REVISTA MEDICA DEL

HOSPITAL GENERAL

DE MEXICO

Revista Médica del Hospital General de México is Indexed in: SciELO; Latindex; DOAJ; Scopus; EMBASE/Excerpta Medica;

Periédica-indice de Revistas Latinoamericanas en Ciencias — DGBSDI, UNAM; LILACS; Bibliomex Salud; SIIC/siicsalud; Ulrich’s International Directory

Volume 87, Issue 4, October-December 2024 ISSN: 0185-1063 / elSSN: 2524-177X

I ORIGINAL ARTICLES

161 Headache in children treated at Hospital General de México “Dr. Eduardo Liceaga”
Karen Garcia-Garcia, Mariana Figueroa-Jaramillo, Elisa Hernandez-Ramirez, and Maria A. Florez-Mufioz

166 Prevalence of pain in the last 2 weeks of life in hospitalized pediatric patients
Sarah Bastidas-Legarda, Ma. Antonieta Flores-Mufioz, Elisa Hernandez-Ramirez, and Carolina Gutiérrez-Cortés

171 Moyamoya disease: review and demographic description of a series of cases in Bogota, Colombia
Johann D. Serrato-Perdomo, Laura D. Ramirez M-Melo, and Juan C. Luque S-Suarez

REVIEW ARTICLES

175 Cell death process associated with the renin-angiotensin-aldosterone system
Emiliano Gémez-Montariez, Yareli L. Rojas-Salazar, Alicia Sanchez-Mendoza, and Maria Sanchez-Aguilar

184 Food additives in ultra-processed products and some health effects
Laura Moreno-Altamirano, Sandra Hernandez-Valencia, Juan J. Garcia-Garcia, Karina Robles-Rivera, Oscar I. Robles-Vizcaya,
and Angélica E. Flores-Ocampo

I CLINICAL CASES

194 Management of cyst by laparoscopic splenectomy in a tertiary hospital: case report
José A. Bautista-Sanchez, Cristina Grado-Limas, Omar E. Valencia-Ledezma, and Carlos A. Castro-Fuentes

197  Giant ruptured hepatic hemangioma in managed with a mixed approach: case report
Jorge A. Roldan-Garcia, Angel D. Pinedo-Vega, Pedro A. Herndndez-Bernal, Edson Alquicira-Alcantara, Luis A. Albornoz-Rios,
and Jorge G. Ixta-Felipe

201 Ischemic colitis in a young patient with a history of COVID-19 infections: atypical case
Sofia Meré-Martinez, Julia Santana-Scarpinelli, and Ma. Fernanda Garcia-Fernandez

207 CT angiography as a complementary diagnostic method for the planning of surgery in invasive placenta:

case report and literature review
Jesser M. Herrera-Salgado, Elena Guzman-Montedn, Gabriel Pérez-Moran, Ricardo M. Malagén-Reyes, Luis E. Reyes-Mendoza,

and Jesus C. Briones Gardufio

HOSPITAL
GENERAL

de MEXICO

DR. EDUARDO LICEAGA

PermaNYER MEXICO
www.permanyer.com




REVISTA MEDICA DEL

HOSPITAL GENERAL

DE MEXICO

Revista Médica del Hospital General de México is Indexed in: SciELO; Latindex; DOAJ; Scopus; EMBASE/Excerpta Medica;

Periédica-indice de Revistas Latinoamericanas en Ciencias — DGBSDI, UNAM; LILACS; Bibliomex Salud; SlIC/siicsalud; Ulrich’s International Directory

Hospital General de México
“Dr. Eduardo Liceaga”

Sociedad Médica del Hospital
General de México, A.C.

Executive Board 2023-2024

Dr. Octavio Amancio Chassin
President

Dra. Ma. del Refugio Rivera Vega
Vice President

Dra. Maritza Martinez Venegas
Secretary

Dr. Arturo Ortiz Pavon
Treasurer

Dr. Sergio Alberto Cuevas Covarrubias
Vice Treasurer

Dr. Fiacro Jiménez Ponce
Principal Adviser

Dr. José Antonio Sanabria Deseuza
Alternate Adviser

Dr. Eloy Rodriguez Juarez
President of the Honor and
Justice Commission
Dr. Guillermo René Soria Fernandez
Secretary of the Honor and
Justice Commission
Dr. Juan Manuel Valdés Miranda
First Member of the Honor and
Justice Commission
Dra. Nina Nieto Licona

Second Member of the Honor and Justice
Commission

EDITOR IN CHIEF
Dr. Octavio Amancio Chassin

Hospital General de Mexico Dr. Eduardo Liceaga,

Ciudad de México (México)

INTERNATIONAL
EDITORIAL COMMITTE
Dr. Jose Jessurun-Solomou
New York Presbyterian Hospital,
Weil Cornell Medlicine, Nueva york (USA)

Dr. Juan Carlos Manivel Rodriguez
Universidad de Minnesota, Minneapolis (USA)

NATIONAL
EDITORIAL COMMITTEE

Dr. Fiacro Jiménez Ponce
Hospital General de Mexico Dr. Eduardo Liceaga,
Ciudad de México (México)

Dr. Juan Miguel Abdo Francis
Hospital Angeles Acoxpa,
Ciudad de Meéxico (México)

Dr. Sergio Alberto Cuevas Covarrubias
Hospital General de México Dr. Eduardo Liceaga,
Ciudad de México (México)

Dr. Marco Antonio Duran Padilla
Hospital General de Mexico Dr. Eduardo Liceaga,
Ciudad de México (México)

Dr. Juan José Garcia Garcia
Facultad de Mediicina de la
Universidad Nacional Autonoma de México,
Ciudad de México (México)

Dra. Fatima Higuera de la Tijera
Hospital General de México Dr. Eduardo Liceaga,
Ciudad de México (Mexico)

Dr. Marco Antonio Juarez Oropeza
Facultad de Medicina de la
Universidad Nacional Autonoma de México,
Ciudad de México (México)

Dra. Gloria Patricia Lopez Herranz
Hospital General de México Dr. Eduardo Liceaga,
Ciudad de México (México)

Dr. Hugo Manzanilla Garcia
Hospital General de Mexico Dr. Eduardo Liceaga,
Ciudad de México (México)

Dra. Monica Dennise Martin de Saro
Hospital Materno Infantil ISSEMYM,
Ciudad de México (México)

Dr. Adolfo Martinez Tovar
Hospital General de Mexico Dr. Eduardo Liceaga,
Ciudad de México (México)

Dra. Olga Maud Messina Bass
Hospital General de México Dr. Eduardo Liceaga,
Ciudad de Meéxico (México)

Dr. Eduardo E. Montalvo Javé
Hospital General de México Dr. Eduardo Liceaga,
Ciudad de México (Mexico)

Dra. Irma Olarte Carrillo
Hospital General de México Dr. Eduardo Liceaga,
Ciudad de México (México)

Dr. Eduardo Pérez Torres
Hospital General de México Dr. Eduardo Liceaga,
Ciudad de Mexico (México)



Revista Médica del g
‘ '.) Check for updates

Hospital General de México PERMANYER

ORIGINAL ARTICLE
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and Maria A. Florez-Mufioz®

Anaesthesiology Service, Hospital General Dr. Manuel Gea Gonzalez, Secretaria de Salud; ?High Specialty Department of Paediatric Algology;
3Pain Clinic. Hospital General de México Dr. Eduardo Liceaga. Mexico City, Mexico

Abstract

Introduction: The study aimed prevalence of primary and secondary headaches in children attending the Pain Clinic of
Hospital General de México “Dr. Eduardo Liceaga’ Objective: The objective of the study was to identify the prevalence of
headaches in children at the Pain Clinic of the Hospital General de México. Materials and methods: This was a descrip-
tive, retrospective, cross-sectional, and observational study of pediatric patients between 5 and 17 years old at the Pedi-
atric Algology service with a headache from January 1, 2012, to January 1, 2017 They were included and classified accord-
ing to the type of headache, age, and gender. Results: During the time of the study, 4281 consultations were obtained
with 526 patients with headaches. Twenty-three percent had primary headaches, most frequently migraine-type (18.25%)
and secondary (12.54%) with vascular headache as the most frequent. Not included in any of these categories were the
remaining 63.88% as under study. After 13 years of age, the most affected gender was female. Conclusions: Headaches
are one of the most common complaints, the most frequent is primary. Its prevalence varies greatly and increases through-
out childhood.

Keywords: Primary and secondary headaches. Children. Adolescents. Epidemiology.

Introduction difficulties®® and children with negative emotional
states (anxiety, depression, or mental anguish) have
greater headache persistence®®. There is a close in-
teraction between somatic and psychological aspects

criteria. It increases during childhood with a maximum of migraine b?cau§e, in children, .a psychological prob-
between 11 and 13 years of age in both sexes. It is |em can manifest itself with physical symptoms®".

recurrent in 80%, with 10% of these experiences oc- The association with obesity has not been determined
curring more than 5 days per month. The prevalence but shared pathophysiological mechanisms are pro-
of migraine is 9%, with 1% being chronic, 13% episodic posed'®'such as calcitonin-related protein, serotonin, orex-
tension, and 1% chronic tensioning®. After the age of in, and adipocytokines (adiponectin and leptin)™4'®. The
14, it occurs more in girls*. It is associated with learning  medical history is essential and the physical examination

Headache is a frequent reason for consultation’, in
children, the frequency is 58.4%?2, and its prevalence
varies (5.9-82%) according to definitions and inclusion

*Correspondence: Date of reception: 07-07-2023 Available online: 14-10-2024
Mariana Figueroa-Jaramillo Date of acceptance: 05-12-2023 Rev Med Hosp Gen Mex. 2024;87(4):161-165
E-mail: marianaf001 @hotmail.com DOI: 10.24875/HGMX.23000050 www.hospitalgeneral.mx

0185-1063/© 2023 Sociedad Médica del Hospital General de Mexico. Published by Permanyer. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

161


http://crossmark.crossref.org/dialog/?doi=10.24875/HGMX.23000050&domain=pdf
mailto:marianaf001%40hotmail.com?subject=
http://dx.doi.org/10.24875/HGMX.23000050

162

Revista Médica del Hospital General de México. 2024;87(4)

is complemented by the neurological examination in-
cluding blood pressure and fundus measurement. For
the assessment of intensity, in children under 10 years
of age, analogous scales are used (revised face scale),
in older children, the verbal numerical scale is from
1 to 1076,

The International Headache Society Association
(IHS) divides them into three categories: Primary (Ten-
sion, Migraine, Trigeminal Autonomic, and other disor-
ders), secondary (to another pathology), and other
headaches including painful lesions of other cranial
nerves and other headaches'. Secondary are those
associated with: (1) Traumatic brain or cervical trauma,
(2) cranial or cervical vascular disease, (3) non-vascu-
lar intracranial disorders (infections and tumors), (4) ad-
ministration or suppression of “substances,” (5) infec-
tious origin, (6) homeostasis disorders, (7) disorders of
the skull, neck, eyes, ears, nose, sinuses, teeth, mouth,
or other facial or cranial structures, and (8) psychiatric
disorders.

Headache is a major health problem in childhood and
is a frequent cause of school absence. It is estimated
that 75% of children have suffered a significant head-
ache episode in the 15t 15 years of life?. Studies in
Mexico assessing the prevalence of primary and sec-
ondary headaches in children are few. For this reason,
the interest arose to know the prevalence of headaches
and their causes in children who attend the Pain and
Palliative Care Clinic at Hospital General de México
“Dr. Eduardo Liceaga”.

Material and methods

An observational, descriptive, retrospective, cross-sec-
tional study in which the records of outpatients with
headaches who attended the Pain Clinic between Jan-
uary 2012 and January 2017 was reviewed. These pa-
tients were assessed and the diagnosis of headache
was reached by the specialist doctor attached to the
clinic with the support of the residents of the High Spe-
cialty of Algology. The information was taken from the
database by selecting those records whose ICD-10 of
the reason for consultation corresponded to headache.
Subsequently, the files were requested in the clinic’s
archive. In the files, information was collected to deter-
mine the type of headache, age distribution, and gender.
According to the exclusion criteria, patients over 18 years
of age and those under 5 years of age were not
reviewed.

During the evaluation of the files, those that did
not have complete information were also discarded

Table 1. Distribution of patients according to gender

Gender Frequency Percentage
Female 288 53.27
Male 248 46.26
Total 536 100

Table 2. Distribution of patients according to age

ooy, | roqrer | rues
5 24 45
6 32 6.1
1 18 34
8 29 5.5
9 43 8.2
10 60 1.4
" 35 6.6
12 31 5.8
13 58 1
14 44 8.3
15 57 10.2
16 28 5.3
17 67 12.7
Total 526 100

because they did not present sufficient data. The infor-
mation collected was recorded in an Excel database
from where it was classified according to the variables
identified to prepare the tables and graphs.

Results

The study included patients who presented between
January 2012 and January 2017 for headaches regard-
less of whether they were 15-time or subsequent pa-
tients. The total number of corresponding consultations
was 4281, of these, 536 files were reviewed with the
reason for consultation indicated, which corresponds to
12.5% of them, 248 were male patients and 288 were
female; 10 were excluded because they were under
5 years of age according to the inclusion criteria. The
following variables were obtained: age and gender
(Tables 1 and 2), and headache causes (Fig. 1).
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Figure 1. Most common causes of headache in children.

The average age was 12 years. The age at which
most patients consulted for headache corresponded to
17 years (12.7%) and the largest number of patients
was in the group of adolescents (12-17 years old) with
53.32%. On the other hand, in early childhood (under
5 years of age) only 4.5% was found, while in childhood
(6-11 years old), 41.2% were consulted. In relation to
gender, it was observed that headache consultation
was higher in girls (53.73%) compared to boys (42.26%)
and with a greater predominance in the group that cor-
responds to adolescents.

The diagnoses identified were determined according
to the criteria of the Ill International Classification of
Headaches of the IHS. Thus, primary headaches cor-
responded to 23.57% of patients, secondary head-
aches to 12.54%, and other headaches to 63.88%.
Fig. 1 details the five main diagnoses reported.

Among other headaches, those that we classify “in
study protocol” are of special interest, being the most
frequent. This type of headache was considered for
those patients who after a period of 1 year continued
without an identifiable cause. It is important to note
that, within the history and physical examination of the
headache, “red flags” suggestive of the pathology of
urgent resolution are sought. Patients in the study pro-
tocol did not have this symptomatology. Among the

causes identified in this group are the delay in carrying
out complementary imaging studies, for example, or
complementary assessments by other specialties.

In the secondary headache group, headache attribut-
ed to cranial vascular disease was the most frequent
due to rupture of Arteriovenous Malformation, corre-
sponding to 12.5% of patients. The least frequent pa-
thologies as a cause of headache corresponded to the
remaining 5.37% and included migraine without aura
(1.9%), chronic post-traumatic headache (1.14%), other
migraines (0.57%), unspecified syndromes (2.28%) and
substance-induced (0.19%). Headaches attributed to
the administration or suppression of substances in-
clude those caused by exposure, overuse of headache
medication, or withdrawal of substances. The one iden-
tified corresponded to the second group, overuse, due
to ergotamine.

Discussion

In this study, the frequency of headaches was mea-
sured in children attending the Pediatric Algology Clinic
at the Pain Clinic. Pain intensity was assessed using
two scales depending on the age of the patients. Both
scales are validated and are the revised face scale
(FPS-R) in patients aged 5-10 years and in older pa-
tients the analogous verbal scale (Fig. 2).
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Figure 2. Revised face scale-numerical verbal scale.

The frequency of headache presentation as a rea-
son for consultation in the Pain Clinic of 12.52% of
the total consultations, corresponds to what was re-
ported by the review by Antonaci et al.3, which indi-
cates its presentation between 5.9% and 82%, that
is, this is a common complaint'®'® representing the
most common type of pain in children and ad-
olescents?>?' and is also disabling®?? because of
its impact on quality of life, school attendance and
socialization®.

A similar behavior was maintained with respect to the
frequency of headaches by gender (p < 0.05). However,
in the relationship of headache by age and gender,
there is no predominance until before puberty, but after
the age of 13 years, being higher in females in relation
to males (p < 0.01), coinciding with what was reported
by Genizi*?°,

The results obtained did not vary in relation to the
reported literature, with primary headaches (23.57%)
being more prevalent than secondary headaches
(12.54%)?'. A high percentage cannot be classified as
primary or secondary according to the International
Classification of Headache Disorders of the Interna-
tional Headache Society because they are still un-
der study (63.88%) and are not classifiable at the
moment.

In the category of primary headaches, the most fre-
quent is migraine (19.6%) with and without aura. Ac-
cording to the Global Burden of Disease Survey', it is
the third most prevalent disorder in the world and the
third leading cause of disability in people under 50 years
of age, regardless of their gender. In secondary
headaches, vascular headaches occur more frequently,
corresponding to 89%"2, important results given the
possible association with threatening neurological con-
ditions?', as in the case of our patients who presented
the rupture of a cerebral arteriovenous malformation as
the cause of their symptoms. Arteriovenous malforma-
tions may be evidenced with headache in 3-20% of
patients??.

Conclusions

— The Pediatric Algology service of the Pain Clinic is a
third level of hospital care, despite the results
obtained, the sample number is not sufficient to gen-
eralize them to the rest of the population, so it is
necessary to continue with more similar studies.

— A considerable prevalence of headache in children
of 12.5% was determined as a reason for consultation
in the Pediatric Algology service of the Pain Clinic.
For this reason, it should not be an underestimated
pathology and its etiology should be identified.

— In this study before puberty, the prevalence of head-
aches does not predominate by sex, but from 13 years
of age, the female sex is the most affected.

— Primary headaches correspond to the most frequent
in the pediatric population, corresponding to 23.57%,
the second place is occupied by secondary head-
aches with 12.5% of the population. However, up to
the remaining 66% cannot be integrated into a cate-
gory of the International Classification of Headache
Disorders because they are still in the diagnostic
process and cannot be classified.

