
Neurodevelopmental Status Evaluation following up Children Born 
with Term Intrapartum Asphyxia from 2 to 5 Years of Age

Abstract
Background: Hypoxic-ischemic encephalopathy is a significant 
cause of permanent damage to brain cells and neurodevelopmental 
problems in infants.

Methods: In this prospective cohort study, 27 infants born 
between 2007 and 2011 were studied. In a previous survey 
conducted in 2012, the first two years of the lives of these infants 
were investigated for neurodevelopmental status. During the 
previous study, 3 cases were lost and 27 cases were enrolled in 
the present study. To evaluate neurodevelopment, Ages & Stages 
Questionnaires (ASQ) was completed for these children.

Results: Three of 27 (11.1%) neonates born with asphyxia died, all 
of whom had severe encephalopathy and multiorgan involvement. 
Among the remaining 24 patients, two cases (8.3%) scored lower 
than the specified cut-off in some areas.

Conclusion: In our study, scores of two patients (8.3%) of those 
who remained were lower than the determined cutoff. Long-term 
neurodevelopmental outcomes should be considered regularly to 
discover permanent problems.

Introduction
Cerebral hypoxemia ischemia leads to hypoxic-ischemic 
encephalopathy with clinical symptoms which are significant 
cause of permanent damage of brain cells and neurologic 
disability in newborns. Each year, nearly 4 million infants are 
born with asphyxia worldwide, a million of them die, and one 
million of those who survive to suffer from serious complications 
such as cerebral palsy, mental retardation, and seizures [1]. The 
combinations of basic criteria which form hypoxic-ischemic 
encephalopathy are fetal distress in the last hours before birth, 
respiratory depression at birth, need for resuscitation, severe 
metabolic acidosis, changes in clinical signs of infants (alertness, 
muscle tone, body posture, tendon reflexes, myoclonus, Moro 
reflex, corneal condition, seizures), multiple organ failure, 
abnormal Electroencephalogram (EEG) findings and lack of other 
causes of neonatal encephalopathy [2–4]. Hypoxic-ischemic 
encephalopathy based on clinical symptoms is ranked into three 
stages: Stage 1 with a good prognosis, stage 2 with a varied 
prognosis, and stage 3 - or prolonged stage 2 of more than 7 days 
or lack of EEG findings that revert to normal - with a prognosis 
of death and severe injuries. Therefore, the expected outcome 
in newborns with asphyxia is in a spectrum from normal to 
neurodevelopmental disabilities and death [5,6].

Currently, there is no global consensus about a gold standard for 
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the diagnosis of asphyxia [7]. However, based on previous studies, 
three sets of definitions are provided for intrapartum hypoxia. 
According to the American Academy of Pediatrics and the 
American College of Obstetrics and Gynecology, profound acidosis 
(cord blood pH < 7.0), Apgar score < 3 at 5th minute of birth and 
beyond, neonatal encephalopathy, and multiorgan system failure 
indicate intrapartum hypoxia [8,9]. According to the International 
Cerebral Palsy Task Force in 1999, intrapartum hypoxia is defined 
by infant blood pH < 7 in the first blood sample and a base 
deficit > 12 mmol/L (metabolic acidosis), moderate to severe 
encephalopathy, and cerebral palsy [9]. According to the American 
College of Obstetrics and Gynecology in 2003, metabolic acidosis 
(pH < 7 and a base deficit > 12 mmol/L) and moderate to severe 
encephalopathy are essential criteria for intrapartum hypoxia [10]. 
Previous studies have shown that pH and 5th minute Apgar score 
has limited value in predicting the neurodevelopmental status of 
hypoxic-ischemic infants. The severity of encephalopathy due to 
asphyxia may be the best determining factor [2].

In recent years, the uncomplicated survival of very low birth weight 
infants in most hospitals has significantly increased. However, the 
mortality and morbidity of term infants born with asphyxia have not 
decreased greatly and asphyxia is one of the most important risk 
factors for developmental complications [11]. The time and type 
of childhood follow-up after hypoxic-ischemic encephalopathy 
can be especially helpful in identifying the following disorders: 
severe sensory or motor impairment (first year), growth deficit 
(second year), impaired fine and gross motor function (2 years to 
4 years of age), cognitive impairment (4 years to 7 years of age) 
and learning deficit (7 years to 9 years of age) [6].

