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Abstract 

Introduction: Polycythemia affects 1 to 5% of newborns; it is associated with complications 

due to organic and systemic involvement in the newborn that can be preventable. This re-

search aimed to determine the prevalence of neonatal polycythemia and its associated fac-

tors in newborns in a public maternity service in the city of Cuenca-Ecuador. 

Methods: A cross-sectional study was carried out, including all newborns in the maternity 

service of the Vicente Corral Moscoso Hospital. The sample was probabilistic of 470 neonates 

and their mothers. To identify an association, we used X2, and to measure association inten-

sity, OR (95% CI) and P-value < 0.05. 

Results: Four-hundred-seventy cases were randomly entered into the study. A prevalence of 

12.8% was obtained. The 93% maternal residence was above 2000 meters above sea level. 

The associated factors were: low birth weight (OR 3.8; 95% CI: 1.9 - 7.5) P < 0.001, maternal 

pathology including diabetes (OR 2.6, 95% CI: 1.3 5.2) P = 0.013, pregnancy toxemia (OR 2.3; 

95% CI: 0.7 7.6) P = 0.134, and negative association with prematurity (OR 0.3; 95% CI: 0.07

1.2) P = 0.099. 

Conclusions: The prevalence of neonatal polycythemia is high and significantly associated 

with low birth weight and maternal pathology. 
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Introducction 
Neonatal polycythemia (NPc) is defined as a venous 

hematocrit equal to or greater than 65% [1-4].  

The increase in hematocrit in the neonate is due to 

three mechanisms: response to hypoxia, blood transfu-

sions, and hemoconcentration due to decreased plasma 

volume [3-5]. Associated factors can be either maternal 

or neonatal factors. 

Among the maternal factors, toxemia of pregnancy, 

placenta previa, advanced maternal age, severe heart 

disease, smoking mother, diabetes, and use of beta-

blockers drugs are described. 

The neonatal factors described are: dehydration, 

small-for-gestational-age neonate, post-term newborn, 

congenital adrenal hyperplasia, neonatal thyrotoxicosis, 

neonatal hypothyroidism, Chromopathies (Trisomy 13, 18 

and 21), delayed clamping of the umbilical cord, twin-

twin transfusion, maternal-fetal transfusion, oligohi-

dramnios, and Beckwith-Wiederman syndrome [6-9]. 

The prevalence of PCn is influenced by gestational 

age, birth weight and births in height (meters above sea 

level [masl]). It occurs in 2% to 4% of normal infants but 

rises to 10% to 15% in infants small for gestational age and 

6% to 8% in children considered large for gestational age. 

It occurs very rarely in premature infants with a gesta-

tional age less than 34 weeks [10-18]. 

Several epidemiology studies of NPc in the Andean 

zone and Latin America report prevalences lower than 

7% [6-9]. However, there are reports that come out of the 

regional casuistry possibly associated with altitude; for 

example, studies carried out in Tibet [10] and Bolivia [11] 

with prevalences of up to 83%. 

In Ecuador, at an altitude of 2560 masl (Cuenca-Az-

uay), a study carried out at the Vicente Corral Moscoso 

Hospital in 2017 reported the factors associated with pol-

ycythemia in low-birth-weight neonates: small-term 

newborns for gestational age and perinatal asphyxia [9]. 

Considering the height of the city of Cuenca-Ecuador of 

2560 masl, the hypothesis of this study established the 

prevalence of NPc greater than 10%, and the objective 

was to measure the associated factors. 

Population and methods 
Type of study 

The present investigation is transversal. 

Study area 

The study was carried out in the Maternity Service of the 

Vicente Corral Moscoso Regional Hospital of the Ministry 

of Public Health of Ecuador, Cuenca-Ecuador. The study 

began on May 1, 2018, and ended on May 31, 2019. 

Universe and sample 

The universe in the study period was made up of all new-

borns in the institution that consisted of 5150 births. The 

sample size calculation was probabilistic and was esti-

mated using a 95% confidence level with a type 1 error of 

5% and an absolute precision of 2%. The sample size was 

429 newborns, to which 10% was added due to eventual 

loss of information (n = 41), with a final estimate of 470 

newborns. The sampling was systematically randomized. 

For the sample calculation, EPIDAT 3.1 (Sergas, Santiago 

de Compostela, Spain) was used. 

Participants 

Neonates between 24 and 42 weeks of gestational age 

(GA) whose mothers had a medical history from the MSP 

and the Latin American Center for Perinatology (CLAP) 

were included. Cases in which the information was not 

complete in the clinical history or in the CLAP database 

and neonates with a malformation that produces poly-

cythemia, such as trisomy 13, 18 and 21, were excluded. 

Variables 

The dependent variable was NPc. The independent var-

iables were consolidated into two groups: maternal 

characteristics (age, residence, education, gestational 

age, pregnancy number, weight at the beginning and 

end of pregnancy, height, hemoglobin before and after 

20 weeks of gestation, ethnicity and maternal patholo-

gies) and neonatal characteristics (type of delivery, sex 

of the newborn, place of care, level of training of the per-

son who attended the delivery, time of delivery, single or 

twin product, Apgar at 1 and 5 minutes, weight, height,  

head circumference, lifetime at which the hematocrit 

was measured, and clinical signs of polycythemia). 

Procedures, techniques, and instruments. 

The data were collected from the medical records in a 

form designed exclusively for this purpose. The hemato-

crit measurement was carried out between 2 to 6 h of the 

life of the newborns (NB), simultaneously with the extrac-

tion of the sample to obtain toxoplasma and VDRL mark-
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ers, which are carried out as part of the institutional pro-

tocol. Therefore, no blood collection was performed out-

side of the established protocol. However, it is important 

to describe how the sample is taken and that residents  

are previously trained for this procedure. 

The newborn was taken to the procedure room where 

he was placed under a radiant heat bed at 36°C; a pe-

ripheral vein of the back of the hand or the crease of the 

elbow was punctured with a 20G hypodermic needle 

and collected in a microcapillary tube that was sealed 

with plasticine and centrifuged for 6 min at 13,000 rpm. 

The data was recorded according to the cartilage of the 

centrifuge. 

To guarantee the reliability of the information, post-

graduate residents and healthcare residents were 

trained on hematocrit measurement. 

Statistical analysis 

Once the information was collected, it was entered into a 

USA). Descriptive statistics based on frequencies and 

percentages were used for qualitative variables and 

quantitative measures of central tendency. The variables 

were previously dichotomized to perform the bivariate 

analysis, and 2 × 2 contingency tables were used, deter-

mining association using the X2 test. P-values  P < 0.05 

were considered significant. To measure risk, the using 

odds radio with a 95% CI was calculated. The results are 

presented in simple and double-entry tables. For the 

prevalence report, the confidence interval is used for a 

95% proportion. 

Results 
General characteristics of the mothers of the patients  

in the sample. 

Four-hundred-seventy patients entered the study; 60 

patients presented polycythemia at 12.77% (95% CI 12.63

12.91%). The prevailing age of the mothers was 18 to 35 

years. Most of them resided in the Andean zone and had 

secondary education. Among the morbidity presented in 

the group of mothers, pre-eclampsia, anemia, and uri-

nary tract infection were the most prevalent (2.9% each) 

(Table 1). 

Table 1 Clinical characteristics of the mothers 

 
Frecuencia (%) 

n=470 

Age 12 to 17 years 46 (9.7%) 

Age 18 to 35 years. 387 (82.3%) 

Age 36 years and over 37 (7.9%) 

Andean Residence 439 (93.4%) 

Coastal / Amazon residence 31 (6.6%) 

Preterm pregnancy 44 (9.4%) 

Term pregnancy 423 (90.0%) 

Post term pregnancy 3 (0.6%) 

No instruction 28 (6.0%) 

Primary education 138 (29.4%) 

Secondary education 286 (60.9%) 

Higher education 18 (3.8%) 

Preterm gestational age 44 (9.4%) 

Gestational age at term 423 (90.0%) 

Post-term gestational age 3 (0.6%) 

Under weight 55 (11.7%) 

Normal weight 372 (79.1%) 

Overweight 43 (9.1%) 

Preeclampsia   14 (2.9%) 

Anemia 14 (2.9%) 

Urinary tract infection 12 (2.5%) 

Diabetes 6 (1.2%) 

Obesity 4 (0.8%) 

Placental insertion disorders 2 (0.4%) 

Eclampsia 1 (0.2%) 

Heart disease 1 (0.2%) 

HELLP syndrome 1 (0.2%) 

HELLP: Hemolysis & elevated liver enzymes & Low platelets 

Characteristics of newborns 

Half (50%) were eutocic deliveries. The distribution by sex 

was similar. The delivery was attended in 97% by treating 

physician and resident, the timely clamping of the umbil-

ical cord and normal nutritional status prevailed (Table 

2). 

By area of residence, in relation to a height above sea 

level, Table 3 shows that 93% of maternal lives reside 

more than 2000 masl and that of the 60 cases of polycy-

themia, 88% of them (n = 53) belongs to this area. The 

difference is significant. In 55.5% of the 60 newborns with 

polycythemia, it was asymptomatic; in the remaining 

45.1% (n = 27), there were symptoms. Hypoglycemia and 

plethora were the most significant (Table 3). 

The factors associated with the presence of polycy-

themia were, in order: low birth weight, maternal pathol-

ogy including diabetes, toxemia of pregnancy, and is an 

elderly mother. The association was significant with the 

first two factors but not with toxemia of pregnancy or be-

ing an elderly mother. None of the diabetic mothers had 

neonates with polycythemia (Table 4). 
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Discussion 
The prevalence of polycythemia found in this research 

is high relative to the literature; from the medical point of 

view, altitude refers to hypoxia, due to a decrease in the 

concentration of oxygen in the atmosphere, in the places 

located by above 2000 masl [10, 11]. 

One explanation might be found in the fact that 93% 

of the mothers of the study population reside in Andean 

areas at altitudes above 2000 masl. In fact, 88% of neo-

nates with polycythemia belong to this area. Some stud-

ies suggest that living at height leads to adaptation [19-

22]. Therefore, polycythemia could be a condition found 

in the neonate. A study carried out in Peru reported an 

incidence of 9.05% of polycythemia in the neonates of 

mothers living in areas greater than 3000 masl [21], while 

at sea level, the reported incidences of polycythemia and 

hyperviscosity were 1% to 2%, respectively, and at 430 

masl it was 5% [22]. In this study, low birth weight, mater-

nal pathology, and being an elderly mother were identi-

fied as associated factors, while prematurity behaved as 

a protective factor. 

Low birth weight in the present investigation consti-

tutes a risk factor for polycythemia, which coincides with 

that previously reported in this institution, where a posi-

tive association was found (OR 3.6 IC2.44 5.50 P< 0.001) 

[9]. Theoretically, this finding is justified since an associa-

tion between lower fetal weight and the intensity of uter-

ine hypoxia has been demonstrated, although there are 

reports that do not identify low birth weight as a risk fac-

tor (OR 499, 95% CI 0.168 1.478; P= 0.204) [23], which 

would suggest that this factor alone is insufficient to 

cause polycythemia. 

Maternal pathology is also identified as a factor as-

sociated with polycythemia, with eclampsia (OR 8.2; 95% 

CI 3.7 17.5), pre-eclampsia (OR 2.8; 95% CI 2.1 3.8), and 

diabetes (OR 2.8; 95% CI: 2.1 3.7) the most frequently as-

sociated factors. It seems that the common factor of ar-

terial hypertension present in the mother is clearly condi-

tioning the presence of intrauterine hypoxia [24-26]. 

Maternal age has been a controversial factor; in isolated 

reports, it is a risk factor, and in others, it is not. However, 

age determines obstetric risk and is associated with pa-

thologies, such as hypertension and diabetes, so it is nec-

essary to carry out new studies to confidently establish 

this relationship. 

Table 2 Clinical characteristics of the study group. 

 
Frequency (%) 

n=470 

Eutocic delivery 235 (50.0%) 

Dystocic delivery 136 (28.9%) 

Cesarean surgery 99 (21.1%) 

Female 239 (50.9%) 

Male 231 (49.1%) 

Specialist (health care) 265 (56.4%) 

Resident (health care) 193 (41.1%) 

Medicine intern (health care) 11 (2.3%) 

Timely cord clamping 445 (94.7%) 

Delayed cord clamping 25 (5.3%) 

Normal Apgar at 1st and 5th minute 470 (100%) 

Low weight 46 (9.8%) 

Normal weight 416 (88.5%) 

High Weight (Macrosomia) 8 (1.7%) 

Size from 41 to 49.9 cm 271 (57.7%) 

Size 50 to 54 cm 199 (42.3%) 

Head circumference 31 to 34.9 cm 279 (59.4%) 

Head circumference  35 cm 191 (40.6%) 

Less than 2 hours of life, in measurement 259 (55.1%) 

3 to 4 hours of life, in measurement 123 (26.2%) 

5 to 6 hours of life, in measurement 88 (18.7%) 

 

Table 3 Polycythemia by area of residence. 

 
W/Pc 
n=60 

Wo/Pc 
N=410 

>2000 masl 53 (88.3%) 385 (93.9%) 

<2000 masl 7 (11.7%) 25 (6.15) 

Clinical manifestations 

Hypoglycemia 12 (20.0%) 0 

Plethora 12 (20.0%) 0 

Respiratory distress 1 (1.7%) 1 (0.2%) 

Jaundice 1 (1.7%) 0 

Irritability 1 (1.7%) 0 

masl: meters above sea level. W/Pc: With Polycythemia. Wo/Pc: 

Without polycythemia. 

 

Table 4 Clinical Characteristics of the Patients-Bivariate Analysis. 

Variables  Group W/Pc 
Casos  
n=60 

Group Wo/Pc 
Control 

n=410 

OR  IC P 
Low birth weight 15 (25.0%) 33 (8.0%) 3.80 1.9 7.5 <0.001 

Maternal pathology (includes diabetes) 13 (21.7%) 39 (9.5%) 2.60 1.3 5.2 0.013 

Toxemia of pregnancy 4 (6.7%) 12 (2.9%) 2.34 0.7 7.6 0.134 

Maternal Age (elderly vs non-elderly mother) 8 (13.3%) 29 (7.13%) 2.02 0.8 4.6 0.083 

Prematurity 2 (3.4%) 42 (10.3%) 0.3 0.07 1.2 0.099 

OR: odds ratio. W/Pc: With Polycythemia. Wo/Pc: Without polycythemia. 
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Regarding gestational age, prematurity was not a 

statistically significant factor to constitute a protective 

factor, which agrees with other studies carried out in 

Paraguay in 2010 reporting that a prevalence in prem-

ature infants (22%) with a negative but not statistically 

significant association (OR 0.8, P = 0.18) [27]. 

Finally, assuming the limitations inherent to cross-

sectional studies, these arguments have the character 

of approximations without prejudice. They can be in-

corporated as data that guide future investigations. 

Conclusions 
Neonatal polycythemia is a highly prevalent disease in 

Cuenca-Ecuador (12.7%); low birth weight and mater-

nal pathology, including diabetes, were presented as 

an associated factor. 

Abbreviations 
OR: Odds ratio. masl: meters above sea level. W/Pc: With Polycythemia .  

Wo/Pc: Without polycythemia. NPc: Neonatal polycythemia. NB: Newborn. 
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Abstract 

Introduction: Healthcare-associated infections (HAI) are communicable infections that occur 

after 48 hours of hospitalization without being present at the time of admission. The aim of 

the present study was to determine the prevalence and risk factors for HAI in pediatric 

settings. 

Methods: The present cross-sectional and analytical study was conducted in the pediatric 

area and pediatric intensive care unit (PICU) of the Vicente Corral Moscoso Hospital in 

Cuenca, Ecuador from May 2018-October 2019. Children aged 29 days to 16 years were 

included in a probabilistic sample. The observed variables were the presence of HAI, age, 

nutritional status, admission diagnosis, days of hospitalization, use of mechanical ventilation, 

use of catheters, hospitalization site, isolated germs, and antibiotic resistance. Descriptive  

statistics and the prevalence ratio (PR) are reported. 

Results: There were 385 cases with 212 males (55.1%). The most prevalent age group was 

infants (31.4%). The prevalence of HAI was 13.5% (95% CI 13.33-13.68%). The main HAI was sepsis 

(40.4%) followed by pneumonia (36.5%). For the other variables, the PR was as follows: age 

<24 months PR 2.55 (95% CI 1.5-4.2, P <0.001), malnutrition PR 4.07 (95% CI 2.5-6.6, P <0.001), 

hospitalization >14 days PR 32.0 (95% CI 16.6-61.6, P <0.001), and central venous catheter PR 

16.6 (95% CI 8.7-32.2, P <0.001). 

Conclusions: There is a prevalence of HAI was higher than 10% and was associated with 

factors such as longer hospital stays, malnutrition, and the use of invasive devices. 

Key words: Cross Infection; Pediatrics; Pediatric Intensive Care Unit; Risk Factors; 

malnutrition. 
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Introduction 
Healthcare-associated infections (HAI) are defined as: 

treatment in a hospital or other health center that he 

did not have or was incubating at the time of 

Disease Control and Prevention) [1]. 

All patients, regardless of their age, are exposed to 

the risk of acquiring an HAI at the time of their 

hospitalization; however, children are the most 

susceptible due to their degree of immunological 

immaturity having little or no previous experience with 

microorganisms or pathologies. Within the pediatric  

population, the newborn is the most vulnerable, due to 

immune deficiency inversely proportional to 

gestational age, followed by infants (2-24 months),  

with an average incidence of 25/100 hospital 

discharges. The normal production of antibodies and 

the maintenance of the immune response are 

influenced by the nutritional status of the patients. It is 

a main factor within the protective mechanisms; 

however, even when immune status is preserved, it is 

likely that the risk of in-hospital exposure is significant. 

The reason for hospitalization corresponds to another 

determining factor, especially when patients present 

underlying diseases, congenital malformations, or 

pathologies that require interventions or the use of 

invasive devices, which in turn determines the 

prolongation of the length of the hospital stay and 

greater contact with health personnel and medical 

teams [2]. The areas with the greatest risk for 

developing HAI are pediatric intensive care units  

(PICU) and neonatal intensive care units (NICU). These 

are units that treat patients with severe neutropenia or 

hemato-oncological diseases, and those patients  

requiring post-surgical care or invasive diagnostic  

methods or treatments. Given this information, various 

basic HAI control programs have been developed, 

such as hand washing, use of disinfectants, control of 

sterile equipment and physical areas, prevention of 

infections of health personnel, and the surveillance of 

specific aspects including the use of antibiotics, 

vascular access control, post-surgical infection control, 

infectious-contagious waste management, food 

control, among others [3]. The success of any program 

will depend on the commitment of the members of the 

health team to conduct their daily activities with the 

aim of improving the quality of care for patients and 

reducing the risk of contamination to which they are 

exposed [4]. The following question arises from the 

previous approach: Is the prevalence of HAI in the 

Pediatric Service and Pediatric Intensive Care Unit of 

the Vicente Corral Moscoso Hospital greater than 10% 

and is it positively associated with factors such as age 

(i.e., infants 2-24 months), nutritional status, admission 

diagnosis, days of hospitalization, surgeries  

performed, use of mechanical ventilation, invasive 

devices (central venous catheter, arterial line, urinary 

catheter) and the place of hospitalization? Therefore, 

the following observational study was proposed to 

answer these questions. 

Population and methods 
Study design 

Cross-sectional and analytical study. 