— Within the primary headaches, the most frequent is
migraine with 19.6% and in secondary headaches,
vascular headache occurs more frequently with 89%.
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Abstract

Introduction: Pain is a very common symptom in children who have a complex, chronic, life-threatening or life-limiting disease,
generating a negative impact on the quality of life of the child and his or her family. There is very limited evidence regarding
end-stage symptoms in pediatric patients receiving palliative care; Baumann et al. described in 2021 the presence of pain in
56% of their terminally ill patients. So far, there have been no studies in Latin America on the prevalence of pain in the last
weeks of life in pediatric patients. Objective: The study aimed to determine the prevalence of pain in the past 2 weeks of life
in children who died in the Hospital in the past 5 years. Materials: A retrospective, observational, and longitudinal study was
carried out in which the records of patients over 1 month of age and under 18 years of age who died in hospital were includ-
ed. Results: The records of 98 patients who died during their in-hospital stay were obtained, of which 52 reported the presence
of pain in their past 2 weeks of life. Most of the patients were teenagers; oncological pathologies were the most frequent. In
less than half of the patients, the use of a tool to assess the intensity of pain was reported, with the verbal numerical scale
being the most used. Severe pain was reported in nearly half of the patients, and in a quarter of the children, its intensity was
not described. About 71.2% of the children were managed with opioids (alone or in combination with other drugs). Only a third
of the subjects were evaluated by the Algology service Pediatric. Conclusions: Timely identification and treatment of pain,
especially in terminal phases, is essential to reduce the suffering and agony of these patients. To this end, its assessment by
the Pediatric Algology service can favor comprehensive management and adequate control of the symptom.

Keywords: Pediatrics. Pain. Terminal phase.

Introduction It can be classified according to neurophysiological
. o ~mechanisms into nociceptive and neuropathic pain. The

The Intenational Association for the Study of Pain  fi.t is that which is produced by activating nociceptors,
(IASP) in 2020 proposed a new definition of pain, con-  \hich in turn, depending on its origin, can be classified
sidering that “it is an unpleasant sensory and emotional 55 somatic or visceral. Neuropathic pain is generated
experience associated with or similar to that associated as a cause of an injury or disease of the somatosensory
with actual or potential tissue damage.” It is experi- nervous system and is divided into central or peripher-
enced as the result of a set of physical, psychological, al. It can also be classified according to its duration as

social, and spiritual factors'-3. acute (< 3 months) and chronic (more than 3 months)34.
*Correspondence: Date of reception: 15-07-2023 Available online: 14-10-2024
Sarah Bastidas-Legarda Date of reception: 06-12-2023 Rev Med Hosp Gen Mex. 2024;87(4):166-170
E-mail: sabale.02@ gmail.com DOI: 10.24875/HGMX.23000053 www.hospitalgeneral.mx

0185-1063/© 2023 Sociedad Médica del Hospital General de Mexico. Published by Permanyer. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Pain is a very common symptom in children of all ages,
mainly for children who have a complex, chronic,
life-threatening or life-limiting disease, which leads to in-
adequate diagnosis and treatment, generating a negative
impact on the quality of life of the child and his or her
family®-8. In addition, taking into account various variables
in the pediatric population, the verbal expression of this
symptom may be limited, so its assessment can be a
challenge and the use of internationally endorsed clini-
metric instruments according to the age group and cog-
nitive capacity of each patient is essential*®.

Various pain scales have been designed to try to
quantify pain in children, which contain physiological
and behavioral indicators and self-report methods*.
There are multiple scales used in newborns; the prema-
ture infant pain profile (PIPP) scale is the most widely
used in the in-hospital setting, both for premature and
full-term newborns, and assesses physiological param-
eters (gestational age, increased heart rate, and de-
creased oxygen saturation) and behavioral parameters
(behavior, frowning, tight eyes, and nasolabial fold)°.

In children between 1 month and 3-years-old (or
preverbal), the FLACC scale can be used, which
stands for face, legs, activity, crying, and comfort. It
is a behavioral scale. Of this, there is a revised version
that allows the evaluation of pain in children with cog-
nitive disability or neurological compromise that pre-
vents them from verbally expressing pain. The revised
face scale is a self-reporting tool and is validated in
older children (3 to 7-8 years); Use six-sided drawings
with different expressions depending on the degree of
pain. In older children with the ability to express their
pain numerically, it is recommended to use the verbal
numerical scale (self-report), which rates pain from 0
(no pain) progressively to 10 (maximum pain)'°.

The COMFORT-B scale is recommended by the Eu-
ropean Society of Paediatric and Neonatal Intensive
Care for the assessment of patients under sedation and
analgesia in the pediatric intensive care unit (regardless
of whether they are on mechanical ventilation or not). It
is a behavioral scale that assesses the level of con-
sciousness, calmness-agitation, muscle tone, physical
movements, respiratory response, and facial tension.

There is very limited evidence regarding end-stage
symptoms in pediatric patients receiving palliative care;
in their study published in 2021, Baumann et al. de-
scribed the presence of pain in 56% of their terminally
ill patients'?. Specifically, cancer patients report the
most pain; In the final phase, its prevalence has been
described at approximately 75-85%'213.

Having uncontrollable pain during the terminal stage
of life is one of the main fears in patients with incurable
conditions''6; likewise, very often, the relatives of these
children ask doctors to make death as painless as pos-
sible, which reduces the risk of complicated grief'"'8.
Therefore, the past 2 weeks of life, commonly referred
to as the terminal phase or imminent death, represent
numerous challenges for health professionals'®-2', Ade-
quate symptomatic management in this phase is essen-
tial because it has been proven that a comprehensive
palliative intervention helps mitigate pain?22,

So far, there have been no studies in Latin America
on the prevalence of pain in the last weeks of life in
pediatric patients, so this study aims to determine this
prevalence in patients who died at the Hospital General
de México “Dr. Eduardo Liceaga” in the past 5 years.

Materials and methods

A retrospective, observational, and longitudinal study
was conducted. The records of all patients over 1 month
of age and under 18 years of age who died in the Hospital
during the period from January 1, 2016, to December 31,
2021, were included, except those of patients admitted
to the emergency room with hospitalization of less than
2 h or with incomplete recording of data on the variables:
Gender, main diagnosis, age of death, presence of pain,
type of pain based on its chronology and pathophysiolo-
gy, pain intensity and whether it was evaluated with any
tool (scales: FLACC and FLACC-revised, revised face
pain scale, COMFORT, PIPP or verbal numerical scale),
algological treatment and whether the patient was as-
sessed by the pediatric algology service.

The data were recorded in Excel and exported to the
SPSS version 21 program, with which descriptive sta-
tistics were carried out using measures of central ten-
dency and dispersion with calculation of simple fre-
quencies and percentages for qualitative variables and
mean or median, for quantitative variables, according
to their distribution.

According to the Regulations of the General Health Law
on health research, title Two, chapter |, article 17, para-
graph | of the General Health Law of the United Mexican
States, as it is a retrospective study and without interven-
tion in patients, it is considered a risk-free research and
does not require the signing of an informed consent.

Results

A total of 638 patients died during their hospitaliza-
tion in the pediatric service during the study period;
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however, 393 files of children under 30 days of age,
two of those over 18 years of age and 145 files with
incomplete data were excluded. Finally, the records of
98 deceased patients were obtained.

The presence of pain in the last 2 weeks of life was
reported in 53.1% of cases; of these, the majority of the
population were adolescents (63.4%), followed by pre-
schoolers (17.2%), schoolchildren (13.5%) and infants
(5.8%), respectively.

The main underlying diagnosis in these patients was
oncological, occurring in 50% of the subjects; In the
case of non-oncological diseases, infectious causes
were the most prevalent (28.3%) (Fig. 1). No patients
with cardiological or pneumological diseases were
reported.

Of the patients in whom pain was reported, 92.3%
had acute pain and only 7.7% had chronic pain. Viscer-
al nociceptive pain represented the most frequent in
terms of its pathophysiological basis, occurring in
32.7% of patients, followed by somatic nociceptive pain
in 28.8%, mixed pain in 15.4%, and headache in 23.1%.

In less than half of the patients (46.2%), the use of a
tool to assess the intensity of pain was reported, with
the verbal numerical scale being the most used (34.6%),
which was applied to schoolchildren and adolescents.
The age group of preschoolers was the one in which a
scale for its assessment was proportionally less record-
ed. Table 1 summarizes the scales used according to
the age group.

Of the population studied, severe pain was reported in
just under half of the patients (44.2%), followed by mod-
erate pain in 19.3% and mild in 11.5% of the children;
Pain intensity was not described in 25% of cases.

In 25% of the patients, the analgesic treatment re-
ceived was not reported; only one patient was recorded
using non-pharmacological measures. Treatment of
moderate pain was carried out in equal proportion with
paracetamol in combination with some non-steroidal
anti-inflammatory drug (NSAID) or paracetamol with opi-
oids, while opioids as the only treatment was the pre-
dominant treatment in the severe pain group. No patient
received antidepressants or interventional manage-
ment; nor were there cases of exclusive use of NSAIDs
or neuromodulators. Table 2 shows the analgesic treat-
ment received according to the intensity of pain.

Of the total number of patients with a report of pain
in their past 2 weeks of life, only 32.7% were evaluated
by the Pediatric Algology service; most of them had
severe pain (64.7%), followed by moderate pain in
23.5% and mild pain in 11.8%. Opioids were the medi-
cations most frequently indicated by the service (58.8%).

5.8% 1.9%
\

1.9% _3-8%

u [Infectious = Traumatic = Oncology
u Neurological H Gastrointestinal H Genetics
® Renal Rheumatological = Haematological

Dermatological

Figure 1. Type of underlying disease in patients with pain
in the last 2 weeks of life.

Discussion

Pain has been described as one of the most frequent
symptoms in patients during the terminal phase and ag-
ony; in our study, it was reported that 53.1% of deceased
pediatric patients presented pain in their past 2 weeks of
life, similar to the prevalence reported by Baumann et al.
in 2021 in their retrospective cohort of 89 pediatric pa-
tients, who described a prevalence of pain at the end of
life of 56%'". In general, the literature in the adult and
pediatric population has reported the prevalence of pain
in the past 2 weeks of life in a range of 45-80%'149,

The symptoms that occur in the terminal phase of a
patient and their intensity are more frequently influ-
enced by the etiology of the disease they suffer, with
those children with oncological diagnoses reporting
greater pain, representing 75-85% of the underlying
pathologies described in patients with pain at the end
of life™>'3. This percentage is much higher than that
found in our study, where only 50% of oncological di-
agnoses were reported; This may be related to the fact
that the hospital treats proportionally more children with
non-oncological diagnoses.

On the other hand, it has been reported that pain occurs
less frequently in patients with cardiological or respiratory
diseases, due to the prevalence of dyspnea'. In our study,
no pain was reported in patients with these conditions.

The evaluation of pain during the end of life in pediatrics
is a challenge for medical personnel since, depending on
their development, cognitive capacity and clinical condi-
tion of the patient, the verbal expression of this symptom
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Table 1. Tool used for the assessment of pain according to age group

Pain assessment tool used (%)

No report FLACC o Revised face Numerical
FLACC-R scale verbal scale

Infant (1 month-2 years) 1(1.9) 1 (1 9) 1 (1 9) 3(5.8)

Pre-school (2-5 years) 6 (11.5) 2 (3 8) 1 (1 9) - 9(17.2)
Schoolchildren (6-12 years) 3(5.8) 4(7.7) 7 (13.5)
Adolescent (over 12 years old) 18 (34.6) 1 (1.9) 14 (26.9) - 33 (63.4)
Total 28 (53.8) 2(3.8) 2(3.8) 18 (34.6) 1(1.9) 1(1.9) 52 (100)

FLACC: face, legs, activity, cry, consolability; PIPP: premature infant pain profile.

Table 2. Analgesic treatment according to the intensity of the pain

Algological treatment Intensity of pain (%)

No report
Non-pharmacological
Paracetamol

Opioids

Paracetamol + NSAID
Paracetamol + Opioids
Paracetamol + NSAID + opioids
Opioids+neuromodulator

Total

3(5.8)
1(1.9)
1(1.9)
6 (11.5)
2(38)

13 i25)

NSAID: nonsteroidal anti-inflammatory drugs.

may be limited, which is why the use of internationally
endorsed clinimetric instruments according to the age
group and cognitive capacity of each patient is essential
for its assessment*. In our study, it was found that a pain
rating scale was used in less than half of the patients, and
preschoolers were the age group in which the use of any
of these tools was proportionally less reported. This
shows that, despite the existence of validated clinimetric
instruments for the efficient assessment of pain at differ-
ent ages, their use in our setting is still infrequent. This
highlights the importance of educating physicians and
residents in training regarding pain assessment instru-
ments in this population, so that a more comprehensive
and objective approach can be carried out, not only for
the diagnosis of pain, but also for its follow-up and sur-
veillance of response to the treatment established.

In addition, as it is described as an unpleasant sensa-
tion and being one of the symptoms that generates the
most suffering, it is common for patients and their families
to express their desire to avoid or mitigate it as much as
possible, especially in the terminal phase''8. Its manage-
ment in the final phase can be challenging, with the liter-
ature even reporting the requirement for the use of three
or more drugs for adequate control®. Therefore, it is

I R T

3(5.8) 3(5.8)
1(1.9) = - 1(1.9)
1(1.9) 1(1.9) 1(1.9) 6 (11.5)
= 2(3.8) 13 (25) 16 (30.8)
1(1.9) 3(5.8) = 5(9.6)
= 3(5.8) 4(1.7) 13 (25)

- 2(3.8) 4(1.7)

= 1(1.9) 3(5.8) 4(7.7)

6 (11.5) 10 (19.3) 23 (44.2) 52 (100)

essential that patients are evaluated by specialists in pain
medicine, especially in cases of pain of moderate-to-se-
vere intensity or pain that is difficult to control. In this study,
only about a third of the patients were required to be
evaluated by the Pediatric Algology group; with the above,
it is important to highlight the importance of sensitizing the
treating services regarding the great value of an approach
by said service to guarantee comprehensive treatment
and minimize suffering and agony in these patients.
Finally, in general, opioids have been described as
the most commonly used medications in up to 74% of
terminally ill patients'?, a frequency similar to that found
in our study where 71.2% of children with pain were
managed with opioids (alone or in combination with
other drugs). This is probably related to the severity of
the symptom at the end of life, with the requirement of
high-potency therapies to achieve adequate control.

Conclusions

Pain is a frequent symptom in the past 2 weeks of life
and sometimes its identification can be difficult, especial-
ly in the pediatric population, so the use of validated in-
struments for its evaluation is essential. In the final phase
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of the disease, pain is usually difficult to manage and its
approach must be individualized, taking into account the
age of each child, their clinical characteristics, the char-
acteristics of the pain and the phase of the disease in
which they are. Pain relief has been closely related to the
Human Right to health, making it an ethical obligation of
health professionals and a fundamental pillar of good
medical practice. Therefore, a timely assessment by the
Pediatric Algology service in those patients who present
it is essential, in such a way that comprehensive man-
agement and adequate control of the symptom can be
guaranteed, thus reducing the suffering, not only of the
patient but also of his or her family.
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Abstract

Introduction: Moyamoya disease (EM) is an unusual pathology that presents with unilateral or bilateral occlusion of the
supraclinoid portion of the internal carotid arteries accompanied by vascular neoformation as a compensatory method of
arterial blood flow to the brain parenchyma. Objective: The objective of the study is to describe the experience in the
diagnosis, management, and treatment of EM in a fourth level hospital in Bogota, Colombia, in relation to the literature available
in the databases. Methods: A retrospective study was carried out through the search in medical records, and collecting
patients diagnosed with EM, demographic variables, risk factors, diseases associated with the diagnosis, treatment, and
follow-up of the patients included in this study were obtained. Results: Six cases of different ages were collected, on average
24 years of age, a case with neurofibromatosis type 1 was found, and a case with a first-degree family history, the most
frequent clinical presentations were headache, convulsion, and hemorrhagic or ischemic accidents. Arteriography was the
gold-standard diagnosis; 83% of the patients received surgical treatment; no relapses or associated mortality was documented
at follow-up; however, in 50% of the cases, some type of neurological deficit was identified. Conclusions: The clinical
manifestations presented in our cases are compatible with those described in the literature, revascularization surgery was
effective taking into account the sequelae and neurological status of the patients, we consider that a long-term follow-up of
all cases is necessary to establish sequelae and recurrences.

Keywords: Ischemic stroke. Hemorrhagic stroke. Moyamoya disease. Moyamoya syndrome. Revascularization.
to moyamoya (moyamoya sign)’2 unlike moyamoya

syndrome (MS) which must be associated with a med-
ical condition. Among the main ones are neurofibroma-

Introduction

Moyamoya disease (MS) is a rare cerebrovascular

condition in which there is a progressive occlusion of
the terminal portion of the uni- or bilateral internal ca-
rotid artery and with this the formation of an abnormal
cerebral vascular network’. First described in 1957 as
a bilateral hypoplasia of the internal carotid arteries, it
was observed in angiographic studies that the forma-
tion of collateral vascular networks resembled a distri-
bution in cigarette smoke, which in Japanese translates
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tosis type 1, Down syndrome, sickle cell disease, and
radiotherapy of the head or neck; on the other hand,
those patients who do not have associated risk factors
are said to have MS34,

This pathology is more common in populations of
Asian descent, with a prevalence in children of approxi-
mately 3/100,000 specifically reported in Japan*; howev-
er, an increasing trend in its incidence has been
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observed in America, studies in the United States sug-
gest that the incidence is around 1/100,000 people, as
well as an incidence in Europe in one tenth of Japan. MS
has two peaks, the first around 5 years of age and the
second at 40 years of age'® and is more common in
women than in men87. 15% of MS patients have a family
history, identifying that there are genetic factors in rela-
tion to this pathogenesis where genome studies have
assigned their locus of susceptibility to the RNF213 gene
on chromosome 17g25.3 mainly in Japanese families®.

Typically, MS is shown bilaterally, unilateral involve-
ment also occurs, looking for risk factors for the con-
tralateral progression of unilateral MS; in a multicenter
cohort study conducted in Japan, it was concluded that
both genetic (RNF213 gene mutation) and non-genetic
(environmental) factors are associated with the contra-
lateral progression of unilateral MS3.

Its clinical presentation varies depending on age;
however, in both adults and children, the signs and
symptoms could be categorized into two groups, the
main one being the ischemic event (transient or defin-
itive)>°® and seizures followed by intracranial hemor-
rhage, more common in adults but also described in
children in a lower percentage?; all of these are asso-
ciated with headache, especially in children due to di-
lation of the meningeal and leptomeningeal collateral
vessels"?.