Only a few studies are available on the accurate assessment 
of hypoxic-ischemic encephalopathy and the long-term 
consequences so, given that there is no specific treatment for 
CNS damage, it is important to prevent encephalopathy followed 
by asphyxia [12]. In a study from 2007 to 2011 in Tehran, the 
capital city of Iran, 27 neonates of them neonates born with 
asphyxia were followed up until 2 years of age and evaluated 
in terms of neurodevelopmental status [13]. The present 
study is a continuation of the 2007 to 2011 study in which the 
neurodevelopmental status from 2 years to 5 years of age is 
evaluated through completion of the ASQ.

Methods
In this prospective cohort study, 27 infants born with asphyxia 
were investigated in a university-based pediatric hospital from 
2007 to 2011 in Tehran, the capital city of Iran. Undertaking that 
study in 2012 [13], the neurodevelopmental outcomes of the first 
two years of life were evaluated. Three of the neonates had died 
during the first two years of life and three infants were lost during 
the present study - two of the families were out of reach and the 
parents of one child were not willing to cooperate. Finally, 24 
neonates were enrolled for this step of the follow-up.

Hypoxia has been defined using 3 major and 5 minor criteria. 
Cord blood pH < 7.2, infant blood pH < 7.2 and a base deficit > 
12 mmol/L in the first-hour blood sample were the major criteria. 
The minor criteria consisted of Apgar score < 5 at the 5th minute 
or beyond, the need for immediate neonatal resuscitation, the 
presence of meconium-stained liquor, abnormal EEG, and acute 
changes in imaging studies. The presence of one major criterion 
and at least two minor criteria were diagnosed as intrapartum 
hypoxia. Neonates with gestational age less than 37 weeks, 
metabolic disorders, and congenital abnormalities were excluded.

The ASQ was selected for assessing neurodevelopmental status 
following asphyxia. This questionnaire examines 5 different 
areas of neurodevelopmental conditions: communication, 
gross motor (including the head lag, walking, sitting, standing, 
and running), fine motor (including gripping, grasping, playing 
with cubes, and performing fine movements with hands and 
feet), problem-solving (as mental health and ability to select the 
proper ways for doing things) and personal-social area (ability to 
communicate, understand a game and ability to perform activities 
correctly). For each question, a score of 10 was allocated to the 
child's ability, a score of zero to his/her inability and a score of 
5 to relative ability to perform activities. The questionnaires were 
then scored based on the available cutoff. The questionnaires 
were completed by someone who regularly spent time with the 
child [14]. This questionnaire is performed at 2 months intervals 
for children between 4 months to 24 months of age, at 3 months 
intervals for children from 25 months to 36 months of age, and at 
6 month intervals for children from 37 months to 60 months of 
age; therefore, 8 questionnaires were considered for each child 
at 27 months, 30 months, 33 months, 36 months, 42 months, 48 
months, 54 months and 60 months.

The effects of several maternal and neonatal variables on the 
ASQ score were assessed. The maternal variables included age 
at pregnancy, gestational age, gravidity, delivery type (cesarean 
section versus normal vaginal delivery), and the existence of 
any chronic diseases during pregnancy (e.g., diabetes mellitus, 
chronic hypertension, infectious diseases with systemic 
manifestations, chronic renal disease, eclampsia and pre-
eclampsia, hypothyroidism, asthma, hemoglobinopathies, platelet 
disorders, immunologic disorders, and other chronic and systemic 
disorders). The neonatal variables included birth weight, Apgar 
score at the fifth minute, meconium-stained liquor, blood pH, base 
deficit, bicarbonate level, chest compression, Positive Pressure 
Ventilation (PPV), intubation, and occurrence of seizure.

At the end of each questionnaire, a series of general open-ended 
questions without scoring was asked – concerning hearing ability, 
vision, position of children compared with peers and parents' 
concerns about their children – and evaluated.

Statistical analysis
Scores were calculated by converting answers to numerical 
equivalents; 10 points for 'yes', 5 for 'sometimes', and 0 for 'not 
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yet' answers. Data were analyzed using STATA 10 software (Stata 
Corporation, College Station, TX). To compare the means of the 
subcategories of patients, a Student's t-test was used. The means 
of numerical variables were compared by the Kruskal-Wallis test 
and categorical data were analyzed using chi-square and Fisher 
exact tests. Linear regression was used to univariate comparisons 
of maternal and neonatal variables with the ASQ scores. A p-value 
< .05 was considered to be significant.

