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Editorial

Fostering dialogue and scientific thought
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In this new issue of Alerta, we publish four
case reports, two original articles, four narra-
tive reviews that address critical issues for
the health of the population, such as Chagas
disease, cutaneous leishmaniasis, thoracic
imaging in COVID-19 disease, an update on
the detection of tuberculosis with molecular
diagnostic tests, hyperbaric oxygen therapy
for the management of diabetic foot and
neurocognitive development in childhood
in direct relation to nutritional status; there
are also three letters to the editor. It is neces-
sary to highlight the relevance of these
letters as a vehicle for exchanging ideas and
knowledge in the scientific field. Particularly,
we position the subject of the prelacrimal
approach in maxillary sinus pathologies,
highlighting its impact on clinical practice
and the need to explore new perspectives
to improve therapeutic results.

We also underlined the importance
of understanding and applying health
law to health legislation. El Salvador has
demonstrated its commitment by estab-
lishing laws and regulations in the health
sector. This legal framework guarantees the
protection of patients' rights and estab-
lishes clear guidelines for ethical and effec-
tive medical treatment.

On the other hand, we enter the
complex world of food safety, a vital but
unfortunately often imprecise concept. It
is essential to reflect on the implications
of this term in today's society, where the
quality, quantity, and origin of the food
we consume have a direct impact on our
health and well-being.

At Alerta, we encourage open and
constructive  dialogue on fundamental
issues that impact the scientific commu-
nity and society. Through ideas and
experiences, we can move forward to a
future with more information and greater
safety and health for all.

The importance of original articles in
scientific research emphasizes the neces-
sity for an increase in high-quality original
articles, which is crucial for the progression
of knowledge. The realm open to research,
especially in health, should unravel the
complexities that distance us from society
and reality and produce valuable knowl-
edge to address our most urgent health
issues. We want to highlight in this issue
both the challenges and the progress made
possible by initiatives aimed at fostering
dialogue, scientific reflection, and the publi-
cation of health research.
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The content of the jounal presents both
the challenges and the progress made
possible by initiatives aimed at fostering
dialogue, scientific reflection, and the publi-
cation of health research. These initiatives are
vital for advancing knowledge, improving
the practice of medicine and other health
disciplines, and developing effective policies
to protect and promote the health of popu-
lations. Through strengthening these prac-
tices, we can ensure that scientific advances
translate into tangible benefits for society,
making it healthier and more equitable.

To overcome these challenges, it is
important to promote open access to scien-
tific publications, encourage continuous
training of researchers in communication
skills and scientific ethics, and support
platforms that facilitate collaboration
and knowledge sharing at a global level.
Let's keep supporting and promoting
scientific excellencel!
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Abstract

Case presentation. A seven-year-old female patient, with no previous medical history, originally from a rural area of the
department of San Miguel, who presented febrile process plus long-term right bipalpebral edema of six weeks of evolution,
without accompanying symptoms. Immunoglobulin M for Chagas was positive, direct microscopy by fresh drop and Strout
technique was performed with negative results. In community interventions, the presence of the vector and its positivity
were identified, as well as the diagnosis of a chronic case in another family member. Treatment. The patient was treated
with nifurtimox 150 mg every eight hours for 60 days, subsequent controls were performed to investigate side effects of the
treatment, and control tests. Outcome. With the treatment, the patient evolved with a slight decrease in appetite, and was
managed with gastric protectors. Strout's concentrate and fresh gout were negative and the other laboratory tests were
within normal ranges.

Keywords
Chagas Disease, Trypanosoma cruzi, Disease Vectors, Neglected Diseases.

Resumen

Presentacion del caso. Se trata una nifa de siete afios de edad, originaria de una zona rural del departamento de San
Miguel, quién consulté por presentar fiebre y edema bipalpebral derecho indoloro, de seis semanas de evolucion, sin otros
sintomas acompanantes. El estudio para el diagnéstico de enfermedad de Chagas fue realizado en una clinica privada;
la Inmunoglobulina M para Chagas tuvo un resultado positivo, luego, se realizd la microscopfa directa mediante gota al
fresco y técnica de Strout con resultado negativo. En las intervenciones comunitarias se identifico la presencia del vector
y la positividad del mismo, asi como el diagnéstico de un caso crénico en otro miembro de la familia. Intervencién
terapéutica. Se indicé tratamiento con nifurtimox 150 mg cada ocho horas por 60 dias y se realizd el seguimiento clinico
de la evolucion y control de efectos secundarios del tratamiento y exdmenes de laboratorio. Evolucién clinica. Evoluciond
con leve disminucion del apetito, se manejo con protectores gastricos. El concentrado de Strout y la gota al fresco resultaron
negativos y los demds exdmenes de laboratorio se mantenian en los rangos normales.

Palabras clave
Enfermedad de Chagas, Trypanosoma cruzi, vectores de enfermedades, enfermedades desatendidas.

Introduction transplantation, consumption of food or

drink contaminated by the vector or its

Chagas disease is a neglected tropical
disease present in the Americas. The proto-
zoan parasite Trypanosoma cruzi, the agent
of Chagas disease, is a zoonotic pathogen
transmitted by triatomine insects.
Transmission can also occur through
transfusion of blood components, organ

feces, and transmission from mother to
fetus during pregnancy.”

It is perceived as a disease linked to
poverty because it was once limited to
rural areas of Latin America but has spread
through  migration to  non-endemic
areas and countries. "
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Chagas disease is endemic in 21 coun-
tries in the Americas and affects an estimate
of six million people. In the region, there are
30000 new cases each year, 12000 deathson
average, and approximately 9000 newborns
infected during gestation.” EI Salvador has
long been endemic for Chagas disease; the
first case was identified in 1913

Prevalence in the country is estimated
to be between 1.3 % and 3.7 %. Acute cases
are rare because most cases are asymp-
tomatic, and only 1-2 % of infected persons
experience symptoms. i

Transmission is no longer limited to
the Americas, as cases are reported in
multiple regions worldwide " Triatomine
insects act as vectors and acquire the
parasite when they feed on the blood of
an infected mammal. Infected triatomines
transmit the parasite in their feces when
they defecate during or immediately after
feeding® Vector-borne transmission was
the first mechanism of infection described
in the history of Chagas disease.

In a small number of cases, entry signs,
such as an indurated skin lesion (chagoma)
or unilateral bi-palpebral edema (Romana's
sign), can be detected. Most cases are accom-
panied by mild symptomatology (95-99 %)
and go unnoticed. However, persistent fever,
fatigue, lymphadenopathy, hepatomegaly,
splenomegaly, rash, and edema may occur*

The treatment of Trypanosoma cruzi
infection consists of drugs authorized for
more than 50 years: nifurtimox (launched by
Bayer in 1965) and benznidazole (launched
by Roche in 1971); their efficacy is condi-
tioned by the stage of infection and the age
of the patients therefore, timely diagnosis
and knowledge of the disease become
relevant in public health*

The acute phase may be asymptomatic
or present with nonspecific general symp-
toms or complications such as myocarditis
or meningoencephalitis, and the diagnosis
in this phase is a challenge for physicians

Case presentation

The patient is a seven-year-old girl with
a three-day history of unquantified fever
and right bi-palpebral edema, painless, of
six weeks of evolution, and no other symp-
toms (Figure 1), and no history of previous
diseases. She was diagnosed with an ocular
abscess and treated with doxycycline 50 mg
orally every 12 hours and ibuprofen 100 mg
orally every 12 hours for 10 days.

The patient did not improve after
completing the treatment; she consulted a
private clinic, where she was examined by
an ophthalmologist who suspected Chagas

disease and immediately ordered the immu-
noglobulin M (IgM) test for Chagas disease
at a private clinical laboratory. The test result
was positive. Consequently, she as referred to
the nearest first-level healthcare facility and
then directed to the second-level hospital.

h A N
Figure 1. Right bi-palpebral edema, with one month
of evolution

The patient attended the hospital
after five weeks due to difficulties in the
access to public transportation in the area
where the home is located to travel to
the healthcare facility.

The physical examination described
bi-palpebral edema of the right eye, with no
other findings, and direct microscopy studies
(fresh drop) for T. cruzi, which consists of direct
microscopic observation in search of mobile
trypomastigotes in the drop of blood, ¥ were
negative, as were the Strout concentrate and
the other laboratory tests (Table 1).

In addition, in a follow-up after one week,
samples were taken for testing the family
group (mother, father, paternal grandmother,
and two adolescent sisters), which consisted
of taking Strout's concentrate, blood count,
and general chemistry.

Three weeks later, laboratory tests were
completed (Strout's concentrate, complete
blood count, general chemistry, and IgM for
Chagas disease), of which the IgM for Chagas
disease was positive, and the patient was
diagnosed as a confirmed case of Chagas
disease and classified as a case of Chagas
disease that does not affect the heart. Finally,
it was registered in the epidemiological
surveillance system of El Salvador as a case
of Chagas disease in the acute phase.

Treatment

The second-level vector control team
conducted a community visit where they
identified the house in a rural area of the
department of San Miguel. The house is
located in an area of difficult vehicular
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Alerta 2024; 7(2):127-132
Acute Vector-transmitted Chagas in Pediatric Age. A Case Report



access, through a dirt road, in an area
that does not have public transportation
service (Figure 2). The house is made of
clay and wood masonry, with a tin roof,
distributed in a single space, divided into
sections by plastic and with a dirt floor, on
a large plot of land of approximately 7000
m? with a lot of vegetation and crops, with
multiple piles of firewood stacked in the

peridomicile and with dogs and chickens as
domestic animals (Figure 3).

During entomology control, nine
bedbugs were collected with Triatoma
dimidiata characteristics; three were positive
for Trypanosoma cruzi. In addition, the test of
the paternal grandmother resulted in a case
of chronic Chagas disease; she had lived in
the place for 20 years.

Table 1. Laboratory test results

Test performed

Medical control 1

Medical control 2

Hemoglobin
Hematocrit
Leukocytes
Neutrophils
Lymphocytes
Platelets

Protombin time
Thromboplastin time
Blood type

Direct Bilirubin
Indirect Bilirubin
Total Bilirubin
Creatinine

Urea Nitrogen

Uric acid

Sodium

Potassium

Chlorine

Aspartate aminotransferase
Alanine aminotransferase
Triglycerides

Fresh drop for T cruzi
Strout concentrate

Quialitative IgM Chagas

12.0 g/dL 12.3 g/dL
34.5 % 36.2%
100x10° 8.25x10°
51.7 % 535 %
324 % 405 %
248x10° 370x10°

14.1 sec -
24.2 sec -
ORh + -

0.025 mg/dL 0.04 mg/dL
0.17 mg/dL 0.18 mg/dL
0.38 mg/dL 0.42 mg/dL
0.6 mg/dL 0.6 mg/dL
7.2 mg/dL 7.6 mg/dL

2.3mg/dL 2.4mg/dL

142 mmol/L 139.8 mmol/L
4.1 mmol/L 4.0 mmol/L
99.7 mmol/L 99.1 mmol/L

326 U/L 283 U/L
17.5U/L 17.5U/L
- 89.8 mg/dL

There is no evidence of T. cruzi in the preparation

There is no evidence of T. cruzi in the preparation

Positive

There is no evidence of T. cruzi in the preparation
There is no evidence of T. cruzi in the preparation
2,27 Reactive

Source: clinical record

m..,.@ A
e ~— [ @ @ Healthcare facility
N \
":g" e s, Maoncequs Q Location of the house
e _ :. Gt 16,1 km (29 min): distance from the
‘“""@" = iy L house to the first level of healthcare service.
Q s T
I oy -
v % ’@
— i
l."'.' " \
[T ganhn e i b [
Source: Google maps. 2 km
Figure 2. Geographical location of the house
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The treatment for the patient was
nifurtimox, at a dose of 18 mg/kg/dose,
150 mg every eight hours for 60 days,
and medical follow-up and laboratory
tests every two weeks.

QOutcome

A clinical improvement was evidenced.
In the second follow-up, after 27 days of
treatment, the patient presented mild
hyporexia as a secondary symptom to the
drug and was prescribed omeprazole 20
mg daily. In addition, the results of Strout's
concentrate and fresh gout were negative
and the complementary tests (hemogram,
liver, and renal function tests) were within
normal ranges (Table 1).

Clinical diagnostic

The diagnosis of Chagas disease was
confirmed by an IgM test, with two posi-
tive results through different times of
the disease (Figure 4).

Discussion

The case describes a seven-year old girl
with manifestations of the disease in its
acute phase. After the study of the clinical,
epidemiological, and biological factors, the
disease and the presence and positivity
of the vector were proven. In the initial
clinical picture, she presented Romana sign
and febrile process and had a positive IgM
result for Chagas disease.

When no improvement S
Patient was noted, the patient Patﬁnt%s evlalualte;j IgM for
presented consulted a private clinic, actatreean:jStreigrere?j Chagas is
bi-palpebral where a qualitative test to the second level performed,
edema for Chagas disease was positive result
indicated of care
4 8 12 16 20 24 28 4 8 12 16 20 24 28 4 8 12 16 20 24 28 4 8 12 16 20 24 28
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Patient consults first
level of care, diagnosed
as an ocular abscess
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Entomological surveillance consisted of
analysis of the vectors found in the dwelling
with a positivity index of 33.3 %; a high-risk
infestation index is considered when it is
higher than 5.0 %, according to entomo-
logical parameters

The diagnosis of Chagas disease depends
on the stage of the disease the patient is
found* Most patients are asymptomatic
during the acute phase; about 30 % prog-
ress to detectable organ damage involving
mainly the cardiovascular and digestive
systems. The acute phase lasts four to eight
weeks before it resolves spontaneously,
leaving most patients chronically infected
if untreated. The parasite in the acute phase
can only be detected directly by micro-
scopic observation of a fresh drop, which
has motile parasites among red blood cells,
or through Strout's method, which allows
the parasites to settle to the bottom of the
tube where the sample is processed* In
El Salvador, according to the guidelines for
the prevention, surveillance, and control
of vector-borne diseases and zoonoses,
"in the acute phase of Chagas disease, the
diagnosis must be confirmed using direct
methods without prior concentration (fresh
drop), or direct concentration methods
(microhematocrit and Strout technique).™

As for the diagnosis of the case, in the
acute phase, there may be a decrease in the
parasite load one month after the primary
infection. The sensitivity of diagnostic
methods is limited in patients with low
parasitemia, who present negative succes-
sive examinations. If the parasite is difficult
to find during the acute phase, it is useful to
apply the diagnostic search through specific
IgM for T. cruzi. >

The drugs used have some disad-
vantages, including their efficacy only
in the acute or early stages of infection,
making early diagnosis of the disease of
vital importance

On the other hand, the timeline evalu-
ation shows that there were limitations in
the diagnosis due to the lack of inquiry into
the epidemiological links of the disease, as
a result of the delay in follow-up and treat-
ment due to the difficult access to health-
care services by the patient and the family
group, which constitutes a geographical
and socio-economic barrier in the search
for medical care and the initiation of
timely medical treatment.®

It is a known fact that the disease is
transmitted by the vector residing in the
mud walls of rural houses in developing
countries; in this sense, the investigation of
the epidemiological link is part of the clin-
ical evaluation in those cases that present

symptoms suggestive of the disease for
proper diagnosis and treatment. In addition,
in this sense, serious health complications
are prevented in the future
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Abstract

Case presentation. A 32-year-old woman consulted for abdominal pain in the epigastrium not associated with meals. She had
a history of distal pancreatectomy with spleen preservation due to a tumor in the tail of the pancreas five years earlier. Physical
examination showed no abnormalities and imaging studies were performed during his approach. Treatment. Computed
axial tomography revealed a lesion in the left lateral segment of the liver with characteristics suggestive of metastasis due
to his surgical history. Laboratory tests and tumor markers were within normal limits. It was evaluated in a multidisciplinary
conference, and a surgical approach was recommended. A left hepatectomy was performed with an uncomplicated
postoperative evolution. Outcome. Six months postoperatively, there was no evidence of active or residual disease.

Keywords
Pancreas, Neoplasms, Liver, Metastasis, Metachronous Neoplasm.

Resumen

Presentacion del caso. Se trata de una mujer de 32 afios quien consulté por dolor abdominal en el epigastrio no asociado
a las comidas, tenia el antecedente de una pancreatectomia distal con preservacion de bazo debido a un tumor en la
cola del pancreas, cinco afos previos. En el examen fisico no presenté ninguna anormalidad y durante su abordaje se
realizaron estudios de imagen. Intervencidn terapéutica. La tomografia axial computarizada evidencié una lesién en el
segmento lateral izquierdo del higado con caracteristicas sugestivas de metéstasis debido a su antecedente quirdrgico.
Los exdmenes de laboratorio y marcadores tumorales se encontraron dentro de limites normales. Se evalué en conferencia
multidisciplinaria y se recomendd un abordaje quirdrgico. Se realizd6 una hepatectomia izquierda con una evolucién
posquirdrgica sin complicaciones. Evolucion clinica. Luego de seis meses posoperatorios, se encontraba sin evidencia de
enfermedad activa o residual.

Palabras clave
Pancreas, neoplasia, higado, metéstasis, neoplasia metacronica.

Introduction system, of low grade of malignancy, but
with the potential to cause metastasis; with
a report in the literature of approximately
8334 cases as of 2018." The cause of these

tumors is still unknown.”

Pseudopapillary solid tumors of the
pancreas are considered a rare pathology,
representing only 1-2 % of all exocrine

tumors of the pancreas.! Pseudopapillary
solid tumors of the pancreas were first
reported by Frantz in 1959; thus, they were
known as Frantz's tumors at one time.
Currently, the World Health Organization
classifies them as tumors of the digestive

About 90 % of the cases occur in young
women, with an average age of 23.9 years.”
Most solid lesions of the pancreas are
considered malignant; however, this type
of tumor has a less aggressive behavior and
rarely metastasizes.”
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Generally, these tumors do not present
symptoms and are incidental findings. The
presence of metastatic lesions is infrequent,
and there is no consensus as to the ideal
management in these cases since these solid
pseudopapillary tumors of the pancreas do
not respond adequately to chemotherapy
or radiotherapy, so surgical resection is the
ideal curative treatment, even in the pres-
ence of metastatic lesions* Due to the infre-
quent nature of the pathology, this case is
considered to be of interest, as only isolated
cases have been reported.

Case presentation

The patient was a 32-year-old woman
who consulted a tertiary-level hospital for
abdominal pain located in the epigastrium,
not associated with food intake, and did
not present jaundice, weight loss, or other
symptoms. She had a history of distal
pancreatectomy with spleen preservation
due to a tumor in the tail of the pancreas
five vyears earlier. The histopathologic
biopsy result reported a solid pseudo-
papillary neoplasm of the pancreas with
healthy surgical borders; no nodal status
was included. She was referred to a tertiary
hospital for evaluation and treatment by
oncology. She received chemotherapy
and radiotherapy in an unknown amount
and three vyears after discontinuation of
follow-up by the specialty.

Vital  signs were reported  without
abnormalities, with a blood pressure of
120/70 mmHg, a heart rate of 72 bpm, and a
temperature of 37 °C. A physical examination
did not identify masses or signs of peritoneal
irritation. Due to the oncologic history, tumor
markers (CA19-9 and CEA) were indicated and
reported within normal limits, and the rest of
the laboratory tests (Table 1).

Abdomino-pelvic tomography described
a hypodense lesion in hepatic segment Il, with

Table 1. Laboratory tests

Hemoglobin 14 gr/dL (VN: 12-16)
Plaquettes 255 000 (VN: 150-400 mil)
Aspartate 25 Ul (VN: 0-45 1U)
aminotransferase (AST)
Alanine 20 Ul (VN: 0-50 IU)
aminotransferase (ALT)
Total Bilirubin 0.9 mg/dL

(VN: < 1,1 mg/dL)
CA 19-9 antigen 0 (VN:0-35)
Carcinoembryonic 0 (VN: 0-5)

antigen (CEA)
*NV: Normal value.

a well-defined wall and enhancement in the
contrasted phase measuring 5.8 X 4.4 x 44 .cm
with a complex cystic component of indeter-
minate behavior (Figure 1).

A hypodense lesion of 37 Hounsfield Units
(HU) in the venous phase and 49 HU in the
arterial phase was observed, measuring 5.8 x
44 x 44 cm with the cystic component.

Figure 1. Abdomino-pelvic computed axial
tomography

Treatment

The multidisciplinary hepato-pancreato-
biliary committee of the tertiary care hospital
evaluated the case, took into account the
medical history and the characteristics of
the images, and therefore concluded with
the presumptive preoperative diagnosis
of a hepatic metastasis secondary to the
previously removed solid pseudopapillary
tumor of the pancreas; consequently, they
suggested performing a left lateral hepa-
tectomy (bi-segmentectomy [I-lll) without
the need for preoperative biopsy, and
without receiving chemotherapy or radio-
therapy preoperatively.

Surgical intervention was performed
with a midline approach, in which a mass
was evidenced in segments Il and lll of the
liver, measuring 10 x 15 ¢cm in diameter;
no other metastatic lesions were found
(Figure 2). Vascular control was performed
using the Pringle maneuver and continued
with the release of the suspensory liga-
ments of the liver (coronal and triangular).
The transection site in the liver was marked,
and the hepatectomy was performed with
a dissector and ultrasonic aspirator. The
estimated blood loss was 200 mL with an
operative time of 120 minutes. Hemostasis
was verified at the parenchymal transection
site, titanium clips were used to occlude the
segmental bile duct, and hemostatic mate-
rial was left in the hepatic remnant (Figure 3).
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Figure 2. Lesion of the left lateral hepatic lobule, 10 X
15 cm in segments Il and Ill. Release of the triangular
and coronary ligaments is observed

Outcome

She received analgesia with paracetamol
1 g IV every eight hours in the immediate
postoperative period. She also had a satis-
factory evolution and was discharged
48 hours after surgery with a follow-up
plan in the Oncology Unit. There was no
need for transfusion of blood products or
special care management.

In the resected specimen, a limited
and well-encapsulated large lesion was
observed concerning the surface of the liver
without involvement of neighboring organs
or other metastatic lesions. Examination
of the specimen revealed solid tissue with
some cystic components of heterogeneous
consistency (Figure 4). The pathology report
described a metastatic lesion of a pseudo-
papillary solid tumor of the pancreas, with
negative borders and a well-demarcated
fibrous capsule. No chemotherapy or radio-
therapy was deemed necessary.

Figure 4. A solid lesion with well-encapsulated
cystic components and macroscopically free surgical
margins

Figure 3. Hepatic remnant with the transection zone
and macroscopic edges free of tumor

Clinical diagnosis

The definitive diagnosis, based on the
anatomopathological study, was a solid
pseudopapillary tumor of the pancreas, as a
metastatic lesion of the liver, by the history
of the tumor in the pancreas.

Discussion

Pseudopapillary  solid tumors of the
pancreas are a rare disease that predomi-
nates in young women, with a ninefold
increase.” Although in men itis diagnosed at
an advanced age."" Moreover, more aggres-
sive behavior has been reported in men and
postmenopausal women, suggesting that
the biology of the tumor may be related
to estrogen stimulation’. The biological
behavior is still uncertain.

On the other hand, surgical resection
is considered the best therapeutic option
in all cases, even in the presence of meta-
static lesions or extension to neighboring
organs.”™™ The most frequent site of loca-
tion is the body and tail of the pancreas,
followed by the head,* and the liver, lymph
nodes, omentum, and peritoneum are
mentioned as the organs with the highest
frequency of metastasis.

Abdominal pain (51.6 %) and palpation
of an abdominal mass (40.2 %) have been
described as the main symptoms, although
asymptomatic disease occurs in 38.6 % of
cases.* In approximately 85 % of patients,
the disease is limited to the pancreas and
metastatic lesions are identified during
surgery in only 10 to 15 %.“" On the other
hand, distant metastases are rare events,
occurring in 7.7 % of casesX" In this case,
the site of metastasis was the liver, and was
diagnosed six years after the index surgery.

These tumors do not respond to
chemotherapy or radiotherapy, which
makes surgical treatment their best
option." Because of this, surgery is consid-
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ered to be the standard curative procedure
with a better survival rate, greater than 97 %
at five years, compared to other tumors such
as pancreatic adenocarcinomasX  Other
treatments, such as radiofrequency abla-
tion or chemoembolization (TACE), are not
fully proven as curative.”

Currently, there are no guidelines on the
management of these metastatic lesions to
theliver¥Someauthorshaverecommended
enucleation of the tumors to preserve the
parenchyma in very selected cases, such as
peripheral location and a distance greater
than 3 mm from the bile duct or the main
pancreatic duct; however, they are not
accepted In cases where metastases are
not resectable, liver transplantation has
been reported as a therapeutic option
with acceptable results*' Resection of the
primary tumor and metastasis is also recom-
mended, providing excellent survival as
long as all lesions are removed "

Because the present case was solitary
and resectable, a surgical procedure was
decided upon to offer the best chance of
survival, even with the uncertainty of its
biological behavior. A meta-analysis demon-
strated a mean disease-free time of approxi-
mately 150 months in cases with systemic
involvement " Another study showed that
patients with local recurrence or peritoneal
implants have a long survival, an average
time to report metastases of 8.5 years, and
generally in patients older than 36 years®

The presence of metastases to the liver at
the time of diagnosis is common; however,
a more aggressive biological behavior
compared to metastases in other sites has
not been evidenced Some authors have
described cases that have been success-
fully treated by multistage surgery for
multiple liver lesionsX¥* Five and ten-year
disease-free survival is approximately 70 %
and 65 % respectively in cases with aggres-
sive behavior® At the molecular level, it
has been shown that genetic alterations
in BAP1 and KDM6A may be related to the
metastatic potential of this type of tumor.
»I Because these lesions have an uncertain
behavior, it is suggested that follow-up
should be longer than five years
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Abstract

Case presentation. 62 years old female with ten months history of ocular pain, proptosis, and conjunctival hyperemia in left
eye, developing swollen upper eyelid. Best corrected visual acuity was 20/30 in her left eye, with and intraocular pressure of
30 mmHg. Treatment. Nuclear magnetic resonance of the orbits showed proptosis and dilated superior ophthalmic vein.
Initial diagnosis. Abnormal venous drainage and ocular hypertension in the left eye. Topical hypotensive treatment of the
left eye was initiated with ocular hypotensive eyedrops. Angiotomography of the orbit and left eye Doppler ultrasound,
with upper eyelid emphasis, gave visualization of high flow carotid-cavernous fistula. Cerebral diagnostic and therapeutic
angiography with embolization of the fistula in middle meningeal and ascending pharyngeal arteries showed no vascular
flow after the procedure. Outcome. Positive clinical outcome, with corrected visual acuity conserved and normal eye
pressure. Notable relief of ocular congestion and swollen upper eyelid with no proptosis in the left eye. Doppler ultrasound
in the upper eyelid showed normal flow rate measurement.