The gold-standard (GS) diagnosis is cerebral arte-
riography with the image in “cigarette smoke” given by
the collateral arterial formations, allowing its classifica-
tion according to the criteria of Suzuki and Takaku'®'
(Table 1), there are also complementary studies, which
although they are not classified as GS, are of
great diagnostic help, these being scans or brain
resonance*’.

The mainstay of treatment is direct or indirect cere-
bral revascularization'; however, the use of anticoagu-
lants is necessary to prevent the formation of emboli
as a result of thrombi formed at the level of arterial
stenosis’’.

Methods

A retrospective study was carried out where data were
collected from patients diagnosed with MS or MS from
medical records with the ICD-10 code 1675. Demograph-
ic factors, risk factors, concomitant diseases, symptoms
on admission, images performed, arteriography results,
surgical and medical management, and finally early neu-
rological sequelae were taken into account to perform a
descriptive multivariate analysis (Table 2).

Table 1. Suzuki rating system

Grade | Definition

| Terminal internal carotid artery stenosis
I Home collateral vessels

11 Progressive carotid artery stenosis with progressive
intensification of collaterals

IV Development of collaterals from the external carotid
artery
V Intensification of collaterals from the external carotid

artery with reduction of the moyamoya vessels

Vi Total occlusion of the internal carotid artery and
disappearance of the moyamoya vessels

Results

Six cases were collected, with an average age of
24 years, and an equal distribution by female and
male sexes (1:1) was found. Among the associated
medical conditions for MS, a case with neurofibroma-
tosis type 1 was described and in addition, another
case with a maternal history of MS that, although it
does not qualify as a medical condition, is relevant
taking into account the aforementioned genetic stud-
ies. Cardiovascular risk factors were taken into ac-
count, including hypertension in 50% of cases, diabe-
tes mellitus in 16%, which could have a slight impact
as an environmental factor, the rest of the cases were
classified as MS.

The predominant clinical picture at admission was
headache with 33% of the patients, 33% due to epilep-
tic seizures, 17% due to drowsiness, and 17% with loss
of consciousness. The initial diagnostic studies were
50% simple brain tomography, 33% brain magnetic
resonance imaging, and 17% brain angiography; From
these images, four strokes were documented (66%) of
which two patients had ischemic presentation and two
hemorrhagic presentations, the rest of the patients did
not present alterations in the diagnostic images of
admission.

For the definitive diagnosis, cerebral arteriogra-
phy was performed as BG in all cases, among
which the bilateral presentation of moyamoya was
most frequently observed in 83% and unilateral
presentation in 17%, the presentation of stenosis
in the posterior circulation (basilar artery and pos-
terior cerebral artery) in two of the cases is strik-
ing. These are not commonly described findings in
the literature. In the arteriography studies, the
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Table 2. Study variables

Variable No.
No. cases 6
Media age (years) 24
Median age (years) 25
Sex feminine 3
Masculine 3

Riesgo cardiovascular
Hypertension arterial
Diabetes mellitus
Smoking
Dyslipidemias

oo = Ww

Symptoms on admission
Deficit
Headache
Seizures
Sleepiness
Loss of consciousness

_—m NN =

Entrance image
CT scan of the skull 3
MM brain
AngioMM brain 2

—

Image findings
Ischemia
Hemorrhagic
No stroke
Parangiography

DN

Interality Moya
Unilateral 5 83
Bilateral

—
—
~

Susuki Rating
|
Il
1]
v
V

-_ s -0 o
o

Treatment
Medical 1 17
Surgical 5 83

Revascularization surgery
Direct 1 17
Indirect 4 66

cases were cataloged according to the Suzuki and
Takaku classification (11), with 67% being the Su-
zuki 1V, 17% Suzuki Ill, and the remaining 17%
Suzuki V.

In the management of the pathology, one patient re-
ceived medical management with enoxaparin and five
patients (83%) required revascularization; in four
cases (67%), indirect revascularization surgery was
performed with encephaloduroarteriosynangiosis and
encephalomyosynangiosis, and one case was treated

Figure 1. A and C: pre-operative subtraction angiography
with supraclinoid stenosis of the internal carotid artery.
B and D: post-operative control angiography, evidencing
neovascularization after the performance of left
arteriodurmyosinangiosis.

with direct revascularization surgery with anastomosis
of the superficial temporal artery-middle meningeal ar-
tery (STA-MCA).

50% of the cases did not present neurological defi-
cit or alteration after the proposed treatment, of the
other 50%, the most observed sequelae were hemi-
paresis, hemiplegia, and paralysis of the seventh
pair. There was no associated mortality described in
the study.

Discussion

MS has been described mainly in Asia; however, its
incidence has been growing in America and Europe. In
the literature, a predominant disease is found in the
female sex; within the present study, an equal distribu-
tion of sexes was found. The most frequent initial man-
ifestations were two cases of seizure episode and two
cases of intense headache, one patient presented neu-
rological deficit due to hemiplegia, one case drowsi-
ness and another case loss of consciousness; of the
above, ischemic stroke was associated with cases that
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debuted with hemiplegia, somnolence, and hemorrhagic
stroke to cases of seizure and headache, this is com-
patible with the literature where the main initial mani-
festations are described as strokes, either ischemic or
hemorrhagic in both adults and children. As a standard
diagnostic study, cerebral panangiography was per-
formed in all six cases, all with findings compatible with
MS, mainly bilateral stenosis of internal carotid arteries
in their terminal portion. Although panangiography is
the GS diagnostic method (Fig. 1), in three of the cases,
other types of images were previously performed, such
as brain resonance imaging and cerebral resonance
angiography, where the same characteristics men-
tioned (carotid stenosis) were observed. The Suzuki
classification was used in the diagnostic examination,
with four Suzuki V patients predominating. The treat-
ment of choice was surgical in most cases, with indirect
revascularization predominating in 5 of them.

Finally, at follow-up, 3 cases with neurological se-
quelae were identified within these paresis of the VI
pair, right superior hemiparesis and left hemiplegia, no
case of mortality associated with management or moy-
amoya disease was described.

Conclusion

MS or MS, as the case may be, speaks of a progres-
sive occlusion of the cerebral arteries, mainly the inter-
nal carotid arteries, presenting as a compensatory
method, the formation of a collateral circulation net-
work, weak, prone to hemorrhages or ischemia, the
latter frequently occurring in children. The definitive
diagnostic method is cerebral panangiography where
the vessels are observed in “cigarette smoke” highly
compatible with moyamoya. Within our experience in
the institution, all cases were approached in the same
way, in all of them, arteriography was performed and
later surgical management of revascularization, in the
early follow-up, three cases were observed with neuro-
logical deficit which may be associated with the isch-
emic event presented on admission, five of the six
patients were discharged with a Glasgow score of 15/15
and only one patient 14/15 due to disorientation, after
1 month, arteriographic control was performed in 3 cas-
es with adequate neovascularization and anastomosis,
in three of the remaining cases, no control was per-
formed. It is pertinent to continue long-term follow-up
to establish sequelae and possible recurrences of late
presentation. Studies in our country are limited and
research on this disease/syndrome should continue in
an institutional and multicenter manner as far as

possible to clarify improvements in treatments, diagno-
ses, and follow-up of patients.

Funding

The authors declare that they have not received
funding.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that
they have followed the protocols of their work center on
the publication of patient data.

Right to privacy and informed consent. The au-
thors have obtained the written informed consent of the
patients or subjects mentioned in the article. The cor-
responding author is in possession of this document.

Use of artificial intelligence for generating text.
The authors declare that they have not used any type
of generative artificial intelligence for the writing of this
manuscript, nor for the creation of images, graphics,
tables, or their corresponding captions.

References

1. Scott RM, Smith ER. Moyamoya disease and moyamoya syndrome.
N Engl J Med. 2009;360:1226-37.

2. Gonzalo-Alonso |, Gonzalez-Montes NN, Nieto-Barceld JJ, Tomas-Vila M.
Enfermedad de moyamoya: descripcion de una serie de casos pediatri-
cos. Rev Neurol. 2021;73:261-6.

3. Mineharu Y, Takagi Y, Koizumi A, Morimoto T, Funaki T, Hishikawa T,
et al. Genetic and nongenetic factors for contralateral progression of
unilateral moyamoya disease: the first report from the Supra Japan Study
Group. J Neurosurg. 2022;136:1005-14.

4. Shin IS, Cheng R, Pordell GR. Striking CT scan findings in a case of
unilateral moyamoya disease: a case report. Angiology. 1991;42:665-71.

5. Kim JS. Moyamoya disease: epidemiology, clinical features, and diagno-
sis. J Stroke. 2016;18:2-11.

6. Baba T, Houkin K, Kuroda S. Novel epidemiological features of moya-
moya disease. J Neurol Neurosurg Psychiatry. 2008;79:900-4.

7. Smith ER, Scott RM. Moyamoya: epidemiology, presentation, and diag-
nosis. Neurosurg Clin N Am. 2010;21:543-51.

8. Liu W, Morito D, Takashima S, Mineharu Y, Kobayashi H, Hitomi T,
et al. Identification of RNF213 as a susceptibility gene for moyamoya
disease and its possible role in vascular development. PLoS One.
2011;6:e22542.

9. Gupta A, Tyagi A, Romo M, Amoroso KC, Sonia F. Moyamoya disease:
a review of current literature. Cureus. 2020;12:e10141.

10. Kuroda S, Fujimura M, Takahashi J, Kataoka H, Ogasawara K,
Iwama T, et al. Diagnostic criteria for moyamoya disease-2021 revised
version. Neurol Med Chir (Tokyo). 2022;62:307-12.

11. Suzuki J, Takaku A. Cerebrovascular “moyamoya” disease. Disease
showing abnormal net-like vessels in base of brain. Arch Neurol.
1969;20:288-99.



Revista Médica del
Hospital General de México

=

PERMANYER

‘ '.) Check for updates

REVIEW ARTICLE

Cell death process associated with the renin-angiotensin-aldosterone
system

Emiliano Gomez-Montafiez', Yareli L. Rojas-Salazar’, Alicia Sénchez-Mendoza?,
and Maria Sanchez-Aguilar®*

TInstitute of Biomedical Sciences, Universidad Autonoma de Ciudad Judrez, Ciudad Judrez, Chihuahua; ?Laboratory of Vascular Reactivity,
Department of Pharmacology Dr. Rafael Méndez, Instituto Nacional de Cardiologia Ignacio Chavez, Secretaria de Salud, Mexico City. Mexico

Abstract

The renin-angiotensin-aldosterone system (RAAS) is a crucial regulator of blood pressure and fluid balance. This metabolic
pathway plays an important role in the genesis of cardiovascular and renal diseases. This review explores the relationship
between RAAS activation and cell death processes such as apoptosis, necrosis, necroptosis, ferroptosis, and autophagy.
Therefore, a literature search was carried out in PubMed, Science Direct, Scielo, and Google Scholar databases. Articles from
the last years (2017-2022) were selected using keywords such as “RAAS’,“Angiotensin II’“Cell death’; and/or “Kidney injury’.
Conclusion: The RAAS, known mainly for its cardiovascular and renal roles, also plays a significant role in cell death
processes. Understanding these connections may lead to new therapeutic strategies for the management of cardiovascular
and renal diseases.

Keywords: Renin-angiotensin system. Death cell. Hypertension. Apoptosis.

there is compensation due to acute RAAS activation,
chronic activation can be harmful as angiotensin ||
(Ang 1) and aldosterone have deleterious renal effects,
such as endothelial dysfunction, glomerular dysfunc-
tion, increased intraglomerular pressure, tubulointersti-
tial damage, increased reactive oxygen species (ROS),
and reactive nitrogen species (RNS), ultimately promot-

Introduction

The human body is a set of interconnected systems
of great complexity, and the renin-angiotensin-aldoste-
rone system (RAAS) is one of the most important ones,
as it modulates blood pressure by regulating blood
volume, sodium and water reabsorption, potassium se-

cretion, and vascular tone. Furthermore, it is involved
in inflammatory processes and cell death, thereby play-
ing a key role in cardiovascular and renal diseases'?.

The primary function of the RAAS is to regulate sys-
temic blood pressure and given its vital functions, it is
evident that an alteration in this system could translate
into pathological clinical conditions such as hyperten-
sion, heart failure, fibrosis, and kidney disease, among
others®. Although in the early stages of these diseases,
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ing cell death processes such as apoptosis, necrosis,
or autophagy*.

In Mexico, hypertension ranked 10" in morbidity until
2022 and mortality from heart diseases is the leading
cause of death, with over 200,000 deaths in 2022.
Therefore, both the diagnosis and timely treatment of
these conditions are of great importance. Treatment
includes lifestyle changes, improved diet, and exercise,
which help control these conditions.
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On the other hand, once a cardiovascular disease is
diagnosed, pharmacological treatment plays a crucial
role, and the choice of drugs and their systemic bene-
fits are key considerations for the physician. Clinically,
blocking the angiotensin Il signaling pathway, a meta-
bolic pathway, involved in cardiovascular pathogenesis,
remains one of the therapeutic targets that continue to
yield beneficial effects. Angiotensin-converting enzyme
inhibitors and angiotensin Il Type 1 receptor antago-
nists remain the most effective drugs for controlling
hypertension in patients.

Typically, RAAS is taught with a focus only on its
physiological functions, neglecting the alterations of the
system that could lead to pathological conditions. Un-
derstanding these alterations and the diseases caused
by RAAS overactivation is of clinical importance. There-
fore, this article aims to conduct a bibliographic review
of existing information on RAAS overactivation and its
detrimental renal effects to improve treatment
guidelines.

Materials and methods

This study was conducted through a bibliographic
search and review of original articles, review articles,
and book chapters using the digital databases PubMed,
Science Direct, and Scielo, restricting the search from
2017 through 2022. The following keywords were used
for article search purposes: “RAAS,” “Angiotensin II,”
“Angiotensin lIl,” “Angiotensin IV,” “Cell death,” “Apop-
tosis,” “Necrosis,” “Necroptosis,” “Ferroptosis,” and
“Kidney injury.” In addition, original articles and litera-
ture reviews were searched through Google Scholar.

Results
RAAS
RENIN

Renin is an aspartyl protease enzyme that regulates
the first step of RAAS by catalyzing the hydrolytic
cleavage of angiotensinogen. This enzyme is synthe-
sized in juxtaglomerular cells near the afferent arteri-
oles of the glomeruli and is encoded by the REN gene
located on chromosome 1g32, containing 10 exons and
9 introns”8. Renin mRNA translates into a 406-amino
acid polypeptide called pre-prorenin, which undergoes
a 23-amino acid cleavage in the rough endoplasmic
reticulum to form prorenin, which is then stored and
processed in the Golgi apparatus into the active form
of renin by a 43-amino acid cleavage at the N-terminal

end, either proteolytically (by proprotein convertase 1
or cathepsin B) or non-proteolytically (by the renin/
prorenin receptor), resulting in a 340-amino acid poly-
peptide released by exocytosis®®.

Renin secretion is regulated by main mechanisms,
which are: (1) Changes in renal perfusion pressure and
arteriole diameter by renal baroreceptors, (2) changes
in Na+ and Cl- concentration sensed by chemorecep-
tors and macula densa cells, (3) sympathetic pathway
stimulation by activation of 1-adrenergic receptors and
circulating catecholamines, and (4) negative feedback
from Ang Il in juxtaglomerular cells>"*.

ANGIOTENSINOGEN

Angiotensinogen is a glycoprotein member of the
serpin family (serpin 8) produced mainly in the liver,
particularly in the peripheral zone of hepatic lobules,
but also expressed in the brain, gallbladder, heart, kid-
ney, and adipose tissue. It is encoded by the AGT gene,
located on chromosome 1g42.2 containing 6 exons.
Angiotensinogen is a 485-amino acid protein with a
33-amino acid signal peptide, featuring a disulfide
bridge between cysteines 18 and 138, producing a
conformational change allowing renin access for further
processing to angiotensin | (Ang 1)571°.

Angiotensin Il receptors (AT1R and AT2R)

Ang Il is the most active peptide of RAAS, produced
by the action of angiotensin-converting enzyme (ACE)
on the Ang | peptide. Once produced, Ang Il acts on
two receptors: the angiotensin Type 1 receptor (AT,R)
and the angiotensin Type 2 receptor (AT,R)".

The AT,R is a 359-amino acid protein expressed in
adipose tissue, liver, heart, kidney, lung, ovaries, pros-
tate, salivary glands, spleen, thyroid, bladder, adrenal
medulla, and placenta, among other tissues™',
Stimulation of this receptor mainly activates phospho-
lipases C, A2, and D, inhibits adenyl cyclase, activates
mitogen-activated protein kinases (MAPKSs), and stim-
ulates calcium channel opening, leading to increased
intracellular calcium, and increased ROS production.
The AT, R receptor has pro-inflammatory effects by pro-
moting sodium retention, has vasoconstrictor effects,
increases thirst, activates the sympathetic nervous sys-
tem, stimulates endothelin, aldosterone, and vasopres-
sin secretion, inhibits atrial natriuretic peptide (ANP)
secretion, and other effects such as participating in
platelet aggregation and cardiac contractility™'.
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The AT,R, on the other hand, is a 363-amino acid
protein whose expression is higher in most tissues
during the fetal stage, playing an important role in or-
gan development. However, after birth, its expression
gradually decreases but can still be expressed in adult-
hood, mainly in the lungs, vascular endothelium, heart,
adrenal medulla, and kidneys'3. Activation of this recep-
tor increases the production of bradykinin (BK), nitric
oxide (NO), cyclic guanosine monophosphate, forkhead
box protein 3, and interleukin 10, while decreasing tu-
mor necrosis factor-alpha (TNF-o), Fas ligand (FasL),
transforming growth factor f1 (TGF-f1), and caspase
3.3, This receptor produces anti-inflammatory, anti-fi-
brotic, and anti-apoptotic effects, causes vasodilation,
increases diuresis, natriuresis, and reduces oxidative
and nitrosative stress, thus improving renal, cardiac,
and other organ functions'>®,

Ang Il produces its effects by activating AT,R and
AT,R; generally, due to the greater distribution of AT,R,
Ang Il increases systemic blood pressure, has vaso-
constrictor effects, increases endothelial permeability,
causes fibrosis and apoptosis, inhibits ANP secretion,
and stimulates aldosterone secretion's.