Results
Thirty children born with asphyxia at Vali-Asr Hospital in the Imam 
Khomeini Medical Complex between October 2007 and October 
2011 were enrolled for an initial survey in which 3 cases died (2 on 
the first day and one on the 19th day of life) and neurodevelopment 
outcomes were studied for the first two years of life for the 
remaining 27 cases. In the present stage of the study, 3 patients 
have been excluded: 2 patients due to lack of access and 1 due 
to lack of cooperation. The remaining 24 children were evaluated 
for neurodevelopmental status from 2 years to 5 years of age. 
These children were 18 children (75%) males and 7 children (25%) 
females. Of these, 15 children (62.5%) were delivered by Cesarean 
Section (SC) and 9 children (37.5%) by Normal Vaginal Delivery 
(NVD). 55.6% of infants were the first child of the family and were 
born at 37 weeks of gestational age (29.6%). Newborns that were 
resuscitated after delivery and received PPV comprised 81.5% of 
these infants (n = 22). For 22.2% (n = 6), chest compression was 
administered and for about 22.2% (n = 6), endotracheal intubation 
was performed. Six cases (22.2%) had seizures in the first three 
days of life. EEG was done for 5 of these neonates and 3% of 
these 5 (60%) had ictal discharges in their EEG. Ultrasonography 
was performed on 21 children, 5 (18.5%) of whom had abnormal 
findings. CT brain scans were carried out on 7 children 3 (42.8%) 
of which were abnormal. The abnormalities were Intraventricular 
Hemorrhage (IVH), Periventricular Leukomalacia (PVL).

Among the 27 infants, the Birth weight of the newborns was 
mostly between 3 kg to 4 kg (59.3%). Most of the infants had 5th 
minute Apgar scores above 5 (92.6%). Most had blood pH at the 
first hour of birth between 7 and 7.2 (14 participants). Thirteen 
cases (48.2%) had base deficit > -10, and 6 patients (22.2%) had 
base deficit < -14. The bicarbonate level for 66.7% of the children 
was < 18. < 7 days of hospitalization was documented for 59.2% 
of the children.

Six children, born in 2011, were 24-month-old at the beginning of 
this survey and thus completed the questionnaires for 24 months 
to 42 months of age. All six children in all 5 studied areas had 
mean ASQ scores higher than the cutoff point. For one child 
questionnaires were completed at 36 months, 42 months, 48 
months, and 54 months, one child 36 months to 60 months, one 
child 54 months and 60 months, one child 48 months, 54 months, 
and 60 months and in all 5 areas mean scores were higher than the 
determined cutoff (the 24 month questionnaire was completed in 
the previous study). For 7 children 42 months to 60 month forms 

were completed (the 24 month questionnaire was completed 
in the previous study) one of which showed mean scores lower 
than the cutoff in the 24th month with low scores in the fields of 
communication and gross motor development. At 42 months to 
60 months this child in all five studied areas had less than the 
cutoff scores. The 33 months to 60 month questionnaires were 
completed for 2 children, one of which had a mean score lower 
than the cutoff for all 5 areas. Five patients were at the 60th month 
of age at the time of the survey, so only the 60 month questionnaire 
was used and the scores of all of these 5 children were higher 
than the cutoff in all 5 domains (they had completed the 24 month 
questionnaire in the previous study). 

Some variables (including sex, age, delivery type, birth weight, 
gestational age, gravidity, maternal disorders during pregnancy, 
and meconium staining) associated with asphyxia in the process 
of infant neurodevelopment were regressed to investigate the 
confounding effects. Each of these variables was imported into 
the model separately and excluded from the final analysis if it was 
not significantly related to the neurodevelopment process model.

ASQ for 24-month-old children
At 24 months of age, type of delivery - as a risk factor - was 
significantly associated with neurodevelopmental status 
(P = 0.042) (Table 1). In linear regression at 24 months, 
resuscitation by heart massage showed a significant association 
with neurodevelopmental condition (P = 0.011) while other 
parameters including 5th minute Apgar score, blood pH, base 
deficit and bicarbonate level, neonatal resuscitation (PPV, chest 
compressions, endotracheal intubation) and seizures were not 
significantly related to the neurodevelopmental status (Table 2).

