Biomédica 2017;37(Supl.1):51-6
doi: http://dx.doi.org/10.7705/biomedica.v37i1.2844

ORIGINAL ARTICLE

Risk factors associated with the development of
perinatal asphyxia in neonates at the
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Introduction: Perinatal asphyxia is one of the main causes of perinatal mortality and morbidity
worldwide and it generates high costs for health systems; however, it has modifiable risk factors.
Objective: To identify the risk factors associated with the development of perinatal asphyxia in newborns
at Hospital Universitario del Valle, Cali, Colombia.

Materials and methods: Incident cases and concurrent controls were examined. Cases were defined
as newborns with moderate to severe perinatal asphyxia who were older than or equal to 36 weeks of
gestational age, needed advanced resuscitation and presented one of the following: early neurological
disorders, multi-organ commitment or a sentinel event. The controls were newborns without asphyxia
who were born one week apart from the case at the most and had a comparable gestational age.
Patients with major congenital malformations and syndromes were excluded.

Results: Fifty-six cases and 168 controls were examined. Premature placental abruption (OR=41.09;
95%Cl: 4.61-366.56), labor with a prolonged expulsive phase (OR=31.76; 95%CI: 8.33-121.19), lack
of oxytocin use (OR=2.57; 95% CI: 1.08 - 6.13) and mothers without a partner (OR=2.56; 95% CI:
1.21-5.41) were risk factors for the development of perinatal asphyxia in the study population. Social
difficulties were found in a greater proportion among the mothers of cases.

Conclusions: Proper control and monitoring of labor, development of a thorough partograph, and
active searches are recommended to ensure that all pregnant women have adequate prenatal care with
the provision of social support to reduce the frequency and negative impact of perinatal asphyxia.

Key words: Asphyxia neonatorum; hypoxia, brain; abruptio placentae; prenatal care; oxytocin; fetal
monitoring.
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Factores de riesgo asociados con el desarrollo de asfixia perinatal en neonatos en el Hospital
Universitario del Valle, Cali, Colombia, 2010-2011

Introduccion. La asfixia perinatal constituye una de las principales causas de morbilidad y mortalidad
perinatal en el mundo, tiene factores de riesgo modificables y genera altos costos para los sistemas
de salud.

Objetivo. Determinar los factores de riesgo asociados al desarrollo de asfixia perinatal en recién
nacidos en el Hospital Universitario del Valle, Cali, Colombia.

Materiales y métodos. Se llevé a cabo un estudio de casos incidentes y controles concurrentes. Los
casos se definieron como neonatos con asfixia perinatal moderada a grave, de edad de gestacion
mayor o igual a 36 semanas, que requirieron reanimacion avanzada y presentaron, al menos, una de
las siguientes condiciones: alteraciones neurolégicas tempranas, falla organica mdltiple o aparicion
de un evento centinela. Los controles se definieron como neonatos sin diagnostico de asfixia, nacidos
hasta con una semana de diferencia con respecto al caso y de edad de gestacién comparable. Se
excluyeron los pacientes con malformaciones congénitas mayores y sindromes.

Resultados. Se estudiaron 56 casos y 168 controles. El desprendimiento prematuro de la placenta (odds
ratio, OR=41,09; IC,, 4,61-366,56), un trabajo de parto con fase expulsiva prolongada (OR=31,76;
IC,,, 8,33-121,19), no usar oxitocina (OR=2,57; IC,,, 1,08-6,13) y ser madre soltera (OR=2,56; IC_,
1,21-5,41) fueron factores de riesgo para el desarrollo de asfixia perinatal en la poblacion bajo estudio.
En las madres de los casos se encontraron dificultades sociales en mayor proporcion.
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Conclusiones. Se recomienda un control adecuado y una vigilancia apropiada del trabajo de parto,
hacer un estricto partograma, y una busqueda activa, de manera que cada mujer embarazada tenga

un adecuado control prenatal y reciba apoyo social.