Circulating RAAS: classical pathway

RAAS begins with the production of angiotensinogen
from the kidney and renin from juxtaglomerular cells
due to decreased renal blood flow, low systemic blood
pressure, hypovolemia, or sympathetic stimulation'?S.
Once in the bloodstream, renin catalyzes the proteolyt-
ic cleavage of 10 amino acids from the N-terminal end
of the 485-amino acid angiotensinogen to produce a
decapeptide called Ang |, a biologically inactive peptide
that is subsequently processed by ACE'™. ACE is a
dipeptidyl-carboxypeptidase enzyme encoded by the
ACE gene located on chromosome 17923.3, primarily
expressed in vascular endothelium, proximal renal tu-
bule, neuroepithelial cells, lung, and small intestine.
The function of ACE is to cleave two amino acids from
the carboxyl terminal end of Ang | to form an octapep-
tide known as Ang Il, the most active molecule in the
system34 71112,

Aldosterone is a steroid hormone produced mainly in
the glomerular zone of the adrenal cortex. Its produc-
tion is driven by aldosterone synthase (CYP11B2), and
its function is based on activating the mineralocorticoid
receptor in the distal and collecting ducts, promoting
sodium and water reabsorption, potassium secretion,
and increasing systemic blood pressure. Aldosterone
is also involved in myocardial remodeling, fibrosis,

vascular inflammation, endothelial dysfunction, and
progressive renal dysfunction®4.

Most significant clinical activity occurs in the
above-mentioned process; however, Ang Il can still be
processed by other enzymes, especially by aminopepti-
dases. Ang Il, through the effect of aminopeptidase A,
which removes an amino acid from the N-terminal end,
gives rise to a 7-amino acid peptide called Ang lll, from
which another amino acid can be removed from the
N-terminal end to give rise to Ang IV. Alternatively, Ang
IV can be formed through the direct action of dipepti-
dyl-aminopeptidase IIl (DPPIII) on Ang II'"'4. The effects
of Ang lll and IV are not as well-known as the effects of
Ang II; however, it is known that Ang Il binds to AT, and
AT, receptors, with greater affinity to AT, receptors, pro-
ducing anti-inflammatory effects, increasing blood pres-
sure similar to Ang Il but less prolonged and only when
administered centrally, stimulating the secretion of aldo-
sterone and ANP, participating in cell proliferation pro-
cesses, and playing a cardioprotective role in ischemic
disease'"'*'5, Ang IV, on the other hand, mediates its
effects through its own receptor: AT, since has low af-
finity for AT,R and AT,R; it stimulates ANP secretion, has
antagonistic effects to Ang Il by inhibiting apoptosis and
inflammation processes, does not have regulatory ef-
fects on blood pressure or aldosterone secretion, and
has been seen to have beneficial effects on spatial
learning, memory, neuroinflammation, and neuroprotec-
tive effects regardless of blood pressure''.

Circulating RAS: alternative pathway

When thinking about the RAS, a linear process usually
comes to mind where angiotensinogen is converted to
Ang |, and this is transformed into Ang Il by ACE; how-
ever, there is an alternative pathway of the system in
which ACE2 mainly participates. ACE2 is a 805 amino
acid-enzyme, encoded by the ACE2 gene located on the
Xp22.2 chromosome, and has carboxypeptidase-like ac-
tion, removing an amino acid from the carboxy-terminal
end. ACE2 acts on Ang | to remove an amino acid and
give rise to Ang-[1-9]; however, ACE2 has a greater af-
finity for Ang Il, transforming it into the heptapeptide
known as Ang-[1-7]. Ang-[1-7] can also be produced by
the removal of 2 amino acids by ACE from Ang-[1-9], or
produced directly from Ang | by thimet oligopeptidase,
prolyl endopeptidase, or neutral endopeptidase’®.

Ang-[1-9] mediates its actions through the AT, recep-
tor, producing antihypertensive effects, vasodilation,
stimulating natriuresis, inhibiting cardiovascular remodel-
ing, inflammation, and apoptosis. Ang-[1-7] is considered
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Figure 1. Metabolic pathway of the renin-angiotensin |l system. This figure shows the enzymatic participants of the
classical pathway (renin and ACE, in light blue) and the enzymatic components of the non-classical pathway (ACE I,

neprilysin [NEP], aminopeptidase A [APA], and aminopeptidase N [APN]; in indigo blue). Products such as

angiotensin |, angiotensin 1-7, angiotensin Ill, and IV bind to their receptors (red arrow) to produce the previously

described effects. Both angiotensin A and alamandine are considered part of the non-classical axis.
Image created in BioRender, modified from Ocaranza et al., 2020'° and based on bibliographic data.

the most active peptide of the alternative RAS, as it has
diverse effects at cerebral, cardiac, renal, pulmonary,
endocrine, reproductive, skeletal, hepatic, and vascular
levels, but generally, its effects are antagonistic to
Ang ll, as it does not raise systemic blood pressure,
stimulates natriuresis, inhibits apoptosis, produces
NO-dependent vasodilation, and has anti-inflammatory
effects. These effects are mediated by its binding to the
Mas receptor; however, it is also related to AT, recep-
tors of the classic RAS™6-18,

Ang-[1-7] can be transformed into Ang-[1-5] through
the removal of two amino acids from the carboxy-ter-
minal end by ACE; the new peptide stimulates ANP
secretion by activating the Mas receptor. Another bio-
logically active peptide of the system is alamandine,
which is a heptapeptide similar to Ang-[1-7] in which

aspartate at position 1 has been replaced by alanine.
This can be formed either by the action of decarboxy-
lases on Ang-[1-7] or by ACE2 on angiotensin A (an
octapeptide similar to Ang Il in which aspar-
tate at position 1 has been replaced by alanine). Ala-
mandine acts on the G protein-coupled receptor type D
(MrgD) and has effects similar to the Ang-[1-7]/MasR
axis''® (Fig. 1).

Cell death
Apoptosis

The term apoptosis refers to an orderly sequence of
programmed cell death. Apoptosis is a physiological
process necessary for tissue homeostasis, as well as
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Apoptosis

= Decrease in cell size

= Formation of "blebs"

= Pyknosis

= Karyorrhexis

= Formation of apoptotic bodies

Ferroptosis
= Caused by iron toxicity
= Presence of dysmorphic

TYPES OF CELL DEATH

Necrosis

= Promoted by increased
temperature and intra- and
extracellular pressure

= Loss of cell membrane integrity

= Associated with inflammatory response

mitochondria, condensed

&

Autophagy

= Intracellular vesicles
are produced

= Fusion with lysosomes
occurs

Necroptosis

= Formation of pores in the
membrane

= Promoted by the action of

membrane

= Produces ROS that
increases toxicity
(via peroxidation)

TNF receptors (TNF-Rs)

Figure 2. Overview of the different types of cell death. This figure illustrates the various processes of cell death
described in the literature. (Fe+): iron ion; ROS: reactive oxygen species; TNF: tumor necrosis factor; TNF-Rs: tumor
necrosis factor receptors. Image created in BioRender from bibliographic data.

embryological and postnatal growth of the organism;
however, it is also present in conditions of uncontrolled
cell proliferation, DNA damage, and various diseases.
Some authors use the term “programmed cell death”
when apoptosis occurs as a physiological process and
“regulated cell death” when it occurs due to changes
in the intra and extracellular environment caused by
exogenous disturbances?®2. In general, apoptotic cells
are characterized by decreased cell size, formation of
plasma membrane blebs, pyknosis (irreversible chro-
matin condensation), karyorrhexis (nuclear fragmenta-
tion), and the formation of apoptotic bodies in which
cellular organelles condense to later be phagocytosed
without causing a major inflammatory response??23
(Fig. 2).

Caspases are necessary for the development of
apoptosis; these are cysteine proteases with specificity
for cleaving aspartate residues in their substrates.
Eighteen caspases have been discovered, which can

be categorized into effector caspases (3, 6, and 7),
which direct cellular destruction; initiator caspases
(2,8, 9, and 10); and inflammatory caspases (1, 4, and 5).
Two are the metabolic pathways through which this
type of cell death can occur: the extrinsic or “death
receptor” pathway and the intrinsic or mitochondrial
pathway?°

In the intrinsic pathway, upon receiving stimuli such
as DNA damage, hypoxia, endoplasmic reticulum
stress, growth factor deficiency, and hyperthermia, or
through the effect of toxins, cells induce the transcrip-
tion and activation of Bcl2 family proteins, which can
be categorized into 3 groups: pro-apoptotic effector
proteins (Bax and Bak), anti-apoptotic proteins (Bcl2,
Bcl-xl, Mcl-1, BAG, Bcl-W, and A1/BFL-1), and BH3 do-
main proteins that promote apoptotic activity (Bid, Bim,
Bad, Bik, Nix, Puma, Spike, Bnip3, Hrk, Bod, and
Noxa). With a greater amount of pro-apoptotic proteins,
the permeability of the outer mitochondrial membrane
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(MOMP) is favored, generating the release of cyto-
chrome C into the cytosol, where it binds with the
apoptotic peptidase activating factor 1 (APAF1) and
caspase 9, creating the apoptosome, which will gener-
ate the activation of effector caspases. Similarly to
cytochrome C, the proteins Smac (Diablo) and Omi
(HtrA2) are released into the cytoplasm, inhibiting the
X-linked inhibitor of apoptosis protein (XIAP), thereby
enhancing the activity of caspases 9 and 3242,

In the extrinsic pathway, transmembrane receptors
called “death receptors” participate; these include the
Fas receptor (FasR), tumor necrosis factor receptor
type 1 (TNFR-1), tumor necrosis factor receptor type 2
(TNFR-2), TNF-related apoptosis-inducing ligand re-
ceptor type 1 (TRAILR-1), and TNF-related apopto-
sis-inducing ligand receptor type 2 (TRAILR-2), which
belong to the TNF receptor superfamily. Fas and TNF
ligands bind forming homotrimers to their respective
receptors, activating the cytoplasmic side, binding
“death domains” with adaptor proteins such as the
TRADD (TNF receptor-associated death domain) and
FADD (Fas-associated death domain). This complex
activates caspase 8, forming the death-inducing signal-
ing complex, which activates effector caspases like
caspase 3, initiating the previously mentioned cell
death processes?0:22-25,

Autophagy

Autophagy is characterized by the appearance of
double-membraned intracellular vesicles called au-
tophagosomes that contain cellular organelles and
fuse with lysosomes to form autolysosomes for cel-
lular degradation. Autophagy is a survival mechanism
initiated by metabolic stress or damaged organelles,
more accompanying than promoting the cell death
process. Generally, the autophagy cascade begins
with the activation of autophagy-related protein
(ATG) 13, Unc-51-like autophagy-activating kinase 1
(ULK1), ATG101, ATG9, promoting the production of
phosphatidylinositol 3-phosphate, resulting in the
expansion and fusion of phagophores into the
autophagosome?26,

Necrosis

Contrary to programmed cell death, accidental cell
death is discussed, in which, due to extreme environ-
mental conditions such as increased temperature and
intracellular and extracellular pressures, the cell loses
its structure, producing characteristic morphological

changes, such as cell swelling, loss of membrane and
organelle integrity, and finally the release of cellular
material causing a considerable inflammatory re-
sponse. Of note that necrosis does not follow any spe-
cific biochemical pathways but occurs due to extreme
microenvironmental changes?!2324,

Necroptosis

Historically, necrosis has been considered to not fol-
low any biochemical pathways. However, recently it has
been discovered that there are active metabolic path-
ways related to the morphological changes of necrosis,
among these, necroptosis. Necroptosis begins with the
binding of TNF to its receptors, specifically TNFR-1.
Once binding occurs, complex 1 is formed on the cy-
toplasmic side, which is composed of TRADD, FADD,
receptor-interacting protein kinase (RIPK) 1, and cellu-
lar inhibitors of apoptosis proteins (clAP) 1 and 2. In
this complex, clAP 1 and 2 inhibit RIPK1 through ubig-
uitination, but when the process of necroptosis begins,
the cylindromatosis protein (CYLD) deubiquitinates
RIPK1, which causes, in the absence of caspase 8, the
binding of RIPK1 to RIPK3. This new complex produces
phosphorylation and activation of the mixed lineage
kinase domain-like pseudokinase (MLKL), which func-
tions to form pores in the plasma membrane, resulting
in cell death?”28,

Ferroptosis

Ferroptosis is another active biochemical pathway
related to the morphological changes of necrosis, ac-
companied by small dysmorphic mitochondria and con-
densed membranes. Ferroptosis is mainly based on
iron-dependent lipotoxicity; where, upon stimulation,
the voltage-dependent anion channels (VDAC) -2
and -3 open, favoring the entry of iron into the mito-
chondria and the generation of ROS. Once in the cy-
toplasm, lipid peroxidation is favored through enzymatic
and non-enzymatic pathways, which through self-am-
plification results in membrane destruction and conse-
quent cell death?®% (Fig. 2).

RAS and cell death processes

As mentioned, the main emphasis given to RAS is
its physiological function as a regulator of blood pres-
sure. However, it has been associated with various
diseases and conditions and cellular alterations when
RAS remains chronically activated, being associated
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with hypertension, acute heart failure, obesity, liver,
ocular, and neural diseases, as well as diabetes. How-
ever, one of the most affected systems is the renal
system, where system hyperactivity has profibrotic and
pro-inflammatory effects®”.

The increase in Ang Il concentrations has been as-
sociated with a decrease in cell viability and induction
of apoptosis at the renal level. This was demonstrated
by Peng Y’s group (2022), who observed this effect in
renal cells of chicken embryos incubated with Ang Il
[10-5 M] [10-5 M], and in birds administered with so-
dium chloride (2.5 and 5 g/L); which favored tissue
damage (observed as vacuolar degeneration)3'.

During ischemia/reperfusion (I/R) events, there are
periods of cellular hypoxia, in which the cell, as a sur-
vival method, activates the local RAS causing adap-
tive changes that damage cardiac tissue in the long-
haul. These effects are mediated by the activation of
AT.R, AT,R, MasR, and the epithelial-mesenchymal
transition factor receptor (EMTR). Since the AT,R sig-
naling pathway crosses with tyrosine kinase-mediated
pathways, MAPK, and Janus kinase signal transduc-
ers and activators of transcription (JAK-STAT), it has
been reported that AT R activation favors ROS pro-
duction through the NADPH oxidase complex. AT,R
has been associated with an increase in NO produc-
tion at mitochondrial and cytoplasmic levels, as well
as RNS through the blockade of the electron transfer
chain in the early phase of I/R, while in later stages,
it is related to the stimulation of apoptotic processes
and inhibition of cell proliferation. Other markers re-
lated to renal failure are linked to cell death processes,
with Ang Il through AT.R favoring vasoconstriction,
producing cellular hypoxia and consequent ROS for-
mation and decreased ATP production. Similarly, AT,R
increases intracellular calcium via inositol triphos-
phate, stimulating VDAC opening, allowing cyto-
chrome C to exit to the cytosol, inducing the intrinsic
apoptosis pathway, and iron entry into the mitochon-
dria, thus favoring lipid peroxidation characteristic of
ferroptosis. On the other hand, ATP level reduction
and DNA damage caused by ROS favor necrosis®. In
addition, AT.R stimulates MAPK p38, which activates
tumor suppressor protein p53, having a pro-apoptotic
effect by increasing the Bax/Bcl2 ratio and stimulating
DNase | for DNA degradation. In hepatic, prostate,
and podocyte cells, excessive ROS production through
AT.R activation is linked to endoplasmic reticulum
stress, delta C protein kinase, and MAPK p38, which
are associated with apoptotic events. Moreover, MAPK

p38 participates in intracellular pH regulation through
Na++-H++exchanger isoform 1, which also expresses
in podocytes, causing cellular alkalinization upon Ang
Il stimulation®2.

Renin is considered solely as an enzyme that cata-
lyzes the conversion of angiotensinogen to Ang |. How-
ever, it has been discovered that renin and prorenin
have their receptor, expressed in mesangial cells. On
activation, it stimulates MAPK signaling pathways and
TGF-p1 overexpression, leading to profibrotic, hypertro-
phic, and increased apoptotic effects®8.

Other receptors involved in the apoptosis process are
the peroxisome proliferator-activated receptors (PPARs).
PPARs are ligand-activated transcription factors from a
superfamily of nuclear hormone receptors that regulate
body energy metabolism. At present, three isoforms are
known: PPARc, PPARP/S, and PPARYy, with PPARY be-
ing one of the most studied and of interest, having hy-
poglycemic and hypolipidemic effects, in addition to
anti-inflammatory and antihypertensive effects®?.

Rosiglitazone (Rgz), an exogenous PPARYy ligand, is
a drug from the thiazolidinedione family and was part
of the pharmacological regimen for Type 2 diabetes
mellitus treatment, being an insulin sensitizer. Part of
the pharmacological effects of this tool is due to PPARy
receptor stimulation, known for its role as an exoge-
nous ligand. An example is the work of Efrati et al.,
who used Rgz in spontaneously hypertensive rats on
a salt-rich diet (8%). When receiving Rgz at a dose of
5 mg/kg/day, the rats showed a decrease in blood
pressure, Ang Il concentration, and mesangial cell
death3*.

In 2020, our group evaluated the effect of PPARy
stimulation by Rgz action, finding that it reduces sys-
tolic blood pressure by regulating RAS in a hyperten-
sion model due to aortic coarctation (AoCo). This is
because Rgz decreases ACE and AT,R expression and
favors AT,R expression, and this phenomenon is
PPARy dependent, suggesting that PPARy stimulation
regulates the antihypertensive axis expression of
RAS®,

In other cell death processes such as autophagy,
increased Ang-[1-7] expression and its interaction with
MasR and AT,R favor autophagy regulation in cardiac
protection processes. The interaction of Ang IV with the
AT, receptor antagonizes Ang Il effects, inhibiting
apoptosis and cardiomyocyte hypertrophy processes.
In addition, in I/R injuries, oxidative stress and hypoxia
processes favor renal autophagy?®%. In necroptosis,
Ang Il has been reported to activate this signaling
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cascade by activating the Fas receptor with its respec-
tive ligand in tubular renal cells by activating the RIP3
complex and MLKL phosphorylation, especially in kid-
neys with chronic diseases. The presence of a RIP1
stabilizer inhibits Ang Il effects on necroptosis®.