Concerning the open-ended questions, all 24-month-old children, 
according to their parents, had good hearing and vision and spoke 
understandably. Two (9.1%) believed that their child did not speak 
like their peers and one of them had an ASQ score lower than the 
cutoff in the area of communication. One parent (4.5%) said that 
their child did not walk like other children and this child had lower 
ASQ scores in the gross motor category. Two families had previous 
histories of the problem with children in their family. Six people 
were concerned about their children (stuttering, hypothyroidism, 
motor retardation, underweight, hyperactivity, and allergies).

ASQ for 27-month-old children
In the 27th month, none of the variables (sex, age, delivery type, 
birth weight, gestational age, gravity, disorders of the mother 
during pregnancy, and meconium staining) were associated 
significantly with the scores (Table 1).

In open-ended questions, all 27-month-old children were considered 
to have good hearing and vision, speak understandably, and walk 
like peers. One family had a history of trouble in a previous birth 
(cerebral palsy) and one child's parents were concerned about 
their child (hypothyroidism).
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Table 1: Regression of age and stage questionnaire total scores on maternal and neonatal factors in (24, 27, 30, 33, 36, 42, 48, 54 and 60) month old 
children.

24 month
Standar-
dized 
β Coeff.

27 month 
Standar-
dized
β Coeff.

30month
Standar-
dized
β Coeff.

33 month 
Standar-
dized β 
Coeff.

36 month 
Standar-
dized
β Coeff.

42 month 
Standar-
dized
β Coeff.

48 month 
Standar-
dized
β Coeff.

54 month 
Standar-
dized
β Coeff.

60 month 
Standar-
dized
β Coeff.

Sex −0.232 −0.762 −0.705 0.058 −0.037 0.110 0.165 0.189 0.122

Maternal age −0.056 0.746 0.592 −0.507 −0.531 −0.420 −0.516 −0.539 −0.212

Gestational  age 0.208 −0.426 −0.343 0.245 0.376 0.300 0.436 0.387 0.051

Birth weight 0.063 −0.125 −0.138 0.278 0.289 −0.142 −0.096 −0.132 −0.331

Delivery type −0.410* −0.3221 −0.356 −0.218 −0.427 −0.397 −0.547 −0.547 −0.280

Gravidity −0.105 0.257 0.082 0.368 0.267 −0.024 −0.120 −0.131 −0.431

Mother disease during 
pregnancy

−0.324 0.037 0 −0.481 −0.546 −0.234 −0.403 −0.415 0.096

Meconium-stained liquor −0.065 0.714 0.764 0.326 0.173 0.147 0.094 0.078 0.128
*P < .05, **P < .01, ***p < .001

Table 2: Regression of age and stage questionnaire total scores on asphyxia-related factors in (24, 33, 36, 42, 48, 54 and 60) month old children.

24 month
Coeff. (95% Cl)

36 month
Coeff. (95% Cl)

42 month
Coeff. (95% Cl)

48 month
Coeff. (95% Cl)

54 month
Coeff. (95% Cl)

60 month
Coeff. (95% Cl)

Apgar score in fifth 
minute

−0.3 (−3.5, 0.6) 0.7 (−72.4, 82.9) 0.5 (−2.8, 12.9) 0.8 (−11.3, 29.8) 0.5 (−7.1, 18.5) −0.1 (−3.4, −0.l)*

Blood pH 0.1 (−33.0,38.7) −0.8 (−5665.0,5498.6) 0.6 (−110.7,271.0) 0.4 (−337.7, 487.8) 0.1 (−268.5, 309.0) 0.1 (−17.1, 40.5)

Base deficit 0.3 (−0.9,1.7) 0.6 (−169.2,172.6) −0.5 (−9.1,5.5) −0.4 (−19.7,15.7) 0.2 (−10.4,12.2) −0.0 (−0.7, 0.6)

Bicarbonate level 0.1 (−0.9, 1.2) −0.3 (−140.3, 138.9) 0.4 (−4.5, 7.2) −0.0 (−13.1, 13.0) −0.1 (−11.0, 10.2) −0.0 (−0.7, 0.5)

Positive  pressure 
ventilation

−0.1 ( −7.5 3.5) 0.5 (599.0, 631.0) −0.1(−30.6, 25.2) −0.1 (−65.5, 52.8) 0.0 (−45.6, 45.6) −0.1 (−5.3, 1.5)