Keywords
Carotid-Cavernous Fistula, Ocular Hypertension, Antiglaucoma Agents.

Resumen

Presentacion del caso. Paciente femenina de 62 afios con una historia de diez meses de dolor ocular pulsétil, proptosis
e inyeccion conjuntival en el ojo izquierdo; posteriormente presentd un edema palpebral superior izquierdo. Se evalud
con mejor agudeza visual corregida de 20/30 en dicho ojo y presion intraocular de 30 mmHg. Intervencion terapéutica.
Resonancia magnética nuclear de érbitas evidencia proptosis y dilatacién de vena oftalmica superior izquierda, por lo que se
diagnostico como defecto del drenaje venoso e hipertension ocular del ojo izquierdo. Inicié tratamiento hipotensor tépico
de ojo izquierdo; estudios de imagen angiotomografia de drbitas y ultrasonido doppler de ojo izquierdo, con énfasis en
pérpado superior, evidencian fistula carétido-cavernosa izquierda de alto gasto. Se realizé angiografia cerebral diagnostica y
terapéutica con embolizacién de fistula en arterias meningea media y faringea ascendente con ausencia de flujo por dichas
ramas después de la intervencién. Evolucién clinica. Presentd una evaluacion clinica favorable, conservando agudeza
visual y presion intraocular dentro de valores normales en ojo izquierdo, con evidente disminucién de congestién venosa
epiescleral, edema de parpado superior y ausencia de proptosis izquierda. Ultrasonido doppler control de parpado superior
izquierdo con disminucién de flujo venoso a valores normales.

Palabras clave
Fistula carétido-cavernosa, hipertensiéon ocular, agentes antiglaucoma.

bed.' It has many causes, including trauma
or degeneration. Arteriovenous fistulas
are classified as direct and indirect! An
incidence of 0.2 % has been reported in
patients with brain trauma and up to 4 % in
cases with skull base fracture.™

Introduction
An arteriovenous fistula is a lesion resulting

from an abnormal communication between
arterial and venous flow through a capillary

[138]



Direct carotid-cavernous fistulas are
defined by high vascular flow, with direct
communication between the internal
carotid artery and the cavernous sinus;
trauma is the most frequent cause!” They
may also be caused by rupture of aneurysms
intheinternal carotid artery in the cavernous
sinus, Ehlers-Danlos syndrome type IV, or as
a result of iatrogenic factors during neurora-
diological or surgical interventions.

Indirect low-output carotid-cavernous
fistulas are the consequence of communi-
cation between the meningeal branches
of the internal or external carotid artery
and the cavernous sinus; they are associ-
ated with degenerative processes in older
patients with arterial hypertension, vascular
pathologies, or atherosclerosis. Other causes
may be fibromuscular dysplasia, Ehlers-
Danlos syndrome type IV and internal
carotid artery dissection.

There is also the Barrow classification
based on angiographic criteria related to
direct carotid-cavernous fistula. Barrow A,
when there is a direct connection between
the internal common carotid artery and
the cavernous sinus; Barrow B when there
is indirect communication between the
meningeal branches of the internal carotid
artery and the cavernous sinus; Barrow C,
if the communication is indirect between
the branches of the external carotid artery
and the cavernous sinus; and Barrow D, if
the communication is indirect between
the meningeal branches of the internal and
external carotid artery.”

Direct fistulas manifest with episcleral
vascular  tortuosity, pulsatile proptosis,
and audible ocular murmur" Because of
the associated anomalous vascular flow,
it can result in ocular ischemic damage by
shunting arterial blood into the venous
system, resulting in venous drainage
obstruction due to increased vascular resis-
tance." The resulting increase in intraocular
pressure may cause glaucomatous optic
neuropathy,** choroidal effusion, non-
granulomatous anterior uveitis, or damage
to cranial nerves II, IV, or VI, by congestion
in the orbit, or increased pressure in the
cavernous sinusX On the contrary, indirect
fistulas present less vascular flow than direct
fistulas; their clinical presentation may be
insidious, with less orbital congestion and
chronic red eye due to arterialization of
conjunctival vessels. Increased episcleral
venous pressure may result in elevated
intraocular pressure,™ with a similar risk of
glaucomatous damage to the optic nerve.

Among the complementary studies,
angio-resonance can be of diagnostic help;
however, digital cerebral angiography is the

most sensitive procedure for diagnosis, since
it allows the definition of the anatomy of the
fistula, type of blood flow, collateral circula-
tion, and therapeutic surgical strategy."

The treatment of carotid-cavernous fistula
is interdisciplinary and individualized ™" Indi-
rect fistulas may resolve spontaneously; there-
fore, conservative management, applying
direct pressure on the eyeball or internal
carotid compression with the contralateral
hand, is recommended. A more aggressive
approach is made based on the patient’s
clinical evolution. Endovascular intervention
in direct fistulas is performed with detachable
balloons and stents for larger fistulas, liquid
embolic agents, and coil wires for smaller ones
through transarterial access™ En algunas
ocasiones, puede valorarse el abordaje venoso
central o periférico. For some cases, a central or
peripheral venous approach must be consid-
ered. Additionally, venous access through
orbitotomy has been reported.*

Additionally, to each case accordingly, it is
important to control intraocular pressure with
antiglaucomatous medications” to prevent
secondary glaucomatous neuropathy.

The differential diagnosis is varied. The
following are considered among them:
cavernous sinus thrombosis, retrobulbar
hemorrhage secondary to traumatism, thyroid
orbitopathy, orbital vasculitis, sarcoidosis,
infections, benign or malignant tumors, and
metastasis in the orbit!

Case presentation

This is a 62-year-old woman who
consulted with aten-month history of mild to
moderate pulsatile left eye pain, with foreign
body sensation, conjunctival injection, and
sporadic epiphora, accompanied by four
months of noticing a progressive, pulsatile,
slightly mobile, and non-painful tumor in
the inner third of the left upper eyelid. The
patient reported a medical history of arterial
hypertension and denied trauma or other
medical or surgical history.

Physical ~examination identified  best
corrected visual acuity of 20/30 in the right
eye and 20/25 in the left eye. Exophthal-
mometry at an interorbital distance of 106
mm, degree of ocular prominence of 18
mm in the right eye, and 22 mm in the left
eye with evident left proptosis. Extraocular
movements were preserved.

In addition, pulsation of the eyeball was
palpated, and the ocular murmur was auscul-
tated (Dandy's triad). Mild ptosis edema, pulsa-
tile and non-painful in the left upper eyelid,
was evaluated. In the slit lamp, the measure of
the intraocular pressure was 20 mmHg in the
right eye and 30 mmHg in the left eye. Similarly,
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superior episcleral and nasal vascular conges-
tion (Figure 1) and inferior chemosis were
identified. Fundoscopy of the left eye showed
mild dilatation and tortuosity of the superior
and inferior temporal venous vessels (Figure 2).

Figure 1. Slit lamp evaluation left eye

Figure 2. Fundoscopy of both eyes

Therapeutic intervention

Treatment was initiated with a topical hypo-
tensive with timolol 0.5 %, dorzolamide 2 %,
and brimonidine 0.2 % every 12 hours in the
left eye. In addition, ophthalmologic studies
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coherence tomography, 24:2 campimetry in
both eyes and magnetic resonance imaging
of orbits and brain were indicated.

The MRl of orbits performed on
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proptosis and dilatation of the left superior
ophthalmic vein (Figure 3).

Figure 3. Magnetic resonance of orbits and brain

Optical coherence tomography of
the optic nerve showed that the thick-
ness and number of nerve fibers in both
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symmetrical, within normal mean in both
eyes; a decrease in neuroretinal rim thick-
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normal values (Figure 4).
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leftvisualfield (Figure 5); however, it presented
11 % of false negative errors and 1 % of false
positive errors with a time duration of six
minutes for SITA-Standard strategy; therefore,
the interpretation was as inconclusive.

On the other hand, a venous drainage
defect was identified in the left eye, conse-
quently, an angio-tomography of orbits and
brain was performed after 15 days, which
showed a left carotid-cavernous fistula with
the presence of arterial blood in the venous
phase at the level of the cavernous sinus
and vascular congestion in the superior
ophthalmic vein (Figure 6).

Figure 6. Cerebral angio-tomography of orbits and brain

Afteramonth,avenousDopplerultrasound
of the upper eyelid was performed, which
showed a venous vascular dilatation in the left
upper eyelid. The ophthalmic veins presented
a high vascular flow of 27 and 18 cm/s
(Figure 7), which indicated a high-expenditure
carotid-cavernous fistula. Moreover, cerebral
magnetic angio-resonance imaging showed
greater detail on the collateral circulation of
the cavernous fistula (Figure 8).

After six months, diagnostic and therapeutic
cerebral angiography was conducted through
the right femoral artery approach using the
Seldinger technique. During this procedure,
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an anatomical defect of the "bovine" aortic
arch was identified (Figure 9A), and a fistula
with afferents to the middle meningeal artery
(internal maxillary artery branch) and ascending
pharyngeal artery with drainage to the left
cavernous sinus (Figure 9B). An embolization
with Coils and Onyx® was performed in the
internal maxillary artery, and the Cosmos 10 3D
0.5 x 22 cm, the Hidrosoft Helical 100.5x 15 cm,

and then 1 mL of Onyx® were placed; finally,
the absence of flow in the branches (middle
meningeal and superior pharyngeal) was
assessed (Figure 9C and D).

QOutcome

The clinical evolution was satisfactory, with
a best corrected visual acuity of 20/25 in

Figure 9. Diagnostic and therapeutic cerebral angiography. A. Bovine" aortic arch
defect. B. Diagnostic cerebral angiography. C. and D. Therapeutic cerebral angiography
(post-procedure)
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the left eye; in addition, intraocular pres-
sure was 17 mmHg, within normal values,
and with an evident decrease in episcleral
venous congestion (Figure 10) and edema
of the left upper eyelid. Exophthalmom-
etry performed at an interorbital distance
of 106 mm with a prominence measure-
ment of 18 mm for both eyes indicated an
improvement in the initial proptosis of the
left eye. Venous Doppler ultrasonography of
the control left upper eyelid reported a flow
of 2.6 t0 3.1 cm/s, in the expected values of
palpebral venous flow.

On the other hand, in the optical coher-
ence tomography analysis study of the optic
nerve and ganglion cells after treatment,

there was no evidence of progression in the
damage of the optic disc or ganglion cells
(Figure 11), preventing damage secondary
to the initial ocular hypertension.

Clinical diagnosis
Left carotid-cavernous fistula with high
output and secondary ocular hyper-

tension in the left eye.

Discussion

Timely clinical diagnosis, through comple-
mentary imaging studies, is essential to
complications

reduce the associated

Figure 10. Slit-lamp evaluation of the left eye, post-treatment

T rrae Sprial nuribier S000- 30167 5000 30067
Techirar. Operatis, Grm Sl ity 10 it

e Fevmering Serlal reamivor 4000 X147
Todbwachar: Ogrowwtor, Cirun Dgealimensty 16700

(1]

w2 AT

RNFL y ONH: Optic Disc Cube 200x200

Ganglion cell analysis: Macular Cube
512=128

v ster LD, 0P

[ ] am B [ e 08
=
1=
q
T a WA o T

riatedl vt alal Hierumgran

Dk, e L0 < L ER v

Exbraitoad Borioaeiad

o ""* | ‘,fh oo | DR |
A i ;_- A | Mwersge GCL thicinesy [ n:l
Minrem GEL thickness | 08 | 2 |

Figure 11. Optical coherence tomography of optic nerve and ganglion cells in both eyes, post left treatment

DOI: 10.5377/alerta.v7i2.17067
Mejia Llanes DB.



with ocular hypertension secondary to
increased episcleral venous flow resis-
tance in the carotid-cavernous fistula, with
greater emphasis on the associated visual
sequelae. The clinical features manifested as
a high-output fistula, evidenced in imaging
studies and the vascular flow velocity of
the left upper eyelid; however, the vascular
defect shown in the diagnostic cerebral
angiography corresponds to that of an
indirect Barrow C fistula, as it is associated
with communication of branches of the
external carotid artery and the cavernous
sinus. However, some communication by
meningeal branches of the internal carotid
artery, associated with an indirect fistula
type D, can be evidenced.”

On the other hand, it is recommended
to consider the venous approach for the
left internal carotid artery afferents, thus
avoiding late recanalization. Likewise, diag-
nostic imaging and treatment through cere-
bral angiographic embolization is the main-
stay of treatment of this pathology," which
allows preservation of visual acuity and
avoids neurological sequelae in other pairs of
cranial nerves.” Similarly, topical hypotensive
treatment provides a protective approach to
the optic nerve, reducing ocular hyperten-
sion secondary to arteriovenous fistula.”

In this case, best corrected visual acuity
was preserved, with intraocular pressure
within normal values; after treatment, there
was no evidence of secondary glaucoma-
tous optic neuropathy. A multidisciplinary
approach is necessary for the management
and follow up of the clinical evolution to
achieve favorable treatment results and
resolve the clinical condition ™
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Abstract

Case presentation. The patient is a 45-year-old woman with an oval-shaped ulcer on the left thigh, with well-defined
and raised borders, no discharge, no crust, and painless; she presented a lesion of 60 days of evolution, which started as
a punctate papule of progressive increase in size and depth until it became an ulcer, four weeks after a three-day trip to a
rural area endemic for American tegumentary leishmaniasis. Treatment. The diagnosis of localized cutaneous leishmaniasis
was confirmed; consequently, the patient received outpatient treatment with miltefosine 50 mg orally every eight hours for
28 days, accompanied by clinical and laboratory follow-up. Outcome. There were mild side effects, including nausea that
subsided with treatment with ondansetron and omeprazole, and later hyporexia, which persisted until the end of treatment.
There were no significant laboratory alterations. The patient was periodically evaluated according to the recommendations
of the Brazilian Ministry of Health, and the lesion improved gradually, reaching a clinical cure on the 90th day.

Keywords
Cutaneous Leishmaniasis, Drug Therapy, Neglected Diseases.

Resumen

Presentacion del caso. Se trata de una mujer de 45 afnos con Ulcera en el muslo izquierdo, con forma ovalada, bordes bien
definidos y elevados, sin secrecion, sin costra, e indolora, que presentd una lesién de 60 dias de evolucion, que inicié como
una papula puntiforme de aumento progresivo en tamano y profundidad hasta generar una Ulcera, después de cuatro
semanas de haber realizado un viaje de tres dias a un érea rural endémica para leishmaniasis tegumentaria americana.
Intervencion terapéutica. Se confirmé el diagndstico de leishmaniasis cutdnea localizada, en consecuencia, recibid
tratamiento ambulatorio con miltefosina de 50 mg por via oral cada ocho horas por un total de 28 dias, acompafnado de
seguimiento clinico y de laboratorio. Evolucién clinica. Se presentaron efectos secundarios leves, entre ellos, las nduseas
que cedieron con el tratamiento con ondansetrén y omeprazol, luego presentd hiporexia, que persistié hasta el final
del tratamiento. No hubo alteraciones laboratoriales significativas. La paciente fue evaluada periédicamente segun las
recomendaciones del Ministerio de Salud de Brasil y se observé una mejorfa clinica gradual de la lesion, hasta que en la
evaluacion del dfa noventa fue determinada la cura clinica.

Palabras clave
Leishmaniasis cutdnea, quimioterapia, enfermedades desatendidas.

between 1.5 and 2 million new cases are
reported, and 70 000 deaths occur each
year! [tis endemic in 88 countries, 72 consid-

Introduction

Leishmaniasis is a neglected tropical disease

caused by the intracellular protozoa of Leish-
mania. The transmission cycle is complex
and involves hematophagous vectors Phle-
botomus or Lutzomyia spp. and vertebrate
hosts that function as reservoirs. Worldwide,

ered developing countries. According to the
World Health Organization, in 2018, 94 % of
all new cases of leishmaniasis were reported
in seven countries: Brazil, India, Kenya,
Somalia, South Sudan, Ethiopia and Sudan.!

[146]



In the Americas, the most common
clinical form is known as American tegu-
mentary leishmaniasis (ATL)," which is also
subdivided into localized cutaneous leish-
maniasis, diffuse cutaneous leishmaniasis,
and mucosal leishmaniasis." Clinical manifes-
tations are varied and depend on the species
of Leishmania involved and the type and
magnitude of the host immune response. In
broad terms, it is described as a lymphocyte-
mediated immune response. On the one
hand, a Th2-type response characterized
by antibody production is ineffective in
controlling infection and is associated with
disseminated forms with high parasitemia.
On the other hand, an overly robust Th1-type
response with highly elevated levels of
interferon-y and TNF is characterized by low
parasitemia, and abundant tissue damage
evidenced in the mucosal type.” The best
response is a moderate Th1-type response,
which effectively controls the infection and
allows evolution to cure possible.”

There are few therapeutic options avail-
able and those present complications such as
high toxicity, high production costs, limited
effectiveness, problems in administration,
and the development of resistance." The first-
line treatment in Brazil is meglumine antimo-
administration is for 20 days, intravenously
or intramuscularly, with the possibility for
an extension based on clinical evolution.
The medication should not be indicated for
pregnant women due to teratogenicity; in
addition, it is also not recommended as the
first option for individuals over 50 years-old,
with known hypersensitivity to the drug, and
with certain chronic conditions such as cardi-
opathy, renal and hepatic disease. Further-
more, some adverse effects have been
described, including pancreatitis, pancyto-
penia, peripheral neuropathy, joint stiffness,
gastrointestinal symptoms, nephrotoxicity,
and the most serious of them, the alteration
of cardiac repolarization, which manifests
itself as an extension of the QT segment,
inversion and flattening of the T wave." Also,
There are reports of as much as 40 % of
therapeutic failure

Alternative treatments for leishmani-
asis include amphotericin B, pentamidine
isethionate, and miltefosineX These medica-
tions were originally developed for other
diseases and repurposed for leishmani-
asis treatment, a widespread practice for
neglected diseases.”

Miltefosine was initially developed for
the treatment of metastatic breast cancer’,
approved by the Food and Drug Adminis-
tration in 2014, and incorporated into the
Brazilian Health System in 2018X" Although

it is a teratogenic drug, it has some advan-
tages compared to the others, such asits oral
administration route with efficacy equiva-
lent to that of pentavalent antimonial but
with a lower incidence of adverse effects.”
However, it may cause gastrointestinal symp-
toms, hepatotoxicity, and nephrotoxicity.'

Case presentation

The patient, a 45-year-old female school-
teacher, and resident in the city of Cuiab3,
the capital of the state of Mato Grosso
in the central-western region of Brazil,
with a history of hysterectomy two years
earlier due to uterine myomatosis; she was
receiving daily treatment for arterial hyper-
tension, with hydrochlorothiazide 12.5 mg
and olmesartan 20 mg. The patient denied
other chronic diseases.

The patient consulted for an ulcer on the
left thigh after 60 days of evolution. It started
as a papule with a progressive increase in
size and depth, four weeks after a three-
day trip to the municipality of Chapada dos
Guimardes, a rural area in the State of Mato
Grosso. Two individuals who accompanied
her on this trip developed similar lesions.

When the condition started, the patient
attended a primary care clinic and was
treated with amoxicillin and clavulanic acid
for five days without improvement, which
caused her to consult again; on this occa-
sion, she received treatment with cephalexin
and acyclovir for seven days; she did not
remember the doses of the drugs, and did
not notice any improvement either. During
the third consultation, the suspected diag-
nosis was ATL. As a result, the patient was
referred to the state center for leishmaniasis
cases in the city of Cuiab3, where she was
received after six weeks.

Physical examination revealed an oval,
painless ulcer with raised, well-defined, and
hyperchromic borders. Fibrin presented at
the base of thelesion without purulent secre-
tion, crust, orany other alteration (Figure TA).

A scraping, aspirate, and tissue sample
for biopsy of the edge of the lesion and sent
for anatomopathological study, direct para-
sitological study, culture, and polymerase
chain reaction molecular study; the culture
report and PCR study were positive; in the
direct parasitological study there was no
evidence of amastigotes, and it was consid-
ered negative. Finally, there was no report of
the anatomopathological study.

Treatment

The patient was prescribed outpatient treat-
ment with miltefosine, 50 mg every eight
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hours for 28 days. She received counseling
regarding the potential adverse effects of
the drug and a clinical and laboratory follow-
up plan. Contraceptive methods were not
offered due to the history of hysterectomy.

QOutcome

In the first control, the patient reported
moderate-intensity nausea; she received
daily treatment with ondansetron 4 mg and
omeprazole 20 mg. Also, since the second
week, she presented hyporexia until the
end of the treatment. In the third and fourth
control, a gradual improvement of the ulcer
was evidenced by the growth of granulation
tissue in the wound bed (Figure 1B). During
this period, the nutritional status evalu-
ation registered a loss of 2.5 kg of weight,
and weekly laboratory tests did not present
ranges out of the normal ones (Table 1).
After 63 days of treatment, there was
evidence of re-epithelialization of the ulcer
(Figure 1C). Finally, on day 90, the patient
had a complete re-epithelialized lesion,
without crusting, desquamation, or infiltra-
tion, and smooth to palpation; therefore, the
clinical cure was concluded (Figure 1D).

Clinical diagnostic

Localized cutaneous leishmaniasis was
diagnosed based on clinical history,
physical  examination  findings, and
laboratory test results.

Discussion

Brazil reported a total of 13 044 new cases
of ATL in 2022. The State of Mato Grosso was
the third state with the highest number of
cases, with 9.58 % of cases. At the national
level, 73.85 % of the cases were male and
the most affected age group was between
20-39 years oldX" Rural workers have been
among particularly vulnerable groups for
developing leishmaniasis since agriculture,
forestry, and other extractive activities
increase exposure to the vectorX"

Three epidemiological patterns have
been identified: wild, which occurs in areas
of dense vegetation; occupational or leisure,
associated with tourism and extractive
industries; and rural or peri-urban, related
to migration to rural areas in the coun-
trysideV This case falls under the occupa-
tional or leisure epidemiological pattern.
However, the patient's characteristics differ
from the typical epidemiological profile of
the disease, since it is about a female who
belongs to the least affected age group and
her occupation and place of residence and
work is in the urban area. It is worth consid-
ering that the disease can affect anyone.

The Leishmania species responsible for
the infection in this case, was not identi-
fied since this procedure is not part of the
protocol for the diagnostic routine of the
Julio Mdller University Hospital. However,
the main species in the central-western
region of the country is Leishmania (Viannia)

Figure 1. Clinical evolution of the lesion during the follow-up period A. [Day 1] Ulcer with an area of 2.86 cm?,
raised, well-defined and hyperchromic borders, base of the lesion with fibrin, but with a clean appearance, without
purulent discharge or crust. B. [Day 28] Ulcer of 3.06 cm?, in the process of re-epithelialization, but with abundant
crusting and desquamation, slightly elevated hyperchromic edges. C. [Day 63] Re-epithelialized lesion, slight des-
quamation persists, slightly elevated hyperchromic borders. D. [Day 90] Re-epithelialized lesion, hypochromic cen-
ter, hyperchromic and smooth borders on palpation, no crusting or desquamation. Clinical cure.
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braziliensis, which is widely distributed in
Brazil and Latin America in general.”

The clinical manifestations of the case were
typical; the first sign is usually the formation
of a papule at the site of the bite, followed
by the formation of a nodule, and finally, an
ulcer within two to eight weeks The ulcers
are generally round or oval, with well-marked
and raised borders, have an erythematous
base, and are painless.”

The patient's treatment was successful,
as it met the clinical criteria for cure
established by the Brazilian Ministry of
Health. These criteria include complete
re-epithelialization of all skin lesions within
90 days and the disappearance of crusting,
desquamation, infiltration, and erythema
within 180 days of follow-up." In this case, all
criteria were met within 90 days. The patient
underwent periodic evaluations with labo-
ratory tests, which did not show significant

alterations during the treatment. Nausea
presented at the beginning of treatment, as
well as hyporexia, are known and frequent
adverse effects of the miltefosine drug®
consequently, weight loss may occur.

