel plot for the publication bias.

the malignant phenotype of tumors . Previ-
ous meta-analysis has suggested that MMP-2
overexpression has a close association with
poor prognosis of ovarian cancer, non-small
cell lung cancer, and gastric cancer %22,
Therefore, we conducted a meta-analysis to
estimate the relevance between MMP-2 ex-
pression and OS recurrence or metastasis
rate.

Five published studies were finally in-
cluded (Fig. 1). Our results suggested that
the MMP-2 overexpression predicted the
higher recurrence and metastasis rate and
poorer survival of osteosarcoma patients
(RR=1.90, 95%CI:1.35-2.67, P<0.01) (Fig.

T ]
5 1

s.e. of: logrr

2). Considering that only five studies were
included, subgroup analysis was abandoned.
A sensitivity analysis was then conduct-
ed by removing individual studies sequen-
tially to appraise our results’ stability. The
pooled RR was stable since the elimination
of any single study had no significant influ-
ence on it. The Begg funnel plot and Egger’s
test results have shown that there was no
obvious publication bias in the research. All
the above suggested that MMP-2 could be a
potential prognostic biomarker for OS.
However, there are still some shortcom-
ings in our meta-analysis. Only 284 cases
(191 positives and 93 negative cases) were
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included in the study. A relatively small sam-
ple size will inevitably lead to random errors,
sample bias, and a decrease in the universal-
ity of our conclusion. At present, there has
been no unified critical value to delimit the
positive/negative expression of MMP-2, and
there might be some bias since only papers
written in Chinese or English were incorpo-
rated into our research. Although there is
no obvious publication bias, there may still
be potential publication bias in this meta-
analysis since studies with significant results
are more possibly to be published. In addi-
tion, a larger sample size and more studies
are needed for subgroup analysis in terms
of age, gender, tumor location, and treat-
ment methods to obtain more general and
detailed conclusions.

CONCLUSIONS

In conclusion, overexpression of MMP-
2 predicts higher recurrence and metastasis
rates and lower disease-free survival rates.
MMP-2 has the potential of a prognostic bio-
marker of osteosarcoma. Nevertheless, more
randomized studies with more samples are
necessary to obtain a more solid evaluation
of the prognostic value of MMP-2 for OS pa-
tients.
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