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EDITORIAL

Sesenta y cinco aniversario del Instituto
de Investigaciones Clinicas

“Dr. Ameérico Negrette”.

icono de la ciencia en el Zulia.

El Instituto de Investigaciones Clini-
cas “Dr. Américo Negrette”, arriba a su LXV
aniversario. Esta institucién constituye una
dependencia de la Facultad de Medicina de
la Universidad del Zulia, fundada el 4 de
diciembre de 1959, gracias a la iniciativa y
constancia de un insigne profesor e inves-
tigador, Dr. Américo Negrette, acompana-
do de un pequeiio grupo de entusiastas es-
tudiantes. En esa época no se vislumbraba
aun el desarrollo de verdaderas politicas que
conllevaran a inculcar la cultura de investi-
gacion en la poblacion venezolana. Inicial-
mente, funcioné como un Departamento de
Investigacion, que posteriormente, en 1963,
se convirtié en Centro de Investigaciones vy,
finalmente, el 24 de septiembre de 1965,
fue elevado a la categoria de Instituto por
resolucion del Consejo Nacional de Univer-
sidades. Desde 1984 ocupa su sede propia y
en 1988, por decision unanime del Consejo
Técnico del Instituto, se le asigna el nom-
bre de su fundador el Dr. Américo Negrette,
como un merecido homenaje, considerando
su exitosa y dilatada trayectoria.

Actualmente, siete secciones son las en-
cargadas de ejecutar los proyectos de investi-
gacion enmarcados en las diversas lineas de
investigacion biomédica basica y aplicada al
estudio y resolucién de los principales pro-
blemas de salud a nivel regional, nacional e
internacional; estas secciones son: Bioqui-
mica, Inmunologia y Biologia Celular, Inves-
tigaciones Hematolégicas, Neurofarmacolo-
gia y Neurociencias, Neuroquimica Clinica,
Parasitologia y Virologia.

La extensa productividad cientifica de
este Instituto, se ha visto materializada a través

de miles de publicaciones en revistas indexadas
y comunicaciones a congresos tanto naciona-
les como internacionales cuya excelencia ha
sido digna de un justo reconocimiento de la co-
munidad cientifica. Toda esta actividad cientifi-
ca ha sido producto del esfuerzo, capacitacion,
dedicacion, ética, pasion y altruismo de todo el
personal que laboré o que labora en él, confor-
mando un conjunto con un engranaje perfec-
to para la generacion de conocimiento. Desde
su creacion, esta dependencia universitaria ha
contribuido, de manera destacada, al avance de
la ciencia en el 4rea de la Biomedicina, no solo
a nivel regional y nacional, sino también a nivel
internacional, con investigaciones de gran im-
pacto y pertinencia social, que se reflejan tanto
en el desarrollo de la region y del pais como
en el incremento de la calidad de vida de los
venezolanos.

En sesenta y cinco afnos, son innumera-
bles los investigadores que se han formado en
el Instituto de Investigaciones Clinicas y que
han logrado desarrollar una fructifera carre-
ra profesional, gracias a su talento y prepara-
cion. Algunos de ellos, ocupan actualmente
o han ocupado, importantes cargos en ins-
tituciones universitarias y no universitarias,
tanto nacionales como internacionales, y go-
zan de un notorio reconocimiento mundial.
Fiel a sus objetivos y a su mision, nuestra
institucion constituye un pilar fundamental
no solo de la investigacion cientifica, sino
también de la docencia de pregrado y post-
grado, incluyendo maestrias, especializacio-
nes y doctorados. Asimismo, en lo referente
a actividades de extension hacia la comuni-
dad, brindando atencién médica y de labo-
ratorio especializada, de excelente calidad,
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oportuna y permanente y sin costo alguno,
para favorecer de esta manera a los diversos
sectores de la poblacion, especialmente a los
de escasos recursos econdémicos.

El Instituto ademds cuenta con su Or-
gano de divulgacion cientifica, la Revista In-
vestigacion Clinica, cuya primera edicion se
realizo el 26 de julio de 1960. Esta revista
se encuentra registrada en algunos de los
indices de referencia internacional mas im-
portantes; posee un gran prestigio en Vene-
zuela y renombre a nivel internacional. La
frecuencia trimestral y la comprobada cali-
dad de los trabajos que en e¢lla se publican,
como consecuencia directa de la minuciosa
actuacion del Comité Editorial en cuanto a
la seleccion de arbitros idoneos, tanto na-
cionales como extranjeros, para la revision
de los trabajos, le ha permitido posicionarse
como una de las mejores revistas cientificas
nacionales.

Este afio, nuestra celebracion aniversa-
ria se tine de un matiz especial al coincidir
con el centenario del natalicio de su funda-
dor, ¢l Dr. Américo Negrette. Este brillante,
pero a la vez, humilde médico ¢ investigador,
considerado el pionero de la investigacion
biomédica en la region, nacié en La Cana-
da de Urdaneta, el dia 13 de diciembre de
1924. En sus estudios clinicos iniciales, el
Dr. Negrette demostro la presencia del asen-
tamiento mas numeroso de pacientes con
Corea de Huntington en Venezuela, especi-
ficamente en la poblacion de San Francisco.
Posteriormente, sus observaciones permi-
tieron el aislamiento del gen relacionado
con esta enfermedad por un equipo de in-
vestigadores norteamericanos. Su tenaz ne-
cesidad de estudiar y tratar de resolver los
principales problemas de la region, lo llevo a
describir la primera epidemia de Encefalitis
Equina Venezolana ¢ introducir por primera
vez la terapia antiviral basada en antibidti-
cos como la tetraciclina, concepto muy no-
vedoso para la década de los afios setenta. Su
labor incansable como investigador, docente
y formador de varias generaciones de inves-
tigadores, con altos valores éticos y morales,

la ejerci6 hasta los altimos momentos de su
vida. Tal actividad fue compartida con otras
que realizaba con extrema pasion y destreza,
como la autoria de varios libros y poemarios,
la pintura artistica e incluso con participa-
cion destacada en el ambito deportivo. El
principal legado del Dr. Negrette a nuestra
ilustre Universidad del Zulia y a la sociedad
en general, esta plasmado en la creacion del
Instituto de Investigaciones Clinicas y de la
revista Investigacion Clinica. Esta gran obra,
logr6 materializarse soslayando multiples
obstaculos, y solo la vision, la persistencia y
el impetu de su fundador pudieron sentar las
bases solidas para su consolidacién. Su obra
representé su vida y con vibrante orgullo po-
demos decir que después de muchos afios
y de varias tempestades, atin se mantiene y
perdurara en el tiempo como su innegable
huella imborrable. Todos estos innumerables
logros que representan apenas una pequena
muestra de la productividad del Instituto a
lo largo de toda su historia, se han desarro-
llado en medio de un entorno cambiante y
de escenarios complejos que hoy en dia es-
tan enmarcados por una gran incertidumbre
que, lamentablemente ha caracterizado al
ambito de la educacion superior venezolana.
Sin embargo, a pesar de la aciaga situacion
actual en la que se sumerge nuestra Uni-
versidad, debemos ser capaces de estar por
encima de las contingencias y proyectarnos
con optimismo hacia nuevos rumbos que nos
permitan mantener un elevado nivel cienti-
fico y ético, como siempre se ha caracteri-
zado la investigacion realizada en nuestros
espacios.

Sesenta y cinco anos después de su fun-
dacion, el Instituto de Investigaciones Cli-
nicas “Dr. Américo Negrette” brilla con luz
propia, una luz que hoy se ha esparcido por
decenas de paises y que perdurara en el tiem-
po como una fuente inagotable de sabiduria,
convirtiéndose en un icono de la ciencia en
el Zulia y en todos los rincones de Venezuela.

Jesus Alberto Quintero Gonzalez
ORCID 0000-0001-5677-8821

Investigacion Clinica Vol. 65(4): 2024
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Sixty-fifth anniversary of the Instituto de Investigaciones
Clinicas “Dr. Américo Negrette”. Icon of science in Zulia.

The Instituto de Investigaciones Clinicas “Dr. Américo Negrette”, created on December
4, 1959, reaches its 65th anniversary, a celebration with a particular nuance coinciding with
the centenary of the birth of its founder, Dr. Américo Negrette. This distinguished but hum-
ble doctor, professor and researcher, considered the pioneer of Biomedical research in the
Zulia region, managed to consolidate his work, and over the years, the Institute has become
an obligatory reference in many areas of scientific work. Its contribution to the development
of science in Biomedicine, both regionally and nationally, has been its primary mission. Thou-
sands of publications and communications to national and international conferences support
its scientific productivity. Several generations of national researchers have been trained in
this institution following the ideals and principles instilled by its founder. The main legacy of
Dr. Negrette to the University of Zulia and society is embodied in the creation of the Instituto
de Investigaciones Clinicas and the journal Investigacion Clinica. Sixty-five years after its
founding, this university department shines with its own light, a light that has now spread to
dozens of countries and will endure over time as an inexhaustible source of wisdom, establish-
ing itself as a true icon of science in Zulia and every corner of Venezuela.

Vol. 65(4): 403 - 405, 2024
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Rehabilitation training effect guided
by cardiopulmonary fitness assessment
on NT-proBNP levels in patients with
chronic heart failure.

Huamei Yang

Department of Cardiovascular, Lujiang County Hospital of Traditional Chinese Medicine,
Hefei, China.

Keywords: cardiopulmonary fitness assessment; cardiopulmonary function; chronic
heart failure; plasma N-terminal B-type pronatriuretic peptide; rehabilitation
training.

Abstract. This study explored the impact of rehabilitation training guided by
cardiopulmonary fitness assessment on NT-proBNP levels in patients with chronic
heart failure (CHF). It was conducted on 220 chronic heart failure (CHF) patients
from March 2020 to February 2022. They were divided into a control and observa-
tion group. The control group received routine nursing, while the an observation
group underwent rehabilitation guided by a cardiopulmonary fitness assessment.
Changes in NT-proBNP levels, vascular endothelial function, and cardiopulmo-
nary function were compared between the groups at admission, eight, and 12
weeks later. Upon admission, the two groups had no statistically significant dif-
ference in NT-proBNP levels (p>0.05). However, after eight and 12 weeks of inter-
vention, both groups showed decreased NT-proBNP levels, with the observation
group exhibiting significantly lower levels than the control group (p<0.05). Simi-
larly, there was no significant difference between the groups initially (p>0.05)
in endothelial function comparison. However, after eight and 12 weeks, ET-1 and
Ang-II levels decreased in both groups, with the observation group showing sig-
nificantly lower levels than the control group (p<0.05). In terms of cardiopulmo-
nary function, there was no significant difference initially. However, after eight
and 12 weeks, Peak VO,, VO, AT, and maximum exercise power increased in both
groups compared to before the intervention, with the observation group showing
significantly higher values than the control group (p<0.05). Additionally, the
VE/VCO, slope decreased in both groups post-intervention, with the observation
group having a lower slope than the control group (p<0.05). Cardiopulmonary
fitness-guided rehabilitation objectively evaluates patients, formulates precise
plans, reduces NT-proBNP levels and inflammation, improves vascular endothelial
function, and is vital in secondary chronic heart failure prevention.

Corresponding author: Huamei Yang. Department of Cardiovascular, Lujiang County Hospital of Traditional Chine-
se Medicine, Hefei, China. E-mail: 13943475960@163.com
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Efecto del entrenamiento de rehabilitacion guiado por la
evaluacion de la aptitud cardiorrespiratoria en los niveles
de NT-proBNP en pacientes con insuficiencia cardiaca crénica.

Invest Clin 2024; 65 (4): 406 — 417

Palabras clave: evaluacion de la aptitud cardiorrespiratoria; funcién cardiorrespiratoria;
insuficiencia cardiaca crénica; péptido natriurético tipo B terminal
plasmatico; entrenamiento de rehabilitacion.

Resumen. Este estudio tuvo como objetivo explorar el impacto del entrena-
miento de rehabilitacion guiado por la evaluacion de la aptitud cardiorrespiratoria
en los niveles de NT-proBNP en pacientes con insuficiencia cardiaca cronica (ICC).
El estudio se llevé a cabo con 220 pacientes de ICC desde marzo de 2020 hasta
febrero de 2022. Estos se dividieron en un grupo de control y un grupo de obser-
vacion. El grupo de control recibié cuidados rutinarios, mientras que el grupo de
observacion se sometio a rehabilitacion guiada por una evaluacion de la aptitud car-
diorrespiratoria. Se compararon los cambios en los niveles de NT-proBNP, la funcién
endotelial vascular y la funcion cardiorrespiratoria entre los grupos al ingreso, a las
8y alas 12 semanas. Al ingreso, no hubo diferencias estadisticamente significativas
en el nivel de NT-proBNP entre los dos grupos (p>0,05). Sin embargo, después de 8
y 12 semanas de intervencion, ambos grupos mostraron niveles disminuidos de NT-
proBNP en comparacién con antes de la intervencion, con el grupo de observacion
exhibiendo niveles significativamente mas bajos que el grupo de control (p<0,05).
De manera similar, en la comparacion de la funcion endotelial, no hubo diferencias
significativas entre los grupos inicialmente (p>0,05), pero después de 8 y 12 sema-
nas, los niveles tanto de ET-1 como de Ang-II disminuyeron en ambos grupos, con el
grupo de observacion mostrando niveles significativamente menores que el grupo
de control (p<0,05). En términos de funcién cardiorrespiratoria, no hubo diferen-
cia significativa inicialmente, pero después de 8 y 12 semanas, el pico de VO,, VO,
ATy la potencia maxima de ejercicio aumentaron en ambos grupos en comparacion
con antes de la intervencion, con el grupo de observacion mostrando valores signi-
ficativamente mas altos que el grupo de control (p<0,05). Ademas, la pendiente
VE/VCO, disminuy6 en ambos grupos después de la intervencién, con el grupo de
observacion teniendo una pendiente mas baja que el grupo de control (p<0,05). La
rehabilitacion guiada por la aptitud cardiorrespiratoria evaliia objetivamente a los
pacientes, formula planes precisos, reduce los niveles de NT-proBNP y la inflama-
cion, mejora la funcion endotelial vascular y es vital en la prevencion secundaria de
la insuficiencia cardiaca cronica.

Received: 10-12-2023 Accepted: 15-04-2024

INTRODUCTION myocardial disease and the inability of car-

diac output to meet the metabolic needs of

Chronic heart failure (CHF) is a series the body ' 2. The prevalence of CHF varies

of compensatory reactive diseases caused by globally, with an estimated 64 million people
weakened myocardial contraction caused by affected worldwide °. The condition is more

Vol. 65(4): 406 - 417, 2024
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common in older adults, with a higher preva-
lence in men than women *.

Patients with CHF typically present
with signs and symptoms such as dyspnea,
fatigue, reduced exercise tolerance, and flu-
id retention, manifesting as pulmonary con-
gestion and peripheral edema. As the condi-
tion progresses, it can lead to a decline in
quality of life and functional capacity *.

The diagnosis of CHF relies on a com-
bination of clinical assessment, biomarkers,
and imaging techniques®. N-terminal pro-b-
type natriuretic peptide (NT-proBNP) is an
essential biomarker in the diagnosis and
management of CHF, reflecting the degree of
ventricular stress and providing prognostic
information * 7. Echocardiography remains
the primary imaging modality for assessing
cardiac function and structure 5.

Cardiopulmonary  exercise  testing
(CPET) is valuable in evaluating cardiopul-
monary fitness and functional capacity in
CHF patients. It assists in the precise assess-
ment of the severity of CHF, prognosis pre-
diction, and tailoring individualized treat-
ment strategies, including rehabilitation
programs °. CPET measures various param-
eters, including oxygen consumption (VO,),
carbon dioxide production, and ventilatory
efficiency, providing a comprehensive evalu-
ation of the cardiovascular, pulmonary, and
muscular systems during exercises 1.

Rehabilitation training in the context
of CHF has emerged as a necessary adjunc-
tive therapy to improve functional capacity
and quality of life, and potentially reduce
hospital readmission rates. Rehabilitation
programs are tailored to the individual and
often involve aerobic exercise, resistance
training, and respiratory exercises guided
by cardiopulmonary fitness assessments 2.
These assessments, which include cardio-
pulmonary exercise testing (CPET), provide
valuable information on the patient’s func-
tional limitations and responses to physical
stress 3.

A study by Bozkurt et al. showed that
cardiac rehabilitation (CR) is beneficial in

patients with HF and is recommended as a
Class 1A indication in HF practice guide-
lines 2 Another study conducted by Wang et
al. showed that CPET for patients with CHF
increases heart and lung function, improves
exercise endurance, decreases NT-proBNP
and hscTnT levels, and improves patients’
quality of life .

The necessity of conducting the pres-
ent study stems from the need to under-
stand better the relationship between reha-
bilitation training and NT-proBNP levels in
patients with CHF. Since few studies have
been conducted in this field, it is necessary
to conduct the present study to investigate
the effect of rehabilitation exercise guided
by assessment of cardiopulmonary fitness on
NT-proBNP levels in patients with CHF.

MATERIALS AND METHODS

General information

Two hundred twenty patients with CHF
treated in our hospital from March 2020
to February 2022 were chosen as samples.
The sample size calculation formula is
nl=n2=2[(u,+u,) o/8]% of which ¢ denotes
the overall standard deviation, 6 is the mean
difference between the two samples, and
nl=n2 represents the sample size of the
control group (C) and the observation group
(0), respectively, a= 0.05, = 0.10. Accord-
ing to the tlimit table, u =1.96, ,uﬁ=1.28,
the sample size n1=n2=92 was calculated,
taking into account the 20% loss of follow-up
rate, and the required sample size was at least
(92+92)/(1+20%)=220. Finally, the sample
size n1=n2=110 was determined. There
were no statistically significant differences
between the data in both groups of patients,
as shown in Table 1. This study obtained the
consent of patients and their families and was
approved by the Ethics Committee.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients meeting
the relevant diagnostic criteria in the 2018
NICE Guidelines for the Diagnosis and Man-

Investigacion Clinica 65(4): 2024
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Table 1
General information comparison.

Project Gender Age Left Complications New York Heart
(Years) ventricular Function Classification
M F Bjection  pryperlipidemia Diabetes Hypertension I 11
Fraction (%)
Group C
(=110) 61(55.45) 49(44.55)* 63.67£9.26"* 42.79£2.09 26(23.64) 38(34.55) 46(41.82) 63(57.27) 47(42.73)
Group O
(n=110) 65(59.09) 45(40.91)* 62.95+8.55** 43.14+2.36  22(20.00) 43(39.09) 45(40.91) 68(61.82) 42(38.18)
v/t 0.297 0.641 1.181 0.653 0.472
p* 0.586 0.522 0.239 0.721 0.492
C: control group, O: observation group. Data are expressed as *frequency (%), ** mean = SD: # p t-test (Indepen-

dent Samples t-test) and chi-square y°.

agement of Adult Chronic Heart Failure!s;
(2) Patients showing fatigsue dyspnea, up-
right breathing, anorexia, epigastrium pain,
pleural effusion or ascites in severe cases';
(3) New York Heart Association Cardiac
Function Classification I-II; (4) Patients with
stable condition for = 1 month; (5) First on-
set; (6) Age from 30 to 85 years old.

Exclusion criteria: @ Patients having
myocardial infarction, hypertrophic obstruc-
tive cardiomyopathy, aortic valve stenosis and
acute myocarditis in recent three months;
(2) Patients with substantial lesions of essen-
tial organs, such as heart, lungs, and kidneys;
(3) Patients with chronic obstructive pulmo-
nary disease or pulmonary heart discase;
(4) Patients with intermittent claudication,
limb dysfunction, or inability to take care of
themselves; (5) Patients with malignant ar-
rhythmia and unstable angina pectoris; (6)
Patients with clectrolyte disorders; (7) Pa-
tients with a high degree of atrioventricular
block. The two groups of general data were
balanced with no statistically significant dif-
ference (p>0.05), as shown below.

Research method

Group C implemented routine nursing
measures: (1) Exercise: The amount of exer-
cise was determined based on the patient’s
heart function grading. It was generally rec-
ommended that patients with heart function
level 11 should appropriately limit physical ac-

tivity, not affect physical labor and houschold
chores, and increase nap time. Strict physi-
cal activity restrictions were required for pa-
tients with heart function level III. Patients
can get out of bed and move around, but gen-
eral physical labor was limited. (2) Diet: Low
salt and low-fat diet, with a sodium intake of
less than 2.5 g/d, and strict restrictions on
foods, such as sausages, canned goods, and
seafood. Patients with severe heart failure
had a daily fluid volume of 1.5-2.0 liters. (3)
Medication care: When patients take diuret-
ics, their blood potassium content should be
monitored to avoid hypokalemia. For digitalis
preparations, attention should be paid to ob-
serving the patient’s appetite, palpitations,
and vision. If the patient’s pulse was less than
60 beats per minute, administration was dis-
continued and reported to the doctor. Group
O implemented rehabilitation training under
the guidance of cardiopulmonary fitness as-
sessment with the following steps.

Cardiopulmonary fitness assessment
Cardiopulmonary function testing was
performed using the MasterScreen CPX pul-
monary function testing system (CEPT). The
first choice was to complete a full set of static
pulmonary function tests in the sitting posi-
tion, guide the patient to sit on the power
bike and record non-invasive blood, 12 lead
ECG, oxygen saturation, gas exchange, and
other indicators. Patients should rest for 3

Vol. 65(4): 406 - 417, 2024
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minutes first, then warm up without load at a
cycling rate of 60 r/min for 3 minutes. Based
on the patient’s gender, age, and functional
status, the bicycle power increase rate was set
to 20-30 W/min, so the patient could reach
the symptom-limiting maximum exercise tar-
get within 10 minutes. The patient’s maxi-
mum motor power and Peak VO2, VO2 AT,
maximum exercise time, and VE/VCO2 sleep
were recorded during the recovery period.

A high-load intensity exercise pre-
scription was accurately formulated based
on CEPT results: 50% power=[(anaerobic
threshold measurement power - power in-
crease rate) X 0.75)/2], and medical-grade
precision power waste trucks were selected
for training tools. (1) Stretching exercise:
The patient performed muscle stretching ex-
ercises before using the bike trainer. Neck
extension: Hands were placed on hips, waist
and back were straightened, and the head
was slightly extended upwards. Neck stretch-
ing left and right: Seated in a sitting posi-
tion, the patient’s head was tilted left and
right to the left, repeated 3 times. Baby
position: Assume a kneeling and standing
position with legs spread wider than shoul-
der-width apart, then sit the hips towards
the heels, lean the body forward, and touch
the ground with their upper limbs from the
front to the forechead. Maintain this stance
for five seconds and repeat the exercise five
times. Baby hugging posture: Patient sitting
position: Keep the waist and back straight,
stretch one thigh to the chest, keep the
knee level with the same elbow socket, and
the foot level with the opposite elbow sock-
et. Maintain this position for 10 seconds and
complete two sides into a group of 5 groups.
(2) Car riding exercise: Warm up without
power for 2 minutes, exercise for 30 minutes
at 50% power intensity, with a speed of 60
revolutions per minute. If the speed cannot
be maintained during the exercise, it is nec-
essary to reverse without power and rest for
1 minute before continuing the exercise. Af-
ter completing 30 minutes of exercise, enter
the recovery period and run the car without

power for 5 minutes. The exercise frequency
is 5d/week for 8 weeks (2 months).
Exercise precautions: During exercise,
relevant vital indicator monitoring instru-
ments were equipped, such as blood pressure,
heart rate, and pulse oxygen saturation.
Indication of exercise termination: @
The target heart rate was achieved; (2) Patients
having difficulty breathing, noticeable short-
ness of breath, pale complexion, as well as
damp and cold skin; (3) Patients having central
nervous system symptoms, such as dizziness,
sensory abnormalities, ataxia, and visual im-
pairments occur; (4) As the power increased,
blood pressure decreased by>10mmHg or
continuous baseline blood pressure or sys-
tolic blood pressure>220mmHg, diastolic
blood pressure>115mmHg; (5) Patients hav-
ing severe arrhythmia, persistent ventricular
tachycardia, and rapid atrial fibrillation; (6)
Patients requested to stop exercising.

Outcome measures

NT-proBNP: SmL of patients’ venous
blood was collected upon admission, and af-
ter 8 weeks and 12 weeks. After centrifuga-
tion, serum was stored at -80°C, and the NT-
proBNP level was determined by automatic
electrochemiluminescence  immunoassay.
The reagent kits were all purchased from
Shanghai Zhenma Industrial Co., Ltd., and
the operation process was strictly carried
out following the instructions.

Vascular endothelial function: 10mL
of fasting venous blood was collected from
patients upon admission, 8 weeks later, and
12 weeks later. After centrifugation, the se-
rum was stored in a refrigerator at -80°C.
The serum levels of endothelin-1 (ET-1) and
angiopoietin-Il (Ang-1I) were measured us-
ing ELISA. The reagent kits were all pur-
chased from Shanghai Hengyuan Biotech-
nology Co., Ltd, and the operation process
followed the instructions.

Cardiopulmonary function: CPET was
conducted using the MasterScreen CPX pul-
monary function testing system produced by
company Yeger (German) upon admission, 8

Investigacion Clinica 65(4): 2024



Cardiopulmonary fitness on patients with chronic heart failure

411

weeks later, and 12 weeks later. Basic patient
information was collected, and the patient
was asked to wear a mask after 5 minutes of
rest. The electrocardiogram lead wire and
electrode were connected, and the cuff was
tied. Then, the patient started the measure-
ment and the results were recorded. This in-
cluded 50% peak oxygen consumption (Peak
VO,), anaerobic threshold oxygen consump-
tion (VO, AT), maximum exercise power, and
carbon dioxide ventilation equivalent slope

(VE/VCO, slope) .