Chest 
compression

−0.6 (−20.1,−3.0)* 0.4 (−628.0, 652.5) −0.0 (−44.7,41.3) 0.2 (−120.7,138.5) −0.2 (−88.3, 63.3) −1.0 (−57.1, 
−45.8)***

Intubation −0.1 (−7.8 5.7) −0.4 (−399.4,  370.0) 0.1 (−29.0, 33.5) 0.3 (−75.4, 114.4) 0.1 (−62.3, 75.9) 0.0 (−3.1, 7.0)

Seizure 0.1 (−4.5, 7.2) −0.3 (−528.4, 504.6) −0.1 (−32.9, 27.8) 0.1 (−65.5, 75.4) −0.1 (−54.3, 42.8) −0.1 (−8.5, 1.9)
*P < .05, **P < .01, ***p < .001

ASQ for 30-month-old children
In the 30th month, none of the variables were significantly 
associated with the scores (Table 1).

Regarding open-ended questions, all 30-month-old children had 
good hearing and vision, spoke understandably, and walked like 
others. One family had a history of trouble in a previous birth 
(cerebral palsy) and 3 children's parents were concerned about 
their child (hypothyroidism, hyperactivity, and obesity).

ASQ for 33-month-old children
In the 33rd month, none of the maternal and neonatal variables 
were associated significantly with the mean of scores at this age 
(Table 1).

In the open-ended questions, all 33-month-old children had good 
hearing and vision. One child's parents believed that their child did 
not talk and walk like peers and did not speak understandably. 
This child had lower ASQ scores in the areas of communication 
and gross motor. One family had a history of trouble in a previous 
birth (cerebral palsy) and 5 children's parents were concerned 

about their child (hypothyroidism, hyperactivity, motor retardation, 
and obesity).

ASQ for 36-month-old children
In the 36th month, none of the maternal and neonatal variables had 
significant correlations with neurodevelopmental status (Table 1). 
At this age, none of the variables related to asphyxia, including the 
5th minute Apgar score, blood pH, base deficit and bicarbonate 
level, neonatal resuscitation (PPV, heart massage, intubation), and 
seizures, were associated significantly with neurodevelopmental 
status (Table 2).

Regarding the open-ended questions, all 36-month-old children had 
good hearing and vision. One child's parents said that their child 
did not talk and walk like peers and did not speak understandably. 
This child had lower ASQ scores in communication and gross 
motor areas. One family had a history of trouble in a previous birth 
(cerebral palsy) and 5 children's parents were concerned about 
their child (hypothyroidism, motor retardation, hyperactivity, and 
obesity).

Global Journal of Pediatrics

Infact Publications LLC Page 4

ISSN: 2832-4013



Table 3: Regression of age and stage questionnaire score in each of 5 neurodevelopmental areas in 60-month-old children.

Communication
Coeff. (95% Cl)

Grass motor
Coeff. (95% Cl)

Fine motor
Coeff. (95% Cl)

Problem solving
Coeff. (95% Cl)

Personal−social
Coeff. (95% Cl)

Apgar score in fifth minute −0.1 (−5.0, 1.1) −0.2 (−5.1, 0.6) −0.1 (−4.5, 2.7) −0.2 (−5.0, 0.2) −0.1 (−4.0, 1.7)

Blood pH 0.2 (−18.8, 88.08) 0.1 (−30.2, 68.1) −0.1 (−78.0, 47.2) −0.0 (−52.0, 37.5) 0.2 (−21.7, 76.7)

Base deficit −0.1 (−1.5, 1.1) −0.1 (−1.6, 0.9) −0.0 (−1.6, 1.4) 0.1 (−0.6, 1.6) −0.0 (−1.4, 1.0)

Bicarbonate level −0.1 (−1.6, 0.9) 0.0 (−1.0, 1.3) 0.1 (−1.0, 1.7) −0.1 (−1.5, 0.5) −0.0 (−1.2, 1.0)

Positive pressure 
ventilation

−0.2 (−11.6, 1.2) −0.0  (−6.7, 4.9) −0.1 (−10.0 , 5.0) −0.0  (−6.3, 4.4) 0.00 (−5.9, 6.0)