Stage 

It was conducted from May 2018-October 2019 in the 

Pediatrics area and Pediatric Intensive Care Unit of the 

Vicente Corral Moscoso Hospital in Cuenca, Ecuador. 

Participants 

The selected sample consisted of all patients admitted 

to the Pediatric Service and Pediatric Intensive Care 

Unit of the institution, with ages ranging from 29 days 

of life to 15 years 11 months 29 days. 

Sample calculation 

The sample calculation was performed with the 

EpiInfo program version 7.0 (CDC, Atlanta, Georgia, 

USA), and the following information was considered: 

sample population (total patient admissions expected 

during the period May 2018 to October 2019): 3,935 

patients, with an expected frequency of 50%, an error 

of 5%, and a confidence index of 95% The calculated 

sample was 350 patients. 10% was added due to losses, 

and a total sample (n) of 385 patients was obtained. 

The sample was chosen in a simple random method 

with the "Random Number Generator" program. 

https://www.augeweb.com/azar/ 

Variables 

Dependent: nosocomial infection. Independent: age, 

nutritional status, admission diagnosis, days of 
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hospitalization, surgeries performed, use of 

mechanical ventilation, catheters, and the place of 

hospitalization (general ward, Intermediate Care, 

Isolation or Pediatric Intensive Care). Descriptive: 

isolated bacteria, type of culture, sensitivity, and 

antibiotic resistance. 

Data/Measurement sources 

The data were collected by the researcher who 

observed the patient's clinical history in the pediatric  

services and PICU and recorded it in the data 

collection form prepared by the author. Nutritional 

status was classified according to the WHO guidelines . 

The weight/age curve was used. The definition of 

nosocomial infection and its classification was based 

on the criteria of the Centers for Disease Control (CDC) 

and National Nosocomial Infection Surveillance 

(NNIS), which is used as a protocol for in-service 

diagnosis. 

Control of sources of bias 

Patients with incomplete medical history or data were 

excluded. 

Statistical analysis 

The quantitative variables in scale are presented with 

means and standard deviation. Nominal quantitative 

variables are presented with frequency and 

percentage. The data were coded and entered into a 

database in the SPSS program, version 15.0 (IBM, 

Chicago, USA). 

Results 
Participants  

The target population was a total of 3,935 patients, of 

which 385 cases were selected in a simple random 

manner. 

Characteristics of the studied population 

There were 385 cases with 212 males (55.1%). The most 

prevalent age was infants with 31.4%. Most of the 

patients had a normal nutritional status (See Table 1),  

approximately 20% of the cases presented 

malnutrition. 264 cases (68.6%) had a hospital stay of 

less than 7 days in the general ward (see Table 1). 

20.8% of the admissions to the pediatric service were 

for traumatic causes. Also, a significant percentage of 

patients presented with pneumological,  

gastroenterological, endocrine, metabolic, and 

cardiological conditions. 9.9% of patients used a 

central venous catheter and almost 40% underwent 

some type of surgical intervention (see Table 2). 

Main results 

We found that the total prevalence of HAI was 13.5% 

(95% CI 13.33-13.68%). The main HAI diagnosed in the 

pediatric setting was sepsis (40.4%), followed by 

pneumonia (36.5%), surgical wound infection (17.3%), 

and urinary tract infection (5.8%). 

51 blood cultures were carried out, the most frequent 

group of bacteria were gram negative. In the 13 

cultures of purulent secretion, gram-negative bacteria 

were isolated in 71.4%. In the 33 urine cultures, 69.7%. 

were negative. Yeasts and hyphae were observed in 

23.5% (See Table 3). 

7 cultures of other secretions were performed, such 

as catheter tips, probe tips, and tracheal aspirate. 

Again, the main isolated group was gram-negative 

bacilli, 57.1% (Table 3). 

Table 1 Sex, age, nutritional status, days of hospitalization. 
 Variable Frequency n=385 Percentage (%) 

Sexo 

Female 173 44.9% 

Male 212 55.1% 

Age 

Infant 121 31.4% 

Preschool 79 20.5% 

School 98 25.5% 

Teenagers 87 22.6% 

Nutritional condition 

Malnourished 76 19.7% 

Eutrophic 287 74.5% 

Overweight 22 5.7% 

Days of hospitalization 

Up to 7 days 264 68.6% 

8 to 14 days 71 18.4% 

15 to 21 days 28 7.3% 

22 to 28 days 3 0.8% 

> 28 days 19 4.9% 

Place of hospitalization 

General room 318 82.6% 

Isolation room 28 7.3% 

Intermediate care 17 4.4% 

PICU 22 5.7% 

PICU: pediatric intensive care unit 
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Gram-positive cocci exhibited high resistance to 

penicillins (69.2%), when combined with beta-

lactamase inhibitors (BLI) this decreased (15.4%). With 

gram-negative cocci, there was complete resistance 

to penicillin (100.0%), when combined with IBL it was 

lower (66.7%). The gram-negative bacilli were the 

most frequently reported group of bacteria in the 

different cultures (23 in total). High resistance to 

cephalosporins (56.5%), aminoglycosides (30.4%), and 

quinolones (26.1%) was observed (See Table 3). 

Associated factors 

We found a positive association between nosocomial 

infection and the variables of age (infants),  

malnutrition, intensive care, and hospitalization longer 

than 14 days. We also observed an association 

between nosocomial sepsis and the use of central 

venous catheter and arterial line with a prevalence 

ratio and confidence interval (CI 95%) greater than 1 

and P value less than 0.05 (See Table 4). 

Discussion 
Currently, HAIs are an major cause of morbidity and 

mortality in hospitalized pediatric patients. The present 

study was conducted in a randomly selected sample 

of 385 patients. We report a prevalence of HAI of 13.5% 

(N = 52) in our setting. There are no studies on these 

data in the pediatric population. While national reports 

present a prevalence of 26.2%, in other countries in the 

region, such as Chile, the Ministry of Public Health 

published a global incidence of 10% and in Paraguay, 

prevalences between 7% and 11% are reported [5]. In 

Mexico, in a cross-sectional study in 2014, a prevalence 

of 9.2% was published [6]. 

Thus, there is a wide range in the prevalence, which 

is why reference studies constitute global statistics. For 

example, the WHO, in a study of 55 hospitals from 14 

countries representing 4 regions (Europe, the Eastern 

Mediterranean, Southeast Asia and the Western 

Pacific), showed an average 8.7% prevalence of HAI 

[7]. In this regard, we must consider that due to 

preventive protocols and the surveillance of health 

systems, the worldwide figure has tended to decrease 

in recent years. For example, a study conducted in our 

institution in 2010, reported that the prevalence of HAI 

in all settings was 19.8% [8]. Currently, it is 13.5%, 

although this prevalence is 4.8% higher than the world 

prevalence. 

Table 2 Diagnostics, procedures and cultures. 
Frequency n=385 Percentage 

Admission diagnosis 

Infectious diseases 104 27.00% 

Traumatic injuries 80 20.80% 

Acute abdomen 49 12.70% 

Diseases of the digestive system 37 9.60% 

Planned surgery 31 8.10% 

Nervous system diseases 28 7.30% 

Diseases of the respiratory system 16 4.20% 

Endocrine, nutritional, metabolic 

diseases 

15 3.90% 

Congenital malformations and 

chromosomal abnormalities 

8 2.10% 

Tumors and neoplasms 6 1.60% 

Mental and behavioral disorders 6 1.60% 

Diseases of the blood and 

hematopoietic organs 

5 1.30% 

Invasive medical procedures 

Surgeries 153 39.70% 

Mechanic ventilation 24 6.20% 

Urinary catheter 21 5.50% 

Central venous 38 9.90% 

Arterial line 16 4.20% 

Blood cultures n=51 

Negative 20 39.20% 

Gram positive cocci 11 21.60% 

Gram negative cocci 4 7.80% 

Gram positive bacilli 3 5.90% 

Gram negative bacilli 13 25.50% 

Secretion culture n=14 

Negative 1 7.10% 

Gram positive cocci 2 14.30% 

Gram negative cocci 2 14.30% 

Gram positive bacilli 1 7.10% 

Gram negative bacilli 8 57.10% 

This fact could be explained by the higher number 

of patients who undergo invasive medical procedures, 

and more complex entities typical of a specialty 

hospital of reference in the region. Regarding the type 

of infection, the most frequent was sepsis (40.4%) 

followed by pneumonia (35%). These data are similar 

to the global reference in which these two infections 

are reported as the top two infections with 33% and 

19%, respectively [7].  

In the present investigation, infants were the group 

at the highest risk in relation to their degree of 

immunological immaturity and little or no previous 

experience with some microorganisms. This is 
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corroborated in other studies. For example, in a 

prospective study carried out in 2003 in Brazil, there 

was an association of HAIs with this age group with a 

PR of 9.7 (95% CI 5.75-16.43) [2, 4]. Likewise, the Study 

of Prevalence of HAIs in Spain (EPINE) in 2018, reported 

a PR of 3.67 (95% CI 3.09-4.25) [9]. Malnutrition 

increases the risk of presenting HAI by 4 times, 

suggesting that adequate nutritional status is 

responsible for optimal immune response and 

corresponds to a protective mechanism for the host 

against infections and other diseases. This relationship 

could not be statistically confirmed. For example, 

studies carried out in Mexico describe a PR of 1.6 (95% 

CI 0.90-2.85) [10]. 

It has been determined that being admitted to an 

intensive care unit increases the risk of HAI, a 

phenomenon that can be explained by the high 

complexity of the patients hospitalized here, as well as 

the amount and type of invasive procedures to which 

they are subjected. 

A prospective study conducted in 20 pediatric  

hospitals in 8 European countries describes the 

prevalence of HAI in Intensive Care Units as 24%, while 

in patients hospitalized in the general ward it was 2.6% 

[11]. Similarly, when hospitalization is longer than 14 

days, there is a strong association since the time of 

exposure to contact with health equipment and 

medical devices increases. In this same study, there 

was a difference in the number of days of 

hospitalization of patients who developed HAI and 

those who did not. In this case, in Intensive Care it was 

17.3-26.1 days versus 6-10.6 days and in the general 

ward it was 3.5-9.2 days versus 2.8-4.2 days [11]. 

Among invasive devices, the association with 

nosocomial sepsis was observed with the use of a 

central venous catheter and an arterial line. Similarly,  

in the EPINE-2018 study, they report the use of a central 

venous catheter with a PR of 21.6 (95% CI 20.6-22.6) 

and arterial line with a PR of 3.9 (95% CI 3.7-4.1). 

Likewise, the EPINE-2018 study determined that the use 

of a urinary catheter is a risk factor for nosocomial 

urinary infection with a PR of 14.12 (95% CI 13.48-14.76) 

and mechanical ventilation for nosocomial 

pneumonia with a PR of 29.59 (95% CI 27.16-32.01). In 

the present study, no statistically significant association 

was found with the use of urinary catheter and 

mechanical ventilation. 

.

Table 3 Antibiogram results 
 Gram Positive Cocci  

(n=13) 

Gram Negative Cocci 

(n=6) 

Gram Positive Bacilli 

(n=5) 

Bacilos Gram Negativos 

(n=23) 

Sensitive Resistant Sensitive Resistant Sensitive Resistant Sensitive Resistant 

Beta-lactams 30.8% 69.2% 0% 100% 0% 100% 0% 100% 

Beta-lactams + BLI 84.6% 15.4% 33.3% 66.7% 20% 80% 8.7% 91.3% 

Cephalosporins 100% 0% 83.3% 16.7% 60% 40% 43.5% 56.5% 

Carbapenem 100% 0% 100% 0% 100% 0% 91.3% 8.7% 

Macrolides 100hu% 0% 100% 0% 100% 0% 91.3% 8.7% 

Aminoglycoside 100.00% 0.00% 100.00% 0.00% 80.00% 20.00% 69.60% 30.40% 

Quinolones 100.00% 0.00% 85.70% 14.30% 100.00% 0% 73.90% 26.10% 

BLI: beta-lactamase inhibitors 

Table 4 Bivariate analysis of factors associated with HAIs 
 Healthcare Associated Infections    

Variable(s) 
Present Absent 

PR CI 95% P 
F=52 % F=333 % 

Age (< 24 months) 28 53.85% 93 27.93% 2.55 1.54-4.20 <0.0001 

Malnutrition 26 50.00% 50 15.01% 4.07 2.51-6.59 <0.0001 

Hospitalization greater than 14 days 43 82.60% 7 2.10% 32.01 16.64-61.57 <0.0001 

Need for intensive care 15 28.85% 7 2.10% 6.69 4.40-10.16 <0.0001 

Surgery 17 32.69% 136 40.84% 0.74 0.43-1.27 0.70 

Central venous catheter 15 28.85% 23 6.91% 22.17 9.83-50.05 <0.0001 

Arterial line 8 15.38% 8 2.40% 16.47 8.70-31.20 <0.0001 

Mechanic ventilation 3 5.77% 21 6.31% 2.82 0.88-9.01 0.077 

PR: Pevalence ratio. CI: confidence interval 
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It is important to emphasize the high antibiotic  

resistance found in this study. The limitation of this  

study is that the origin of the data (medical history) 

was the main source. 

Conclusions 
The prevalence of HAI was 13.5%; the age group at the 

greatest risk was infants. The main associated factors 

were malnutrition, days of hospitalization (> 14 days),  

admission to the Intensive Care Unit, and the use of a 

central venous catheter and arterial line. The 

predominant type of infection was nosocomial sepsis 

and the group of bacteria that was isolated most 

frequently were gram-negative bacilli followed by 

gram-positive cocci. 

Abbreviations 
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Nosocomial Infection Surveillance. WHO: World Health Organization. PR: 
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Abstract 

Introduction: Advances in the management and survival of severe pediatric disease have led 

to an increase in thromboembolic phenomena, given the frequent need for cent ral venous 

catheters (CVC). The present study describes the conditions in which venous thrombosis oc-

curs in pediatric patients with CVC in a public referral center in Guayaquil.  

Methods: This is an observational, cross-sectional study with the objective of identifying fac-

tors that are associated with the development of venous thrombosis in patients with CVC ad-

mitted to the Intensive Care Unit. Information was collected in a pre-designed chart of all 

patients with CVC for more than 7 days. A venous Doppler ultrasound was performed to de-

termine the presence or absence of thrombi. Descriptive statistics were used for univariate 

analysis and Odds Ratio was used for the bivariate analysis. 

Results: 35 patients were included in the study, 14/35 (40%) young infants, 24/35 males (69%), 

19 cases (54%) with malnutrition, 10 cases (29%) with congenital heart disease, and 18 cases 

(51%) admitted for infections. The puncture site was femoral in 11 cases (31%), the procedure 

was performed by the fellow in 20 cases (57%), on a scheduled basis in 27 cases (77%), and 

performed in a single attempt in 28 cases (80%). The tip of the catheter was located in the 

superior vena cava in 23 cases (66%). The prevalence of thrombosis was 14% (95% CI 12.33-

16.25). Bivariate analysis showed that none of the variables were associated with the pre-

sence of CVC thrombosis. 

Conclusions: 14% of patients with CVC use for more than 7 days develop secondary venous 

thrombosis. The factors associated with CVC including nutritional status and related proce-

dures could not be determined. 

Key words: Hospitalization, Child/ Catheter-Related Infections; Catheters, Catheter Obs-

truction 
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Una parte es 

Introduction 
Thromboembolic phenomena are rare in pediatrics; 

however, advances in the management and survival 

of severe pediatric disease have led to an increase in 

thromboembolic phenomena, given the frequent need 

for central venous catheters (CVC) and the presence of 

other factors that can alter haemostasis [1]. 

One of the key points in the comprehensive man-

agement of critically ill patients is the need for a safe 

venous line due to the complexity of the treatment [2]. 

Critically ill patients usually receive multiple intrave-

nous solutions simultaneously (crystalloids, colloids, in-

otropics, antibiotics, blood products, parenteral nutri-

tion, and chemotherapy) in addition to requiring he-

modynamic monitoring. Hence, central venous cathe-

ters (subclavian, jugular, femoral) are inserted in all 

patients admitted to a PICU, which is not without risks. 

Infectious complications associated with CVC are the 

main risks; however, CVC-associated thrombosis rep-

resents an undesirable event that can complicate the 

treatment of patients, which is why it is important to 

identify the main associated risk factors in the patient 

population to establish prophylactic measures in a 

timely manner. 

The evaluation of thromboembolic risk is essential 

in patients admitted to the hospital since based on this  

evaluation, the best thromboprophylactic approach 

will be implemented and adapted to the clinical setting 

and characteristics of each patient [3]. Thrombosis in 

children is rare compared to its prevalence in adults,  

but it is increasingly recognized and associated with 

serious consequences. Its incidence has increased in 

recent years due to improved medical care and the 

frequent need for central venous catheters that allow 

the survival of children with diseases such as cancer 

and congenital heart disease, as well as their early di-

agnosis and detection [4]. 

Central venous accesses are widely used during the 

treatment of patients with various diseases since 1952 

when Aubaniac described the cannulation of a central 

vein, the subclavian. Currently, they constitute a com-

mon procedure in Pediatric Intensive Care Units (PICU) 

[5]. Regarding the incidence of thrombosis, it is highly 

variable, from 0.6% to 50% depending on whether 

symptomatic thromboses are detected or an active 

search is carried out with radiological methods. Thus, 

Becket al., [6] in a study carried out in a PICU, reported 

a rate of 18% of catheters after conducting an active 

search and recently, Karapinar and Cura report a 2.2% 

incidence of thrombosis with implanted catheters in 

critically ill children [5]. 

Our objective was to conduct a descriptive study of 

the variables that are associated with the develop-

ment of venous thrombosis in pediatric patients with a 

central venous catheter admitted to the PICU of a pub-

lic referral hospital in Guayas, Ecuador. 

Population and methods 
Study design 

The design is an observational, descriptive, cross-sec-

tional study. 

Setting  

The study was carried out in the Intensive Care Unit of 

the Roberto Gilbert Elizalde Children's Hospital of the 

Board of Charity of Guayaquil, Guayas, Ecuador. The 

study period was from September 1, 2018 to February 

28, 2019. The field period was considered the exposure 

time. Data collection was completed on March 30, 

2019. 

Participants 

The sample or reference population was patients hos-

pitalized at the institution. The sample consisted of the 

total num-ber of patients admitted to the PICU in 

whom a central venous catheter was used for a period 

greater than or equal to 7 days. Patients with hemo-

dynamic instability (use of amines) and patients with 

high-frequency mechanical ventilation were excluded.  

Variables 

The descriptive demographic variables were age, 

weight, and sex. The clinical variables were comorbid-

ities, and cause of hospitalization. The descriptive var-

iables were related to the use of the central intrave-

nous device including the ana-tomical puncture site, 

number of catheter lumens, type of catheterization, 

personnel who placed it, number of attempts, CVC 

permanence time, complications, and reason for CVC 

removal. 
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Data sources/ measurement  

A survey was conducted with direct observation and 

consultation of the clinical record as the primary data 

source. The data were compiled in an electronic sheet . 

Bias 

Medical records with incomplete data were excluded, 

so the imputation of lost or excluded data was 

avoided. 

Study size 

The sample was non-probabilistic, in which all poten-

tially eligible cases from the Pediatric Hospital were in-

cluded. 

Management of quantitative variables 

The quantitative variables are presented in scale with 

means and standard deviation. Nominal quantitative 

variables are presented as frequency and percent-

ages. 