Statistical methods

EpiData software was applied to estab-
lish a database, and two people ensured the
accuracy of data input through parallel in-
put. The research collected data was statis-
tically analyzed using the IBM® SPSS soft-
ware (version 26.0), X=SD represents data,
and inter-group comparisons were conduct-
ed using sample t-tests. The counting data is
expressed as frequency or percentage, using
c?. Multiple data sets were analyzed using re-
peated variance measures, with p<0.05 indi-
cating statistical differences.

Ethical considerations

Ethical approval was obtained before
the commencement of the study. Informed
consent was obtained from all participants
before their inclusion in the study. The study
protocol ensured the privacy and confidenti-
ality of patient information. The study com-
plied with relevant data protection regula-
tions and the Declaration of Helsinki.

RESULTS

NT-proBNP comparison of two groups

Upon admission, there was no statisti-
cally significant difference in the levels of NT-
proBNP between the two groups (p>0.05).
After 8 and 12 weeks of intervention, the
levels of NT-proBNP in the two groups were
lower than those before the intervention,
and those of the observation group were low-
er than those of the control group (p<0.05)
(Table 2). The two groups’ change curves of
NT-proBNP levels showed a downward trend.

Endothelial function levels comparison
between the two groups of blood vessels

Upon admission, there was no statistically
significant difference in endothelial function lev-
els between the two groups (p>0.05). After 8 and
12 weeks of intervention, the levels of ET-1 and
Ang-II in both groups were lower than those be-
fore the intervention, and those of the observation
group were lower than those of the control group
(p<0.05) (Table 3). The levels of ET-1 and Ang-II
in the two groups showed a downward trend.

Cardiopulmonary function comparison
of the two groups

Upon admission, there was no statistically
significant difference in cardiopulmonary func-
tion between the two groups (p>0.05). After 8
and 12 weeks of intervention, peak VO,, VO, AT,
and maximum exercise power in both groups
were higher than those before the intervention,
and those of the observation group were higher
than those of the control group (p<0.05) (Table
4). The VE/VCO, slope in both groups was low-

Table 2
NT-proBNP Comparison of two groups.
NT-proBNP(ng/ml)
Group
Upon admission 8 Weeks 12 Weeks

C* (n=110) 380.41+39.56%* 357.31%£41.74 316.15+£38.63
O* (n=110) 383.49+£42.07 322.65+£38.96 292.51+35.34

t 0.559 6.389 4.736

p* 0.577 <0.001 <0.001

N-terminal pro-b-type natriuretic peptide (NT-proBNP)
#p t-test (Independent Samples t Test).

*C: control group, O: observational group. **Mean=SD,
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Table 3
Endothelial function levels comparison
ET-1 (ng/L)
Group
Upon admission 8 Weeks 12 Weeks
C* (n=110) 23.82+4.07%* 22.18+3.44 19.77+4.23
O* (n=110) 23.92+3.99 20.28%+4.05 18.03+3.49
t 0.184 3.750 3.328
pP?* 0.854 <0.001 0.001
Ang -1I (ng/L)
Group
Upon admission 8 Weeks 12 Weeks
C* (n=110) 109.70£12.24%* 104.29+12.37 99.12+11.55
O0* (n=110) 107.09+11.50 98.61+12.49 91.30+12.79
t 1.630 3.389 4.759
p* 0.105 0.001 <0.001

ET-1: endothelin-1 , Ang-II: angiotensin II *C: control group, O: observational group. **Mean=SD, # p t-test (Inde-

pendent Samples t Test).

Table 4
Cardiopulmonary function comparison of the two groups.
Peak VO, [mL/(min-kg)]
Group
Upon admission 8 Weeks 12 Weeks
C* (n=110) 17.24+1.34%* 17.72+1.57 18.35+1.43
O* (n=110) 17.15+1.39 18.69+1.72 19.09+1.54
t 0.489 4.369 3.691
p* 0.625 0.001 <0.001
VO, AT[mL/(min"kg)]
Group
Upon admission 8 Weeks 12 Weeks
C* (n=110) 9.25+1.15%* 9.90+1.37 10.47+1.49
O* (n=110) 9.45+1.47 10.47+1.25 11.09+1.68
t 1.124 3.224 2.896
p* 0.262 0.002 0.004

*C: control group, O: observational group. **Mean=SD, # p t-test (Independent Samples t Test).

er than that before the intervention, and that of
the observation group was lower than that of the
control group (p<0.05) (Table 5). The peak VO,,
VO, AT, and maximum exercise power of the two
groups showed an upward trend, while the VE/
VCO, slope showed a downward trend.

DISCUSSION

NT-proBNP, as an important biochemi-
cal CHF marker, predicts CFH development
and progression and can accurately deter-
mine its severity '®. Results showed no sta-
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Table 5
Cardiopulmonary function comparison of the two groups.

Maximum Motion Power

Group
Upon admission 8 Weeks 12 Weeks
C* (n=110) 104.87+13.73%* 108.84+13.49 112.64+12.92
O* (n=110) 103.83+13.26 113.94+12.19 120.34+12.28
t 0.572 2.942 4.531
p* 0.568 0.004 <0.001
VE/VCO, slop (%)
Group -
Upon admission 8 Weeks 12 Weeks
C (n=110) 33.70+3.64%* 31.23+3.53 30.32+3.37
O (n=110) 33.28+3.45 29.91+3.37 28.50+3.15
t 0.878 2.837 4.138
p* 0.381 0.005 <0.001

*C: control group, O: observational group. **Mean=SD, # p-value t test (Independent Samples t Test).

tistically significant difference in NT-proBNP
level upon admission (p>0.05). After 8 and
12 weeks of intervention, NT-proBNP levels
were lower than before and much lower in
Group O (p<0.05). The repeated analysis
of variance results showed group, time, and
interaction effects between the two groups
(p<0.05). Rehabilitation training guided by
cardiopulmonary fitness assessment reduces
NT-proBNP levels in CHF patients. The rea-
son is that as an essential part of secondary
prevention of heart failure, exercise rehabili-
tation is recommended as Class 1 in the man-
agement guidelines of the American Heart
Association and is valued by patients and cli-
nicians '?. High-intensity exercise is the core
of rehabilitation training, and exercise inten-
sity is related to patient safety and treatment
effects. The conventional exercise intensity
system is determined based on the patient’s
heart rate; however, currently, the commonly
used drugs in clinical practice for heart fail-
ure patients are  Receptor blockers. There-
fore, determining exercise intensity based on
heart rate poses significant safety risks, so it
is imperative to develop reasonable intensity
exercise rehabilitation training based on the
patient’s exercise endurance 221, After the
stimulation of the synthesis of brain natri-

uretic peptide precursor by myocardial cells,
the brain natriuretic peptide precursor pro-
tease decomposes into NT-proBNP and the
bioactive hormone brain natriuretic peptide,
which then enters the bloodstream, leading
to an increase in the content of NT-proBNP in
the blood. Rehabilitation training guided by
cardiopulmonary fitness assessment can in-
crease glucose oxidation, improve substrate
utilization and mitochondrial respiratory
oxidation ability, reduce oxidative stress, de-
lay myocardial fibrosis, stabilize myocardial
cell contraction rhythm, reduce myocardial
cell stimulation, and lower blood NT-proBNP
levels.

Results showed no statistically signifi-
cant difference in endothelial function level
upon admission (p>0.05). After 8 and 12
weeks of intervention, the ET-1 and Ang II
levels in both groups were lower than before
the intervention and much lower in Group
O (p<0.05). Repeated analysis of variance
results showed group, time, and interaction
effects between the two groups (p<0.05).
This is similar to the research results of Pa-
pathanasiou et al. >3, CHF may cause an in-
crease in the excitability of renin-angioten-
sin-aldosterone and the sympathetic nervous
system, stimulate inflammation and oxida-

Vol. 65(4): 406 - 417, 2024



414

Yang

tive stress reactions, and subsequently cause
dysfunction of vascular endothelial function.
Meanwhile, vascular endothelial dysfunction
can lead to increased cardiac load, myocar-
dial ischemia exacerbation, and vicious cycle
formation **°. ET-1 is mainly synthesized and
secreted by endothelial cells. When myocardi-
al cells are damaged, endothelial cells accel-
erate the synthesis of a large amount of ET-1.
This may be related to the fact that rehabili-
tation training guided by cardiopulmonary
fitness assessment can reduce the concentra-
tion of catecholamines in the blood, reduce
the stimulation of inflammatory and oxidative
stress reactions on vascular endothelium, and
protect vascular endothelial function 227,
The research results also showed no sta-
tistically significant difference in cardiopul-
monary function upon admission (p>0.05).
After 8 and 12 weeks of intervention, Peak VO,
VO, AT, and maximum exercise power in both
groups were higher than before and much high-
er in Group O (p<0.05). The VE/VCO, slope
was lower than before the intervention and
much lower in Group O (p<0.05). Repeated
analysis of variance results showed group, time,
and interaction effects between the two groups
(p<0.05). This is similar to the research re-
sults of Turri Silva and others ?%. Rehabilitation
training guided by cardiopulmonary fitness as-
sessment can help improve the cardiovascular
function of CHF patients. CPET can accurately
evaluate the exercise ability of subjects, objec-
tively evaluate their exercise endurance and
cardiac reserve function, and provide a reliable
basis for developing rehabilitation training
for heart failure patients. CPET evaluated this
study, and a 50% anaerobic threshold exercise
intensity was selected to avoid lactic acid ac-
cumulation caused by prolonged acrobic me-
tabolism and systemic muscle soreness. Mod-
erate and mild exercise can inhibit excessive
vasoconstriction, improve the elastic reserve
capacity of blood vessels, regulate myocardial
metabolism, improve cardiac contractile func-
tion, and improve cardiopulmonary function.
In conclusion, the findings of this study
demonstrate significant improvements in

NT-proBNP levels, endothelial function, and
cardiopulmonary function. The results re-
vealed a notable decrease in NT-proBNP lev-
els after 8 and 12 weeks of intervention, par-
ticularly in the observation group, indicating
the effectiveness of rehabilitation training in
reducing NT-proBNP levels in CHF patients.
Furthermore, improvements in endothelial
function, as evidenced by lower levels of ET-1
and Ang II after the intervention period,
suggest that rehabilitation training guided
by cardiopulmonary fitness assessment can
mitigate vascular endothelial dysfunction
associated with CHF. Additionally, enhance-
ments in cardiopulmonary function, includ-
ing increased Peak VO,, VO, AT, maximum
exercise power, and decreased VE/VCO,
slope, highlight the positive impact of this
intervention on cardiovascular function.
These results underscore the importance
of tailored rehabilitation programs based
on cardiopulmonary fitness assessment for
improving outcomes in CHF patients by en-
hancing NT-proBNP levels, endothelial func-
tion, and cardiopulmonary performance.

Limitations

The study encountered several limita-
tions. Firstly, the sample size of 220 patients
may not adequately represent the general
population, potentially limiting the robust-
ness of the results. Secondly, including pa-
tients with chronic heart failure could in-
troduce selection bias, thus challenging the
study’s applicability to the broader popula-
tion. Additionally, 8 to 12 weeks might not
have been sufficiently long to observe sig-
nificant changes in specific outcomes. Fi-
nally, the study focused on NT-proBNP levels,
endothelial function, and cardiopulmonary
function, but other relevant outcomes could
have been included to provide a more com-
prehensive understanding of the effects of
the intervention.
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Resumen. La escala CHA DS -VASc se creé como instrumento predictivo del
riesgo de presentacion de ictus isquémico embolico, en pacientes con fibrilacion
auricular (FA) y para toma de decision terapéutica. Esta no fue creada como
instrumento para predecir la severidad de ictus isquémico, a pesar de que sus
componentes tienen relacion con la formacion, tamano y crecimiento del trom-
bo en atrio izquierdo. Basado en esto, se evalué la posible utilidad de la escala
CHA,DS,VASc como predictor de severidad de ictus isquémicos de origen trom-
boembdlico, en los pacientes que ingresan con ictus y FA. Se realizé un estudio
observacional prospectivo, de corte transversal donde se evalué el puntaje de la
escala CHA,DS,-VASc en relacion con el grado de severidad de ictus isquémico.
Se utilizo la escala 6S como referencia para su correlacion en pacientes que in-
gresaron con ictus y FA, en la emergencia de la Ciudad Hospitalaria “Dr. Enrique
Tejera”, durante el periodo enero-septiembre 2022. Se evaluaron 85 pacientes,
con una mediana de edad de 71 [64-76] anos, siendo 55,3% femeninos; de ellos,
85,9% tenian hipertension arterial, 40% diabetes; 7% ictus previo, 14% insuficien-
cia cardiacay 16,5% FA previa. Solo el 5,9% de los pacientes recibian anticoagula-
ci6n cuando ingresaron. La mediana y [p25-p75] para las escalas CHA,DS, VASc:
5 [4-6] y para la 6S: 11[8-11] puntos. Ambas escalas se asociaron significativa-
mente (19,2%; R=0,19; p<0,001). Este estudio, utilizando la escala 6S de severi-
dad neurolégica como comparador, muestra que la CHA,DS -VASc puede ser una
herramienta clinica ttil para predecir la severidad de ictus.

Autor de Correspondencia: Miguel Lopez-Hidalgo. Ciudad Hospitalaria “Dr. Enrique Tejera”, Servicio de Cardiolo-
gia. Ave. Lisandro Alvarado, Valencia, Venezuela. Correo electrénico: lopezh900@hotmail.com. @drmigucllopez.
X: @m_lopezh
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CHA,DS,-VASc score as a predictor of stroke severity

in patients with atrial fibrillation.

Invest Clin 2024; 65 (4): 418 — 425

Key words: stroke, atrial fibrillation, CHA,DS,-VASc score, 68 stroke severity score.

Abstract. The CHA,DS -VASc score was created as a predictive instrument
of risk of embolic stroke occurrence in patients with atrial fibrillation (AF), for
therapeutic decisions. This score was not created as a tool to assess ischemic
stroke severity in patients with AF, although the components of the score are
associated with the formation, size, and growth of thrombus in the left atrium.
Based on this, we assessed the possible utility of CHA,DS,-VASc score as a pre-
dictor of ischemic stroke severity in patients with stroke and AF, using the sim-
plified 6S score as an indicator. Observational, prospective, and cross-sectional
study, in which the CHA,DS,-VASc score was evaluated concerning the degree
of ischemic stroke severity, using the 6S score as a reference for correlation
analysis in patients hospitalized with stroke and AF in the emergency room of
the Ciudad Hospitalaria “Dr. Enrique Tejera”, from January- September 2022.
The median age was 71 [41-76] years, 55.3% were female, 85.9% had hyperten-
sion; 42.4% diabetes, 31.8% previous stroke; 14% heart failure and 16.5% had
previous AF. Only 5.9% of the patients received anticoagulation when admitted.
The median [p25-p75] was 5 [4-6] points for the CHA,DS,-VASc score and 11
[8-11] points for 6S score. Both scores had a significant association (19.2%, R
= 0.19, p <0.001. This study using the 68 severity score as an indicator, showed
that CHA,DS,-VASc, could be a useful clinical tool to predict stroke severity.

Recibido: 05-03-2024 Aceptado: 12-09-2024

INTRODUCCION

La fibrilacion auricular (FA) es la arrit-
mia cardiaca mas comun en adultos a nivel
mundial. Esta entidad desarrolla un esta-
do protrombdético dado por modificaciones
funcionales y estructurales de la auricula
izquierda, tales como: la disfunciéon miociti-
ca, estasis sanguinea y activacion de los fac-
tores de coagulacion. La complicacién mas
temida de este cuadro clinico es el ictus de
origen tromboembdlico, siendo esta la prin-
cipal causa de discapacidad en personas ma-
yores de 60 afos 2.

Las guias curopeas de diagnéstico y tra-
tamiento de FA del 2020 estiman su prevalen-
cia entre 1,5 a 2,0% en la poblacion general.

La presencia de FA representa un incremen-
to de 4 a 5 veces mayor riesgo de presentar
ictus, 2 a 3 veces mayor riesgo de insuficien-
cia cardiaca, disminuciéon de la calidad de
vida y el doble de mortalidad 3. La tasa de
ictus cardioembolico atribuible a la FA se ha
triplicado durante las tltimas dos décadas
y se proyecta su continuo aumento en las
proximas décadas con el envejecimiento de
la poblacion *.

Debido al riesgo que representa la FA
en los pacientes de padecer un ictus, se han
desarrollado diferentes escalas para valorar
la necesidad de terapia anticoagulante que
disminuya la probabilidad de éste. La escala
con mayor validacion y, por lo tanto, la mas
utilizada en la actualidad es la CHADS.-
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VASc, basada en los siguientes parametros:
insuficiencia cardiaca, hipertension, rango
de edad, diabetes, ictus previo, enfermedad
vascular y sexo femenino parametros (Con-
gestive Heart Failure, Hypertension, Age,
Diabetes, Stroke, Vascular disease and fema-
le Sex) *°.

Se sabe que los factores de riesgo pre-
sentes en la escala CHA,DS,-VASc para pre-
decir la ocurrencia del ictus cardioembélico,
también estdn asociados a la formacion, cre-
cimiento y tamaifo del trombo, por lo que,
desde el punto de vista fisiopatolégico, tiene
sentido considerar que estos también pudie-
ran tener incidencia en el grado de severidad
de la lesion neuronal que provocan °. Ante
esto, seria interesante evaluar la posibilidad
de usar la propia escala CHA,DS,-VASc para
determinar la severidad del ictus en pacien-
tes con FA ©7,

En la actualidad, la escala mayormente
utilizada para la evaluacion de la severidad
de ictus, es la NIHSS (National Institute of
Health Stroke Scale) o Escala de Ictus del
Instituto Nacional de Salud de Estados Uni-
dos 1. Sin embargo, debido a su complejidad
para aplicarla en la emergencia en nuestro
medio, se decidié utilizar como alternativa
mas practica la escala 6S (six symptoms se-
verity score) o escala de severidad de 6 sin-
tomas, desarrollada recientemente, para la
valoracion de funciones neurolégicas basicas
en la fase aguda del ictus 12,

El objetivo de este estudio fue evaluar
la capacidad predictiva de la escala CHA,DS-
,VASc, en la estratificacion de riesgo de se-
veridad de ictus cardioembélico por FA, en
los pacientes ingresados en la emergencia de
la Ciudad Hospitalaria “Dr. Enrique Tejera”,
utilizando como escala de comparacion la
escala 6S 11,

PACIENTES Y METODOS

El diseno del estudio fue observacional,
prospectivo y de corte transversal.

La poblacion estuvo conformada por
pacientes mayores de 45 afos que ingresa-

ron a la emergencia de adultos de la Ciudad
Hospitalaria “Dr. Enrique Tejera”, Valencia,
Venezuela durante el periodo comprendido
entre enero y diciembre de 2022 con diag-
nostico de ictus en presencia de arritmia
supraventricular tipo fibrilacion auricular
(FA) aguda o historia clinica de FA crénica
documentada.

La informacién obtenida se registrd
en el instrumento de recoleccion de datos
elaborado para tal fin, que incluyo datos de-
mograficos, factores de riesgo cardiovascu-
lar y factores de riesgo de presentar ictus en
presencia de FA. Se registraron los parame-
tros de la escala CHA,DS,-VASc, que evaltia
el riesgo de tener un ictus en pacientes con
FA no valvular 7 y los de la escala 6S, la cual
se utilizé6 como parametro comparador para
evaluar el grado de severidad del ictus. 12

La escala CHA,DS,-VASc define como
riesgo bajo pacientes con 0 puntos, riesgo
intermedio de 1 a 2 puntos y riesgo alto >=
3 puntos *®. En la escala de los 6 sintomas
0 68 score, el grado de severidad se define
como bajo, de 2 a 4 puntos; moderado, de 5
a 9 puntos y alto, un puntaje igual o mayor a
10 puntos, teniendo esta escala un maximo
puntaje de 15 12,

El Comité de Bioética del departamen-
to de investigacion y docencia general de la
Ciudad Hospitalaria “Dr. Enrique Tejera”,
otorgd la autorizacion de este estudio bajo
el No 001026, el 22/11/2021, garantizando
el anonimato de los pacientes. El estudio se
realiz6 respetando las recomendaciones in-
ternacionales para investigacion clinica, de
acuerdo con la declaracion de Helsinki.

Con la informacion recolectada se rea-
liz6 una base de datos en Excel de Microsoft.
Las variables categoricas se expresaron en
valores absolutos y porcentuales y las varia-
bles continuas en medianas y percentiles
[25-75]. El andlisis estadistico se realizé con
el programa de libre acceso, Epi-Info™ del
CDC (Center for Disease Control) de Atlan-
ta, v.7.1. Las variables categdricas se anali-
zaron con tablas 2 x 2 utilizando la prueba
Chi?y para las variables continuas, se utilizo
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estadistica no-paramétrica, con la prueba de
Mann-Whitney U. Se consideré como signifi-
cancia estadistica valores de p <0,05.

Se realiz6 un analisis de correlacion
y regresion entre las 2 escalas evaluadas
(CHA,DS,VASc y 68 score) con un modelo
polinomial; para las comparaciones se uso
la prueba de Spearman, calculandose los co-
eficientes de correlacion/regresion (r); de
determinacion (R?); y el % de intensidad de
asociacion de escalas (R*x 100), se estable-
¢i6 como significancia p <0,05. Se seleccio-
no la regresion con la ecuaciéon correspon-
diente a la de 1° orden, ya que cumplia los
requisitos adecuados.

RESULTADOS

Se estudiaron un total de 85 pacientes
con ictus y fibrilacion auricular asociada, de
los cuales 55,3% fueron femeninos, con una
mediana de edad de 71 afios [64-76]. Los
factores de riesgo cardiovasculares y facto-
res predictores de riesgo de ictus estan re-
presentados en la Tabla 1 y Fig. 1.

Se observo que estos pacientes recibian
al ingreso los siguientes medicamentos: in-
hibidores de la enzima convertidora de an-
giotensina I/Antagonista de los receptores
de angiotensina 2 (IECA/ARA2): 65,8%;
betabloqueantes: 27%; calcio-antagonistas:
17,7%; aspirina: 12,9%; clopidogrel: 8,2%; y
warfarina: 5,9% (Tabla 2).

En cuanto a los estudios de neuroima-
gen, 38 pacientes (44,7%) contaban con to-
mografia de craneo, realizados en una me-
diana de 5 [3-7] dias desde su ingreso; los
patrones imagenoldgicos se distribuyeron de
la siguiente manera: 76,3% mostraron lesio-
nes neurologicas isquémicas focales y 24%
multifocales; de estas tdltimas, 66% fueron
unilaterales, 30% bilaterales y 4% indetermi-
nadas.

La mediana del puntaje obtenido para
los pacientes en la escala CHA,DS,-VASc fue
de 5 [4-6] y en la escala 6S fue de 11 [8-11].
El analisis de regresion polinomial mostré
un coeficiente de determinacioén, R*> = 0,19

Tabla 1
Caracteristicas basales de los pacientes
con ictus y fibrilacién auricular asociada.

Variables n (%)
Edad, mediana [25-75] 71 [64-76]
Sexo Femenino 47 (55,3)
Hipertensiéon 73 (85,9)
Sedentarismo 38 (44,7)
Tabaquismo 36(42,4)
Diabetes mellitus 34(40,0)
Alcohol 28 (33,3)
Ataque isquémico transitorio 27 (31,8)
Ictus 6 (7,1)
Dislipidemia 23 (27,0)
Infarto de miocardio 16 (18,8)
Fibrilacion auricular previa 14 (16,5)
Insuficiencia Cardiaca 12 (14,1)
Enfermedad Arterial Periférica 10 (11,2)

COVID-19

PAS, mediana [25-75]
PAD, mediana [25-75]
FC, mediana [25-75]

9 (10,6%)
146 [138-160]
90 [80-100]
91 [80-100]

FR, mediana [25-75] 18 [16-20]
S. 0,%, mediana [25-75] 97 [95-98]
CHA,DS,VASC, mediana [25-75] 5 [4-6]

6S score [25-75] 11 [8-11]

[25-75]: percentil 25 -75, PAS: Presion arterial sisto-
lica, PAD: Presion arterial diastélica, FC: Frecuencia
Cardiaca, FR: Frecuencia Respiratoria, S. O,%: Satura-
cion de Oxigeno.
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Fig. 1. Caracteristicas basales de los pacientes.
HTA: Hipertension Arterial, SDT: Seden-

tarismo, TAB: Tabaquismo, DM: Diabetes,
DLP: Dislipidemia.
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e intensidad de asociacién entre ambas esca-
las de 19%, siendo esto altamente significati-
vo con una p <0,0001 (Fig. 2).

20
184

6S Score
=

1 2 3 4 5 6 7 8 9 10
CHADSVASc
Fig. 2. Correlacion entre las escalas CHA DS,-VASc
y 68S score en pacientes con ictus y FA, (6S
Score: escala de severidad de 6 sintomas).
Anidlisis de regresion polinomial. r=0,433 (p<
0,0001). Ecuacion: y=0,737x/6,145.

DISCUSION

En el presente estudio se evalud, por
primera vez, la potencial correlacion entre la
escala CHA,DS,-VASc de riesgo de aparicion
de ictus agudos en pacientes con FA, frente
a la escala 6S de grado severidad de ictus,
con la finalidad de determinar si existe una
asociacion para predecir la severidad de ic-
tus isquémico cardioembdlico con la escala
CHA,DS,-VASc.