Chest compression −0.9 (−61.4, −40.3)*** −1.0 (−58.6,−39.2)*** −1.0 (−65.7, −41.0)*** −1.0 (−67.0, −49.2)*** −1.0 (−55.9, −36.4)***

Intubation 0.1 (−3.8, 14.9) 0.1 (−2.5, 14.6) 0.1 (−4.0, 17.8) −0.2 (−20.3, −4.7)** 0.8 (−5.0, 12.1)

Seizure −0.2 (−18.4, 0.9) −0.1 (−12.1, 5.6) 0.1 (−4.8, 17.8) −0.1 (−15.0, 1.1) −0.1 (−13.3, 4.4)
*P < .05, **P <  .01, ***p < .001

ASQ for 42-month-old-children
In the 42nd month, none of the maternal and neonatal variables 
and variables related to asphyxia was associated significantly 
with neurodevelopmental status (Table 1 and 2).

In the open-ended questions, all 42-month-old children were 
reported to have good hearing and vision. Three children did not 
talk like peers (17.6%) 2 of which had lower ASQ scores in the 
communication area. One child did not speak understandably and 
this child also had lower ASQ scores in the area of communication. 
Two parents believed that their child did not walk like peers 
(11.8%) and these two had low scores in the gross motor area. 
Two families had a history of trouble in a previous birth (cerebral 
palsy) and 9 children's parents were concerned about their 
child (stuttering, hypothyroidism, leg pain, motor retardation, 
hyperactivity, and obesity).

ASQ for 48-month-old children
At this age, none of the maternal and neonatal variables and 
variables related to asphyxia had significant correlations with 
neurodevelopmental status (Table 1 and 2).

Among the open-ended questions, all 48-month-old children had 
good hearing and vision. Three did not talk like peers (25%) 2 of 
which had lower ASQ scores in the area of communication. One 
child, who had lower ASQ scores in the area of communication, did 
not speak understandably. Two children did not walk like others 
(16.7%) and these two had low scores in the gross motor area. 
One family had a history of trouble in a previous birth (cerebral 
palsy) and 6 children's parents were concerned about their child 
(stuttering, leg pain, motor retardation, noisiness, and obesity).

ASQ for 54-month-old children
At this stage, none of the maternal, neonatal, and asphyxia-related 
variables were associated significantly with neurodevelopmental 
status (Table 1 and 2).

Among the open questions, all 54-month-old children had good 
hearing and sight. Two children did not talk like peers (7.4%) both 
of whom had lower ASQ scores in communication. One child did 
not speak understandably and this child had lower ASQ scores in 
the area of communication. Two children did not walk like peers 

(15.4%) and these two had low scores in the gross motor area. 
One family had a history of trouble in a previous birth (cerebral 
palsy) and 4 children's parents were concerned about their 
child (hyperactivity, obesity, motor retardation, and improving 
stuttering).

ASQ for 60-month-old children
At the 60th month, none of the maternal and neonatal variables 
were significantly associated with neurodevelopmental status 
(Table 1). At this age, the 5th minute Apgar score (P = 0.044) and 
resuscitation by heart massage (P < 0.001) were significantly 
associated with neurodevelopmental status. Resuscitation by 
heart massage showed a significant correlation with all 5 ASQ 
studied areas (P < 0.001). Although endotracheal intubation was 
significantly associated with the area of problem-solving (P = 
0.008), this association was not observed for 60 month mean 
scores (Table 2).

With the 60th month evaluation, the association between 
asphyxia-related variables and the 5 neurodevelopmental areas 
were studied (Table 3). Mean scores for the neurodevelopmental 
areas at 24 months were significantly associated with scores at 
60 months (P = 0.013).

In addition, to obtain causality, a total score for the end of five 
years was given to each child and mutually causal relationships 
for the two groups were analyzed: one group with the 
neurodevelopmental disorder (2 patients) and another without the 
disorder. The analysis of factors showed that abnormal CT, EEG 
abnormalities and low Apgar scores were effective factors. To 
ensure potential confounding factors and remove them, the linear 
regression model was used, and finally, the only effective factor 
was a low 5th minute Apgar score (P = 0.029).

