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A B S T R A C T

Objective: Our objective was to identify factors associated with hypoxic-ischemic encephalopathy (HIE)
among newborns with an umbilical pH < 7.00.
Study design: Case-control study during a four-year study period in a single academic tertiary-center,
including all neonates �35 weeks with an umbilical pH < 7.00. Cases were neonates with HIE, regardless
of Sarnat classification, and controls were neonates without signs of HIE. We used univariate and
multivariate analysis to compare the maternal, obstetric, and neonatal characteristics of cases and
controls.
Results: Among 21,211 births, 179 neonates�35 weeks (0.84%) had an umbilical pH < 7.00. One hundred
and forty-seven(82.1%) newborns had severe asphyxia without HIE, 32(17.9%) had HIE and 21(11.7%)
needed therapeutic hypothermia. Neonates with HIE were significantly more likely to have 5-minute
Apgar score<7(75% versus 15.7% P < 0.01), together with a lower mean umbilical arterial pH (6.84 versus
6.95, P < 0.01) and lower mean base deficits (-17.0 versus -12.7, P < 0.01). Factors significantly associated
with HIE were the mother being overweight(28.1% for cases versus 14.3% for controls, adjusted OR=4.6
[1.4–15.2]) or obese(25.0% versus 13.6%, aOR=15.5[1.1–12.5]), smoking(18.7% versus 5.4%, aOR=5.8[1.6–
21.2]), a sentinel event as cord prolaps or placenta abruption (34.4% versus 13.6%, aOR=2.7[1.1–7.2]), and
decreased fetal heart rate variability(68.7% versus 44.2%, aOR=2.8[1.1–6.9]).
Conclusion: Among neonates with an umbilical cord pH < 7.00, those with HIE had a more severe
metabolic acidosis. Maternal factors associated with HIE among newborns with an umbilical pH < 7.00,
were being overweight or obese, and smoking, and the associated obstetric factors were a sentinel event
and decreased fetal heart rate variability.
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Introduction

The combination of metabolic acidosis, determined by a pH less
than 7.00 and a base excess less than �12 mmol/L, and poor clinical
evaluation, assessed by a 5-minute Apgar score less than 7, defines
fetal asphyxia [1]. An umbilical arterial pH less than 7.00 at birth
induces anxiety in both parents and physicians, and can induce
serious neurologic injuries. Nonetheless, the prognosis of these
newborns differs quite sharply. Most of them will recover shortly
with a good prognosis, while a subgroup will develop hypoxic-
ischemic encephalopathy (HIE) that would require neuroprotective
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treatment [2]. This is may be treated by neuroprotective hypother-
mia [3], which sometimes reduces cerebral metabolism and limits
the cerebral impairment linked to it [4].Some of the infants with HIE
will develop cerebral palsy or long term neurodevelopmental
sequelae (25%), and likely few will die (10%) [5,6].

Although many studies have examined neonatal outcomes after
HIE or identified the risk factors of neonatal acidosis at birth [7],
few have analyzed the ante- and intrapartum risk factors of HIE in
cases of neonatal acidosis. Knowledge of these factors could help
obstetricians to adapt obstetric management and neonatologists to
tailor neonatal decisions for neonatal transfer to an appropriate
center for treatment.

Using a case control study of neonates>35 weeks with an
arterial pH lower than 7.00,our objective was to identify risk factors
for HIE, during pregnancy and labor and at birth.
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Material and methods

This case-control study took place at a single academic tertiary
center in Paris (France) (5500 births annually). It was conducted
during a 4-year study period including all near-term and term
neonates (more than 35 weeks)with an umbilical pH less than 7.00
at birth.

From our hospital database, we selected all live births with an
umbilical cord pH less than 7.00 in 2012�2015. We excluded births
before 35 weeks because no guidelines currently recommend
therapeutic hypothermia for encephalopathy treatment for this
group.

Umbilical artery pH is measured routinely in our center,
sampled into pre-heparinized syringes after cord clamping and
within 3 min after birth. The blood samples were analyzed by a
blood-gas analyzer in the delivery room (ABL 800 flex, Radiometer,
France), which provides a complete analysis with pH, base excess,
pO2, and pCO2. Blood gases were then routinely rechecked one
hour after birth.

All the obstetric and neonatal files of patients with an umbilical
pH less than 7.00 were retrospectively reviewed. Each fetal heart
rate (FHR) tracing during the last hour of labor was reviewed by an
observer (MB) blinded to neonatal outcome. The FIGO classifica-
tion was used for this FHR analysis [8].