Other drugs commonly used for treating
cutaneous leishmaniasis include meglumine
antimoniate, amphotericin B, and pentami-
dine isethionateX Meglumine antimoniate
has been the first-line treatment for several
decades but has significant disadvantages.
Treatment is usually administered intrave-
nously at a dose between 10 and 20 mg/kg/
day for 20 days, which can make adherence
to treatment difficult"" Systemic treatment
instead of the use of intralesional admin-
istered treatment is favored " The drug is
linked to numerous adverse effects such
as pancreatitis, pancytopenia, peripheral
neuropathy, joint stiffness, gastrointestinal
symptoms, nephrotoxicity," and also more

Table 1. Weekly nutritional evaluation and laboratory tests during the treatment period

Day 1 Day 7 Day 14 Day 21 Day 28
Weight (Kg) 96.5 96.1 96.8 953 94
Body mass index 36.7 36.6 369 363 358
Alanine aminotransferase 16 25 29 35 30
(U/L)
Aspartate aminotransferase 14 19 18 20 20
(U/L)
Alkaline phosphatase (U/L) 65 71 71 69 -
Gamma-glutamyl 55 49 53 64 -
transpeptidase (U/L)
Creatinine (mg/dL) 0.8 0.8 0.9 0.7 0,8
Urea (mg/dL) 33 31 38 42 -
Glucose (mg/dL) 118 116 116 112 -
Amylase (U/L) 52 49 56 61 51
Lipase (U/L) 41 43 34 36 35
Total Bilirubin (mg/dL) 0.2 0.3 0.3 0.2 -
Direct Bilirubin (mg/dL) 0.1 0.2 0.2 0.1 -
Indirect Bilirubin (mg/dL) 0.1 0.1 0.1 0.1 -
Hemoglobin (g/dL) 135 139 13.8 14.5 -
Hematocrit (%) 419 419 40 411 -
Leukocytes (cells/mm?) 7080 7240 7620 6770 -
Platelets (cells/mm?) 311000 301 000 281000 325000 -

Serologic test for syphilis Non-reactive

Hepatitis B virus Non-reactive

surface antigen

Antibody to hepatitis Non-reactive

B virus surfaceantigen

Human Non-reactive

immunodeficiency virus

Antibodies to Non-reactive

hepatitis C virus

Electrocardiogram No anomalies

Source: clinical record.
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severe manifestations such as QT segment
extension, T-wave inversion, and flattening."

Amphotericin B is administered intra-
venously on daily bases. A total dose of
25-40 mg/kg; the total duration of treat-
ment is variable and depends on the case
and the patient's tolerance to the drug.
Some adverse effects include fever, chills,
tremors, dyspnea, flushing, tachycardia,
hypotension, arthralgia, myalgia, and
risk of nephrotoxicity."

Pentamidine isethionate is adminis-
tered intravenously every other day, with
three to ten total doses depending on the
clinical course. Treatment is associated with
hypoglycemia, hyperglycemia, hypoten-
sion, arrhythmias, QT interval prolongation,
nephrotoxicity, leukopenia, hepatotoxicity,
pancreatitis, and neuropathies i

In the case described, treated with
miltefosine, there was a complete cure,
the advantages of this drug contributed
to its adherence, such as the oral route
of administration, its ambulatory use,
and its higher safety profile, compared to
other available drugs.

Ethical aspects

This case report complies with the Helsinki
declaration and international  ethical
guidelines. The confidentiality of the
patient's data was respected.
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Abstract

Introduction. Chagas disease is an infection caused by the parasite Trypanosoma cruzi and transmitted by the vector
Triatoma dimidiata, known in El Salvador as “chinche picuda” This disease has always been of scientific interest in animal
models. Objective. Identify the effect of Trypanozoma cruzi infection in mice of different strains (BALB/c and NIH) and sex.
Methodology. Eight groups were established: four infected with Trypanosoma cruzi and four uninfected groups, distributed
by strain and sex, with five mice per group. The body weight of the mice was recorded for six weeks. In addition, blood
samples from the infected groups were prepared on slides for parasitemia counts. At the end of the study, the spleen and
heart were extracted from both groups for statistical analyses. Results. The infected groups showed an increase in weight
compared to their control groups. In the NIH strain, females had higher parasitemia, whereas in the BALB/c strain, males had
higher parasitemia. The organs of the infected groups were significantly larger compared to those of the control groups,
except in the heart of the BALB/c strain. Regarding organ weight, significant differences were observed only in the heart
of the male BALB/c strain, while the opposite was true for the spleen. Conclusion. Males of the BALB/c strain are more
susceptible to Trypanosoma cruzi, presenting higher levels of parasitemia among the groups studied.

Keywords
Trypanosoma cruzi, Parasitaemia, Blood, Animal Experimentation, Chagas Disease.

Resumen

Introduccion. La enfermedad de Chagas es una infeccién causada por el parasito Trypanosoma cruzi 'y transmitida por el
vector Triatoma dimidiata, conocido en El Salvador como «chinche picuda». Esta enfermedad siempre ha sido de interés
cientifico en modelos animales. Objetivo. Identificar el efecto de la infeccion por Trypanosoma cruzi en ratones de diferentes
cepas (BALB/c y NIH) y sexo. Metodologia. Se establecieron ocho grupos: cuatro infectados con Trypanosoma cruzi'y cuatro
grupos no infectados, distribuidos por cepa y sexo, con cinco ratones por grupo. Durante seis semanas se registré el peso
corporal de los ratones. Ademas, se prepararon muestras de sangre de los grupos infectados en laminas para realizar los
conteos de parasitemia. Al final del estudio, se extrajeron el bazo y el corazén de ambos grupos para los andlisis estadisticos.
Resultados. Los grupos infectados mostraron un incremento de peso en comparacion a sus grupos controles. En la cepa
NIH, las hembras presentaron una mayor parasitemia, mientras que en la cepa BALB/c fueron los machos los de mayor
parasitemia. Los érganos de los grupos infectados fueron significativamente mas grandes comparados a los de los grupos
de control, excepto en el corazén de la cepa BALB/c. Respecto al peso de los 6rganos, se observaron diferencias significativas
Unicamente en el corazén de los machos de la cepa BALB/c, mientras que en el bazo ocurrié lo contrario. Conclusién. Los
machos de la cepa BALB/c son mas susceptibles al Trypanosoma cruzi, presentando niveles de parasitemia mas altos entre
los grupos estudiados.

Palabras clave
Trypanosoma cruzi, parasitemia, sangre, experimentacion animal, enfermedad de Chagas.

Introduction

The flagellate protozoan Trypanosoma cruzi
(T cruzi) is the causative agent of American
trypanosomiasis or Chagas disease, a
disease of public health importance that

persists as endemic in large areas of Latin
America. Transmission occurs mainly using
triatomine vectors, nocturnal hematopha-
gous insects belonging to the subfamily
Triatominae of the order Hemiptera, family
Reduviidae, which feed on mammal blood.
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The natural reservoirs are armadillos,
marsupials, rodents, bats, wild primates, and
domestic animals such as dogs and cats. The
parasite has been isolated in more than 150
species of domestic and wild mammals.

The life cycle of T cruzi is complex,
involving transmission by insect vectors and
infection of vertebrate hosts, most of which
are mammals, including humans, which
are susceptible hosts.™

Understanding the pathophysiology of
T. cruzi infection in laboratory animals is a
significant achievement in studying Chagas
disease. Controlled experimental models
allow the analysis of different parameters
related to the host and the parasite, which
cannot be addressed in humans for prac-
tical and ethical reasons.™

Most of the studies of the acute phase of
the disease are performed in animal models
since this phase of the disease, generally in
humans, goes unnoticed because it is self-
limited and has non-specific clinical mani-
festations, which leads to most cases going
undiagnosed. The most widely used model
to study this disease is the laboratory mouse
since it is one of the best-studied species
from the immunological point of view. The
experimental acute infection progresses
differently depending on the parasite strain,
mouse strain, virulence, inoculation dose,
number of parasites, age, sex, and genetic
profile, among other factors."¥I Pathogenic
strains of Trypanosoma cruzi generally cause
acute disease and high mortality in suscep-
tible strains of mice, although these models
are considered accurate representations of
the infection process in humans. However,
they are crucial for investigating immune
responses, endocrine and metabolic states,
and their interactions since this acute
stage goes unnoticed in humans, except in
cases of oral infection.”!

Different strains of mice differ in suscep-
tibility or resistance to infection, evidencing

a complex genetic control of parasitemia
levels and survival of infected animals."i»x
Therefore, in this study we evaluated the
effect of Trypanozoma cruzi infection in mice
of different strains (BALB/c and NIH) and sex.

Methodology
Experimental design

A total of 40 healthy mice were used. They
underwent clinical checks to evaluate their
fur, eyes, skin, and mucous membranes. The
mice were divided into eight groups, each
consisting of five mice. Four groups were
infected with parasites (cases), and four
remained healthy (controls). The groups
were categorized based on strain (NIH and
BALB/c) and sex (refer to Table 1).

The control group was assessed for body
weight, heart and spleen size, and weight.
All mice were randomly chosen and were
around five to six weeks old. The study lasted
six weeks, with the first week dedicated to
parasite inoculation and the following five
weeks for counting parasite levels twice a
week. Each infected mouse was evaluated
ten times using a Leica microscope.

Currently, there is no ethics committee
for laboratory animals in El Salvador.
However, the study was conducted by inter-
national ARRIVE standards.®

Parasite collection

Trypanosoma cruzi parasites in their meta-
cyclic trypomastigote stage were obtained
from a sample of feces of the vector Triatoma
dimidiata collected in the Huisiltepeque
canton, city of Tenancingo, department of
Cuscatlan, EI Salvador. Vector feces were
diluted in 0.5 mL of 0.9 % normal saline, and
the presence of Trypanosoma cruzi was veri-
fied by direct observation using a bright-field
microscope. This preparation was provided

Table 1. Initial body weight, final body weight and percentage increase in grams of the experimental groups

Group Initial weight Final weight Increase % p-value
NIH (females) Control 2463 +2.62 2693 +£2.50 9.56 £ 5.06 -
NIH (females) Infected 2294+ 221 2844 +2.29 2422 +570 0.005*
NIH (males) Control 2660+ 5.23 31.08 £ 563 1717 £4.53 -
NIH (males) Infected 2215+ 764 3343 £4.16 6049 + 18.64 0.102
BALB/c (females) Control 2440+ 0.87 2763 +0.85 1333 +5.65 -
BALB/c (females) Infected 27.08 £0.93 33.24+1.37 22.80 £4.84 0.030*
BALB/c (males) Control 21.78£0.77 2898 £0.81 3320+ 6.04 -
BALB/c (males) Infected 17324083 30.10+£2.96 73.69+13.08 0.001*

Values are expressed as the mean + standard deviation. Significant differences between groups are expressed when *p-value < 0.05.

Weight expressed in grams.
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by the Laboratory in Vector Entomology
of the Health Research and Development
Center of the University of El Salvador.

Experimental animals

Mice of the NIH and BALB/c strains from the
Animal Laboratory of the Center for Health
Research and Development of the University
of £l Salvador were used. The mice were fed
a diet of Tecnutral pelleted concentrate for
rodents and free access to water. All animals
were kept at a temperature of 22 = 2 °C
and a controlled relative humidity between
50-60 %, with a light-dark cycle of 12/12
hours. For individual identification, they
were individually marked with picric acid.

Parasite inoculation

The mouse with the highest parasitemia
(blood  trypomastigotes) was identified
and blood was drawn from the subman-
dibular vein to obtain 1 x 10° parasites/
mL in saline. This amount was necessary to
reach to infect the mice. Subsequently, mice
were restrained and immobilized and each
mouse was inoculated intraperitoneally with
1 x 10* parasites/0.1 mL of the previously
prepared solution using a T mL tuberculin
syringe. The following formula was used to
calculate the number of parasites required
to achieve infection, " where:

C: 1 x10° parasites
Vi 1 mL of 0,9 % normal saline

V, = GV,

2

C,: Amount of parasites in the infected
mouse

V,: Amount of blood needed

Body weight

The initial body weight in grams of all groups
was recorded using a COBOS scale before
parasite inoculation. Subsequently, weighing
was performed once a week until the
end of the experiment.

Parasite count

Perform the count, a blood sample of
approximately 10 pl was drawn from the tail
of each infected mouse. Then, 5 uL of blood
were taken with an Accumax® micropipette,
which were deposited on a slide and imme-
diately covered with a coverslip to obtain a
thin and homogeneous layer. Subsequently,

it was taken to the microscope for obser-
vation at 40x and a parasite count was
performed in 50 fields, counting from left
to right and vice versa.

Organ size and weight

Once the parasitemia counts were
completed, all animal groups under-
went cervical dislocation for euthanasia.
The organs (heart and spleen) were
then removed to evaluate their appear-
ance, size (measured in centimeters), and
weight (measured in grams).

Statistical analysis

The datawasanalyzed using IBM®SPSS 21 and
Microsoft Excel 365 for statistical analysis. The
Student's T-test was used to compare body
and organ weights, while a one-way analysis
of variance (ANOVA) was used for parasite
counts. A difference between experimental
groups was considered significant when
p < 0.05. The results are mostly expressed as
Mean + Standard Deviation.

Results
Body weight

Table 1 indicates that the Trypanosoma
cruzi groups obtained a greater percentage
increase in body weight compared to
their control groups (uninfected mice),
with most having a p-value < 0.05 except
for the male NIH strain group, which
obtained a p-value = 0.102.

Parasite counts

Mice infected with T. cruzi of NIH and BALB/c
strains presented different results in terms
of sex, reflected in Table 2 and Figure 1. All
groups of mice evaluated survived until the
end of the study. The peak of parasitemia
occurred at counts seven and eight.

Figure 1-A graphically compares the
number of parasites observed during the
investigation. In the NIH strain, it can be
seen that the group of females presented
a higher parasitemia through time, having
its maximum point at parasite count
seven. Figure 1-B shows the BALB/c strain,
where the males presented the highest
parasitemia, reaching its maximum at the
seventh parasite count.

Organ size and weight

Once the parasite count was completed, the
heart and spleen were extracted from the
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eight groups of mice. Table 3 shows that the
size of both organs in the groups infected with
T. cruzi showed an increase when compared
with their control groups, except in the heart
of the BALB/c strain where no significant
differences in size were obtained, while in
the spleen almost all showed significant
differences, with the exception of the male
group of the BALB/c strain that obtained a p
value = 0.053 with respect to its control group.

The weight of the organs analyzed
between the control and infected groups can
be seen in Table 4. They showed significant
differences for the heart only in the group
of the BALB/c strain males with a p-value =
0.008. On the other hand, in the spleen, the
only group that did not show differences
compared to their control was the BALB/c
strain males with a p-value = 0.061, despite
having a very high mean.

Frequency of paresites observed

Discussion

The fundamental interest in this study was
to demonstrate the acute phase of Trypano-
soma cruzi infection in an animal model
using BALB/c and NIH strain mice after a six-
week observation period.

However, the results obtained in this
study contradict the findings of other
authorg! Xt \ywho have shown that
infection with this parasite causes a statisti-
cally significant decrease in body weight
in BALB/c and Cba/j mice approximately
thirty days after infection ™ This weight
loss is attributed to a marked depletion of
body fat and an increase in water retention,
suggesting that the disease induces true
cachexia, which is considered one of the
manifestations of the inflammatory reaction
to this infection i

Frequenay of parsdtes obisersed
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Figure 1. (A) Behavior of parasite counts (7. cruzi) of the NIH strain for
both sexes over time (six weeks)

Figure 1. (B) Graphical behavior of parasite counts (T. cruzi) of the
BALB/c strain for both sexes over time (six weeks)

Table 2. Median values of the number of parasites (T. cruzi) per milliliter (mL) in the experimental groups

Groups/Count NIH (females) NIH (males) BALB/c (females) BALB/c (males)

1 0 5.00E+04 0 3.00E+05

2 0 5.00E+04 7.50E+04 4.00E+05

3 1.50E+05 5.00E+04 5.00E+04 3.00E+05

4 7.50E+05 1.00E+05 1.25E+05 8.75E+05

5 7.50E+05 3.00E+05 1.00E+05 1.60E+06

6 7.50E4+05 3.50E4+05 2.00E4+05 1.10E4+06

7 7.50E+05 5.00E+05 1.50E+05 2.20E+06

8 7.50E+05 8.00E+05 4.75E4+05 1.10E+06

9 7.50E+05 3.50E+05 2.50E+05 1.60E+06
10 7.50E+05 1.00E+05 1.50E+05 6.00E+05

Values expressed as median, significant differences (¥) between groups are expressed when p-value < 0.05.
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Besides, these studies show weight loss is
associated with pronounced hypoglycemia
and is a consequence of a multifactorial
process that includes the increase in proin-
flammatory cytokines, the reduction in food
intake at the end of the infection, the hepatic
involvement caused by the parasite, leading to
deficiencies in the gluconeogenic pathway,
and the high energy demand caused by the
activation of the immune system

Variations in body weight can be inversely
influenced by metabolic disorders and
hormonal imbalances. Major hormones
influencing body weight include glucocor-
ticoids, prolactin, dehydroepiandrosterone,
growth hormone, testosterone, and leptin.
Alteration in the structure or resistance to
the hormone leptin can inhibit satiety and
lead to energy imbalance, resulting in obesity
and increasing susceptibility to infections and

Table 3. Size of organs (heart and spleen) in centimeters mainly affected in experimental mice

Organ Group Mean = S.D. p-value
NIH (females) Control 0.68+0.17
NIH (females) Infected 0.86 +0.09 0073
NIH (males) Control 087 £0.24
Heart NIH (males) Infected 0.88 + 0.08 0.966
BALB/c (females) Control 0.95+0.10
BALB/c (females) Infected 0.82 +0.08 0.071
BALB/c (males) Control 1.00 + 0.08
BALB/c (males) Infected 0.94 +0.09 0334
NIH (females) Control 1.88+0.15
NIH (females) Infected 2.66+0.15 0.000*
NIH (males) Control 1.75+£033
NIH (males) Infected 248+0.11 0.002*
Spleen
BALB/c (females) Control 2.00 £ 0.08
BALB/c (females) Infected 252+013 0.000*
BALB/c (males) Control 1.73+0.38
BALB/c (males) Infected 2.56+0.63 0.053

Values are expressed as the mean + standard deviation (S.D.). Significant differences between groups are expressed when *p < 0.05.

Table 4. Weight in grams of affected organs (heart and spleen) in experimental mice

Organ Group Mean + S.D. p-value
NIH (females) Control 0.17£0.01
NIH (females) Infected 0.14+0.03 0.060
NIH (males) Control 0.16 £ 0.03
Heart NIH (males) Infected 0.14 +0.06 0.685
BALB/c (females) Control 0.16 + 0.04
BALB/c (females) Infected 021 +0.03 0.076
BALB/c (males) Control 0.20 +0.04
BALB/c (males) Infected 0.13£0.02 0.008*
NIH (females) Control 0.13+£0.03
NIH (females) Infected 037+0.15 0.020*
NIH (males) Control 0.14 £ 0.02
NIH (males) Infected 0.32+0.08 0.007*
Spleen
BALB/c (females) Control 0.13+£0.01
BALB/c (females) Infected 0.38 +0.07 0.001*
BALB/c (males) Control 0.16 +£0.09
BALB/c (males) Infected 035+0.16 0.061

Values are expressed as mean + standard deviation (SD). Significant differences between groups are expressed when *p-value <0.05.
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inflammation, ™ which could explain the
findings observed in this study.

Concerning parasitemia, the results
show that in the BALB/c strain, the females
showed greater resistance than the males,
presenting a lower number of parasites in
the blood during the acute phase of Chagas
disease, as previously reported.* In contrast,
male mice of the NIH strain were the most
resistant to parasitemia.

It is important to note that the blood
trypomastigotes of T. cruzi, as in this research,
are visualized more rapidly compared to
when they are inoculated in their metacyclic
form, obtained directly from the insect or
from transformations carried out in vitro, as
has been documented in different studies
with other strains of mice*™ Some similar
investigations mention a variety of patterns
in the relationship between the parasite
and the host. In this case, experimental mice
acquire the disease using an established
or predetermined inoculation that can be
modulated by multiple variables that depend
on the host, among which we have sex and
genetic composition. Furthermore, infection
in laboratory strains of mice can vary from
highly resistant to highly susceptible strains,
suggesting a genetically established basis.
Vil Despite the different strains of mice
and parasites, it is clear that multiple factors
can influence infection, such as inoculum size
(amount of parasites administered) and host
age, although experimentally, young adults
are used for this kind of in vivo models."

It has also been demonstrated that there
are genes involved in resistance or suscep-
tibility to the disease, and among these, the
most important in determining the number
of parasites are those related to the response
of the immune system.* It has been docu-
mented that the virulence capacity of T. cruzi
to establish the infection of a host is associ-
ated with the state-specific expression of
genes and their polypeptide products; many
of these molecules are regulated during
the differentiation and development of the
different stages of the parasite that are related
to the evasion of the host's defenses iz
Among the genetic factors associated with
resistance or susceptibility to a variety of
infectious agents are those usually linked to
the Major Histocompatibility Complex (MHC),
whose genes code for proteins responsible
for the induction of the immune response
against a variety of antigens ™

Infection by protozoa such as T cruzi
is also usually influenced by the control
that sex hormones can exert> In the
case of females, this may be due to the
effect produced by estrogens that stimu-
late the phagocytic activity of the macro-

phage and increase the local inflammatory
response izt The development of infec-
tion with this parasite seems to have different
responses between males and females in
murine models; in some cases, sex does not
seem to be a determinant in the number of
parasites in infected animals.™ On the other
hand, host defense against aggression seems
to depend on the state of development
of the immune system for both sexes and
on the stimulation of the response of this
system, possibly acting in association with
some hormonal and genetic factors but
independently ix

In Chagas disease, some of the main
organs affected by the parasite in mammals
are the heart and spleen, and sometimes
the intestine** It is reported in this research
that the group of infected BALB/c females
showed an increase in heart weight, which
is plausible since the parasite may be lodged
in the tissue, causing the organ to increase
in size. There was only a significant change
in the decrease in heart weight for the
male BALB/c strain group, contrary to what
happened with the spleen. As for organ size,
the infected groups showed an increase,
except for the heart of the BALB/c strain.

No studies have been found that
compare the size and weight of affected
organs at the macroscopic level. Instead,
they are directly evaluated at the micro-
scopic level using histological sections. One
study mentions that an increase in heart
size may be caused by the ablation of fats,
leading to endoplasmic reticulum stress
and mitochondrial oxidative stress, causing
biventricular dilatation and increased para-
site load in infected mice during the early
chronic stages of infection* The increase
in spleen size may be related to an impor-
tant parasite antigen called cruzipain, which
increases the number of cells of this organ,
granularity, and size*" On the other hand,
the parasite uses the antigen to propagate
within the host*" Furthermore, evidence
shows that adipose tissue is the major reser-
voir for T cruzi, which can be reactivated
during periods of immunosuppression and
create a state of inflammation that affects a
variety of metabolic pathways. "

One of the limitations of this research
was not knowing to which type of strain or
discrete taxonomic units (DTU) the parasite
belonged; these are methods for genetic
classification that have been developed
previously to determine the different ways of
interacting with its host and its geographic
distribution; some studies reveal that in
El Salvador the so-called Trypanosoma cruzi |
(Tcl) prevails according to this classification,
but it must be taken into account that it
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can vary from Tcl to TcVI in Latin America
Another important limitation was not having
histological sections of the possible infected
organs, mainly the spleen, which would have
allowed us to observe the absence or pres-
ence of amastigote nests in the tissues and to
confirm which of the strains and sexes in this
study were more resistant or vulnerable to the
parasite according to the damage caused

Some of the most outstanding recom-
mendations are to perform molecular biology
studies such as gene expression analysis
through the quantitative polymerase chain
reaction (PCR) technique and immunohisto-
chemistry techniques, which allow measuring
protein expression and thus obtaining more
detailed information for the interpretation of
the results based on the genes involved to
combat this disease on the part of the host.
tests, such as in vitro tests, can provide more
reliable and conclusive results.

Conclusion

The group of male mice of the BALB/c strain
was the most susceptible, presenting the grea-
test increase of parasites in the blood compa-
red to the other infected groups. On the other
hand, The female group of this strain showed
the highest observed resistance to parasite
load. However, contrary patterns were obser-
ved in the NIH strain, so it is difficult to affirm
that sex is a determining factor in the beha-
vior of this disease. Regarding body weight,
the size, and weight of the organs, mainly in
the heart, did not show significant differences,
which could be because some of them were
probably not so infected at that time, as was
the case with the spleen.

Regarding body weight, the size and
weight of the organs (heart and spleen) show
results that are difficult to explain.
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Abstract

Introduction. Reverse transcription polymerase chain reaction (RT-PCR) is the gold standard method for diagnosing SARS-
CoV-2 disease. However, due to limited accessibility to this test during the pandemic, diagnostic imaging was used to
support diagnostic suspicion and avoid delays in medical care. Objective. Determine the accuracy of diagnostic imaging
(chest X-ray and computed tomography) in diagnosing SARS-CoV-2 infection, compared to RT-PCR result. Methodology.
An analytical cross-sectional study was conducted. The imaging reports of 138 patients were compared with their RT-PCR
results to calculate sensitivity, specificity, positive predictive value, and negative predictive value for both chest X-ray and
computed tomography. Concordance between the imaging results and RT-PCR was measured using Cohen's Kappa index
and Bayes factor. Results. Computed tomography showed a sensitivity of 92.9 %, a specificity of 64 %, a positive predictive
value of 92.1 %, and a negative predictive value of 66.7 %. On the other hand, X-rays showed a sensitivity of 86 %, a specificity
of 52.9 %, a positive predictive value of 92.9 %, and a negative predictive value of 34.6 %. Conclusion. Computed tomography
showed moderate diagnostic concordance and is particularly useful in cases of moderate to high clinical suspicion, diagnostic
discrepancy, or the need to confirm complications. On the other hand, X-rays showed low diagnostic concordance and
should be used in combination with RT-PCR for a definitive diagnosis, especially in cases of high clinical suspicion.

Keywords
SARS-CoV-2, Sensitivity and Specificity, Tomography, X-rays, Predictive Value of Tests.