Palabras clave: asfixia neonatal; hipoxia encefalica; desprendimiento prematuro de la placenta;

atencion prenatal; oxitocina; monitorizacion fetal.
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Perinatal asphyxia is a clinical syndrome that
affects multiple organs and primarily results in
hypoxic ischemic encephalopathy. The latter is
defined as the lack of oxygen in the circulatory
system of the fetus or neonate and causes multiple
alterations in the newborn’s neurological function,
thereby generating disability and neurodevelopment
disorders, as well as major social, emotional and
economic losses (1).

Events due to perinatal asphyxia are estimated to
occur in approximately 2 to 4 per 1,000 newborns
worldwide who are alive at term. After prematurity,
perinatal asphyxia is considered to be the main
cause of neonatal mortality (2,3). It is estimated
that over one million newborns who survive asphyxia
develop cerebral palsy, epilepsy, learning disabili-
ties and other developmental problems, with long-
term sequelae (2,4,5).

In Colombia, neonatal mortality is responsible for
57% of deaths in the first year of life, with an infant
mortality rate of 24 deaths per 1,000 live births; the
department of Valle del Cauca has reported a rate
of infant mortality of 12.4 per 1,000 live births (6,7).
In the neonatal intensive care unit of the Hospital
Universitario del Valle, perinatal asphyxia was the
third most common cause of admission in the first
half of 2006 (13.2% of all patients seen); in the same
period in 2007, the corresponding rate was 12.4%.
During the first half of 2006, 73 children in this unit
died, 23.3% of them due to perinatal asphyxia as
the basic cause and 31.5% as the final cause;
in the same period in 2007, 100 children died, of
whom 23% died due to perinatal asphyxia as the
basic cause and 31.3% as the final cause (8).

Some risk factors for the development of perinatal
asphyxia have been reported to be preventable,
and they were not always the same for the different
populations under study; this difference in results
suggests that these factors have not been fully
extrapolated (9-12).
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The fourth Millennium Development Goal stated
that by 2015, child mortality should be reduced by
2/3 among children under five, including deaths
due to perinatal asphyxia. This study aimed to
identify the antepartum and intrapartum risk factors
associated with the development of this event, so
as to establish rational and effective strategies
addressing factors deemed to be as preventable.

Materials and methods
Design

We used a case-control design, with a relation of
one case per three controls.

Study population

We included new cases of newborns with diag-
nosed perinatal asphyxia who were admitted to
the intensive care unit at Hospital Universitario del
Valle, a level Il care unit in the city of Cali, between
March 2010 and August 2011.

Case definition

Cases were defined as newborns diagnosed with
moderate and severe perinatal asphyxia with a
gestational age equal to 36 weeks or more who
required advanced resuscitation and presented
at least one of the following clinical signs: early
neurological disorders, multi-organ commitment or
the presence of a sentinel event. The pH results
were not assessed in all cases, as this information
was not found in the medical records.

Definition of controls

Controls were defined as newborns without asphyxia
that were born one week apart of the case at the
most, with comparable gestational age.

Inclusion and exclusion criteria

We included patients with a Ballard gestational
age older than or equal to 36 weeks who required
advanced neonatal resuscitation and exhibited at
least one of the following:

- Neonatal neurological signs in the first 24 hours of
life (convulsion, coma, hypotonia, etc.), not attrib-
utable to another cause, confirmed by pediatric
neurologic evaluation and regardless of umbilical
cord blood pH.
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« Multi-organic commitment not attributable to
another cause (central nervous system, renal,
pulmonary, cardiovascular, gastrointestinal, meta-
bolic or hematologic).

« Presence of an event attributable to health care
that compromised the infant’s life or caused
serious damage (sentinel event).