En la muestra se evidencié una media-
na de edad de 71 aiios, similar a la registrada
en otros estudios relacionados al tema !> 19,
En cuanto a los factores de riesgo cardio-
vascular y de riesgo de ictus en pacientes
con FA, se encontré la hipertension arterial
como el mas frecuente (85,9%); esto coinci-
de otros estudios publicados 2! incluyendo
el estudio ICTUSCARE ™, con una muestra
de 975 pacientes. De igual forma, la presen-
cia de otros factores de riesgo como la dia-
betes, dislipidemia, cardiopatia isquémica e
insuficiencia cardiaca, fueron similares en
los estudios ya referidos; sin embargo, en el
presente estudio el tabaquismo fue mas ele-

vado que el observado en otros estudios con
muestras similares (42,4% vs 22 a 26%) >4,
La presencia de FA previa como importante
predictor de ictus en el presente estudio fue
de 16,5%, mientras que, en el realizado por
Gonzalez Hernandez y col, fue de 25% ?

En relacion con el tratamiento de base,
que recibian estos pacientes al momento
de ingreso, Tabla 2, se observa que la ma-
yoria estaban sub-tratados cuando fueron
comparados con otros estudios (Gonzalez
Hernandez y col. y el ICTUSCARE 31%), Es
importante resaltar, el bajisimo porcentaje
de pacientes que recibian tratamiento anti-
coagulante, solo un 5,9% recibian warfarina
y ninguno recibia inhibidores del factor Xa
o inhibidores directos de trombina; de los
14 pacientes con FA previa, con alto riesgo
para ictus cardioembdlico, solo 2 (14,3%)
recibian warfarina. Esto probablemente se
deba - en gran medida- a razones econémi-
cas, por tratarse de una institucion publica;
otra posibilidad pudiera ser, la pasividad de
la indicacién de anticoagulantes.

Tabla 2
Medicacion de los pacientes previo a su ingreso.

Farmaco n (%)
IECA/ARA-2 56 (65,9)
B-Bloqueantes 23 (27,0)
Estatinas 16 (18,8)
Calcio-antagonistas 15 (17,8)
Diuréticos 8(9,4)
Amiodarona 5(5,9)
Aspirina 23 (27,0)
Clopidogrel 11 (12,9)
Warfarina 5(5,9)
Rivaroxaban 0
Dabigatran 0

IECA/ARA-2: inhibidores de la enzima convertidora de
angiotensina I/Antagonista de los receptores de angio-
tensina 2.

En la actualidad, no existe una escala
ideal para predecir el pronéstico de severi-
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dad de los ictus isquémicos en pacientes con
FA. Se han realizado algunas aproximaciones
con las escalas de CHA,DS,VASc en cuanto
a desenlaces, como fueron los estudios de
Vitturi BKy col. y el de Tanaka y col.®?| quie-
nes determinaron que las escalas de CHADS,
y CHA,DS,-VASc se asociaron con la severi-
dad del ictus al inicio y el resultado clinico
funcional en los pacientes con ictus isqué-
mico agudo y FA concomitante. El estudio
de Deguchi y col. ¢y el de Acciarresi y col.
17" encontraron que la gravedad del ictus car-
dioembdlico inicial, inducido por una fibrila-
cion auricular no valvular, aumenté con pun-
tuaciones mas elevadas de CHA,DS VASc, y
los resultados clinicos fueron mas desfavo-
rables, con aumento de la mortalidad en el
seguimiento. Todos estos estudios utilizaron
la escala de NIHSS como comparador de se-
veridad de ictus 591019,

El presente estudio pretende mostrar
que los puntajes mas clevados en la escala
CHA,DS,-VASc se correlacionan con mayor
dano neuronal y, por lo tanto, con puntajes
mas elevados en la escala 6 S score. En los
resultados obtenidos de los pacientes que
llegan a la emergencia con FA ¢ ictus, se ob-
servo que las medianas de los puntajes de
las escalas analizadas, CHA DS, -VASc y 6S-
Stroke, fueron elevadas en ambas, ubicindo-
los en las categorias de alto riesgo. El anali-
sis de correlacion mostr6 un nivel bajo, con
una intensidad de asociacion del 19% entre
ambas escalas, pero altamente significativo
(p < 0,0001), particularmente en los extre-
mos mayores de las escalas. Esto se puede
interpretar de la siguiente manera. La me-
diana de los pacientes para la escala 6S de
severidad de ictus fue de 11 [8-11] puntos,
por lo que la mayoria de los pacientes que
ingresaron estuvieron en el rango de elevada
severidad de lesion cerebral, ya que el punto
de corte de severidad mayor para la escala
6S es de 10 puntos. En cuanto a la escala
CHA,DS,-VASc el punto de corte para alto
riesgo de presentar ictus cardioembdlico en
pacientes con FA es igual o mayor a 3 puntos
y en la muestra estudiada la mediana fue de

5 [4-6] puntos; por lo tanto, la mayor pro-
porcion de pacientes se encontraban en el
extremo de alto riesgo cardioembdlico y de
mayor severidad para lesién neuronal. Este
predominio de valores en el extremo de las
escalas de mayor riesgo y severidad y la dis-
persion de los datos generan una atenuacion
en la correlacion.

La alta significacion de la correlacion
detectada permite usar la ecuacion de regre-
sion obtenida para calcular la severidad del
ictus con la escala 6S a partir de la escala
de riesgo CHA,DS,-VASc. El valor clinico y
diagnostico de esta ecuacion es un objetivo
de gran interés para investigaciones futuras.

Limitaciones del estudio

El poder del estudio se ve limitado en
parte por el tamaiio de la muestra, por otro
lado, no se logra una asociacion anatomo-
funcional debido al limitado respaldo de
neuro-imagenes, ya que el 55,2% de la pobla-
cion estudiada no contaba con tomografias.
Sin embargo, esto no presenté una limita-
cion importante en el objetivo fundamental
del estudio, el cual era evaluar la capacidad
clinica de una escala disefiada para predecir
riesgo de ictus en la estimacion de la seve-
ridad de ictus de etiologia cardioembdlica.
Esta investigacion es de naturaleza explora-
toria, con la presuncion de generar la base
para una mayor confirmacién, de una herra-
mienta utilizada para la toma de decision
de anticoagulacion, que pudiera ser a su vez
atil para la evaluacion rapida de prondéstico
de severidad de ictus cardioembdlico. No se
utilizé la escala NIHSS, la cual es mucho mas
precisa y detallada para la determinacion de
la severidad del ictus isquémico, debido a su
complejidad y al hecho de que en la emer-
gencia de nuestro centro es poco utilizada,
por lo que se opt6 por una escala mas sen-
cilla y facil de usar como es la 6S y que por
primera vez, esta tltima se compara con la
escala CHA,DS, VASc.

En conclusion, este estudio muestra un
muy bajo uso de anticoagulacion en pacientes
con alto riesgo para ictus cardioembdlico y
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que la escala CHA,DS,-VASc puede ser una he-
rramienta util en la emergencia para predecir
la severidad clinica del ictus en pacientes con
fibrilacién auricular, al compararla con la es-
cala 6S en un analisis de correlacion.
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Abstract. Recurrent respiratory tract infections (RRTIs) have a complex
pathogenic mechanism. There may be correlations between expression levels of
serum 25-hydroxy-vitamin D (25-OH-D), regulatory T cells (Tregs), total immu-
noglobulin E (IgE) and RRTIs. We aimed to explore the correlations of serum
25-OH-D, cluster of differentiation 4 (CD4)*CD25*CD127 Tregs and total IgE
in children with RRTIs. A total of 150 children with pneumonia were enrolled
as the subjects and randomly assigned into a control group (97 children with
non-RRTIs) and an observation group (53 children with RRTIs). The expression
levels of serum 25-OH-D, CD4+*CD25*CD127 Tregs and total ISE were compared
in RRTI children with different genders, stages, sites of lesions and severities
of illness. The correlation was tested by Pearson analysis. The expression level
of serum 25-OH-D was significantly higher in children with RRTIs in the upper
respiratory tract than that in the lower respiratory tract, whereas the expression
level of total IgE was significantly lower in children with RRTIs in the upper re-
spiratory tract (p<0.05). The expression level of 25-OH-D was negatively corre-
lated with expression levels of CD4*CD257CD127 Tregs and total IgE (r=-0.355,
-0.314, p<0.05), while a positive correlation was found between expression levels
of CD4*CD25*CD127 Treg and total ISE (r=0.237, p<0.05). The area under the
curve of combination of 25-OH-D, CD4+*CD25*CD127 Treg and total IgE expres-
sion levels for predicting RRTIs was 0.852. The combined detection of the three
indicators is conducive to enhancing the detection rate of RRTIs.
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Las correlaciones séricas de 25-hidroxivitamina D,
CD4+CD25*CD127- linfocitos T reguladores e inmunoglobulina
E total en niiios con infecciones recurrentes del tracto

respiratorio.
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Palabras clave: cluster of differentiation; correlacion; 25-hidroxi-vitamina D;

inmunoglobulina; infeccion recurrente del tracto respiratorio,
T cell reguladora.

Resumen. Las infecciones recurrentes del tracto respiratorio (ITRR)
tienen un mecanismo patogénico complejo. Puede haber correlaciones entre
los niveles de expresion de 25-hidroxivitamina D (25-OH-D) sérica, células T
reguladoras (Treg), inmunoglobulina E total (ISE) y RRTI. Nuestro objetivo
fue explorar las correlaciones de la 25-OH-D sérica, el grupo de diferenciacion
4 (CD4)*CD25*CD127 Tregs y la IgE total en ninos con IRRR. Se inscribi6
un total de 150 ninos con neumonia como sujetos y se los asignd aleatoria-
mente a un grupo de control (97 nifios sin RRTI) y un grupo de observacién
(53 nifios con RRTI). Se compararon los niveles de expresion de 25-OH-D,
(CD4)*CD25*CD127 Tregs en suero y de IgE total en ninos con RRTI con di-
ferentes géneros, estadios, sitios de lesiones y gravedad de la enfermedad. La
correlacion fue probada mediante andélisis de Pearson. El nivel de expresion de
25-OH-D sérico fue significativamente mayor en nifnos con IRRI en el tracto
respiratorio superior que en el tracto respiratorio inferior, mientras que el nivel
de expresion de IgE total fue significativamente menor en nifios con IRRI en el
tracto respiratorio superior (p<0,05). El nivel de expresion de 25-OH-D se co-
rrelaciond negativamente con los niveles de expresion de (CD4)*CD25*CD127
Tregs y la IgE total (r=-0,355, -0,314, p<0,05), mientras que se encontrd una
correlacion positiva entre los niveles de expresion de (CD4)*CD25*CD127-
Treg e IgE total (r=0,237, p<0,05). El 4rea bajo la curva de combinacién de
los niveles de expresion de 25-OH-D, (CD4)*CD257CD127 Treg vy de IgE total
para predecir IRRI fue de 0,852. La deteccién combinada de los tres indicado-
res conduce a mejorar la tasa de detecciéon de IRRI.

Received: 09-04-2024 Accepted: 25-08-2024

INTRODUCTION

Recurrent respiratory tract infections
(RRTIs) possess a relatively complex patho-
genic mechanism, which involves various
pathogenic factors. Children are susceptible
to RRTIs, with a major age of onset of 2-6
years old, and in terms of the prevalence
rate, children with RRTIs account for ap-

proximately 20.00% of children with respi-
ratory infections 2. The incidence rate of
RRTIs is about 16.80-18.70% in children in
China, and 80.00% of children with RRTIs
are aged below 5 years old °. 25-hydroxy-
vitamin D (25-OH-D) is mainly metabolized
by vitamin D-25-hydroxylase. Studies have
manifested that 25-OH-D is implicated in
the development and progression of RRTIs,
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exerting a profound impact on the body im-
munity of developing children *5. Regula-
tory T cells (Tregs), a common subset of T
cells, control the autoimmune response of
the body. Animal experiments have revealed
that the content of Tregs [cluster of differ-
entiation 4 (CD4)*CD25* Forkhead box P3
(Foxp3) Tregs] is higher in RRTI mice than
that in normal mice, but it declines signifi-
cantly after drug intervention *’. Generally,
immunoglobulin E (IgE) is mainly produced
in plasma cells of the respiratory and di-
gestive tracts, which has an extremely low
expression level in blood of normal people
(about 0.002% of total Ig in serum), and its
abnormal expression is related to the devel-
opment and progression of some diseases,
including RRTIs.® Based on the above analy-
sis, it can be concluded that there are cer-
tain correlations between expression levels
of serum 25-OH-D, Tregs and total IgE and
RRTIs.Kunming is situated in the Yunnan-
Guizhou Plateau, China, where the incidence
of RRTIs may be of specific characteristics.
In addition, research on the relationship be-
tween RRTIs and expressions of 25-OH-D,
CD4*CD25*CD127 Tregs and total IgE is
lacking (or rare) at present, so it is neces-
sary to carry out such research. In this study;,
therefore, the expression levels and relation-
ships of 25-OH-D, CD4*CD25*CD127" Tregs
and total IgE were explored with 150 chil-
dren with pneumonia (including 53 children
with RRTIs) as the subjects, aiming to pro-
vide a basis for clinical diagnosis and treat-
ment of children with RRTIs in the plateau
section.

PATIENTS AND METHODS

General data

According to the guidelines of the Dec-
laration of Helsinki, the study was performed
with approvals from the medical ethics com-
mittee of our hospital. One hundred and
fitty children with pneumonia admitted to
and treated in Kunming Children’s Hospital,
China from January 2020 to January 2023

were selected as the subjects. The children
were assigned into a control group (97 chil-
dren with non-RRTIs) and an observation
group (53 children with RRTIs) using a ran-
dom number table.

The inclusion criteria for the observa-
tion group were set as follows: 1) children
aged 0-12 years old, without gender require-
ment, 2) those who were diagnosed with
pneumonia and met the diagnostic criteria
for RRTIs, 3) those who lived in the jurisdic-
tion of Kunming, China and 4) those whose
family members and caregivers had signed
the informed consent and who were willing
to participate in this study. The inclusion
criteria for the control group were as fol-
lows: 1) children aged 0-12 years old, with-
out gender requirement, 2) those who were
diagnosed with pneumonia and did not meet
the diagnostic criteria for RRTIs, 3) those
who lived in the jurisdiction of Kunming,
China, and 4) those whose family members
and caregivers had signed the informed con-
sent and who were willing to participate in
this study.

The exclusion criteria involved: 1) chil-
dren with all kinds of congenital diseases,
cancers (liver, lung, brain, pancreas, thyroid,
ete.) or severe deformities, 2) those with var-
ious hematological, immunological or mo-
tor disorders, 3) those with airway obstruc-
tion, external tracheal compression, asthma,
bronchiectasis or foreign bodies in the bron-
chus, 4) those with abnormal diet (including
those with various nutritional diseases), 5)
those who had taken immunosuppressants
within 3 months before enrollment, 6) those
with hereditary or metabolic diseases, 7)
those with anemia or obesity (BMI>P,,), or
8) those whose family members and caregiv-
ers were not informed or had not signed the
informed consent or who had incomplete
clinical data.

The control group was composed of 97
patients, including 61 (62.89%) boys and 36
(37.11%) girls, aged 0-12 (4.12+1.25) years
old. As to severity of illness, there were 51
mild cases, 24 moderate cases and 22 se-
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vere cases. The observation group consisted
of 53 patients, including 33 (62.26%) boys
and 20 (37.74%) girls, with an age of 0-12
(4.23%1.27) years old. In terms of severity of
illness, there were 27 mild cases, 16 moder-
ate cases and 10 severe cases, respectively. As
to the site of lesions, there were 34 and 19
cases of upper and lower respiratory tract in-
fections, respectively. The general data such
as age, gender and severity of illness were of
no significant differences between the two
groups (p>0.05), which were comparable.

Detection methods

After admission, the demographic data
(age, gender, ete.) of patients were collected
in both groups. The next morning, an appro-
priate amount (5 mL) of venous blood was
collected from the elbow of each child in the
company of their family members and care-
givers. Then, the blood was centrifuged with
a centrifuge (Beckman Coulter, USA, Optima
MAX TL) under the following conditions:
centrifugal radius of 15 e¢m, centrifugal rate
of 2000 rpm and centrifugal time of 5 min.
Afterwards, the serum was harvested for mea-
surement of 25-OH-D, CD4*CD25*CD127
Treg and total IgE expression levels. The
expression level of 25-OH-D was detected
by magnetic microparticle chemilumines-
cence assay, while the expression levels of
CD4*CD25*CD127 Tregs and total IgE were
measured by a flow cytometer and an auto-
matic protein analyzer, respectively. The mea-
surement was conducted strictly according
to the specific standard operating procedures
for detecting 25-OH-D, CD4*CD25*CD127
Tregs and total IgE °.

The expressions of serum 25-OH-D,
Tregs and total IgE in observation and con-
trol groups were measured and compared.
Additionally, the expressions of serum 25-
OH-D, CD4*CD25*CD127 Tregs and total
ISE in the observation group at different
stages (remission stage and attack stage),
genders (boy and girl), sites of lesions (up-
per and lower respiratory tracts) and severi-

ties of illness (mild, moderate and severe)
were measured and compared.

Statistical analysis

An Excel database was created, in which
the baseline data and research data of all sub-
jects were classified, numbered and counted.
Next, such data were included in SPSS 23.0
software for processing. Count data were
subjected to the y? test and expressed as rate
or percentage (%). Measurement data were
expressed by mean = standard deviation and
subjected to the ¢ test, and analysis of vari-
ance was employed for pairwise comparison
of means of three samples. The correlation
was tested by Pearson analysis. Receiver op-
erating characteristic (ROC) curves were
plotted, based on which the areas under
ROC curves (AUCs) were calculated to ana-
lyze the predictive values of expression levels
of 25-OH-D, CD4*CD25*CD127 Tregs and
total IgE for the incidence of RRTIs. The
value of AUC was between 0 and 1, where 1
represented a perfect classification and 0.5
represented random guessing. The best clas-
sification threshold was selected based on
the ROC curve. At the selected optimal cut-
off value, the corresponding sensitivity (true
positive rate) and specificity (true negative
rate) were calculated. At the selected cutoff
value, the false positive rate (1-specificity)
and false negative rate (1-sensitivity) were
calculated. The significant level was set as
a=0.05 (bilateral), and p<0.05 denoted that
the difference was statistically significant.

RESULTS

Expression levels of serum 25-OH-D,
CD4+CD25*CD127 Tregs and total IgE in
the two groups

The expression level of serum 25-OH-D
in the observation group was significantly
lower than that in the control group, whereas
the expression levels of CD47CD25*CD127-
Tregs and total IgE were significantly higher
than those in the control group (p<0.05)
(Table 1).
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Expression levels of 25-OH-D,
CD4*CD25*CD127 Tregs and total IgE
in children with RRTIs at different stages
in the observation group

Children with RRTIs at remission stage
in the observation group had a significant-
ly lower expression level of serum 25-OH-D
and significantly higher expression levels of
CD4*CD25*CD127 Tregs and total IgE than
those of the control group (p<0.05) (Table 2).

Expression levels of 25-OH-D,
CD4*CD25*CD127 Tregs and total IgE in
RRTI boys and girls in the observation group

In comparison with RRTI girls, RRTI boys
exhibited comparable expression levels of se-
rum 25-OH-D and CD4*CD25*CD127" Tregs
(p>0.05), but a slightly elevated expression
level of total ISE (p<0.05) (Table 3).

Expression levels of 25-OH-D,
CD4*CD25*CD127 Tregs and total IgE
in children with different severities
of RRTIs in the observation group

A lower expression level of serum
25-OH-D and higher expression levels of
CD4*CD25*CD127 Tregs and total IgE were
detected in children with severe RRTIs com-
pared to those in children with mild and
moderate RRTIs (p<0.05) (Table 4).

Expression levels of 25-OH-D,
CD4*CD25*CD127 Tregs and total IgE in
children with RRTTIs in the upper and lower
respiratory tracts in the observation group
The expression level of serum 25-OH-D
in children with RRTIs in the upper respira-
tory tract was significantly higher than that
in the lower respiratory tract, and the ex-

Table 1
Expression levels of serum 25-OH-D, CD4*CD25*CD127 Tregs and total IgE in the two groups

Group n 25-OH-D (ng/mL) CD4+CD25+CD127Treg (%) Total IgE (U/mL)
Control 97 25.34+3.68 4.87+1.32 81.62+10.28
Observation 53 15.58%2.27 7.15+x1.84 233.17+18.62
t 17.554 8.864 64.305
p <0.05 <0.05 <0.05

Table 2
Expression levels of 25-OH-D, CD4*CD25*CD127 Tregs and total IE in children with RRTIs
at different stages in the observation group.

CD4+CD25+CD127Treg (%)

Total IgE (U/mL)

Stage n 25-OH-D (ng/mL)
Remission 53 22.31%2.25
Attack 53 15.64+2.17
t 15.534
p <0.05

4.48+1.34 98.67+12.33

6.81+1.55 233.61+19.55
8.279 42.502
<0.05 <0.05

Table 3
Expression levels of 25-OH-D, CD4*CD25*CD127 Tregs and total IgE in RRTI boys
and girls in the observation group.

Gender n 25-OH-D (ng/mL) CD4+CD25+CD127Treg (%) Total IgE (U/mL)
Girl 20 15.57+2.26 6.25+1.37 232.51+19.82
Boy 33 15.82+2.23 6.72+1.43 234.57+20.59

t 0.573 1.728 2.045
p 0.568 0.087 0.043
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Table 4
Expression levels of 25-OH-D, CD4*CD25*CD127 Tregs and total IgE in children with
different severities of RRTIs in the observation group.

Severity n 25-OH-D (ng/mL)

CD4+CD25+CD127Treg (%)

Total IgE (U/mL)

Mild 27 15.57+2.26
Moderate 16 15.82+2.23
Severe 10 13.08+=1.85b**¢*
F 5.75

p 0.057

4.15+1.02 201.33+16.55
5.84+1.23a** 239.75+20.58a**
6.89+1.52b**¢c 292.61+23.57b**¢**
22.99 84.11
0.0000 0.0000

q test (Newman-Keuls method) for pairwise comparison of sample means (3), a: the first vs. the second, b: the first
os. the third, ¢: the second vs. the third. *p<0.05, **p<0.01.

Table 5
Expression levels of 25-OH-D, CD4*CD25*CD127 Tregs and total IgE in children with RRTIs
in the upper and lower respiratory tracts in the observation group.

Site n

25-OH-D (ng/mL) CD4*CD25+*CD127 Treg (%) Total IsE (U/mL)

Upper respiratory tract 34 16.23+2.58 6.12+1.25 226.87+17.88
Lower respiratory tract 19 13.34+2.27 6.58+1.33 250.64%+23.58
t 6.122 1.835 5.848
p <0.05 0.069 <0.05
pression level of total IgE was significantly DISCUSSION

lower than that in the lower respiratory tract
(p<0.05) (Table 5).

Results of correlation analysis

The results of Pearson correlation anal-
ysis revealed negative correlations of the ex-
pression level of serum 25-OH-D with the ex-
pression levels of CD4*CD25*CD127 Tregs
and total IgE (r=-0.355, -0.314, p<0.05)
and a positive correlation between expres-
sion levels of CD4*CD25*CD127 Tregs and
total IE (r=0.233, p<0.05) (Fig. 1).

Analysis results of predictive value

The AUC value of combination of 25-
OH-D, CD4*CD25*CD127 Tregs and total
IgE for predicting the incidence of RRTIs
was 0.852, which was significantly larger
than that of any of the three indicators
alone (0.752, 0.654 and 0.643, respectively;
p<0.05) (Fig. 2).

The expression level of 25-OH-D in chil-
dren with RRTIs (0.5 months to 14 years old)
is lower than that in healthy children (con-
trol group), and the insufficiency or deficien-
cy of vitamin D is related to the occurrence
of RRTIs . The lack of serum 25-(OH)-D3 in
children with RRTIs is an important reason
for the decreased expression level of plasma
LL-37 (one of the Cathelicidin antimicrobial
peptides) '°. This suggests that RRTI chil-
dren have obvious vitamin D deficiency or
deficit. In this study, the expression level of
25-OH-D in children with RRTIs was abnor-
mal, which was significantly decreased com-
pared with that in the control group (chil-
dren with non-RRTIs). Such a decrease in
the expression level of serum 25-OH-D may
be ascribed to the following factors. Firstly,
the immunomodulatory function of vitamin
D is related to the expression of vitamin D
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Fig. 2. ROC curves of predictive values of
CD4*CD25*CD127 Tregs and total
IgE for the incidence of RRTIs.

receptors (in vascular endothelium, myocar-
dium, skeletal muscle, immune cells, etc.).
Vitamin D receptors have been confirmed to
have no expression in resting T lymphocytes.
However, when the body is infected, T lym-
phocytes are activated and can participate
in the mediation of 25-OH-D by expressing
cytochrome P450 family member 27B1, and
make it transform into 1,25(OH),D. On this
condition, the endogenous nature of vitamin
D receptors is activated by stimuli, followed
by combination (vitamin D and its recep-
tors) and joint action to promote immune
cells to produce corresponding cytokines,

playing the role of immune regulation. As
a result, body immunity is enhanced 2,
Secondly, 25-OH-D can interact with macro-
phages and monocytes, producing tubulins
and defensins with antibacterial and antivi-
ral activities in the induction period, thus
affecting the phagocytic ability and chemo-
taxis of macrophages and monocytes, and en-
hancing the differentiation of monocytes to
macrophages 2. It follows that the decrease
in the expression level of serum 25-OH-D in
children with RRTIs is related to insufficient
intake of vitamin D and repressed expression
of vitamin D receptors.