Resumen

Introduccion. La reacciéon en cadena de la polimerasa de transcripcion inversa (RT-PCR) es el estandard de oro para el
diagnostico de enfermedad por SARS-CoV-2. En el contexto de la pandemia con accesibilidad limitada a esta prueba, las
iméagenes diagndsticas aportaron hallazgos que sustentan la sospecha diagnéstica, evitando retrasos en atencion médica.
Objetivo. Determinar la sensibilidad, especificidad, valor predictivo positivo y negativo de las imagenes diagndsticas y su
concordancia respecto al resultado de RT-PCR. Metodologia. Estudio transversal analitico. Se compard el resultado del
reporte por imagenes con los resultados de RT-PCR en 138 pacientes. Se calculd la sensibilidad, especificidad, valor predictivo
positivo y valor predictivo negativo para los rayos X de térax y tomografia computarizada para el diagnéstico de infeccién
por SARS-CoV-2. Se utilizé el indice Kappa de Cohen y el factor de Bayes para medir la concordancia y fuerza de asociaciéon
entre las variables. Resultados. La tomografia computarizada presenté una sensibilidad de 92,9 %, una especificidad del 64 %,
un valor predictivo positivo de 92,1 % y un valor predictivo negativo de 66,7 %; mientras que, los rayos X presentaron una
sensibilidad del 86 %, una especificidad del 52,9 %, un valor predictivo positivo de 92,9 % y un valor predictivo negativo del
34,6 %. Conclusion. La tomografia mostré concordancia diagnéstica moderada; su utilidad es mayor en casos de sospecha
clinica moderada-alta, discrepancia diagndstica o confirmacion de complicaciones. Los rayos X mostraron concordancia
diagndstica baja; este método es de utilidad en casos de alta sospecha clinica, pero necesita comprobacion con RT-PCR para
un diagnostico definitivo.

Palabras clave
SARS-CoV-2, Sensibilidad y Especificidad, Tomografia, Rayos X, Valor Predictivo de las Pruebas.

Introduction gered the most important health emergency
of the modern era, causing the collapse of
health systems in many countries due to
the consumption of human and financial
resources, claiming the direct or indirect lives

of 14.9 million people in its first two years!

COVID-19, a disease caused by SARS-CoV-2,
a virus belonging to the Coronaviridae family,
is characterized by its high contagiousness
morbidity and mortality. This disease trig-
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In El Salvador, the first reported case of
SARS-CoV-2 was on March 18, 2020. Since
then, the incidence spread exponentially
throughout the national territory, reaching
555 confirmed cases, with 12 deaths and
26 accumulated recovered cases up to May
of the same year." This generated the need
for accurate and timely diagnoses, so the
Ministry of Health indicated the performance
of 29 931 RT-PCR tests until May 2020, i.e., an
average of 599 tests per day nationwide.

RT-PCR is known to be highly specific
but has the disadvantage of variable sensi-
tivity (60-70 % to 95-97 %), depending on
the stage of the disease at which the test is
performed. False negatives are more likely
in the early stages, with a 100 % probability
if performed on the first day of exposure to
the virus, 38 % on the day of symptom onset,
and 20 % on the third day of symptoms.
This fact, together with the need for struc-
tured equipment for its handling, interpre-
tation time, and transmission of results to
local operational levels, complicated its
systematic application in the face of over-
crowded emergency units and the need to
provide rapid patient care.

Therefore, they began to rely on avail-
able imaging tests to confirm the diag-
nosis, classify the severity of the disease,
evaluate complications and rule out other
simulating entities, avoiding delays in the
initiation of treatment.

Although  definitive  diagnosis  of
SARS-CoV-2 infection is based on any of the
three types of laboratory tests (polymerase
chain reaction, antigen detection tests,
or antibody detection tests)¥ the World
Health Organization (WHO) recommended
performing thoracic imaging studies in the
following scenarios: symptomatic patients
when RT-PCR is not available, results are
delayed or there is high clinical suspicion
with negative laboratory test."

In addition, it suggests performing
imaging studies complementary to the clin-
ical and laboratory approach in suspected
patients, confirmed non-hospitalized or
with mild symptoms to decide on hospital
admission, or with moderate or severe
symptoms to help determine the type of
care and therapeutic management.”

Several imaging techniques are avail-
able for the management of patients with
clinical suspicion of SARS-CoV-2 infection,
such as radiography, computed tomog-
raphy (CT), and lung ultrasound. These
methods are complementary to each other
and offer options for the evaluation of the
different organs and systems according
to the evolutionary stage of the disease;
imaging tests are also important for the

timely identification of acute complications
of the disease and chronic sequelae in the
pulmonary parenchyma.”

The objective of the research was to
determine the sensitivity, specificity, positive
and negative predictive value of diagnostic
images and their concordance concerning
the RT-PCR result in patients who consulted
with suspected SARS-CoV-2 infection at
the General Hospital of the Salvadoran
Social Security Institute (HG-ISSS) from
March to September 2020.

Methodology

An observational study was conducted at
the General Hospital of the Salvadoran Social
Security Institute (HG-ISSS) from March to
September 2020. The study evaluated clinical
records, diagnosticimaging studies (X-rays and
CT scans), and RT-PCR results for SARS-CoV-2
in patients with suspected SARS-CoV-2.

The study universe included patients
who consulted from March to September
2020 at the HG-ISSS with respiratory symp-
toms suspicious of SARS-CoV-2 disease,
regardless of the time of evolution and
severity, totaling 1309 patients identified.

This study included 214 patients
with suspected SARS-CoV-2 who under-
went X-rays, CT scans, and RT-PCR tests
during the research period.

The sample size of 214 patients was
calculated using the finite population equa-
tion, with a sampling error of 0.05 and a 95 %
confidence interval. The calculated preva-
lence of SARS-CoV-2 disease is 1.14 %, based
on data from the Salvadoran population
and the report of the Office of the Resident
Coordinator and the Office for the Coordi-
nation of Humanitarian Affairs (OCHA) of
May 11, 2020. The theoretical sensitivity and
specificity of RT-PCR were used to obtain a
sample size of 138 patients.

The sample was selected by simple
random sampling, including patients who
met the inclusion criteria: clinical suspicion
of SARS-CoV-2 disease, imaging studies,
and RT-PCR test, and excluding those with
incomplete clinical record data.

A data collection instrument was used,
which consisted of a self-completion sheet
divided into three sections. The first section
included patient demographic variables
such as sex, age, medical history, and symp-
toms described in the clinical history of the
emergency unit. The second part focused
on the radiological and tomographic reports
in 64 slices, in high-resolution single phase
with reconstruction in pulmonary and soft
tissue window. These reports were classified
according to the Coronavirus Classification

162

Alerta 2024; 7(2):161-168
Diagnostic concordance of thoracic images for Covid-19 disease



System (CO-RADS), which classifies the find-
ings as typical, atypical, indeterminate, or
negative. They were interpreted by institu-
tional radiologists with an average experi-
ence in diagnostic imaging of five years.

In the case of Chest X-rays, these were
performed on stationary digital equip-
ment and interpreted by ten radiology and
imaging resident physicians in their third
(five residents) and fourth (five residents)
year of training, who have at least two
years of previous medical specialty (surgery,
internal medicine or gynecology). The same
CO-RADS classification categories adapted
to chest radiography were applied. The
segmentation of the interpreters according
to the imaging study modality into radiolo-
gist and radiology resident physicians is stip-
ulated by the administrative organization
of the Radiology and Imaging Department
HG-ISSS, so it was adopted in the method-
ological design of this research.

The third section addressed the results of
RT-PCRtests obtained from the internal data-
bases of the HG-ISSS epidemiology depart-
ment, considering only those reported with
positive or negative results.

Double-entry tables were constructed
with the data collected to determine sensi-
tivity, specificity, and positive and negative
predictive values, using Microsoft Excel 365°
and the Epi Info™ automatic calculators for
analysis. Statistical analysis was performed
with the STATA 14 program, calculating
Cohen's Kappa index (k) to evaluate the
concordance of the instruments of the
categorical measures, considering the
value of one as perfect concordance, 0 to
0.99 as weak concordance, 0 to -0.99 as
weak discordance, -1 as total discordance
and > 0.75 as acceptable concordance.
Confidence intervals (Cl) were taken into
consideration. In addition, the Bayes factor
(BF) was calculated to measure the strength
of association based on Jeffrey's value clas-
sification scheme: weak (1.1-3), moderate
(3.1-10), strong (10-30), very strong
(30-100) and extreme (>100).

The study was conducted by the princi-
ples of the Declaration of Helsinki, with prior
authorization from the ethics committee of
the Salvadoran Social Security Institute for
the review of clinical records and the gener-
ation of a protected database, guaranteeing
the confidentiality and exclusive scientific
use of the participants' information.

Results

A total of 138 patients with suspected
SARS-CoV-2 disease were studied. Of the
total, 58 % were men, with a mean age of

58 + ten years. Most of them were economi-
cally active (contributors), resided in urban
areas, having completed basic education
(9th grade). The most affected age group
was 61-65, with 26 patients representing
19 % of the total cases (Figure 1).

Comorbidity was present in 73.9 % of
the patients. Arterial hypertension was the
most frequent, with 61.6 %, followed by
diabetes mellitus with 39.1 % and obesity
with 283 %. These categories were not
mutually exclusive; therefore, a patient
could present more than one comorbidity.
There was no comorbidity in 26.1 % of the
patients. In 93.5 % of the cases, symptoms
were reported as the reason for consultation
(Table 1), the most common being fever
(77.5 %), cough (68.8 %), general malaise
(56.5 %), and dyspnea (45.6 %). Only 6.5 % of
patients were asymptomatic.

When evaluating diagnostic imaging,
62 9% and 63 % of patients were categorized
with typical findings on radiographs and CT,
respectively (Table 2).

The main radiographic findings were
"patchy opacities" (43 %) and alveolar-
interstitial infiltrates (22 %), predominantly
bilateral (40 %) and peripheral (38 %), mainly
affecting the lower third in almost half of the
cases. On CT, the findings included "ground-
glass opacity" (43 %) and alveolar-interstitial
infiltrates (22 %), identical to those reported
by X-ray (Table 3). Furthermore, CT lesions
were predominantly peripherally distrib-
uted (59 %), predominantly affecting the
lower lobes (69.6 %) with no predilection
for laterality, followed by the middle lobe
(58.7 %) and left upper lobe (35.5 %).

Specific signs were identified in the air
bronchogram in some cases, including
fibrous bands and perivascular thickening;
septal thickening (interlobular) and "crazy
paving" pattern (ground glass associated
with septal thickening) were reported less
frequently. 33.3 % of the cases did not report
specific signs in the tomographic report.

Extrapulmonary manifestations included
pleural effusion in 10 % and enlarged lymph
nodes in 1 % of cases (Table 3).

Of the total number of patients evalu-
ated, 82 % had a positive RT-PCR test result
for SARS-CoV-2, used as the gold standard
for evaluating imaging methods.

Cohen's Kappa index was calculated
to evaluate the diagnostic agreement
between the imaging methods: 0.32 (95 %
Cl 0.17-047) for X-rays, indicating a low
diagnostic agreement (0.2-04), and 0.58
(95 % CI 042-0.73) for CT, representing a
moderate diagnostic agreement (0.4-0.6).
In addition, values were obtained to specify
the degree of probative strength, obtaining
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Figure 1. Age distribution of patients with suspected SARS-CoV-2

Table 1. Characterization of patients with suspected SARS-CoV-2

Variables Values
Number of patients 138
Average age in years 58+ 10
Sex
Male 58%
Female 42%
Initial evaluation
Symptomatic 93.5%
Asymptomatic 6.5%
Clinical history
Comorbidities 739 %
No comorbidities 26.1 %

Table 2. Diagnostic classification of thoracic imaging for SARS-CoV-2

Classification X-ray cT
(Interpretation) (Resident physician) (Radiologist)
Typical findings 62 % 63 %
Atypical findings 12 % 15 %
Indeterminate findings 7% 5%
Negative findings 19 % 17 %

for X-rays the BF of 1.8 corresponding to a
weak probative strength (1.1-3) and CT the
BF of 3.6 concerning a moderate probative
strength (3.1-10) (Table 4).

Discussion
The sensitivity and specificity of different

imaging methods for detecting SARS-CoV-2
infection show mixed evidence. For X-rays,

reports indicate relatively lower sensitivity
(15.5-69 %) but higher specificity (89-97 %).
The positive predictive value (PPV) s
83.8 %, and the negative predictive value
(NPV) is 50.1 9. i

These data appear to conflict with those
reported in the study. However, It is impor-
tant to note that the international data were
obtained from studies conducted at the
outset of the pandemic, when the clinical
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and imaging behavior of SARS-CoV-2 infec-
tion was not yet fully understood. This could
explain the high sensitivity and positive
predictive value currently observed. The low
specificity observed in the study, in compar-
ison to international studies (89-97 %)
may be attributed to technical factors that
influence the image, as well as the level
of experience of the medical personnel
who corroborated the interpretation. In
particular, the interpretations were mainly
performed by personnel in their last year of
training in diagnostic imaging.

Based on this, X-rays, being cheaper and
more accessible, could be most useful in
cases of high clinical suspicion to confirm
positivity. Some studies suggest its useful-
ness as a diagnostic alternative in emer-
gency departments, especially when access
to RT-PCR tests is limited or in situations
where false negatives are suspected.”

It is important to note that the absence
of X-ray findings does not rule out the
presence of the disease, especially in the
early stages. Some studies report that up
to 388 % of symptomatic patients with
SARS-CoV-2 have a normal chest X-ray at
the time of diagnosis, which suggests a low
diagnostic sensitivity in the early stages of

Table 3. Diagnostic Thoracic Imaging Findings

the disease, so its use as a screening method
is not recommended."**

The most frequently reported findings on
chestradiographs are similarto those of other
viral pneumonias: focal and ground-glass
opacities, which can range from very subtle
to affecting both lungs, with a characteristic
peripheral distribution ™ In initial case
series studies in Wuhan, China, where the
first cases were documented, they reported
that 75 % of patients showed bilateral and
25 % unilateral findings.* Other case series
studies, such as that of Wang et al. reported
that out of a total of 138 patients, 100 %
showed bilateral findings* In the present
study, a lower proportion of bilateral and
unilateral findings was found, which could
be attributed to temporal and geographic
differences in the evolution of the virus and
its clinical and imaging manifestations*"!

Chest CT is reported to be the most
sensitive and specific method for detecting
SARS-CoV-2 infection compared to chest
X-ray™ However, CT may be normal on
admission, even with confirmed infection
by RT-PCR.¥ Some studies report that 2-56 %
of patients may have a normal CT scan
between day 0-3+3 from symptom onset,
despite a positive RT-PCR I

Findings X-Ray CcT

Patchy opacities 43 %  Patchy opacities 49 %
Consolidation 16 % Consolidation 20 %

Types of lesions ﬂlgﬁ(r)ali)eizterstitial 2% {;\%/E?[il?eizterstitial 24 %
Others 19% Others 7%
Unilateral 2%  Unilateral 0%
Bilateral 40% Bilateral 14 %

Lesion distribution Peripheral 38% Peripheral 59 %
Central 10% Central 12 %
None/other 10% None/other 15 %
Upper third 14 % Right upper lobe 26.1%
Middle third 28% Right middle lobe 58.7 %

Location Lower third 48% Right lower lobe 69.6 %
No lesions 10% Left upper lobe 355%
- - Left lower lobe 69.6 %

Table 4. Sensitivity, specificity, positive predictive value, negative predictive value of thoracic

imaging for SARS-CoV-2

Diagnostic test (S) (S) (PPV) (NPV) (K) (BF)
Chest X-ray 86 % 529 % 92.9 % 34.6 % 032 1.8
Chest CT 929 % 64 % 92.1 % 66.7 % 0.58 36

Findings: (S) Sensitivity. (S) Specificity. (PPV) Positive predictive value. (NPV) Negative predictive value. (K) Kohen Kappa

index. (BF) Bayes factor.
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In the study, CT showed moderate diag-
nostic concordance, with high sensitivity
and PPV but moderate specificity and NPV;
these values are similar to those reported
internationally. For example, Sharma et al.
reported a sensitivity of up to 98 %%, Kim
etal. 94 % (95 % Cl) for chest CT* and Herpé
etal. reported a specificity of 88 %, sensitivity
of 80 %, PPV 89 % and NPV 79 %

CT shows a higher vyield in cases of
moderate clinical suspicion, diagnostic
discrepancy, or for the detection of compli-
cations. Common CT findings include
peripherally distributed, bilateral, multi-
focal ground-glass areas associated with
subsegmental  patchy  consolidations,
mainly affecting lower lobes and poste-
rior segments

A case series in China reported that
"ground glass" was the most common
finding at 45-67 %, similar to the data
obtained in the investigation* Consolida-
tive lesions were approximately 30-60 %, a
percentage almost three times higher than
that found in the investigation, which could
be attributable to differences in the disease
at the time of evaluation, circulating strains,
and lineages of the virus.

Theinvestigation also documented other
specific findings, such as the thickening
of interlobular septa and the crazy-paving
pattern, findings similar to those reported in
Mexican case series i Because CT can be
normal in the initial periods of the disease,
it is not recommended as a screening or
early diagnostic toolixi Although the
sensitivity of RT-PCR varies considerably
among studies, e.g., Smith et al. reported a
sensitivity of 30 % to 91 %,” when evaluating
imaging studies concerning RT-PCR results
for SARS-CoV-2, it was found that "posi-
tive" categories correlated well with RT-PCR
results but categories considered "negative"
showed low negative predictive values due
to their limited ability to rule out disease in
the absence of imaging findings, indepen-
dent of the study modality analyzed.

Regarding the clinical characterization
of the patients, most cases were symptom-
atic, with fever being the main symptom
of SARS-CoV-2 infection, data consistent
with international studies that report a high
percentage of fever (98.6 %), fatigue (69.6 %)
and dry cough (594 %) as the main symp-
toms in the first cases reported in China*
While, other case series mention that fever
(83 %), cough (82 %), and respiratory distress
(31 %) were the main symptoms.*

A limitation of this study was the lack of
consistency in the imaging reports, leading
to variability in the terminology used by
different  radiologists.  Additionally, two

different groups of professionals interpreted
the images based on the imaging method
used: radiologist physicians interpreted
computed tomography (CT) scans, while
radiology resident physicians interpreted
chest radiographs (X-rays). This difference in
interpretation could have introduced biases
related to the experience of the group inter-
preting the radiographs, potentially affecting
the accuracy of the evaluations. Furthermore,
since each imaging method has unique char-
acteristics that influence its sensitivity and
specificity in detecting disease, the results
obtained are not directly comparable with
each other, regardless of the interpreter.

It is recommended to standardize the
information in reports by adopting institu-
tional templates. Additionally, expanding
the use of Picture Archiving Communica-
tion Systems (PACS) and Integrated Health
Services Networks (RISS) for storing and
transmitting diagnostic images is advised.
This will enhance the coordination of care
services, making it easier for medical special-
ties to collaborate in order to implement
timely treatments based on imaging results.

Conclusion

Computed tomography showed high sensiti-
vity and positive predictive value, with mode-
rate specificity, negative predictive value, and
diagnostic concordance, making it a viable
alternative in cases of moderate-high clinical
suspicion, diagnostic discrepancy, or to rule
out complications. X-rays showed high sen-
sitivity and positive predictive value, but low
specificity, negative predictive value, and low
diagnostic concordance. They will be useful
in cases of high clinical suspicion but need to
be complemented with RT-PCR for a definiti-
ve diagnosis.
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Abstract

Gestational diabetes mellitus is the abnormal carbohydrate tolerance that begins during pregnancy and is considered a risk
factor for the development of complications in the mother and fetus during pregnancy. Its prevention is based on lifestyle
interventions, glycemia monitoring, and pharmacological and nutritional therapy. Nutritional supplements are presented
as a promising alternative to treat and prevent this phenomenon. This literature review aims to determine the efficacy of
myo-inositol as a prophylactic supplement to prevent the development of gestational diabetes mellitus and its complications,
as well as to mention other alternative supplements. A search was conducted in Pubmed, SciELO, Elsevier, and Hinari databases,
including original articles published between 2019 and 2023. The evidence found showed that myo-inositol supplementation
in pregnancy increases insulin sensitivity, reduces low-density lipoprotein levels, reduces pregnancy-induced hypertension,
and reduces the incidence of preterm delivery, fetal macrosomia, episodes of fetal hypoglycemia and neural tube defects,
being its implementation safe in pregnancy. However, it is necessary to conduct research with a larger number of participants,
with standardized doses that allow for establishing the efficacy of this supplement for its use as an alternative in the prevention
of gestational diabetes.

Keywords
Primary Prevention, Gestational Diabetes, Myo-inositol.

Resumen

La diabetes mellitus gestacional es la tolerancia anormal a los carbohidratos que inicia durante el embarazo y a su vez se
considera un factor de riesgo para el desarrollo de complicaciones en la madre y el feto durante el embarazo. Su prevencion
se basa en intervenciones en el estilo de vida, monitoreo de la glicemia, terapia farmacoldgica y nutricional. Los suplementos
nutricionales se presentan como una alternativa prometedora para tratar y/o prevenir dicho fenémeno. Esta revision
bibliografica tiene por objetivo determinar la eficacia del mio-inositol como suplemento profildctico para prevenir el desarrollo
de diabetes mellitus gestacional y sus complicaciones, asi como mencionar otros suplementos alternativos. Se realizd una
busqueda bibliogréfica en las bases de datos Pubmed, SciELO, Elsevier e Hinari, incluyendo articulos originales publicados
entre el afo 2019 hasta 2023. La evidencia encontrada demostré que la suplementacion con mio-inositol en el embarazo,
aumenta la sensibilidad a la insulina, reduce los niveles de lipoproteinas de baja densidad, disminuye la hipertension inducida
por el embarazo, reduce la incidencia de parto pretérmino, macrosomia fetal, episodios de hipoglicemia fetal y defectos del
tubo neural, siendo su implementacion segura en el embarazo. Sin embargo, es necesario realizar investigaciones con un
mayor numero de participantes, con dosis estandarizadas que permitan establecer la eficacia de este suplemento para su uso
como alternativa en la prevencién de la diabetes gestacional.

Palabras clave
Prevencién primaria, Diabetes gestacional, Mioinositol.

Introduction mately 10 % of women with GDM will
require intensive care.l
Gestational diabetes mellitus  (GDM) is GDM has a prevalence of 6 to 13 %

defined as abnormal glucose tolerance  worldwide, and in Central and South

that begins during pregnancy;' it increases
the risk of developing preeclampsia,
type 2 diabetes mellitus," fetal macrosomia,
shoulder dystocia, the threat of preterm
delivery; it is estimated that approxi-

America, approximately 11 %. Because of
this, it is considered a growing public health
problem.” Likewise, DGM is one of the main
causes of mortality and morbidity in both
the mother and the fetus.”

[169]
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According to data recorded in the
Morbidity, Mortality, and Vital Statistics System,
529 cases of GDM were reported in El Salvador
between January and December 2022

The prevention of GDM is mainly based
on lifestyle interventions, glycemia moni-
toring, and pharmacological and nutritional
therapy.” However, in recent years, the use
of nutritional supplements for the preven-
tion of complications derived from GDM
has become an object of study of growing
interest since it could be a safe, afford-
able, and effective strategy,” in addition
to avoiding certain complications such as
the reduction in the incidence of preterm
delivery and fetal macrosomia.”

Consequently, the implementation of
preventive strategies for GDM offers inter-
generational benefits by reducing future
chronic diseases in both the mother and
her child. Some nutritional supplements
represent options with a practical and safe
approach for preventing GDM.These include
myo-inositol, vitamin D, and fatty acids.

A narrative literature review was carried
out, including original articles, narrative
reviews, systematic reviews and meta-anal-
yses in English and Spanish, with less than
five years of publication. The search was
carried out in databases such as PubMed,
Elsevier, SCIELO and Hinari. The following
Boolean operators and search terms
were used: "Prevention" AND "Gestational
diabetes" AND "Myo-inositol supplemen-
tation". This review aims to describe the
efficacy of myo-inositol as a prophylactic
supplement for the prevention of gesta-
tional diabetes mellitus and its complica-
tions, as well as to mention alternative
supplements for the prevention and treat-
ment of gestational diabetes mellitus.

Discussion

Inositol is a cyclic carbohydrate isolated
from muscle extracts in 1850 by Johan
Joseph  Scherer, initially considered an
essential nutrient belonging to the vitamin
B familyX It has nine structural isomers;
myo-inositol and D-chiro-inositol are the
most studied; myo-inositol is incorporated
within the cell membrane and acts as a
secondary messenger in the transduction
of endocrine signals, including follicle-
stimulating hormone, thyroid-stimulating
hormone and insulin

In recent years, inositol has played an
important role in modulating the pathogen-
esis of inflammation, oxidative stress, and
insulin resistance, acting as a mediator of
insulin actionand is necessary to activate key
enzymes in glucose metabolism. " There-

fore, abnormalities in its metabolism have
been associated with insulin resistance

Myo-inositol is synthesized endogenously
from glucose-6-phosphate; the body is
capable of producing up to 4 g per day
of inositol, with the kidneys and liver
being the main producers. Exogenously,
it is obtained from cereals, legumes, and
seeds from which up to 1 g per day is
obtained from these sources

Recent research has shown that
supplementation  with  inositols  corre-
lates with a healthy pregnancy, achieving
adequate glucose levels, and preventing
possible  maternal/fetal alterations and
complications Comparative studies have
evaluated the efficacy of different inositol
stereoisomers for the prevention of GDM,
showing that the greatest benefit is found in
the myo-inositol group.