In ferroptosis, ferrostatin-1 administration (a ferropto-
sis inhibitor) significantly reduced AT1R expression in
astrocyte cultures and ROS production®,

Conclusions

RAS is an important regulatory system in blood
pressure homeostasis, with a complex structure inter-
connected with other body systems and tissues.
Chronic overactivation can lead to various deleterious
effects and severe health consequences, including
liver, renal, cardiac failure, and multiple organ fibrosis.
In many of these pathological conditions, cell remod-
eling and death, given by apoptosis, necrosis, necro-
ptosis, autophagy, and ferroptosis, are related to RAS
pathophysiology. Understanding the relationship be-
tween RAS and these cell death processes is essen-
tial for developing better treatment strategies for dis-
eases where RAS is not normally considered a
relevant factor.
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Food additives in ultra-processed products and some health
effects
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Abstract

Public policies and recommendations on food and nutrition, traditionally based on quantities and proportions of nutrients or
types of food, are now limited. Industrial food processing with the use of chemical additives has become the main driving
force of the global food system. Consequently, the traditional diet has been abandoned to adopt one with higher energy
density and products made with multiple chemicals. The purpose of this review was to describe some relevant aspects of
the additives found in the most consumed ultra-processed products, in Mexico, and some of their negative consequences
on people’s health. It was observed that all the products reviewed contain highly and medium dangerous additives that
generate various health effects, such as obesity, type 2 diabetes, cardiovascular diseases, Parkinson’s disease, some types
of cancer, increased symptoms of attention deficit hyperactivity disorder (ADHD), as well as alterations in the intestinal mi-
crobiome and its consequent immunological alterations.

Keywords: Food additives. Ultra-processed products. Health effects.
been presented as harmless and nutritious, generating

confusion among nutrition and health professionals as
well as the general population2. In addition, colorants,

Introduction

In recent years, there has been a considerable de-

crease in the consumption of healthy foods, which have
been displaced by products known as ultra-processed
(UP) foods, presented as ready-to-eat dishes, ade-
quately packaged, and often more economical than
traditionally prepared meals'?.

The food industry has promoted the consumption of
UP products made from industrial processes to which
various chemical additives are added, as well as a high
content of sugar, fats, and sodium. Despite being en-
ergy-dense and of poor nutritional quality, they have
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flavorings, emulsifiers, and other additives are added
to make the product more palatable; additives are also
used to prolong their shelf life and prevent the prolifer-
ation of microorganisms. Additives, flavorings, colo-
rants, emulsifiers, sweeteners, thickeners, and anti-
foaming agents are also added to disguise undesirable
sensory properties and create attractive products®.
The increase in their consumption has been asso-
ciated with the development of obesity (odds
ratio = 1.36; 95% Cl, 1.34-1.70, p-value < 0.001)4,
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type 2 diabetes mellitus (T2DM) (moderate consump-
tion: relative risk (RR), 1.12; 95% confidence interval
[Cl], 1.06-1.17; high consumption: RR, 1.31; 95% Cl,
1.21-1.42)5, cardiovascular diseases (hazard ratio
[HR] for a 10% increase in the proportion of ul-
tra-processed foods: 1.12; 95% Cl, 1.05-1.20)*, cere-
brovascular diseases (HR, 1.11; 95% CI, 1.01-1.21)4,
Alzheimer’s disease (HR, 1.14; 95% CI, 1.00-1.30),
depression (HR, 1.22; 95% CI, 1.16-1.28, p-value <
0.001)4, some types of cancer (HR for a 10% increase
in the proportion of ultra-processed foods: 1.12; 95%
Cl, 1.06-1.18)%, all-cause mortality (HR, 1.28; 95% ClI,
1.11-1.48, p-value = 0.001)*, as well as alterations in
the gut microbiome and its consequent immunologi-
cal changes.

The implementation of the NOVA system (derived
from the word nova, meaning new, in Portuguese)'
has helped understand and categorize the nutritional
quality of foods based on the degree of processing
(Table 1), categorizing them into unprocessed or min-
imally processed, culinary ingredients, processed, and
UP2'12.

In Mexico, since the 1980s, political-economic
changes have favored the food industry, leading to
increased importation, production, commercialization,
and sale of UP products'. Various companies dedi-
cated to their production have seen substantial eco-
nomic growth globally. For example, in 2012, Mexico
ranked 2" in Latin America in sales of these prod-
ucts?, as dietary behavior has been socially imposed
insensitively, and individuals’ ability to freely decide
what to eat has been mediated by their income, ad-
vertising, and the availability of food products. Thus,
Mexico has recorded an income of 125 billion dol-
lars™, with a mean annual increase of 2.1%, according
to the Food and Agriculture Organization (FAO). Mex-
ico has become an attractive market for the sale of
this type of product™.

Therefore, the effect of UP on individuals’ health has
become a topic of major analysis and debate. Recently,
various research groups at the national and internation-
al levels, to which we will refer in this review, have at-
tempted to identify and analyze the large number of
chemical additives used in the industrial processing of
UP. However, the available information on this topic is
scattered across various texts.

This review aims to describe some relevant as-
pects of the additives found in the most consumed
ultra-processed products in Mexico and some of the
negative health consequences for people who con-
sume them.

Table 1. Classification of foods according to the NOVA
system

The OPS classified foods and beverages based on their degree
of processing and nutritional contribution, using the NOVA
system into:
Unprocessed or Minimally Processed Foods
Processed Culinary Ingredients: Designed to be combined
with foods to make meals and dishes.
Processed Foods
Ultra-processed foods (UP)

— UP products generally contain few or no whole foods. They
are industrial formulations made with substances that have
no culinary use, synthesized from food constituents such as
modified starches and other substances not naturally
present in foods. Chemical additives are used to modify the
color, flavor, or texture of the final product.

— UP foods have little to no nutritional quality and high energy
density due to their high content of saturated fats or trans
fats (partially hydrogenated palm, palm kernel, or soybean
oil), as well as sweeteners with high glycemic indices, such
as high fructose corn syrup.

— They are high in sodium and are often designed to induce
overconsumption.

— Usually consumed in large portions.

— Poor in dietary fiber, proteins, minerals, and vitamins.

— Various techniques are used, including extrusion, molding,
and preprocessing, combined with frying.

Source: Pan American Health Organization Ecuador, World Health Organization of
the Americas'®.

Ultra-processed products in Mexico

The presence of the food industry in Mexico has
displaced the predominant dietary pattern consolidated
over several centuries, replacing it with industrialized
foods, resulting in an “epidemiological transition,” in
which, in addition to primarily childhood malnutrition,
what is now one of the most important public health
problems in Mexico: obesity’.

The consumption of foods considered unhealthy has
changed over the years. In 2014, the Pan American
Health Organization (PHO) indicated that sales of UP
products in seven Latin American countries were soft
drinks 50%, juices 13%, sweets 12%, cookies and pas-
tries 11%, and dairy products 8%'. Reports from the
National Health and Nutrition Survey (NHNS) in its dif-
ferent versions have shown that non-dairy sweetened
beverages (soft drinks and juices) are consumed by
more than 80% of the population; sweets, snacks, and
cereals by more than 50%, while sweetened dairy bev-
erages by 30% and processed meats by 10%. During
confinement due to the COVID-19 pandemic, UP con-
sumption increased substantially™’.

One of the most vulnerable population sectors for
consuming UP products is children and adolescents.
In a study conducted among Mexican high school
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adolescents™, it was observed that the most con-
sumed were the following: sweets', pastries and
cookies®, fried foods?®', sweetened cereals®, pro-
cessed and deli meats?3?4, fast food, bread?®, instant
soups?®, dressings®, soft drinks®®?° whose compo-
nents and interactions result in various health effects
(Fig. 1), juices®, and flavored and sweetened dairy
products®'. The additives contained in ultra-processed
foods, which will be referred to throughout the text,
are listed in Table 2.

Methodology

Information was searched from June to December
2021. For the literature search, the electronic databas-
es MEDLINE, EMBASE, SCOPUS, as well as the Food
Additives Catalog and their technical reports, and jour-
nalistic reports were used. The search strategy em-
ployed the terms: “Ultra-processed food” AND “food
additives” AND “health outcomes,” ultra-processed
food* OR ultra-processed products AND “food addi-
tives,” ultra-processed diet* AND “food additives” AND
“health outcomes,” “food additives”/AND “ultra-pro-
cessed food”/.

Results
Food additives and their effects on health

Food additives are natural or synthetic (chemical)
substances added during the processing or production
of foods. Natural ones are not considered harmful to
health; however, many of those added to UP are syn-
thetic. For their approval for human consumption, ad-
ditives are scientifically evaluated by the Joint FAO/WHO
Expert Committee on Food Additives (JECFA), which
is overseen by the FAO and the World Health Organi-
zation (WHO)3?; however, even though several chemi-
cal additives are accepted, their long-term health ef-
fects are unknown due to their relatively recent use and
associations with various diseases as mentioned
later.

All UP products contain additives, whose primary
purpose, among others, is to prevent the proliferation
of microorganisms, improve organoleptic characteris-
tics, and even conceal the unattractive qualities of the
final product. Food additives can be classified accord-
ing to the E number code, used by the European Union
and the European Free Trade Association, indicating
that at some point, their use was permitted in products
for the European market, into colorants (E100 and

E1XX), preservatives (E200 and E2XX), antioxidants
(E300 and E3XX), stabilizers (E400 and E4XX), thick-
eners, gelling agents, texturizers, emulsifiers, flavor en-
hancers (E621), acidulants, and sweeteners (E500 and
E5XX)3%.

Colorants

Since they have no nutritional function, these com-
pounds are used exclusively to add or restore color and
make foods more attractive. However, colorants have
been documented to be the most hazardous food ad-
ditives to health. For example, caramel color IV (E150)
is the most used and is made with ammonium and
sulfites that, when heated, produce by-products called
2-methylimidazole and 4-methylimidazole (2-MI and
4-MI), which have been associated with cancer and,
more recently, with the composition and abundance of
the microbiota3*9%; thus, its use should not be permitted
and should be replaced by natural colorants, yet it con-
tinues to be widely used®*.

Other colorants are azo dyes synthesized from pe-
troleum. Food companies use them to have a greater
profit margin because they are cheaper. Moreover,
they are more stable and brighter than most natural
colors. Most approved colorants currently cause
health problems®®,

The most widely used are Yellow 5 or Tartrazine
(E102), Yellow 6 or Sunset Yellow (E110), Allura Red or
Red 40 (E129), Patent Blue V (E131), and Blue 1 or Bril-
liant Blue (E133). These colorants release histamine, so
their consumption is associated with multiple allergic
reactions such as atopic dermatitis, angioedema, ecze-
ma, and even anaphylaxis, and they can intensify asth-
ma symptoms. They have also been linked to issues,
such as anxiety, insomnia, breathing difficulties, mi-
graine, and some cancers®3. Various studies have con-
cluded that colorants are associated with an increase or
difficulty in controlling attention deficit /hyperactivity dis-
order (ADHD) symptoms'3¢, Similarly, the combination
of colorants with additives has shown a higher relation
to this disorder'. Moreover, it was found that mixtures
of 4 colorants and sodium benzoate alter behavior even
in non-hyperactive children®. These colorants are found
in all the UP products analyzed in this study.

Among the non-azoic colorants are Quinoline Yellow
(E104) and Erythrosine (E127), both of high toxicity, In-
digotine or Indigo Carmine (E132) of medium toxicity,
and Titanium Dioxide (E171), which the European Union
banned in 2021 due to its effect on the immune sys-
tem®. It is used in various UP products (Table 2).
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Sugar and HFCS

Insulin resistance, increase in
triglycerides, cholesterol,

Bone demineralization,
cavities, and anemia

abdominal fat, and liver fat

Phosphoric acid
Increase in diuresis, elimination of
calcium, magnesium, zinc, sodium, )
and water. Caffeine —> Kidney stones
Dehydration
s ‘L
Anemia, depression,
hyperactivity, Additive E-150 Cardiovascular diseases, obesity,
confusion, and cancer (colorant) metabolic syndrome, diabetes,
q kidney disease, and cancer
f |
Allergies (urticaria and o
asthma), hyperactivity Benzoic acid
in children
-

Intestinal inflammation
and poor digestion

Carbon dioxide

Stimulates the central nervous

f—
L

-
Alzheimer’s, cognitive decline, |4
asthma. Premature aging

system, is diuretic, alters sleep,
|—> increases blood pressure, causes
stress
Sugar, HFCS,
artificial sweeteners
-
Addiction

Figure 1. Example of the interaction of Coca-Cola components.
Source: The power of consumers. An X-ray of Coca-Cola original taste (600 mL)?'.

Preservatives

Physical preservation methods, such as refrigera-
tion or freezing, freeze-drying, and vacuum packing
are very effective but have a short duration and high
cost. Therefore, compounds that can be natural or
synthetic are used to prevent the growth of fungi,
yeasts, and bacteria, as well as to slow changes in
color, flavor, or texture. Sodium chloride or common
salt was the first chemical preservative used and an
effective antimicrobial agent. Some synthetic

preservatives are considered to have low or medium
toxicity, such as ethanol, lactic acid, tartaric acid,
citric acid, glycerin, or sorbic acid; and others are
harmless, such as cinnamon, oregano, thyme, and
mustard, among others3.

Among chemical preservatives, nitrites (E249-52)
are notable. Although they are classified as having
medium toxicity, they have been reported to affect
hemoglobin and oxygen transport®®. There is also
evidence that nitrites can produce some types of gas-
trointestinal (Gl) cancers*®. Sodium nitrite, when
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mixed with sodium chloride, generates nitrosamines
and carcinogenic substances. For this reason, the
WHO has classified processed meats as carcinogen-
ic®*, Before the advent of current refrigeration sys-
tems, nitrate was used in the form of saltpeter to cure
meats; this was crucial for preventing botulism (Clos-
tridium botulinum). Since the 20™ century, sodium
nitrite has been used due to its better effects. In 1970,
it was noted that nitrite could cause cancer. However,
the U.S. National Toxicology Program stated that it
was safe; nevertheless, it has been proven other-
wise?+4041 Sulfites (E220-228) and benzoates (E211-
219), derived from sulfur, are widely used despite
being considered highly toxic. Sulfites have been as-
sociated with digestive problems and vitamin defi-
ciencies (as they inactivate vitamin B12), nausea,
headache, rhinitis, urticaria, angioedema, and asth-
ma exacerbations®335. Benzoates have been linked to
hyperactivity, especially in combination with colo-
rants, and are harmful to the gut microbiome; their
accumulation can promote tumor formation, which is
why they have been removed from some bottled bev-
erages®. Propionate (calcium, sodium, and potassi-
um), a highly toxic antioxidant, has been associated
with insulin resistance, obesity, and T2DM32,

Antioxidants

These additives are used in a wide range of UP prod-
ucts as they prevent the oxidation of fats in food by
delaying rancidity and catalytic oxidation caused by
light and oxygen and prevent food discoloration. They
are also classified as food preservatives33+2,

Antioxidants can be natural, such as tocopherols,
citric acid, chlorophylls, and synthetic, which are
petroleum-derived, for example, butylated hydroxy-
toluene and tert-butylhydroquinone, which have
been associated with hyperactivity, allergies, urticar-
ia, nausea, vomiting, delirium, hypercholesterolemia,
and liver metabolic changes and are potentially car-
cinogenic, which is why their use is banned in sev-
eral countries33. Butylated hydroxyanisole and eth-
ylene diamine tetra acetate in low doses inhibit
mineral and iron absorption; cause diarrhea, abdom-
inal pain, and coagulation problems leading to bleed-
ing, renal damage; and also affect chromosomes.
Azodicarbonamide, used in flours, has been associ-
ated with ADHD, allergies, kidney stones, and thy-
roid problems?.

Stabilisers or gelatinisers emulsifiers,
thickeners, and texturisers

S1ABILIZERS

Stabilizers are used to maintain the consistency and
texture of foods and prevent ingredients of different
polarities from separating. These additives allow the
mixing of ingredients such as fat and water, and they
also improve viscosity. Most stabilizers are not consid-
ered harmful to health®3. Some, like gums, are obtained
from resins or seeds, such as lecithin (E322)% and
carrageenans (E407), which are extracted from sea-
weed and have the ability to react with milk proteins.
Carrageenan is a high-toxicity stabilizer without nutri-
tional properties and is widely used in UP products. In
large quantities, it has been associated with intestinal
ulcers, allergies, immune alterations, decreased miner-
al absorption, and long-term carcinogenic effects, be-
sides negatively altering the gut microbiota®33.

Carrageenan, like cellulose and its derivatives from
carboxymethylcellulose (E466, 68, 69), is not digestible
by digestive enzymes, does not provide nutrients, and
acts like natural fiber. Despite claims that they have no
toxic effects, Gl adverse reactions and, in some cases,
intestinal obstruction have been described, and they
are suspected to be carcinogenic. They have also been
shown to alter the gut microbiota®33,

Ammonium and calcium chloride are synthetic stabi-
lizers frequently used in bakery and fast food. In small
doses, they can cause headaches and digestive disor-
ders; in high doses, they have been associated with
intestinal hemorrhages, vomiting, diarrhea, and gastric
ulcers. They are contraindicated for individuals with
liver damage®®.

Diacetyl tartaric acid esters of mono- and diglycerides
(E472e) and lactic acid esters (E427b) are emulsifiers
and antioxidants used to maintain moisture primarily
in bakery products, dairy, processed meats, and ce-
reals. They are related to hepatomegaly and kidney
injury in animals, and results are awaited to confirm
effects in humans®. Silicon dioxide (E551) is a highly
toxic anti-caking agent used in bread, fried foods,
soups, and candies, and it has been associated with
stomach cancer®.