Concerning the open-ended questions, all 60-month-old children 
had good hearing and vision. One child, who had a lower ASQ 
score in the area of communication, did not talk like peers. One 
child did not walk like others and this child had low scores in the 
gross motor area. One family had a history of trouble in a previous 
birth (cerebral palsy) and 2 children's parents were concerned 
about their child (hyperactivity and motor retardation).
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Discussion
About 15% to 20% of infants born with hypoxic-ischemic 
encephalopathy die within a short time and 25% of surviving 
children suffer from permanent neurodevelopmental problems [2]. 
In our earlier study in 2012, (3 of 30) neonates born with asphyxia 
died (10%) [13]. In other studies, the severity of encephalopathy 
was associated with mortality and severe disability [15,16]. 
Except for cerebral palsy, neurodevelopmental disabilities occur 
in 45% of term neonates with asphyxia and different degrees of 
neurological adverse effects may happen in motor, cognitive, 
memory, language, learning, and behavioral areas [2,5,12]. Despite 
our previous study results that reported 10.5% of 6-month-old 
infants, 14.3% of 12 month and 18-month-old infants, and 5.3% 
of 24-month-old infants showed a delay in the gross motor area 
[13], in the present survey following the previous cohort, 2 children 
(8%) had lower than cutoff scores in communication, gross motor, 
fine motor, problem solving and personal-social areas. In both of 
these children, blood pH at the first hour of birth was over 7. Their 
base deficits were -17.7 and -10. Bicarbonate levels were 11.2 and 
13 respectively. They had 5th minute Apgar scores of 5 and 2, and 
both of them were resuscitated by the PPV. Chest compression 
was performed for one of them [13].

There is no consensus on the definition of fetal hypoxia-ischemia 
based on blood pH lower than 7 while some studies had 
reported ischemic injury with a pH higher than 7 [17–19]. In the 
present study, a significant association between blood pH and 
neurodevelopmental status was not found. However, in other 
studies, seizures and other neurological problems were more 
common at < 7 pH [20]. In our survey in 2012 as well, one of the 
neonates that died had pH < 7 though a significant correlation was 
not shown between pH < 7 and death outcome [13].

According to some reports, biochemical and clinical variables 
such as Apgar score and umbilical artery blood gases show 
limited value in future neurodevelopmental status prediction [2]. 
However, some studies have revealed that low umbilical pH is 
associated with infant mortality and morbidity [21,22]. However, 
in our previous assessment in 2011, a significant association 
between pH and ASQ scores was not found [13].

In the present survey, there was a significant relationship between 
resuscitation by heart massage and neurodevelopmental disorders 
in all ASQ areas at the ages of 24 months and 60 months. Also at 
the age of 60 months, 5th minute Apgar scores had a significant 
association with neurodevelopmental status (P = 0.029) and there 
was a relationship between intubation and neurodevelopmental 
status though only in the problem-solving area. This is in line with 
Handel et al. [23], which revealed that cognitive ability and school 
performance in children with moderate encephalopathy (without 
cerebral palsy) may face problems.

Although asphyxia is an important cause of neonatal 
encephalopathy, some maternal and neonatal factors influence 
neurodevelopmental problems [24]. Our findings showed no 

significant association between neurodevelopment status and 
the variables of sex, maternal age, gestational age, birth weight, 
gravidity, and meconium staining; delivery type showed a 
correlation but only at the age of 24 months. In other studies, being 
male was mentioned as a risk factor for asphyxia and 74.1% of the 
patients in our survey were boys [7]. According to other studies, 
children born with asphyxia are prone to behavioral disorders 
such as Attention Deficit Hyperactivity Disorder (ADHD), anxiety, 
depression, and social problems [23]. In our survey, parents of 4 
children were concerned about their child’s hyperactivity which 
should be evaluated in the rest of this cohort.

In the present study, 7 mothers had disorders during pregnancy, 
including low count platelets and Glanzmann, alpha thalassemia, 
asthma, diabetes, hypothyroidism, and hypertension which have 
been reported in other studies as maternal risk factors of asphyxia 
[7,23].

Conclusion
Given that asphyxia is a significant cause of encephalopathy 
followed by permanent disabilities, in addition to preventive 
measures that need to be taken for the occurrence of asphyxia, 
medical examiners must be aware of the neurodevelopmental 
effects following asphyxia and with screening and early intervention 
to aid improvement of the final outcome. Also, we will continue to 
study the present cohort to follow-up on the next stages of these 
children's lives concerning long-term neurodevelopmental effects 
of asphyxia and cognitive and educational problems in children.
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