Glycemic control

Guarnotta et al. in their study conducted
in Italy included 330 women with GDM,
150 supplemented with myo-inositol at
a dose of 4 g per day, and the remaining
180 supplemented with placebo, showed
that women with GDM supplemented with
myo-inositol had better glycemic control
and lower insulin requirements, and also
had a lower incidence of low birth weight
and hypoglycemic events in the newborn,
compared to women who did not receive
myo-inositol supplementation (Table 1)

Likewise, Gambioli et al. compared the
effectiveness of myo-inositol and metformin
in glycemic control and lipid profile. In this
study, they demonstrated that myo-inositol
was more effective in increasing insulin
sensitivity, thus reducing serum insulin levels
and low-density lipoprotein levels in women
with polycystic ovary syndrome * Numerous
studies have established that a dose of
2 g of myo-inositol twice daily resulted in
a decrease in the risk of developing GDM,
such as the study by McVay et al, where this
administration schedule was associated with
a 66 % decrease in the incidence of GDM .~

Overweight and obesity

Overweight and obesity have become
a growing public health problem since
their presence before pregnancy increases
the risk of complications during that
period®  These complications include
preterm delivery, fetal macrosomia, shoulder
dystocia, among others

On the other hand, the meta-analysis
performed by Sepideh et al, which included
overweight and obese pregnant women, indi-
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cated that supplementation with myo-inositol
showed that it was a new and safe preven-
tive strategy to reduce the incidence of GDM
through the regulation of fasting glucose
levels andin the oral glucose tolerance test one
and two hours postprandially. In addition, a
decrease in the development of hypertension
during pregnancy was evidenced,*" as stated
by Salvatore G, in his study of 223 women,
of whom 110 women were supplemented
with myo-inositol and 113 with placebo; the
former showed a significant reduction in
the overall incidence of pregnancy-induced
hypertension (7.3 %), while in the latter group,
it was higher (21.2 %).%

Maternal-fetal miscarriages

A study carried out at the University
d'’Annunzio in Italy with non-obese patients
but with elevated fasting glucose in the
first and second trimester of pregnancy
included a total of 73 women, 35 of whom
were supplemented with myo-inositol and
38 with placebo; as a result, a decrease in
the incidence of GDM was evidenced in
women who received myo-inositol as a
supplement, with an absolute risk reduc-
tion of 66.3 %. In addition, it was shown that
this group required a lower dose of insulin
compared to the placebo group (placebo
group 21 % versus myo-inositol group 3 %).
Likewise, the incidence of preterm delivery,
fetal macrosomia, and episodes of neonatal
hypoglycemia was significantly lower in the
myo-inositol-supplemented group (Table 1).
Because of this, the authors concluded that
myo-inositol supplementation during preg-
nancy reduces the incidence of GDM in
women at high risk of this disorder

From another perspective, maternal
obesity and GDM have been considered risk
factors for the development of neural tube
defects* Facchhinetti et al. concluded

that myo-inositol supplementation, initi-
ated in the first trimester in obese pregnant
women, appears to reduce the incidence of
GDM through a reduction in insulin resis-
tance and also appears to reduce the risk of
recurrence of neural tube defects

In addition, a meta-analysis conducted in
February 2023, which included seven studies
with 1319 pregnant women, states that the
use of myo-inositol can reduce GDM and
hypertensive disorders in pregnancy and
preterm delivery. However, its use does not
generate a reduction in the risk of a large-for-
gestational-age newborn. These reviewed
studies were performed with small samples,
which do not allow the necessary statistical
power to evaluate perinatal mortality and
severe infant morbidity. "

Safety of myo-inositol

Myo-inositol has been used for decades in
many studies related to both polycystic ovary
syndrome and insulin resistance*™* Studies
in animal models and multiple clinical trials
have been conducted to evaluate the safety
of the supplement.** Preclinical data indicate
no toxic effects in terms of renal function,
cognitive functions or carcinogenesis.*
Reyes et al analyzed five random-
ized clinical studies and found no adverse
effects in pregnant patients who consumed
myo-inositol at a dose of 2 g twice daily
In addition, in the meta-analysis developed by
Vitagliano A and Saccone G, it was concluded
that there were no differences in secondary
outcomes such as incidence of cesarean
section, shoulder dystocia, perineal tears,
newborn birth weight, neonatal hypogly-
cemiaand admissiontothe neonatalintensive
care unit with the use of this supplement i
In contrast, Formoso et al. observed gastroin-
testinal adverse effects such as nausea, flatu-
lence, and diarrhea after administration of

Table 1. Effects on glycemic control and neonatal and perinatal outcomes in women supplemented with
myo-inositol compared to women supplemented with placebo

Group supplemented with

Placebo-supplemented group

myo-inositol (N=150) (N=180)
Effects on glycemic control
Fasting glucose (mg/dL) 95.7 £9.81 95.1+109
1-hour postprandial glycemia (mg/dL) 150.7 £36.5 163.5+52.1
2-hour postprandial glycemia (mg/dL) 115.8+30.8 1224 +37.6
Neonatal and perinatal outcomes (in years)
Birth weight (grams) 3.241+£443 3361 + 406
Hypoglycemia (%) 11 (7.3 %) 36 (20 %)

Source: Adapted from Guarnotta V, Cuva G, Imbergamo MP, Giordano C. Myo-inositol supplementation in the treatment of gestational diabetes

mellitus: effects on glycaemic control and maternal-fetal outcomes. BMC Pregnancy Childbirth. 2022 Jun 26; 22 (1): 516. http:/creativecommons.

org/licenses/by/4.0/

DOI: 10.5377/alertavw7i2.16527
Menjivar Ponce LG, et al.



myo-inositol at doses greater than 12 grams
per day from the first trimester of gestation. "
In addition, myo-inositol is part of the list
of compounds generally recognized as safe
for the general population by the FDA (Food
and Drug Administration); however, further
studies are still required to confirm its effi-
cacy and safety in pregnancy.** On the other
hand, the usual pharmacological therapy for
reducing the risk of GDM is metformin,* a
drug that can positively influence metabolic
disorders " Although it has been extensively
studied, more data is still required regarding
its long-term safety* As demonstrated
by Shokrpour M et al. who conclude that
when comparing the risk-benefit ratio of
myo-inositol and metformin, myo-inositol
represents a valid alternative given its greater
safety and tolerability,*™* unlike metformin
which has been associated with multiple
adverse effects compared to placebo
However,thestudiesneitherreportonother
relevant maternal and newborn outcomes
nor provide data on long-term outcomes

Other Nutritional Supplements for
the Prevention of GDM

Nutritional supplements are presented as
a safe and generally well-tolerated alterna-
tive for the treatment and prevention of
GDM X" These supplements include probi-
otics, vitamin D and polyunsaturated fatty
acids, among others. Some of their effects
are detailed in Table 2.

Vitamin D

Vitamin D deficiency is common during
pregnancy due to fetal requirements,

inadequate intake, and limited sun expo-
sure’ and is associated with an increased
occurrence of GDM X

Probiotics

Probiotic supplementation during preg-
nancy has been associated with improved
glucose and lipid metabolism, being benefi-
cial in the prevention or control of GDMX"

Polyunsaturated fatty acids

The antilipidic effects of these fatty acids are
of particular interest during pregnancy due
to the existence of an increase in total choles-
terol, triglycerides, and lipoproteins from
week eight of gestation; in addition, it has
been seen that women with GDM present
even higher levels of these lipids compared
to women with normal glucose tolerance

Conclusion

Most  studies suggested that using
myo-inositol could prevent GDM and its
complications in both the mother and the
fetus due to the reduction in fasting glucose
levels and the oral glucose tolerance test one
and two hours postprandial. However, it is
unclear whether supplementation is asso-
ciated with a decrease in the incidence of
GDM because the existing studies are small
enough to detect differences in maternal-
fetal outcomes. Myo-inositol has been asso-
ciated with a reduction of hypertensive disor-
ders during pregnancy. There are variations
in the dosage of the supplement between
studies and the characteristics of the preg-
nant patients, such as ethnicity; most of

Table 2. Comparison of the effectiveness of nutritional supplements for the prevention of GDM

Nutritional
supplement

Effect on pregnancy

Vitamin D High-dose vitamin D supplementation decreases insulin resistance and cholesterol
levels in patients with GDM i

It reduces the risk of GDM, preeclampsia and newborn complications such as low birth
weight and preterm delivery "

Probiotics They modulate the composition of the intestinal flora, benefits the immune system
and improves glucose and lipid levels, as well as markers of inflammation and oxidative
stress, subsequently reducing the risk of gestational diabetes ¥

Supplementation for four to eight weeks in women with GDM reduced insulin resis-
tance, improved HDL cholesterol levels, markers of inflammation and oxidative stress,
and decreased the incidence of hyperbilirubinemia in the newborn!

Fish oil and fatty Omega-3 supplementation for six weeks in women with GDM demonstrated benefits
acids in the expression of genes that regulate insulin function, decreased triglyceride levels
and increased LDL and HDL cholesterol levels.

Potential benefits have been seen in the fetus, reducing preterm delivery and the risk
of low birth weight"
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these studies were conducted on the Euro-
pean continent. Being a natural component,
synthesized in the body and present in many
foods in the regular diet, studies suggest
that the component does not pose a risk to
the mother or fetus, so its use is considered
safe during pregnancy.

The reviewed studies suggest that
supplementation with vitamin D, probiotics,
fish oil, and fatty acids can reduce insulin
resistance and improve cholesterol levels in
patients with GDM. However, there is a lack
of significant studies comparing the effects
of myo-inositol with these supplements. It is
necessary to conduct well-designed research
with a larger number of participants using
standardized doses to establish the efficacy
of myo-inositol in preventing GDM. Subse-
quent research that compares the effective-
ness of myo-inositol with other nutritional
supplements is also required.
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Abstract

Diabetic foot ulcers affect about 20 % of patients. They affect the quality of life and increase the risk of mortality, as main
complication. Treatment currently includes the use of drugs and surgical debridement of the ulcerated tissue. Among its
coadjuvant therapies, the use of hyperbaric oxygen therapy stands out as it reduces the risk of complications. This study
seeks to describe the use of hyperbaric oxygen therapy as an adjuvant in the treatment of diabetic foot. A literature review
was conducted using databases: PubMed, Elsevier, SCiELO, and in Spanish and English languages, published between
2018 and 2023. Hyperbaric oxygen therapy consists of placing the patient in a higher-pressure environment, with
oxygen concentrations close to 100 %, resulting in anti-inflammatory effects. The approach to the diabetic foot should be
multidisciplinary in order to achieve early recovery, including a pharmacological approach to manage neuropathic pain and
cure infections. Hyperbaric oxygen therapy has been considered as a coadjuvant treatment by increasing the percentage
of complete healing to 33.3 %, facilitating healing, increasing and reducing the perceived pain. It concluded that there are
publications that support the use of hyperbaric oxygen therapy in addition to conventional therapy, because it improves
the healing rate and reduces the risk of major amputations.

Keywords
Hyperbaric Oxygenations, Diabetic Feet, Amputation Surgical, Diabetes mellitus, Vascular Disease, Foot Ulcer.

Resumen

Las Ulceras de pie diabético afectan alrededor del 20 % de los pacientes. Estas afectan la calidad de vida e incrementan el
riesgo de mortalidad, como principales complicaciones. El tratamiento actual incluye la utilizacion de medicamentos y la
desbridacién quirdrgica del tejido ulcerado. Dentro de sus terapias coadyuvantes se destaca el uso de la oxigenoterapia
hiperbarica que reduce el riesgo de sus complicaciones. Por esto se busca describir el uso de la oxigenoterapia hiperbarica
como coadyuvante en el tratamiento de pie diabético. Por lo tanto, se realizé una revision bibliogréfica utilizando bases
de datos: PubMed, Elsevier, SCIELO, y en los idiomas espafol e inglés, publicados entre 2018 y 2023. La oxigenoterapia
hiperbarica consiste en colocar al paciente en un entorno de mayor presion, con concentraciones de oxigeno cercanas al
100 %, resultando en efectos antiinflamatorios. El abordaje del pie diabético debe ser multidisciplinario con el fin de lograr
una pronta recuperacion, incluyendo abordaje farmacolégico dando manejo al dolor neuropatico y a la curacion de las
infecciones. La oxigenoterapia hiperbarica se ha considerado como tratamiento coadyuvante al aumentar el porcentaje
de curacion completa a un 33,3 %, facilitando la curacion, aumentando y reduciendo el dolor percibido. Se concluye que
efectivamente existen publicaciones que respaldan el uso de la oxigenoterapia hiperbdrica adicional a la terapéutica
convencional ya que mejora la tasa de curacion y reduce el riesgo de amputaciones mayores.

Palabras clave
Oxigenoterapia hiperbdrica, pie diabético, amputacion quirdrgica, diabetes mellitus, Ulcera de pie.

Introduction Diabetic foot disease develops in patients
who abandon their treatment or do not
attend their medical check-ups," which usually
leads to amputation and disability.
Approximately 20 % of diabetic patients
develop DFU, increases visits to emergency

departments and hospitalization, raises

Diabetes mellitus has a global impact,
affecting nearly 500 million individuals.
Among the most serious and preva-
lent complications is the diabetic foot,
which can develop from a range of

factors, including diabetic neuropathy,
vascular disease, diabetic foot ulcer (DFU),
and osteomyelitis.”

the risk of mortality, and elevates the costs
of patients with diabetes in the healthcare
system by up to 40 %."

(177]
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Between July 2014 and August 2018,
about 26 million people with DFU were regis-
tered worldwide, and 130 million were at risk
of developing diabetic peripheral neurop-
athy.” There is evidence that 19 to 35 % of
UPDs do not heal, and 10 to 20 % progress to
amputation despite careful treatment with
conventional therapies."!

Hyperbaric oxygen therapy (HBO) favors
the resolution of lesions in diabetic patients
by increased tissue oxygenation at the local
level and the measurement of transcuta-
neous oxygen pressure, through the reduc-
tion of the risk of major amputations; conse-
quently, it improves the patient's quality
of life and presents a higher healing rate in
patients with DFU* because it reduces the
surface area of the treated wounds, the pain
perceived by the patients* and the healing
time of DFU compared to the exclusive use
of conventional treatment* Likewise, HBO
has demonstrated a reduction in hospital
stays, emergency department visits, and
treatment costs For this reason, this review
aims to describe the use of HBO as an adju-
vant in treating diabetic foot.

Discussion

Hyperbaric oxygen therapy as
an adjuvant in the conventional
treatment of diabetic foot

The current treatment of the diabetic foot
consists of a multidisciplinary approach using
three key steps: identification of diabetic
patients at risk, treatment of the affected
foot, and measures to prevent recurrence ™
The pharmacological approach to diabetic
foot care focuses on the management of
neuropathic pain and the prevention or cure
of infections, whether localized or systemic,
associated with the lesion

Inadditiontodrugs, there are also different
techniques in use, such as surgical debride-
ment of the ulcerated tissue to promote
healing, the use of wheelchairs, crutches,
customized orthopedic footwear, or other
devices that allow weight redistribution.

Among these adjuvant techniques is
HBO which, according to Salama et al,
can reduce the ulcerated surface from an
average of 7.5 cm? to 2 cm? after 30 sessions
of HBO and, in addition, the complete
closure of the wounds was 33.3 % greater,
compared to the control group* With this,
an ease in DFU healing and a reduction in
the need for additional surgical procedures
are described®" and summarized in the
patient's quality of life.

In soft tissue infection, HBO has shown
to reduce the mortality rate associated with

this condition, with a relative risk of 0.55"
although it did not represent significant
changes in in-hospital stay (p = 0.96) or the
number of debridement required for healing
of the lesion (p = 0.17) .

[t is described that at least 60 % of
non-traumatic amputations occur due to
diabetes-related complications* Hyperbaric
oxygen therapy has been shown to have a
positive effect in reducing the risk of a major
amputation (OR = 0.53, 95 % CI [0.32; 0.90],
p =0.02), and has a positive impact on minor
amputation when compared to conven-
tional therapy (OR = 0.89, 95 % Cl [0.35; 2.24],
p = 0.80). About the total healing of ulcer-
ated tissue, it is observed that the ulcers
of patients who underwent HBO had a
complete resolution that was higher at 23 %
(OR =4.00, 95 % CI [1.54; 10.44], p = 0.005),
compared to the group that received
conventional therapy.

The effect of HBO is not limited to its
impact on DFU but also reduces glycemia
levels and increases insulin sensitivity in
patientswithtype 2 diabetes mellitus (DM2)
Heyboer lii et al. observed that in 75 % of
1825 HBO sessions, there was a reduction in
glycemia levels, with a mean decrease of 25
mg/dL in patients with DM2, while they only
observed a 51.5 % reduction in patients with
type 1 diabetes mellitus (DM1)

Some absolute counter-indications to
the use of HBO include pneumothorax,
chemotherapy with cisplatin and doxo-
rubicin, hyperthyroidism, and congestive
heart failure with LVEF <30 %" In addi-
tion, adverse effects of HBO were reported,
including middle ear barotrauma, most
frequently described as hyperoxic myopia,
claustrophobia, hypoglycemia, pulmonary
barotrauma, and oxygen-mediated central
nervous system toxicity.*

Mechanism of action and
application of hyperbaric oxygen
therapy (HBO

HBO consists of placing a patient in a high-
pressure environment and boosting an inspi-
ration of 100 % oxygen at the usual minimum
acceptable pressure of 14 atmospheres
absolute (ATA), under specific indications
(Table 1) with an average duration of two
hours daily, with two ten-minute breaks*"!

Oxygen dissolves in the plasma and
increases oxygen pressure (pO,) from 2.0 to
3.0 ATA to achieve an arterial oxygen pres-
sure (Pa0,) between 1200 and 2000 mmHg.
This hyper-oxygenation causes therapeutic
effects at the molecular level because it trig-
gers functional and structural changes that
allow tissue recovery Vi
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Table 1. Specific indications for hyperbaric oxygen
therapy

Arterial or venous air or gas embolisms.

Severe or symptomatic carbon monoxide poison-
ing.

Myositis and clostridial myonecrosis ( gaseous
gangrene).

Selected crush injuries, compartment syndrome
and other acute traumatic ischemia.

Decompression sickness.

Selected arterial insufficiencies, including central
retinal artery occlusion and improved healing in
selected problematic wounds.

Specific intracranial abscesses.
Chronic refractory osteomyelitis.

Delayed radiation injuries with bone or soft tissue
necrosis.

Acute thermal burn injuries.

XXVi

Source: Essentials of Hyperbaric Oxygen Therapy: 2019 Review.

Moghadam et al. describe that the
most relevant effect that HBO allows is the
production of free radicals in a therapeutic
range for the initiation of cell signaling that
induces oxidative stress and generates in
the short term, an improvement in oxygen
supply; consequently, it produces anti-
inflammatory effects and reduces the injury
caused by ischemia, while, in the long term,
it induces neovascularization, angiogenesis
and collagen production. e

The pathology of delayed healing of
lesions is associated with a prolonged
oxygen deficit explained by hypoxia, which
generates an imbalance that delays the
appearance of proinflammatory cells causing
an expression of growth factors, angio-
genesis, and defective extracellular matrix
formation. A hyperglycemic state destabilizes
the hypoxia-inducible factor, and therefore,
dysregulation of the activation of varied
factors appears, contributing to the progres-
sion of the disease

Hanley et al described inadequate
skin oxygenation as a risk factor triggering
complications that lead to amputation. The
use of HBO in patients with DFU Wagner
classification 3 or higher, who have under-
gone recent surgical debridement, gener-
ates a reduction in the risk of amputation;
therefore, the use of this treatment is
considered an adjuvant in those patients
who have not improved after 30 days of
conventional therapigs i

According to Menmar et al, HBO
increased the frequency of DFU healing,
and decreased the need for amputations
and debridement, thus decreasing the
need for surgical treatment with amputa-

tions and debridement " Sharma et al.
identified a significantly lower amputation
rate compared to conventional therapy
with a significant statistical difference (HBO
27/232 compared to ST 46/23, p = 0.02);
in addition to a decrease in HbA1c levels in
Wagner 3-4 patients

Characteristics of the systemic
oxygen therapy and local oxygen
therapy

HBO represents a therapeutic approach that
can be delivered systemically, placing the
patient in a completely closed environment,
in a pressurized chamber known as a hyper-
baric chamber, in which an ambient pres-
sure higher than the conventional atmo-
spheric pressure is administered. During
this session, pure oxygen is applied, which
generates a significant increase in oxygen
pressure (pO,) higher than one atmosphere
in the body, and leads to the removal of
oxygen in tissues and body fluids !

The alveolar pO, increases significantly
and consequently triggers a series of
biological reactions, such as an increase in
the oxygen content present in the blood
plasma, an increase in the metabolic activity
of the cells that receive optimized amounts
of oxygen, and the positive influence of the
HBO that is not limited to the cellular level
but extends to the systemic level. Therefore,
the elevation of alveolar pO, generates a
biological environment conducive to coun-
teract tissue hypoxia through regeneration,
repair, and reduction of the inflammatory
reaction " The treatment is administered
in a monoplane chamber, where only one
person is placed at a time, although there
are also larger chambers, called multiple,
where two or more people can be treated
at the same time

HBO can also be administered locally,
called topical oxygen therapy, which
consists of the application of 100 % pO,
directly to the base of an open wound
at a pressure above sea level (>1 ATA)X
through chambers that fit snugly around
a limb using disposable polyethylene bags
that facilitate administration in a controlled
environmentX' Consequently, it increases
the amount of oxygen that dissolves in
the patient's plasma through the circula-
tory system; this more efficient and deeper
oxygenation of the cells allows them to
optimize their metabolic functions

Pasek et al. conducted a study about the
use of local oxygen therapy in the treat-
ment of DFU, in which 45 patients with
diabetic foot received 30 sessions of local
HBO therapy at a pressure of 2.5 ATA. The
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outcome presented the progress of wound
healing, which was evaluated by comput-
erized planimetry. It showed that wound
surface area was significantly reduced with
a decrease in mean ulcer area from 8.54 +
3.34 cm?2 before treatment to 4.23 + 3.23
cm? (p = 1 x 109) after treatment (Table 2).xi

On the other hand, Stoekenbroek
et al. studied systemic oxygen therapy,
highlighting its benefit due to the acceler-
ated healing process of ischemic ulcers
at the local level with a reduction in pain
intensity, as perceived by the patientX
Likewise, Abidia et al, conducted a study
with 18 patients who received HBO for one
year, in which a significantly greater healing
process was evidenced; complete healing
was achieved in five out of eight ulcers in
the group treated with HBO compared
to zero out of eight ulcers in the control
group (p = 0.026).X"

In addition, it is worth mentioning that
there was evidence of increased healing of
grade 3 and 4 ulcers of the Wagner-Merrit
Scale classification in persons who received
systemic HBO but there has not been
a study comparing the classification with
local HBO. It is suggested that systemic HBO
may be a valuable adjunctive therapy as it
has shown a positive evolution in hypoxic
skin of lower limb vascular lesions in acute
and chronic lesions i

Research advances show the benefits
of systemic and local oxygen therapy for
patients with DFU*" and continue to clarify
the therapeutic effects of these modali-
ties; however, it is recommended that

large-scale randomized controlled trials
be conducted to generate more evidence
of their effectiveness.

Conclusion

The use of local and systemic HBO as an
adjuvant in the treatment of DFU is effec-
tive in reducing the size of the ulcer, with
better and faster healing, reduction of
local edema, and reduction of local pain;
however, it represents an additional cost to
the treatment due to the use of instruments
and studies that define whether a patient is
eligible for this treatment.
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Abstract

Tuberculosis is a respiratory infectious disease that affects one third of the world's population and is a significant threat
to global health. Detecting tuberculosis early is crucial for effective treatment and preventing its spread. One solution
to improve diagnosis and address antituberculosis drug resistance is the use of high-throughput molecular tests for
the identification of Mycobacterium tuberculosis and its susceptibility. This narrative review study seeks to describe the
generalities, efficacy, sensitivity, advantages and limitations of the main molecular tests: Truenat® MTB, MTB plus and MTB-
RIF, Abbott RealTime MTB and MTB RIF/INH on the m2000sp and m2000rt system and FluoroType MTBDR, and to compare
them with GeneXpert MTB/RIF or Xpert Ultra, used for the detection of the tuberculosis drug-resistant pathogen. These
tests use various techniques for the detection of Mycobacterium tuberculosis DNA and quantification of bacterial load with
high sensitivity and specificity, rapid results, reduction of human error, as well as early detection of drug-resistant strains.

Keywords
Mycobacterium Tuberculosis, Tuberculosis, Diagnosis, Molecular Tests.

Resumen

La tuberculosis es una enfermedad infecciosa respiratoria que afecta a un tercio de la poblaciéon mundial y es una amenaza
significativa para la salud global. La deteccion de la tuberculosis de manera temprana es crucial para un tratamiento eficaz y
prevenir su propagacion. Una solucion para mejorar el diagndstico y abordar la resistencia a los medicamentos antituberculosos
es el uso de pruebas moleculares de alto rendimiento para la identificacion del Mycobacterium tuberculosis y su susceptibilidad.
Este estudio de revision narrativa busca describir las generalidades, la eficacia, la sensibilidad, las ventajas y las limitaciones de las
principales pruebas moleculares; Truenat® MTB, MTB plus y MTB-RIF, Abbott RealTime MTB y MTB RIF/INH en el sisterna m2000sp
y m2000rt y FluoroType MTBDR, ademés, de compararlas con GeneXpert MTB/RIF o Xpert Ultra, utilizadas para la deteccion
del patégeno resistente a medicamentos tuberculosos. Estas pruebas utilizan diversas técnicas para la deteccion del ADN del
Mycobacterium tuberculosis y la cuantificacién de la carga bacteriana con alta sensibilidad y especificidad, resultados rapidos,
reduccion de los errores humanos, asi como la deteccién temprana de cepas drogo-resistentes. A pesar de que requieren
infraestructura especializada y competencias profesionales para su implementacién, representan avances significativos con
el potencial de mejorar la atencién sanitaria y la gestion de la tuberculosis. Estas pruebas moleculares, comparadas con el
GeneXpert, son una alternativa viable, aunque esta Ultima tecnologfa sigue siendo la preferida en dreas con recursos limitados.

Palabras clave
Mycobacterium tuberculosis, tuberculosis, diagndstico, técnicas de diagndstico molecular.

Introduction tion'. TB continues to pose a considerable

health risk globally, as indicated by figures

Tuberculosis (TB) is an infectious disease
caused by the Mycobacterium tuberculosis
(MTB) complex that encompasses a group
of closely genetically related species,
including MTB, the most recognized as
it is responsible for infecting more than
one-third of the world's human popula-

provided by the World Health Organization
(WHO), which estimated 7.5 million cases
diagnosed with TB in 2023 and a total of
1.3 million deaths from TB. In addition, it is
believed that around three million TB cases
went undetected during the same year.!