Tregs impede the activation and prolif-
eration of target cells inhibiting the expres-
sion of CD25 (interleukin-2 receptor sub-
unit alpha, IL-2Ra) chain on the surface of
target cells. Second, Tregs suppress the pro-
liferation of effector cells and immunocom-
petence ', i.e. Tregs secrete such inhibitory
cytokines as IL-10 and transforming growth
factor-p to participate in immune suppres-
sion of the body. In this study, the expres-
sion level of CD4*CD25*CD127" Tregs in
children with RRTIs was subjected to a con-
trol study from the perspectives of disease
stage, gender, site of lesions and severity of
illness. It was found that the expression level
of CD4*CD25*CD127 Tregs in children with
RRTIs was abnormal, which was significantly
higher than that in the control group (chil-
dren with non-RRTIs), implying that the devel-
opment and progression of RRTIs in children
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are influenced by CD4*CD25*CD127" Tregs.
Schenck et al. found that the expression
level of lymphocytes (CD3, CD4) in RRTI
children was lower than that in the con-
trol group (healthy children) . Morcover,
CD4*CD25*CD127" Tregs can effectively in-
hibit the immune response mediated by CD4*
and CD8" effector cells'®'”. This shows that
CD4*CD25*CD127" Tregs exhibit abnormal
proliferation and activation in RRTI children,
giving rise to enhanced response advantage of
Tregs, breaking the balance between T helper
type 1 (Th1)/Th2/Th17 cell system and Treg
cell system, and leading to the disorder of im-
mune regulation. Eventually, RRTIs develop
and progress.

In this study, the expression level of to-
tal IgE in children with RRTIs was compared
from disease stage, gender, site of lesions
and severity of illness. The results showed
that the expression level of total IgE in chil-
dren with RRTIs was abnormal and higher
than that in the control group (children
with non-RRTIs), signifying that the abnor-
mal expression of total IgE is related to the
development and progression of RRTIs. This
is attributed to the fact that repeated respi-
ratory infections affect the antigens, leading
to the exhaustion of the immune system and
increasing the expression level of total IgE
in serum.

The results of Pearson correlation
analysis uncovered that the expression
level of serum 25-OH-D was negatively
correlated with the expression levels of
CD4*CD25*CD127 Tregs and total IgE
(r=-0.355, -0.314), while the expression
level of CD4*CD25*CD127" Tregs was pos-
itively correlated with that of total IgE
(r=0.237). This demonstrates that the de-
velopment and progression of RRTIs is a
comprehensive pathological process, which
may be caused by the interaction of serum
25-OH-D, CD4*CD25*CDI127 Tregs and
total IgE. It has previously been reported
that the children with RRTIs (196 children
aged 1 to 18 years old) had reduced serum
25-OH-D expression levels (61.00%), and

vitamin D expression level was negatively
correlated with age '8, In this state, the ex-
pression levels of immunoglobulins (IgA,
[8G) in children with RRTIs also decrease
1 In this study, when the expression level
of serum 25-OH-D in children with RRTIs
dropped, that of total IgE rose, i.e., there
was a negative correlation between the
two. It suggests that serum 25-OH-D may
be involved in mediation of humoral im-
munity. Beale et al. proved that the sever-
ity of RRTIs was correlated with the level
of vitamin D, and in RRTI children with a
low immune level, the serum 25-OH-D level
showed a positive relationship with the se-
verity of RRTIs *°. Hatam et al. confirmed
that CD4*CD25*CD127" Tregs were abnor-
mally expressed in children with RTTIs,
which was an important pathogenesis of
RRTIs.?! It can be concluded that serum 25-
OH-D, CD4*CD25*CD127" Tregs and total
[gE may participate in the development and
progression of RRTIs through interaction.
Moreover, it was also found in this study
that the AUC value of combination of 25-
OH-D, CD4*CD25*CD127" Tregs and total
IgE for predicting the incidence of RRTIs
was 0.852, which was larger than that of
any of the three indicators alone, with sig-
nificant differences. Collectively, the com-
bined detection of the three indicators is
beneficial to improving the detection rate
of RRTIs.

Nevertheless, this study is limited. The
obtained predictive values are focused on
the analysis of global RRTIs (upper and lower
respiratory tract) compared to non-RRTIs.
Further studies are ongoing in our group.

In  summary, serum = 25-OH-D,
CD4*CD25*CD127 Tregs and total IgE
are abnormally expressed in children with
RRTIs, and their expressions are of great
differences among children at different
stages, sites of lesions and severities of ill-
ness. The expression of 25-OH-D has nega-
tive correlations with the expressions of
CD4*CD25*CD127 Tregs and total IgE, and
a positive correlation is observed between
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the expressions of CD4*CD25*CD127 Tregs
and total IgE. The combined detection of
serum 25-OH-D, CD4*CD25*CD127" Tregs
and total IgE is conducive to enhancing the
detection rate of RRTIs.
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Karyotype analysis of fetus in pregnant
women with different indications
for amniocentesis.
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of Soochow University, Suzhou, China.

Keywords: prenatal diagnosis; amniocentesis; karyotype analysis; chromosomal
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Abstract. To analyze the karyotype distribution in 1285 pregnant women
and evaluate the association between karyotype and diagnostic indications of
fetal chromosomal abnormalities, 1285 pregnant women with prenatal diagnos-
tic indications and successful amniocentesis admitted to our hospital from July
2019 to June 2022 were selected as study subjects for fetal karyotype analysis.
The distribution of prenatal diagnostic indications and abnormal karyotypes
were recorded, and the association between abnormal karyotypes and different
diagnostic indications was analyzed. Ninety-six abnormal chromosomal karyo-
types in amniotic fluid cells were detected in the samples, with an abnormal-
ity rate of 7.47%. Chromosome numerical abnormalities accounted for 70.83%
(68/96), and the detection rate was 5.29% (68/1285), the most common cat-
egory of abnormal kariotypes, trisomy 21, was the most common among them,
accounting for 44.79% (43/96). Advanced maternal age and high risk of sero-
logic screening were the main indications for prenatal diagnosis. The highest
detection rates were for abnormal non-invasive prenatal DNA testing and one
parent carrying chromosome abnormality, 27.63% and 42.86%, respectively.
Karyotype analysis of pregnant women with indications for amniocentesis is
effective in screening for fetal chromosomal abnormalities and reducing con-
genital anomalies.
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Analisis del cariotipo fetal de embarazadas con diferentes

indicaciones de amniocentesis.

Invest Clin 2024; 65 (4): 436 — 444

Palabras clave: diagndéstico prenatal; amniocentesis; andlisis del cariotipo; anomalias

cromosomicas.

Resumen. El objetivo fue analizar la distribucion del cariotipo de mujeres
embarazadas y evaluar la asociacion entre el cariotipo y las indicaciones diagnés-
ticas de anomalias cromosémicas fetales. Un total de 1285 mujeres embarazadas,
con indicaciones de diagndstico prenatal y amniocentesis exitosa, admitidas en
nuestro hospital desde julio de 2019 hasta junio de 2022 fueron seleccionadas
como sujetos de estudio para el analisis del cariotipo fetal. Se registré la distribu-
cion de las indicaciones de diagndstico prenatal y los cariotipos anormales, y se
analiz6 la asociacion entre los cariotipos anormales y las diferentes indicaciones
de diagndstico. En las muestras se detectd un total de 96 cariotipos cromosémi-
cos andmalos en células de liquido amniético, con una tasa de anormalidad del
7,47%. Las anomalias numéricas cromosdmicas representaron el 70,83% (68/96)
y la tasa de deteccion fue del 5,29% (68/1285), siendo la categoria mas comrtin
de cariotipos anormales. Entre ellas, la trisomia 21 fue la mas frecuente, con un
44.79% (43/96). La edad materna avanzada y el alto riesgo de cribado serologi-
co fueron las principales indicaciones para el diagndstico prenatal. Las tasas de
deteccion mas elevadas correspondieron a las pruebas prenatales no invasivas de
ADN anémalo y a un progenitor portador de anomalia cromosémica, 27,63% y
42 86%, respectivamente. En conclusion, el cariotipo de las mujeres embaraza-
das con indicacion de amniocentesis es un cribado eficaz para detectar anomalias

cromosomicas fetales y reducir las anomalias congénitas.

Received: 06-05-2024

INTRODUCTION

Chromosomal abnormalities are a com-
mon clinical genetic disorder that affects
one in every 150 infants . Infants with these
disorders are often mentally disabled, with
a variety of malformations and stunting 2.
At present, there is no effective treatment
for this type of disease. The primary reliance
is on prenatal screening and termination of
pregnancy to avoid the birth of such fetuses.
The standard prenatal diagnostic methods
are divided into two categories: non-inva-
sive prenatal testing and invasive prenatal
testing®. Non-invasive prenatal DNA testing

Accepted: 26-07-2024

(NIPT), ultrasonography and maternal se-
rum screening are commonly used non-inva-
sive screening methods ** 3. However, these
methods cannot accurately detect genes in
fetal cells, and there are cases of missed di-
agnosis and misdiagnosis °. Karyotyping af-
ter amniocentesis is still the gold standard
for detecting fetal chromosomal abnormali-
ties 7.

Amniocentesis is usually performed
at 18-24 weeks of pregnancy to detect fetal
chromosomal conditions by extracting and
culturing amniotic fluid cells ®. Karyotype
analysis is highly specific and sensitive, and
the diagnostic rate of fetal chromosomal ab-
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normalities is almost 100% °. Prenatal diag-
nostic indications for amniocentesis usually
include abnormal NIPT, high-risk maternal
serum screening, advanced maternal age, ab-
normal ultrasonographic indications, pater-
nal or maternal carrying chromosome abnor-
malities, and adverse pregnancy history 1% 11,
Despite the wealth of data available on
the outcomes of amniocentesis, gaps remain
in the literature, particularly concerning the
comprehensive analysis of karyotype results
by different indications for the procedure.
Previous studies have often focused on single
indications or a small subset of chromosom-
al abnormalities. The novelty of the present
study lies in its comprehensive approach,
analyzing a large, diverse cohort with a
wide range of indications for amniocentesis.
Therefore, this study aimed to assess the re-
lationship between various prenatal diagnos-
tic indications and fetal chromosomal abnor-
malities by performing a karyotype analysis
of amniotic fluid cells in 1285 instances by
amniocentesis in high-risk pregnant women.

PATIENTS AND METHODS

Sample collection

Our study design type is a present ret-
rospective study. One thousand two hundred
eighty-five pregnant women admitted to our
hospital for amniotic fluid karyotyping from
July 2019 to June 2022 were selected as the
study population. The pregnant women aged
19 to 46 and 18 to 24 weeks of gestation.
Detailed demographic and clinical data were
gathered by completing questionnaires,
conducting direct interviews with pregnant
women, and assessing medical records. The
study was approved by the First Affiliated
Hospital ethics committee of Soochow Uni-
versity, and all participants were informed
and signed the consent form.

Inclusion criteria: presence of prena-
tal diagnostic indications, including high
risk of NIPT, advanced maternal age, high
risk of serologic screening, abnormal ultra-
sonographic indications, history of adverse

pregnancy and one parent carrying chromo-
somal abnormalities; amniocentesis for the
first time.

Exclusion criteria: unsuccessful cul-
tures of amniotic fluid cells twice; the pres-
ence of threatened abortion.

Amniocentesis

The pregnant women and their families
were informed of the risks, and an amnio-
centesis was performed after signing the
informed consent. Twenty mL of amniotic
fluid was drawn from the pregnant women
and centrifuged at 2000 r/min for 10 min-
utes. After centrifugation, the supernatant
was discarded, and the cell suspension was
inoculated in the amniocyte culture medium
at 37°C and 5% CO, for 9 to 10 days. The am-
niotic fluid cells were collected when multi-
ple clones with various metaphase cells were
observed with an inverted microscope. After
harvesting the cells, g-band staining was
performed and canned by a Leica GLS120
Automated Nuclear Scanning System. Thirty
karyotypes were routinely counted, and five
karyotypes were analyzed following the In-
ternational System for Human Cytogenetic
Nomenclature (ISCN) standard 2.

Statistical analysis

Statistical analysis was performed using
the IBM® SPSS 24.0® software. Count data
were expressed using frequency and rate (%)
and analyzed by chi-square test. p<0.05 was
considered a statistically significant difference.

RESULTS

Distribution of different diagnostic
indications

Among the 1285 pregnant women
with diagnostic indications, most cases
were prompted by high-risk maternal se-
rum screening, accounting for 573 cases
(44.59%), followed by advanced maternal
age with 522 cases (40.62%). Less frequent
indications included abnormal results from
non-invasive prenatal testing (NIPT), which

Investigacion Clinica 65(4): 2024
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led to 76 cases (5.91%), and abnormal ultra-
sonographic findings, which accounted for
67 cases (5.21%). The least common reasons
for amniocentesis were a history of adverse
pregnancy outcomes and parental chromo-
somal abnormalities, with 26 cases (2.02%)
and 21 cases (1.63%) respectively (Table 1).

Table 1
Distribution of different diagnostic indications.

Clinical indicator Cases Proportion (%)

High-risk maternal

serum screening, 573 44.59
Advanced maternal age 522 40.62
Abnormal

ultrasonographic

indications 67 5.21

Abnormal NIPT 76 5.91

Paternal/maternal

carrying chromosome

abnormality 21 1.63

Adverse pregnancy

history 26 2.02

Total 1285 100

Classification and detection rate
of abnormal karyotypes

The study examined 1,285 cases of
amniotic fluid samples from high-risk
pregnant women. Of these, 96 (7.47%)
cases showed chromosomal abnormalities.
Numerical abnormalities were the most
common, accounting for 68 (70.83%)
abnormal karyotypes. The most frequent
numerical abnormality was Trisomy 21,
which was observed in 43 (44.79%) cases,
followed by Trisomy 18 in 10 (10.42%)
cases, Trisomy 13 in 2 (2.08%) cases,
47 XXX (trisomy X) in 2 (2.08%) cases,
47 XYY (Jacob’s syndrome) in 1 (1.04%)
case, and 47 XXY (Klinefelter syndrome)
in 2 (2.08%) cases. Additionally, 1 (1.04%)
case of 45 X (Turner Syndrome or TS) was
detected. Structural abnormalities were
observed in 28 (29.17%) cases, including
6 (6.25%) translocations, 13 (13.54%) in-
versions, and 9 (9.38%) chromosome poly-
morphisms (Table 2).

Table 2
Classification and detection rate of abnormal karyotypes.

Chromosomal karyotype Nu(rz? - OC(()E});E;} & Dete(:z;if;l 8rSa)te%

Numerical abnormalities 68 70.83 5.29
Trisomy 21 43 44.79 3.35
Trisomy 18 10 10.42 0.78
Trisomy 13 2 2.08 0.16
47, XXX 2 2.08 0.16
47, XYY 1 1.04 0.08
47, XXY 2 2.08 0.16
45, X 1 1.04 0.08
Mosaicism 7 7.29 0.54
Structural abnormalities 28 29.17 2.18
Translocation 6 6.25 0.47
Inversion 13 13.54 1.01
Chromosome polymorphism 9 9.38 0.70
Total 96 100.00 7.47
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Distribution of diagnostic indications
in pregnant women with amniotic fluid
karyotype abnormalities

The abnormal karyotype detection rate
of one parent carrying a chromosome abnor-
mality was 42.86% (9/21; calculation formu-
la of detection rate (%): n/number of preg-
nant women per diagnostic indication in
1285 cases (Table 3)), which was the highest
detection rate of all indications, followed by
high-risk NIPT (27.63%) and abnormal ultra-
sonographic indications (14.93%). The more
significant number of karyotype abnormali-
ties was found in advanced maternal age,
accounting for 30.21% (29/96), followed by
high-risk maternal serum (26.04%) and ab-
normal NIPT (21.88%).

Distribution of abnormal karyotypes for
different prenatal diagnostic indications
As shown in Table 4, trisomy 21 was
most common in pregnant women with ad-
vanced maternal age. Trisomy 21 also has
the highest proportion in other abnormal
karyotypes of older pregnant women. Fetal
chromosomal structural abnormalities are
mainly distributed in abnormal serological
screening, and one parent carries the ab-
normal chromosome. Fetal chromosomal
numerical abnormalities are mainly distrib-
uted in advanced maternal age, abnormal
NIPT, and high-risk maternal serum screen-
ing. However, in terms of the total number,
fetal chromosomal abnormalities are mainly

distributed between advanced maternal age
and high-risk maternal serum screening.

DISCUSSION

This study aimed to assess the relation-
ship between various prenatal diagnostic in-
dications and fetal chromosomal abnormali-
ties by performing a karyotype analysis of
amniotic fluid cells in 1,285 high-risk preg-
nant women. The most common indications
for amniocentesis were high-risk maternal
serum screening (44.59%) and advanced ma-
ternal age (40.62%), followed by abnormal
NIPT results (5.91%) and abnormal ultraso-
nographic findings (5.21%). Karyotype anal-
ysis detected chromosomal abnormalities in
96 cases, resulting in an abnormality rate
of 7.47%. Numerical chromosomal abnor-
malities were more common, accounting for
70.83% of the abnormalities, with trisomy
21 being the most frequent (44.79%). Struc-
tural chromosomal abnormalities comprised
29.17% of the abnormalities, with inversions
being the most common (13.54%).

The findings of this study are consistent
with previous research on the distribution
of prenatal diagnostic indications and the
detection rates of chromosomal abnormali-
ties. A study by Grgi¢ et al. reported that the
most common indication for amniocentesis
was advanced maternal age '°. Additionally,
a study by Golshahi et al. reported that the
most common indication for amniocentesis

Table 3
Distribution of diagnostic indications in pregnant women with amniotic fluid karyotype abnormalities.

Clinical indication

Abnormal karyotype(n) Detection rate (%) Proportion (%)

High-risk maternal serum screening
Advanced maternal age

Abnormal ultrasonographic indications
Abnormal NIPT

Paternal/maternal carrying
chromosome abnormality

Adverse pregnancy history
Total

25 4.36 26.04
29 5.56 30.21
10 14.93 10.42
21 27.63 21.88
9 42.86 9.38

2 7.69 2.08

96 7.47 100.00

Investigacion Clinica 65(4): 2024
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Table 4
Distribution of abnormal karyotypes for different prenatal diagnostic indications.

Chromosomal karyotype

Diagnosis indicator

a b c d e ¥ Total
Trisomy 21 7 23 5 8 43
Trisomy 18 2 3 2 3 10
Trisomy 13 1 1 2
47, XXX 1 1 2
47, XYY 1 1
47, XXY 2 2
45, X 1 1
Mosaicism 3 7
Translocation 1 2 2 1 6
Inversion 3 2 6 13
Chromosome polymorphism 5 2 2 9
Total 25 29 10 21 9 2 96

a, High-risk maternal serum screening; b, Advanced maternal age; ¢, Abnormal ultrasonographic indications; d,
Abnormal NIPT; ¢, Paternal/maternal carrying chromosome abnormality; f, Adverse pregnancy history.

was abnormal serum screening, similar to
the results of the current study ™. Also, this
study’s overall chromosomal abnormality
detection rate of 7.47% is similar to other
studies > . However, the study of Sun et
al. reported the detection rate of abnormal
karyotypes to be 2.02%, which may be due to
the sample size and methods used .

The high detection rate of numerical
chromosomal abnormalities, particularly
trisomy 21, is well-documented in the lit-
erature. A review by Liu et al. found that
trisomy 21 was the most common chromo-
somal abnormality detected prenatally, ac-
counting for 46.77% of all abnormalities,
which aligns with the 44.79% reported in
the current study '®. Additionally, the study
of Ocak et al. confirms this finding with 46%
of all abnormalities . Regarding structural
chromosomal abnormalities, the findings of
this study are also consistent with previous
research. A study by Liu et al. reported that
deletion, duplication, inversion, and trans-
location were the most common structural
abnormalities detected prenatally '8,

The distribution of chromosomal abnor-
malities among the different prenatal diag-
nostic indications also aligns with previous
studies. Advanced maternal age and abnormal
serum screening have been consistently associ-
ated with higher rates of chromosomal abnor-
malities, particularly numerical abnormalities
like trisomy 21 %. The higher detection rate of
structural abnormalities in cases with parental
chromosomal abnormalities or abnormal NIPT
results has also been reported in the literature
21.22 The abnormal NIPT group, a new kind of
prenatal screening in which fetal DNA was ex-
tracted from maternal serum for testing, had
the second-highest detection rate. It is com-
monly used in pregnancy screening because
of its excellent safety and specificity **. NIPT
mainly targets the detection of autosomal an-
euploidy, and 12 cases of autosomal aneuploidy
were detected in the NIPT high-risk group, in-
cluding 8 cases of trisomy 21, 3 cases of trisomy
18 and 1 case of trisomy 13. However, accord-
ing to the statistical results, the high risk of
NIPT also implied the possibility of mosaicism,
inversion, and translocation.
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Prenatal ultrasonography cannot di-
rectly detect fetal chromosomal abnormali-
ties, but it can detect some ultrasound soft
markers associated with genetic abnormali-
ties. These soft indicators include thickened
nuchal fold, echogenic focus in the heart,
choroid plexus cyst and others 2. Positive
ultrasound soft indicators showed an in-
creased risk of aneuploidy in the fetus. In
our study, abnormal karyotypes were de-
tected in 10 pregnant women with abnormal
ultrasound findings, with a detection rate of
14.93% (10/67), 8 of which were aneuploid.
Ultrasonography in the middle of pregnancy
is essential for prenatal screening of chro-
mosomal abnormalities, especially in fetuses
with chromosomal aneuploidy.

While traditional karyotyping via am-
niocentesis remains the gold standard for
prenatal chromosomal analysis, new tech-
nologies are emerging that offer alterna-
tives or supplements to this invasive proce-
dure. Non-invasive prenatal testing (NIPT)
using cell-free fetal DNA from the mother’s
blood has become an increasingly common
screening tool, with an abnormal NIPT re-
sult prompting 5.91% of the amniocenteses
in this study. NIPT has high detection rates
for common aneuploidies like trisomies 21,
18, and 13, though it has limitations in iden-
tifying structural chromosomal abnormali-
ties #°. Additionally, chromosomal micro-
array analysis (CMA) and next-generation
sequencing (NGS) are newer technologies
offering higher resolution and the capabil-
ity to detect submicroscopic chromosomal
alterations that karyotyping might miss 2.

In conclusion, 96 karyotype abnor-
malities were detected in 1285 high-risk
pregnant women, with an abnormality rate
of 7.47%. NIPT, ultrasound, and serological
screening help detect fetal chromosomal ab-
normalities. Nevertheless, karyotype analy-
sis is still irreplaceable. Karyotype analy-
sis of amniotic fluid cells is recommended
for all pregnant women with indications of
prenatal diagnosis. However, this study has
limitations in that only the main indications

were included in the statistics for pregnant
women who met several indications. The
sample size was small, and more research is
required in future work.
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Abstract. Mpox (formerly known as monkeypox) is an infectious disease
caused by MPXV, a member of the family Poxviridae. On July 23, 2022, the WHO
declared the first Public Health Emergency of International Concern of Mpox due
to an escalating global outbreak with low intensity. Two clades of MPXV and sev-
eral lineages within each of these clades have been described. Clade I, also known
as the Central African clade, causes a more severe and lethal disease than clade
II, which circulates in West Africa. MPXV clade IIb caused the first international
outbreak (2022), while clade Ib caused a more recent one (2023-2024). Venezue-
la reported 12 cases during the 2022-2023 outbreak. This study aims to describe
the epidemiological and virological characteristics of these cases. The first three
cases were from men infected outside Venezuela, while most of the subsequent
ones were from men who acquired the disease in the country. All the cases were
from men who have sex with men, and frequently also people living with HIV-1/
AIDS. No critical outcome was observed in any of the patients. Sequence analysis
showed that most of the MPXV belonged to clade IIb lineage B.1. The recurrent
emergence of mpox epidemics warrants the further implementation of molecular
epidemiology surveillance and vaccination programs.
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Caracterizacion epidemioldgica y virologica de los casos de
mpox en Venezuela durante el brote multinacional 2022-2023.

Invest Clin 2024; 65 (4): 445 — 453

Palabras clave: mpox; poxvirus; viruela simica; brote; Venezuela.

Resumen. La mpox (antes conocida como viruela simica) es una enferme-
dad infecciosa causada por el virus MPXV, miembro de la familia Poxviridae. El
23 de julio de 2022, la OMS declaré la primera Emergencia de Salud Ptblica de
Importancia Internacional de mpox, debido a un brote mundial en escalada, ac-
tualmente de baja intensidad. Se han descrito dos clados de MPXV y varios linajes
dentro de cada uno de estos clados. El clado I, también conocido como clado
centroafricano, causa una enfermedad mas grave y letal que el clado II, el que
circula en Africa occidental. El primer brote internacional (2022) fue causado
por el clado ITb de MPXV, mientras que uno mas reciente (2023-2024) es causado
por el clado Ib. Venezuela notificé 12 casos durante el brote de 2022-2023. El
objetivo de este estudio es describir las caracteristicas epidemioldgicas y virologi-
cas de estos casos. Los primeros tres casos fueron de hombres que se infectaron
fuera de Venezuela, mientras que la mayoria de los siguientes fueron de hombres
que adquirieron la enfermedad en el pais. Todos los casos fueron de hombres que
tuvieron sexo con hombres y que viven con VIH-1/SIDA. No se observé ningiin
desenlace critico en ninguno de los pacientes. El analisis de secuencias mostré
que la mayoria de los MPXV pertenecian al linaje B.1 del clado IIb. La apariciéon
recurrente de epidemias de mpox justifica una mayor implementacién de progra-

mas de vacunacion y vigilancia epidemiolégica molecular.