We studied the following potential risks factors:

- Maternal factors, including maternal age, body mass index (BMI)
before pregnancy, tobacco use during pregnancy, and any
history of diseases, such as diabetes, hypertension, and other
chronic diseases.

- Gestational factors such as diseases during pregnancy (e.g.,
gestational diabetes mellitus and preeclampsia), estimated fetal
weight (suspected of being small for gestational age (SGA) when
the estimated weight was <10th percentile and large for
gestational age (LGA) when it was >90th percentile).

- Women with no history of diabetes, hypertension, or cesarean
delivery and no preeclampsia or gestational diabetes in the
current pregnancy were considered at low risk.

- Intrapartum factors, including induction of labor, fetal presen-
tation, maternal hypotension requiring intravenous use of
vasopressor agents, thick meconium, use of oxytocin, FHR
abnormalities, labor duration, type of analgesia, and mode of
delivery. Sentinel events during labor, defined by, among
others, shoulder dystocia, cord prolapse, placental abruption,
uterine rupture, amniotic embolism, Benckiser hemorrhage,
intravenous lidocaine injection, maternal cardiac arrest asso-
ciated with eclampsia, maternal diabetic coma were also
recorded.

The National Data Protection Authority (Commission Nationale
de l’Informatique et des Libertés, CNIL n� 1755849) approved this
study. Under French regulations, this study is exempt from
institutional ethics review because it is an observational study
using anonymized data from medical records. Women are
informed that their records can be used for the evaluation of
medical practices and are explicitly informed that they can opt out
of these studies.

HIE was graded, according to the Sarnat and Sarnat classifica-
tion, based on the infant's clinical presentation, examination
findings, the presence of seizures. Routinely used in neonatal units
to evaluate newborns, this classification categorizes HIE into 3
stages (1: mild HIE, 2: moderate HIE, and 3: severe HIE). The
neonatologists in our center used it to decide on therapeutic
hypothermia in cases of moderate to severe HIE.

In our first analysis, “HIE” cases are infants who had HIE at birth,
regardless of its Sarnat stage. “No-HIE” controls are all other
neonates born with a pH less than 7.00 without signs of HIE,
according to the same classification.

In a secondary analysis, we studied the predictive factors of
moderate to severe HIE that required therapeutic hypothermia.
The “hypothermia”group comprised the newborns with moderate
to severe HIE who were determined to need therapeutic
hypothermia and the“No hypothermia” group those newborns
with umbilical pH less than 7.00 who did not need therapeutic
hypothermia.

Characteristics of the two groups were compared by univariate
analysis. Then, to study the factors associated with neonatal
encephalopathy (HIE of any stage in a first model and HIE requiring
therapeutic hypothermia in a second model), we performed
multivariate analysis using logistic regression models. The models
included all variables associated with neonatal encephalopathy in
the univariate analyses, with P < 0.1). However, because cesarean
delivery is the most frequent option in serious obstetric situations,
we chose not to include mode of delivery in the multivariate
analyses.

Statistical analyses were performed with Stata software version
11.0. Chi-2 and Fisher exact tests were used to compare categorical
variables, and Student t tests and non-parametric tests, appropri-
ately, to compare continuous variables. The multivariate analysis of
significant effects was based on a conditional logistic regression
analysis. Odds ratios (ORs) and their 95% confidence intervals (CIs)
were used to estimate the strength of association of each variable.

Results

Among the 21,211 live births during the study period, 198
(0.93%) newborns had an umbilical artery pH less than 7.00. After
we excluded those born before 35 weeks, our study included 179
born after 35 weeks with an umbilical artery pH less than 7.00
(0.84%) (Fig. 1).

Mean gestational age at birth was 38.9 (+/- 1.62 (SD)) weeks of
gestation in the HIE group and 39.4 (+/- 1.5) in the group without
HIE; it did not differ between the two groups (P = 0.13) (Table 1).
Newborns with HIE had significantly lower 5-minute Apgar scores
and umbilical pH at birth as well as significantly excess base at
birth and higher lactate levels at 1 h of life than the group without
HIE.

Compared with women whose infants did not have HIE, those
whose children did have HIE were more likely to be obese (25%
versus 13.6%, P = 0.02) and smoke (18.7% versus 5.4% P = 0.01)
(Table 2). They were also more likely to have had gestational
diabetes requiring insulin (12.5% versus 4.8%), but this difference
was not significant (P = 0.19).The percentage of women at low risk
was similar in the two groups – 50% in the HIE group and 59% in the
no HIE group.