Statistical Methods 

Descriptive statistics were used. The confidence inter-

val for proportions was used to describe prevalence. 

The statistical package was SPSS® (IBM Corp, Re-

leased 2013. Windows, Version 22.0. Armonk, NY, USA). 

A univariate analysis was performed with measures of 

central tendency. The bivariate analysis was used with 

the dependent variable as the presence or absence of 

CVC thrombosis and the independent variables of the 

procedure and nutritional. The Odds Ratio and its con-

fidence interval are reported with the P value. 

Results 
Participants  

The number of patients potentially participating in the 

study was 50 cases, of which only 35 were eligible by 

meeting the established inclusion criteria. 

Participant characteristics 

14/35 (40%) of the cases were infants under 1-year, 

9/35 cases (26%) were preschool from 1 year to 4 years  

old, 6/35 cases (17%) were schoolchildren from 5 to 11 

years, and 6/35 cases (17%) were adolescents 12 years  

and over. There were 24/35 males (69%) and 11/35 fe-

males (31%). Males were the most prevalent with 24 

cases (69%). 54% of the patients presented malnutrition 

(see Table 1). 

Of the total of the investigated patients, children 

who had the central venous catheter for the longest 

period of time were those with congenital heart dis-

ease (29%), followed in frequency by children without 

any comorbidity. There was a lower percentage of pa-

tients with a history of previous surgeries, congenital 

malformations, or other comorbidities (9% each). 

There was also a lower percentage of patients with 

epilepsy and autoimmune disease (6%). 

The main cause of hospitalization of the children in 

the sample was due to an infectious disease (51% of the 

cases), followed by a cardiological cause in 20%, fre-

quently followed by other causes of hospitalization not 

included in Table 1, such as neurological diseases, and 

hematological disorders (11%). A lower percentage 

were patients admitted for surgery (9%), trauma, neo-

plasms, or metabolic diseases (3% each). 

Table 1 General descriptions of the research group 

 
Frequency 

n=35  % 

Age 

Infant (less than 1 year) 14 40% 

Preschool (1-4 years) 9 26% 

School (5 - 11 years) 6 17% 

Adolescent (over 12 years old) 6 17% 

Sexo 

Male 24 69% 

Female 11 31% 

Nutritional condition 

With malnutrition 19 54% 

Normal 16 46% 

Comorbidities 

None 9 26% 

Previous surgery 5 14% 

Congenital heart disease 10 29% 

Congenital malformation 3 9% 

Epilepsy 2 6% 

Autoimmune disease 2 6% 
Hypercoagulability (inherited thrombophi-
lias) 1 3% 

Other 3 9% 

Main cause of hospitalization 

Infection 18 51% 

Heart disease 7 20% 

Surgery 3 9% 

Neoplasia 1 3% 

Trauma 1 3% 

Metabolic disease 1 3% 

Other  4 11% 

Characteristics of the procedures 

The main location of the CVC was the subclavian vein 

in 43% followed by the femoral vein in 31% and the jug-

ular vein in 26%. This corresponds to a location of the 
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tip of the catheter at the level of the superior vena cava 

in 66% of cases and at the level of the inferior vena 

cava in 34%. 86% of the investigated patients had a bi-

lumen central venous catheter. 57% of the central ve-

nous catheters were placed by the PICU postgraduate 

doctor, the surgery resident (34%), or the inten-sivist 

physician (9%). 80% of patients who had a central ve-

nous catheter were punctured once at the time of 

placement, 17% were punctured twice, and to a lesser 

extent, 3% received more than three punctures. The 

main cause of the removal of the central venous cath-

eter was due to termination of treatment in 54% of 

cases, 26% withdrew due to suspected infection, 14% 

due to the presence of thrombi, and 3% due to dis-

charge (see Table 2). 

Main results 

The prevalence of CVC-associated thrombosis was 

14.29% (5 cases) (95% CI 12.33-16.25): 4 preschool and 1 

infant; 3 males and 2 females; 3 children with ade-

quate nutritional status. Two of the children had a his-

tory of congenital heart disease, 1 had hypercoagubil-

ity disorder and 2 had no associated comorbidity. In 2 

cases, the main cause of hospitalization was due to in-

fection and 2 cases due to decompensation of heart 

disease, 1 debuted with supraventricular tachycardia. 

The thrombus localization sites were the femoral 

and subclavian level in 2 cases, respectively, and 1 lo-

cated at the jugular level. All venous catheters were bi-

lumen, placed by the intensivist fellow in 3 cases, 1 by 

surgery, and 1 by an intensivist physician. 3 central ve-

nous catheters were scheduled, 2 were placed ur-

gently, all with a single puncture at the time of the pro-

cedure. All 5 catheters were removed after identifica-

tion of the thrombus. 

Bivariate analysis 

None of the variables were statistically associated with 

a risk for the presence of thrombosis (See Table 3). 

Discussion 
The total number of children in whom central venous 

catheter-associated thrombosis was diagnosed was 

14%, a result that differs from those reported at the re-

gional level, which range from 22% to 34.1% [6, 7]. In Eu-

rope, the frequency is 1.18% [5]. Thrombosis occurred 

more frequently in preschool children, which differs  

from previous publications that re-port a higher risk in 

children under 1 year and over 12 years [1]. The pre-

dominant sex was male (n = 3) but this was not statis-

tically significant, which is in agreement with studies  

that established that sex was not related to the pres-

ence of CVC thrombosis [8]. 

Adequate nutritional status or malnutrition was not 

associated with a higher prevalence of thrombosis; 

however, in a study published in Spain, thrombosis oc-

curred more frequently in children of lower weight [9]. 

In relation to comorbidi-ties, children with CVC-

associated thrombosis had underlying congenital 

heart disease (n = 2), hypercoagubility disor-der (n = 

1), or no present comorbidities (n = 2). None of these 

factors were associated with a higher prevalence of 

CVC thrombosis, although some reports have identi-

fied congenital heart disease and hypercoagubility 

states as risk factors [1]. 

Table 2 Características del procedimiento 
 Frequency n=35 % 

Anatomical location of the CVC 

Femoral 11 31 

Subclavian 15 43 

Jugular 9 26 

Number of CVC lumens 

Bilumen 30 86 

Monolumen 5 14 

Personnel performing the procedure 

Intensive Fellow 20 57 

Surgeon 12 34 

Intensivist 3 9 

Catheterization type 

Scheduled  27 77 

Urgent 7 20 

Rechanneling  1 3 

Number of attemps 

One 28 80 

Two 6 17 

Three o más 1 3 

Catheter tip location 

Superior Vena Cava 23 66 

Inferior Vena Cava 12 34 

Reason for CVC withdrawal 

End of treatment 19 54 

Thrombosis 5 14 

Suspectec Infection 9 26 

Discharge 1 3 

Others 1 3 

CVC: central venous catheter 

According to a study conducted in Bogotá, the most 

frequent comorbidity of patients with CVC was con-

genital heart disease (24.4%) followed by patients who 

did not present comorbidities (19.5%) [8]. The main 
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cause of hospitalization was due to infection (n = 2) 

and decompensation of underlying heart disease (n = 

2), similar to a 2015 Vargas-Ureña study in Bogotá in 

which the main cause of hospital admission was infec-

tion (42.1%) [8]. The identified thrombi were at the fem-

oral and subclavian levels. These results coincide with 

those published in a 2015 study in Bogotá by Vargas-

Ureña which reported that the most frequent location 

was the femoral vein (41.5%) followed by the subcla-

vian vein (27.1 %) [8]. Although the femoral route has 

been identified as a risk factor for thrombosis, occur-

ring in 90% [5], this finding was not corroborated in the 

present study. All central venous catheters were bilu-

men, similar to those found in a reference study in 

which the number of lumens was a risk factor for 

thrombosis, in contrast to other studies [5]. In previous 

studies, complications associated with CVC were 

higher when it was placed by less experienced spe-

cialists [10]; however, this association could not be ver-

ified in this study. Central venous catheter placement 

was scheduled (n = 3) with only one attempt (n = 5). As 

reported, no higher risk of thrombosis was associated 

with the number of attempts [55]. 

All central venous catheters were removed after the 

diagnosis of thrombosis and anticoagulant treatment 

with sodium heparin infusion was started. As reported 

by Duarte-Batista in 2010 in Sao Paulo, CVC removal is 

part of the treatment. However, some studies recom-

mend not removing the catheter if some of the follow-

ing conditions are met: the distal tip of the catheter is 

in the correct position (at the junction between the su-

perior vena cava and the right atrium); the catheter is 

functional (good blood flow); if its permanence is 

mandatory or vital for the patient; or there is no fever 

or any information that suggests the presence of infec-

tion (thrombophlebitis). Conversely, others recom-

mend removing the catheter and establishing antico-

agulant or fibrinolytic therapy as a therapeutic option 

[8]. 

Table 3 Bivariate analysis 
 Thrombosis 

N=5 
No thrombosis 

N=30 
OR CI 95% P 

Malnutrition 2 (40%) 17 (56.6%) 0.51 0.074-3.51 0.49 

Superior cava tip 3 (60%) 20 (66.6%) 0.75 0.107-5.238 0.77 

Felow as controller 3 (60%) 19 (63.3%) 0.87 0.125-6.030 0.8 8 

>1 attempt 1 (20%) 5 (16.7%) 1.25 0.114-13.676 0.86 

Urgent procedure 2 (40%) 5 (16.7%) 3.33 0.438-25.400 0.25 

Comorbidities 3 (60%) 22 (73.3) 4.18 0.798-21.908 0.094 

OR: odds ratio, CI 95%: CI: 95% confidence interval. 

Conclusions 
14% of patients with central venous catheter use for 

more than 7 days develop secondary venous throm-

bosis. The thrombi were located in the superior vena 

cava and inferior vena cava at the level of the catheter 

location, which could be confirmed by Doppler ultra-

sound. Factors associated with CVC involving nutri-

tional status and related procedures could not be de-

termined. 
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CVC: Central venous catheter. PICU: Pediatric Intensive Care Unit. 
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Abstract 

Introduction: The aim of this study was to establish a predictive model of mortality in high-

risk newborns. 

Methods: An epidemiological, observational, and cross-sectional study was carried out at the 

Isidro Ayora Gynecological Hospital, Quito, Ecuador in 201. The study included 220 high-risk 

newborns. 

Results: No significant associations with prenatal factors were found, but a statistical relation-

ship with weight, gestational age, Appearance, Pulse, Grimace, Activity, and Respiration 

(APGAR) score, resuscitation needs, and the presence of congenital anomalies in addition to 

shock, pulmonary hemorrhage, hyperglycemia, acidosis, and hospital stay was noted. 

Conclusion: The presence of a more significant base excess, minimum fraction of inspired 

oxygen (FiO2), septic shock, and at least one congenital defect with small gestational age de-

termined an 80% probability of death. If the base excess was > 

times more likely to die, and if the infant required a minimum FiO 2 > 29%, the newborn was 

4.2 times more likely to die. The reliability of the excess base increase predicted a 76.3% higher 

risk of death. 

Keywords: Child mortality; neonatal intensive care unit; Bayesian prediction; fetal growth re-

tardation; congenital defects; shock; Lung diseases; acidosis. 
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Una parte es 

Introduction 
Background/rationale 

Prediction models facilitate early identification of criti-

cally ill children thus allowing attention toward their re-

ferral to a hospital in addition to timely and adequate 

transport and efficient allocation of resources to antic-

ipate accurate clinical management. Worldwide, sev-

eral prediction models have been developed to iden-

tify children at higher risk of hospitalization, mortality,  

or clinical deterioration in low- or medium-resource 

clinical care settings. However, none of them are rou-

tinely used in clinical practice. Only a few tools have 

been externally validated and compared in large pro-

spective cohorts, and these are too heterogeneous 

among themselves. Limited evidence concerning the 

validity, reliability, and impact of pediatric early warn-

ing scores in resource-limited settings is available. It 

should be noted that most of the tools were applied to 

the general pediatric population, and very few have 

been applied to newborns as we are proposing in this  

article. 

On the other hand, despite advances that have 

been made to reduce mortality in children, the neona-

tal component is the one part that has decreased the 

least over these years since a high percentage of ne-

onatal deaths are potentially reducible, especially 

prematurity and low birth weight [1]. Timely and ade-

quate detection of neonates at high risk and compre-

hensive and specialized care will lead to a decrease in 

neonatal mortality [2]. Regarding prenatal character-

istics, it is expected that maternal age is associated 

with neonatal mortality, that is, adolescent mothers will  

have preterm infants more frequently than older 

mothers [3] since their age limits adequate control of 

pregnancy. This population is not fully mature and 

presents a higher percentage of infections and prem-

ature rupture of membranes and chorioamnionitis all 

of which are conditions that are associated with higher 

mortality [4]. It is important to consider that regardless  

of maternal age, if other complications, such as hyper-

tensive disorders occur, the pregnancy can be inter-

rupted, thus generating health risks for the neonate [5]. 

In relation to neonatal factors, higher survival is ex-

pected in women [6].The relationship between weight 

and mortality is known. The higher the weight of the 

neonate, the lower the mortality, the group of extreme 

premature infants, under 1000 g, stands out as the one 

with the highest mortality, long hospital stay and large 

number of comorbidities [7]. The Appearance, Pulse, 

Grimace, Activity, and Respiration (APGAR) scale is a 

prognostic factor for neurodevelopment and the suc-

cess of resuscitation [8], especially at 5 and 10 min of 

life when it the score is < 6. The score is associated with 

risk of mortality and is part of a groups of indicators 

consisting of several mortality scales, such as the Score 

for Neonatology Physiology with Perinatal Extension 

and the Clinical Risk Index for Babies (SNAPPE and 

CRIB, respectively), especially in premature infants [9]. 

The need for advanced cardiopulmonary resuscitation 

is also associated with mortality and neurodevelop -

mental impairment [10, 11]. The early use of surfactant 

is beneficial for the recovery of a premature baby 

since it reduces the need for invasive ventilation and 

long-term complications such as bronchopulmonary 

dysplasia [12, 13]; association of these factors was ex-

pected in our study population. 

In addition, major congenital anomalies are deter-

mining factors of mortality, a study of 8521 neonates 

with major anomalies determined that 617 (7.2%) died 

in the first five years, and of these, half of the deaths 

occurred in the first week of life, and survival was lower 

in preterm than in term infants [14]. Critically ill neo-

nates are also expected to present severe comorbidi-

ties, such as shock of any etiology and coagulation dis-

orders, which are related to pulmonary hemorrhage, 

both of which determine up to a 50% probability of dy-

ing [15]. 

Another important element in this group of neo-

nates is metabolic alterations since glucose dysregu-

lation is frequent, which has resulted in a higher prev-

alence of encephalopathy. Hyperglycemic episodes 

are associated with deterioration in global brain func-

tion and seizures [16]; a systematic review found that 

episodes of glu-cose dysregulation are associated 

with death, seizures, intraventricular hemorrhage 

grades I to IV, leukomalacia, cerebellar hemorrhage, 

and brain abnormalities as defined by magnetic reso-

nance imaging (MRI) [17]. In addition, acid-base bal-

ance disorders are a predictor of mortality in neo-

nates, and metabolic acidosis, which is defined as a 

low pH and an excess of high base, will determine 

neurological damage and hypoxyco-ischemic en-

cephalopathy, a risk that begins with a base deficit of 
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12 mEq/L and/or mixed acidosis with pH (< 7.0) [18]. 

Regarding the days of hospitalization, especially in the 

Neonatal Intensive Care Unit (NICU), an association 

with a higher frequency of comorbidities, higher re-

quirements for blood products, and a higher mortality 

rate is expected [19]. 

The objective of this research was to establish a 

predictive model of mortality in high-risk newborns in 

the local context. 

Population and methods 
Study design 

The study design was epidemiological, observational,  

cross-sectional, and analytical with a cohort of pa-

tients. 

Stage 

The project had four stages: (1) identification of high-

risk neonates who required hospitalization in the NICU 

of the Isidro Ayora Gyneco-obstetric Hospital 

(HGOIA), (2) collection of clinical and laboratory vari-

ables during their stay in the NICU, (3) bivariate and 

multivariate analyses of the defined variables, and (4) 

construction of a mathematical model through logistic 

regression using the advanced method by Wald to de-

ter-mine predictive variables of mortality with the var-

iables that presented statistical significance in the bi-

variate analysis. The study was carried out at the 

HGOIA of the city of Quito during 2019. 

Participants 

High-risk infants admitted to the HGOIA NICU were in-

cluded. The inclusion criteria consisted of several pa-

rameters: (1) neonatal patients who were admitted to 

the NICU, (2) aged < 28 days, (3) both sexes, (4) any 

ethnic group, and (5) in critical condition requiring in-

tensive care due to hemodynamic instability and mod-

erate to severe respiratory distress. The exclusion cri-

teria were patients who were > 28 days upon admis-

sion and in intermediate conditions. Exclusion criteria 

in all cohorts consisted of patients with incomplete in-

formation or those who were transferred. 

Variables 

The dependent variable was mortality. Descriptive 

variables were newborn sex, maternal age, previous 

abortions, use of prenatal steroids, multiple pregnan-

cies, maternal perinatal infections, premature rupture 

of membranes, maternal chorioamnionitis, gestational 

diabetes, and hypertensive disorders of pregnancy. 

Independent variables were small for gestational age, 

presence of congenital anomalies, septic shock, base 

excess, and fraction of inspired oxygen (FiO2). For the 

analytical study, two groups were formed: (1) non-sur-

vivors/ de-ceased and (2) survivors. 

Data/Measurement Sources 

Clinical information and complementary examinations 

were collected from the medical records of critically ill 

infants in addition to a detailed physical examination 

of each patient. 

Control of sources of bias. 

The units of measurement were precisely delimited for 

each variable analyzed, and information was only in-

the number of days of hospitalization in an inter-me-

diate care unit. The information was collected by a sin-

gle researcher. 

Study size 

The sample was non-probabilistic in which all poten-

tially eligible hospital cases were included based on 

the cases admitted to the NICU during 2019. The sam-

ple size consisted of 220 patients. 

Statistical Methods 

The quantitative variables in scale are presented with 

means and standard deviations. Nominal quantitative 

variables are presented as frequencies and percent-

ages. The statistical program SPSS ©, (IBM Corp, Re-

leased 2013. Windows, Version 22.0. Armonk, NY, USA) 

was used. For the bivariate and multivariate analyses 

of categorical and quantitative variables, a logistic re-

gression was subsequently performed using the Wald 

the predictive variables of mortality considered the 

variables that were statistically significant in the biva-

riate analysis. Odds ratio (OR) and confidence inter-

vals (CI) were reported with the corresponding P val-

ues. 
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Results 
Participants  

Table 1 shows the distribution of prenatal charac-

teristics with a mean maternal age of 27.7 years. A re-

presentative percentage of mothers in borderline ages 

was not established, and no statistical association was 

found with abortions, use of prenatal steroids, multiple 

pregnancies, perinatal infections, chorioamnionitis,  

and/or diabetes. Only 30% of the patients had some 

pregnancy-associated hypertensive disorder. Re-

garding prenatal factors, no statistically significant as-

sociation was found. 

Table 2 shows the neonatal characteristics. The 

mean weight was 1582 g and was significantly related 

to mortality. Differences in the means of the weights  

were determined with a P= 0.004 with mean values of 

1478.5 g in non-survivors versus 1650.2 g in survivors. 