Received: 17-10-2024

INTRODUCTION

Mpox (formerly known as monkeypox)
is an infectious disease caused by MPXV, a
member of the Poxviridae family. MPXV be-
longs to the genus Orthopoxvirus. MPXV is
an enveloped 200-250 nm virus with linear
double-stranded DNA of approximately 200
kb. MPXV interacts with glycosaminoglycans
at the surface of the susceptible cells to en-
ter and replicate in the cytoplasm of the in-
fected cell 1.

This infection causes a variety of clini-
cal manifestations, particularly skin lesions
and lymphadenopathy, but also can present
with musculoskeletal pain, ocular manifesta-
tions, and malaise *. The infection spreads

Accepted: 31-10-2024

mainly through contact with infected hu-
mans or animals or contaminated materi-
als. However, frequent cases and deaths have
been observed in children, suggesting that
routes of transmission other than sexual
contact may also be effective in this new out-
break 3°. The likelihood of acrosol transmis-
sion seems to be low 7.

The disease has been known to infect
humans since 1970. Several cases have been
reported in Africa since then, with a few
documented cases until 2022 in other coun-
tries outside the continent, primarily due
to zoonotic transmission. On July 23, 2022,
the WHO declared the first public health
emergency of international concern of mpox
due to an escalating global outbreak, which
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is still ongoing at present, with low intensi-
ty 2% By August 2024, nearly 100,000 cases
have been reported in 122 countries, with
a relatively low mortality rate (207 deaths)
°. This outbreak has been characterized by
human-to-human transmission, frequently
among men who have sex with men (MSM).
HIV co-infection is also frequent .

On August 14, 2024, the WHO declared
a second public health emergency of interna-
tional concern for mpox due to an ongoing
global outbreak, this time developing in Af-
rica, with the majority of cases in the Demo-
cratic Republic of Congo *'°. By the end of
August 2024, the only cases described out
of Africa were in Sweden and Thailand, with
a history of travel from Africa. Both viral
sequences were already available in the GI-
SAID database on August 28, 2024 ',

Two clades of MPXV and several lincag-
es within each of these clades have been de-
scribed. Clade I, also known as the Central
African clade, is associated with higher se-
verity and lethality (up to 10%) compared to
clade II, which circulates in West Africa >4,
MPXV clade IIb caused the first internation-
al outbreak (2022), while the more recent
one is caused by clade Ib.

The USA exhibited the highest number
of mpox cases of the first outbreak world-
wide: more than 33,000 by August 2024. In
Latin America, Brazil, Colombia, Mexico,
and Peru, there was also a high number of
cases: more than 11,000 cases in Brazil,
more than 4000 cases in Colombia and Mex-
ico, and more than 3,500 cases in Peru until
August 2024 °.

Venezuela reported 12 cases during the
2022 outbreak 3. This study aims to de-
scribe the epidemiological and virological
characteristics of these cases.

MATERIALS AND METHODS

This is a descriptive study of the cases
of mpox detected in Venezuela. The Instituto
Nacional de Higiene Rafael Rangel (INHRR)
is responsible for the molecular diagnosis of

MPXV in Venezuela. It implemented an algo-
rithm for the molecular detection of MPXV
cases, previously discarding other confusing
exanthema-inducing infections, Varicella-
Zoster and Herpesvirus, by detecting [gM/
IgG antibodies in the sera of suspected pa-
tients '°. The presence of MPXV DNA was de-
tected by qPCR, as previously described '°.
Based on the WHO/PAHO recommendations
on strengthening surveillance, the country
has decentralized molecular diagnosis since
January 2023 into four states, and surveil-
lance was intensified through the use of the
Vesicular Eruptive Febrile Syndrome surveil-
lance protocol.

Once ¢RT-PCR identified the cases,
MPXV genomic DNA was amplified using
ARTIC primers '7 for complete genome se-
quencing. Multiple libraries were prepared
from the same sample to increase sequence
coverage, using the DNA Prep library prepa-
ration kit with the Nextera DNA CD Indexes
(Illumina, Inc. San Diego, CA, USA) for next-
generation sequencing (NGS). The librar-
ies were pooled and quantified (Qubit DNA
HS, Thermo Scientific, Waltham, MA, USA).
Their quality was checked (Bio-Fragment An-
alyzer, Qsepl-Lite, BiOptic, New Taipei City,
Taiwan) before sequencing, and sequencing
was carried out using an iSeq 100 platform
and a 300-cycle V2 kit with paired-end se-
quencing.

The viral genome sequence assembly
was performed using the Genome Detective
Virus tool (https://www.genomedetective.
com/). Nucleotide sequences of three par-
tial complete genomes with more than 60%
coverage have been deposited into the GI-
SAID database with the accession IDs EPI_
ISL 15014548 and EPI_ISL 19370098. The
other two sequences (MPXV6 and MPXV10),
with lower coverage and are not acceptable
for GISAID, are available upon request.

FASTA file obtained from Genome De-
tective was analyzed using the Nextclade
web tool Nextclade Web 1.14.1 (https://
clades.nextstrain.org). MPXV genomes were
aligned using MAFFT v.7 (https://mafft.cbre.

Vol. 65(4): 445 - 453, 2024
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jp/alignment/server/). Mega '® was used for
sequence identity determination.

RESULTS

Twelve cases of mpox were reported in
Venezuela between June 2022 and March
2023 (Table 1). Five corresponded to im-
ported cases, and seven were community-
acquired. All patients were male, acquired
through sexual contact (MSM), and 7/10
(70%) corresponded to people living with
HIV-1/AIDS (PLWHA). The mean age was 30
years (range 24-37). Most of the cases corre-
sponded to the capital region, 42% (5/12) of
the Bolivarian State of Miranda, 25% (3/12)
of the Capital District, and the remaining 8%
one each from Barinas, Carabobo, Guarico
and Zulia states (Table 1).

A complete genome sequence could be
obtained for only one isolate (MPXV7, with
92.7% coverage), while partial sequences
were obtained for three more isolates (Table
2). Even with the low coverage, it could be
confirmed that all isolates were from MPXV
clade IIb. A discrepancy was found for the
isolate MPXV1 for lineage assignment be-
tween the different web algorithms available
online (Table 2).

Most MPXV isolates detected in Vene-
zuela belonged to the B.1 lineage. Ten thou-
sand three hundred fifty-four total sequences
were available in the GISAID database until Au-
gust 29, 2024 !, From these, 8868 sequences
belong to the B.1 lineage and its sublineages
(3848 to the B.1 lineage and 5020 to the B.1.1
to the B.1.22 sublineages), being the B.1 lin-
eage prevalent globally during the first interna-
tional outbreak of mpox.

The MPXV1 isolate was classified as lin-
eage B.1 by Nextclade, as were most isolates
from this study, but B.1.6 by GISAID ''. The
B.1.6 assignment by GISAID is somehow
unexpected since this lineage is strongly
associated with mpox cases in Peru ', and
the country of infection for patient C1 was
Spain.

Five hundred thirty-three B.1.6 MPXV
sequences were available at GISAID on Au-
gust 29, 2024 ! (5.1% of the total sequenc-
es). Of the 439 B.1.6 sequences (82%) were
from Peru (Fig. 1). Some B.1.6 isolates were
also found in Colombia and Chile, while this
isolate was utterly absent from Brazil (0/353
sequences), Bolivia (No MPXV sequence
available), Argentina (0/11 sequences) and
only 1/102 B.1.6 isolates in Ecuador. How-

Table 1
Demographic characteristics of patients infected with MPXV reported in Venezuela in 2022.
Patient ID Sex and age Date of diagnosis  Travel from  MSM HIV-1 Outcome
c1 Male, 32 12/6/22 Spain Yes Negative Good
G2 Male, 28 25/8/22 Brazil Yes Positive Good
G3 Male, 31 23/8/22 Peru Yes Negative Good
C4 Male, 24 10/9/22 None Yes Positive Good
(O} Male, 30 6/9/22 None Yes Positive Good
co6 Male, 36 19/9/22 None Yes Positive Good
a7 Male, 31 20/9/22 None Yes Positive Good
8% Male, 37 23/9/22 None Yes N/A** Good
co* Male, 25 26/9/22 None Yes N/A Good
C10 Male, 30 13/10/22 Colombia Yes N/A Good
G11 Male, 26 9/12/22 None Yes Positive Good
c12 Male, 33 3/3/23 Panama Yes Positive Good

*Reported contact with patient C7. **N/A: not available. Did not reported HIV status nor accepted an HIV test.
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Table 2
Sequence analysis of MPXV Venezuelan isolates.

Isolate ID*  Patient ID Accession ID Genome coverage**  Clade Lineage***
MPXV1 Cl1 EPI ISL_ 15014548 64.2 % IIb B.1or B.1.6
MPXV6 Co6 NAF### 37.3% b B.1.19
MPXV7 C7 EPI_ISL._19370098 92.7 % b B.1
MPXVS C8 NAF###* 56.8 % b B.1
MPXV10 C10 NAF###* 39.0 % b B.1

*For the other MPXV isolates, sequence information could not be obtained.
***Lineage assignment according to the Nextclade algorithm. In the case

sequenced along the whole genome.

of MPXV1, GISAID assigned this isolate to the B.1.6 lineage.

because of low coverage.

Netherlands
282

**Percent nucleotides effectively

#*#*NA: not available. Not submitted to GISAID

Ecuador
102

B.1.6

535 sequences

. B.1.6 sequences

Spain
78

. Non B.1.6 sequences

Fig. 1. Distribution of the MPXV lineage B.1.6 in the world. (GISAID, 2024).

ever, the earliest sequences for this lineage
(earliest collection date June 5, 2022) were
from the Netherlands, where 24/182 se-
quences (13%) were classified as B.1.6 by
the GISAID database: the earliest collection
date of B.1.6 isolates from Peru was June 25
of this year (from the first reported case in
the country). Then, it cannot be discarded
that the B.1.6 lineage was also circulating
in Spain in June 2022 and not detected
because of the relatively low number of se-
quences available from this country (n=78).

Another Venezuelan isolate was clas-
sified as B.1.19 by Nextclade (from patient
C6). No information on lineage classification
can be obtained from the GISAID database
since this sequence could not be submitted
due to low coverage (Table 2). A total of 58
sequences of the B.1.19 lineage were avail-
able on the GISAID database ', making it a
lineage with a low detection frequency. Most
of the sequences are from Europe (n=39),
18 from North America, and none have been
reported in South America. However, the

Vol. 65(4): 445 - 453, 2024
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classification of this Venezuelan isolate as
B.1.19 may be misleading because of the low
coverage of this sequence.

The partial sequence of MPXVS dis-
played more than 99.99% identity with the
MPXV7 sequence, which agrees with the his-
tory of contact between patients C7 and C8
(Table 1).

DISCUSSION

Relatively few cases of mpox were re-
ported in Venezuela. Comegna et al., 2023 %,
suggested several factors to explain the low
number of reported cases, including limited
diagnostic capacity, particularly outside the
capital city. However, as stated before, 4/12
cases were from states outside the capital
region, and four diagnostic centers were per-
forming molecular diagnosis of mpox in other
states. The fact that many of the community-
acquired cases in Venezuela were also PLWHA
suggests that the fear of discrimination may
have played a role in the low number of cases
detected in the country. In addition, the lack
of knowledge about this disease (both among
patients and among health workers who are
not trained to detect cases) may have ham-
pered the identification of cases. Finally, as
this outbreak often presented with a mild dis-
ease with low severity and cryptic manifesta-
tions, often in the genital area, many cases
may have gone undetected 2!. Since PLWHA
are more likely to seek medical care, with
physicians aware of this discase, this increases
the likelihood of detecting mpox cases. Most
of the MPXV reported in Venezuela belonged
to clade IIb lineage B.1.

The high number of mpox cases asso-
ciated with the first international outbreak
led to the evolution of this virus, with the
subsequent emergence of linecages inside the
clade IIb 2. An example of this is the emer-
gence of lineage B.1.6, which seems to have
emerged in Peru . The importance of ge-
nomic surveillance has been stressed with
the COVID-19 pandemic. However, the con-
tribution of MPXV genomic sequences to

the GISAID database was not proportional
to each country’s mpox cases °. The genome
length of this DNA virus (almost 200.000
base pairs) does not contribute to facilitat-
ing this task. Only one complete genome
with satisfactory coverage could be obtained
in our case. The analysis of these complete
or partial genomic sequences allowed us to
determine the circulation of the lineage B.1
of the clade IIb in the country.

As of the end of October 2024, only three
cases of the second mpox outbreak (clade Ib)
have been reported outside Africa (with a
previous history of being in that continent)
21022 This second outbreak did not threaten
public health in Latin America by the end of
2024. However, the recurrent outbreaks of
this disease have shown the emergence of vi-
ral lineages with increased ability of human-
to-human transmission #. This warrants the
need for enhancing response interventions
and surveillance systems, targeted vaccina-
tion, such as vaccination of high-risk individu-
als, persons in contact with mpox cases, ring
vaccination in endemic areas >***, and edu-
cational campaigns on mpox 5,
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Hallazgo de flebolitos en la region bucal:
Reporte de dos casos.
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Resumen. Los trombos formados en vasos sanguineos, aunque suelen te-
ner un flujo sanguineo normal, pueden experimentar la deposicion de minera-
les, dando como resultado la formacion de flebolitos y, cuando afectan la region
bucal, pueden provocar asimetria facial debido a un aumento de volumen, con-
firiendo a la mucosa un aspecto azulado. A pesar de que el diagnostico de fle-
bolitos suele ser incidental, se hace necesario diferenciarlos de otras calcifica-
ciones. En este articulo, se presentan dos casos clinicos relevantes. El primero
esta asociado con un evento traumatico y se diagnosticé clinicamente como un
probable sialolito. El segundo caso, inicialmente diagnosticado como flebolito,
no mostraba asociacién con patologia vascular. Estos casos subrayan la impor-
tancia de considerar la posible presencia de tlebolitos en el diagnostico diferen-
cial de lesiones vasculares y otras calcificaciones en la region bucal. Ademas, se
destaca la necesidad de un enfoque cuidadoso y una evaluacion detallada para
determinar el origen y la naturaleza de las calcificaciones en la mucosa oral
para garantizar un tratamiento apropiado y evitar complicaciones potenciales.
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Finding phleboliths in the oral region: Report of two cases.

Invest Clin 2024; 65 (4): 454 — 461

Keywords: phleboliths; vascular pathology; thrombus; calcification.

Abstract. Thrombi formed in blood vessels, although typically experienc-
ing normal blood flow, may undergo mineral deposition, resulting in the forma-
tion of phleboliths. When affecting the oral region, they can lead to facial asym-
metry due to volume increase, imparting a bluish appearance to the mucosa.
Despite phlebolith diagnosis often being incidental, distinguishing them from
other calcifications becomes imperative. This article presents two pertinent
clinical cases: the first associated with a traumatic event clinically diagnosed
as a probable sialolith, and the second case, initially identified as a phlebolith,
showed no association with vascular pathology. These cases underscore the im-
portance of considering the presence of phleboliths in the differential diagnosis
of vascular lesions and other calcifications in the oral region. Furthermore, it
highlights the necessity for a meticulous approach and detailed assessment to
determine the origin and nature of calcifications in the oral mucosa to ensure

appropriate treatment and mitigate potential complications.

Recibido: 24-11-2023

INTRODUCCION

Los trombos formados en vasos san-
guincos con interrupcion normal del flujo
sanguineo pueden sufrir la deposicion de mi-
nerales, formando los flebolitos. Los cuales
estan principalmente asociados a lesiones
diagnosticadas como malformaciones vas-
culares (MV) o hemangiomas (considera-
dos como tumores vasculares benignos) .
Chin y col. 3, menciona n que los primeros
hallazgos, desde un punto de vista anatémi-
co, sobre los flebolitos, se realizaron tras ob-
servar nodulos calcificados intravenosos en
disecciones de pelvis humana. Segiin Garryy
col. 2, los flebolitos son trombos organizados
calcificados, que no surgen libremente en la
luz de las venas, sino que se fijan desde el
principio como trombos en la pared de un
vaso. Una vez pasado un tiempo, el trombo
empieza a tener mas organizacion; se pue-
den distinguir 2 secciones, una central (en
la cual atn se reconocen muchos glébulos

Aceptado: 29-06-2024

rojos) y otra secundaria, en forma de media-
luna, donde se observa una gran cantidad de
fibrina y una capa de tejido conectivo en el
interior. En un estadio mas organizado, la
seccion secundaria muestra fibras irregu-
larmente dispuestas en sentido concéntrico
densamente empaquetadas, caracteristico
de los flebolitos. Cuando ya se encuentra
organizado, comienza la calcificacion desde
el interior hacia el exterior del trombo y el
centro forma un campo redondeado y homo-
géneo; una vez fusionada la fibrina con los
globulos rojos, absorben sales de fosfato de
calcio y carbonato de calcio. Su periferia la
recubre una capa densamente fibrosa®. La
clasificacion de las MV de la Sociedad Inter-
nacional para el Estudio de Anomalias Vascu-
lares (ISSVA por sus siglas en inglés) de 2018,
las divide en 4 tipos: simples (capilares, lin-
faticas, venosas y arteriovenosas) y combina-
das, de vasos principales y asociadas a otras
anomalias °. Ademas de las MV, también se
asocian a hemangiomas intramusculares

Vol. 65(4): 454 - 461, 2024
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(HIM; entidad actualmente no clasificada
por la ISSVA) ™8 siendo el masculo masete-
ro el mas afectado de la region de cabeza y
cuello . Las malformaciones vasculares son
anomalias que se forman por alteraciones
durante el desarrollo y morfogénesis de los
vasos. Se pueden observar en el momento
del nacimiento o pueden aparecer en la pri-
mera infancia, suelen aumentar su tamaifo
de manera proporcional al crecimiento del
nifno, aunque también la infeccién, cambios
hormonales (pubertad o embarazo) o trau-
matismos pueden desencadenar su expan-
sion repentina 12, El diagnéstico de fleboli-
tos suele ser incidental por hallazgo, durante
estudios de imagen de rutina o estudios de
lesiones vasculares. Sin embargo, requieren
diferenciarse de otras calcificaciones, tales
como sialolitos, tonsilolitos, ganglios linfati-
cos calcificados, placas ateroescleréticas en
la arteria carétida, cisticercosis y/u osteo-
mas cutdneos miliares'™'. Los flebolitos que
afectan la region bucal clinicamente pueden
causar asimetria facial como consecuencia
del aumento de volumen y - a su vez- brin-
da un aspecto azulado a la mucosa . A la
palpacion se pueden percibir nédulos indu-
rados. Puede o no presentar sintomatologia,
siendo estos en ocasiones dolorosa.

La literatura cientifica contemporanea
proporciona una diversidad de casos clinicos
que arrojan luz sobre la presencia y manifes-
taciones de flebolitos en la region bucal. En
un estudio reciente, Sato y col. 1, presenta-
ron un caso de mdltiples flebolitos mediales
a la rama mandibular derecha, identificados
como un hallazgo incidental durante una
exploracién oral, previa a una intervenciéon
quirdrgica general. Este caso resalta la im-
portancia de la deteccién temprana de le-
siones bucales sin presentar signos visibles
a la exploracion médica. Castro-Abrantes y
col. ', documentaron un caso de malforma-
cion vascular con multiples flebolitos en un
paciente que experimentaba cuerpos duros
a la palpacion que se extendian desde la re-
gion de la apofisis coronoides hasta la base
de la mandibula. Este hallazgo enfatiza la

necesidad de considerar los flebolitos en el
diagnostico diferencial de las lesiones man-
dibulares, especialmente en pacientes con
manifestaciones clinicas sugerentes de pato-
logias vasculares y 6seas. Por otro lado, un
informe de Freitasy col. '7, describen un caso
de flebolitos en la region posterior de la mu-
cosa bucal izquierda que no estaban relacio-
nados con parestesia o disfasia, pero presen-
taban dolor. El analisis histopatol6gico y por
tomografia revel6 depdsitos concéntricos de
laminillas calcificadas con focos de material
anfofilo amorfo calcificado y una zona peri-
férica revestida por tejido de musculo liso
compatible con las paredes vasculares. El
diagnostico final fue de multiples flebolitos
hamartosos calcificados. Sivrikaya y col. '8
refieren un paciente que present6 hinchazon
dolorosa en la region bucal izquierda con
evidente lesién mucosa azulada; al andlisis
por radiografia y tomografia se observaron
mudltiples flebolitos. Tal informacion es de
gran importancia por los hallazgos clinicos,
las posibles localizaciones inespecificas, asi
como el probable tratamiento. Este dltimo
puede ser invasivo o no, dependiendo de la
ubicacién, accesibilidad, profundidad de la
invasion, edad, estética y riesgos de posibles
hemorragias en el tratamiento quirtargico.
Finalmente, Costa y col. '?; presentaron el
caso de una consulta por nédulo benigno,
levemente doloroso en la region cigomatica
derecha. A través de biopsia se diagnostico
como flebolito asociado a hemangioma evo-
lucionado, lo cual demostré la importancia
del reconocimiento adecuado de los fleboli-
tos para un manejo clinico apropiado.

Estos casos recientes subrayan la diver-
sidad de presentaciones clinicas de los fle-
bolitos en la region bucal y destacan la ne-
cesidad de una evaluacion clinica exhaustiva
para su deteccion y diagnostico adecuados.

En el presente articulo, se presentan
dos casos clinicos, ¢l primero, asociado con
un evento traumatico, clinicamente diagnos-
ticado como probable sialolito versus fleboli-
to y el segundo caso, con diagndstico inicial
de flebolito no asociado a patologia vascular.

Investigacion Clinica 65(4): 2024
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CASOS CLINICOS

Caso 1

Se presenta paciente femenina de 29
afios de edad, sin antecedentes cronicos de-
generativos, con motivo de consulta por asi-
metria facial posterior a un trauma contuso,
de dieciocho meses de evolucion, consideran-
dose de lento y progresivo crecimiento. A la
exploracién clinica se evidencia la asimetria
facial debido al aumento de volumen en la
region bucal del lado izquierdo (Fig. 1A). No
se observaron cambios de color ni de tempe-
ratura; se identifica de superficie blanda con
multiples nédulos indoloros, perceptibles a
la palpacion, no se observan cambios de co-
loracién ni de temperatura; se identifica de
superficie blanda, madltiples nédulos percep-
tibles a la palpacién de forma indolora. A la
exploracion intraoral no presenta limitacion
a la apertura, mucosas hidratadas, conductos
de glandulas salivales mayores permeables
con adecuada produccion salival y mucosa

yugal del lado izquierdo con ligera tonalidad
azulada. De acuerdo con los datos clinicos
previamente mencionados, se decide realizar
una tomografia computarizada para valorar
estado y posicion de las lesiones palpables.
En la reconstruccion 3D de la tomografia, se
observaron 3 nédulos isodensos en el hueso
de la region bucal del lado izquierdo; uno de
mayor tamaifo y dos menores a éste (Fig. 1B).

Debido a las caracteristicas imagenolo-
gicas de los n6dulos y a la exploracion clinica,
se da la impresion diagnostica de flebolitos,
por lo que se decide su escision quirtrgica
bajo anestesia local. El procedimiento qui-
rurgico consistié en realizar la técnica de
asepsia y antisepsia, se infiltr6 lidocaina 2%
con epinefrina en la mucosa y submucosa
yugal del lado izquierdo y se realizé una in-
cision lem por debajo al plano paralelo al
conducto de Stenon, se hizo diseccion roma
con una pinza moquito hasta acceder a los
nédulos que estaban inmersos a la bola adi-
posa de Bichat.

Fig. 1. Caso 1. A. Fotografia frontal de la
paciente con asimetria facial por au-
mento de volumen en regién bucal
izquierda, sin cambios de coloracion.
B. Reconstruccion 3D de tomografia
facial muestra masas isodensas en el
hueso en region bucal izquierda. C.
Pieza quirtrgica de 35mm x 30mm
con tonalidades amarillas, rojizas y
violaceas. D. Imagen histol6gica mues-
tra tejido adiposo residual, malforma-
ciones vasculares y flebolito en la luz
vascular: a. flebolito, b. endotelio.
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Se pinzé y traccioné el tejido adiposo
con pinzas mosco, para después extraerla.
Durante el procedimiento hubo sangrado
minimo, al finalizar, se colocaron puntos de
sutura simples con vicryl 4-0. Se obtuvo una
pieza quirdrgica de aproximadamente 37x30
mm, de aspecto adiposo con zonas de hema-
toma (Fig. 1C). A la palpacion superficial de
consistencia blanda y a la palpacion profunda
se percibian multiples nédulos indurados. Al
analizar la biopsia se identific6 un hallazgo
histopatolégico en el cual se identifica el de-
posito de calcio formando estructuras redon-
das y pétreas circunscritas de endotelio vas-
cular (Fig. 1D).