Starch derivatives and modified starches (dextrins)
are natural or synthetic thickeners widely used due to
their low cost, as they are obtained from corn. They are
modified into starch ethers or esters to be used. Al-
though they are claimed to be harmless, starch is re-
fined flour that degrades into glucose and is quickly
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absorbed in the intestine, immediately entering the
bloodstream and causing blood glucose levels to rise
sharply. This increases the risk of developing metabolic
diseases and can trigger or complicate insulin resis-
tance or T2DM33, In addition, when not absorbed, they
participate in lipogenesis and have been associated
with hyperactivity*3. Most modified corn starch comes
from genetically modified corn*.

Of the natural-origin gums, guar gum (E412) and
xanthan gum (E415) are the most widely used thicken-
ers. They have medium-to-low toxicity. They are wa-
ter-soluble fibers that can have a laxative effect, caus-
ing diarrhea, abdominal pain, and distension, and even
cases of intestinal obstruction have been described®.

Flavor enhancers

The most well known are monosodium glutamate
(MSG), E621, as well as monopotassium, calcium, am-
monium, and magnesium glutamates, which are also
called vegetable protein, soy protein, natural flavor,
hydrolyzed protein, or umami (savory). Umami refers
to one of the five recognized tastes, along with sweet,
sour, bitter, and salty. MSG is a chemical additive
widely used in the food industry, especially in savory
foods. It is semi-synthetic, obtained by bacterial fer-
mentation of residual vegetable or animal sugars; orig-
inally, it was extracted from seaweed and wheat*.
Adverse reactions associated with its consumption in-
clude headache, skin burning sensation, nausea,
tachycardia, and even loss of consciousness; this set
of symptoms is known as “Chinese restaurant syn-
drome,” which is controversial*t.

Even in low doses, it has an excitotoxic effect
(stimulates appetite and invites continued eating) and is
associated with obesity, T2DM, and other metabolic dis-
eases. It is also neurotoxic, as it can rapidly destroy
neurons¥. It is contraindicated for individuals with ADHD
and neurological diseases such as bipolar disorder, Alz-
heimer’s, Parkinson’s, epilepsy, and schizophrenia. It is
recommended that ADHD patients eliminate colorants,
MSG and monopotassium glutamate, sodium benzoate,
and carrageenan from their diet®348, Disodium inosinate
(E631) and disodium guanylate (E627) are other highly
toxic flavor enhancers, as they transform into uric acid,
which can increase the risk of gout; they are also con-
sidered addictive, and their effects are associated with
ADHD, asthma, insomnia, and skin, and mucous mem-
brane irritation®. Acesulfame (E950) is the most harmful
synthetic sweetener, used in sweet UP products and
mainly in those labeled as “low calorie.” It has been

associated with neurological problems and hyperglyce-
mia, and long-term could be carcinogenic®3,.

Acidulants

Acidulants are additives used to increase acidity and
modify or enhance the flavor and aroma of UP foods
and beverages. They are added to reduce the sweet-
ness sensation produced by high sugar content. The
most commonly used acidulants are acetic, ascorbic,
citric, benzoic, boric, butyric, hydrochloric, erythorbic,
stearic, tartaric, and phosphoric acids®.

Phosphates (E338) (sodium, calcium, monocalcium,
etc.) are the most used; besides being acidulants, they
function as emulsifiers, antioxidants, and preserva-
tives3. Phosphates have been approved by the Food
and Drug Administration and various organizations;
however, they specify a maximum allowed intake®®.

Since they are used in many foods and beverages
(particularly colas), it is very likely that this amount is
exceeded. In addition, the combination of phosphoric
acid with refined sugar and fructose hinders iron ab-
sorption, potentially contributing to anemia, and, due to
their effect on decreasing the absorption of phosphorus
and calcium, increasing the risk of osteoporosis and
damage to tooth enamel, as well as renal and cardio-
vascular conditions. At high doses, they can cause
hyperactivity problems and digestive disorders®.

Conclusions

The change in diet observed since the 1970s and
1980s involved the development of industrial food pro-
cessing, coupled with multimillion-dollar advertising
campaigns that have misled the population into believ-
ing these foods are nutritious and healthy. The influ-
ence of various factors in complex interactions, such
as urbanization, income, prices, massive entry of wom-
en into the labor market, changes in family structures,
individual preferences, cultural traditions, as well as
geographical and environmental factors, has been fun-
damental in this change.

All the products found today in supermarkets and
convenience stores have accompanied humanity over
time. The food industry, attentive to the needs and
tastes of the population, has taken all these products,
originally composed of natural ingredients, to the UP
category.

It is the government’s obligation to establish regula-
tions limiting the food industry, as well as to create
mechanisms for it to take responsibility and offer
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products that do not harm health. It is crucial to build
bridges between academia and public policies. For ex-
ample, the foods donated by the state during the
COVID-19 pandemic were not the healthiest, undoubt-
edly due to the lack of guidance from those who know
the healthiest food options at affordable costs®.

Actions aimed at improving diet and promoting
healthy eating require strong political commitment,
supported by the determined backing and empow-
ered movement of citizens and civil organizations to
seek better healthy options. This implies that the
population, particularly health personnel, is ade-
quately informed not only about what constitutes an
appropriate diet but also about the risks associated
with the consumption of potentially dangerous food
additives.
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Management of cyst by laparoscopic splenectomy in a tertiary
hospital: case report

José A. Bautista-Sanchez’, Cristina Grado-Limas', Omar E. Valencia-Ledezma?,
and Carlos A. Castro-Fuentes?*
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Abstract

’

Splenic cyst is rare, approximately 800 cases reported in the literature. A 33-year-old woman with abdominal pain of 2-weeks
duration in the left hypochondrium underwent tomography, which reported a complex splenic cyst with a volume of 1786 mL.
Therefore, percutaneous ultrasound drainage was performed, and 1600 mL was drained. Laparoscopic splenectomy was
scheduled, which was performed without complications. The laparoscopic approach has proven to be an effective technique
for the definitive treatment of splenic cysts with minimal bleeding with prompt recovery of the patient.

Keywords: Splenic cyst. Percutaneous drainage. Laparoscopy. Ultrasound.

Introduction the presence of symptoms due to splenomegaly is
rarer. To consider the surgical treatment of the splenic
cyst, it is essential to take an adequate medical history,
a hydatidosis serology, and imaging studies that help
locate the cyst in the splenic parenchyma®.

Abdominal ultrasound is useful as an initial diagnos-
tic examination in splenic cysts and allows a rapid
diagnosis, but it is not very useful in delineating the
topography of the lesion. Computed tomography (CT)
shows the topography, size, probable nature, and ana-
tomical particularities. CT and magnetic resonance
imaging are the choice in diagnosis and planning of
surgical strategy*.

Splenic cysts are relatively rare, as their incidence is
< 0.07%; however, lately, it has increased with the
application of more sensitive imaging techniques in the
study of abdominal pathology. However, its diagnosis
and treatment remain a difficult challenge for many phy-
sicians and surgeons due, in part, to the lack of precise
guidelines for action'.

At present, splenic cysts are divided into parasitic,
usually caused by Echinococcus granulosus and found
in endemic areas, and non-parasitic, which can still be
classified based on the presence of epithelial lining in
primary cysts, which have an epithelial capsule, or sec-
ondary, which do not have a capsule?.

Secondary cysts are usually post-traumatic, due to a

S . Case report
failure in the organization of subcapsular or parenchymal

hematomas, less frequent, due to necrosis or abscesses?.
When there are symptoms, mild pain usually appears
in the epigastric location or in the left hypochondrium;
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A 33-year-old woman presented with abdominal pain of
2 weeks of evolution located in the flank and left hypo-
chondrium, of sudden onset, continuous of an intensity
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of 5/10, without radiation, accompanied by nausea with-
out vomiting, she went to the emergency department
of the Regional High Specialty Hospital of Ixtapaluca,
State of Mexico, Mexico. Laboratories were taken with
leukocytes of 7 400, hemoglobin 14.3 g/dL, platelet
246 10%/uL, absolute neutrophils 6.5 103/uL, absolute
lymph 0.56 10%/uL, absolute eosinophils 0.02 10%/uL,
absolute basophils 0.04 10%uL, absolute monocytes
0.28 10%uL. Subsequently, abdominal tomography
was performed that reported a splenic complex cyst of
16.5 x 16.7 x 12.4 cm in its major axes with a volume
of 1786 mL that it conditions compression and displace-
ment of the spleen, stomach, splenic angle of the colon,
pancreas, and elevation of the hemidiaphragm (Fig. 1).

Serological study of hydatidosis was performed with
a negative result. Interventional assessment was per-
formed by imaging, which led to ultrasound-guided
percutaneous drainage with 14 Fr catheter puncture,
obtaining thick, ochre-colored lumpy material (1600 mL)
(Fig. 2). Findings compatible with pyogenic inflamma-
tory lesions were reported, and special histochemistry
studies were reported to intentionally search for myco-
bacteria, fungal and parasitic microorganisms, with neg-
ative results.

Laparoscopic splenectomy was performed without
complications (Fig. 3), and the patient was discharged
after 5 days, with antibacterial treatment, and follow-up
in 30 days, with a favorable evolution.

Discussion

Primary spleen lesions typically have their pathogen-
esis of the endothelial and lymphoid components devel-
oping cystic or solid lesions, among the solid lesions
are mostly neoplasms, malignancies, and metastases,
while within cystic lesions parasitic infection by E. gran-
ulosus is the first etiology, with non-parasitic cysts being
extremely rare®.

This group of lesions can cause elevation of tumor
antigens such as carcinoembryonic antigen or CA 19-9
due to their cellular origin. However, these lesions have
a very low malignant potential and there are no reports
in the literature of malignant true splenic cystic lesions
that expand and invade other nearby organs®.

Patients usually have no specific symptoms if the cyst
is small, and when the cyst is large, they have non-spe-
cific abdominal symptoms such as pain, nausea, or a
palpable mass usually in the left upper quadrant’.

With the frequent use of abdominal imaging tech-
niques such as ultrasound and CT scans, the detection
of splenic cysts has increased®. Splenic cysts should

Figure 1. Presence of cystic lesion in the splenic gland
with 16.5 x 16.7 x 12.4 cm in its major axes with a volume
of 1786 mL.

Figure 2. Percutaneous drainage of a splenic cyst.

be treated because of the possibility of complications
such as infection, rupture, or malignancy®.

One option for some authors is total splenectomy,
either open or laparoscopic, which avoids the recurrence
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Figure 3. Splenic cyst of 405 gr of 12 x 10 cm, obtained
by laparoscopy.

of the lesion, however, with a high risk of developing
post-operative complications such as sepsis with high
mortality, and alterations in immune function, currently
the trend is to offer more conservative treatment alter-
natives to preserve tissue, in cysts smaller than 4 cm
as percutaneous drainage. Partial splenectomy, cystec-
tomy, and marsupialization with the aim of preserving
25% of the splenic parenchyma, this being an optimal
amount of tissue to preserve immune function and not
increase the risk of developing complications®.

The laparoscopic approach has proven to be an effec-
tive technique for the definitive treatment of splenic cysts
with minimal bleeding and recurrence with prompt recov-
ery of the patient. It is important to perform percutaneous
drainage to identify the etiologic agent and reduce the
size of the splenic cyst to have a better surgical approach.
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Abstract

Background: Hemangiomas are benign vascular tumors that can develop from the skin and even in intra-abdominal organs.
Objective: The study aimed to describe the clinical case of a patient with ruptured hepatic hemangioma in the third trimes-
ter of pregnancy and its management. Clinical case: A 31-year-old female admitted with acute abdomen and fetal distress,
cesarean section was performed with finding of hemoperitoneum, packing was performed with subsequent mixed approach
with embolization and hepatectomy. Discussion: Its diagnosis during pregnancy is incidental and an association in its
pathogenesis with growth and the elevated presence of sex hormones has been demonstrated. The management of this type
of tumor is expectant when there is no presence of pain, growth, or rupture. Hemodynamic embolization will be useful before
surgical management. Conclusion: Hemangioma is the most common benign liver tumor. In the case of this patient, it pre-
sented a severe complication that led to hypovolemic shock, which required intensive medical management and subsequent
resection of the tumor with adequate evolution.

Keywords: Hepatic hemangioma. Ruptured hepatic hemangioma. Hypovolemic shock. Embolization. Partial hepatectomy.

it is the most catastrophic form. We present the case of
a fractured hepatic hemangioma, as a cause of hypo-
volemic shock in a patient with pregnancy in the third
trimester.

Introduction

Hemangiomas are benign vascular tumors that can
develop both in the skin and in the intra-abdominal
organs, including the liver, being the most common
benign tumor in this organ'. They consist of groups of
cavities filled with blood. Four types of hemangiomas
can be classified: cavernous, sclerosing, capillary, and
hemangioendothelioma, of which cavernous hemangi-

Case presentation

A 31-year-old female patient, with a history of two
previous cesarean sections, presents with a pregnancy

oma correspond to up to 70% of all benign liver tumors?.
Hepatic hemangiomas commonly present silently,
being detected only as findings by ultrasonography or
tomography; however, when they present as a rupture
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of 35 weeks’ gestation for evaluation at the emergency
department with abdominal pain, signs of shock, and
fetal distress, on examination with vital signs and blood
pressure of 80/40 mmHg, obstetric ultrasound identifies
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Figure 1. A: partial segment Il-Ill hepatectomy with complete resection of giant hepatic hemangioma. B: anterior

face of the hemangioma fractured.

the presence of oligohydramnios, so urgent surgical
exploration is indicated by the gynecology service, find-
ing hemoperitoneum of 2000cc. The pregnancy was
resolved by cesarean section without complications,
obtaining a single live male product that did not require
advanced resuscitation maneuvers. Subsequently, the
rest of the abdominal cavity was explored, presenting
as a finding a liver tumor in segment II-lll measuring
15 x 15 x 10 cm with a 10cm linear fracture on its ante-
rior surface (Fig. 1), with data of active bleeding. An
evaluation is requested by the general surgery service
and packaging and hemorrhage control are performed.
During the operation, a transfusion of four red blood
cell concentrates is performed and subsequently, the
patient is transferred to the intensive care unit service,
where he is maintained with invasive mechanical ven-
tilation and medication support and vasopressors.
During the immediate post-surgical period, laborato-
ries are requested to report leukocytes of 27.72/uL,
hemoglobin 7.40g/dL, erythrocytes 2.80L, and platelets
372/0L. After 3 days of medical management, abdominal
panangiography is indicated to identify the bleeding site
and in this way, selective embolization of the right hepatic
artery is performed with the placement of a 035 coil
(Fig. 2). A new surgical exploration is indicated by the
hepatopancreatobiliary service, in which hemangioma is

identified without signs of active bleeding. However,
due to its fracture and the risk of rebleeding, it was
decided to perform partial hepatectomy (segment II-111)
with complete resection of the tumor (Fig. 3), a proce-
dure performed without complications. The patient pro-
gressed satisfactorily. She was discharged from the
intensive care unit 24 h after surgery, discharged home
5 days later, and followed up by outpatient clinic without
complications.

Discussion

Hepatic hemangiomas are tumors that form when
there is a cavity in the liver parenchyma surrounded by
epithelial cells and with blood supply through a branch
of the hepatic artery®. The exact etiology is unknown,
although there is a probable genetic and hormonal
relationship, with the overexpression of angiogenic fac-
tors. Its incidence ranges from 0.4 to 20% of the pop-
ulation, being more common in women in a 5:1 ratio
and with an average age of 30-50 years*. It usually
presents as a single lesion and due to its size, it can
be classified as small, those measuring from millime-
ters to 3 cm, medium, from 3 cm to 10 cm, and giant,
those measuring more than 10cm, which corresponds
to < 10% of this type. of tumors and represent a risk
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Figure 2. A: panangiography with bleeding in segment Il. B:

Figure 3. Pathology piece of giant hepatic hemangioma.

factor for complications®. They are most frequently
located in the right lobe in 58%, followed by the left
lobe in 35% and their bilateral presentation is excep-
tional (7%). Clinically, up to 70% of hepatic hemangio-
mas do not present signs or symptoms and occur as
an incidental finding. The most common finding is pain
in the right upper quadrant and there may be the pres-
ence of anorexia, early satiety, nausea, and vomiting.

selective embolization with the right hepatic artery.

They rarely present with obstructive jaundice. There
may be complications such as the case of the patient
who presented rupture and hemorrhage, which only
occurs in 5% of cases. Some cases present degener-
ation with thrombosis and fibrosis of the tumor®. The
diagnosis is usually incidental when evaluating patholo-
gies of abdominal origin. The protocol includes conven-
tional ultrasound, computed tomography, and magnetic
resonance imaging, the latter being the study with the
greatest certainty for this type of tumor, which has a
sensitivity of 100%, with a specificity of 85%’. Its diag-
nosis during pregnancy is incidental and an increase
in size during pregnancy has been reported, this is due
to a probable hormonal association with estrogens in
its pathogenesis, promoting cell proliferation, migration,
and capillary organization, which promotes an increase
in angiogenesis®. His malignant transformation is excep-
tional. It has been described that, in the event of rupture,
it has a mortality of 75%. The treatment in most cases
in which the lesion is single, small, and asymptomatic,
is follow-up and surveillance with imaging studies every
6 months. According to the current literature, there is
no pharmacological therapy capable of reducing the
size of hepatic hemangioma. Therapeutic options include
radiofrequency ablation, monoclonal antibody therapy,
transarterial embolization, and surgical management?®.
Management is controversial, however, surgery is indi-
cated in cases of rapid growth and pain despite the use
of analgesics, with absolute indications being those that
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derive from the dimensions, location, and risk of intra-
mural thrombosis and rupture™. The use of transcath-
eter arterial embolization has proven useful in inducing
a reduction in the size of giant hemangiomas, both as
a pre-surgical protocol or in patients who are not can-
didates for surgical treatment due to size, multifocality,
location, or patient conditions'. In the case of this
patient, the rupture and hemorrhage conferred hemor-
rhagic shock, which required management of compli-
cations to subsequently perform definitive management
with selective embolization of the right hepatic artery
followed by non-anatomical resection.
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Ischemic colitis in a young patient with a history of COVID-19
infections: atypical case

Sofia Meré-Martinez*, Julia Santana-Scarpinelli, and Ma. Fernanda Garcia-Fernandez
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Abstract

As extrapulmonary manifestations of Coronavirus, it has been described patients developing gastrointestinal disorders that
replace typical respiratory symptoms or others that debut with intestinal ischemia shortly after infection, however, the
association between COVID-19 and ischemic colitis remains unclear. We present a young patient with three previous infections
by COVID-19 and chronic consumption of isotretinoin, who developed ischemic colitis and a torpid evolution. It is concluded
that Coronavirus infections could represent a risk factor for colonic ischemia and that isotretinoin increases the probability
of complications; however, more evidence is needed.