The average gestational age associated with mortality 

(survivors versus non-survivors) was 32.3 weeks (P= 

0.048) with a mean of 31.6 weeks in de-ceased versus 

32.6 weeks in survivors. About half (58.6%) of the neo-

nates had low weight for their gestational ages, which 

showed a significant association with mortality (P = 

0.005), and the proportion of non-survivors was 

47.29% in the neonates with low weight versus 28.57% 

in those with adequate weight. Thus, neonates with 

growth restriction were 2.24 times more likely to die. 

The APGAR scale at one min post-birth was 6, 

which was statistically significant (P < 0.0001) with re-

spect to a mean of a score of 6 in non-survivors versus 

7 in survivors. On the APGAR at 5 min, a mean of 8 was 

obtained that was associated with mortality (P = 

0.039) with a mean of 7 in non-survivors versus 8 in 

survivors. Less than half (46.3%) of the neonates re-

quired advanced resuscitation with statistically signifi-

cant differences (P < 0.0001), and the proportion of 

non-survivors who required resuscitation was 53.47% 

versus 28.21% in those who did not require it. The neo-

nates who required advanced CPR were 2.93 times 

more likely not to survive. 

Table 1 Data with general descriptions of the group 

Prenatal characteristics Total 
Discharge condition 

P OR (CI-95%) 
Non-survivor Survivor 

Edad (media (años))1/ años 27.77(±7.24) 27.62 (±7.73) 27.87 (±6.94) - - 

Previous abortions (n(%))2/ 

No abortions 166 (75.45) 71 (42.77) 95 (57.23) 

0.141 - One 36 (16.36) 9 (25.00) 27 (75.00) 

Two or more 18 (8.18) 7 (38.89) 11 (61.11) 

Prenatal steroids (n(%))2/ 

Yes 120 (55.05) 43 (35.83) 77 (64.17) 
0.174 0.69 (0.40-1.18) 

No 98 (44.95) 44 (44.90) 54 (55.10) 

Multiple pregnancy (n(%))2/ 

Yes 40 (18.18) 15 (37.50) 25 (62.50) 
0.770 0.99 (0.44-1.82) 

No 180 (81.82) 72 (40.00) 108 (60.00) 

Peripartum maternal infections (n(%))2/ 

Yes 93 (42.47) 33 (35.48) 60 (64.52) 
0.270 0.73 (0.42-1.27) 

No 126 (57.53) 54 (42.86) 72 (57.14) 

Premature rupture of membranes (n(%))2/ 

Yes 39 (17.81) 17 (43.59) 22 (56.41) 
0.587 1.21 (0.60-2.45) 

No 180 (82.19) 70 (38.89) 110 (61.11) 

Maternal chorioamnionitis (n(%))2/ 

Yes 36 (16.36) 17 (47.22) 19 (52.78) 
0.303 1.46 (0.71-2.99) 

No 184 (83.64) 70 (38.04) 114 (61.96) 

Gestational diabetes (n(%))2/ 

Yes 25 (11.42) 13 (52.00) 12 (48.00) 
1.660 0.79 (0.79-4.15) 

No 194 (88.58) 73 (37.63) 121 (62.37) 

Hypertensive disorders of pregnancy (n(%))2/ 

Yes 68 (30.91) 27 (39.71) 41 (60.29) 
0.974 1.01 (0.56-1.81) 

No 152 (69.09) 60 (39.47) 92 (60.53) 

SD = Standard Deviation; based on the Mann-Whitney test of independent samples, 2 / = based on the chi-square test for statistical homoge-

neity. 
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Prophylactic surfactant was used in 51.6% of neo-

nates with no significant differences in relation to 

prognosis. About one-quarter (21.36%) of neonates 

presented congenital anomalies with a significant dif-

ference of P = 0.002. Non-survivors and survivors with 

anomalies were 59.5% and 34.1%, respectively that is, 

neonates with congenital anomalies were 2.85 times 

more likely to die. 

Prophylactic surfactant was used in 51.6% of neo-

nates with no significant differences in relation to 

prognosis. Less than one-quarter (21.36%) of neonates 

presented congenital anomalies with a significant dif-

ference of P = 0.002. Non-survivors and survivors with 

anomalies consisted of 59.5% and 34.1%, respectively, 

that is, neonates with congenital anomalies were 2.85 

times more likely to die. 

Table 3 shows that the main admission diagnoses 

were prematurity (86.8%) and hyaline membrane dis-

ease (HMI) in 76.3%. The most severe comorbidities 

and greatest possibility of a fatal outcome was septic 

shock in 18.1% with significant differences (P = 0.0001) 

between the proportion of non-survivors with septic 

shock (75%) and 25% who survived septic shock, indi-

cating that if a neonate presents septic shock, they 

were 6.47 times more likely to die. 

Another severe comorbidity was pulmonary hem-

orrhage. Infants with pulmonary hemorrhage who did 

not survive constituted 90.6% versus 9.3% who did sur-

vive (P = 0.0001), indicating that a neonate with pul-

monary hemorrhage is 21 times more likely to die. In 

addition, 100 neonates had intraventricular hemor-

rhage (IVH) with significant differences in non-survi-

vors and survivors (P = 0.009); 14.58% of neonates with 

HIV grade I, 27.27% with HIV grade II, 50% with HIV 

grade III, and 50% with HIV grade IV died, indicating 

that the increase in HIV severity also caused an in-

crease in mortality. 

Other significant differences when comparing the 

means between non-survivors and survivors (P < 0.05) 

were also found: (1) higher glycemia, 213 mg/dL in 

non-survivors versus 159 mg/dL in survivors, (2) mini-

mum mean arterial pressure 26 mmHg in non-survi-

vors versus 30 mmHg in survivors, (3) the lowest tem-

perature presented during the stay in the NICU was 

35.60 ° C in non-survivors versus 35.90 ° C in survivors,  

 

Table 2 Distribution of natal characteristics in relation to discharge condition 

Natal characteristics Total Discharge condition P OR (CI-95%) 

Non-survivor Survivor 

Weight (mean (SD))1/  gr 1.582.35 (±735.7) 1.478.51 (±843.55) 1.650.27 (±650.11) 0.004* - 

Gestacional age (mean (SD))1/  32.33 (±3.61) 31.86 (±4.26) 32.64 (±3.08) 0.048* - 

Apgar 1 minute (mean (SD))1/ 6 (±2) 6 (±2) 7 (±2) <0.0001* - 

Apgar 5 minute (mean (SD))1/ 8 (±1) 7 (±2) 8 (±1) 0.039* - 

Sex (n(%))2/ 

Male 131 (59.55) 54 (41.22) 77 (58.78) 
0.537* 1.19 (0.68-2.07) 

Female 89 (40.45) 33 (37.08) 56 (62.92) 

Low weight for gestational age (n(%))2/ 

Yes 129 (58.64) 61 (47.29) 68 (52.71) 
0.005** 2.24***(1.27-3.97) 

No 91 (41.36) 26 (28.57) 65 (71.43) 

Advanced resuscitation needs (n(%))2/ 

Yes 101 (46.33) 54 (53.47) 47 (46.53) 
<0.0001** 2.93***(1.67-5.13) 

No 117 (53.67) 33 (28.21) 84 (71.79) 

Use of surfactant in the 1st hour of life (n(%))2/ 

Yes 113 (51.60) 48 (42.48) 65 (57.52) 
0.390 1.27 (0.74-2.18) 

No 106 (48.40) 39 (36.79) 67 (63.21) 

Congenital abnormalities (n(%))2/ 

Yes 47 (21.36) 28 (59.57) 19 (40.43) 
0.002** 2.85***(1.47-5.52) 

No 173 (78.64) 59 (34.10) 114 (65.90) 

Note: SD = Standard Deviation; 1 / = based on the Mann-Whitney test of independent samples * significant differences in the mean be-

tween non-survivors and survivors ;, 2 / = based on the chi-square test for statistical homogeneity ** significant differences in the propor-

tion of non-survivors; *** risk factor for mortality 
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Table 3 Postnatal characteristics of the patients and their relationship with the discharge condition.  

Postnatal characteristics Total 
Discharge condition 

P 
Non-survivor Survivor 

 Admission diagnosis (n(%))2/                                                                                                       Prematurity 

Yes 191 (86.82%) 71 (37.17%) 120 (62.83%) 
0.065 

No 29 (13.18%) 16 (55.17%) 13 (44.83%) 

EMH 

Yes 168 (76.36%) 62 (36.90%) 106 (63.01%) 
0.150 

No 52 (23.64%) 25 (48.08%) 27 (51.92%) 

Ethnicity (n(%))2/ 

Hispanic 213 (96.82%) 86 (40.38%) 127 (59.62%) 

0.363 Afro-descendant 6 (2.73%) 1 (16.67%) 5 (83.33%) 

Shuar 1 (0.45%) 0 (0) 1 (100%) 

Comorbidities (n(%))2/                                                                                                                    Septic shock 

Yes 40 (18.18) 30 (75.00) 10 (25.00) 
<0.001** 

No 180 (81.82) 57 (31.67) 123 (68.33) 

Pulmonary hemorrhage 

Yes 32 (14.55) 29 (90.63) 3 (9.38) 
<0.001** 

No 188 (85.45) 58 (30.85) 130 (69.15) 

Intraventricular hemorrhage (n (%))2/ 

Grade I 48 (48.00) 7 (14.58) 41 (85.42) 0.009** 

Grade II 22 (22.00) 6 (27.27) 16 (72.73)  

Grade III 14 (14.00) 7 (50.00) 7 (50.00)  

Grade IV 16 (16.00) 8 (50.00) 8 (50.00)  

Lowest blood glucose (mean (SD))  1/ [mg/dl] 49.31 (±22.48) 49.11 (±28.35) 49.44 (±17.74) 0.257 

Highest glycemia (mean (SD)) 1/ [mg/dl] 179.85(±101.79) 212.99 (±118.34) 159.17 (±84.01) <0.001* 

Lower MAP (mean (SD)) 1/[mmHg] 28.82 (±8.35) 26.03 (±9.07) 30.64 (±7.33) <0.001* 

Lower temperature (mean (SD))1/[°C] 35.84 (±0.78) 35.64 (±1.06) 35.97 (±0.49) 0.013* 

Lower urinary output (mean (SD))1/[ml/kg/h] 3.51 (±14.04) 2.35 (±1.36) 4.26 (±18.01) 0.080 

Lower platetes (mean (SD))1/[u/uL] 129.890 (84990) 95.068 (±69.913) 152.669 (86.473) <0.001* 

Oxygenation index (mean (SD))1/ 0.72 (±0.69) 0.63 (±1.03) 0.78 (±0.31) <0.001* 

IMV days (mean (SD)) 1/ 13.42 (±19.53) 16.33 (±24.32) 11.5 (±15.39) 0.260 

NMV days (mean (SD))1/ 8.06 (±9.52) 8.13 (±12.26) 8.05 (±8.63) 0.018* 

Lower serum pH (mean (SD))1/ 7.18 (±1.23) 6.97 (±0.20) 7.32 (±1.56) 0.040* 

Highest pCO2 (mean (SD))1/[mmHg] 60.18 (±23.21) 69.1 (±29.96) 54.35 (±14.89) <0.001* 

Lower pCO2 (mean (SD))1/[mmHg] 23.43 (±7.68) 23.01 (±8.47) 23.71 (±7.13) 0.148 

Maximum excess of bases (mean (SD))1/ -14.21 (±7.97) -19 (±8.54) -11.08 (±5.74) <0.001* 

Highest lactate (mean (SD))1/[mmol/L] 9.1 (±6.64) 13.04 (±7.09) 6.52 (±4.85) <0.001* 

Lowest Anion Gap (mean (SD))1/[mmol/L] 12 (±7.97) 13.21 (±4.88) 11.21 (±9.39) <0.001* 

Highest Anion Gap (mean (SD))1/[mmol/L] 20.58 (±7.89) 23.6 (±9.74) 18.6 (±5.61) <0.001* 

Minimum FiO2 (mean (SD))1/[mmHg] 33.36 (±14.68) 40.25 (±18.58) 28.85 (±8.99) <0.001* 

Maximum FiO2 (mean (SD))1/[mmmHg] 74.3 ± (23.55) 88.87(17.81) 64.77 (±21.96) <0.001* 

Minimum Hemoglobin value (mean (SD))1/[g/dL] 12.05 (±3.06) 11.9 (±3.26) 12.15 (±2.93) 0.402 

Blood products (mean (SD))1/ 6.64 (±7.99) 8.66 (±9) 5.32 (±6.99) <0.001* 

NICU hospitalization days (mean (SD)) 1/ 21.32 (±23.55) 20.17 (±26.23) 22.07 (±21.68) 0.021* 

Intermediate cate hospitalization days (mean (SD))1/ 10.99 (±11.31) 2.2 (±7.26) 16.83 (±9.62) <0.001* 

Total days of hospitalization (mean (SD))1/ 32.38 (±27.21) 22.33 (±26.87) 38.95 (±25.45) <0.001* 

Note: SD = Standard Deviation; 1 / = based on the Mann-Whitney test of independent samples * significant differences in the mean between 

non-survivors and survivors ;, 2 / = based on the chi-square test for statistical homogeneity ** significant differences -effective in the propor-

tion of non-survivors; IMV: Invasive mechanical ventilation. NMV: noninvasive mechanical ventilation. 

(4) the lowest platelet determination was 95,068 

platelets/mm3 in non-survivors versus 152,669 plate-

lets/mm3 in survivors, group of non-survivors vs 5.32 in 

survivors. (5) non-invasive mechanical ventilation 

(NIMV) days were 8.1 in non-survivors versus 8 in survi-

vors, (6) with respect to acid-base balance, lower se-

rum pH 6.97 (0.20) was found in non-survivors versus 

7.32 (1.56) in survivors with a P = 0.040, (7) the highest 

pCO2 was 69.10 mmHg in non-survivors versus 54.35 

mmHg in survivors
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mEq/L in non-

vors, (9) the highest lactate was 13 in non-survivors  

versus 6 in survivors, (10) the lowest Gap anion 13.2  

mmol / L in non-survivors vs 11.2 mmol / L in survivors 

and the highest Gap anion 23.6 mmol / L in non-survi-

vors vs 18.6 mmol / L in survivors, the minimum inspir-

atory oxygen fraction (FiO2) required was 40% in non-

survivors vs 28% in survivors and the maximum FiO2 re-

quired 88% in non-survivors vs 64% in survivors. Blood 

products were used 8.6 times in neonates in the group 

of non-survivors vs 5.32 in survivors. 

The days of hospitalization in the NICU were 20.1 days 

in non-survivors versus 22 days in survivors, and in in-

termediate care 2.2 days in non-survivors versus 16.8 

days in survivors. The hospital stay was 22.3 days in 

non-survivors versus 38.9 days in survivors. The gen-

eral means of the parameters that did not show sig-

nificance when comparing according to the discharge 

condition were lower glycemia 49.3 mg / dL, the low-

est urinary output 3.5 ml/Kg/h, days of invasive venti-

lation 13.4 days, and lowest pCO2 was 23.43 mmHg , 

hemoglobin 12.5 g/dL 

Bivariate analysis 

Table 4 shows the logistic regression that determined 

the predictive variables of mortality, which were small 

for gestational age, congenital anomalies, septic 

shock, high base excess, and minimum requirements  

of in-spired fraction of O2 (FiO2) with P <0.05. They 

were predictors of mortality. The regression model 

reached 80% accuracy for mortality prediction.

Table 4 Logistic regression model to predict mortality in high-risk neonates 

Variables B Wald P OR 

CI-OR 95%  

Correct clas-

sification 
Lower Upper 

Small for gestational age (yes) 1.48 11.2304 0.008* 4.41 1.85 10.52 

80% 

Congenital anomalies (yes) 1.28 9.30853 0.002* 3.60 1.58 8.19 

Septic shock (yes) 1.56 10.8578 0.001* 4.76 1.88 12.04 

Higher base excess 0.13 22.685 <0.001 1.14 1.08 1.21 

Minimum FiO2 required 0.06 11.5897 <0.001* 1.06 1.02 1.09 

Constant -5.71 49.744 <0.001*    

Note: Based on the chi-square test; * significant variable P-value <0.05, ** OR = significant odds ratio; based on Logistic Regression 

Method = Step Forward (Wald). 

Multivariate analysis 

The multivariate relationship of the model pro-

duced several results: (1) infants with low weight for 

gestational age were 4.41 times more likely to die, (2) if 

they present major congenital anomalies, they were 

3.6 times more likely not to survive, (3) when septic 

shock was associated, they were 4.76 times more likely 

to die, and (4) if they presented high base excess rang-

(8.54) for non-

and requiring minimum FiO2 values ranging from 27% 

to > 40.2% (18.5) in non-survivors and 28.85% (8.99) in 

survivors, indicating the greater the excess of base and 

the greater the FiO2 requirement, the greater the 

probability of dying. 

Table 5 shows the predictive variables of mortality,  

considering that if the patient had a high base excess  

bility of dying. Administration of FiO2 > 29% was also a 

risk for dying. As a minimum requirement, the risk of 

dying due to the association of these two parameters  

was 76.3%, and if the presence of congenital anomalies  

is added, the risk increased to 77.7%. When presenting 

four conditions, an association with septic shock 

caused an increase in the probability of dying to 79%, 

and finally if a neonate was also underweight for 

his/her gestational age, an 80% chance of dying is pre-

sent. The mathematical model is shown below: 

 

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝑋 = 𝑑𝑒𝑎𝑡ℎ)

=
1

1 + 𝑒−(−5.71+1.48𝑥1+1.28𝑥2+1.56𝑥3+0.13𝑥4+0.06𝑥5) 

Where: e = Exponent, x1 = Small for gestational age 

(yes), x2 = Congenital abnormalities (yes), x3 = Septic  
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shock (yes), x4 = Maximum excess of bases, x5 = Mini-

mum FiO2 

Sensitivity tests 

Table 6 and shows the test for the area of the receiver 

operating characteristic (ROC) curve (Figure 1) used to 

predict mortality by means of maximum base excess  

and minimum FiO2. Using the ROC curve, we pro-

ceeded to determine the cut-off points to predict mor-

tality using excess of base and minimum requirement 

of FiO2, as the variables, which were significant in the 

logistic regression. The point estimate of the area un-

der the curve for the highest excess of bases and min-

imum requirement of FiO2 were 0.803 and 0.724, re-

spectively. Since the confidence intervals did not con-

tain the value 0.5, we could confirm that the area un-

der the ROC curve was significantly greater than the 

minimum. The cut-off point obtained using the Youden 

with a sensitivity of 83%, specificity of 71%, with a 13-fold 

risk of not surviving. For the minimum FiO2 require-

ment, the point was 29% with a sensitivity of 70% and a 

specificity of 65% with a 4.29-fold risk of not surviving 

when a minimum FiO2 

if we have a neonate of 1300 g at 34 weeks gestational 

age with low birth weight and gastroschisis, and septic 

shock during his stay in the NICU with metabolic aci-

45% FiO2 from the start of ventilation, the risk of dying 

secondary to his condition was 80% 

Discusión 
Important results 

The main finding of the present study was the possibil-

ity of predicting mortality in a group of high-risk new-

born patients based on five clinically significant varia-

bles: (1) weight for gestational age, (2) presence of 

congenital anomalies, (3) presence of shock septic, (4) 

measurement of excess base, and (5) requirement for 

FiO2. This prediction adequately classified 80% of the 

cases as belonging to group one (deceased) and 

group two (survivors). The performance of the score 

depended on the number of variables that were con-

currently analyzed. 