[184]



Early diagnosis of TB is critical for effective
treatment and prevention of disease spread;
likewise, detection of drug resistance is impor-
tant for effective treatment! A potential solu-
tion to close the diagnostic gap for TB and
drug resistance lies in using centralized high-
throughput platforms to detect MTB through
molecular drug susceptibility testing" Several
molecular technologies are available, such
as nucleic acid amplification tests, whole
genome sequencing, and the GeneXpert
system (Xpert MTB/RIF or Xpert MTB/RIF Ultra).
These detect the presence of MTB and its
antibiotic resistance genes by DNA detection
in patient samples

The GeneXpert system is a standard
and widely used molecular test that rapidly
detects MTB and assesses resistance to
multiple anti-TB drugs, primarily rifam-
picin (RIF), the first-line drug for TB. Other
molecular tests such as Truenat MTB, Abbott
RealTime MTB, and FluoroType MTB are also
used in the diagnosis of TB.™

These molecular tests provide greater
speed and accuracy compared to traditional
methods such as microscopy and culture. In
addition, they allow the detection of antibi-
otic resistance, which facilitates more accu-
rate and effective treatment.’

Through this review, the generalities, effi-
cacy, sensitivity, advantages, and limitations
of the Truenat MTB, MTB plus and MTB-RIF,
Abbott RealTime MTB and MTB RIF/INH tests
on m2000sp and m2000rt systems, and Fluo-
roType MTBDR, as well as their comparison
with GeneXpert MTB/RIF or Xpert® MTB/RIF
Ultra, used for the detection of MTB resistant
to tuberculous drugs, are described.

Discussion
Test Overview

Truenat MTB, MTB Plus and & MTB-
RIF Dx

The Truenat MTB, MTB Plus and MTB-RIF Dx
tests are molecular tests for the detection of
MTB and RIF resistance,” developed by Bigtec
Labs, Molbio Diagnostics of Goa, India and
endorsed by WHO in 2020."

Truenat testing employs loop-mediated
isothermal amplification technology to iden-
tify the presence of MTB and assess resistance
to RIF. It consists of a technique of nucleic
acid amplification at a constant temperature,
usually around 65 °C. In addition, it is semi-
quantitative; it can indicate the approximate
amount of bacteria present directly in sputum
samples. The devices for these tests are
portable. The tests are capable of performing
simultaneously multiple reactions, which
facilitates faster and more efficient diagnosis.”

The Truenat MTB test is the basic test
used for the identification of the presence of
MTB. The Truenat Plus assays, an enhanced
version of the Truenat MTB, detect specific
genes such as nrdB, nrdZ, and 1S6110." The
nrdB gene encodes the beta subunit of
ribonucleotide reductase, a crucial enzyme
that supplies the precursors necessary for
DNA synthesis. It also detects the nrdZ gene,
which is part of the dormancy-associated
gene regulon. In addition, it detects the
IS6110 gene, which is used as a specific
epidemiological marker for TB and is found
exclusively in the MTB complex.**

Likewise, Truenat MTB-Rif Dx tests are
able to detect mutations in the rpof gene,
which encodes the beta subunit of RNA
polymerase in bacteria and is the main target
of action of RIF. Mutations in the rpof3 gene
can alter the structure of RNA polymerase,
preventing RIF from efficiently binding to
the active site of the enzyme and is ineffec-
tive in inhibiting DNA-to-RNA transcription
in bacteria with rpof3 mutations, leading to
resistance to RIF. Test results are obtained in
less than one hour ™

Abbott RealTime MTB and MTB RIE/
INH

Abbott RealTime MTB is a molecular test
launched by Abbott Company in 2015
to detect MTB, endorsed by WHO since
its development. This test also identifies
RIF and isoniazid (INH)-resistant variants,
expanding its utility in diagnosing antibi-
otic-resistant strains It employs the real-
time polymerase chain reaction (PCR-RT)
technique, which focuses on identifying
the gene encoding the antigen B protein,
essential in the synthesis of mycolic acids.
These are key components of the bacte-
rial cell wall and are crucial for survival and
resistance to host immune responses The
IS6110 gene is important in the identifica-
tion of MTB, as a transposon-like element,
is mobile within the bacterial genome and
with specific characteristics of the bacterial
complex; however, the number of copies
of the IS6110 element may vary between
different strains of the bacterium.*

The Abbott Realtime MTB RIF/INH test
can detect resistance to RIF (rpof gene)
and INH (katG and inhA genes). Moreover,
the katG gene encodes catalase-peroxidase
enzymes that are necessary to activate INH
within the bacteria. If there is a mutation
in the katG gene, INH will not be activated
and will not be able to perform its antimi-
crobial actiona" On the other hand, the
inhA gene encodes the enzyme enoyl-ACP
reductase, essential for the synthesis of fatty
acids in bacteria, including the synthesis of
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bacterial cell walls. When there are muta-
tions in the inhA gene, the enzyme enoyl-
ACP reductase can become less sensitive
to inhibition by INH, and consequently
generates resistance "

The Abbott RealTime MTB and MTB RIF/
INH tests differ in technology, sample types
and processing time in the m2000sp and
m2000rt systems. The m2000sp system uses
PCR-RT, while the m2000rt uses PCR-RT with
fluorescent probes that are validated for
sputum samples. The m2000rt also supports
bronchoalveolar lavage and pleural fluid
samples. The processing time for m2000sp
is approximately two hours, while m2000rt
is four hours xixix

FluoroType MTBDR

Fluorotype MTBDR1.0 and MTBDR2.0 are
WHO-approved molecular tests for the
detection of MTB, and were developed by
the German laboratory Hain Lifescience in
2019. These tests use linear after exponen-
tial PCR (LATE-PCR) technology, and special
probes with lights-on/lights-off detection.
In addition, they incorporate LiquidArray
technology, a PCR platform that enables
the detection of multiple targets in a single
reaction through the use of specific primers.
These tests are designed to identify muta-
tions in the rpof, inhA and katG genes,
which indicate drug resistance in multi-
drug-resistant TB cases."

FluoroType MTB VER 1.0 and FluoroType
MTB VER 2.0 have key similarities and differ-
ences. Version 1.0 focuses on the 1S6110
insertion element and can process decon-
taminated pulmonary and extrapulmonary
samples. In contrast, version 2.0 targets
the rpof gene to detect MTB complex and
RIF resistance, the inhA promoter and the
katG gene for INH resistance, validated for
respiratory samples. Both versions employ
LiquidArray technology in PCR amplifica-
tion, providing results in an average of two
hours and 30 minutes. Notably, version 1.0
uses FluoroCycler® 12, while version 2.0 uses
FluoroCycler® XT, thermal cyclers designed
specifically for this test. The entire process
can be completed in an average of two
and a half hours

Sensitivity and specificity

Truenat MTB, MTB Plus and MTB-RIF
Dx

In a four-hospital study in Cameroon
involving 945 people with TB symptoms, the
Truenat MTB Plus test demonstrated a sensi-
tivity of 91 % (228 of 251) in TB patients with
bacteriological confirmation of disease by
culture. The overall specificity of the Truenat

MTB Plus test was 96 %; 31 of the 694 partici-
pants with culture-negative TB results were
positive for MTB with the Truenat MTB Plus
test. Therefore, they concluded that these
results support the effectiveness of the
Truenat tests as they demonstrate their
ability to adequately identify this disease in
the majority of cases "

Abbott RealTime MTB and MTB RIFE/
INH

Abbot Realtime MTB has a high specificity
(97 %) and sensitivity (93 %), according to
information provided by the company.
In terms of sensitivity, a study conducted
in Africa showed that the Abbot Realtime
MTB test has a sensitivity of 92.4 % This
study performed such a test on people
who already have a confirmed TB diagnosis:
in them, the test detected MTB in 73 out
of 79 people. In addition, it showed that
the test has a specificity of 95.4 % These
findings indicate that the Abbott RealTime
MTB and MTB RIF/INH tests are highly
effective diagnostic resources for TB, with
the ability to identify accurately in most
clinical situations.

FluoroType MTBDR

The FluoroType MTBand MTBDRVER 2.0 tests
were evaluated for accuracy in detecting
drug-resistant TB in a study conducted
at the National Reference Laboratory for
Mycobacteria in Borstel, Germany. Of the
610 patients, 360 samples tested positive for
MTB on Xpert Ultra, and 250 samples tested
negative for MTB on Xpert Ultra. Therefore,
FluoroType MTB VER 2.0 showed a sensi-
tivity for manual DNA extraction of 91.6 %
and a sensitivity of 89.8 % for automated
extraction. Automated DNA extraction had
a sensitivity of 92.1 % in contrast to non-
automated extraction with 87.7 %. Conse-
quently, the sensitivity for INH was 91.7 %,
and for RIF, 98.9 9.,

Studies were conducted in South Africa
to evaluate the specificity of the Fluoro-
Type MTBDR test for the detection of MTB
and resistance to RIF and INH. Sputum
samples from patients who had a previous
evaluation with Xpert MTB/RIF were used,
and the results showed a specificity of
100 % for both MTB detection and RIF and
INH resistance v

Advantages

Truenat MTB, MTB Plus and MTB-RIF
Dx

Truenat MTB, MTB Plus, and MTB-RIF Dx tests
offer several significant advantages over
other TB diagnostic methods. They provide
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rapid results in less than one hour, allowing
immediate initiation of TB treatment. Addi-
tionally, they are highly sensitive and specific,
enabling the differentiation of TB from other
diseases with similar symptoms. Their porta-
bility and ease of use make them suitable
for primary care settings. These combined
advantages make Truenat tests an effective,
rapid, and accurate tool for TB diagnosis.*

Abbott RealTime MTB and MTB RIF/
INH
One of the advantages offered by Abbott
Realtime MTB and MTB RIF/INH is the ability
to process a variability of samples including
sputum, bronchoalveolarlavage and already
extracted MTB DNA samples >

The m2000sp/m2000rt systems offer
complete automation for MTB amplifica-
tion and detection. These systems allow
adjustment of sample volume and number
of samples, reduce reagent waste and
optimize throughput. In addition, they can
process up to 96 samples with reduced
turnaround time, most useful in antibiotic
resistance testing such as RIF/INH. The
capacity is 96 samples in eight hours and
the inactivation reagent reduces the risk
of contagion during sample handling.
The test is noted for its accuracy, with
the presence or absence of infection in
processed samples i

FluoroType MTBDR

FluoroType MTBDR has several significant
advantages. It processes sputum samples,
which are minimally invasive and easy to
obtain. The automated system can analyze
up to 94 samples in three hours. Results
are automatically generated. This system is
characterized by detecting INH resistance
and provides crucial information for treat-
ment strategy. Automation reduces the risk
of contamination, with a preparation time of
30 minutes. In summary, FluoroType MTBDR
offers a fast and accurate assay for drug
resistance detection in MTB i

Limitations

Truenat MTB, MTB Plus and MTB-RIF
Dx

The Truenat MTB, MTB Plus, and MTB-RIF Dx
tests, while valuable tools in the diagnosis
of TB, have certain limitations to consider,
including the possibility of providing false
negative results in cases of RIF-resistant
TB, because the Truenat MTB-RIF Dx test
focuses exclusively on identifying genetic
changes in the rpo gene. Similarly, in cases
of low bacterial load, the tests can yield false
negatives because they require a minimal

amount of MTB DNA to obtain a positive
result (five copies of MTB genome and 131
CFU/mL in expectoration samples) .

Abbott RealTime MTB and MTB RIFE/
INH
Less common MTB strains may give false
negative results due to the difficulty of
detection. Also, amplification reagents
have a limited shelf life of 90 days from the
date of manufacture or 60 days from the
date of shipment, which may result in the
loss of unused reagents. In addition, main-
tenance of the units must be performed
through contracts with Abbott, which
limits the ability to reduce operating costs
by performing maintenance through third
parties. Finally, the m200sp and m200rt
systems do not have a USB port, so data
must be manually exported or digitized *"
Also, training on using the m200sp and
m200rt systems is more complex compared
to other TB diagnostic platforms. Training
lasts at least five days and includes both
theoretical and practical aspects. In addi-
tion, the implementation of these platforms
requires a robust infrastructure, including
isolated spaces for sample preparation i

FluoroType MTBDR

The FluoroType MTBDR has several limita-
tions. Its accuracy in diagnosing TB in low
bacterial load samplesis limited, as its detec-
tion range of 10 398 copies is three times
greater than Xpert MTB/RIF. In addition, it
does not detect certain mutations related
to INH resistance, such as katG S315N.
Although it has a high detection capability
for RIF and INH resistance mutations, there
are other tests with even higher sensitivity
percentages. Finally, its sensitivity in the
diagnosis of extrapulmonary tuberculosis is
significantly lower than for sputum samples;
because of this, it is not recommended for
this type of tuberculosis il

Comparison with GeneXpert

Truenat MTB, MTB Plus and MTB-RIF
Dx

The Truenat MTB and MTB PLUS test has
lower sensitivity and higher specificity
than the Xpert MTB/RIF for TB, especially in
smear-negative and HIV-positive subjects.
Truenat has a higher specificity than Xpert
MTB/RIF in subjects with a history of TB. In
terms of identifying RIF resistance, Xpert
MTB/RIF has superior sensitivity and speci-
ficity compared to Xpert MTB/RIF. Posi-
tive results at the trace level are common
with the Truenat MTB and MTB PLUS. The
Truenat MTB, MTB Plus and MTB-RIF Dx
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tests are effective molecular diagnostic
tests for tuberculosis and are noted for their
rapidity, sensitivity and specificity. These
tests are accessible and inexpensive, suit-
able for primary care settings. Although the
GeneXpert MTB/RIF test is more sensitive
in detecting mutations in the rpof gene, it
is a more expensive option and requires a
specific PCR-RT system

Abbott RealTime MTB and MTB RIE/
INH
Although GeneXpert provides faster results
than Abbott's RealTime tests, these are
more useful for large workflows because
they allow processing of a large number of
samples. However, this represents a paradox,
as the RealTime test would be beneficial in
regions where TB is endemic for fast and
accurate results, but requires adjustments in
laboratory infrastructure, trained personnel,
and is more difficult to implement; these
features limit its use xviboix

Abbott MTB detects MTB, MTB RIF/INH
identifies MTB and resistance to RIF and
INH, while GeneXpert detects MTB with
some models able to identify resistance to
RIF and uses a second cartridge that detects
resistance to INH, quinolones, kanamycin,
capreomycin, among others. In addition,
GeneXpert is easier to use in resource-
limited settings and requires less technical
training. Both tests are highly sensitive for
MTB detection, however, GeneXpert has a
sensitivity of about 98 % while Abbott has a
sensitivity of 92-97 %. For RIF and INH resis-
tance, GeneXpert exhibits a high specificity
(between 94 and 98 %), while Abbott has
a lower specificity. In addition, the detec-
tion limit of GeneXpert is 18 CFU/mL, while
Abbott RealTime requires only 17 CFU/mL,
giving Abbott RealTime a slight advan-
tage over GeneXpert*

FluoroType MTBDR

Although Xpert MTB/RIF remains the stan-
dard for molecular diagnostic testing for
pulmonary tuberculosis, FluoroType MTBDR
tests perform similarly. In terms of sensitivity,
both tests are quite similar to Xpert, with a
sensitivity of 98 % to MTB and FluoroType
MTBDR of 97.9 %. In terms of resistance to
RIF, Xpert has a percentage of 95 % and
FluoroType 96.9 %. On the other hand, the
main difference between the two tests is the
detection limits. Xpert MTB/RIF can detect
MTB in samples with a minimum load of
3781 copies, whereas FluoroType MTBDR
has a minimum load limit of 10 398 copies.
Therefore, Xpert MTB/RIF is more useful for
detection of tuberculosis in tests with low
bacterial load e

Conclusion

The Truenat MTB, Abbott RealTime MTB, and
FluoroType MTBDR diagnostic tests provide
effective and reliable methods for the detec-
tion of Mycobacterium Tuberculosis and anti-
tuberculosis drug resistance. Fach of these
tests has unique advantages, allowing the
most appropriate test to be chosen based
on the specific needs of the testing context.
Truenat MTB uses chip-based nucleic acid
amplification that can detect MTB in clinical
sputum samples with a sensitivity of 91 %
and specificity of 96 %. Abbott RealTime
MTB employs in vitro polymerase chain
reaction (PCR) for qualitative DNA detection,
with a sensitivity of 92.4 % and specificity of
95.4 %, enabling high-throughput testing.
FluoroType MTBDR is a new molecular
test that diagnoses TB and RIF drug resis-
tance. It has a sensitivity of 91.7 % for INH,
98.9 % for RIF, and a specificity of 100 %.
Currently, GenXpert is the preferred choice
for molecular testing for tuberculosis, and
its preference is justified. However, with the
continued emergence of new technologies,
such as these molecular tests, significant
advances in TB detection and management
are represented, and their implementation
could improve healthcare for confirmed or
suspected TB cases. Truenat MTB, Abbott
RealTime MTB, and FluoroType MTBDR have
provided a more comprehensive perspec-
tive and have shown promise for the global
fight against TB because of their ability to
accurately detect MTB and resistance to
certain anti-TB drugs such as RIF and INH.
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Abstract

The nutritional status of children is a priority issue for many national and international institutions. Despite efforts to
improve their condition, there are still cases of malnutrition, due to excess and deficit of macro and micronutrients. Diseases
associated with this condition, whether communicable or not, have a direct impact on the physical and psychological
health of infants. This article presents the relationship between appropriate nutrition and optimal cognitive development
during the early life stages . For this purpose, information was consulted from various sources such as SciELO, PubMed,
Scopus, Hinari, university repositories, and reports from the Food and Agriculture Organization of the United Nations, the
World Food Program and the World Health Organization. These sources state that malnutrition and hidden hunger in
children is the cause of alterations in cognitive processes, since the daily diet provides the substances necessary for brain
metabolic processes.

Keywords
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Resumen

El estado nutricional de los nifos es un tema prioritario para numerosas instituciones nacionales e internacionales. A pesar de
los esfuerzos por mejorar su condicién, aun persisten casos de malnutricién, tanto por exceso como por déficit de macro y
micronutrientes. Las enfermedades asociadas a esta condicion transmisibles o no, tienen un impacto directo en la salud fisica
y psicoldgica de los infantes. Este articulo presenta la relacion entre una nutricién adecuada y el desarrollo cognitivo éptimo
durante las primeras etapas de la vida. Para ello, se consulté informacién de diversas fuentes como SciELO, PubMed, Scopus,
Hinari, repositorios universitarios, e informes de la Organizacién de las Naciones Unidas para la Alimentacién y la Agricultura, del
Programa Mundial de Alimentos y de la Organizacion Mundial de la Salud. Estas fuentes afirman que la malnutricion y el hambre
oculta en los nifios son causas de alteraciones en los procesos cognitivos, ya que la dieta diaria provee las sustancias necesarias
para los procesos metabdlicos cerebrales.

Palabras clave
Nutricién, Alimentacién y Dieta, Cognicidn, Nifio.

Malnutrition is an abnormal condition
caused by a deficit or excess of nutrients,
either macronutrients or micronutrients,

Introduction

Globally, there is enormous concern about

the nutritional status of children, espe-
cially in middle and low-income countries.
According to reports from the World Health
Organization (WHO), eight million children
under five years old present some degree
of malnutrition, which is of significance
because of its repercussions on health from
the first years of life to adulthood.""

manifesting as loss  (undernutrition),
excessive weight gain (overweight and
obesity), age-related short stature, and
inadequate intake of vitamins and minerals
(hidden hunger). It is multifactorial and
includes socioeconomic, biological, and
cultural factors.
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Proper nutrition is crucial to maintain
homeostasis in brain functions, since nutri-
ents act as cofactors or neurotransmitters,
i.e, they are chemical substances necessary
to perform cognitive activities such as infor-
mation processing, memory, motor skills,
and language, among other key elements
of learning and academic performance. "

The study of this subject is relevant
because the first stages of life are funda-
mental for brain development. The clas-
sification of cognitive development stages
by Jean Piaget emphasized that children's
learning process is qualitative and quanti-
tative since, as they advance through the
stages, their way of thinking is modified due
to the assimilation and accommodation of
the learning process.”

Therefore, it is essential to ensure an
adequate diet from pregnancy, during
breastfeeding, until the first five years of
life, a crucial period to provide nutrients
in appropriate quantity and prevent the
different manifestations of malnutrition."

This review aims to report on the rela-
tionship between adequate nutrition and
cognitive development in early childhood.
A documental search was conducted
in scientific databases such as PubMed,
Google Scholar, Research Gate, Cochrane,
SciELO, Redalyc, and the National Library of
Medicine. The search also included univer-
sity repositories and official documents of
the WHO, World Food Program (WFP), and
the Food and Agriculture Organization of
the United Nations (FAQ). Articles published
in Spanish, English, and Portuguese with
publication dates of less than five years
(2019-2023) were considered.

Discussion
Nutritional status of children

Proper nutrition in the first years of life is
crucial for the development of children.
However, worldwide, the production and
consumption of foods that lack the neces-
sary nutrients for optimal growth are
predominant, which raises concerns about
the high rates of malnutrition reported in
the children population v

In 2022, the WHO estimated that 149
million children under five years old were
stunted, 45 million were wasted, and 37
million were overweight or obese, and that
about half of all deaths of children under
five were related to undernutrition.

The United Nations Agenda 2030 (UN)
and the WHO Global Nutrition Targets 2025
established targets for the health of children
and mothers, recognizing that child nutri-

tion begins before pregnancy and continues
through the first five years of life. These goals
aim to reduce stunting, maternal anemia,
overweight rate, low birth weight, and
wasting, as well as to increase the breast-
feeding rate up to six months of age
Children are constantly exposed to unre-
stricted advertising of fast foods. This situ-
ation implies an increase in the frequent
consumption of processed and ultra-
processed foods, which are modified from
their natural state to prolong their consump-
tion time, change their consistency, and
improve their taste at the expense of
adding high contents of fat, sugar, salt or
other additives. "

According to the Food Systems Summit
2021 of the United Nations, in El Salvador,
the diet is based mainly on bread, corn
tortillas, sugary drinks, and sweet bread,
with an increase in the consumption of
simple carbohydrates, carbonated bever-
ages, foods with excess fat and sodium,
such as fast foods."™

In addition, the report mentions a lower
consumption of fruits, vegetables, and
foods of animal origin because the Salva-
doran population is influenced by the mass
media and globalization, which induces
the incorporation of fast food into the daily
diet. In addition, there is insufficient water
consumption of less than two liters per day.*

According to the United Nations Chil-
dren's Fund (UNICEF), globally for 2019,
one in three children under five years old
is undernourished or overweight, and half
of them present hidden hunger, which
negatively affects their physical and cogni-
tive development This was evidenced in
El Salvador's National Health Survey 2021,
which showed that children under two
years old in urban areas mainly ingest pack-
aged juices and carbonated beverages,
while in rural areas, chocolate or coffee
drinks predominate in that age group.”

This survey also reveals thatin El Salvador,
chronic malnutrition mainly affects children
under five months old, living in rural areas
(5.9 %) and that the percentage of stunting
is also higherin these areas (11 %) compared
to 9.3 % in urban areas. This contrasts with
the percentage of children under five years
old, who are overweight (8.3 %) and obese
(3 %), predominantly in the urban areas. ™

Cerebral cortex and cognitive
functions

Understanding the physiological processes
involved in brain metabolism and cogni-
tive functions is crucial for discerning the
importance of maintaining a balanced
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nutrient intake through a healthy diet.
It helps in establishing the connection
between proper nutrition and the cognitive
processes'iii,xii,xi\'i

The cerebral cortex is formed by millions
of neurons and glial cells, which receive
environmental stimuli, generating nerve
impulses that cause sensory or motor
responses. Neurotransmitters and chemical
receptors are involved in nerve impulse
transmission through the synaptic space"

The function of glial cells is to main-
tain brain homeostasis, and support and
produce the myelin sheath, contributing to
the transmission of nerve impulses to the
central and peripheral nervous system to
generate a response. i

Neurotransmitters are chemical messen-
gers that send inhibitory or excitatory
signals to neurons to trigger nerve impulses.
Major neurotransmitters include acetylcho-
line, noradrenaline, gamma amino butyric
acid (GABA), glutamate, serotonin, glycine,
and histamine i

This entire system is necessary for cogni-
tive processes, which comprise the set of
actions related to the intellectual activity of
knowing and reasoning, including memory,
perception, language, thought, and imagi-
nation, influenced both by the biopsycho-
social environment and by the nutrition
received, which provides essential micro
and macronutrients for the synthesis of
neurotransmitters and the energy necessary
for brain metabolism X

These cognitive processes are shaped in
the brain through thousands of synapses,
forming neural networks that store or
discard information according to the child's
needs. These neural networks begin to form
in the first five years of life and last into
adUlthOOd.XVH’Xw”’XiX

Jean Piaget described that cognitive
development includes several stages and
that learning, as well as the assimilation of
information, is both qualitative and quantita-
tive, i.e,, accumulating knowledge and reor-
ganizing it. The stages proposed by Piaget
are: sensorimotor (0-2 years), preoperational
(2-7 years), concrete operations (7-11 years),
and formal operations (11 years and older)."

Balanced diet and hidden hunger

The term diet refers to all prepared foods
and beverages that people consume daily,
whose preparation habits and practices are
influenced by geographic location, culture,
and socioeconomic status i

Proper nutrition begins with good
maternal nutrition during pregnancy and
continues with breastfeeding, contrib-

uting to healthy growth, optimal cognitive
development, and a strengthened immune
system. Similarly, adequate nutrition in the
first five years of life helps to avoid the risk
of communicable and non-communicable
diseases and the different expressions of
malnutrition described above

A balanced diet should consider the
appropriate amount of food, with rations
adjusted to age and metabolic needs, and
thenutrientsnecessarytosupportthe proper
functioning of the body without causing
harm while respecting the dietary habits
according to the culture of reach region.
Transculturization has altered local diets.