Caso 2

Paciente femenino de 15 afos de edad,
sin antecedentes crénico degenerativo ni
alérgico. Inicia su padecimiento actual 6
meses previos a su consulta, refiriendo que
la madre nota ligera asimetria facial debido
a un aumento de volumen en la hemicara iz-
quierda, por lo que decide ir con un cirujano
oral y maxilofacial particular para recibir una
valoracion especializada. A la exploracion cli-
nica se observa un aumento de volumen en
la region bucal lado izquierdo (Fig. 2A), se
identifica de consistencia blanda con multi-

A
Ll

ples nédulos palpables ¢ indoloros, sin cam-
bios térmicos ni cromaticos. A la exploracion
intraoral, se evidencia un ligero aumento de
volumen en mucosa yugal del mismo lado,
sin cambios cromaticos, conductos de glan-
dulas salivales permeables, con buena calidad
y cantidad de produccion salival. En base a
la exploracion clinica se tiene la impresion
diagnostica de flebolitos, por lo que se solici-
ta examen imagenolOgicos a través de tomo-
grafia. A su valoracion, se observan multiples
nodulos isodensos a hueso en region bucal y
maseterina de lado izquierdo (Fig. 2B). Por lo
que se decide realizar una biopsia excisional
de los n6dulos de la region bucal para el diag-
nostico definitivo. Para el procedimiento, se
realizo la téenica de asepsia y antisepsia perti-
nente, se infiltré lidocaina al 2% con epinefri-
na en la mucosa y submucosa yugal del lado
izquierdo, y realizar una incisién de 1 em por
debajo al plano paralelo al trayecto del con-
ducto de Stenon, se hizo diseccion roma con
una pinza mosquito hasta acceder a los nédu-
los que estaban inmersos a la bola adiposa de
Bichat. Se pinzo y tracciono el tejido adiposo
con pinzas mosco, para después extraerla.

Se continud con la diseccién roma con
pinzas mosquito hasta localizar los n6dulos
calcificados, una vez que se localizaron, se

Fig. 2. Caso 2. A. Fotografia frontal de la paciente con ligera asimetria facial por aumento de volumen en
region bucal izquierda. B. Reconstruccion 3D de tomografia muestra multiples masas isodensas en el
hueso en region bucal y maseterina izquierda. C. Piezas quirdrgicas: 2 fragmentos ovoides, uno de 10

x 9mm y otro de 10 x 7mm.
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pinzaron y traccionaron con pinzas mosco,
y se removieron, obteniendo 2 piezas quirtr-
gicas (Fig. 2C). El sangrado durante la ci-
rugia fue minimo; se realizé el cierre de la
incisién quirargica con puntos simples con
vieryl 4-0.

DISCUSION

Los tlebolitos son trombos calcificados
comunmente asociados a hemangiomas in-
tramusculares y malformaciones vasculares,
aunque se han reportado casos raros como
calcificaciones solitarias y no asociadas a es-
tas lesiones 4. También se han relacionado
a eventos traumaticos, siendo la causa que
los origina ?, tal como el primer caso que se
describe. Clinicamente, el signo mas comun
de las MV es una masa de tonalidad parpura-
azulada de crecimiento lento que, a la palpa-
cién, suele ser fluctuante, dicha masa pue-
de presentarse en la primera infancia. Los
flebolitos pueden encontrarse en glandulas
salivales principalmente la parétida, en miis-
culos y tejidos blandos como labios o mejilla.
Las malformaciones vasculares son resulta-
do de un error congénito en la morfogénesis
vascular, lo cual sucede entre la cuarta y la
décima semana de vida intrauterina. El tra-
tamiento de las anomalias vasculares depen-
de de muchos factores, tales como el estadio
de desarrollo de la lesion, la edad del pacien-
te, la localizacion y la intensidad de la lesion.
En la mayoria de los casos los hemangiomas
sufren una involucién total o casi completa,
y no suelen requerir tratamiento, aunque si
control y seguimiento clinico, caso contrario
a las malformaciones vasculares 2°. Las indi-
caciones de tratamiento estan vinculadas a
la asociacién con dolor, dafo articular, desfi-
guracion o eventos hemorragicos 2.

Cuando es necesario el tratamiento, a
menudo se requiere un procedimiento qui-
rargico dnico, u otras terapias como el
laser Nd:YAG, terapia combinada con este-
roides?, escleroterapia (como el etanol des-
hidratado, tetradecilsulfato de sodio, polido-
canol y la bleomicina) con o sin reseccion

quirtrgica subsiguiente ', embolizacion, re-
lleno de cera 6sea, infiltracion de pegamen-
to de fibrina, terapia electroquimica, entre
otras %, En ambos casos mencionados se
realizé la escision quirdrgica sin previo tra-
tamiento; en el segundo caso, asociado a una
MV, hubiera sido valiosa la valoracion previa
para descartar alguna anomalia vascular y
evitar un sangrado considerable durante el
procedimiento quirtrgico. Ante la sospecha
de una anomalia vascular, el US Doppler es
el primer estudio de imagen a solicitar, ya
que es un estudio econémico y no invasivo;
ademas, permite diferenciar entre una lesién
de alto y bajo flujo, y se podria identificar la
presencia de flebolitos. Una vez identificada
la presencia de una anomalia vascular, la re-
sonancia magnética permitirda identificar y
definir la extension de la lesion asi como
su relacion con otras estructuras 22, Los tle-
bolitos suelen ser laminados, con un nticleo
radiopaco, aunque en ocasiones éste puede
ser radioldcido; los flebolitos de menor ta-
maifio son uniformemente radiopacos **. En
los estudios de imagen de los casos presen-
tados, las lesiones se mostraron como mual-
tiples masas de nicleo y halo radiopaco de
aspecto laminado, reforzando la impresién
diagnostica de flebolitos.

Los flebolitos no deben confundirse
con los sialolitos; los HIM masetéricos se
encuentran en estrecha relaciéon anatomica
con la glandula parétida; sin embargo, la sia-
lolitiasis causara obstruccion del conducto
de Stenon vy sialoadenitis, hallazgos que no
se observan en los dos casos presentados;
ademas, la ovalidad del flebolito en compa-
racion con la forma tipicamente eliptica del
sialolito, puede servir como criterio para dis-
tinguirlos 3.

En conclusion, la presencia de fleboli-
tos en la region bucal es un hallazgo clinico
relevante que puede estar asociado a diver-
sas condiciones, como malformaciones vas-
culares, hemangiomas intramusculares, y
eventos traumaticos. Los flebolitos pueden
provocar asimetria facial y tener manifesta-
ciones clinicas variables, lo que resalta la im-
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portancia de considerarlos en el diagndstico
diferencial de lesiones bucales. Los estudios
de imagen, como la tomografia computari-
zada, son fundamentales para confirmar el
diagnostico y planificar el tratamiento ade-
cuado. En los casos presentados, la escision
quirdrgica fue el tratamiento elegido; sin
embargo, la evaluacion previa para descartar
anomalias vasculares habria sido beneficio-
sa, especialmente para evitar complicacio-
nes durante el procedimiento quirtargico.
Es crucial destacar la importancia del diag-
nostico diferencial entre flebolitos y otras
calcificaciones bucales como los sialolitos,
para garantizar un manejo clinico adecuado
y evitar tratamientos innecesarios. Ademas,
se subraya la necesidad de una evaluacion
multidisciplinaria y un seguimiento adecua-
do para garantizar el éxito del tratamiento y
prevenir recurrencias.
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Giant ovarian tumors: uncommon ovarian
tumors. Report of four cases.
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Abstract. Over time, the large size of some tumors has been described
with fascination. The term “giant” is frequently used to refer to these large
gynecologic tumors. Also, to call them “giants”, their measurements >10 cm,
>15 ¢m, >20 cm are usually used, and sometimes the limits for their defini-
tion are not mentioned. Others define “large” as those >5 c¢m, those measur-
ing 10-20 em or those reaching above the umbilicus. In the English-speaking
literature, there has been an agreement for more than 53 years on defining
uterine or ovarian tumors weighing more than 25 1b as “giants”, because, in
1971, Beacham et al, reviewed the uterine or ovarian tumors reported between
1946-1970, weighing 25 1b. or more. The present study aimed to report the
clinical characteristics and management of four uncommon cases of giant tu-
mors, with good surgical management, that evolved successfully and without
complications. We defined as “giants”, gynecologic tumors weighing 25 1b or
more and the used parameter was weight, not measurements. Four tumors were
benign, cystadenoma-type, and three serous. Two patients were nulliparous, and
two were of indigenous race. All four patients were of extreme ages. The tumors
weighed 46.738, 65.256, 26.675 and 27.116 1b (21.200, 29.600, 12.100 and
12.300 kg).
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Tumores gigantes de ovario: una rara serie de 4 casos.

Invest Clin 2024; 65 (4): 462 — 469

Palabras clave: tumor gigante de ovario; ovario; tumores; quistes; cistadenomas.

Resumen. El gran tamano de algunos tumores se ha descrito con fasci-
nacién, a lo largo del tiempo. El término “gigante” se utiliza con frecuencia
para referirse a estos tumores ginecoldgicos de gran tamafo. También, para
llamarlos “gigantes”, se suelen utilizar sus medidas >10 ¢m, >15 em, >20 cm;
y en ocasiones no se mencionan los limites para su definicion. Otros definen los
“srandes” como aquellos >35 c¢m, los que miden 10-20 ¢cm o los que llegan por
encima del ombligo. En la literatura anglosajona, ha habido acuerdo durante
mas de 53 anos en definir los tumores uterinos u ovaricos que pesan mas de 25
libras, como “gigantes”, ya que, en 1971, Beacham y col., revisaron los tumores
uterinos u ovaricos reportados entre 1946-1970, que pesaban 25 libras o mas.
El presente estudio tuvo como objetivo relatar las caracteristicas clinicas y el
manejo de 4 raros casos que, a pesar de ser tumores “gigantes”, con buen ma-
nejo quirirgico, todos evolucionaron sin complicaciones y con éxito. Definimos
como “gigantes” los tumores ginecoldgicos que pesaban 25 libras o masy el pa-
rametro utilizado fue el peso, no las medidas. Los 4 tumores eran benignos, de
tipo cistadenoma, serosos (3). Dos pacientes eran nuliparas, 2 eran de raza in-
digena. Las 4 pacientes eran de edades extremas. Los tumore pesaron 46.738,

65.256,26.675y27.116 1b (21.200, 29.600, 12.100 y 12.300 kg).

Received: 18-03-2024

INTRODUCTION

The large size of some tumors has been
described with fascination over time. These
include gynecological ones, of which cases
of enormous growth are described, espe-
cially before the advent of ultrasound (US)!.
The terminology of these large tumors con-
tains very varied and confusing qualifiers,

M »

including “immense”, “extensive”, “volumi-
nous”, “massive”, “large”, “very large”, “gi-
ant”, “gigantic”, etc. 2. The term “giant”
is often used to refer to these large gyne-
cological tumors. Also, to call them “gi-
ants”, their measurements >10 cm *, >15
cm *, >20 e¢m?®, are usually used; and some-
times the limits for their definition are
not mentioned'?*%, Others define “large”
ovarian cysts as those >5 c¢m *, those mea-

suring 10-20 ¢m’® or those reaching above

Accepted: 28-06-2024

the umbilicus®. In the English-speaking
literature, there has been an agreement
for more than 55 years on defining uter-
ine or ovarian tumors weighing more than
25 1b., as “giants”!21° This is because, in
1971, Beacham et al. "' reviewed the uterine
or ovarian tumors reported between 1946-
1970, weighing 25 1b. or more. These au-
thors noted the following: 1. they defined
as “giants” only gynecologic tumors weigh-
ing 25 1b. or more; and 2. the parameter
used for their definition was weight, not
measurements. In clinical practice, it is dif-
ficult to gather a series of four cases of this
size, for which the present work set out the
aim of reporting the clinical features and
the management of four cases of giant ovar-
ian tumors (GOT) that weighed 46.738,
65.256, 26.675 and 27.116 1b (21.200,
29.600, 12.100 and 12.300 kg) (Fig. 1).
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Fig. 1. Four cases of Giant Ovarian Tumor. A: Case 1, 46.738 b or 21.200 Kg, B: Case 2, 65.256 1b or 29.600
Kg, C: Case 3, 26.675 1b or 12.100 Kg, D: Case 4, 27.116 1b or 12.300 Kg.

CASES REPORT

Case 1

MM, 57 years, consulted the Autono-
mous Service University Hospital of Maraca-
ibo (OGS-ASUHM) or Maternity Dr. Armando
Castillo Plaza, Venezuela, on October 29-20,
due to dyspnea at medium exertion and in-
creased volume in the abdomen, from eight
months before. Genital bleeding of the me-
no-metrorrhagia type of moderate quantity,
bright red, without clots, not fetid. Abdomen:
AC: 125 cm, palpable tumor of approximately
90 x 80 c¢m, non-mobile, non-painful, ascites
is evident; preoperative laboratory tests: nor-
mal. Abdominal-pelvic US: evidenced from
the xiphoid region to the hypogastrium, a
large lesion occupying liquid content, multi-

located with echoes of medium echogenicity,
rounded, poorly defined irregular contours,
without wvascularization, measurement by
quadrants with an approximate diameter of
41.7 x35.0x35.7 mm (Fig. 2A). Conclusion:
Injury occupying the abdominal-pelvic space.
Admission diagnoses (October 29-20): Giant
tumor of the left ovary. 2. Chronic arterial hy-
pertension. On November, 13-20 an explorato-
ry laparotomy was performed with the follow-
ing operative findings: 1. Giant tumor of the
left ovary with cystic content, approximately
100 x 100 em, with an estimated weight of
approximately 15 kg. upon inspection. 2. Left
oophorectomy was performed, and the frozen
biopsy reported papillary mucinous cystad-
enoma, which was negative for malignancy. 3.
Right ovary without alterations. 4. Abdominal

Investigacion Clinica 65(4): 2024
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Fig. 2. Ultrasound images of four cases of Giant Ovarian Tumor. A: Case 1, B: Case 2, C: Case 3, D: Case 4.

cavity lavage was performed. 5. The abdomi-
nal cavity was closed. Postoperative evolu-
tion was expected, and was discharged on the
13th postoperative day (November, 26-20).
The anatomopathological study (December,
04-20) reported a left ovarian tumor that
measured 30 x 25 em, and weighed 46.738
Ib (21.200 kg), with a diagnosis of mucinous
cystadenoma of the left ovary (Fig.1A). The
immediate, mediate, and late (June 2021 and
November 2022) postoperative controls were
normal.

Case 2

SMPP, 43 years old, was admitted to
OGS-ASUHM on April 08-22 for presenting
dyspnea at medium exertion and increased

volume in the abdomen 3 years earlier. The
abdomen was globular, distended, and had
an ascites wave. Abdominal-pelvic US (11,
29-19): large lesion occupying abdominal-
pelvic space, of probable ovarian etiology
(Fig. 2B), simple cyst of the left ovary,
uterine fibroids. MRI (February, 04-20): Ab-
dominal-pelvic space occupation lesion. Gi-
ant ovarian cyst. Tumor markers (January
24-20): B-chorionic gonadotropin, alpha-
fetoprotein and CA-125 normal. Admission
diagnoses (April 08-20): Giant ovarian tu-
mor. Plan: 1. Laboratory tests 2. Admission
for surgery. On April, 18-22 an exploratory
laparotomy was performed with operative
findings: 1. Giant right ovary tumor, with
a cystic appearance, estimated weight of
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approximately 30 kg. 2. Endometrial polyp
of 2 x 1 em., without macroscopic evidence
of malignancy. A right oophorectomy was
performed, and the frozen biopsy reported
serous cystadenoma, negative for malig-
nancy. Total abdominal hysterectomy, left
oophorectomy, and appendectomy were
performed. Abdominal cavity lavage was
performed. Normal postoperative evolu-
tion. Discharged on the 18th postopera-
tive day (May 06-22). Weight at discharge:
95.019 Ib. Anatomopathological report
(May, 20-22): tumor that measured 30 x 25
em, weighed 65.256 1b. (29.600 kg), right
ovary serous cystadenoma (Fig. 1B). Imme-
diate and mediate postoperative medical
controls were normal.

Case 3

BBIG, a 16-year-old adolescent, was
admitted to OGS-ASUHM on 04, 20-22 due
to increased abdominal volume. Abdomen,
palpable supra-umbilical mobile tumor,
not painful. B-HCG: 4.33 U/ml, CA-125:
48.70 U/ml, CA-19.99: 6.85U/ml., Alpha-
fetoprotein: 4.16 ng/ml, CEA: 1ng/mL.
Abdominal-pelvic US: space-occupying le-
sion of probable ovarian nature, rule out
the retroperitoneal origin, correlate with
abdominopelvic CT (Figure 2C). Abdomi-
nal-pelvic computed tomography: image of
probable ovarian nature, hypodense, with
regular contours, density similar to liquids,
thin walls, measuring approximately 36.2 x
25 x 16.2 e¢m. and covering the entire ab-
dominal and pelvic region. On 04, 21-22
an exploratory laparotomy was performed,
showing a giant cystic tumor of the right
ovary, which measured approximately 40 x
50 em. and weighed 26.675 1b. (12.100 kg)
(Fig. 1C). The transoperative frozen biop-
sy reported papillary serous cystadenoma,
without evidence of malignancy. Postopera-
tive evolution was satisfactory, and she was
discharged in good general condition on 04
25,2022, 5th postoperative day.

Case 4

L.O.A., 64 years old, consulted on
March 2023 for an increased volume in the
left abdominal iliac fossa region of progres-
sive growth 6 months ago, without extenu-
ating circumstances. Concomitantly refers
to pain in that area. She was evaluated, and
an abdominal-pelvic tomography imaging
study was indicated, which reported a cystic
tumor in the pelvic cavity. Elective surgery
was planned. Ca 19-19: 15 (0-47), CA-125:
41 (0-35), verified value. Abdominal-pelvic
computed tomography (CT): (March 03-23):
tumor of cystic appearance, large size, occu-
pying the pelvic cavity extending to the upper
abdomen of 27x 20cm., in diameter with a
displacement of neighbouring structures and
highly suggestive of ovarian tumor. Liquid
collection, incipient ascites at the level of the
pelvic cavity. Abdominal US (march 14-23):
suggestive signs of giant mucinous type cys-
tic tumor. Minimal ascites (Figure 2D). Chest
X-ray PA (July,14-23): Slight elevation of left
hemidiaphragm. Cytology and ascitic fluid
cell block (March, 13-23): chronic inflamma-
tory smear with reactive mesothelial chang-
es. Evaluation by oncologic surgery (March,
22-23): GOT, scant ascites. Dx Admission:
GOT. Surgical intervention (August, 05-23):
exploratory laparotomy: ovarian protocol.
Findings: 50 mL inflammatory fluid, tumor
of left ovary, 70 x 50 c¢m, firmly adherent to
the left uterine horn, cystic, of mixed consis-
tency. Uterus, right ovary, right uterine tube:
normal. Procedure: Peritoneal fluid sampling,
tumor exteriorization, total abdominal hys-
terectomy with tumor inclusion, right sal-
pingo-oophorectomy, vaginal vault closure,
right and left parietocolic slide, right and left
diaphragm and prevesical fascia and Douglas
pouch sampling, omentectomy, appendec-
tomy, plane synthesis, placement of drains
in subcutancous cellular tissue, asepsis and
final cure. Tumor histological type (biopsy):
serous cystadenoma, benign, weight: 27.116
Ib (12.300 kg) (Fig. 1D). Hospitalization for
48 hours with satistactory clinical evolution.
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DISCUSSION

GOT are uncommon in the present
day due to ecarly diagnosis and treatment
43891012 “GOT have previously been reported
prior to 1929 with nine tumors weighing
between 200 and 300 pounds, 87 weighing
greater than 100 and 203 weighing between
50 and 100. The most remarkable descrip-
tions of GOT are those of Spohn, in 1962,
who reported 148.6 kg (328 1b) 1°.

Tumors in the ovary generally are epi-
thelial tumors. Serous hysto-type is the more
common *°. They are characteristically uni-
lateral, only 5-10% presenting bilaterally %3,
and can develop at any age; however, they
arc more common during the reproductive
years®'>3. GOT are uncommon among post-
menopausal and are extremely uncommon in
the pediatric and adolescent populations .
In this series, all four tumors were unilateral
and not at reproductive ages but at extreme
ages (3 over 40 years and one adolescent).
Two of the four patients were nulliparous,
and 2 of the 4 were large multiparas. Two of
the four were of indigenous race. The four re-
ported GOT weighed 46.738, 65.256, 26.675
and 27.116 1b (21.200, 29.600, 12.100 and
12.300 kg) (Fig. 1).

There is an extensive list of differential
diagnoses: peritoneal cyst, para-ovarian cyst,
appendiceal mucocele, cystic adenomyosis,
liver, pancreatic or choledochal cyst, lym-
phocele, cystic lymphangioma, duplication
intestinal cyst, bladder diverticulum; to
name just a few 4,

The most common clinical signs are
rapidly expanding abdominal distension and
a palpable mass; they may be accompanied
by nonspecific abdominal pain, vomiting,
constipation, ovary torsion, and rupture >
Our four patients with GOT, reported in-
creased abdominal volume.

Tumor markers play a vital role, with
carcinoembryonic antigen (CEA), CA-125,
and CA19-9 more likely elevated. CA-125

was performed in 3/4 patients and CA-19-9
in 2/4; were normal °.

Needle aspiration for cytology provides
inaccurate results, and owing to its associat-
ed complications, it is not recommended 3.
We did not do needle aspiration for cytology.

The primary imaging modality for eval-
uating ovarian and adnexal masses is US,
which allows accurate identification in ap-
proximately 90% of cases *!°. Unfortunately,
imaging studies such as US, CT and magnet-
ic resonance (MRI) do not always determine
the cyst’s origin, thus limiting its diagnostic
usefulness °. In our four patients, US and
other image studies described the lesions
but were inconclusive.

The choice’s treatment is surgery. Re-
moving the cyst intact for histology is the
gold standard . It can be accomplished by
en bloc removal of the tumor with or with-
out controlled drainage of tumor fluid. The
lateral decubitus is the preferred position
in which to operate. Resection of mass in-
tact through a transverse elliptical incision
with intense intraoperative and postopera-
tive monitoring will provide the safest and
optimal setting *!°. These four tumors, were
removed intact en bloc, without fluid drain-
age or aspiration, and the resection of four
masses was through longitudinal incisions.

Some epidemiological factors to con-
sider before surgery include the patient’s
age, desire to have children, nutritional sta-
tus, access to medical facilities and the sur-
geon’s experience. Careful planning will be
necessary to obtain favorable results, with a
multidisciplinary approach to management,
pre-and postoperatively, by the gynecolo-
gists, onco-surgeons, anesthesiologists, in-
tensivists and dieticians '°.

Surgical management must consider
various factors, especially in adolescents,
where the operative strategy is to cure and
maintain fertility *°. During surgery, it is
advisable to perform a cystectomy rather
than an oophorectomy 2. Cryopreservation
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of ovarian tissue from the unaffected ovary
might be an option to preserve fertility.

Many potential problems have been as-
sociated: respiratory failure, intraoperative
fluids shifts, adequate exposure, orthostat-
ic hypotension and adynamic intestine *'2.
Despite our four cases being GOT, they all
evolved without complications and were suc-
cessfully managed.

Samples of peritoneal fluid for cytology
must be collected. Some advocate progres-
sive preoperative drainage ®'?>. Decompres-
sion of the cystic component before mass
excision is often necessary to avoid lesions
to the adjacent structures.

Laparoscopy can be used as an option
for diagnostic purposes in the differential
diagnosis. The tumor can be inspected, and
when there are signs of malignancy, the sur-
geon may change the procedure to an open
laparotomy. Laparoscopically in GOT, espe-
cially those that reach the umbilicus, there
is a risk of perforation when the trocar is in-
serted 3. Although many studies have advo-
cated and claimed successful removal of gi-
ant ovarian cysts laparoscopically, hardly any
study has claimed laparoscopic removal °. In
these four cases, during laparotomy, we col-
lected samples of peritoneal fluid for cytol-
ogy, did not decompress the cyst before exci-
sion of the mass and did not use laparoscopy.

In summary, giant ovarian tumors are
only weighing 25 Ib. or more. Giants ovarian
tumors are uncommon. The used parameter
for their definition is weight, not measure-
ments. With good surgical management, as
in these four cases, they can evolve success-
fully without complications.
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Severe necrotic colitis in an adolescent
with polypharmacy and high clozapine
doses according to his ancestry.
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Abstract. The antipsychotic drug Clozapine (CLZ) is approved for treat-
ment-resistant schizophrenia and reduction in the risk of recurrent suicidal
behavior in schizophrenia or schizoatfective disorder. However, it is increasingly
used in psychiatry and neurology worldwide in numerous off-label conditions.
Clozapine is associated with diverse side effects which require careful monitor-
ing in its use for prevention and treatment. The quality of CLZ use and pharma-
covigilance varies considerably among Latin American countries. CLZ-induced
gastrointestinal hypomotility (CIGH) is a relevant clinical problem, ranging
from innocuous constipation to lethal necrotic colitis. Thus, optimal preven-
tion, early detection, and treatment of CIGH deserves considerable attention.
We describe here the case of a 15-year-old Mexican boy diagnosed with Opposi-
tional Defiant- and Attention-Deficit/Hyperactivity Disorder who developed se-
vere necrotic colitis after nine months of CLZ treatment, leading to permanent
ileostomy. We ascribed this unfortunate outcome to careless polypharmacy that
did not consider drug-related antimuscarinic activity, deficient clinical moni-
toring, and lack of attention to ethnicity concerning drug dosing. This case is
of educational value for the mental health team in order to promote the proper
use of CLZ, which may be life-saving in patients with severe mental disorders.
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Severa colitis necrotizante en un adolescente con polifarmacia
y dosis elevada de clozapina con relacion a su origen étnico.
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Resumen. El antipsicético Clozapina (CLZ) esta aprobado en el tratamien-
to de la esquizofrenia resistente y para reducir el riesgo suicida en esta condi-
cién y en el trastorno esquizoafectivo. Sin embargo, su uso no aprobado en psi-
quiatria y neurologia ha aumentado recientemente en todo el mundo. La CLZ
se asocia a diversos efectos indeseables, los cuales ameritan monitorizacion
cuidadosa para su prevencion y tratamiento. La hipomotilidad gastrointestinal
(HMGI) asociada al uso de Clozapina (CLZ), es un problema clinico relevante
que se manifiesta desde un nivel de constipacién inocua hasta colitis necroti-
zante letal. En consecuencia, la prevencion 6ptima, deteccién temprana y el
tratamiento de la HMGI amerita atencion considerable. Presentamos el caso de
un adolescente mexicano de 15 afios con los diagndsticos de Trastornos Opo-
sicionista-Desafiante y Déficit de Atencién con Hiperactividad, que desarrolld
colitis necrotizante severa que condujo a ileostomia permanente luego de 9 me-
ses de tratamiento con CLZ. Atribuimos este cuadro clinico al uso inadecuado
de polifarmacia en donde no se valoré adecuadamente al efecto antimuscarini-
co de los medicamentos, y al desconocimiento del impacto de grupo étnico en
la dosificacién de la CLZ. Este caso clinico es de valor educativo para el equipo
de salud mental, con el fin de promover el uso adecuado de la CLZ, que puede
ser una medida vital en pacientes con enfermedades mentales severas.