In Table 1, no significant association was found be-

tween maternal age and survival of high-risk neo-

nates, and a representative percentage of mothers  

with ages at risk (< 20 years or > 34 years) was not 

determined, the reported mean age was 27.7 years. 

Table 5 Variables distribution according to the Logistic Regression. 

According to the Advance in Steps (Wald) method 

Variables 
Correct classifica-

tion 

Variable 1: 

Higher base excess 
73.18% 

Variable 1+2 

Higher base excess 

Minimum FiO2 required 

76.36% 

Variable 1+2+3 

Higher base excess 

Minimum FiO2 

Septic shock (Yes) 

77.73% 

Variable 1+2+3+4 

Higher base excess 

Minimum FiO2 

Septic shock (Yes) 

Congenital anomalies (Yes) 

79.09% 

Variable 1+2+3+4+5 

Higher base excess 

Minimum FiO2 

Septic shock (Yes) 

Congenital anomalies (Yes) 

Small for gestational age (Yes) 

80% 

In addition, the use of prenatal steroids was ex-

pected to be a protective factor; however, only 55% of 

the mothers achieved maturation because they did not 

receive adequate prenatal care. No difference in the 

survival of these patients was noted since inadequate 

is not a widespread practice. Currently, an increase in 

 
Fig. 1 ROC curve to predict mortality through maximum 

base excess and minimum required FiO2. 
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multiple pregnancies, due to the use of assisted repro-

ductive techniques exists; however, in our population, 

only 4% of pregnancies were multiple with no differ-

ences in neonatal survival. Infectious complications as-

sociated with hypertensive or metabolic disorders, 

such as gestational diabetes, have been described as 

causing an increase in neonatal mortality, but in our 

population, < 40% of patients presented these pathol-

ogies because these maternal comorbidities were as-

sociated with extreme ages and did not occur in our 

study population. 

Regarding neonatal characteristics, it can be ob-

served in Table 2 that differences were expected in the 

sex of the neonates with a greater number of male ne-

onates and a greater survival in females, however, the 

distribution was similar; 59% were men, of which 41% 

died compared to 41% of women of which 37% died alt-

hough no statistical differences were noted because 

the sample was limited. It should be noted that weight 

determined survival, and extreme prematurity was as-

sociated with a notable increase in mortality. In this  

population, the average weight was 1582 g with 30.3% 

extremely premature babies who had significant with 

mortality. The lower the gestational age was, the 

higher the mortality. The average was 32 weeks with a 

significant difference in the discharge condition, which 

was determined above all by the low weight for the 

gestational age, a factor that is a predictor of mortal-

ity. 

On the other hand, a low score on the APGAR scale 

within the first minute post-birth was associated with 

mortality, and at 5 min, it presented a smaller differ-

ence in the outcome, a relationship that can be ex-

plained because advanced resuscitation was already 

administered at 5 min with an appropriate response. 

Thus, the need for advanced resuscitation determines 

differences in the discharge condition. Likewise, the 

use of surfactant caused a reduction in mortality in 

premature infants. In the study population, only 51% re-

ceived surfactant during the first hour of life, a factor 

that did not determine a relationship with mortality,  

probably because it was a limited sample. Equally im-

portant, 21% of our patients had major congenital 

anomalies, which was determined to be a variable 

with a statistically significant association with mortality. 

This factor actually predicted survival in high-risk pa-

tients. 

Thus, Table 3 shows that 86% of neonates were 

premature, a factor that was not associated with the 

out-come, probably because the ranges of prema-

turity were not differentiated. 

Table 6 Test for the area of the ROC curve to predict mortality by 

means of maximum excess of bases and minimum FiO2 

Curve parameters 

Variables 

Higher base 

excess 

(negative va-

lue) 

Minimum FiO2 

required 

Area 0.803 0.724 

P-value1/ <0.001* <0.001* 

CI-95% 0.74-0.87 0.65-0.79 

Cut point 12 29 

Sensitivity 83% 70% 

Specificity 71% 65% 

Reliability 76.36% 66.82% 

Negative LR 0.24 0.46 

Positive LR 2.86 2.00 

OR (CI-95%) 13 (6.62-27.97) 4.29 (2.40-7.67) 

Pretest probability 39.55% 39.55% 

Post-test probability 65.16% 56.71% 

Note: 1/ Null hypothesis: true area = 0.5; *statistical significance 

H0 .05. LR: likelihood ratio 

The highly lethal comorbidities that were related to 

mortality were septic shock and pulmonary hemor-

rhage; regarding shock, it was the most frequent com-

plication involved in the most different pathologies  

upon ad-mission of newborns to the NICU, including 

sepsis. Only 24% had positive blood cultures and an 

antibiogram, which restricted the appropriate use of 

antimicrobials. In relation to pulmonary hemorrhage, 

90% of these patients died since, at present, it continues 

to be a pathology that is difficult to manage and has 

very limited therapeutic options. Additionally, the fre-

quency of intraventricular hemorrhage was a factor 

associated with discharge condition, greater severity 

of hemorrhage, greater mortality, a relationship that 

was deter-mined by extreme prematurity and its as-

sociation with severe pathologies and long hospital 

stays. 

It is necessary to emphasize that adequate meta-

bolic control determines the outcome of a high-risk 

neonate, a situation evaluated by the regulation of 

glycemia. Hyperglycemia was associated with mortal-

ity, and values of 179.85 (101.79) mg/dL determined 

neurological alterations. Currently, it has been shown 
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that hyperglycemia, rather than episodes of hypogly-

cemia, is associated with neurodevelopmental disor-

ders as de-scribed a few years ago. Similarly, hypo-

tension was expected to determine the outcome in 

critical neonates; despite this, hypotension was not an 

associated factor since the values were generalized 

regardless of gestational age and days of postnatal 

life. On the contrary, other more specific evaluations, 

derived from functional echocardiography and re-

lated to cerebral perfusion, which were more reliable 

indicators of the hemodynamic status of a neonate, 

were not analyzed. Regarding hypothermia, it was a 

factor associated with survival. 

Concerning hospital stay, an association between 

the days of hospitalization in the NICU and in interme-

diate care was found. The stay in intermediate care 

was a protective factor since the shorter the stay in in-

ter-mediate care was, the lower the mortality. A simi-

lar finding with the days of mechanical ventilation 

were observed since there was a greater association 

with non-invasive ventilation, establishing that patients  

who required fewer days of invasive ventilation had a 

higher survival rate and a lower risk of long-stay com-

plications. Similarly, hypercapnia was associated with 

mortality. A mean values of 69 mm Hg in the group 

that died was found, a condition that was associated 

with failure of conventional ventilation and required 

more advanced ventilation strategies, which, unfortu-

nately, were limited in our environment. 

Regarding the need for oxygen, an association with 

mortality, especially with the minimum requirements of 

FIO2 during treatment in the NICU was found. It was 

determined that when FIO2 was > 29%, it established 

the discharge condition, a situation that reflected se-

vere complications during ventilation and derived 

from the basic condition of neonates. Regarding the 

need for blood products, this need was also associated 

with mortality as it is related to conditions, such as ex-

treme prematurity, bleeding complications, and a long 

stay in the NICU. It was necessary to analyze metabolic  

acidosis and its relationship with mortality; the lower 

the pH was, the higher the mortality. A pH of 6.97 in 

non-survivors versus a pH of 7.32 in survivors were 

found, a condition that was ratified by the anion gap 

value, which also presented a significant relationship. 

It is noteworthy that the main determinant of mortality 

was base excess since 

mortality; therefore, these values should be considered 

as an early determinant that requires action more ag-

gressive therapies during treatment regardless of the 

pH value and bicarbonate level, which on occasion, do 

not present severe modifications. In Table 4, the fac-

tors associated with mortality showed that it is relevant 

that low weight for gestational age was associated 

with prenatal conditions, such as chronic hypoxia, pla-

cental insufficiency, and an intrauterine environment 

that did not favor the adequate development of the 

neonate. Low weight became a predictor of mortality 

if it presented in conjunction with major congenital 

anomalies. The response to adequate intensive care 

was limited, and it was shown to be associated with 

complex complications that were related to sepsis and 

disseminated intravascular coagulation, such as septic 

shock and pulmonary hemorrhage. An adequate 

acid base balance must be evaluated early based on 

excess base, a condition that requires early therapy to 

influence the outcome of a high-risk neonate.  

Limitations 

The randomization of patients always has a risk of 

bias, and the probability of expanding the study popu-

lation and including other health institutions with dif-

ferent social conditions will allow this study and its con-

clusions to be extrapolated to the general population. 

Generalization 

Several predictive factors of mortality that were estab-

lished in this research are included in predictive scales 

of mortality, which shows that they are results that can 

be generalized; however, the contribution of new as-

sociated variables must be studied in a larger popula-

tion in order to extend this model to other countries.. 

Conclusions 
The presence of a greater excess of base, minimum 

FiO2, septic shock, and at least one congenital defect 

combined with small for gestational age appears to 

determine an 80% probability of death. If the base ex-

to die, and if the infant required a minimum FiO2 of > 

29%, he/she would be 4.2 times more likely to die. The 

reliability of the excess base increase predicted a 76.3% 

higher risk of death, and the high need for FiO2 pre-

dicted a 66.8% higher risk of death. Receiving early 
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treatment will modify the outcomes in high-risk neo-

nates. 

Abbreviations 
NICU. Neonatal intensive care unit. HGOIA. Isidro Ayora Gyneco-Obstetric  

Hospital. 
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Abstract 

Introduction: The World Health Organization has stated that depression is a very frequent 

mental disorder, characterized by the appearance of sadness, loss of interest or pleasure, 

feelings of guilt or lack of self-esteem, sleep or appetite disorders, feeling tired, and having a 

lack of concentration. The aim of this study was to determine the prevalence of depression 

and associated factors in adolescents from 14 to 18 years students of the Luis Cordero High 

School in the city of Azogues, Cañar-Ecuador in the year 2019. 

Methods: An analytical and cross-sectional investigation was carried out. The sample con-

sisted of 262 students aged 14 to 18 in the Luis Cordero Luis Cordero High School. A survey 

was applied, which included the Hospital Anxiety and Depression Scale (HADS). Information 

was collected on forms, the data was processed using the SPSS V.15 program by absolute 

frequency, percentage, Chi square and odds ratio with a 95% confidence Interval and value 

P=0.05, which are represented in tables. 

Results: When applying the HADS questionnaire, students were determined to have a rate of 

depression of 26%. The prevalence of depression in women was 14.1%, while in men it was 

11.8%. These students resided in urban areas (21.4%) and did not have migrant parents (19.5%). 

The existence of domestic violence was 23.3% and poor academic performance was 21%. Re-

garding age, no differences were found with each age group corresponding to 13%.  

Conclusions: The prevalence of depression in adolescents is high. The most affected are 

women and those with poor academic performance. However, there was no statistical asso-

ciation between the analyzed variables and the presence of depression.  

Keywords: Adolescent; Students; Patient Health Questionnaire; Anxiety. 
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Introduction 
The conditions that are commonly called depressive 

disorders consider a set of clinical entities that are re-

lated to problems of greater or lesser intensity and du-

ration. Within these are episodes of major depression 

(EDM) and dysthymia (D) that, as stipulated in the 

DSM-5, are considered mood disorders. In addition, 

they refer to syndromes made up of various behav-

ioral patterns with clinical significance that do not obey 

conventional responses, and whose unique character-

istics are centered on mood alterations mainly associ-

ated with discomfort and disability, as well as the risk 

of dying, losing freedom, or suffering pain. These dis-

orders are characterized by their impact on people's  

moods and affects and are also linked to changes or 

problems in other spheres of life, such as fatigue, ap-

petite, sleep, excessive guilt, cognitive difficulties, ide-

ation, and suicide, among others [1]. 

The global governing body for health, the World 

Health Organization (WHO), has established that up to 

50% of all disorders related to mental health appear at 

age 14, but most cases are not recognized nor are they 

treated, so they have serious consequences for peo-

ple's mental health throughout their lives. Likewise, it is 

known that during this stage, depressive disorders in-

crease in both sexes, occurring mainly in women [2]. 

Currently, depression is considered one of the men-

tal disorders with the highest prevalence in various 

contexts globally. According to the World Health Or-

ganization (WHO), by 2020, depression will become 

the second leading cause of disability worldwide. Spe-

cifically, in first world countries, it occupies third place, 

while in developing countries, such as Ecuador, this  

disease occupies first place. Likewise, the WHO points  

out that more than 350 million individuals suffer from 

this pathology around the world and that, despite the 

fact that depression is a currently treatable mental dis-

order, the vast majority of patients who experience it 

do not request or receive the treatment required to im-

prove their condition. It is known that in adolescents, 

depression is a problem with multiple causes and a 

predictor of social problems and other disorders. 

Therefore, it is considered a significant public health 

problem [3]. 

Depression is the main cause of disability in people 

between 15 to 44 years of age worldwide. It is also the 

main cause of years lost due to disability in young peo-

ple between 10 and 14 years of age, calculated ac-

cording to the prevalence and burden of morbidity of 

the condition. Due to its prevalence (0.5% in children 

between 3 and 5 years old, 1.4% in children between 6 

and 11 years old and 3.5% in adolescents between 12 

and 17 years old), it plays an important role as a risk 

factor for suicide and has an impact on the social and 

family structure [4, 5]. 

Taking into account that mental health plays a sig-

nificant role in the development of adolescents, and it 

is not known why this situation occurs in this age group 

in the city of Azogues, Ecuador, the present study aims 

to determine: What is the prevalence of depression 

and associated factors in adolescent students aged 14 

to 18 at the Luis Cordero Educational Unit in the city of 

Azogues in 2019? We conducted an observational 

study to answer this question. 

Population and methods 
Study design 

The study design is cross-sectional and analytical. 

Stage 

The study was carried out at the Luis Cordero Educa-

tional Unit, in the city of Azogues, Cañar, Ecuador. The 

sampling period was from June 1, 2019 to July 20, 2019. 

Participants 

The following inclusion criteria were used:  

present on the day of data collection at the Luis  

Cordero Educational Unit in the city of Azogues. 

signed the informed consent and whose legal guardi-

ans also signed the informed consent. 

The following participants were excluded: students  

who presented normal sadness, medical illnesses de-

scribed in the differential diagnosis, other psychiatric  

disorders, or use of psychotropic substances. 

Variables 

The dependent variable was depression. The inde-

pendent variables were age, sex, residence, family mi-

gration, domestic violence, and academic perfor-

mance. 
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Data / Measurement Sources 

Method: The non-participant observational method 

was used. Techniques: A survey was employed that in-

cluded the Hospital Anxiety and Depression Scale 

(HADS) (Zigmond and Snaith, 1983), this survey has a 

sensitivity of 92% (CI: 95%: 0.85-0.90), specificity of 74% 

(CI: 95%: 0.66-0.83), positive predictive value of 66% 

(95% CI: 0.56-0.76), and negative predictive value of 

95% (95% CI: 0.90-0.99).  The HADS further showed a 

positive probability ratio of 3.6, a negative probability 

ratio of  0.12, Cohen's mean Kappa 0.59 (CI: 95%: 50-

65), and area under the curve of 0.59 [6] for students  

aged 14 to 18 from the Luis Cordero Educational Unit in 

the city of Azogues. Instruments: The data were col-

lected in a form which contains all the variables nec-

essary in the study. 

Control of Sources of Bias 

The units of measurement were precisely delimited for 

each variable analyzed. The information was collected 

by two independent researchers and with a quality 

check by a third observer (supervisor). 

Study Size 

The sample was probabilistic. The universe was made 

up of 604 students between the ages of 14 and 18 from 

the Luis Cordero Educational Unit in the city of 

Azogues. The sample was calculated with a confi-

dence level of 95% and a margin of error of 5%, obtain-

ing a total of 235 participants. The following formula 

was used: 

Where: n = sample size, N = population size = 604. Z = 

confidence level = 1.96, p = prevalence = 50%, q = 

probability of failure = 50%, d = maximum permissible 

error = 5%. After calculations, n = 236 was obtained. 

Adding 10% for possible losses, a sample of 262 sub-

jects was obtained. Participants were selected through 

simple random cluster sampling, selecting students  

from each course (see Table 1). 

Management of Quantitative Variables 

The quantitative variables in the scale are presented 

with means and standard deviation. Nominal quanti-

tative variables are presented with frequency and 

percentage. 

Table 1 Students divided by year of study 

High School 

Year 

Total students 

N=604 

Percentage Sample size n=262 

Fourth grade 205 34% 90 

Fifth grade 198 33% 86 

Sixth grade 201 33% 86 

Statistical Methods 

The statistical program SPSS© (IBM Corp, Released 

2013. Windows, Version 15.0. Chicago, USA) was used. 

For the bivariate analysis, Odds Ratio and its confi-

dence interval are reported with the P value. Preva-

lence is presented with a confidence interval for a pro-

portion. 

Results 
Participants  

A total of 262 adolescents between the ages of 14 and 

18 participated in the study. There were 143 women 

(54.6%), and the majority of students were from urban 

areas (85.9%). The average age of the group was 16.1 

± 1.1 years, and 59.5% of the participants were from 14 

to 16 years old. These characteristics are presented in 

Table 2. 

When applying the HADS questionnaire to the stu-

dents, 68 had a score> 7, which corresponds to a prev-

alence of depression of 25.9% (95% CI 25.63-26.28%) 

(see Table 2). 

Bivariate analysis 

Table 3 shows that according to the HADS, there was 

no difference with respect to age; both age groups 

were statistically represented equally (P> 0.05). No 

statistical differences were found between sex, place 

of residence, the presence of domestic violence, the 

presence of family migration, or academic perfor-

mance (See Table 3). 

Discussion 
A total of 262 students between the ages of 14 and 

18 from the Luis Cordero Educational Unit in the city of 

Azogues were analyzed, with the aim of determining 

the prevalence of depression and its associated fac-

tors. Under this framework, we present the following 

aspects. Regarding the demographic characteristics 

of the population, the average age of the students was 

16.1 ± 1.1 years, making the age group of 14 to 16 years  
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the most frequent at 59.5%. Females constituted 54.6% 

of the participants and 85.9% lived in urban areas. 

When applying the HADS questionnaire to the stu-

dents, 68 had a score greater than 7, which corre-

sponds to a prevalence of depression of 26%. In a study 

carried out in the city of Loja, Ecuador, in 2014, depres-

sion and its relationship with the risk of suicide in ado-

lescents, the author, found depression figures higher 

than those found in this research, with a prevalence of 

37% [7]. However, more similar results to the current 

analysis were observed in a study published in Mexico 

in 2015, where when analyzing a sample of 9,982 stu-

dents aged 14 to 19 years, 27% presented depressive 

symptoms [8]. 

The HADS questionnaire showed a slight preva-

lence of the depressive condition was evidenced in 

women; however, no statistical association was found 

between the sexes (P = 1.00). 