It is advisable to use a combination of
foods that provide both macronutrients
and micronutrients and to avoid processed
or ultra-processed foods that contain high
levels of fat, salt, or sugar, which make
them more appealing, but increase the
rates of obesity and heart disease, among
other risks e

The Food and Nutrition Board of the
United States suggests that the recom-
mended daily intake for children from zero
to eight years old should include carbohy-
drates, total fiber, lipids, linoleic acid, alpha-
linolenic acid, proteins, as well as vitamins
A, B, E K, C, B6, B12, thiamine, riboflavin,
niacin, folate, pantothenic acid, biotin,
choline, and minerals such as calcium,
iodine, iron, zinc, fluorine, mMagnesium,
phosphorus, among others

Micronutrient deficiency is known as
"Hidden Hunger". Micronutrients such as
iron, vitamins A, D, B complex, zinc, and
calcium are responsible for multiple func-
tions in the body and both their deficiency
and excess consumption can alter cognitive
development and growth in childhood i

The impact of hidden hunger during
pregnancy is of particular concern, as it
could affect the fetus and be reflected in
the newborn’s health up to five years of
life. McCoy argues that hidden hunger
at this stage of life has consequences on
the functional capacity of the developing
brain, which is crucial for the assimilation of

Malnutrition and cognitive
development

Inthe early stages of life, the brain undergoes
accelerated development and maturation,
where neural connections occur enabling
children to adapt to their surrounding
environment and to use the information
assimilated. These connections are more
evident in the stages of concrete and formal
Operations‘xii,xiv,xxiv
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Brain metabolism involving neurons and
glial cells requires cofactors to synthesize
neurotransmitters and Adenosine Triphos-
phate (ATP), the main energy source for
electrophysiological ~ functions, obtained
from glucose and oxygen

Research has shown that children with a
balanced diet have better cognitive devel-
opment. Breastfeeding alone is a necessary
and sufficient source of nutrients, vita-
mins, carbohydrates, and other bioactives
in appropriate amounts that provide the
substrates required for infant development.
oot Children who lack these nutrients
may present deficits in analytical processes,
classification of ideas and images, organi-
zation of ideas and symbols transmitted
mainly through language, or the perfor-
mance of everyday tasks such as playing,
solving problems, and even learning a
melody, among other activities

Martin et al. conducted studies on children
with obesity to assess cognitive development
and reported that compared to children of
normal weight, they presented lower scores
in mathematics, reading, and spelling; in addi-
tion, they detected decreased perceptual
reasoning and memory reflected in emotional
problems, lower motivation, and reduced
participation in academic activities i

Malnutrition also  contributes to a
decrease in the number of neurons and
nerve connections, damage to the myelin
sheath and dendritic branches, manifesting
in a thin cerebral cortex, and slow brain
growth, affecting motor function and
memory. This damage may be irreversible if

Poor micronutrient intake is not physi-
cally visible, and it manifests itself in chil-
dren's cognitive deficits, including grade
repetition, shorter schooling, and poor
performance in academic assessments, due
to their essential role in the neurotransmit-
ters synthesis and cofactors that promote
biochemical reactions i

The brain demands a large amount of
energy, mainly from glucose obtained from
daily carbohydrate intake. However, carbo-
hydrates with high sugar content and low
nutritional value tend to decrease cogni-
tive and psychomotor functions in children
u nd er ﬁve'xxv,xxvi,xxvii

Neurotransmitters derived from protein
metabolism are mainly obtained from the
diet and are essential for cognitive functions.
Glial cells are structurally composed of lipids
and underline the importance of a healthy
diet in adequate portionsxivxwxil

Neurotransmitters such as serotonin,
adrenaline, and dopamine are synthesized
from the amino acids tryptophan and

tyrosine, which are present in dairy prod-
ucts, red and white meats, nuts, and some
vegetables. These compounds participate
in cognitive processes such as learning,
reasoning, and memory,

Acetylcholine is related to memory and
neurodevelopment; it is synthesized from
the amino acid L-tyrosine, obtained from the
daily diet. In addition, its synthesis depends
on vitamin B12 and folate. Deficiency of
pyridoxal phosphate, thiamine pyrophos-
phate, and vitamin B12 leads to marked
neurological dysfunction @

Two-thirds of the neurons in the cerebral
cortex use glutamic acid as a neurotrans-
mitter and contain zinc in their synaptic
vesicles. Zinc deficiency has been linked
to cognitive delay in children since these
neurons are responsible for long-term
memory and the learning process

Iron is a necessary cofactor for several
enzymatic reactions, given that it intervenes
in the conduction of the nervous impulse. It
is a required nutrient in the diet of children
under five years old, where most neuronal
connections are built oot

Docosahexaenoic acid (DHA) is a phos-
pholipid that is part of the cell membrane
and is involved in the transmission of
nerve impulses, neuronal growth, learning
processes, neurogenesis, memory and visual
function. Itis mainly found in breast milk, fish
and seafood, soybeans and nuts, xhexvioi

lodine present in fish, seafood, and dairy
products is essential for thyroid hormone
synthesis. These hormones are crucial for
the development and proper functioning
of the brain. lodine deficiency leads to intel-
lectual deficits. It is recommended to fortify
salt with iodine eovixodx

It is worth noting that although a
balanced diet is a determining factor in
the cognitive development of children,
physical exercise and the environmental
conditions in which they develop also play
a significant role

In cases of obese children, cognitive
impairment is associated with neuroinflam-
mation and neurodegeneration. Adipose
tissue releases adipokines such as leptin and
interleukin 6, which have proinflammatory
functions, causing chronic inflammation.
This inflammation leads to a weakening
of the blood-brain barrier and may cause
damage at the microglial level ¥

The insulin resistance present in obesity,
combined with the leptin effect, decreases
the function of this hormone, altering
synaptic plasticity. Research in children
with obesity has shown difficulties in
sustained attention, memory, and other
motor skills X
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Conclusion

There is a scientific consensus that connects
proper nutrition to optimal cognitive devel-
opmentinthe early stages of life. During this
period, children assimilate and process the
information they receive from their environ-
ment, which enables higher development.
On the contrary, malnourished children
have high rates of school repetition, school
dropout, or low schooling.

For this reason, it is necessary to
ensure the intake of an appropriate diet,
balancing macro and micronutrients. Lack
of this balance results in cognitive deficits
at early age and may even cause irrevers-
ible brain damage. The mother's prenatal
diet and exclusive breastfeeding until six
months of life are essential, followed by the
progressive introduction of foods with all
the necessary nutrients.

In contrast, excessive consumption
of processed and ultra-processed food
containing excess sodium, fat, and sugars,
contributes negatively to children's neuro-
development. These products generate
nutritional imbalances and do not provide
essential substrates for brain development.

[t is essential to provide nutritional
guidance at home and school since adults
are directly responsible for children's
nutrition. Likewise, there must be perma-
nent nutritional surveillance, allowing
the evaluation of the child in all areas of
his life and ensuring adequate cognitive
development, providing more possibili-
ties for a better future.
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Abstract

Community-acquired pneumonia is a frequent cause of consultation and has a high mortality, which implies that health
professionals must have the necessary tools to evaluate and refer promptly. Most of the severity assessment scales for
community-acquired pneumonia use laboratory values, which represents a problem for the first level of care where these are
usually not available. This study aims to propose the CORB-65 scale (Confusion, Oxygenation, Respiratory Rate, Blood Pressure,
Age over 65 years) as an alternative to the classic scales used, such as Pneumonia Severity Index (PSI), CURB-65 (Confusion, Urea,
Respiratory Rate, Blood Pressure, Age over 65 years) and gSOFA (quick Sequential Organ Failure Assessment), among others.
Documentary research was carried out through a search in databases such as PubMed, Scopus, and Google Scholar, in which
different studies were compared, showing that the CORB-65 scale maintains similar or higher levels of sensitivity and specificity
than the aforementioned scales and given that it does not require laboratory tests for its scoring, it becomes an ideal alternative
for the assessment of community-acquired pneumonia at the first level of care.

Keywords
Pneumonia, Primary Health Care, Health, Sensitivity and Specificity.

Resumen

La neumonfa adquirida en la comunidad es una causa frecuente de consulta y tiene una mortalidad elevada, lo que implica
que los profesionales de salud deben contar con las herramientas necesarias para evaluar y derivar oportunamente. La mayorfa
de las escalas de valoracion de la severidad para la neumonia adquirida en la comunidad utilizan valores de laboratorio, esto
representa un problema para el primer nivel de atenciéon donde usualmente no se cuenta con estos. El objetivo del estudio es
proponer la escala CORB-65 (Confusion, Oxigenacién, Frecuencia Respiratoria, Presion Arterial, Edad mayor de 65 afos) como
una alternativa a las escalas clasicas utilizadas como Pneumonia Severity Index (PSI), CURB-65 (Confusion, Urea, Frecuencia
Respiratoria, Presion Arterial, Edad mayor de 65 anos) y gSOFA (quick Sequential Organ Failure Assessment), entre otras. Se realizd
una investigacion documental mediante una busqueda en bases de datos como PubMed, Scopus y Google Scholar, en la que
se compararon diferentes estudios que demuestran que la escala CORB-65 mantiene niveles de sensibilidad y especificidad
similares o superiores a las escalas ya mencionadas y dado que no requiere pruebas de laboratorio para su puntaje, la convierte
en una alternativa ideal para la valoracion de la neumonia adquirida en la comunidad en el primer nivel de atencion.

Palabras clave
Neumonia, Atencion Primaria de Salud, Salud, Sensibilidad y Especificidad.

Introduction

Community-acquired pneumonia is an acute
respiratory infection that affects the lungs
and represents one of the leading causes of
morbidity and mortality worldwide. Early diag-
nosis and adequate risk stratification are essen-

tial to make appropriate treatment and referral
decisions.'In the context of the first level of care,
where the aim is to promote, prevent and solve
the most frequent health needs of the popula-
tion using simple technologies, the capacity for
resolution can be limited. Therefore, having a
simple and effective assessment tool is crucial.
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The CORB-65 scale (Confusion, Oxygen-
ation, Respiratory Rate, Blood Pressure, Age
over 65 years) is presented as an alternative
to other pneumonia assessment scales in
adult and elderly patients in terms of early
referral of the patient and determination
of the most appropriate place for manage-
ment. Unlike other scales, such as CURB-65
and SMART-COP, the CORB-65 is suitable
for the first level of care, but laboratory
testing is not always available. The CORB-65
scale is based on easily identifiable clinical
criteriaz mental confusion, oxygenation
(SatO, < 90 %), respiratory rate (= 30 breaths
per minute), and systolic (< 90 mmHg) or
diastolic (< 60 mmHg) blood pressure, in
addition to the patient's age.

Unlike other scales, the CORB-65 is easy
to apply and does not require invasive labo-
ratory tests or chest X-rays. These criteria,
which can be assessed at the point of care,
allow for rapid stratification of patients into
categories: low, moderate, and high risk,
facilitating clinical decision-making and
identification of those requiring referral to
a higher level of care.

This article is based on a literature
review that was conducted through an
exhaustive search of electronic databases,
such as PubMed, Scopus and the Google
Scholar search engine, for relevant scientific
literature. The search terms used included
“oneumonia” “pneumonia scale’, “CORB-
65" “pneumonia assessment”’, “first level
of care’, “lung” and combinations of these
terms. Original scientific articles, systematic
reviews, case reports and clinical guide-
lines published in English or Spanish were
included. Studies that did not focus on
pneumonia assessment or did not specifi-
cally address the use of any pneumonia
rating scale were excluded. After an initial
screening based on titles and abstracts, a
thorough reading of the selected articles
was performed to assess their relevance
and quality. Relevant data were extracted,
such as the results of clinical studies, the
effectiveness of the CORB-65 scale in
pneumonia risk stratification and the need
for referral, as well as any other important
information on the topic.

Therefore, the aim of this study was
to propose the CORB-65 scale as an alter-
native to the classic scales used, such
as: Pneumonia Severity Index, CURB-65,
SMART-COP, NEWS2 and gSOFA.

Discussion
Among the scales used for the assessment

and referral of patients with community-
acquired pneumonia at different levels

of care such as outpatient management,
hospital or intensive care unit, are the
Pneumonia Severity Index (PSI), SMART-
COP, CURB-65, CRB-65 and CORB-65scales!
The main problem with these scales is
that they all require at least one labora-
tory test for a complete assessment and
subsequent decision making.

The CURB-65 scale is one of the most
widely used worldwide."™ However, one of
the elements of analysis in this scale is the
value of urea or urea nitrogen, which may
not be a viable option in many primary
care units or rural areas.

Despite the availability of more intricate
scales, studies indicate that the CURB-65
scale demonstrates the highest perfor-
mance in predicting mortality,” with greater
specificity than the PSI scale. However, the
latter proves to be more sensitive' than the
expanded CURB-65 scale.”

Alternative methods have been sought
that allow reliable assessment with sensi-
tivity and specificity indices similar to those
of the CURB-65 scale. Some authors have
investigated the usefulness of the gSOFA
criteria, normally used in sepsis, as an assess-
ment scale for patients with community-
acquired pneumonia. This proposal has
gainedincreasing relevance, especially when
seeking its direct application for the admis-
sion of patients to intensive care units (ICU).

A study conducted between 2017
and 2019 at Beijing Chao-Yang Hospital
compared gSOFA plus lactate, gSOFA, PSI,
CURB-65, and CRB-65 methods, where
the cutoff value for lactate was > 2.0
mmol/L. In this study, gSOFA plus lactate
was superior in predicting the need for
ICU admission, mechanical ventilation,
and 28-day mortality.

Some authors have explored the possi-
bility of shortening the CURB-65 scale by
eliminating the urea or urea nitrogen value,
resulting in the CRB-65 scale” These two
proposals have been compared in retro-
spective studies, and it has been shown
that the modified CRB-65 scale provides
more sensitive and specific results than the
qSOFA scale'but is inferior to CURB-65.*The
CRB-65 scale has been validated in studies
and is considered a reliable method for eval-
uating patients with community-acquired
pneumonia. Its application stands out in
primary health care since it does not require
additional laboratory tests.*

The official American Thoracic Society
(ATS) and Infectious Disease Society of
America (IDSA) guidelines for the diagnosis
and treatment of community-acquired
pneumonia recommend the use of the
IDSA/ATS criteria ! However, these criteria
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include urea nitrogen, leukocyte, and
platelet values as minor criteria i

In 2017, the National Early Warning
Score 2 (NEWS2) was introduced as a new
alternative method to predict severity in
patients with community-acquired pneu-
monia (CAP). This method uses parameters
such as respiratory rate, and oxygen satu-
ration in two scenarios (room air and with
the need for supplemental oxygen due to
hypercapnic respiratory failure), tempera-
ture, systolic blood pressure, pulse, and
patient's state of consciousness

A prospective cohort study conducted
at Chiang Mai University Hospital between
October 2020 and December 2021
compared the CURB-65 scale, IDSA/ATS
criteria, and NEWS2. The study showed
that NEWS2 offers higher sensitivity in
predicting progression to severe pneu-
monia compared to IDSA/ATS but has lower
sensitivity than CURB-65 and IDSA/ATS in
predicting mortality in patients with CAPX"

This study also compared NEWS2 plus
albumin < 3 g/dL plus urea nitrogen > 30
mg/dL, demonstrating a higher sensitivity in
predicting mortality compared to CURB65
and IDSA/ATSX However, albumin and
urea nitrogen values are not available in
most primary care clinics.

The Colombian Association of Pneu-
mology recommends applying the CURB-65
or CRB-65 scale and adding the measure-
ment of oxygen saturation level by pulse
oximetry in the evaluation The Australian
guidelines for the management of pneu-
monia recommend using the SMARTCOP or
CORB scale for decision making.

A study performed in 272 patients
with COVID-19-associated pneumonia in
Istanbul, Turkey, showed that the noninva-
sive parameter SpO./FO, correlates with
PaO,/FiO, obtained by arterial blood gas
analysis and has been widely used as an
early predictor of the need for mechanical
ventilation " Another study carried out in
three Spanish hospitals concluded that
there is a good relationship between the
SpO,/FiO, parameter and PaO_/FO, "

The Istanbul study showed that a SpO,
value of less than 90 % or a SpO2/FO,
index of less than 300 has a predictive
value of 30-day mortality for pneumonia.
The CRB-65 scale shows a sensitivity of
51 % and a specificity of 80 %, but when
the SpO_/FO, value is added, these values
increase to 81 9% and 72 %.*

The inclusion of hypoxemia in the
CURB-65 scale has already been explored.
In Valencia, between 2003 and 2004, a
study was carried out using hypoxemia as
an added value to the predictor of severity,

which increased the predictive capacity in
patients with severe CAPXil

Hypoxemia is an individual poor prog-
nostic marker used in the assessment of
pneumonia, including that caused by
COVID-19% Pulse oximetry is a reliable
method to determine hypoxemia. A study
conducted by the Bangladesh National
Childhood Iliness Care Program (NCCIP)
between 2020 and 2021 showed that pulse
oximetry could detect up to 97 % of hypox-
emia cases, whether by doctors, nurses,
or paramedical staff*

Based on the evidence from previous
studies, it is recommended to modify an
element of the CURB-65 scale with the
oxygen saturation value, resulting in the
CORB-65 scale! The CORB-65 scale assesses
five aspects: confusion, oxygen (pulse
oximetry), respiratory rate, blood pressure,
and age over 65 years® Parameters and
scores are in Table 1.

The interpretation of the score obtained
is performed similarly to the CURB-65 scale.
Values between zero and one are classi-
fled as “ambulatory or home treatment”;
score two should be considered “hospital
treatment”; and score three or higher are
classified as patients who require manda-
tory "hospital management” and should be
considered for referral to ICU!

The CORB-65 scale has been tested
in several studies that have proven its
clinical utility in risk assessment in patients
with community-acquired pneumonia. A
prospective observational study compared
different scales for the assessment of
community-acquired pneumonia in 618
Australian  patients.  The investigation
concluded that the CURB-65 and CORB-65
scales had the highest specificity for
CAP with values of 93 % and 94 %, with
CORB-65 being superior!

A case-control study compared both
scales in 60 patients in the hospital-at-home
modality and 54 patients in the hospital
control group. In both study groups, no
differences were found between the
CURB-65 and CORB-65 scale !

In 2014, a prospective analytical obser-
vational prospective study was conducted
that included a total of 120 patients who
attended the Hospital General Provincial
Docente “Dr. Antonio Luaces lIraola” in
Cuba, with a diagnosis of CAP* The study
proposed a standardized care protocol for
patients with CAP using the CORB-65 scale.
At the end of the study, it was concluded
that the scale was useful for assessing
patient severity and prognosis.

The study showed that the majority
of patients who were discharged without
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complications belonged to group one.
These are patients who can be managed
on an outpatient basis. Conversely, most
of the patients who died were classified
in group three, which consists of those
requiring ICU management >

At the "Hospital Universitario de Los
Andes” (UANDES) an open study was carried
out with a first cross-sectional phase and a
subsequent follow-up phase, in which a total
of 54 patients were studied, comparing the
classification of the different groups between
both scales. The results are shown in Table 2.

In this study, it was found that the
CORB-65 scale showed greater sensitivity for
the classification of patients with CAP into
groups two and three, which are the groups
requiring hospital care.

A retrospective study performed with
patient data from January 2012 to February
2020 at La Sabana University Hospital in
Colombia evaluated 1811 patients and
compared the results obtained on the
CURB-65 and CORB-65 scales The cut-off
value for oxygen saturation obtained by
pulse oximetry was 90 %.%

The study showed that the CORB65 scale
had a higher predictive value for patients
who required mechanical ventilation or
Vasopressor support, i.e, those patients who
had to be admitted to an Intensive Care Unit.

The parameter is even higher when
SpO, less than 90% is replaced by SpO_/FiO,
less than 300.% The 2007 IDSA/ATS criteria
mention a PaO_/FiO, value of less than 250
However, the study demonstrated that the
CORB-65 scale did not show a higher

predictive value for mortality compared
to the CURB-65 scale

Another retrospective study conducted
between 2017 and 2019 at the “Metropolitan
Hospital Center”in New York, USA, compared
the CURB-65 scale and the CORB-65 scale in
100 patients admitted to the Emergency
Department. The study showed that the
CORB-65 scale has a higher predictive value
about patients requiring ICU admission
compared to the CURB-65 scale. In addi-
tion, it also found that the CORB-65 scale
is more accurate in determining patients
requiring mechanical ventilation*" Both
scales showed similarity in predicting the
length of in-hospital stay of patients, and
neither showed greater utility compared to
patient mortality.*

Pneumonia is a dynamic process and
multiple variables can complicate the
patient's condition, including associated
or added comorbidities. The CURB-65
scale is considered more specific than
more complex scales, such as the PSI or
SMARTCOP; however, the predictive value of
the PSI scale is superior to that of CURB-65
according to other authors!

The CORB-65 scale is a valid method
for risk assessment and stratification in
patients with community-acquired pneu-
monia and has a specificity similar to that
of the CURB-65 scale™ " or even higher.
* However, it should be considered that
multiple studies mention that the sensitivity
of the CORB-65 scale may be slightly lower
than that of CURB-65, especially in patients
classified in category one or requiring outpa-

Table 1. Parameters evaluated by the CORB-65 Scale

Modified CORB-65 scale

Parameter Value Score

Confusion Present 1

Pulse oximetry Less than 90 % 1

Respiratory rate Greater than 30 rpm 1

Blood pressure Less than or equal to 1
90/60 mmHg

Age Older than 65 years 1

Source: Performance of the CORB (Confusion, Oxygenation, Respiratory Rate, and Blood Pressure) Scale for

the Prediction of Clinical Outcomes in Pneumonia*.

Table 2. Comparison between CURB-65 and CORB-65 scales

CURB-65 scale n (%) CORB-65 scale n (%)
Group 1 26 (48.1 %) Group 1 14 (25.9 %)
Group 2 11 (20.4 %) Group 2 19 (35.2 %)
Group 3 17 (31.5%) Group 3 21(38.9 %)

Source: Utility of the CURBE5 Score for the Evaluation of Severity of Community Acquired Pneumonia in Adults

of the Emergency Setting".
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tient management.' This situation is reversed
in those patients classified in categories two
or three"\,xv,xx'\,xxii'\,xxiv

[t is important to emphasize that the
CORB-65 scale does not have a defined
oxygen saturation value taken by pulse
oximetry to add to the overall score. Some
authors have performed studies using the
SpO, cut-off value of 92 %, while others
have the SpO, value of 90 % However,
given that the SpO, parameter of less than
90 % is equivalent to a PaO, of less than
60 mmHg, "™ 3 value that is also shared
as a parameter within the PSI4 and SMART-
COPxviiil scale criteria, it is logical to use
this as the cut-off point. On this same point,
some studies recommend the inclusion of
the variable SpO,/FiO, less than 300 as a
criterion of the scale for the summation of
the respective point*

[t is important to consider that some
diseases, such as chronic obstructive pulmo-
nary disease, can generate SpO, values
lower than those found in a patient without
such pathologies. These comorbidities,
added to community-acquired pneumonia,
require modified scales such as BAP-65 or
adjustments in the parameters of the classic
scales, such as CURB-65,7* so the CORB-65
scale should be included.

In addition, it is imperative to mention
that the scales should not replace at any
time the integral and complete study of
the patient together with his or her clinical
history. The CURB-65, gqSOFA or CRB-65
scales have been shown in multiple studies
to be ineffective tools on their own for
predicting mortality and admission to the
ICU,” so they should be used in conjunction
with all patient data.

Conclusion

The CORB-65 scale is an alternative for the
evaluation of patients presenting with
community-acquired pneumonia and pres-
ents levels of specificity comparable to the
CURB-65 scale. It is a useful tool in the first
level of care, given that the measurement of
oxygen saturation value by pulse oximetry
is a more accessible resource compared to
the resources, equipment, and personnel
necessary for taking urea or urea nitrogen
or other laboratory data required by the
CURB-65 scale and other scales.

The available evidence suggests that
CORB-65 can provide accurate assessment
without the need for invasive laboratory
testing, making it suitable for resource-limited
settings. However, further studies are recom-
mended to confirm these findings and opti-
mize their use in diverse patient populations.
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Abstract

Non-metastatic breast cancer is defined as breast cancer that has not spread from the primary site. More than 90 % of people
that received a breast cancer diagnosis is non-metastasic. Chemotherapy reduces the mortality rate by up to 40 %, but it also
causes physical, psychological, sexual and social effects. Therefore, we aimed to identify changes in sexual function caused by
chemotherapy in patients with non-metastatic breast cancer. Chemotherapy includes four groups of drugs: anthracyclines,
alkylating agents, antimetabolites, and taxanes. These cause local ischemia and depletion of primordial follicles, resulting in
early menopause and physiological changes that affect physical, sexual and psychological function. A review of the literature
was carried out using indexes or databases such as PubMed, SciELO, Elsevier, as well as the journals The Lancet and Nature.
Original and peer-reviewed articles in English and Spanish that were published between 2019 and 2023 were included. One of
the best treatment options for non-metastatic breast cancer currently is chemotherapy, but it has been shown to cause early
menopause, alterations in sex hormones and alterations in sexual function.

Keywords
Breast Cancer, Chemotherapy, Sexuality, Physiological Sexual Dysfunction.