» We excluded the following patients:
- Patients with major congenital malformations
- Patients with syndromes (Down, hypotonic child)

« Patients with neurological defects explainable by a
condition other than perinatal asphyxia (electrolytic
alteration, inborn error of metabolism)

- Patients with incomplete study data.
Sample size

Based on the variable lack of prenatal care, which
had the largest sample size, an OR of 2.05, a ratio
pl of 0.191 for pregnant women with newborns in
the case group, a ratio p2 of 0.103 for pregnant
women with newborns in the control group, an
alpha type | error of 5%, a power of 80% and three
controls per case, we estimated the sample size to
include 56 cases and 168 controls.

Description

The degree of asphyxia was documented in the
medical records and/or by examinations conducted
by some of the members of the research team.
Researchers attended the neonatal intensive care
unit at Hospital Universitario del Valle daily and
selected new cases diagnosed with moderate to
severe perinatal asphyxia. When a newborn met
the case definition and inclusion criteria, a search
began for three infants in the same neonatal unit
who did not have the condition, were of a similar
gestational age, and were born a week apart of the
case at the most (concurrent).

Analysis plan

After validating the records in the database, a mul-
tiple correspondence factorial analysis of maternal
social and demographic variables (qualitative) was
conducted using the FactoClass in R 2.10 statistical
software. Factorial analysis summarizes the set of
variables studied by new data (index) that are linear
combinations of the same.

Then we performed a bivariate analysis testing each
of the maternal independent variables, antepartum,
intrapartum and neonatal, against the outcome
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variable (presence or absence of moderate or
severe perinatal asphyxia) using odds ratios (OR)
and 95% confidence intervals to indicate risk.
We also tested collinearity between the variables
associated with the outcome.

Subsequently, the variables were selected using
the backward method to adjust the logistic regres-
sion model to estimate the risk that a newborn
exposed to the identified factors would suffer from
perinatal asphyxia. The final adjusted model was
assessed by a diagnostic test that determined
how the new test (adjusted model) classified the
newborns in the sample in comparison to the gold
standard (observed).

Ethical aspects

The protocol was approved by the Human Ethics
Committee of the Faculty of Health at Universidad
del Valle and the Ethics Committee at Hospital
Universitario del Valle.

Results

In the 17 months of study, we found 56 cases with
perinatal asphyxia and 168 controls. Four cases
were excluded because of a lack of maternal
social and demographic, antepartum or intrapartum
information.

The general characteristics of the mothers and
newborns were similar for cases and controls, with
the exception of marital status; a higher proportion of
mothers of cases did not have a partner compared
with mothers of controls (table 1).

Characterizing the social and demographic variables
of cases and controls using multiple correspond-
ence factorial analysis, mothers of cases were
found to have a more unstable situation, as they

Table 1. Maternal and newborn sociodemographic characteristics

Characteristics Cases Controls p
Maternal age (years) 23.4 (6.1) 24.8(7,2) 0.3237
Rural origin (%) 17.8 11.3 0.2073
No education (%) 3.5 2.9 0.5579
Unaffiliated to health 64.2 75 0.1215
care (%)

No partner (%) 48.2 32.1 0.0306
Neonate

Male (%) 64.3 48.8 0.0637
Gestational age 38.8(1,5) 38.8(1.3) 0.8139
(weeks)

Weight at birth (g) 3,005 (509.4) 3,087 (485.1) 0.2964
Small for gestational 10.7 4.7 0.2804

age (%)
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were single mothers with no affiliation to the social
security system and had a low level of education
(figure 1).

Of the 56 cases, 33 (58.9%) were classified as
moderate perinatal asphyxia with Sarnat Il, and 23
(41.1%) were considered to have severe perinatal
asphyxia with Sarnat Ill. Of the 33 infants classified
as Sarnat Il and the 23 as Sarnat Ill, 12 (36.3%)
and 19 (82.6%), respectively, presented with multi-
organ dysfunction.

The bivariate analysis showed that 11 independent
variables were significantly associated with the
presence of moderate to severe perinatal asphyxia
and were considered in the selection of variables
for the logistic regression model (table 2).