Received: 02-09-2024 Accepted: 07-11-2024

INTRODUCTION

The atypical antipsychotic drug Clozap-
ine (CLZ) was synthesized in 1958. Howev-
er, it was not until the years 1990-92 that
the Food and Drug Administration (FDA)
approved its use in the United States (US)
for treatment-resistant schizophrenia (TRS)
and the extension of the label for the reduc-
tion in the risk of recurrent suicidal behavior
in schizophrenia or schizoaffective disorder.
These are the only label indications for CLZ
use in the whole field of psychiatry *.

However, CLZ use in psychiatry and neu-
rology has significantly increased in the last
twenty years for off-label indications such
as dementia-related behavioral disorders, bi-

polar disorders, anxiety, autism spectrum,
suicidality, drug use in psychosis, borderline
personality, and neurological patients with
movement disorders and/or psychosis !. While
there are now available treatments more spe-
cific for these neurological disorders, they
are not readily accessible in Latin American
countries, and numerous neurologists still
use off-label CLZ at low doses as adjunctive
therapy, in general benefiting from CLZ-alle-
viating effects on anxiety and insomnia.

This trend is also due to the increas-
ing understanding of CLZ pharmacokinet-
ics, drug interactions, the role of ethnicity,
genes, and adverse drug reactions (ADRs) 27,

CLZ has numerous ADRs, such as pneu-
monia, agranulocytosis, metabolic syndrome,
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orthostatic hypotension, bradycardia, synco-
pe, seizures, myocarditis, cardiomyopathy;,
mitral valve incompetence, hepatotoxicity,
pancreatitis, sialorrhea, cancer, and gastro-
intestinal hypomotility (CIGH) '. The proper
use of CLZ, thus, request for an ad hoc men-
tal health team training, ideally including
drug-serum monitoring, since many of those
ADRs correlate with the drug blood levels.
Latin American countries considerably differ
in CLZ-ADR monitoring, pharmacovigilance,
and related research quality. In Venezuela,
there was even a recent CLZ shortage, and
it is now provided without any mandatory
regular blood monitoring, as suggested by
experts 3,

The CIGH disorders range from mild
constipation to severe and often lethal gut
obstruction and necrosis, such as we de-
scribe in the following case.

CASE PRESENTATION

The mother’s patient signed an in-
formed consent for publishing this case. On
Day 1, T.B., examined a 15-year-old Mexican
non-smoking boy with severe restlessness,
insomnia, and verbal and physical violence
towards his mother and pets. He was of In-
digenous American ethnicity with limited
economic resources. At 12 years of age, he
was diagnosed with severe Oppositional De-
fiant Disorder and Attention-Deficit/Hyper-
activity Disorder and required a one-month
hospitalization in a public institution. He
was prescribed lithium carbonate (900 mg/
day), methylphenidate (18 mg/day) and ris-
peridone (up to 8 mg/day), this last agent
being the only antipsychotic drug recom-
mended for those disorders °. His irregular
outcome led to poor school adaptation.

In the first interview, he exhibited an
intelligence in the lower limit of normality,
irritability, extreme restlessness (running in
and out of the office) and a quarrelsome at-
titude toward his mother, who had Type II
Bipolar Disorder with good insight.

Clozapine, 6.25 mg at bedtime, was
started off-label (day 1). Therapeutic drug
monitoring was unavailable. The slow titra-
tion was based on standard clinical tolerance
and weekly serum C-reactive protein (CRP).
The dose was slowly increased to 100 mg in
three weeks, resulting in only a minimal im-
provement in sleep.

After no significant improvement, the
family placed the patient in a short-term psy-
chiatric inpatient unit for three weeks, with
no participation of the previous treating psy-
chiatrists (days 31 to days 52). He was pre-
scribed six psychiatric drugs: CLZ 300 mg/
day (100 mg three times a day), olanzapine
20 mg/day (10 mg twice a day), quetiapine
200 mg/day (100 mg twice a day), sodium
valproate 1500 mg/day (500 mg three times
a day), lamotrigine 50 mg/day (25 mg twice
a day), and diazepam 20 mg/day (10 mg
twice a day). Propranolol was added for sus-
pected akathisia 40 mg/day (20 mg twice
a day). The white blood cell (WBC) count
remained normal, but no other laboratory
tests were completed. Worried by the combi-
nation of three antipsychotics with antimus-
carinic activity, TB constantly insisted, by
phone, on monitoring for constipation but
was told that disrupting behavior interfered
with that. He prescribed preventive daily
lactulose at bedtime.

After three weeks of minimal improve-
ment (day 53), the patient was transferred
to an outpatient facility without continu-
ous medical or nursing monitoring. Ap-
proximately six months on CLZ (day 180),
the patient started to complain of abdomi-
nal discomfort, and after two weeks, he was
transferred to a hospital (day 194), where
he was diagnosed with sepsis, renal failure,
and severe gastrointestinal obstruction. The
emergency surgery revealed massive dry fe-
cal content and necrotic colon and led to
a colon removal except for a small sigmoid
portion with permanent ileostomy. After sur-
gery, zuclopentixol, 20 mg every 3 weeks,
levetiracetam 1000 mg/day (500 mg twice
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a day), and oral clonazepam 2 mg/day at
bedtime were prescribed. On the phone, the
family informed TB they wanted to restart
CLZ administration, but contact was lost af-
terwards.

DISCUSSION

The term ClLZ-associated CIGH has
been used to describe an extensive set of
possible complications in the digestive
system”®. The World Health Organization
(WHO) pharmacovigilance database receives
reports on adverse drug reactions (ADRs).
On July 19, 2019, CIGH was the fifth cause
of fatal outcomes in CLZ patients, with 326
fatal outcomes associated with 2814 cases
of constipation, toxic megacolon, and/or
paralytic ileus 2°. CIGH develops ”® gradually
during CLZ treatment, but up to 50% of pa-
tients may be unaware while gastrointestinal
motility is objectively decreased *1°.

Preventive laxatives and careful use of
agents with antimuscarinic properties are rec-
ommended at the start of CLZ treatment 75,

This is a case of severe, almost lethal
colonic necrosis in a young man. CLZ and its
metabolite norclozapine have high antimus-
carinic activity, which reduces gastrointesti-
nal motility ''.

During the first month of treatment
under T.B. control, a carefully slow CLZ ti-
tration, including CRP monitoring, was
conducted since he had Indigenous Ameri-
can ethnicity following a recent guideline 2.
Later, the complications probably happened
by a combination of at least three significant
factors:

1. Lack of proper bowel monitoring. First,
at home, it happened due to the cons-
tant hostility between the patient and
his relatives. In the unsupervised outpa-
tient facility, medical assessment hap-
pened only after two weeks of severe
constipation and abdominal pain.

2. High doses of CLZ and polypharma-
cy. After one month on CLZ with poor

response, another consultant psychia-
trist tried to manage the challenging
behavior in the hospital by increasing
CLZ to 300 mg/day, and adding val-
proate (1.500 mg/day), quetiapine
(200 mg/day) and olanzapine (20 mg/
day). In retrospect, this was an unwise
decision due to a lack of drug serum
levels and clinical monitoring. The
CLZ dose (300 mg/day) was higher
than the 225 mg/day recommended
for male non-smokers among patients
of Indigenous American ancestry °.

In this regard, our research group has
defined six personalized schedules for
inpatients: 1) ancestry from Asia or
the original people from the Americas
with lower metabolism (obesity or val-
proate) needing minimum therapeutic
dosages of 75-150 mg/day, 2) ancestry
from Asia or the original people from
the Americas with average metabo-
lism needing 175-300 mg/day, 3) Eu-
ropean/Western Asian ancestry with
lower metabolism (obesity or valpro-
ate) needing 100-200 mg/day, 4) Euro-
pean/Western Asian ancestry with aver-
age metabolism needing 250-400 mg/
day, 5) in the U.S. with ancestries other
than from Asia or the original people
from the Americas with lower clozap-
ine metabolism (obesity or valproate)
needing 150-300 mg/day, and 6) in the
U.S. with ancestries other than from
Asia or the original people from the
Americas with average clozapine me-
tabolism needing 300-600 mg/day.2.

Moreover, olanzapine is also mainly me-
tabolized by the cytochrome P450 1A2
(CYP1A2) like CLZ 27, and due to the
patient’s ancestry, he was expected also
to have higher plasma olanzapine con-
centration. As CIGH is a dose-depen-
dent adverse reaction, which is more
appropriately defined as concentration-
dependent, the patient probably dis-
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played very high serum antimuscarinic
activity by high plasma concentrations
of CLZ and norclozapine and from the
additions from the plasma concentra-
tions of olanzapine and quetiapine ''.
Valproate can inhibit CLZ and olanza-
pine, particularly in early treatment °.
CIGH complications such as ileum and
necrosis result from a complex set of an-
timuscarinic-induced hypomotility and
inflammation. The associated inflam-
mation probably inhibited CYP1A2 and
caused significant increases in CLZ and
olanzapine concentrations and possi-
bly milder quetiapine concentrations °.

These pharmacokinetic issues request
for blood level CLZ and norclozapine
monitoring. Unfortunately, Chile is the
only Latin American country where pu-
blic mental health facilities provide such
monitoring in sections of Psychiatric
Institutions designed as ‘CLZ clinics’ *.

3. Whereas the indication of CLZ in chil-
dren and adolescents with schizophre-
nia is well established ', that is not
the case for CLZ off-label indications,
such as the present case. Among other
potential factors, CLZ might display a
heterogencous and unexpected side
effect profile, which are not necessarily
explained by ancestry or its pharmaco-
logical properties 3.

CONCLUSIONS

The use of CLZ in psychiatry and neu-
rology is rapidly increasing, mostly as off-la-
bel indications. Thus, the proper monitoring
and treatment of diverse, potentially lethal
CLZ-related ADRs, besides neutropenia, is
mandatory. This case shows how CIGH may
lead to almost lethal consequences, and it
could have been prevented by taking into
account the complex pharmacokinetic and
pharmacodynamic properties of CLZ and
the other drugs used in this case, ethnicity,

monitoring constipation’s severity and prop-
er use of laxatives >7519,

Psychiatric educators play a crucial role in
training all mental health members on these
issues in a CLZ-treated patient. This is particu-
larly important in Venezuela, where there are
no current mandatory guidelines for CLZ use
in psychiatry and neurology. Hence, we rec-
ommend improving the knowledge about CLZ
pharmacokinetics and drug interactions and
using it as monotherapy when possible.
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Abstract. The high-throughput sequencing (HTS) is now a highly favoured
technology in the field of genome research. A distinctive feature of this sequenc-
ing method is its data-yielding capability, which is capable of generating more
than 100 times than the first-generation Sanger sequencing platform. HTS
technology has been widely adopted for its advantages, including high through-
put, sensitivity, automaticity, information density and cost-effectiveness. Not
only does it help in the treatment and diagnosis of multiple diseases, but it
also provides new insights into the research in molecular biology of tumors.
Moreover, circulating tumor DNA (ctDNA) tests based on HTS technology are
increasingly extensively implemented for clinical purposes. In this review, we
will focus on the significant achievements and performances of the HTS, and
first-hand data from extensive experience will be summarized and analyzed to
discuss the advantages and specifics associated with each sequencing system
and further summarize the characteristics of their clinical applications.
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Tecnologia de secuenciacion de alto rendimiento y su
aplicacion clinica en la detecciéon de ADN tumoral circulante

en pacientes oncolégicos.
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Resumen. La secuenciacion de alto rendimiento (HTS) es una tecnologia
popular en el campo de la investigacion gendmica. Una caracteristica distintiva
de este método de secuenciacion es su capacidad de generacion de datos, que
puede generar 100 veces mas datos que la Plataforma de secuenciacion Sanger
de primera generacion. La tecnologia superconductora de alta temperatura es
ampliamente utilizada debido a sus ventajas de alto rendimiento, alta sensibi-
lidad, automatizacion, densidad de informacion y rentabilidad. No solo ayuda
a tratar y diagnosticar maltiples enfermedades, sino que también proporciona
nuevas ideas para la investigacion de biologia molecular tumoral. Ademas, la
deteccion de ADN tumoral circulante (ctDNA) basada en la tecnologia HTS se
utiliza cada vez més ampliamente con fines clinicos. En esta revision, nos cen-
traremos en los principales logros y rendimiento de HTS, y resumiremos y ana-
lizaremos datos de primera mano de una amplia experiencia, discutiremos las
ventajas y detalles especificos de cada sistema de secuenciacion y resumiremos

atin mds las caracteristicas de su aplicacioén clinica.
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INTRODUCTION

The past decade has witnessed the intro-
duction and broad application of HTS tech-
nologies. Not only can it perform chromo-
some mapping, but it can also conduct deep
sequencing and whole genome sequencing
analysis on blood, body fluids and excreta
such as urine, feces, sputum, cerebrospinal
fluid, sperm, saliva, vaginal secretions, milk
and effusions 7. This revolutionary tech-
nology facilitates diagnosis at the genetic
level and is especially suitable for complex
diseases that are highly heterogeneous and
involve both genes and mutations, such as
tumors®. ctDNA is an important biomarker, a
circulating cell-free DNA (¢fDNA) generated
by the apoptosis, necrosis and secretion pro-
cess of tumor cells, and it contains relatively

Accepted: 17-10-2024

complete genetic information about tumour
cells ?. Additionally, it contains the same mu-
tations as the DNA in tumor cells, including
insertions, deletions, rearrangements, copy
number variations and methylations. There-
fore, using HTS technology to test for ctDNA
can provide crucial information on the diag-
nosis, treatment and prognosis of tumors 1°.

In this review, we introduced the main
features of the HTS, such as first-generation
Sanger sequencing, second-generation HTS
platforms (454 Life Sciences pyrosequenc-
ing, Illumina/Solexa technology and SOLiD
ligase-mediated sequencing) and third-gen-
eration high throughput - next generation
sequencing (HT-NGS) platforms (Ion Tor-
rent technology, Single-molecule real-time
(SMRT) sequencing and Nanopore sequenc-
ing technology). In addition, this article also
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describes the application of ¢tDNA in the di-
agnosis, treatment and prognosis of tumors.

Overview of high-throughput sequencing
platform

First-generation Sanger sequencing

In the mid-1970s, DNA sequencing saw a
major technological innovation, the Sanger di-
deoxy synthesis method, proposed by Sanger.
The advent of this method provided scientists
with a new means of determining four differ-
ent nucleotide bases in single-stranded DNA
using radio-labelling 12, Sanger sequencing
technology, as a landmark development in
the field of DNA sequencing, has dramatically
advanced the process of genomics research.
However, this technology has certain limita-
tions in practical application, i.c., the amount
of DNA that can be processed in each experi-
ment is limited. Although this limitation
made Sanger sequencing unable to meet the
demand for high throughput in some cases,
it laid the foundation for developing subse-
quent sequencing technologies. In pursuing
higher throughput and more efficient se-
quencing technologies, scientists have made
continuous efforts and eventually succeeded
in developing the second, third and even
higher throughput sequencing platforms 1.
Their high throughput and accuracy enable
researchers to access genetic information
more quickly and accurately, providing pow-
erful support in areas such as disease diagno-
sis, personalized medicine and biotechnology.

Second-generation HTS platforms

The second-generation HTS uses a dif-
ferent analysis principle than the first-gener-
ation Sanger sequencing. The key technolo-
gies of the second-generation HTS platform
include bridge sequencing and synthetic se-
quencing. These technologies have enabled
the platform to have a wide range of appli-
cations in areas such as genomics research,
variant detection and gene expression anal-
ysis. However, despite the significant ad-
vances in sequencing length and accuracy of

the second-generation platforms, they still
have some limitations, such as shorter read
lengths and higher error rates.

454 Life Sciences pyrosequencing

A unique sequencing method has at-
tracted much attention in exploring the
early development of NGS technologies.
In 2000, Jonathan Rothberg successfully
developed the first commercially available
NGS platform, which was innovative in that
it used a unique mechanism to read the
signals of individual nucleotides added to
a DNA template. It utilizes the properties
of luciferase, which generates light signals
when new nucleotides are added to a DNA
strand, and these signals are subsequent-
ly captured and converted into readable
data'®. This method combines pyrosequenc-
ing technology with single-molecule emul-
sion PCR; sequencing is done through a
synthetic process in which four nucleotide
bases are added one by one to a DNA tem-
plate. Each time a new nucleotide is added,
it triggers the production of a different co-
loured light, which is caused by the release
of pyrophosphate from the microwells 1317,
In general, pyrosequencing is centred on
the concept of “sequencing by synthesis”,
which is in sharp contrast to the traditional
Sanger sequencing method, which is done
by detecting the release of pyrophosphate
to determine whether a specific nucleotide
has been added to the DNA strand. Pyro-
phosphate is released when a nucleotide
is added to a growing DNA strand. These
pyrophosphate releases are detected, and
a signal is generated. By monitoring these
signals, we can determine the bases on the
DNA template strand at each position. The
essential advantage of this method is that
it does not require ddNTPs, which means
that no terminating strand synthesis is
required during sequencing, thus increas-
ing the accuracy and efficiency of sequenc-
ing!'*1%, During the nucleotide doping, more
than one nucleotide may be doped into the
same position. This situation leads to the
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formation of a homopolymer because the
nucleotide used lacks molecules capable of
preventing further doping. This fully doped
homopolymer will form in one cycle .

With the rapid development of NGS
technologies, various sequencing platforms
are emerging. Roche discontinued support
of the platform in 2016, which resulted in
the platform being phased out, and other
more efficient and accurate sequencing plat-
forms are gradually replacing it as technol-
ogy advances. This change reflects the rap-
idly evolving field of sequencing technology
and the importance of continually updated
platforms and technologies.

Illumina/Solexa technology

In 2006, Solexa introduced an innova-
tive sequencing technology that employs a
reversible terminator strategy to enhance
adapter-linked DNA fragments through
bridge amplification. This method allows the
bases on the template strand to be read em-
ploying a nucleotide-by-nucleotide process
that involves successive nucleotide doping,
a cleaning step, imaging, and a subsequent
cleavage step '#152021 The extraction and
segmentation of DNA is the primary step
aimed at breaking down complex DNA mol-
ecules into smaller, manageable fragments.
This process usually involves using specific
enzymes to cut the DNA, resulting in frag-
ments of a certain length. Next, these DNA
fragments need to be ligated to specific
adapter sequences to facilitate subsequent
sequencing steps. Adapter sequences are
short pieces of DNA or RNA sequences that
bind to the ends of the DNA fragments and
provide an interface for connection to the
sequencing machine. Once the adapter se-
quences have been successfully ligated to
the DNA fragments, these conjugates are
transferred to a tlow cell. The flow cell is a
unique device that precisely positions the
DNA fragments on the cell surface. The
DNA fragments are copied in large num-
bers through clonal amplification, forming
clonal “clusters”. These clusters consist of

many identical single-stranded DNA frag-
ments that are physically tightly packed to
facilitate high-throughput sequencing by se-
quencing machines 7192,

During each sequencing cycle, four
fluorescently labelled nucleotides compete
for the opportunity to bind to the template
strand. This is a competitive process in which
only nucleotides complementary to the cor-
responding nucleotide on the template
strand can be successfully doped. Once a
nucleotide has been doped, the laser detects
a signal due to fluorescent labelling, identi-
fying which nucleotide has been doped into
the template strand. After identification, the
next step is to remove the blocking group
and fluorescent marker from the doped nu-
cleotide. This step is in preparation for the
next sequencing cycle, making the template
strand available again for new nucleotides to
be doped. During this process, the nucleotide
sequence on the template strand is gradually
built up, with each sequencing cycle adding
a point of information for the final determi-
nation of the entire DNA sequence. The effi-
ciency of this sequencing strategy lies in its
ability to quickly and accurately determine
the DNA sequence by detecting fluorescent
signals and complementary nucleotide in-
corporation. As the sequencing cycle is re-
peated, sequence information of the entire
genome is gradually revealed *'%.

[lumina sequencing has become an
indispensable tool in modern genomics re-
search. This technology supports a wide range
of sequencing protocols, covering areas rang-
ing from comprehensive sequencing at the
genome level to more specific exon sequenc-
ing, targeted sequencing, and macrogenomics
for studying microbial communities. It is also
widely used for methods such as RNA sequenc-
ing, chromatin immunoprecipitation sequenc-
ing (CHIP-seq) and methylome analysis 7.

However, despite the Illumina sequenc-
ing platform’s market-leading position due
to its high output capacity and broad appli-
cability, this short-read technology still has
limitations in certain areas. In particular, in
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many applications in genomics, short read
lengths limit resolution and accuracy. This
means that when high precision is required
to resolve genome structure or identify low-
frequency variants, short-read technologies
may not provide sufficient information 3.
Therefore, for these specific research needs,
it may be necessary to use a combination
of other sequencing technologies, such as
long reads or single molecule sequencing, to
obtain higher-resolution sequence data. De-
spite these limitations, Illumina sequencing
technology continues to be essential in ad-
vancing genomics and biomedical research.

SOLiD ligase-mediated sequencing

In 2007, Applied Biosystems introduced
a new sequencing platform, Supported Oli-
gonucleotide Ligation Detection (SOLiD).
This platform is similar to other sequencing
technologies in that it detects the fluores-
cence intensity of dye-labelled molecules to
determine the sequence of DNA fragments.
However, the SOLiD platform employs a
unique sequencing technique known as DNA
ligase-based sequencing 224, A distinguishing
feature of this technique is that it generates
relatively short read lengths, typically 35 base
pairs 2>2°, Nonetheless, the SOLiD platform
was a significant breakthrough at the time,
providing new tools for genomics research.

The technology involves cutting the
template DNA into small fragments and li-
gating them to a known junction sequence.
This process ensures that the DNA fragments
can be efficiently captured and sequenced.
Next, these junction-connected DNA frag-
ments are transferred to a particular type of
beads, which are subsequently immobilized
on a glass surface. These fragments can be
clonally amplified on the beads using emul-
sion PCR, resulting in many identical DNA
fragments. During the sequencing stage, the
sequence of each DNA fragment is deter-
mined by a two-base colour coding method.
This method relies on different dye pairs
to identify and record each nucleotide in
the DNA sequence. The SOLiD sequencing

platform is particularly adept at detecting
single nucleotide polymorphisms (SNPs),
which can be detected with an astonishing
99.85% accuracy. This high level of accuracy
makes SOLiD a powerful tool for genomics
research, especially for SNPs detection. With
this kind of precise sequencing, research-
ers can better understand genetic variations
and their relationship with diseases, provid-
ing a scientific basis for personalized medi-
cine and disease diagnosis 122725,

Like other NGS systems, SOLiD’s com-
putational infrastructure is more costly and
less convenient to operate. Nonetheless,
SOLiD technology has been widely used in
several fields, including but not limited to
whole genome resequencing, transcrip-
tomics research, targeted resequencing, and
epigenomics analysis. Currently, these three
leading second-generation high-throughput
sequencing platforms are available on the
market, as shown in Fig. 1. The commercial-
ization of these platforms provides powerful
tools for researchers and promotes research
progress in related fields. Meanwhile, with
the continuous development of science and
technology, more sequencing platforms are
under development and are expected to join
this competitive market in the future. This
will help further promote the development
of genomics research and provide more pos-
sibilities for biomedical research.

Third-generation HTS platforms

Third-generation sequencing technol-
ogy is gradually changing our understanding
of genomics. Compared with the previous
two generations of platforms, the advantage
of third-generation sequencing is that it pro-
vides longer read lengths and higher accu-
racy. The third generation of HTS platforms
uses single-molecule sequencing technology,
capable of simultaneously sequencing mil-
lions to billions of DNA molecules. The core
of this technology is represented by the Ion
Torrent technology, Single Molecule Real-
Time Sequencing and Nanopore sequencing
technology, as shown in Fig. 2.
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Fig. 2. Characteristics of the three leading third-generation HTS platforms.

Ion Torrent technology

Ion Torrent technology is a nucleotide
synthesis-based sequencing (SBS) method,
which has many similarities in principle with
the 454 pyrophosphate sequencing platform,
but the technical means used in detecting
the correct insertion of nucleotides differs
between the two methods. In Ion Torrent
technology, molecules are first fragment-
ed, and then these fragmented molecules
are bound to the surface of specific beads.