Resumen

El cdncer de mama no metastasico es aquel que no se ha diseminado desde el sitio primario. Més del 90 % de las personas
que reciben un diagnéstico de cancer de mama son no metastésicos. La quimioterapia reduce la tasa de mortalidad hasta un
40 %, pero también causa efectos fisicos, psicoldgicos, sexuales y sociales. Por lo tanto, el objetivo fue identificar los cambios
en la funcién sexual causados por la quimioterapia en pacientes con cancer de mama no metastasico. La quimioterapia
incluye cuatro grupos de farmacos: antraciclinas, alquilantes, antimetabolitos y taxanos. Estos provocan la isquemia local y
el agotamiento de los foliculos primordiales, lo que resulta en una menopausia temprana y cambios fisiolégicos que afectan
la funcion fisica, sexual y psicolégica. Se llevd a cabo una revision de la bibliografia utilizando indices o bases de datos como
PubMed, SciELO, Elsevier, asi como las revistas The Lancet y Nature. Se incluyeron articulos originales y revisados en inglés
y espafiol que se publicaron entre 2019 y 2023. Una de las mejores opciones de tratamiento para el cancer de mama no
metastdsico actualmente es la quimioterapia, pero se ha demostrado que provoca una menopausia temprana, alteraciones en
las hormonas sexuales y alteraciones en la funcion sexual.

Palabras clave
Cancer de Mama, Quimioterapia, Sexualidad, Disfunciones Sexuales Fisiolégicas.

Introduction reports that one in 12 women will develop
breast cancer at any stage of life. Although
chemotherapy treatment can reduce the
mortality rate by up to 40 %, the prevalence
of physical, psychological, sexual, and social

consequences is increased.!

Breast cancer is the most common type of
cancer in women worldwide and at present
one of the most frequent causes of death!
The World Health Organization (WHO)
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More than 90 % of women who are diag-
nosedwith breast cancerforthefirsttime have
non-metastatic breast cancer” which does
not spread beyond the milk ducts or lobules
of the breast and does not invade normal
tissues inside or outside the breast" The
most common noninvasive tumor is ductal
carcinoma in situ, which is typified by the
presence of malignant cells within the breast
ducts without rupturing them.”

In the early stages, a breast cancer
diagnosis is based on breast self-exami-
nation, a complete physical examination,
and a combination of imaging, including
mammography, ultrasound, and MRI, as
the gold standard. The mammography
and data retrieval system (BI-RADS), which
is standardized, establishes categories for
guidelines for action and is one of the main
benefits of mammography.”

The side effects of treatment in women
receiving chemotherapy for this cancer
primarily affected sexual function. These
effects increase the cognitive, emotional,
and behavioral burnout of patients In a
study of 201 breast cancer patients, Aiying
Qi et al found that 83.08 % of patients
experienced  sexual dysfunction  after
starting chemotherapy.""

Early and periodic detection can facilitate
the development of an optimal and timely
treatment plan, avoiding the progression
of problems in women under treatment
for breast cancer, since sexual function in
cancer patients treated with chemotherapy
is a topic that health personnel are unaware
of for various reasons, such as lack of time,
knowledge or experience to address it

Currently, as the survival rate from
chemotherapy increases in women with
breast cancer, the physical, psychological,
sexual, and social effects are increased*
In a stud of 174 breast cancer patients
with chemotherapy, Ospino et al. found a
five-year relapse-free- survival of 88.8 %,
disease-free survival of 63.3 %, and an
overall survival of 84.4 %.4

[t is important to ensure that women who
receive a breast cancer diagnosis are informed
about the potential effects of chemotherapy
treatment on their mental and sexual health.
To ascertain this, a review of the literature, as
well as indexes or databases such as PubMed,
SciELO, Elsevier, and journals such as The
Lancet and Nature, was conducted. Addition-
ally, the official websites of the World Health
Organization/Pan American Health Organiza-
tion (WHO/PAHO) and the Ministry of Health
(MINSAL) of El Salvador were consulted.
Original and peer-reviewed articles in English
and Spanish published between 2019 and
2023 were included. The MeSH descriptors:

"o nou

"breast cancer, “Chemotherapy,” “Sexuality,
and “Physiological, Sexual Dysfunctions” were
used employing the Boolean operator "AND”.

This research aims to identify the altera-
tions caused by chemotherapy in the sexu-
ality of patients with non-metastatic breast
cancer and to promote early detection and
a multidisciplinary approach.

Discussion

Overview and Chemotherapy
schemes in non-metastatic breast
cancer

Breast cancer is the most common type of
cancer in women worldwide and is consid-
ered a heterogeneous disease with multiple
causes. The Pan American Health Organiza-
tion (PAHO) indicates it represents 22.7 % of
female cancers worldwide. In the Americas,
more than 462 000 women are diagnosed
with breast cancer each year, and almost
100 000 died as result of this disease By
2021, a total of 3509 new cases of breast
cancer were registered in Fl Salvador™

Breast cancer is a condition characterized
by the rapid multiplication of cells due to
changes in the mechanisms of cell division
and cell death, leading to the development of
tumors or abnormal masses” The presence
of highly penetrant dominant hereditary
genes such as BRCAT and BRCA2 is present
in this disease, and one-third of patients have
mutations of these tumor suppressor genes,
which are related to alterations in DNA
repair® Although more common in women,
this condition can also manifest in less than
1 % of men, making diagnosis difficult due
to lack of awareness.*!

Breast cancer is divided into three main
subtypes according to the presence or
absence of molecular markers for human
epidermal growth factor receptor 2 (ERBB2/
HER2 neu), estrogen, or progesterone.
I They are classified as follows: hormone
receptor-positive/HER2 negative (70 % of
patients), HER2 positive (15 %-20 %), and
triple-negative (tumors lacking all three
molecular markers) 15 9%

Eighty percent of non-metastatic breast
tumors are ductal carcinoma in situ* There
has been an increase in diagnosis by annual
mammography screening in recent years,”
which results in early detection of 20 % of
ductal carcinoma in situ™; leading to an
overall survival of 95.1 % at five years and a
disease-free survival of 97.6 % at five years
due to timely diagnosis and treatment.*!

The mammography report is standard-
ized by the use of the BI-RADS system and
mammograms. Seven categories are estab-
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lished that determine guidelines for action.
BI-RADS 0 suggests a complementary study,
BI-RADS 1 suggests a normal study; BI-RADS 2
suggests a benign finding, and category 3,
probably benign findings; BI-RADS 5 suggests
findings highly suggestive of malignancy,
and BI-RADS 6 suggests a malignant finding
already proven by histological study. "

After mastectomy, adjuvant chemo-
therapy is often used in non-metastatic
breast cancer to eliminate any remaining
cancer cells, reducing the likelihood of
recurrence*¥  Adjuvant  chemotherapy
is a set of drugs taken in regular doses
that may last from three to six months or
longer than six months ¥

Anthracyclines (doxorubicin and epiru-
bicin), alkylating agents (cyclophospha-
mide), antimetabolites (methotrexate and
5-fluorouracil), and taxanes are the first-line
drug groups used in chemotherapy for non-
metastatic breast cancer. The most popular
drug combinations include AC (doxorubicin
and cyclophosphamide) with or without
docetaxel, TC (docetaxel and cyclophospha-
mide), and CMF (cyclophosphamide, metho-
trexate and 5-fluorouracil).*”

Low specificity is a characteristic of the
mechanisms of action of the drugs used
in chemotherapy for breast cancer, which
means that they affect both tumor cells and
healthy cells with a high turnover rate
The most studied pharmacological group of
anthracyclines has a mechanism of action
that inhibits DNA synthesis and transcrip-
tion by intercalating between molecules.
This inhibits topoisomerase I, which
produces a DNA cleavage complex that
increases double-strand breaks and causes
cardiomyocyte deaths "

Alkylating agents are one of the anti-
neoplastic pharmacological groups that
inhibit cell replication by preventing DNA
transcription.*® Antimetabolites stop DNA
synthesis by inhibiting the enzyme thymi-
dylate synthase, which is responsible for
converting uracil tothyminein the S phase.
Taxanes act by assembling microtubules,
which prevent their depolymerization and
disrupt cell mitosis.*

Physiological changes caused by
chemotherapy

Women with breast cancer frequently
describe problems with sexual dysfunc-
tion, especially during the first year after
diagnosis* Up to 60 % of the popula-
tion suffers from sexual dysfunction as a
result of chemotherapy. Chemotherapy
has been described to cause early meno-
pause and painful dermatitis in the genital

region, which decreases sexual desire.
Symptoms of early menopause include
dyspareunia, decreased libido, and vaginal
dryness, among others

Chemotherapy causes lesions due to
vascular damage and cortical fibrosis of
the ovaries, resulting in local ischemia and
depletion of primordial follicles,* affecting
sex hormones, which reduces estrogen
levels. It has been shown that anatomical
areas such as the vulva, vestibule, labia
majora and labia minora, and vagina have
a high concentration of estrogen recep-
tors that diminished levels of this hormone
may cause a decrease in vaginal lubrica-
tion and dyspareunia.

Cobo Cuenca A et al. found significant
differences with a p value < 0.001 in the
presence of sexual dysfunction both before
(32.1 %) and after (91.2 %) the initiation of
chemotherapy as a treatment for breast
cancer. Penetration pain (50.6 %), lubrication
(50.6 %), sexual desire (44.6 %), and dysfunc-
tional arousal (44.6 %) were the main causes
of sexual dysfunction ¥ Treatment has
worsened sexual relations among 61.1 % of
women with breast cancer !

Decreased testosterone is one of the
main regulators of central arousal, leading to
a directly proportional relationship between
the concentration of this hormone and
sexual desire i |n addition, sex hormones
contribute to neurological functions there-
fore, alow level of these hormones increases
the risk of anxiety, depression, and neuro-
cognitive dysfunctions, which are common
in patients with non-metastatic breast
cancer treated with chemotherapy.

In a study of 110 patients, Widiani
MO et al found a significant positive
correlation between chemotherapy side
effect variants and sexual desire, with a
p value = 0.003 and R = 0.518". It demon-
strated that chemotherapy has an impact
on skeletal muscle, one of the symptoms is
cachexia, which exerts negative impact on
their body image and is one of the most
influential factors for sexual desire

Chemotherapy and psychological
aspects associated with sexua
function

Women's sexual function is affected by the
decrease in estrogen and progesterone
levels caused by chemotherapy. The change
in physical appearance, post-treatment infer-
tility, communication problems between
partners, and physical changes such as
fatigue, which predisposes to episodes of
anxiety and depression, are some of the main
concerns or affectations of these patients'
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Breast cancer patients experience
depression and anxiety after diagnosis as
they come to understand the significance
of the disease. Perez M. et al. found 97 %
depression and 85 % anxiety X" Before the
first cycle of chemotherapy anxiety increases
and leads to a decrease in the ability to
tolerate side effects, which increases symp-
toms such as nausea, vomiting, fatigue, and
general physical deterioration, reducing
the quality of life

Amado E. et al found a significant
relationship between sexual dysfunction
and depressive disorders in women with
breast cancer after chemotherapy treat-
ment. Sexual dysfunction was found to be
common in 61 % of the women, depres-
sion in 33 %, and anxiety in 69 %" After
chemotherapy treatment,™ an increase in
physical affectations such as anxiety symp-
toms has been associated with varying
prevalence from 12 % to 60 % and depres-
sion between 8 % to 66 %.

According to Hernandez-Blanquisett
et al, both the diagnosis and chemo-
therapy cause changes in physical, mental,
and sexual health with hypoactive sexual
desire in 83 % of patientsX In a study that
included 154 patients with breast cancer
who received chemotherapy, the degree of
emotional distress was found to be severe in
9.1 %, moderate in 29.9, and mild in 61 %

Chemotherapy treatment reduces phys-
ical activity, and increases fatigue, need for
more sleep, sexual dysfunction, persistent
pain,and quality of life* Asemotional distress
increases, physical and social functioning and
quality of life decrease. In a study involving 41
women with non-metastatic breast cancer
receiving chemotherapy and administered
the EORTC QLQ C-30 and QLQ-BR23 scales,
sexual functioning, sexual pleasure, concern
for the future, and body image were shown
to be the most affected areas.

Conclusion

Chemotherapy causes multiple physiolog-
ical, physical, psychological, sexual, and social
alterations as it affects both cancerous and
non-cancerous cells. The scientific commu-
nity is in constant study to evaluate the onset
and severity of these complications suffered
by patients after chemotherapy and to iden-
tify the symptomatology associated with
the treatments to address them early and
prevent complications.

Due to its various causes, including
the cancer itself, different treatments, and
patient idiosyncrasies, sexual dysfunction
is a frequent problem. Chemotherapy has
demonstrated local ovarian ischemia, leading

to early menopause, and altered sexhormone
concentrations, resulting in dyspareunia,
decreased libido, and vaginal dryness. Breast
cancer diagnoses and the reduction of sex
hormones caused by chemotherapy increase
the risk of psychological disturbances, such
as depression and anxiety, which reduce
quality of life and sexual function during
treatment. The diagnosis and treatment of
breast cancer have a psychological effect
on patients' lives, affecting their sexual and
physical activity. Therefore, it is crucial to use
a multifactorial approach from the time of
diagnosis to prevent the onset of physical,
mental, and sexual disorders.
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Dear Editor.

The knowledge of different techniques
for the management of pathologies in
medical specialties is essential. Such is the
case of maxillary sinus pathology, which
is very frequent in the field of otorhinolar-
yngology, and in the area of endoscopic
nasosinusal surgery, it is essential to perform
an uncinectomy and maxillary antrostomy.
Conventional endoscopic sinus surgery can
effectively treat maxillary sinus pathologies;
however, some conditions may be difficult
to address. It is essential to develop the
relevant needed skills to employ various
approaches for treating these diseases.

The prelacrimal endoscopic approach
to the maxillary sinus is a recent proposal.
Access to the maxillary sinus through this
technique is easily achieved, without modi-
fying the anatomy of the inferior turbinate
and the nasolacrimal duct!

It is relevant to remember the anatomy
of the floor of the maxillary sinus, which
is formed by the alveolar process of the
maxilla; this close anatomical relationship
forms an interface for therapeutic manage-
ment with the collaboration of rhinologists,
maxillofacial surgeons and dentists! The
development of nasal endoscopy and high-
resolution imaging techniques enabled
nasal endoscopic surgery to become the
most widely used and most effective treat-
ment for many disorders of the maxillary
sinus; however, for anatomical reasons,
such as the positions of the anterior and
medial walls and the alveolar process of the
maxillary sinus, many pathologies are not
easily visible and manageable, thus making

resection through the traditional endo-
scopic approach difficult.”

Through the pre-lacrimal approach,
access to the maxillary sinus is achieved
anterior to the nasolacrimal duct in an
oblique way, and through this, adequate
control of the anterior and lateral walls is
achieved, with optics of 0 and 45 degrees.
This innovative rhinological technique
has demonstrated advantages over tradi-
tional external and endoscopic methods,
providing optimal surgical access to the
anterior maxillary sinus.

The pre-lacrimal recess is an area with
boundaries defined by the inner wall of the
maxillary sinus, the front wall of the maxillary
sinus, the infraorbital region, and the level
of the nasolacrimal duct From the above,
it is clear that the pre-lacrimal approach
involves the removal of 2 to 3 mm of ante-
rior lacrimal duct bone with retraction and
careful displacement of the medial maxillary
wall during surgery.”

Simmen et al. proposed that a distance
of > 7 mm (Type 3) allows the pre-lacrimal
approach to be performed with little diffi-
culty,adistance of > 3-7mm (Type 2) allows
the pre-lacrimal approach to be performed
with partial dislocation of the lacrimal
duct, and a distance of 0 - 3 mm (Type 1)
will require a significant amount of bone
removal, dislocation of the lacrimal sac, and
a smaller pre-lacrimal window, making this
approach less feasible

The technique involves performing a
curvilinear incision in the lateral nasal wall,
anterior to the head of the inferior turbinate,
then entering the maxillary sinus through a
bony cut anterior to the lacrimal duct with

[212]



a chisel, preserving the lacrimal duct. The
mucosa medial to the bone and the lateral
nasal wall is dissected subperiosteally until
reaching the head of the inferior turbinate
and the anterior border of the maxillary
sinus ostium. The bony canal of the lacrimal
duct is removed with this dissected bony
lateral nasal wall. The bony remnant of the
lateral nasal wall resulting from the connec-
tion of the anterior and medial portion of
the maxillary sinus is excised using Kerrison
forceps. The medial retraction of the tear
duct and the remaining lateral nasal wall
remnant containing the inferior turbinate
allows direct visualization and surgical
access to the anterior wall and floor of
the maxillary sinus.”

The pre-lacrimal approach is recom-
mended for treating severe pathologies of
the maxillary sinus, particularly those origi-
nating in the anterior wall, lateral wall, or
floor of the maxillary sinus. This approach
has exhibited a lower recurrence rate when
compared to maxillary antrostomy."

A relevant consideration to keep in mind
is to avoid removing the adherent mucosa
when performing a pre-lacrimal approachin
cases of inflammation or infectious diseases,
such as odontogenic sinusitis, fungal sinus-
itis, chronic sinusitis, and nasal polyps.

About the above, it inferred that the pre-
lacrimal approach to the maxillary sinus is a
minimally invasive, safe, and effective proce-
dure for pathologies of the maxillary sinus,
such as tumors located in the anteroinferior
or inferolateral wall or multiple sites of the
maxillary sinus junction, including benign
tumors originating in the sinonasal cavity,
inverted nasal papilloma, hemangioma,
fibrous dysplasia, and angiofibroma.™
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Dear Editor.

Food and nutritional security (FNS) is a vital
concept because it is related to life, human
rights, and health; however, it leads to a
diversity of scopes and understandings'
because it can be considered an objective
such as solving the problem of hunger and
nutrition in the world; it can be an end or
goal such as the search for safe food, or a
paradigm from the political, economic,
social, cultural, legal and the sciences and
technologies related to food.' It has a multi-
dimensional character expressed in the
distance between the conceptual formula-
tions in national and international public
policies, as it also depends on the context
and the formulations of academia since it is
a concept in continuous change.

The conceptual evolution of FNS began
as a matter of public attention at the confer-
ence in Hot Springs, Virginia, United States
of America, in 1943 “with the conviction
that the eradication of hunger and poverty
is a condition for peace!" Later, in 1974,
during the “World Food Conference” held
by the Food and Agriculture Organization
of the United Nations (FAO) in Rome, the
concept of food and nutritional security “as
sufficiency”was formulated. This conference
developed the definition of food security
based on food supply: "Availability at all
times of sufficient world supplies of basic

staple foods to sustain the steady increase
in food consumption and compensate for
fluctuations in production and prices""

In 1995, the International Food Policy
Research Institute (IFPRI) proposed an
approach based on this Framework, formu-
lating the concept of nutrition security as
“the right thing to do"" The formulation of
food and nutrition security emerged later as
a proposal of field practices from the health
and nutrition sector; it was globally adopted
in 2008 by UNICEF, which states that: “Food
and nutrition security is achieved when all
people, at all times, have adequate food
(in terms of quantity, quality, safety, and
sociocultural acceptability), have access
to it, and use it satisfactorily to ensure a
healthy and active life"”

FAO in 2011 stated that: “food and nutri-
tional security exists when all people at all
times have physical, social, and economic
access to food in sufficient quantity and
quality in terms of variety, diversity, nutrient
content, and safety to meet their dietary
needs, and food preferences, to enjoy an
active and healthy life, have an adequate
environment, health, education, and care!"

Over the years, other influencing factors
have been added to the concept of FNS,
such as health, the economy, or the envi-
ronment, and various dimensions such
as individual, family, community, national
and international. These complexities were



incorporated without delimiting or differ-
entiating their nature, which explains part
of the imprecision of the boundaries of the
FSN concept.”

The Committee on Economic, Social
and Cultural Rights of the United Nations,
in the General Comment No. 12 of 1999,
mentioned the obligations that Member
States must comply with to fulfill the right
to adequate food, which is achieved when
every man, woman, and child alone or in
community with others, has physical and
economic access at all times to adequate
food or means for its procurement. This
right has become a priority for public action
after successive crises that led to tensions,
both globally and in Central America. In this
context, concepts, instruments, and indica-
tors have been discussed to organize public
and private actions."

There have been efforts to develop
public policies on food and nutritional secu-
rity, as well as in terms of concepts, indica-
tors, and institutional articulations; however,
there are still unclear elements that prevent
the development of instruments and the
implementation of adequate, effective, and
sustainable policies.”

The international political community
has worked on understanding the scope
of these concepts, but the academic
community does not seem to follow this
effort in a concordant manner, as reflected
in the divergent definitions of the political
community in public instruments and defi-
nitions and the academic community in the
Descriptors of Health Science.

Itis necessary to develop a debate aimed
at discerning the nature of the phenomena
we designate as food security (related to
agriculture, economy), nutritional security
(at the biological and life cycle level), food
and nutritional security, and the different
approaches, dimensions, and measure-
ments” The purpose of the discussion
would be to clarify the elements or charac-
teristics that make up FNS and to evaluate
the relevance of establishing a specific
institutional framework to strengthen it
and a national food and nutrition security
system, to provide recommendations for its
effective implementation.

To facilitate the discussion, it is proposed
to simplify the factors and dimensions and
focus on the nutritional status of individuals,
rather than considering various determi-
nants and dimensions related to food and
nutritional security. It is also advised that the
values of a healthy environment be consid-
ered constant and positive, and the values
of healthy consumption be managed as

variable values during the development of
explanatory models. Then, for the models'
simplification, it is proposed to focus solely
on healthy food consumption.

From this perspective, the nature of food
and nutritional security can be defined
from an individual perspective, as well as
differentiate the indicators in which it is
expressed; this also involves identifying
the accompanying positive public policy
instruments. From this point, it is possible
to advance in a finer understanding of the
set of factors and dimensions that affect
each of these conditions.

The issue of food and nutritional secu-
rity is a challenge that must be addressed
to develop effective, efficient, and sustain-
able national systems; the different actors
involved must be integrated to conceptu-
alize FNS in a clearer and more precise way.
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Dear Editor.

An article published in the journal Alerta
Volumen 4, number 2, about risk factors
for COVID-19 in the likelihood of being
endemic, which describes the importance
of strengthening epidemiological measures
within an opportune time, for example,
with the implementation of mobile sample
collection booths during the COVID-19
pandemic in El Salvador, emphasizes that
these measures can be considered as
public health protection that is in line with
compliance with the Universal Declaration
of Human Rights and government policies
developed on these bases. It is evident that
the right to health is essential to guarantee
a health system that protects and promotes
the health of the population, ensuring at the
same time that health services are acces-
sible, safe, and of high quality as was the
case during the COVID-19 emergency, when
the Government of El Salvador decreed a
health emergency on January 23, 2020 due
to the probable arrival of suspected cases,
and announced its first case on March
18,/"in preparation for the response to the
pandemic with this measure.

Consequently, it is relevant that health
professionals, decision-makers, and mainly,
authorities, as part of their professional
ethics and responsibility, know and inter-
pret the international consensus on health
law. Health law is the branch of the legal
sciences that joins medicine to deal with the
health and life of people, regulates the legal
relationships that have with individual and
collective human health, and the protec-
tion of health personnel, which is necessary

for the optimal and efficient management
of health resources.”

Health workers must respond and work
within the legal framework, making health
law a key, essential, and transcendental
element for interpreting and applying health
legislation effectively. For health managers, it
is a vital tool for effective, efficient, and ethical
health management. It must be noted that
health law complements and extends itself
beyond health legislation, and its purpose is
to enforce the human right to health.

The role of a health manager represents
a great responsibility and is more than
managing a hospital, a hospital area, or the
management of resources and financing; it
implies being an ambassador of health law in
the relationship between the health facility,
patients, and the State, under the institutional
authority of the health area.

The right to health, which as an initial
and ultimate principle is linked to protecting
life and guaranteeing the wellbeing of the
inhabitants of El Salvador, as established in
the Constitution, implies that patients receive
dignified and respectful treatment and that
their rights are safeguarded through the right
to information, informed consent, and confi-
dentiality of medical data.

The health manager has the responsi-
bility to do everything in his or her power to
ensure the well-being and health of patients
and to carry on actions to ensure that health
personnel work proactively and in partner-
ship, as well as to enforce the regulation of
training and conduct of health professionals.

Likewise, it isimportant to emphasize the
proper knowledge that health managers
should have of the different international
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instruments, constitutional foundations, the
Health Code, and other related laws and
regulations. Similarly, they must interpret
and apply the technical legal instruments
that complement health right to enforce
the human right to health, which is a
universal and fundamental human right, so
that the commitment to the right to health
is also reflected at the international level
with compliance with the Universal Declara-
tion of Human Rights.”

The approach to health rights is related
to health and connected with the origin
and ultimate purpose of the State, which
is grounded on the human person who
cannot prescind from health for his devel-
opment, survival, and compliance with the
exigencies and functioning that society
demands; thus, the development of health
legislation. Therefore, it is necessary to
establish institutional regulations that inte-
grate laws, policies, and rules that regulate
the functioning and performance of those
who execute them because it is reasonable
that in a framework in which order and
organization prevail, it is possible to meet
their goals and purposes.

Likewise, the standardization of medical
care processes through the classic standards
of diagnosis and treatment is relevant.’ In
connection, the country demonstrates its
commitment to health legislation through
the creation of a series of laws and regula-
tions in the health sector, such as the Health
Code, the Law of the Higher Council of Public
Health and the Health Professions Oversight
Boards, the Law of Duties and Rights of
Patients and Health Service Providers. These
regulations are responsible for ensuring
the population's rights to health and to
protect against violations and misconduct
of personnel to these rights, regulating the
conduct and behavior of health personnel.

[t is also essential to search for solutions
to modify the contribution of universities
and health management programs and
thus obtain improved knowledge in legal

matters regarding health legislation, with a
vision focused on constant improvement,
since it is clear that there are challenges at
all levels and in all areas related to the provi-
sion of health services, allowing the right to
health to be valid for the entire population.

Finally, strategies related to the admin-
istration and management of health
personnel and the strengthening of their
capacities can be built, compatible with
methods such as empowerment, motiva-
tional techniques, and frequent training so
that they develop the capacity to provide a
quality public health service that responds
to the health needs of the people in their
territory and to the fulfillment of the
human right to health.
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