Keywords: Colitis. Ischemic. COVID-19. Isotretinoin.

Introduction which devastates from the superficial mucosa, as it is

the layer with the greatest metabolic activity, to the
complete transmural thickness®.

The classic or typical presentation of colon ischemia
is composed of a sudden onset of abdominal cramp-
like pain that usually begins in the left lower quadrant,
accompanied by superficial tenderness, hematochezia,
an urgency to evacuate, and evidence of peritoneal or
ileal irritation; it is usually a pathology limited to a single

Defining ischemic colitis is simple when approached
from grammar and geography, because separating the
two words that make up the term, ischemia has as
meanings the stagnation or cessation of blood toward
a certain tissue, and by colitis we can land at a specific
location within the abdominal area that is framed within
the framework of the colon, understanding it in a gen-
eral way as a decrease in the colonic blood supply, with

nuances about its origin and complications that will be
detailed later".

It is described that this decreased or insufficient
blood flow is usually temporary and that while the body
continues to need the same amount of volume in the
gastrointestinal system, it is impossible for the colon to
successfully execute the physiological demands, caus-
ing inflammation of the mucosa, ulcerative and hemor-
rhagic lesions,? and inevitably cell death or necrosis,
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segment, which for anatomical reasons commonly in-
volves the portion of the left hemicolon where the
splenic angle is located, but since it is not exclusive,
cases of ischemia in the right region or pancolonic have
also been reported, both associated with poor
prognosis®.

It is known as the most common type of intestinal
ischemia, with an annual incidence rounded to 23 cas-
es/100,000 people!, more frequently in older adult
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patients, females, who have comorbidities such as hav-
ing been diagnosed with atherosclerosis, systemic ar-
terial hypertension, atrial fibrillation, diabetes mellitus,
previous CMV, or Escherichia coli infection, as well as
being under renal replacement treatment and consump-
tion of drugs such as NSAIDs, antidiarrheals, opioids,
tricyclic antidepressants, and immunomodulators®.

In addition, for a little more than 3 years, due to the
SARS-COV 2 pandemic, few but interesting cases
have been described about extrapulmonary manifes-
tations of Coronavirus viral infection, mainly during
the active phase of the disease, that is, patients who
instead of suffering from an acute respiratory condi-
tion presented with gastrointestinal manifestations
such as loss of appetite, vomiting, pain, bloating, di-
arrhea, mane, and hematochezia®, with a few other
reports that propose associating this respiratory con-
dition as a risk factor for intestinal ischemia, as cited
by Uhlenhopp et al.> who have detailed the associa-
tion between this viral infection and ischemic colitis
up to 3 weeks before presenting the picture, in both
cases described without observing associated respi-
ratory affection.

The pathophysiology that could explain this interac-
tion is described as secondary to the entry of the virus
into the cells, when the infection causes the release of
cytokines and chemokines through the angioten-
sin-converting enzyme 2 receptor, which is highly ex-
pressed in the cells of the gastrointestinal tract, favor-
ing acute intestinal inflammation; in addition, RNA of
the virus has been found in fecal samples from patients
with COVID-19, indicative of the potential of the virus
to invade the gastrointestinal tract”.

The case that will be shared below represents multi-
ple singularities due to probabilities, risk factors, and
clinical presentation, being described with the sole ob-
jective of sharing its peculiarities for purely theoretical
and educational purposes.

Material and methods

A literature review was conducted in Medline, using
MeSH terms. The search strategy used was: ((“Colitis,
Ischemic” [Mesh]) AND “COVID-19” [Mesh]) and
(“COVID-9” [Mesh]) AND “Signs and Symptoms, Di-
gestive” [Mesh]), in addition to keyword searches with
“isotretinoin” and “ischemia.” A total of 39 results were
obtained, including publications of the last 3 years re-
lated to pathophysiology, clinical picture, and diagno-
sis. We used 11 references that met the inclusion
criteria.

Case presentation

A 44-year-old female with the following important
history: COVID-19 infection on three occasions (2019,
2020, and December 2022), myomectomy (2004), hys-
terectomy (2020), chronic consumption of isotretinoin
due to acne and skin hypersensitivity (since 2022, with
intermittent conditions), without allergies or drug addic-
tions described.

On March 1, 2023, she reported starting with symp-
toms of upper respiratory tract infection (nasal conges-
tion, odynophagia, rhinorrhea, sneezing, headache,
and adynamia) without a defined diagnosis, a condition
that later led to hyporexia; The next day she presented
yellowish watery emesis on six occasions, accompa-
nied by at least three events of diarrhea, nausea and
generalized abdominal pain of the colic type that in-
creases with the passing of the days, highlighting the
absence of gas channeling, which is why she visits a
private doctor, who initiates intravenous hydration, an-
tiemetics, and gastric mucosal protectors that do not
condition clinical improvement. Going 4 days later to
the Emergency Department at Dalinde Medical Center
with a picture of generalized abdominal distension, an
attitude limited by the presence of intense abdominal
pain that conditions immobility, aperistaltic, with intense
pain on superficial and deep palpation and mobilization,
neurologically intact, maintaining perfusive blood pres-
sure levels with mean arterial pressure of 78 mm Hg,
afebrile (36°), tachycardia (112 ppm), and with a respi-
ratory rate without alterations (14 bpm).

A nasogastric tube was placed that allows pressure
gas to escape with at least 250 mL of fecaloid content
and when requesting paraclinical studies, alterations in
the levels of BUN (45.71 mg/dL), urea (97.8 mg/dL),
creatinine (1.44 mg/dL), total leukocytes (10.690 103/uL),
and total neutrophils (10.21 10%uL) were reported, in
addition to hypokalemia of 3.21 mmol/L, elevated pro-
thrombin time (18 s), and partial thromboplastin time
just at the limit (35 s). A simple abdominopelvic com-
puted axial tomography scan was also required, show-
ing the presence of gas in the wall of the small intestine
and inflammation of the adipose tissue (Fig. 1).

Surgical intervention was performed (Fig. 2) showing
a purulent collection in the left hypochondrium that
conditioned proximal occlusion secondary to necrotic
patch (2 x 2 cm) at a splenic angle, anteroinferior as-
pect and that caused ischemia in the proximal jejunum
(0.5 x 1 cm) due to contiguity (Fig. 3), in addition to
multiple fibrin creams in the cavity and devitalized ap-
pendix. During surgery (isoperistaltic laterolateral
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Figure 1. A: coronal section of a simple abdominopelvic CT scan showing pneumatosis at the level of the proximal
jejunum and B: striation of the peri-caecal fat at the level of the splenic angle.

coloanastomosis with jejunal rafia), a culture of perito-
neal fibrin tissue was taken, in which E. coli infection
of 70,000 CFU/mm? was subsequently reported.

Within the first 7 days, the patient has a favorable
evolution, with tolerance of early ambulation, little pain
in the surgical wound, and the presence of stools with
gas channeling, being until the 8" day of hospitaliza-
tion, 1 day after starting a liquid diet, which presents a
gradual intolerance to the oral route, eight fetid diarrhe-
al bowel movements, all preceded by colic and feverish
peak that yields to the antipyretic. The patient went to
the second surgical stage where there was a 1 cm
anastomosis dehiscence associated with an abscess
with very little leakage of intestinal material (Fig. 4). Two
days of evolution after the second intervention, culture
reports detail 80,000 CFU of multiresistant E. coli sen-
sitive to ciprofloxacin, as well as a significant decrease
in hemoglobin, so antibiotic treatment and iron supply
are adjusted. Subsequently, a frank melanic evacuation
and two stools with little blood were reported, paradox-
ically contrasted with the clinical and emotional im-
provement of the patient, who was referred to asymp-
tomatic and without alarm data.

During the same early morning, she presented two
more evacuations with hematochezia and clots, the first
of them with data of mucosal slag, in addition to a de-
crease in hemoglobin (from 11.1 to 8.9 g/dL) and data
of low cardiac output, which dictates transfusion of
erythrocyte concentrates, enemas of mesalazine and
enterogermina by nasogastric tube.

A second culture of wound secretion was performed,
which showed carbapenem-sensitive ESBL E. coli, re-
adjusting treatment to ertapenem and presenting a pa-
tient with a rapid favorable evolution until the day of
discharge (03/22/2023).

Discussion

This case represented a diagnostic challenge due to
the low suspicion and probability of the same in the
context of the patient, as ischaemia in the splenic angle
of the colon is a condition frequently associated with
elderly patients and various comorbidities, which is
why, at first, the abundant diarrhoeal events were the
most tangible and evident predisposing factors, but not
enough to be able to ratify it.
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Figure 2. The left hemicolectomy product showed
transmural ischemia marked with dissection forceps.

It was considered possible that the chronic use of
isotretinoin, a derivative of retinoic acid that the patient
used frequently and chronically as part of her treatment
for acne, contained a risk of colonic ischemia as an
adverse effect, however, there is inconclusive literature
on this matter and with a greater tendency toward a
probable relationship with chronic inflammatory dis-
ease and ulcer formation®, describing cases of young
patients with no history of rectal bleeding events that
improved after discontinuation of the drug?®.

Figure 3. Transmural ischemia was observed at 12 cm
Treitz angle in the proximal jejunum.

Figure 4. Resection of previous dehiscent anastomosis
and new mechanical colosigmoid end-to-end
anastomosis.

Consequently, the association that could exist with
Coronavirus infection resonates, finding in the search
for case reports such as those published by Tafur'® in
mid 2023, which highlights that of a young patient with-
out comorbidities who began with positive respiratory
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symptoms for SARS COV-2 a few days prior to admis-
sion, evolving to abdominal alarm data (pain on palpa-
tion, decreased peristalsis) with a final diagnosis of
acute mesenteric ischaemia, recognised up to the time
of surgery and pointed out by the author as an uncom-
mon complication but associated with SARS COV-2
infection, especially from the second and third waves
onwards.

Another important piece of information that arises
from the search is the increase in D-dimer or fibrinogen
levels, in patients with documented acute mesenteric
ischaemia related to Coronavirus, reported in most of
the sources consulted'®'2, showing a state of hyperco-
agulability and thrombosis that could not be confirmed
in the patient as these parameters were not requested,
although the alteration of coagulation times, specifically
prothrombin time, urea and creatinine, coincides with
the findings of Uhlenhopp et al.5, Tafur'® and Chan
et al.’, confirming that the presence of intravascular
thrombosis is not indispensable for the association of
both conditions.

Now, it is true that due to the time elapsed between
the three confirmed infections and the reason for his
admission, it is unlikely that there was a direct associ-
ation, but this does not exclude the importance that
these had as risk factors for the establishment of se-
quelae in the gastric system, since on the one hand, it
has been proven that reinfection with SARS COV-2
contributes to a significant increase in the percentage
of probability of suffering future gastrointestinal disor-
ders, with the number of reinfections being directly
proportional to the increase in risk, with the highest
probability after three or more infections’.

On the other hand, bibliography was found that points
to the damage caused to the intestinal microbiota in
patients with Coronavirus infection, reducing the quan-
tity and diversity of anti-inflammatory bacteria in the
acute phase and predisposing to long-term complica-
tions (diarrhoea, abdominal pain, among others)
included in the Post COVID-19 Syndrome'.

In view of the above, it is considered that since the
patient had respiratory symptoms compatible with
Coronavirus infection a few days before her hospital-
isation, even in the absence of a confirmatory diagno-
sis, on this occasion she may have had a fourth SARS
COV-2 infection with consecutive gastrointestinal
manifestations and acute mesenteric ischaemia, as de-
scribed above, although in most of these cases the
presence of infection in the upper airways was con-
firmed, in one of them in situ viral detection in the in-
testinal mucosa was required due to negative results

in PCR tests and imaging studies'', while in another
case three weeks had elapsed since the positive result
in the rapid test until the ischaemic intestinal symp-
toms5, although it was still associated with COVID due
to the similarity in the clinical presentation.

Having said this, a new question arises when con-
templating its unexpected evolution and the dehiscence
of the anastomosis after the first intervention stands
out, for which two alternatives are contemplated, both
the probable failure of the suture material and the tech-
nique used, This, together with the fact that viability
was never checked with indocyanine green, a fluores-
cent dye useful for assessing tissue irrigation'®, which
would have been a useful technique for reducing the
risk of complications, because although the tissue was
apparently viable, its perfusion was not faithfully
guaranteed.

Three possible causes are proposed, the first of them
due to an underlying infectious picture due to the his-
tory of a positive wound secretion culture for E. coli
ESBL; however, during his stay stool cultures were not
taken that could corroborate the theory, in addition to
the fact that there were no clear clinical data of infection
in his post-operative time. Hence, due to lack of evi-
dence, it is not confirmed.

The second conjecture is anchored in the possibility
that, due to the mechanical movement inherent in the
resection and performance of the new anastomosis,
with the circular stapler direct lesions have been caused
to the mucosa of the colosigmoid wall that later mani-
fested themselves in isolation with the bloody evacua-
tions, an issue that at the moment seems to be one of
the most meaningful.

Finally, without being able to prove the association
as a causal factor but not ruling it out outright, it is true
that isotretinoin could have played a relevant role in the
entire condition and specifically within the last days of
the patient’s hospital stay since doubts regarding a
predisposition for the formation of ulcers and even for
inflammatory disease allow us to elucidate the proba-
bility that there has been a transient ischemic process
after the second anastomosis that will set the stage for
the aforementioned outcome.

Conclusions

Certain questions remain in limbo with their re-
spective answers, as well as the real cause of the
appearance of this ischemic picture in a patient with-
out comorbidities described as true antecedents for
her, however, it is concluded that, by probability, it
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is most likely that there has been a favorable sce-
nario for the establishment of ischemic due to the
three previous COVID-19 infections, which together
with the presence of severe diarrhea for multiple days,
and isotretinoin, condition the outcome already de-
scribed. The uniqueness of the case has kept the team
that authored this review in constant search for an-
swers and more information is expected to be pro-
vided soon.
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CT angiography as a complementary diagnostic method for
the planning of surgery in invasive placenta: case report and
literature review
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Abstract

Abnormal placental invasion is a condition related to multiple conditions including previous elective cesarean delivery and
its increased frequency. For the obstetrician, it is also increasingly common to face this clinical entity, which has a high mor-
bidity due to organ injury both directly and indirectly during the surgical procedure and not being attended by a highly
qualified medical staff. In this paper, we focussed mainly on the surgical approach and its multidisciplinary management and
a clinical case on placental percretism attended at the HMPMPS using a complementary diagnostic method (CT angiogra-
phy) to plan the vascular approach during surgery.

Keywords: Invasive placenta. Surgical techniques in placental acretism. Critical hemorrhage due to placental acretism.
CT angiography.

Introduction of the clear zone (when the normal hypoechoic retro-
placental zone in the myometrium under the placental
bed is not visible on ultrasound); myometrial thinning
(due to permanent damage of the uterine wall as far as
the serosa, with placental tissue reaching the deep
uterine circulation); placental lacunae as a numerous,
large, irregular sonolucent intraplacental spaces often
described on ultrasound giving the placenta a “moth-

eaten” appearance in PAS in both transabdominal and

Placental acretism is a clinical entity that causes
major obstetric hemorrhage and is associated with the
need for massive transfusion in approximately 40% of
treated cases and mortality that varies from 5 to 7% of
cases treated'. Placenta accreta spectrum (PAS), for-
merly known as morbidly adherent placenta, refers to
the range of pathologic adherence of the placenta,
including placenta increta, placenta percreta, and pla-

centa accreta. Maternal morbidity and mortality can
occur because of severe and sometimes life-threaten-
ing hemorrhage, which often requires blood transfu-
sion. Rates of maternal death are increased for women
with PAS2. Several prenatal ultrasound signs of PAS
were reported over the last 35 years, principally: loss
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transvaginal ultrasound; placental bulge describes the
ballooning of the uterus containing the placenta away
from its expected plane into the surrounding tissue,
usually the bladder; subplacental and/or uterovesical
hypervascularity results from excessive dilatation of the
uteroplacental circulation beyond the spiral arteries,
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that is, including the radial and arcuate arteries, and is
a prominent feature of PAS on prenatal ultrasound;
placental lacunae feeder vessels These are seen as
vessels with highvelocity blood flow arising from the
deep arterial vasculature of the myometrium, that is,
radial or arcuate arteries, and feeding the lacunae; and
bridging vessels are seen as CD signals arising in the
myometrium and appearing to travel beyond the uterine
serosa and into the bladder before disappearing.
Adherent and invasive placentation may coexist in the
same placental bed and evolve with advancing gesta-
tion?. The purpose of this review is to demonstrate
through images the usefulness of CT angiography in
the study of the spectrum of placenta accreta, present-
ing a clinical case of invasive placenta to the bladder.
The high morbidity and mortality of this pathology
require diagnostic precision and rapidity at the time of
having a patient with a known pathology or suspected.
The advantages it offers are: more affordable cost for
the patient, accessibility of CT scanners in hospital
units, allows invasion recognition.