 

Table 2 General descriptive data of the group 

Demographic characteristics Frequency (n=262) Percentage (%) 95% CI for a proportion 

Age 
14-16 years 156 59.5 59.17-59.91% 

17-18 years 106 40.5 40.09-40.83% 

Sex 
Male 119 45.4 45.05-45.79% 

Female 143 54.6 54.21-54.95% 

Place of residence 

Urban 225 85.9 85.62-86.14% 

Rural 37 14.1 13.86-14.38% 

Depression 

Present 68 25.9 25.63-26.28% 

Absent 194 74.0 73.72-74.37% 

Table 3 Bivariate analysis 

 Group with depression 

n=68 

Group without depression 

n=194 
OR 95 CI% P 

Age (years) 

14-16 34 (50.0%) 122 (52.9%) 
0.59 0.34-1.03 0.09 

17-18 34 (50%) 72 (27.5%) 

Sex 

Male 31 (45.6%) 88 (45.4%) 
1.01 0.58-1.76 1.00 

Female 37 (54.4%) 106 (54.6%) 

Place of residence 

Urban 56 (82.35%) 169 (87.11%) 
0.69 

0.32-1.46 
0.44 Rural 12 (17.65%) 25 (12.89% 

Parental migration 

Yes 17 (25 %) 41 (21.13%) 
1.24 

0.65-2.38 
0.62 No 51 (75%) 153 (78.87) 

Domestic violence 

Yes 7 (10.29%) 10 (5.15%) 
2.11 0.77-5.79 0.23 

No 61 (89.71%) 184 (94.85%) 

Academic performance 

Low 55 (80.88%) 151 (77.84%) 
1.21 0.60-2.41 0.72 

High 13 (19.12%) 43 (22.16%) 

OR: odds ratio. CI 95%: confidence interval of 95% 
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Research that supports these results was con-

ducted in Cuba in 2013, and determined that that the 

prevalence rate of depression was higher in women 

[9]. A study published in Spain in 2015 also shows fe-

males as the most affected, finding statistically signifi-

cant differences depending on the sex of the student 

body, showing higher depression scores in women in 

the "Depression Questionnaire for Children" ( M = 

108.75; DT = 30.01) than men (M = 102.22; DT = 28.89), 

t (1258) = -3.93; P <0.001 [10]. Likewise, in a study pub-

lished in 2017 in the city of Loja, in which the most rele-

vant risk factors that lead to depression in adolescents  

between 14 and 16 years of age were analyzed, the re-

lationship of depression in women was 1.5 higher than 

in men [11]. 

In addition, it was determined that the majority of 

students with depression reside in urban areas how-

ever, there was no statistical association between both 

variables (P = 0.44). A study that supports these results  

was conducted in Spain in 2013. The author observed 

that the percentage of depressive disorder was lower 

in rural areas than in urban areas and explained it by 

the globalization of urban areas, since one of the stress 

factors mentioned was agglomeration [12]. Similarly,  

the Ministry of Health of Colombia (Minsalud) in 2017 

stated that according to a survey carried out among 

Colombians, in urban areas (42.7%) there were more 

depressive symptoms than in rural areas (34.9%) [13]. 

It was observed that 19.5% of the affected students  

had migrant parents; however, no statistical associa-

tion was found between both variables (P = 0.62). 

These results are striking, since there are multiple in-

vestigations that describe the migration of parents as 

a cause of various psychological disorders in children. 

For example, in a study carried out in 2012 in the prov-

inces of Imbabura and Carchi in Ecuador, the authors  

concluded that the children of migrant parents had 

lower self-esteem than their peers who lived with their 

parents. The absence of one of the parents due to em-

igration generates some school problems in the chil-

dren, such as lack of concentration in studies, dropping 

out of school, and lack of motivation in studies that can 

end in school failure. The affective, school, and emo-

tional damage caused by physical separation of one 

of the parents cannot be considered, in any way, as 

family well-being; rather it causes damage at both the 

family and educational level [14]. 

In addition, the HADS questionnaire revealed that 

only 23.3% of students had evidenced episodes of in-

trafamily violence, but no statistical association was 

found between both variables (P = 0.23). An investiga-

tion carried out in Spain in 2014 refutes these results,  

indicating that boys and girls who are victims of gen-

der violence present high levels of psychopathological 

problems and difficulties in other areas of functioning, 

such as social behaviour and values [15]. However, a 

possible explanation for the results obtained in our 

work is the low number of students who stated that 

they were victims of domestic violence, which barely 

represented 6.5%, so this variable could not be ade-

quately assessed. 

Finally, it was evidenced that those most affected 

had low academic performance (21%); however, no 

statistical association was found between both varia-

bles (P = 0.72). In a study conducted by Mexican stu-

dents in 2013, according to the Inventory of Depression 

and Anxiety Symptoms (IDAS), of the 19 depression in-

dicator factors, 6 were significantly correlated with the 

academic performance variable. That is to say, of the 

seven factor indicators of depression with respect to 

academic performance, only four factors were pre-

sented as significant, which meant that 57% of indica-

tors of depression correlated with academic perfor-

mance. The authors affirmed that depression was as-

sociated with poor school performance in more than 

half of the cases, leading to low self-esteem and pes-

simistic cognitions that can lead to depression [16]. 

Likewise, another study conducted in Mexico in 2018, in 

which the relationship between depression and life-

style was analyzed in 523 adolescents, it was observed 

that as the academic level progressed, the boys 

showed more interpersonal problems, self-esteem 

problems, and anhedonia [17]. 

Conclusions 
According to the HADS questionnaire, a high preva-

lence of depression was determined in the students , 

which corresponded to 25.9%, testing the hypothesis  

raised. No statistical association was found between 

these variables and depression in adolescents. 

Abbreviations 
H.A.D. Hospital anxiety and Depression Scale. 
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Abstract 

Introduction: Urinary tract infection is a frequent affliction in children, and its recurrence 

predisposes the patient to chronic pathologies that decrease the survival of hospitalized 

patients. The objective of the present study was to determine the prevalence of urinary tract 

infection and associated factors in hospitalized children aged 0 to 5 years. 

Methods: The present study is cross-sectional analytical. The universe was made up of 

children hospitalized in pediatrics, aged 0-

Cuenca-Ecuador. The sample was probabilistic, with 147 cases, while the sampling was 

simple random. The variables were the presence of UTI, age, sex, socioeconomic status, 

balanitis, constipation, and history of UTI. In the bivariate analysis, the association was 

determined using chi-square, and the intensity of the association was measured by 

prevalence ratio (PR) with a 95% confidence interval and a significant value of P <0.05. 

Results: There were 147 cases. The prevalence of UTI was 10.6%. The following were presented 

as protective factors: age <1 year PR 0.21 (95% CI 0.16-0.42, P <0.001) and male sex PR 0.28 

(CI 0.18-0.471, P <0.001). The risk factors were: low-middle socioeconomic level PR 1.70 (CI 

1.01-2.86, P = 0.04), balanitis PR 3.23 (CI 2.48-4.21, P = 0.012), phimosis PR 29.37 (CI 6.34-136.3., 

P <0.001), synechiae PR 1.43 (CI 1.14-1.79, P= 0.02), history of urinary tract infection PR 78.91 

(CI 10.72-580.7, P <0.001), and constipation PR 4.51 (CI 2.16-9.50, P <0.001 ). Hydronephrosis 

was the most frequent ultrasound finding PR 78.9 (CI 10.7-580.7, P <0.001). 

Conclusions: Male sex was a protective factor, and anatomical alterations of the urinary tract 

were the major risk factors. 

Keywords: Urinary tract infection, Pediatrics, Associated factors. 
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Introduction 
Urinary tract infection (UTI) is defined as the presence 

of microorganisms in urine that can manifest 

asymptomatically or symptomatically, affecting any 

part of the urinary system: the kidneys, ureters, 

bladder, and urethra. The most common have been 

described as occurring in the lower tract; however, if 

the urinary tract infection spreads to the kidneys, it can 

have serious consequences [1]. 

UTI is a common pathology in children, especially 

those under 5 years of age. It is said that, for this age, 

about 8% of girls and 1 to 2% of boys have had at least 

their first UTI; however, children who have one episode 

will not have another because it is a condition with a 

very good prognosis, though it can also be the early 

clinical manifestation of congenital anomalies or 

related to functional alterations [2]. 

There are risk factors that increase the prevalence 

and recurrence of urinary tract infections, which 

include sociodemographic factors. Women are 

significantly more likely to experience UTI than men. 

Other factors included ages between 1-2 years due to 

physiological phimosis, patients lived in rural areas, 

had a corresponding medium-low socioeconomic 

level, and were in the care of third parties who are not 

related to the family. Clinical circumstances are also 

known, including anatomical alterations (vulvar 

synechia and phimosis), constipation, balanitis, a 

history of UTI, and malformations detected by 

ultrasound, which can contribute to a high risk of 

reinfection, kidney dysfunction, and chronic 

3, 4]. 

Knowledge about the prevalence and risk factors, 

together with certain clinical and epidemiological 

evaluation considerations, are essential to guide 

preventive strategies for urinary tract infection. As it is 

a disease with high morbidity, it is essential to 

recognize patients vulnerable to long-term renal 

involvement secondary to the recurrence of this 

disease. Currently, limited investigations in our 

environment demonstrate the existence of associated 

factors. Many of these studies were carried out in 

healthcare contexts different from ours. 

Urinary tract infection is the most common 

bacterial disease in childhood. It is a frequent reason 

for consultation in children, with a variable incidence 

according to age and sex. In children under 5 years, it 

reaches 5-10% with a greater preponderance in 

women. It is a clinical entity that, if not diagnosed early, 

and without timely treatment, can lead to short-term 

complications such as hospital admissions for urinary 

reinfections, which cause financial expenses for 

parents or legal representatives, as well as for the 

health system. In the long term, it can cause health 

problems of a chronic nature, such as secondary 

arterial hypertension and severe pyelonephritis, which 

are conditioning factors for kidney scars and limitation 

of kidney function [5]. 

According to the bibliography, the Mexican 

Pediatric Society in 2018, the Colombian consensus in 

the same year, and the Spanish Pediatric Society in 

2019 identified associated factors that may predispose 

one to UTI, among them urinary tract abnormalities, 

the presence of phimosis in infants, a short urethra, 

constipation, pinworm infection, bladder dysfunction, 

and neurogenic bladder [6-8]. 

The combination of the child's biological factors, 

added to those derived from the social and family 

environment, enhances the effect of each of them and 

increases the probability of urinary tract infection and 

its possible complications. 

At present, few studies in our environment 

represent the link between associated variables and 

the presence of urinary tract infection in the age group 

under 5 years. Our study is directed toward primary 

prevention. Therefore, the following research question 

arose: What is the prevalence of urinary tract infection 

and the relationship with associated factors in children 

under 5 years of age in the pediatric service of the 

Hospit

November 2019? We propose an observational study 

to answer this question. 

Population and methods 
Type of study 

A cross-sectional analytical study was carried out. 

Stage 

The study was carried out at the "José Carrasco 

Arteaga" hospital belonging to the Ecuadorian Institute 

of Social Security, in Cuenca-Ecuador. The study 

period was from May 1, 2018 to November 30, 2019. 
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Universe and sample 

The universe was hospitalized patients in the pediatric 

service, 0-5 years of age. The sample was 

probabilistic. It was calculated in the Epi InfoTM 

program (CDC, Georgia, USA) by calculating the 

sample size and precision to estimate a population 

proportion of 1,221 hospitalized patients between the 

ages comprising the study, with an expected 

frequency of UTI of 11%, a confidence level of 95%, and 

an error of 5%, obtaining a necessary sample of 134 

patients. With the addition of 10% losses, the total 

sample is made up of 147 patients. The sampling was 

simple random. 

Participants 

Patients between 0 and 5 years of age, hospitalized in 

the presence of a legal companion who signed the 

informed consent for participation in the study, were 

included. Patients with insufficient medical records, 

insufficient urine samples, and the application of 

creams and antibiotic intake were excluded. 

Variables 

The dependent variable was the presence of urinary 

tract infection. The independent variables were age, 

sex, origin, socio-economic condition, family income, 

care by third parties, nutritional status, visible 

anatomical alterations (synechiae, phimosis), balanitis, 

constipation, previous urinary infection, and 

anatomical alterations found in ultrasound in patients 

with a diagnosis of UTI. 

Methods, techniques, and instruments 

The data were obtained through an interview and 

observation of the medical record in the AS400 system. 

parents or legal representatives through informed 

consent, a form designed by the first author was 

applied. Through an interview, the following 

information was recorded: 

Assessments of nutritional status were carried out 

through stratification by gender and age, as well as 

the use of standardized WHO curves. The level of 

socioeconomic status was defined through the 

stratification survey of the socioeconomic level of the 

INEC (National Institute of Statistics and Censuses), 

while family income was stratified according to the 

unified basic salary of the country. Through the 

physical examination, the presence of visible 

anatomical alterations (synechiae, phimosis) was 

determined. The presence of balanitis was defined by 

history and physical examination. According to the 

Roma criteria, the diagnosis of constipation was 

determined. The ultrasound alterations found in 

patients diagnosed with UTI were described, the 

history of UTI was questioned, and the diagnosis of UTI 

was determined using EMO (elemental urine test) and 

positive urine culture. For the collection of the urine 

sample, the technique was used according to age and 

sex, following the protocol established in the institution. 

Children under 2 years (lurking method) 

Hand washing was carried out before and after the 

collection of the sample. The genital area was cleaned 

with saline solution and sterile gauze. Boys: The entire 

penis was placed inside the bag and the adhesive was 

attached to the skin. Girls: The bag was placed over 

the two skin folds on each side of the vagina (labia 

majora). 

In the cases in which the EMO result gave us a 

positive value for infection, we proceeded with the 

prior consent and company of the parents to perform 

bladder catheterization, as it is the method of choice in 

incontinent children [9]. 

Bladder catheterization 

Hand washing was performed before and after 

collection of the sample, followed by washing of the 

genital area with saline solution and sterile gauze. 

Gloves were changed, using a sterile technique, and 

the distal end of the catheter was placed inside the 

sterile collection bottle. Lubricating gel was placed at 

the proximal end to be introduced into the urethra. 

Behind the child, the mother immobilized him and the 

catheter was inserted into the meatus. It was gently 

inserted until urine reflux was obtained. The first 

milliliters of urine were discarded to avoid 

contamination. 

The samples were transferred to the laboratory of 

the "José Carrasco Arteaga" Hospital and were taken 

maintaining the 4 °C of the cold chain by means of a 

cooler and were analyzed. The EMO was carried out, 

including the physical, chemical, and microscopic 

analysis of the urine. The instrument used was the 

microscope. All fields were observed with a 40x lens. 
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Depending on the elements found, they were reported 

by crosses or the number per field. Urinary infection 

was considered with the presence of more than 5 

leukocytes per field and the presence of bacteria in the 

urinary examination. If there were nitrites in the 

chemical analysis, a urine culture was requested from 

all patients to analyze the type of isolated germ and 

antibiogram [10]. 

Positive urine culture criteria: collection bag: > 

100,000 CFU / ml, confirm with bladder 

catheterization, clean mid-urination urine: > 100,000 

CFU / ml, bladder catheterization > 50,000 CFU / ml 

[9, 10]. 

Children over 2 years 

In children with sphincter control, the collection of urine 

in the middle of urination (medium stream), with prior 

hygiene of the genitals, retraction of the foreskin in 

boys, and separation of the labia majora in girls, is the 

recommended method [11]. It was sent to the 

laboratory within 30 minutes of collection and the 

steps described above were followed. 

Statistical analysis 

Once the data were collected, they were codified and 

recorded in a database in the SPSS v.15 system (IBM, 

Chicago, USA). 

Frequency and percentages were obtained from 

the quantitative and qualitative variables, such as age, 

sex, origin, nutritional status, socioeconomic status, 

family income, anatomical alterations, balanitis, 

constipation, history of UTI, and presence of 

malformations detected by ultrasound. 

To determine the prevalence of urinary tract 

infection, the total number of patients with UTI was 

divided by the total number of hospitalized patients 0-

5 years old until the completion date of data collection. 

To determine association, the variables were 

dichotomized using the SPSS v.15 system. The 

prevalence relationship was obtained with the 

following formulas: (a / a + b) / (c / c + d). The 

association was considered positive if the PR was 

greater than 1. There was no association if the PR was 

equal to 1, and a negative association if the PR was less 

than 1. 

The 95% CIs were obtained for these PRs. Values 

that were less than 1 were considered reliable. P values 

were also obtained using chi2 and statistical 

significance was achieved when the P value was less 

than 0.05. The confidence interval for proportions was 

obtained. 

Control of sources of bias 

Patients with an incomplete medical history or data 

were excluded. 

Results 
Participants  

The target population consisted of a total of 1,385 

patients, of whom 147 presented a UTI, marking a 

prevalence of 10.6% (95% CI 10.57% -10.66%). 

Characteristics of the studied population 

The female sex was the predominant (71.4%) one, while 

the most frequent age group was 1-12 months (29.3%). 

Urban origin was the most frequent origin (83%), with 

medium-low socioeconomic status (64.4%), in which 1-

2 basic salaries were counted as family income (76.7%), 

and the patients were in the care of third parties 

(45.9%). These data are presented in Table 1. 

Table 1 Sex, age, place of residence and socioeconomic status 

 Variable(s) Frequency 

n=147 

Percentage 

(%) 

Sex 

Female 105 71.4% 

Male 42 28.6% 

Age 

1-12 months 43 29.3% 

13-24 months 28 19% 

25- 36 months 25 17% 

37-49 months 11 7.5% 

50-60 months 40 27.2% 

Place of residence 

Urban 122 83% 

Rural 25 17% 

Socioeconomic status 

Middle class upper stratum 28 19.2% 

Middle class typical stratum 20 13.7% 

Middle class lower stratum 95 64.4% 

Lower class 4 2.7% 

Family economic income 

< 400 USD 3 2.1% 

>400-800 USD 113 76.7% 

>800 USD 31 21.2% 

Third party care 

Parents 30 20.5% 

Relatives 49 33.6% 

Not relatives 68 45.9% 
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Clinical features 

Of the patients with a diagnosis of UTI, the highest 

percentage was within the normal nutritional state. 

Anatomical alterations were observed in 23.2%, 

constipation appeared in 24.7%, 34.9% had a history of 

infection (Table 2). In patients with a diagnosis of UTI, 

an ultrasound with renal screening was performed in 

which there were 4 cases (2.7%) of neurogenic bladder, 

26 cases of hydronephrosis (17.6%), 6 cases of cystic 

disease (4%), and 111 cases without alterations (75.5%). 

Associated factors 

The following were presented as risk factors: lower 

middle socioeconomic level, phimosis, balanitis, 

synechiae, constipation, and a history of UTI. The 

associated factors are presented in Table 3. 

Discussion 
In this investigation, a prevalence of urinary tract 

infection was found, similar to that reported in the 

literature. The following were presented as protective 

factors: age < 1 year and male sex. Risk factors were 

low-medium socioeconomic level, balanitis, structural 

alterations (phimosis- synechiae), and constipation. 

Hydronephrosis was the most observed alteration in 

ultrasound. 

Urinary tract infection (UTI) continues to be one of 

the most frequent bacterial infections in pediatrics, as 

shown in this study, which obtained a prevalence of 

10.6%. This marks a decrease in this hospital compared 

to 2013, when 11.62% (N = 96) presented with a positive 

urine culture [11]. It is believed that this is related to the 

improvement in hygienic-dietary measures and 

antibiotic prophylaxis during the detection of uro-renal 

malformations; however, it differs from Spain, where 

the prevalence was 5%. It should be noted that this 

country has a different social and clinical context from 

Ecuador [12]. 