The variable insufficient prenatal care (mothers
with less than three prenatal visits) showed a
borderline, non-significant association with the
presence of the condition: OR=0.33 (95% CI: 0.09
to 1.03; p=0.036). We examined the associations
among these 11 factors and found that delivery in
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Figure 1. Characterization of neonatal and sociodemographic
variables by multiple correspondence factorial analysis

Table 2. Variables significantly associated with perinatal asphyxia

Associated variable Crude OR 95%IC
Childbirth at another institution 66.8 8.87 -1390.7
Prolonged expulsive phase 23.9 6.18 - 108.7
Premature placental abruption 23.8 2.84 - 528.3
Cesarean birth 12.9 495- 34.86
Maternal morbidity 5.6 1.24- 35.39
Amniotic fluid meconium 4.2 2.15- 849
No use of oxytocin 2.9 1.34- 6.78
No drugs 2.7 139- 54
No partogram 2.2 1.14- 445
No partner 1.9 1.01- 381
Primiparous 1.9 1.02- 3.79
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another institution was associated with seven of
the 11 variables, cesarean delivery was associated
with six, and meconium amniotic fluid was associ-
ated with three, and, thus, it was not entered into
the logistic regression model.

As for the remaining variables, in the correlation
matrix using Spearman’s method, the highest
correlation was 0.11 between the variables non-
realization of partograph, labor with a prolonged
expulsive phase and lack of oxytocin use.

The estimation of parameters to include in the
regression model with the formula m = 3nl * n2
/' n =3 (56) (158) / 224 = 126/10 resulted in 12
parameters as possible candidates to enter into
the model. The final logistic regression model
showed that the risk factors associated with the
development of perinatal asphyxia in the study
population were as follows: Premature placental
abruption (OR=41.09; 95% CI: 4.61-366.56), labor
with a prolonged expulsive phase (OR=31.76; 95%
Cl: 8.33-121.19), lack of use of oxytocin (OR: 2.57;
95% CI: 1.08-6.13) and mothers without a partner
(OR=2.56; 95% CI: 1.21-5.41) (table 3).

The final logistic regression equation was as
follows: perinatal asphyxia (yes/no) = -2.71 + 3.71*%;
premature placental abruption + 3.46*; labor with
prolonged expulsive phase + 0.94*; no oxytocin +
0.93*; no partner + error. The diagnostic test of the
adjusted logistic regression model indicated that
the final model correctly classified 49.9% (24/56) of
the cases, a percentage that corresponded to the
model sensitivity. The test also indicated that the
model correctly classified most of the controls, with
a specificity of 97.6% (164/168). Globally, the rate
of correct classification of neonates studied in the
fitted model was 83.9% (24 +164 / 224).

The average days of hospital stay among the
cases was 12.4 days (SD=16.5) and 2.8 days (1.8)
among the controls. Eight cases died (14.2%);
additionally, seven of the 23 (30.4%) were classi-
fied as Sarnat Ill, and one of the 33 (3%) was
classified as Sarnat II.

Table 3. Final logistic regression model

Variable Beta Adjusted 95% CI
OR

Intercept -2.71 0.07 0.03- 0.16

Premature placental abruption 3.71 41.09  4.61-366.56

Prolonged expulsive phase 3.46 31.77 8.33-121.19

No use of oxytocin 0.94 2.57 1.08- 6.13

No partner 0.93 2.56 1.21- 541
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Discussion

In this study of incident cases and concurrent
controls, two intrapartum risk factors were found to
have a very strong significant association with the
presence of moderate and severe perinatal asphyxia
in newborns: Premature placental abruption (OR=
41) and labor with a prolonged expulsive phase
(OR=31.7).

Premature placental abruption has been associated
with prenatal asphyxia and neonatal mortality in
previous studies (9,10). In a retrospective cohort
study conducted in 2012, Martinez, et al., examined
perinatal morbidity and the rate of asphyxia in
infants exposed to intrapartum sentinel events and
found that premature placental abruption, which
occurred in 11%, was significantly associated with
the development of hypoxic ischemic encepha-
lopathy (13). Furthermore, the degree of separation
of the placenta has been linked with the risk of
stillbirth (14).