Physiopathology

It was formerly believed that abnormal placental inva-
sion was based on a biological aberration of the tro-
phoblast tending to invade the myometrium abnormally
deeply during its placentation process. The current
hypothesis is based on a secondary defect at the myo-
metrium-endometrium interface that leads to abnormal
decidualization in areas of uterine scar such as by
previous cesarean section or instrumented curettages
or uterine wall surgeries (myomectomy), which leads to
abnormal invasion of the trophoblast. In normal preg-
nancy, a blastocyst implants into the endometrium, and
after delivery, the placenta detaches from the uterus.
In PAS, the placenta forms at a site of disruption
between the endometrium and myometrium. Placental
tissue implants onto the myometrium (accreta), into the
myometrium (increta), or through the myometrium to
surrounding organs (percreta)®. The invasive placenta
is closely related to the history of previous surgical
disruption which causes disruption of the integrity of
the uterine wall (endometrium, myometrium, and peri-
metrium), the increase in cesarean section operation
has a direct relationship with the greater frequency of
cases of the invasive placenta, it is also worth men-
tioning that postpartum endometritis, the history of
endometrial curettage are related to placental acretism
but with cases of less severity. The most prevailing
theory is that prior uterine surgery involving the

endometrial-myometrial interface leads to defective
decidualization in an area with a uterine scar, allowing
the anchoring villi of the placenta to adhere to the myo-
metrium abnormally and further trophoblast invasion.
The most prevailing theory is that prior uterine surgery
involving the endometrial-myometrial interface leads to
defective decidualization in an area with a uterine scar,
allowing the anchoring villi of the placenta to adhere to
the myometrium abnormally and further trophoblast
invasion. Other concepts ascribe PAS to the dysfunc-
tion of maternal vascular remodeling in the scarring
areas or excessive invasion of the extravillous tropho-
blast (EVT), which may account for a small part of
cases*. A new report found in more than 70% of sam-
ples, there were thick fibrinoid depositions between the
tip of most anchoring villi and the underlying uterine
wall and around all deeply implanted villi. The distortion
of the uteroplacental interface by these dense deposi-
tions and the loss of the normal plane of separation
are the main factors leading to abnormal placental
attachment. These data challenged the classical con-
cept that placenta accreta is simply owing to villous
tissue sitting atop the superficial myometrium without
interposed decidua. Moreover, there is no evidence in
accreta placentation that the EVT is abnormally inva-
sive or that villous tissue can cross the uterine serosa
into the pelvis®.

Extensive neovascularization is clearly evident in the
majority of PAS cases. Tseng and Chou demonstrated
upregulation of a number of angiogenic growth factors,
including vascular endothelial growth factor (VEGF)
and angiopoietin-2, in PAS lysates. Reduced expres-
sion of antiangiogenic proteins such as VEGF recep-
tor-2, endothelial cell tyrosine kinase receptor Tie-2,
and soluble fms-like tyrosine kinase 1 (sFlt-1) in syncy-
tiotrophoblastic cells from PAS cases compared to nor-
mal placenta specimens suggests a proangiogenic
phenotype. Severe, early-onset pre-eclampsia is asso-
ciated with inefficient physiological placental invasion
and hypoperfusion, leading to increased sFlt-1 expres-
sion and ultimately the clinical phenotype of proteinuria
and hypertension. In contrast, invasive placentation
results in deep implantation and hyperperfusion, along
with suppressed local sFIt-1 expression as demon-
strated by decreased expression of sFlt-1 in villous
trophoblasts in PAS patients, specifically placenta
increta and percreta. PAS-related angiogenesis may
not be restricted to the trophoblast. Placental relaxin
(RLN) and its receptor (RXFPI) play an important role
in angiogenesis in the endometrium by stimulating the
expression of VEGF. Increased expression of the RLN



J.M. Herrera-Salgado et al. Contrasted CT angiography in placental acretism

gene and protein has been demonstrated in the PAS
basal plate, whereas the receptor RFXP1 is overex-
pressed in both the basal plate and villous trophoblast
in PAS specimens compared to controls suggesting
that PAS may produce a number of autocrine and
paracrine factors that promote the upregulation of
angiogenic-stimulating factors combined with a sup-
pression in antiangiogenic factors, leading to exten-
sive neovascularization®.

Prenatal diagnosis

The prenatal diagnosis of PAS requires a high index
of suspicion. The first step is identifying maternal risk
factors. The most significant risk factor for PAS is the
combination of a prior cesarean delivery and a placenta
previa. Other major risk factors include a prior history
of PAS, cesarean scar pregnancy, uterine artery embo-
lization, intrauterine adhesions (Asherman syndrome),
and endometrial ablation. Ultrasound is the preferred
imaging modality for the prenatal diagnosis of PAS and
can be highly accurate when performed by a provider
with expertise. PAS can be diagnosed on ultrasound as
early as the first trimester. MRl may be considered an
adjunct to ultrasound imaging but is not routinely rec-
ommended. Recent consensus guidelines outline the
ultrasound and MRI markers of PAS”. The prenatal MRI
is highly accurate at detecting the presence, depth, and
topography of placental invasion. All the recorded MRI
signs show an optimal diagnostic performance in iden-
tifying pregnancies with invasive placentation. MRI and
ultrasound do not significantly differ in their ability to
detect the presence of invasive placentation, although
the difference between the two techniques with regard
to assessment of the depth and topography of placental
invasion requires further evaluation. Prenatal MRI is
highly accurate in diagnosing disorders of invasive pla-
centation. Ultrasound and MRI have comparable pre-
dictive accuracy®.

Tomography has not been described as a comple-
mentary diagnostic method in placenta accreta, how-
ever, given the need to obtain images of the degree of
vascular invasion and adequately plan surgery, it is
considered a useful method. It is not contraindicated to
have a CT scan during pregnancy. The iodine-based
contrast medium has a high safety profile, being clas-
sified in category B according to the FDA, the main risk
reported is alteration of the development of the fetal
thyroid, administering a dose adjusted to 0.7 mL/kg,
corresponding to 30% less than the standard dose, due
to pregnancy®.

Surgical techniques in invasive placenta
Retrograde radical hysterectomy

The woman is placed in the lithotomy position and
the cesarean is performed by fundal hysterotomy away
from the placenta. The ligated umbilical cord and
attached placenta are left within the uterus and the
hysterotomy is closed with a continuous suture (for
hemostasis). The uterus is exteriorized and kept under
upward traction so that uterine vascular constriction
can diminish blood loss. Direct handling or dissection
at the placental site is avoided. The round ligaments
are divided and ligated, and the broad ligaments are
incised laterally and parallel to the infundibulo-pelvic
ligaments to expose the retroperitoneum. The loose
areolar tissue encountered in this space is carefully
dissected parallel to the ureters and the pelvic sidewall
vessels. Stepwise, the devascularization procedure
starts with ligature of the anterior divisions of the inter-
nal iliac arteries. Next, the utero-ovarian ligaments and
tubes are divided and ligated bilaterally. The posterior
vaginal fornix is exposed by placement of a sponge stick
into the vagina, which is opened transversely, 1-2 cm
below the cervicovaginal junction. Roger hysterectomy
clamps are used to circumscribe the vagina, sequentially
dividing and securing each pedicle with a suture ligature.
This technique is similar to the radical retrograde approach
used for en bloc resection of extensive pelvic disease,
such as in women with ovarian cancer. Cesarean hyster-
ectomy is performed using the posterior retrograde
approach, in which the ureters are carefully identified,
dissected, and preserved through the anterior bladder
pillar to keep them out of the field of dissection. The cer-
vix is seized by Museux forceps and pulled up behind
the uterus. The retrograde approach is continued by
retracting the uterus sharply upward, exposing the
remaining cardinal ligament attachments (with uterine
vessels) medial to the ureters, uterosacral ligaments, and
bladder pillars, which are sequentially divided by clamps
and secured with suture ligatures. The vesicouterine
space is developed cephalad by blunt dissection until the
bladder is completely detached from the anterior aspect
of the uterus or the lowermost extent of bladder invasion
(usually above the trigone level) has been reached. If the
bladder is involved, cephalad blunt dissection of the blad-
der is stopped. Cystotomy is particularly helpful for defin-
ing the dissection planes and determining whether
resection of the posterior bladder wall is required. The
extent and type of reconstruction may require simple
closure of the bladder defect or ureteroneocystostomy
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followed by bladder repair. Aortic cross-clamping can be
performed prophylactically in cases of suspected per-
creta or if the woman is hemodynamically unstable.

Malagon Reyes technique

This surgical technique is described in two steps:

— Fundic and arciform cesarean section, with fetal ex-
traction, followed by the administration of 6% polido-
canol sclerosing solution with the use of a 6 Fr feed-
ing tube that causes sclerosis of the placental bed

— Abdominal hysterectomy with ligation of hypogastric
(internal iliac) arteries. There is evidence that such a
uterine incision technique greatly reduces trans-sur-
gical blood losses'".

Esperanza Bautista technique

This technique begins with an incision in the infra-um-
bilical midline covering an upper umbilical area inclu-
sive, enters the abdominal cavity, externalizes the
uterus, and hysterectomy begins, at the time of linking
uterine vessels the body cesarean section is immedi-
ately performed with a classic technique extracting the
fetus, leaving the placenta in situ closing the uterus and
completing its hysterectomy’.

Comprehensive and multidisciplinary
management

Placenta accreta must be diagnosed antenatally to
minimize risks. The American College of Obstetricians
and Gynecologists has recommended delivery between
34 0/7 and 35 6/7 weeks of gestation through cesarean
hysterectomy to optimize neonatal maturity and mini-
mize the risk of maternal bleeding. It should be trans-
ferred to a Placenta Accreta Center of Excellence or a
level three or four center for delivery with the aim of
improving delivery at these facilities due to the avail-
ability of a large, interprofessional team. These teams
should include perinatologists, pelvic surgeons, inten-
sivists, general surgeons, urologists, and neonatolo-
gists. The patient’s hemoglobin level should be
optimized before delivery, and there should be coordi-
nation with the blood bank to ensure supplies if a mas-
sive transfusion should be needed'® ',

The International Federation of Gynecology and Obstet-
rics (FIGO) proposed a nomenclature grading system
under the umbrella diagnosis of PAS disorders, that
replaced the old categorical terminology (placenta accreta,
increta, and percreta) PAS Grade1 — non-invasive, PAS

Figure 1. CT angiography of placenta accreta.

Grade 2 - superficial invasion, PAS Grade 3A — deep
invasion, PAS Grade 3D — deep invasion with disruption
of the serosa, PAS Grade 3E — deep invasion with adher
ent extrauterine structures’®.

The degree of suspected invasion is transcendental
for the surgical approach to be planned, the greater the
depth of invasion there will be greater the probability of
massive hemorrhage. After the procedure, is recom-
mended admission to the intensive care unit to closely
monitor for signs of bleeding, hypoperfusion, and fluid
overload from resuscitation. Of note, some providers
also offer delayed hysterectomy. In this practice, the
placenta is left in situ, and the hysterectomy is per-
formed at a later time. In the limited number of reported
cases, it has been shown to decrease blood loss and
decrease the need for transfusion'®.

Clinical case
Proposed Malagon — Pérez PAS Protocol

In this publication, we propose a protocol that includes
the following steps:
— Early diagnosis performed by ultrasound maternal—-
fetal medicine
— Diagnostic cystoscopy when bladder involvement is
suspected
— Once the diagnosis of an invasive placenta has been
made, we propose CT angiography as a complemen-
tary method for the pre-surgical vascular anatomical
approach.
Medical history: a 40 years old female patient with
no history of personal or family chronic diseases, three
previous pregnancies with elective cesarean sections,
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Table 1. Test blood results

Day 1 | 11| 2 3 4 5 ]
Ph 732 738 741 742 743 744 7.45
(Acidity

Index)

HCO® 17 20 19 21 21 22 23
(mmol/L)

PC0? 31 32 30 31 30 29 28
(mmHg)

P02 102 95 90 95 79 79 74
(mmHg)

Base ecf -10 -4 -4 -2 -2 -1 -1
(mmol/L)

Lactate 4 1.8 1.2 1 1.1 1.1 1
(mmol/L)

INR 2.1 1 1.2 1 1.1 1.2 1.1
PT 16 11.5 12 12 115 115 115
(seconds)

PTT 65 29 29 30 31 33 30
(seconds)

Hematocrit 20 25 26 27 28 28 29
(%)

Platelets 107 110 109 118 125 151 154
(x 103/mmd)

White blood 16.8 15 15 19 14 14.5 15
cells
(x 103/mmd)

Glucose 80 91 90 89 96 82 87
(mg/dL)

Creatinine 079 07 069 066 09 07 065
(mg/dL)

BUN 12 1 13 14 17 15 13

(mg/dL)

Urea 29 27 25 25 24 23 24
(mg/mL)

Total 1 0.8 07 045 05 04 04
bilirubin

(mg/mL)

AST (UI/L) 85 80 78 76 74 53 M

ALT (UI/L) 49 44 4 43 42 4 39
LDH (Ul/L) 423 325 335 495 329 291 300
Sodium 137 139 140 141 142 139 140
(meg/L)

Potassium 4.6 3.8 3.8 4 41 41 4.2
(mea/L)

Chlorine 110 109 109 108 108 107 108
(meq/L)
Calcium 81 89 89 87 86 83 89

(mg/dL)

HCO®: denotes Bicarbonate; PCO% CO2 partial pressure; P0O% 02 partial pressure;
INR: International Normalized Ratio; PT: prothrombin time; PTT: partial thromboplastin
time; BUN: blood urea nitrogen; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; LDH: lactate dehydrogenase. Source: clinical record.

Figure 2. A longitudinal incision in abdominal wall source
clinical record.

Figure 3. Identification of the area of placental percretism.

no allergies, no previous transfusions or other surger-
ies, 12 prenatal cares, no genitourinary infections, nor-
mal growing fetus, maternal weight gain 9 kg at the
beginning of pregnancy, 60 kg at the end of pregnancy.
She was admitted to hospitalization for a PAS study
protocol, with no general or obstetric symptoms. During
her hospital stay, an evaluation was requested by the
gynecological urology service, which performed a cys-
toscopy with a finding of placental percretism. CT angi-
ography was performed (administering infusion of
75.5% iopamirole contrast medium 370 mg/100 mL at
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Figure 4. An incision in the fundus avoiding the placenta and large blood vessels, and exposure and ligation of

hypogastric arteries.

a dose of 0.7 mL/kg body weight) with the next findings:
Placenta that completely occludes the internal cervical
orifice, irregularity in its edges that have contact with
the bladder, with diminished placental uterine interface
and that after intravenous contrast medium, tortuous
vessels are identified from the placenta entering the
bladder wall (Fig. 1).

Clinic for invasive placentas scheduled cesarean
section hysterectomy after coordination with the team
of blood bank, obstetric intensive care unit, anesthesi-
ology, and neonatology.

Physical examination summary height 1.55 m,
weight 60 kg, body mass index 25 Kg/m?, body sur-
face area 1.61 m2. Neurological examination: Glasgow
Coma Scale 15 puntos: bilateral pupillary diameter
3 mm, brainstem reflexes and no cranial nerve alter-
ations, unaltered motor sensitivity, and response,
preserved mental functions, grade Il osteotendinous
reflexes. Blood pressure on admission 102/72
mm Hg, mean arterial pressure (MAP) 84 mm Hg,
heart rate 62 beats/min, respiratory rate 18 cycles/
min, maintained blood pressure in ranges MAP
84-90 mmHg, without requiring antihypertensives nor
vasopressors during hospitalization. Without any
hemodynamic, respiratory, metabolic, hematologic, or
renal abnormality.

Cesarean section was performed under balanced
general anesthesia, estimating blood losses of
2000 mL, during surgery, it was necessary to admin-
ister norepinephrine at doses of up to 0.8 mcg/kg/min,

in addition to transfusing 2 erythrocyte concentrates
and 2 plasmas, 1 g of tranexamic acid, 3 g of fibrin-
ogen. Transoperative findings placenta with bladder
percretism, abundant neoformation vessels, jellyfish
head in bladder plica, vasa previa. Cesarean section
hysterectomy was performed with the Malagén Reyes
technique, as well as the Gala technique for bilateral
ligation of hypogastric arteries (Figs. 2-4). After veri-
fication of coagulation, temperature, bicarbonate, and
calcium in normal ranges, without evidence of bleed-
ing and no vasopressor infusion needed, the abdom-
inal wall was closed, leaving Penrose drainage. The
patient was admitted to the obstetric intensive care
unit for surveillance of high-risk surgical puerperium,
presenting favorable evolution (Table 1 that summa-
rizes biochemical evolution) with no bleeding greater
than usual, no needed vasopressor support nor
mechanical ventilation, then was discharged on the
3 day of puerperium to the obstetrics ward, dis-
charged home on the sixth postoperative day without
complications. Treatment received: Enoxaparin pro-
phylactically for 7 days, ceftriaxone 2 g/day for 7 days,
analgesic with tramadol for 3 days, then paracetamol
for 6 days. Obstetric outcome: Delivery by cesarean
section, with estimated bleeding of 2000 mL, product
of gestation with 36 weeks calculated by Capurro
2570 grams, feminine with Apgar 8/9, without neona-
tal neurological impact. The newborn was hospital-
ized for 2 days in intermediate care and subsequently
discharged without complications.
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Discussion

Placental acretism is a clinical entity that causes
major obstetric hemorrhage and is associated with
the need for massive transfusion'2. Moreover, there
is no evidence in accreta placentation that the EVT
is abnormally invasive or that villous tissue can
cross the uterine serosa into the pelvis®, however,
in the experience we have at HMPMPS, cases of
pathology have been documented that demonstrate
bladder involvement as well as myometrial incre-
tism. In the case presented it was not necessarily
massive transfusion as described in numerous
serial cases?”®, it was due to a planned surgery
achieved with an adequate evaluation of placental
invasion.

The usefulness of CT angiography in the study of
the spectrum of placenta accreta is not described in
medical literature, but it can be considered safe for
the fetus and mother®. No maternal or fetal renal
injury was documented, nor any type of adverse reac-
tion associated with the use of contrast dye during
the implementation of the aforementioned diagnostic
method.

Many techniques may be performed to treat the spec-
trum of placenta acreta’®', in our care unit, the
“Malagon-Reyes” technique is practiced with which
favorable results have been documented, as was the
case presented.

Considering the above, it is inferred that implement-
ing CT angiography as a complementary diagnostic
tool is very useful mainly to understand the invasive
vascular anatomical alterations that may occur, achiev-
ing the opportunity to plan a safe surgery for the mater-
nal-fetal binomial.

Conclusion

Currently, CT angiography is not recognized in the
literature as a diagnostic method for placental accre-
tism spectrum. However, it would be important to intro-
duce it as a complementary diagnostic means,
considering that it is safe for the mother and the fetus.
In this clinical case, it was shown that it facilitated the
planning of the surgical approach, allowed to under-
stand the depth of the placental invasion with greater
radiological and angiographic detail, achieving an
anticipation of bleeding and allowing a favorable evo-
lution in the patient. Regardless of the technique to be
used for the surgical approach, knowing in detail the
angiographic placental invasion is a transcendental

piece of information for the team that treats patients
with placental accretism spectrum.
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