Table 2 Group clinical features 

Frequency n=147 Percentage 

Nutritional condition 

Under weight 40 27.2% 

Normal 101 68.7 % 

Overweight 6 4.1% 

Anatomical alterations 

Phimosis 17 11.6% 

Synechiae 17 11.6% 

None 3 77.4% 

Balanitis 

Yes 3 2.1% 

No 144 97.9% 

Constipation 

Yes 36 24.7% 

No 111 75.3% 

Previous UTI 

Yes 51 34.9% 

No 96 65.1% 

Frequency of infection in children with previous UTI 

In the last year 44 83% 

1 to 2 years ago 6 11.3% 

No data 3 5.7% 

UTI: urinary tract infection 

Table 3 Bivariate analysis of factors associated with urinary tract infections 

 Urinary tract infections 

Variable(s) 
Present Absent 

PR CI 95% P 
F=146 % F=148 % 

Age (< 1 year) 43 29.5% 12 8.1% 0.210 0.16-0.42 <0.001 

Male sex 41 28.1% 85 57.4% 0.289 0.18-0.471 <0.001 

Low medium and low socio-economic status 98 67.1% 115 77.7% 1.707 1.01-2.86 0.04 

Care of third parties: Relatives 116 79.5% 130 87.8% 1.868 0.99-3.53 0.52 

Nutritional status: low weight 39 26.7% 22 14.9% 0.479 0.26-0.85 0.12 

Phimosis 17 11.6% 2 1.4% 29.37 6.34-136.29 <0.001 

Synechiae 17 11.6% 3 2.0% 1.43 1.14-1.79 0.02 

Balanitis 3 2.1% 0 0% 3.23 2.48-4.21 0.01 

Constipation 36 24.7% 10 6.8% 4.51 2.16-9.50 <0.001 

ITU Previous UTI 51 34.9% 1 0.7% 78.92 10.72-580.68 <0.001 

P: Prevalence ratio. CI: confidence interval. UTI: urinary tract infection 
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Regarding the sociodemographic profile, the female 

sex was the dominant one. This agrees with Europe 

and Latin America, where it is reported that from 3 

years of age, UTI is much more frequent in girls, with a 

girl/boy ratio greater than 10/1 [6, 13]. Regarding age, 

it was more common between 1-12 months, which 

coincides with Ibeneme et al., who indicate that 

children under 12 months had a greater number of UTI 

episodes [14]. Urban origin was the most predominant, 

coinciding with what was reported in the country in 

2017; then, 68% (75) children came from urban areas 

and 32% (35) came from rural areas [15]. This would be 

explained by the fact that the urban population is 

more 

hospital. 

According to the clinical profile, the normal 

nutritional status predominates. This is in line with that 

reported in the study of zone 7, in which most of the 

children, 26% of preschool children, had adequate 

nutrition and a history of urinary infection [16]. 

On the other hand, hydronephrosis was the most 

detected ultrasound alteration, which agrees with 

what was reported in Mexico in 2017. There, 38.7% 

presented genitourinary anomalies. Likewise, the most 

frequent were vesico-ureteral reflux (VUR), 

ureteropelvic stenosis, and incomplete bladder 

emptying [15]. 

It is known that the absence of adequate drainage of 

urination from the kidney will produce an 

inflammatory response and, finally, infection that, if not 

treated promptly, can lead to chronic diseases [17]. 

Certain factors present a statistically positive 

relationship with UTI. Among them, the low-middle 

socioeconomic level stands out, which fits with what 

was reported in Ecuador in 2017. There, children living 

in low socioeconomic conditions have twice the risk of 

presenting infection (OR 2 CI 95% 0.67 5.9) [16]. This 

may be because, at this social level, there is a limitation 

in education, economy, and hygiene and a lack of 

community support, which would act as conditions for 

infection. 

In this study, phimosis was also presented as a risk 

factor. This relates to what was reported in Spain, 

where, during the first year of life, uncircumcised men 

are 9 times more likely to contract a UTI than are 

circumcised men (OR 9.1; 95% CI: 5.2-15.7) [18]. The 

literature indicates that anatomical alterations made 

genital hygiene difficult and may be an optimal 

medium for bacterial growth and urinary infection 

through the ascending route. 

Constipation is considered a positive factor for UTI, as 

corroborated by Hossain M, and Col, in 2015. They 

presented a study of 50 cases and 50 controls and 

determined that constipation (P <0.001) had a 

statistically significant relationship with UTI [19]. Also, in 

Brazil in 2017, it was found that children with 

constipation were 6.8 times more likely to have a 

urinary tract infection than those who were not 

constipated (P <0.001) [20]. 

Children with a history of UTI are more likely to present 

diagnosis of recurrent UTI in 2013 [11]. This agrees with 

what was reported in Peru in 2017. There, recurrent 

urinary tract infection increases with a history of UTI 

(OR: 3.755 CI: 1.476-9.556) [21]. Recurrent UTI is 

generally thought to mask voiding disturbances, 

malformations, or intestinal disturbances. 

It should be noted that in this research, malnutrition 

was not reported as a risk factor. This would be 

explained by the fact that the universe under study 

belongs to a population with a medium-high 

socioeconomic status. However, this result should be 

viewed with caution and corroborated by future 

studies including a larger number of patients. 

However, the female sex, although it is more frequent 

in presentation, was not a risk factor in this research. 

This differs from Peru in 2017. There, the female sex 

had a 7 times greater risk of presenting UTI in relation 

to males (OR: 7.429 CI: 2.625-21.018) [21]. It is presumed 

that this difference is because, in our study, the most 

prevalent age was between 1 12 months and in this 

age group, physiological phimosis conditions an 

increase in prevalence in men. 

One of the limitations of this study, as it is cross-

sectional, is that the arguments issued have the 

characteristic of non-causal approximations that can 

be explained as epiphenomena. 

Conclusions 
Urinary tract infection is a highly prevalent disease in 

the pediatric population. UTI occurs more frequently in 

women, aged 1-12 months, of urban origin, with 

normal nutritional status. The following were 
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presented as protective factors: age < 1 year, male sex, 

and malnutrition. The risk factors were low-middle 

socioeconomic level, balanitis, phimosis, synechiae, 

constipation, and history of UTI. Hydronephrosis was 

the most frequent ultrasound finding. 

Abbreviations 
UTI: urinary tract infection. PR: Prevalence ratio. 
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Abstract 

Introduction: RNA viruses are known to have a high genetic variability. To date, SARS-CoV-2 

has produced several variants that can change the clinical presentation of COVID-19. The first 

clinical case of variant B.1.1.7 with a critical clinical status in a pediatric patient is presented. It 

indicates that surveillance of new variants and their relationship to critical cases in pediatric 

patients are required. 

Clinical case: A pediatric patient with a history of infantile cerebral palsy, complete severe 

evolution requiring intensive therapy for acute respiratory distress syndrome (ARDS) that was 

related to SARS-CoV-2 variant B 1.1.7. 

Evolution: Initially, she was treated at a private hospital because she required intensive care 

due to ARDS, and she was then transferred to a public hospital. She was discharged after 35 

days due to a favorable evolution of her infectious etiology. 

Conclusions: New SARS-CoV-2 variants may show new clinical behaviors. Despite this 

observed in pediatric patients with COVID-19. The severe symptoms could be related to the 

SARS-CoV-2 variant B.1.1.7 infection in this patient. 

Keywords: Pulmonary edema; Coronavirus infections; SARS-CoV-2 variant B.1.1.7, child, 

critical care, Case report. 
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Introduction 
Mutation is an expected event in viruses, and SARS-

CoV-2 is no exception [1, 2]. In November 2020, the 

rapid increase in COVID-19 cases in the UK was 

associated with the emergence of a new variant that 

was identified by genomic sequencing and reported to 

the World Health Organization (WHO) on December 

14, 2020 [1-3]. Called the SARS-CoV-2 VUI 202012/01 

(B.1.1.7), this variant is defined by multiple mutations, 

approximately 17 of which have been detected in peak 

proteins such as deletion 69 70, deletion 144, N501Y, 

A570D, D614G, P681H, T716I, S982A, and D1118H [2, 4-

6]. One of the most important mutations is within the 

receptor-binding domain (N501Y) that the virus uses to 

bind to the human angiotensin-converting enzyme 

(ACE)2 receptor [4, 6, 7]. 

The objective is to present the first case report of 

the new variant SARS-CoV-19 VUI 202012/01 (B.1.17) in 

a pediatric patient from Ecuador who presented in 

critical condition. 

Case report 
The patient was a 12-year-old girl who was born and 

resided in Quito, Ecuador. She had a history of infantile 

cerebral palsy, complete severe subcortical atrophy, 

and Lennox Gastaut syndrome that was diagnosed at 

7 months of age. The patient was receiving treatment 

with the following antiepileptic drugs: clobazam (1 

mg/kg/day), lacosamide (10 mg/kg/day), and 

valproic acid (15 mg/kg/day). She also had a history of 

recurrent pneumonia (an average of one 

hospitalization per year) up to 2 years before 

admission. She underwent surgery for strabismus 

when she was 1 year and 8 months old, gastrostomy 

surgery at 2 years old, and surgery for 

gastroesophageal reflux at 5 years old. 

Since January 1, 2021, her father, mother, and sister 

had a fever and cough. Seven days later, the patient 

also developed a fever, cough, dyspnea, tachypnea, 

and subcostal retractions, and the family was tested at 

a public entity where real-time polymerase chain 

reaction (RT-PCR) tests for SARS-CoV-2 were 

performed with a positive result for all family 

members. 

Initially, the patient was managed at home with 

oxygen through a nasal catheter. However, she 

developed peripheral desaturation of up to 77% by 

pulse oximetry, for which she was admitted to a 

private hospital in Quito 4 days after the diagnosis. 

There, a pulmonary computed tomography scan was 

performed, which revealed consolidation foci in both 

lung fields, perihilar bronchiectasis, which was 

predominantly alveolar, and mixed infiltrate. 

Acetaminophen was started at 10 mg/kg/dose and 

methylprednisolone at 2 mg/kg loading dose followed 

by maintenance with 2 mg/kg/day. The patient was 

admitted to the hospital. 

On day 4 of hospitalization, she showed increased 

respiratory distress and persistent fever. Induced 

sputum culture on admission revealed Enterobacter 

cloacae and Streptococcus pneumoniae, so 

intravenous cefepime (50 mg/kg/dose) every 8 h was 

started. After 5 days of hospitalization, the patient 

developed acute respiratory distress syndrome 

(ARDS), which required invasive mechanical 

ventilation. Due to the lack of physical space in the 

intensive care unit, she was transferred to a public 

hospital, where she continued to undergo invasive 

mechanical ventilation. 

Diagnostic workshop 

Based on the clinical evolution and critical condition of 

the patient, the viral genome was sequenced, and the 

SARS-CoV-2 variant B.1.1.7 was identified. This 

sequence was reported to the GISAID gene bank with 

the accession number EPI_ISL_877562, and it included 

the following mutations: Spike A570D, Spike D614G, 

Spike D1118H, Spike N501Y, Spike P681H, Spike Q52K, 

Spike S982A, Spike T716I, N D3L, N G204R, N R203K, N 

S235F, NS8 K68stop, NS8 R27I52, NSP, A738C, NSP 

NSP3 T183I, NSP12 P323L, and NSP14 L493F (Fig. 1). 

relatives suggested that the father contracted COVID-

19 from a friend during a work meeting in the province 

of Zamora, in southern Ecuador. All of the family 

members recovered from the disease. 

Evolution 

to her infectious symptoms, and she was discharged 

after 38 days of hospitalization. She was not on 

supplemental oxygen, but she underwent respiratory 

therapy and physical therapy. 
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Discussion 

The new SARS-CoV-2 variant B.1.1.7 is estimated to 

be 70 71% more transmissible than the previously 

circulating form of the virus [8 10]. In London in 

September 2020, this variant accounted for only one in 

four new COVID-19 diagnoses, and it increased to 

almost two-thirds of new cases by mid-December 

2020 [1, 8]. 

In infected patients, it has been shown that this new 

variant presents with worse clinical disease severity [1], 

and there is a greater risk of hospital admission and 

mortality [4, 8, 9]. 

Currently, vaccines are less likely to be effective 

against the variant.. Although the new variant has 

mutations in the peak protein that is targeted by the 

three major vaccines (Pfizer, Moderna & AstraZeneca), 

they produce antibodies against various regions of the 

peak protein. However, over time, as more mutations 

emerge, the vaccines may need to be modified [11]. 

There is currently evidence that this variant is covered 

by vaccines that are currently produced by 

VaxzevriaTM (AstraZeneca), ModernaTM (Moderna 

TX, Inc) and Pfizer-BioNTechTM (Pfizer Inc & 

BioNTech) [4, 11, 12]. 

This case draws attention due to its slow evolution 

that led to the patient requiring intensive therapy for 

ARDS, which is an unusual evolution in children. The 

molecular sequencing study confirmed that this was 

the first case with this variant in a pediatric patient in 

Ecuador. Because there was no history of international 

travel by her family, this means that the SARS-CoV-2 

variant B.1.1.7 is already circulating in the community. 

There is current evidence of greater virulence for the 

variant B.1.1.7. A matched pair study study showed a 

mortality risk of 1.64 (95% confidence interval [CI] 1.32 

to 2.04) compared to the original SARS-CoV-2 strain 

may have been caused by her multiple comorbidities. 

However, in the authors' exp

respiratory evolution is unusual, and observing it in a 

pediatric patient with COVID-19 despite the existence 

of comorbidities suggests that a contributing factor is 

the new variant that was detected [1].  

New variants of SARS-CoV-2 can show new clinical 

behaviors and even be more lethal, according to 

Challen et al. [1]. In the present case, it is advisable to 

strengthen surveillance systems using molecular 

epidemiology in Ecuador and the region to identify 

many similar cases that may not otherwise be 

identified or reported [13]. 

Conclusions 
COVID-19 in this pediatric patient, whose condition 

deteriorated so that she required mechanical 

ventilation due to the presence of ARDS, was related 

to infection with the SARS-CoV-2 variant B.1.1.7. 

Because there was no history of international travel by 

her family, it was epidemiologically established that 

the SARS-CoV-2 variant B.1.1.7 is already circulating in 

the community. 

Abbreviations 
ARDS: acute respiratory distress syndrome. 

COVID-19: a viral disorder usually characterized by high fever; cough; 

dyspnea chills; persistent tremor; Muscle pain; headache; throat pain; a new 

loss of taste and / or smell and other symptoms of viral pneumonia. 

RT-PCR: Reverse transcriptase polymerase chain reaction. 

SARS-CoV-2: A species of BETACORONAVIRUS that causes atypical 

respiratory disease (COVID-19) in humans. The organism was first identified in 

2019 in Wuhan, China. The natural host is the Chinese intermediate horseshoe 

bat, RHINOLOPHUS affinis. 
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Fig. 1 Phylogenetics of the sample. Phylogenetic location of sample USFQ-737 in the Nexstrain.org classification and mutation 

listing based on information from gisaid.org. 
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Abstract 

Introduction: Familial hypercholesterolemia (FH) is an autosomal dominant genetic disorder 

that produces hypercholesterolemia and premature development of cardiovascular dis-

eases. Statins are the drug of choice in these patients; however, a high percentage of patients 

cannot achieve their therapeutic goals with the maximum recommended doses, so Lo-

mitapide may prove to be useful as a new treatment alternative to traditional statins. 

Objective: The objective of this systematic review is to determine if Lomitapide is better than 

statins at reducing cardiovascular events in patients with a diagnosis of FH. 

Methods: Randomized controlled trials (RCTs) and quasi-randomized trials of patients diag-

nosed with FH will be included. Primary outcome measures included several parameters: 1. 

Post-treatment low- and high-density lipoprotein (LDL and HDL, respectively) levels and 2. 

Presence of cardiovascular events. Electronic searches will be conducted in PUBMED, The 

Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE, and the scientific elec-

tronic library (Scielo). The assessment of the risk of bias will be used by the Cochrane tool. 

The measures of the treatment effect will be considered the mean differences (MD) and the 

95% confidence intervals (CI). The evaluation of heterogeneity will be done by visual inspec-

tion of the funnel diagram. The evaluation of the quality of the evidence will be done using 

the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) ap-

proach. 

Keywords: Lipoproteins, LDL; Hydroxymethylglutaryl CoA Reductases; Cardiovascular Dis-

eases; Anticholesteremic Agents; Hypercholesterolemia; Cholesterol, LDL; Systematic Review; 

Protocols. 
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Introduction 
Condition Description 

Familial hypercholesterolemia (FH) is an autosomal 

dominant genetic disorder that causes elevations in 

low-density lipoprotein (LDL) cholesterol [1], and these 

elevated LDL levels lead to the development of early 

atherosclerosis, resulting in the premature develop-

ment of cardiovascular diseases and a short life ex-

pectancy [2]. 

Due to its dominant genetics, FH usually begins  

early in life with the establishment of high levels of LDL 

starting at birth [3]; however, its clinical debut varies 

according to its two inherited variants [4]. The homo-

zygous variant generally debuts in the first decade of 

life with a very high risk of death from coronary heart 

disease before the age of 30. Since its two alleles have 

to be mutated, this variant is extremely rare with a 

prevalence of 1 case per million inhabitants who tend 

to have extremely high calculated LDL (LDL-C) levels  

between 800 and 1000 mg/dl; hence, these variants  

lead to greater cardiovascular risk [5, 6]. The heterozy-

gous phenotype is the most common variant with a 

prevalence in the Caucasian population of 1 case per 

500 inhabitants, which gives an approximate estimate 

of about 10 million affected in the world, the majority 

of whom (up to 80%) remain undiagnosed. LDL values 

are usually around 190 to 400 mg/dl, it has a later de-

but around 17 -to 25 years and presents earlier in the 

male sex. It has been noted that the clinical complica-

tions of atherosclerosis occur prematurely in men [5]. 

It is estimated that without treatment, approxi-

mately 50% of men with FH will suffer an episode of 

cardiovascular disease (CVD) before the age of 50 

and 30% of women before the age of 60; hence, these 

findings emphasize the importance of early diagnosis  

and management of these patients. The main charac-

teristic of the disease is the presence of exaggeratedly 

elevated LDL levels starting at birth and is also usually 

ac-companied by clinical signs, such as xanthomas 

and/or corneal arch [5, 6]. 

The etiology of FH is genetic due to mutations; thus, 

responsible loci exist. The most frequent and important 

is the LDL receptor gene (rLDL) located on the short 

arm of chromosome 19 followed by the apo B-100 

gene on chromosome 2. To a lesser extent, defects in 

a transporter protein (PCSK 9) are responsible in addi-

tion to forms of autosomal recessive hypercholesterol-

emia, such as autosomal recessive familial hypercho-

lesterolemia (HAR) due to mutations in the rLDL 

adapter protein and the very rare sitosterolemia char-

acterized by increased absorption of cholesterol and 

deficient elimination of bile. Hence, new drugs have 

been developed whose therapeutic targets are these 

altered receptors [7]. 

Diagnosis is a real clinical challenge and is based 

on LDL levels (greater than 200mg/dl), family history 

of hypercholesterolemia in first-degree relatives, his-

tory of cardiovascular events at early ages, and the 

presence of xanthomas and a corneal arch. In Spain, 

the British Simon Broome and the criteria of the Dutch 

Lipid Clinic Network (RCLH) are used. These criteria 

have been validated via genetic diagnosis, which is 

considered the gold standard. 

6]. The diag-

nosis of familial hypercholesterolemia in children is 

based on elevated levels of total cholesterol and LDL 

levels. In both children and adults, a genetic DNA study 

is performed if available [5]. 