No association was found between labor with a
prolonged expulsive phase and the development
of perinatal asphyxia in previous studies; however,
triggers ofaprolonged phase, such as abnormalfetal
presentations (breech presentation, instrumental
delivery, dystocia, persistent occiput posterior
presentation, head circumference greater than the
97th percentile), have been previously related to
the occurrence of this condition (9,13,15).

The omission of a partograph during labor was also
found to be a factor significantly associated with
the presence of perinatal asphyxia (OR=2.25; 95%
Cl: 1.14-4.45), but it was excluded in the process of
defining the final model. Without proper control and
monitoring of labor with an appropriate partograph,
it is not possible to diagnose in time two events
as powerful as premature placental abruption and
labor with a prolonged expulsive phase.

Another intrapartum risk factor that showed a weaker
association with the presence of perinatal asphyxia
was not using oxytocin during labor (OR=2.57).
Previous studies found that labor needed to be
monitored in order to define the appropriate use of
oxytocin (9,16). Not using oxytocin when indicated
could lead to increased risks and prolonged labor
time. Other studies are needed to properly assess
and determine the associations of maternal recep-
tion of oxytocin during labor with perinatal asphyxia.

The fourth risk factor in this study that was
significantly associated with the development of
perinatal asphyxia was being a mother without
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partner (OR=2.56); this factor represents a state
of vulnerability for the mother-fetus dyad. Being
a single mother, not being affiliated to the social
security system and having a low level of education
were found in greater proportion among mothers
of cases in the multiple correspondence factorial
analysis, indicating that social difficulties can endan-
ger the normal development of pregnancy. In an
investigation by Milson, et al., in Sweden (9), being
single was found to be a risk factor associated with
the development of perinatal asphyxia.

Additionally, the lack of prenatal care or insufficient
prenatal care with less than three visits during
pregnancy showed a borderline association and was
not significantly associated with the development
of perinatal asphyxia among the infants in this
study; however, in the literature, these factors have
shown a clear relationship with poor prognosis of
pregnancy (17,18).

Mortality rate for cases in this study was 15%,
mostly among infants with severe perinatal asphyxia
who were classified as Sarnat Ill. In a descriptive
study conducted at the Cirena Neonatology Unit at
Hospital Universitario del Valle in 2008, perinatal
asphyxia prevalence was 19%, and the most
frequent pathology in the mother was hypertensive
disorder associated with pregnancy (36.1%). The
highest mortality was evident in patients with Sarnat
[l hypoxic ischemic encephalopathy (71.4%) (19,20).

This study showed that two intrapartum events were
strongly associated with the presence of perinatal
asphyxia. Therefore, appropriate tracing and moni-
toring of labor should be increased, partographs
to identify abnormalities or delays in labor should
be strictly performed, and the appropriate and
timely use of oxytocin for stimulation should be
considered. Primary care institutions should make
timely referrals to specialists for optimal care of
pregnant women with risk factors.

All neonates diagnosed with asphyxia were included
regardless of their demographic characteristics;
therefore, the results are applicable to any field of
healthcare with similar demographic characteristics
and health systems. The social and economic difficul-
ties of mothers were also found to be associated with
the presence of perinatal asphyxia, characteristics
which are relatively frequent in our setting, especially
among lower-income populations. An active search
must be implemented to ensure that all pregnant
women receive adequate prenatal care, including
social support and control of these risk situations.
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The results of this study were based on routine
physical evaluations of transferred babies born
in other institutions, where the lack of resources
made it difficult to obtain pH blood levels within the
first hour, which is a weakness of the study, and
indicates the need for medical groups to perform pH
blood level tests in a timely manner, as this is a very
important test for the diagnosis of this condition.
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