Next, the target molecules on these beads
are clonally amplified by emulsion PCR, re-
sulting in a large number of identical target
molecules on each beads. This step is a core
component of the Ion Torrent technology,
ensuring effective capture of target mole-
cules and providing efficient sequencing. Af-
ter this process, each bead can be regarded
as an independent sequencing reaction unit,
which lays the foundation for the subsequent
sequencing steps 1217:20.22,
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Treated beads are dispensed into tiny
holes on the chip during sequencing. These
microholes form a microarray, with each
hole corresponding to a specific sequencing
reaction. When beads are placed in these mi-
croholes, a synthetic-based sequencing reac-
tion is performed on each bead ?**. During
DNA replication, each newly added nucleo-
tide causes a slight change in the pH of the
solution. This change is captured by the
sensor and converted into a voltage signal,
enabling the monitoring of nucleotide ad-
dition. Specifically, when a nucleotide pairs
successfully with a complementary base on
the DNA strand, it releases a hydrogen ion,
causing the pH to drop. This pH change is
detected by the sensor and converted into
a voltage signal. No voltage spike occurs if
no nucleotides are added in this round. Two
hydrogen ions are released when two neigh-
bouring nucleotide sites are filled with the
same nucleotide simultaneously, causing the
voltage signal to double. This doubled volt-
age change provides a direct signal to dis-
tinguish between neighbouring nucleotides.
By continuously monitoring the addition of
nucleotides and the corresponding voltage
changes during each sequencing cycle, we
can accurately determine the sequence of
bases on a DNA strand 72,

Ion Torrent technology is favoured in
the sequencing field for its highly efficient
detection system, which does not rely on ex-
pensive cameras, light sources or scanners,
resulting in a significant increase in detec-
tion speed compared to traditional 454 py-
rophosphate sequencing '”. This advantage
has made the Ion Torrent method the pre-
ferred choice for various applications. How-
ever, the technology is not without its limi-
tations. Studies have shown that while there
is a correlation between the number of base
integrations and voltage changes, it is not
a perfect relationship. As a result, the prob-
lem of homopolymer template elongation
remains, which is caused by cumulative light
intensity changes . Despite this challenge,
the Ton Torrent technology remains essen-

tial in modern gene sequencing due to its
speed and accuracy.

Single-molecule real-time (SMRT)
sequencing

In 2011, Single Molecule RealTime
Sequencing (SMRT) technology was intro-
duced by Pacific Biosystems, marking a new
advancement in the field of gene sequencing
on long-read platforms. This technology is
unique because it can sequence up to 30-50
kb or longer DNA fragments, far beyond what
conventional sequencing technologies can
handle 1721, SMRT sequencing centres on the
tight binding of a specially formulated DNA
polymerase to the target DNA, a process that
occurs in SMRT cells . The design of these
SMRT cells is unique in that they contain
tens of thousands of tiny chambers, each
equipped with a DNA polymerase and a zero-
mode waveguide (ZMW) well*. This innova-
tive design allows the sequencing process to
be performed at the level of individual mol-
ecules, resulting in efficient and accurate
sequencing of DNA sequences. ZMW plays a
crucial role, which is a tiny structure that
precisely directs light energy to a specific,
relatively small-sized region. This property
makes the ZMW a critical factor in enabling
single-molecule sequencing!”. In prepara-
tion for sequencing, the SMRT technology
takes an innovative approach, unlike tradi-
tional methods of fixing DNA strands. Spe-
cifically, high-fidelity DNA polymerase and
single-stranded DNA templates are added
to the SMRT cell chamber to serve as tem-
plates for DNA replication at the bottom of
the ZMW 2327 This design allows the DNA
replication process to occur at the level of
individual molecules, resulting in efficient
and accurate sequencing of DNA sequences.
An essential step in this process involves the
addition of different phosphorylated fluores-
cein markers to these tiny chambers. These
markers are present to enable precise moni-
toring of DNA polymerase activity. When
DNA replication occurs, DNA polymerase
must recognize and integrate nucleotides
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complementary to the template DNA. Phos-
phorylated fluorescein markers added to the
ZMW minicells play a crucial role in this pro-
cess. They can interact specifically with DNA
polymerase activity, thus enabling research-
ers to distinguish and detect different events
during DNA replication .

In ZMW technology, integrating nucleo-
tides is a crucial step that triggers the re-
lease of fluorescein. Once the tluorescein is
released from the bottom of the ZMW, it is
no longer in the detection state and emits a
specific fluorescent signal. The uniqueness
of this fluorescent signal means that each
nucleotide produces a different fluorescence
pattern. In practice, the fluorescence signals
from the tiny chamber of the ZMW are cap-
tured by a high-definition video system and
converted into digital signals. These digital
signals are then analyzed to determine the
nucleotide sequence on the DNA template.
Since each nucleotide has unique fluores-
cence properties, the sequence of the DNA
can be determined by identifying and inter-
preting these fluorescence signals 51733, In
SMRT cells, up to one million ZMWs are inte-
grated on a single chip. These tiny chambers
are the core units in the sequencing process,
performing both nucleotide integration and
imaging. Each ZMW independently captures
and records real-time images of nucleotide
integration. This ability to process in par-
allel dramatically increases the speed and
throughput of sequencing >17,

Nanopore sequencing technology

As an innovative single-molecule se-
quencing method emerging in recent years,
Nanopore sequencing technology has made
significant progress in genomics research.
Unlike traditional sequencing techniques
based on nucleotide integration, nanopore
sequencing technology offers an entirely new
strategy. This technology utilizes nanopores
as sensors to directly detect biological mac-
romolecules, such as DNA and RNA, at the
single-molecule level, thus enabling real-time
monitoring at the single-molecule level 532

Nanopore sequencing technology elimi-
nates the cumbersome PCR amplification
and chemical labelling steps during opera-
tion. This means that researchers do not
need to perform complex pre-processing of
samples when performing sequencing, great-
ly simplifying the experimental process.
More importantly, this technology allows di-
rect use of cell lysates for sequencing with-
out the need for additional sample prepara-
tion, which not only saves experimental time
but also reduces experimental costs. These
advantages make nanopore sequencing tech-
nology more efficient and more widely appli-
cable in single-molecule sequencing *’.

Nanopore sequencing technology is an
innovative DNA sequencing method that uti-
lizes protein nanopores embedded in a poly-
mer membrane. In this process, when a DNA
molecule passes through a nanopore known
as a molecular motor protein, it causes a
disorder in the nanopore protein, which gen-
erates electrical signals. The conversion of
these electrical signals is the core principle
of nanopore sequencing technology, which
enables researchers to determine the DNA
sequence by analyzing these signals!'*2733-34,
Based on nanopore sequencing technology,
researchers can determine the sequence of
a DNA molecule by detecting changes in the
electrical currents it generates as it passes
through the nanopore. The key to this tech-
nique is that each nucleotide causes unique
current changes that can be detected and
recorded precisely. By analyzing these cur-
rent changes, we can tell the sequence of
nucleotides in a DNA molecule *°.

The nanopore technology could offer a
wide range of applications in fields such as
personalized medicine, agriculture and sci-
entific research. In addition, the portability
of nanopore sequencing technology allows se-
quencers to be taken into the field for direct
sequencing, greatly expanding the range of
sequencing applications and increasing the
efficiency of field studies '*32%7. This technol-
ogy provides a direct and efficient means to
study the properties of DNA and is essential
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for research in genomics, molecular biology
and other related fields.

Application of HTS technology in tumor
diagnosis and treatment

Tumors have claimed numerous lives
as malignant cells continuously mutate and
evolve as they divide. Most patients died
from fatal metastasis and cancer recurrence.
However, with mature HTS technology, re-
searchers have obtained significant genetic
information on tumor pathogenesis, drug
resistance and metastasis, which will help in
the early screening and identification of tu-
mors, selection of therapies and monitoring
of prognosis.

Diagnosis of tumors

Early diagnosis and prompt treatment
are critical to controlling the growth of tu-
mors. Genetic testing is characterized by
the ease of sampling, which allows research-
ers to minimize the harm to their subjects.
In order to alleviate the pain associated with
traditional invasive pathological biopsies,
researchers have turned to body-fluid-based
sequencing to assist in the diagnosis of can-
cer. Circulating tumor DNA (ctDNA) is de-
rived from single- or double-stranded DNA
and DNA-protein complexes shed by tumor
tissue. The presence of mutated DNA frag-
ments is observed at relatively high concen-
trations in the circulation of most patients
with metastatic cancer and low but detect-
able concentrations in a significant propor-
tion of patients with localized cancer. This
characteristic ensures that ctDNA exhibits
particular specificity and can serve as a bio-
marker for clinical purposes .

Lung cancer is one of the most com-
mon cancers, and its early diagnosis plays a
crucial role in improving patients’ quality of
life. However, low-dose computed tomogra-
phy (LDCT), a widely used method for early
detection of lung cancer, cannot accurately
distinguish between malignant and benign
lung nodules. Many studies have shown that
HTS technology can detect specific muta-

tions strongly associated with lung cancer in
ctDNA extracted from body fluid samples®*+!.
Sumitra et al. identified tumor-related alter-
ations in 94% of patients with limited-stage
small cell lung cancer (LS-SCLC) and 100%
of patients with extensive-stage small cell
lung cancer (ES-SCLC) by performing tar-
geted ctDNA sequencing and whole genome
sequencing on their body fluid samples. This
study demonstrates that targeted ctDNA se-
quencing can identify potential treatment
targets in more than half of the patients and
shows advantages over traditional invasive
biopsy *2.

Additionally, Peng et al. have developed
a method to determine whether a lung tu-
mor can be surgically removed by perform-
ing ultra-deep sequencing on the targeted
mutations in ctDNA. Moreover, the accura-
cy of ctDNA testing is 63%, 83%, 94%, and
100% for stages I, II, III, and IV lung cancer,
respectively. The overall sensitivity comes to
80%, considering age and serum biomarker
tests, and the specificity rises to 99% **. This
body-fluid-based screening can reduce the
risk of unwanted damage and metastasis and
assess the tumor progression by analyzing
tumor mutation load.

Based on previously mentioned evi-
dence, it can be concluded that HTS tech-
nology is also widely used to diagnose
other types of tumors. Himisha et al. have
discovered that the genome characteriza-
tion of castration-resistant neuroendocrine
prostate cancer (CRPC-NE) can be identi-
fied by analyzing ctDNA in patients’ plasma
samples. This reduces the trauma associated
with traditional invasive pathological biop-
sies and provides timely guidance for clini-
cal adjustment of medication *. Cai et al.
developed a genetic diagnosis model based
on whole-genome analysis of 5-hydroxymeth-
yleytosine (ShmQC) obtained from cfDNA
samples of 2,554 individuals. The model
demonstrated superior diagnostic perfor-
mance to AFP and could distinguish between
early-stage hepatocellular carcinoma (HCC)
and non-HCC with an AUC of 0.884 in the
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validation set *°. In addition, Yurika et al.
found that the methylated SEPT9 gene in
serum ctDNA was highly significant in the
early diagnosis of HCC with both high sensi-
tivity and specificity*®. However, it should be
noted that although HTS-based body fluid bi-
opsy technology provides a new direction for
tumor diagnosis, most of the test results still
need to be combined with other imaging or
serological indicators and cannot be used in-
dependently as a diagnostic gold standard.

Furthermore, it is necessary to vali-
date the test in a larger population. In ad-
dition, the lack of research on related gene
test chips has severely limited its application
scope. However, this problem can likely be
solved with the development of technology
and the related industrial chain.

Treatment for tumors

It is important to note that low-frequen-
cy mutations can occur during the division of
tumor cells. Therefore, tumor cells can carry
different genetic mutations even if they ap-
pear histologically similar, while different tu-
mor cells can carry the same mutations. By
comparing the gene sequences of primary
and metastatic neoplasms, physicians can
assess the effectiveness of their treatment
and develop personalized therapies. They
also gain insight into the potential mecha-
nisms behind tumor drug resistance, laying
a solid foundation for accurate diagnosis and
treatment of tumors.

Targeted therapy

Today, several signalling pathways and
associated mutations associated with tumor
formation have become effective drug tar-
gets. As a result, targeted therapies based
on tumor genes have become mainstream.
As the most common BRAF mutation, the
V600E mutation is strongly associated with
the particular invasiveness of rectal cancer
cells in metastatic colorectal cancer cases.
Resistance to chemotherapy has been ob-
served in cases with V60OOE mutations, and
resistance to EGFR inhibitors is gradually

increasing. Scott et al. demonstrated that
using NGS technology, the concomitant use
of EGFR and BRAF inhibitors in combina-
tion with irinotecan was effective in patients
with the V60OE mutation. The discovery
informed the development of new targeted
therapeutic regimens and laid a solid foun-
dation for new targeted therapies *'.

Dasatinib is a small-molecule tyrosine
kinase inhibitor that can be used as a first-
and second-line treatment for gastrointesti-
nal mesenchymal tumors (GIST). Zhou et al.
found that dasatinib can be employed as a
preferred treatment option for patients with
wild-type GIST or GIST with the D842V mu-
tation who are unable to take regorafenib, as
they identified genetic variations related to
the tumor signalling pathway by NGS tech-
nology **. Christian et al. investigated the
clinical efficacy of the combination of ibru-
tinib, rituximab and high-dose methotrexate
(HDMTX) in central nervous system lym-
phoma (CNSL). The results proved that the
combination is safe and effective. In addi-
tion, the analysis of ¢tDNA in cerebrospinal
fluid samples enables researchers to monitor
disease progression in patients with CNSL
and to adjust targeted therapy *° promptly.
In recent years, site-specific therapies (in-
cluding HTS-guided targeted therapies)
emerged as a promising option for patients
with metastatic cancer of unknown primary
site (CUP). A phase 2 clinical trial conduct-
ed at 19 institutions in Japan by Hidetoshi
et al. demonstrated that CUP site-specific
therapy based on NGS technology had favor-
able survival outcomes.

Moreover, targeted therapy based on the
tumor-associated mutations showed excel-
lent therapeutic responses, even in patients
with CUP . In conclusion, NGS technology
can provide a reference for clinical drug se-
lection and efficacy evaluation by detecting
target genes and other tumor-related genes,
which has great potential in pursuing indi-
vidualized treatment today. Nevertheless, it
is essential to acknowledge the current limi-
tations of the evidence base, primarily de-
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rived from small, single-ethnic clinical trials.
When the mutation type is considered rare,
the subjective decision to administer chemo-
therapy over targeted therapies in the clinic
may also affect the study results.

Chemotherapy

Chemotherapy has consistently been
the focus of research. as one of the leading
traditional means of treating tumors. In ad-
dition, gene sequencing technologies, rep-
resented by HTS technology, have undoubt-
edly facilitated the chemotherapy of tumors.
Most patients diagnosed with triple-negative
breast cancer (TNBC) receive neoadjuvant
chemotherapy. Approximately one-third of
them can achieve complete pathological
remission with neoadjuvant chemotherapy;,
but two-thirds will have residual disease and
a high risk of recurrence. Milan et al. con-
ducted ctDNA sequencing using HTS tech-
nology in 196 early-stage TNBC patients
with residual disease after neoadjuvant che-
motherapy and circulated tumor cell (CTC)
analysis in 123 patients. The results showed
that the presence of ¢tDNA and CTC in ear-
ly-stage TNBC patients after ncoadjuvant
chemotherapy was associated with distant
tumor metastasis. The detection of ctDNA
and CTC in early-stage TNBC patients after
neoadjuvant chemotherapy was found to be
independently associated with disease recur-
rence and serve as an important indicator
for assessing patient status after future neo-
adjuvant chemotherapy *'. Colorectal cancer
is one of the most common tumors world-
wide, with surgical resection, chemotherapy,
radiotherapy, and targeted therapy repre-
senting the principal treatment modalities.
Resistance to chemotherapy drugs in some
tumor patients has also posed a significant
challenge for clinicians. Li et al. from Pe-
king University combined the i-CR platform
with HTS technology to construct a new in
vitro tumor model, enabling personalized
drug testing and personalized treatment for
patients within 2-3 weeks and providing an

entirely new treatment option for colorectal
cancer .

Osteosarcoma is one of the malignant
tumors for which early and effective preopera-
tive chemotherapy is crucial to the survival of
patients. However, the previous combination
of methotrexate (MTX), doxorubicin (DOX),
and cisplatin (DDP) has been found to have
significant differences in therapeutic efficacy
among patients, with a higher incidence of
adverse effects. Thus, there is an urgent need
to develop new drug combinations. Zhang et
al. from Central South University revealed
the heterogeneity of potential therapeutic
target genes. They elucidated the synergistic
mechanism of DOX and HDACs inhibitors for
treating osteosarcoma through RNA sequenc-
ing and second-generation sequencing (HTS)
of osteosarcoma samples. This provides a
foundation for developing entirely new che-
motherapeutic drug combinations and will
undoubtedly inspire the subsequent research-
ers . Researchers can also develop effective
chemotherapy sensitizers by studying drug-
resistance genes and resistance mechanisms.
A team of researchers has already demon-
strated that SMOi inhibitors can release the
drug resistance of breast cancer tumor cells
and improve their chemosensitivity to doxo-
rubicin by studying the resistance mecha-
nism in breast cancer dependent on the Hh
signalling pathway *!. Based on sequencing
relevant tissue or body fluid samples from pa-
tients using HTS technology, physicians can
comprehensively assess the expected thera-
peutic effects before chemotherapy to ap-
propriately risk-stratify patients in a clinical
setting. However, it is important to consider
whether the relevant experimental results ex-
clude potential interactions with other types
of treatment given after chemotherapy, and
another vital influence is the duration of fol-
low-up, as a short follow-up period may lead
to biased experimental data. In conclusion,
further clinical studies of NGS results are re-
quired before they can be relied upon as a risk
assessment tool.

Investigacion Clinica 65(4): 2024



Circulating tumor DNA detection by high throughput sequencing technology 487

Radiotherapy

Radiotherapy is an effective and cost-
efficient treatment. In recent years, with the
continuous improvement of radiotherapy
equipment and technology, the cure rate
of radiotherapy has increased, with the side
effects gradually decreasing. While genetic
therapies are gradually replacing chemo-
therapy and targeted therapy, radiotherapy
remains an important treatment option.
However, based on the patient’s sensitivity
to radiotherapy, HTS technology can still
guide the use of radiotherapy. In a recent
study, Raffaello et al. statistically employed
HTS technology to investigate the relation-
ship between ctDNA and tumor regression
grade (TRG) of surgical specimens in 25
consecutive patients with locally advanced
colorectal cancer (LARC) who had under-
gone long-term neoadjuvant chemo-radio-
therapy (Na-ChRT). The results showed that
the side effects of Na-ChRT were significant-
ly associated with positive liquid biopsies on
the day of surgery. This suggests that ctD-
NA assessment using HTS technology may
identify LARC patients with a poor response
to NA-ChRT to avoid potentially ineffective
treatment >.

Radiotherapy is one of the ecritical
tools in treating lymphoma, which can im-
prove the therapeutic effect and alleviate
the symptoms. However, some patients still
experience relapse or a poor prognosis due
to resistance to radiotherapy. Luo et al. em-
ployed CRISPR to construct an activated cell
line library, screened for radiotherapy-resis-
tant cells and performed HTS and bioinfor-
matics analyses to identify genes associated
with radiotherapy resistance. Sixteen of the
screened genes were identified as potential
genes associated with lymphoma radiother-
apy resistance. These genes are not only ex-
pected to be used as potential biomarkers or
new targets for therapy but have also dem-
onstrated the advantages of HTS technology
in potential target screening ¢, The assess-
ment of the overall condition and prognosis
of patients after radiotherapy is another cru-

cial part of the treatment, and it has been a
hot topic of research in recent years to in-
directly assess the prognosis of patients by
monitoring the relevant genes in their pe-
ripheral blood-free DNA (¢fDNA) using NGS
technology. Jae et al. found the value of HPV
ctfDNA in evaluating treatment response by
dynamically monitoring the ¢fDNA of cervi-
cal cancer patients using targeted HTS. They
found that HPV ¢fDNA is valuable for moni-
toring and predicting treatment response,
providing new insights for management and
evaluation after radiotherapy .

Radiotherapy is an effective cancer
treatment, but it still inevitably has some
side effects. Most patients tolerate and re-
spond well to radiotherapy after surgery for
early-stage breast cancer. However, a propor-
tion of long-term survivors still develop ra-
diotherapy-related complications, with sub-
cutaneous fibrosis and capillary dilatation
being the most common cutaneous compli-
cations of radiotherapy for breast cancer. In
order to identify their susceptibility genes
and genotoxicity, Sarah et al. performed tar-
geted HTS on germline DNA samples from
48 breast cancer patients with extreme late-
stage cutancous toxicity phenotypes and
identified a total of five single-nucleotide
variants in three genes (TP53, ERCC2, and
LIG1) with possible effects. This discovery
can provide a possible way for radiotherapy
to avoid patients susceptible to the side
effects and serious consequences of inap-
propriate radiotherapy58 and promote the
development of individualized medication.
HTS technology accelerates the discovery
of radiotherapy-resistant genes, effectively
avoiding ineffective radiotherapy and signifi-
cantly improving the effectiveness of treat-
ments. However, there are fewer studies on
applying HTS to radiotherapy complications,
and radiotherapy is mainly used as an adju-
vant treatment. Therefore, the influence of
chemotherapy or targeted therapy cannot be
excluded from the research, and its applica-
tion as a risk assessment tool still needs to
be further explored.
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Tumor prognosis

Currently, following surgical interven-
tion and related treatments, tumor patients
need to be assessed for treatment and moni-
tored for tumor recurrence through regular
serum tumor marker tests and conventional
imaging tests. If tumor recurrence can be
anticipated at an earlier stage than the tra-
ditional examinations, early interventions
can be carried out, thus prolonging the sur-
vival time of patients. Remaining tiny tumor
foci after surgery or radiotherapy treatment
are important factors affecting patients’
prognosis, but it is more difficult to detect
their presence by traditional imaging and se-
rology screening. Fortunately, ctDNA detec-
tion based on HTS technology can provide
a new idea to solve this problem. Based on
this, Jeanne et al. performed ctDNA analysis
on stage III colon cancer patients who had
undergone chemotherapy and surgery and
found that ctDNA analysis in patients un-
dergoing surgery can serve as a marker of
prognosis.

In contrast, ctDNA analysis in chemo-
therapeutic patients could screen out pa-
tients who have completed the standard
therapy but are still at high risk of recur-
rence . HTS technology, as an emerging
test method, has advantages over traditional
serological and imaging tests. Ma et al. as-
sessed ctDNA in breast cancer patients using
NGS technology while using the molecular
tumor burden index (mTBI) in the samples
to monitor tumor burden and found that it
may have a higher sensitivity in indicating
disease progression and distant metastasis
than CT imaging .

Although most patients with advanced
tumors have lost the opportunity for radi-
cal surgical treatment, appropriate radio-
therapy or interventional therapy, as well as
an assessment of prognosis, are still neces-
sary. By sequencing the RAS gene in ¢tDNA
from 47 plasma samples from 37 patients
with RAS-mutated colorectal cancer (CRC)
with unresectable metastases, Elena et al.
found that the RAS-mutated allele score had

an independent prognostic value for CRC
survival and could be used as a non-invasive
decision-making tool in first-line treatment
for cancer °. Zhao et al. performed target-
ed capture sequencing on 1,021 genes fre-
quently mutated in unresectable primary
HCC cases. The results showed that ctDNA
abundance correlated more closely with tu-
mor size than AFP levels. It was also associ-
ated with the Barcelona Clinic Liver Cancer
(BCLC) staging system. Dynamic changes of
c¢tDNA showed consistent or higher sensitiv-
ity compared with imaging in assessing the
response to interventions and a high degree
of consistency with tumor mutational load
of tissue and blood samples 2.

As a focus in the realm, immunother-
apies represented by immune-checkpoint
inhibitor therapies have revolutionized the
treatment of late-stage solid tumors. Im-
mune checkpoint inhibitors and the immu-
notherapy they represent have revolution-
ized the treatment of advanced solid tumors
as a hotspot in cancer therapy. Valsamo et al.
analyzed the clonal dynamics of ¢tDNA and
tumor exogenous TCR parameters during
immune checkpoint blockade in non-small
cell lung cancer (NSCLC) employing the
NGS technology. They assessed the value of
liquid biopsy monitoring as a surrogate in-
dicator of treatment response. The research
results indicate that ctDNA testing after
treatment can enable patients with immune
checkpoint blockages and primary drug re-
sistance to be quickly identified for alterna-
tive treatment .

Because of the side effects and drug
resistance that immunotherapy can cause,
only a small proportion of patients can
benefit from it in the long term, and it is
particularly important to provide the neces-
sary monitoring throughout the process®.
By measuring ctDNA levels and dynamic
changes using HTS technology, the progno-
sis and outcome of immunotherapy can be
predicted both before and during treatment
to avoid the trauma and misinterpretation
that traditional monitoring can cause. How-
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ever, it should be noted that monitoring tu-
mors after treatment is a long-term process,
and there is still room for improvement in
terms of price and variety compared to tra-
ditional means. Before HTS can be promoted
and applied as a decision-making tool, it is
still necessary to carry out comparative ex-
periments on a large scale with traditional
means of detection in order to further prove
its reliability.

CONCLUSION

As a high-throughput detection tech-
nology, HTS can still be applied to large-scale
genetic or genomic testing, thus providing
a powerful tool for researching the mecha-
nisms of tumor genesis and clinical diagno-
sis and treatment. As sequencing technology
continues to evolve, it is anticipated that the
goal of routine screening, prevention, diag-
nosis, treatment and prognosis of tumors
will be achieved through this technology.
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