In general, the treatment of FH is based on the 

adoption of hygienic dietary measures and pharma-

cological treatment. The former are aimed at the 

adoption of healthy lifestyle habits through a diet low 

in saturated fats and rich in poly and monounsatu-

rated fats, regular physical exercise, and abstinence 

from tobacco. Regarding pharmacological treatment, 

statins are considered the treatment of choice for this  

pathology. De-pending on the statins and the selected 

dose, LDL reductions between 25% and 58% can be 

achieved, thus reducing the risk of developing a cardi-

ovascular event and therefore both mortality, however 

it has been seen that patients with high cardiovascular 

risk develop intolerance and in children its long-term 

safety is not firmly established, in addition, with the in-

troduction of new drugs its efficacy has been dimin-

ished [4, 6]. 

Description of the Intervention 

The focus on the pharmacological treatment of FH is 

based on the reduction of LDL levels, which can be 

achieved with the early introduction of statins, the 

drugs of choice. With respect to the age of onset in the 
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pediatric population, use of these drugs is recom-

mended at 10 years in boys, after menarche in girls, 

and in adults, immediately after diagnosis. However, 

as previously mentioned, it has been seen that in the 

long-term, statins do not have a good safety profile 

and their efficacy is not as expected, which is why we 

com-pared them other another drug that was intro-

duced in 2013. The importance of this drug lies in the 

beneficial effect that it is reported to have in reducing 

cardiovascular events and therefore in increasing sur-

vival [8]. 

This review compares these two drugs by evaluat-

ing the reduction in LDL cholesterol levels and risk of 

cardiovascular events and therefore also mortality. 

1. LDL cholesterol levels are the predictor of cardio-

vascular risk in patients with FH, which makes it a use-

ful measure to assess this risk. 

2. Cardiovascular events represent an important 

cause of these premature events in FH patients, and 

the therapeutic efficacy of these drugs in reducing 

these events will be evaluated. 

How the intervention works 

This review will compare the efficacy of Lomitapide in 

reducing cardiovascular events in this type of patho-

logy when compared with statins, which is the drug of 

choice in this pathology. 

Thanks to its novel mechanism of action, Lo-

mitapide produces a significant reduction not only in 

LDL cholesterol but also in total cholesterol and 

apolipoprotein B, thus constituting a new treatment 

strategy for this pathology. 

Lomitapide was introduced in January 2013 as a 

new therapeutic approach for FH; however, a limita-

tion in terms of the available bibliography about its 

great utility in clinical practice exists in addition to the 

great efficacy it shows at extremely low doses in re-

ducing the LDL levels compared to extremely high 

doses of statins to achieve the same reductions. Many 

times, these statin doses are poorly tolerated. 

A follow-up study was done in Italy in 2017 in which 

the electronic case reports of 52 patients with FH of au-

tosomal recessive etiology (HAR) were examined. The 

mean follow-up age was 14.1 ± 7.3 years. Among these 

patients, high doses of statins and ezetimibe were rec-

orded, and just over half of the patients were receiving 

apheresis. Six of the patients (11.5%) had received Lo-

mitapide. Compared with other lipid-lowering medi-

cations, patients receiving Lomitapide showed the 

greatest decreases in LDL-C levels despite discontinu-

ing lipid apheresis. LDL-C levels were reduced by 88.3 

± 5.0 mg/dL compared to 62.0 ± 22.5% for statins plus  

ezetimibe and 70.6 ± 10.3% for the same regimen with 

added lipid apheresis. The research group com-

mented that the use of Lomitapide in FH deserves fur-

ther attention [9]. 

Therefore, with this intervention, all of the available 

information about this drug will be collected and an 

attempt will be made to demonstrate the efficacy of 

this drug over the gold standard in reducing LDL cho-

lesterol levels and thus, decreasing of the risk of cardi-

ovascular events in the long-term. 

Why this review is important 

As familial hypercholesterolemia is a not such a com-

mon disease and many of the times goes underdiag-

nosed. Since its diagnosis requires great expertise and 

clinical suspicion, its diagnosis is late, and many pa-

tients do not receive effective therapy until approach-

ing the age at which important adverse cardiovascu-

lar events occur. Therein, lies the importance of receiv-

ing a timely and above all effective diagnosis. 

In the search to find an effective drug from the be-

ginning of treatment and that in the long-term reduces 

cardiovascular arteriosclerotic events, therefore lead-

ing to an increase in survival, the need for this review 

arose. Lomitapide, a novel drug, which has not been 

exploited enough in terms of its effectiveness in man-

aging these patients will be evaluated in this review. A 

study in which the objective of our review is exempli-

fied was carried out in 2017 by Leipold [10] that was 

precisely intended to measure the potential efficacy of 

Lomitapide on major adverse cardiovascular events  

(MACE) and survival. The results in terms of survival 

benefit analysis indicated that starting with Lomitapide 

at 18 years of age and reducing LDL cholesterol by 3.3 

mmol/L from the start was shown to increase life ex-

pectancy by 11.2 years and delay the time to the first 

MACE by 5.7 years. The analysis suggested that life-

time Lomitapide treatment could increase mean life 

expectancy by 11.7 years and time to first MACE by 6.7 

years. 
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Hence the importance of conducting a systematic  

search aimed at obtaining the greatest amount of 

data about this drug when compared with its standard 

treatment to demonstrate its benefits, especially in the 

long term, was demonstrated. 

Objectives 
To assess the reduction of cardiovascular events in pa-

tients with a diagnosis of FH treated with Lomitapide 

versus statins. 

Methods 
Eligibility criteria 

Randomized and quasi-randomized clinical trials 

published in the last ten years were included. The study 

group will consist of patients with FH. Inclusion criteria 

will consist of selection of only those articles that are 

from reliable scientific sources that included patients  

with FH undergoing treatment with Lomitapide or 

statins. These articles should have included changes in 

LDL-C from baseline onwards and high-density lipo-

protein cholesterol (HDL-C) and total cholesterol (TC) 

changes after receiving treatment. These parameters  

are related to the reduction in cardiovascular events. 

Type of study 

Randomized controlled trials (RCTs) and quasi-ran-

domized controlled trials will be included. 

Types of participants 

Patients with a diagnosis of FH based on the analysis  

of high TC and low HDL levels or based on genetic di-

agnosis or both will be included. Studies will be in-

cluded regardless of the duration of the illness. 

Articles that focus on patients in whom these two 

types of treatment are compared and in patients with 

pathologies other than FH will be excluded. 

Types of interventions 

Two main categories of interventions that will be tested 

in this review:  

after treatment; these are taken as predictive param-

eters of cardiovascular risk and therefore future cardi-

ovascular events. 

. 

Types of outcome measures 

Primary outcome measures 

Studies will be included only if one or more of the out-

comes listed below were measured or were intended 

to be measured. 

1. Decreased levels of HDL, LDL, and TC post-treat-

ment. 

2. The presence or absence of cardiovascular 

events after study treatment. 

Secondary outcomes 

1. Health-related quality of life in a patient with cor-

onary arthropathy was evaluated using a validated 

questionnaire, such as the Cardiovascular Limitations 

and Symptoms Profile (CLASP) 

2. Less serious (mild) side effects, such as intoler-

ance to treatment and/or mild allergic reactions. 

3. Recurrence, reported as the number of cases 

that relapse after a successful resolution. 

4. Adherence (compliance) to the assigned treat-

ment. 

5. Rating of satisfaction or improvement reported 

by the patient with the result. 

We also reported the results of any cost-effective-

ness analyses associated with the included trials. 

Timing of Results Measurement 

Outcome measures will be grouped into three differ-

ent time periods: 1. short term (within one month of the 

intervention), 2. medium term (one month to six 

months) or 3. long term (more than six months). 

Search methods for the identification of studies 

Electronic searches 

For this study, all of the studies or most of the studies  

that are available to the scientific community will be 

obtained from electronic searches carried out on 

Medline (Ovid Online), The Cochrane Central Register 

of Controlled Trials (CENTRAL), EMBASE, and Scientific  

Electronic library (Scielo). 

ClinicalTrials.gov and the WHO International Clini-

cal Trials Registry Platform for ongoing and recently 

completed trials will also be searched. No language 

restrictions applied. 

In MEDLINE (Ovid Online), a topic-specific search 

strategy will be combined with the version that maxim-

ized the sensitivity of the highly sensitive Cochrane 

search strategy for identifying RCTs [11]. The search 
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strategies developed for CENTRAL and MEDLINE are 

reported in Table 1. These strategies will be modified 

for use in the other databases. 

Searching for other resources 

The reference lists of key trial reports and review arti-

cles will be manually searched. The corresponding au-

thors of included studies and known investigators in 

the field of FH management will be contacted to help 

identify potentially relevant published and un-

published studies. 

Data collection and analysis 

Study selection 

Ten authors independently selected the title and ab-

stract from all search results. Full reports of potentially 

eligible studies will be retrieved, and study selection 

will be made by the same 10 authors under the guid-

ance of a standardized eligibility form. Any disagree-

ment will be resolved in consultation by an 11th author. 

If eligibility is still unclear, the study authors will be con-

tacted for clarification. 

Data extraction and management 

Five review authors will independently extract the data 

according to the implementation of a standardized 

and tested data extraction form. Disagreements will  

be resolved by consensus when possible, but a sixth 

re-view author was consulted if a consensus cannot be 

reached. Data entry in Review Manager 2014 will be 

done by a reviewer. 

Assessment of risk of bias in included studies 

The assessment of the risk of bias in the included stud-

ies is based on the application of the Cochrane 'Risk of 

Bias tool [11]. Ten review authors independently re-

ported on the following seven domains: 1. sequence 

generation, 2. allocation concealment, 3. blinding of 

participants and staff, 4. blinding of outcome assess-

ment, 5. data integrity of outcome, 6. selective report-

ing of outcome data, and 7. any other relevant but un-

reported source of bias in the above domains. A sep-

arate assessment of risk of bias will be performed for 

blinding domains and incomplete outcome assess-

ment will be performed for patient-reported, such as 

cardiovascular events) or objectively reported, such as 

number of outcomes, adverse events, and recurrence 

rate. The risk of bias classified for each domain is low, 

unclear, or high. An eleventh review author will be con-

sulted if a consensus cannot be reached. 

Valid ways to blind the participant to most of the 

physical interventions used in the treatment of familial 

hypercholesterolemia will be used. Evidence from the 

assessment of successful blinding of participants will  

be required to rate a low risk of bias in the section 

come assessment (due to attrition or exclusions) will be 

considered as high risk of bias if an intention-to-treat 

protocol had not been used. 

Table 1 MESH terms for the clinical studies search strategy. 
Sear

ch 

Main MESH 

term 

Entry Terms (MESH) 

1 Hyperlipopro-

teinemia Type 

I 

OR Apolipoprotein C-II Deficiency OR  

Burger-Grutz Syndrome OR C-II Anap-

olipoproteinemia OR Chylomicronemia, 

Familial OR Familial Fat-Induced Hyper-

triglyceridemia OR Familial Hyperchylo-

micronemia OR Familial Hyperlipopro-

teinemia Type 1 OR Familial LPL Defi-

ciency OR Familial Lipoprotein Lipase 

Deficiency OR Hyperchylomicronemia, 

Familial OR Hyperlipemia, Essential Fa-

milial OR Hyperlipemia, Idiopathic, 

Burger-Grutz Type OR Hyperlipopro-

teinemia Type Ia OR Hyperlipopro-

teinemia Type Ib OR Hyperlipopro-

teinemia, Type I OR Hyperlipopro-

teinemia, Type Ia OR Hyperlipopro-

teinemia, Type Ib OR LIPD Deficiency OR 

Lipase D Deficiency OR Lipoprotein Li-

pase Deficiency OR Lipoprotein Lipase 

Deficiency, Familial. 

2 1 & Anticho-

lesteremic 

Agents 

OR Anticholesteremic Drugs OR Anticho-

lesteremics OR Cholesterol Inhibitors OR 

Hypocholesteremic Agents OR Inhibi-

tors, Cholesterol OR Lomitapide OR Jux-

tapid OR Lojuxta OR Hydroxymethylglu-

taryl-CoA Reductase Inhibitors OR 

HMG-CoA Reductase Inhibitor OR 

HMG-CoA Reductase Inhibitors OR Hy-

droxymethylglutaryl-CoA Reductase 

Inhibitor OR Inhibitors, HMG-CoA Re-

ductase OR Inhibitors, Hydroxymethyl-

glutaryl-CoA OR Inhibitors, Hy-

droxymethylglutaryl-Coenzyme A 

Statin OR Statins OR Statins, HMG-CoA 

3 1 & Heart Dis-

ease Risk Fac-

tors 

OR Cardiovascular Risk OR Cardiovascu-

lar Risk Factors OR Cardiovascular Risk 

Score OR Residual Cardiovascular Risk 
OR Risk Factors for Cardiovascular Dis-

ease OR Risk Factors for Heart Disease. 
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Measures of treatment effect 

For continuous outcomes (such as cardiovascular 

events), mean differences (MD) and corresponding 

95% confidence intervals (CI) will be used to measure 

treatment effects. When appropriate, final scores in-

stead of changing scores will be used. Standardized 

mean differences (SMD) were used when different 

measurement scales are used; the final and change 

scores for SMDs are not to be grouped. The SMD will  

be translated back to a typical scale (for example 0 to 

10 for cardiovascular events) by multiplying the SMD 

by a standard deviation between people (such as the 

standard deviation of the control group at the start of 

the trial). 

For dichotomous outcomes such as adverse events, 

risk ratios (RR) and 95% CIs were calculated. 

Unit of Analysis Problems 

Unit of analysis problems may arise in studies that in-

clude participants with FH. When results are reported 

by feet and no adjustments are available, sensitivity 

analyses will be performed to assess the impact of in-

cluding uncorrected data in the results. If the numbers 

with cardiovascular events were high, we first at-

tempted to correct this issue by adjusting the effective 

sample size to take into account the fact that the par-

ticipant and not the FH was treated as the randomized 

unit analysis. If this is not possible, the effects of ex-

cluding the trial from the pooled analyzes will be ex-

plored. Data from cross-over trials will be analyzed in 

the first time period to avoid sequencing or carry-over 

effects. Data presented at different time points within 

or between studies were grouped for presentation ac-

cording to the length of follow-up: 1. short-term (less  

than four weeks), 2. medium-term (four weeks to less 

than six months) and 3. long-term (greater than or 

equal to six months). If studies with multiple arms will  

be identified, the relevant arms according to our pro-

tocol were included. When two comparisons with the 

same control group are combined in the same meta-

analysis, the control group will be divided in half to 

avoid double counting. 

Addressing missing data 

We attempted to contact the trial authors for missing 

information and data. In cases in which it is possible, 

we will try to analyze available data using intention-

to-treat principles. When possible, missing standard 

de-viations (SDs) from other statistics such as stand-

ard errors, confidence intervals, or P-values will be 

calculat-ed according to the methods recommended 

in the Cochrane Handbook for Systematic Reviews. of 

Interven-tions. Missing SDs from other sources will not 

be used. When possible, sensitivity analyses to explore 

the effects of missing binary data when they exceeded 

10% of the trial population will be used. 

Heterogeneity assessment 

Statistical heterogeneity will be assessed by visual in-

spection of the forest plot and by taking into account 

the chi² statistic at a significance level of P < 0.10. The 

level of inconsistency between trials will be defined by 

the I² statistic and will be interpreted in the following 

manner: 1. 0% to 40% might not be important; 2. 30% to 

60% may represent moderate heterogeneity; 3. 50% to 

90% may represent substantial heterogeneity; and4.  

75% to 100% heterogeneity considerable [11]. 

Assessment of reporting biases 

When a sufficient number of trials (more than 10 tri-

als) contributed to the analysis of a primary outcome, 

a funnel plot was generated to explore possible small 

study biases. In interpreting funnel plots, the different 

possible reasons for funnel plot skewness were exam-

ined as described in section 10.4 of the Handbook [11]. 

To assess the reporting bias of the results, trial pro-

tocols will be compared with published reports. For 

studies published after January 1, 2010, the Clinical Tri-

als Registry on the World Health Organization Interna-

tional Clinical Trials Registry Platform for the trial pro-

tocol will be examined. Cases in which it is evident that 

the results stated a priori (such as in a trial protocol) 

are not reported or reported selectively are indicated 

in the Risk of Bias table. 

Data synthesis 

Where appropriate, the results of comparable groups 

of trials will be combined using fixed-effect and ran-

dom-effect models. The choice of the model to be re-

ported was based on careful consideration of the de-

gree of heterogeneity and whether this degree could 

be explained in addition to other factors, such as the 

number and size of the included studies. We will use 

the 95% CI at all times and consider not pooling data 

when considerable heterogeneity (I²> 75%) exists that 



Peer-revie wed protocols        DOI: 10.52011/009 7                                                                         Cardiology| Pediatrics 

Torres T, et al. Rev. Ecuatoriana. Pediatr. 2021:22(1) Article 2  Page 7 of 8 

cannot be explained by the diversity of methodologi-

cal or clinical characteristics between the trials. In 

cases in which it is not appropriate to pool the data, 

the trial data in the analyses or tables will still be pre-

sented for illustrative purposes and reported in the 

text. 

Subgroup analysis and investigation of heteroge-

neity 

Where data permitted, several subgroup analyses 

will be performed: 

1. Age (under 18; 18 to 35; over 35 years old) 

2. Gender 

 

 

5. Level of physical activity (athletes or high levels  

of physical activity; non-athletes or sedentary). 

The above subgroups will be analyzed at the main 

time points (less than one month, one month to less 

than six months, and six months or more) for each type 

of intervention. 

We investigated whether the subgroup results will  

be significantly different by inspecting the overlap of 

CIs and performing the test for subgroup differences 

available in RevMan 2014 V.5.3 (Cochrane, Copenha-

gen, Denmark). 

Sensitivity analysis 

If sufficient data exist, sensitivity analyses on various 

aspects of the trial will be conducted and a review of 

the methodology will be done. Sensitivity analyzes will  

be explored: 

1. the effects on primary outcomes of trial exclusion 

with high or unclear risk of selection bias (thus restrict-

ing the analysis to studies with low risk of selection bias 

due to the use of adequate methods of concealment 

of selection bias),  

2. the effects of excluding trials reported only in 

conference proceedings or other brief reports, 

3. the effects on primary outcomes of comparing 

studies with smaller sample sizes (less than 50 cases in 

each group) versus larger ones, 

4. the effects of the lack of binary data, and 

5. the choice of the statistical model to pool the data 

(fixed effects versus random effects). 

Evidence quality assessment and Summary of 

Findings tables. 

Grading of Recommendations Assessment, Devel-

opment, and Evaluation (GRADE) approach will be se-

lected to assess the quality of the body of evidence for 

each outcome listed in types of outcome measures [12]. 

The high quality rating is reserved for a suite of RCT-

based evidence. The quality rating will be down-

graded to moderate, low, or very low depending on 

the presence and scope of five factors: 1. study limita-

tions, 2. inconsistency of effect, 3. imprecision, 4. indi-

rect evidence, and 5. publication bias. 

When sufficient evidence is found, Summary of 

Findings tables will be prepared for each comparison 

using the available evidence for the three primary out-

comes. The results will be presented during three es-

tablished time periods (short-, medium-, and long-

term). 

Protocol corrections 
To document future amendments to this protocol, the 

registry plan will use the PROSPERO Guide and up-

date it in the selected database. 

Final results 
They will be published in a summarized version in the 

PROSPERO protocol and sent in full to an Indexed 

journal for the knowledge of the scientific community. 
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