Women in the HIE group had more frequent cesarean deliveries
and particularly emergency cesareans (28.1% versus 5.4%, P < 0.01).
Maternal hypotension during labor requiring vasopressor agents
was twice as frequent in the HIE group (P = 0.03). The appearance of
a sentinel event during labor was significantly associated with HIE
(Table 3). After review of all FHR tracings, only decreased
variability was a significant risk factor for HIE.

After adjustment, the factors associated with HIE were the
mother being overweight (BMI 25–30 kg/m2) (adjusted OR 4.6, 95%
CI 1.4–15.2) or obese (BMI > 30 kg/m2 (adjusted OR 15.5, 95%CI 1.1–
12.5), smoking during pregnancy(adjusted OR 5.8, 95%CI 1.6–21.2),
occurrence of a sentinel event during labor (adjusted OR 2.7, 95% CI
1.1–7.2), and decreased FHR variability (adjusted OR 2.8, 95%CI 1.1–
6.9) (Table 4).

For a secondary analysis, we selected the neonates needing
hypothermia treatment for the “hypothermia” group (N = 21); the
others comprised the “no hypothermia” group (N = 158) (Fig. 1).



Table 1
Comparison of the neonatal characteristics between the groups with and without HIE.

HIE (N = 32) No HIE (N = 147) P

Gestational age (in weeks (mean � SD)) 38.9 � 1.62 39.4 � 1.5 0.13
Female (n (%)) 18 (56.2) 65 (44.2) 0.21
Birth weight (in g (mean � SD)) 3220 � 634 3193 � 526 0.79
Percentile of birth weight (mean � SD) 48 � 35 41 � 29 0.2
Birth weight <5th percentile (n (%)) 7 (21.7) 29 (19.7) 0.78
5-min Apgar score (mean [min-max]) 4 [4–10] 5 [0-10] <0.01
�4 (n (%)) 13 (40.6) 2 (1.4) <0.01
�7 (n (%)) 24 (75) 23 (15.7) <0.01
Arterial umbilical pH (mean � SD) 6.84 � 0.14 6.95 � 0.04 <0.01
Arterial umbilical excess base (mean � SD) �17.01 � 7.22 �12.75 � 3.63 <0.01
Lactates at 1 hour (in mmol/L (mean � SD)) 15.05 � 6.72 9.22� 3.3 <0.01

Fig. 1. Population Flow Chart.
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After adjustment, the only factors significantly associated with
moderate to severe HIE requiring therapeutic hypothermia
treatment were maternal BMI 25–30 kg/m2 (adjusted OR 5.5,
95% CI 1.2–24.4), and decreased FHR variability (OR 3.5, 95% CI 1.2–
10.6) (Table 5).

Discussion

Factors associated with HIE were maternal BMI>25 kg/m2,
smoking during pregnancy, occurrence of a sentinel event during
labor, particularly placental abruption and decreased FHR vari-
ability.

The frequency of severe acidosis in our population is similar to
rates reported in other studies [9], as is the HIE rate in infants with
severe acidosis [10]. In accordance with the literature, high
maternal BMI were associated with HIE. In their two-year
prospective study of 812 women with cesarean delivery during
labor, Spain et al. found that neonatal morbidity and severe
perinatal asphyxia were higher in cases of maternal obesity [11].
Similarly, Persson et al. found associations between BMI and severe
asphyxia-related outcomes in infants born at termin a population-
based cohort study of1,764,403 term births, with lower 5-minute
Apgar score and more neonatal convulsions among overweight
and obese mothers [12]. Moreover, it is well known that obesity
maternal BMI > 25 kg/m2 is a risk factor for prolonged labor, failed
cervical ripening in induction of labor, and cesarean delivery
during labor, all of which are situations that augment the risk of
fetal hypoxia [13,14].



Table 3
Comparison of intrapartum characteristics in the groups with and without HIE.

Prolonged pregnancy �41 weeks (n (%)) 

Onset of labor
Spontaneous labor (n (%)) 

Cervical ripening (n (%)) 

Oxytocin induction (n (%)) 

Planned cesarean (n (%)) 

Emergency cesarean (n (%)) 

Breech presentation (n (%)) 

Thick meconium during labor (n (%)) 

Thick meconium at delivery (n (%)) 

Oxytocin use* (n (%)) 

Abnormal FHR (n (%)) 

Bradycardia on FHR
No bradycardia (n (%)) 

Bradycardia>60 (n (%)) 

Bradycardia �60 (n (%)) 

Decreased FHR variability (n (%)) 

Manual rotation*(n (%)) 

Maternal hypotension during labor requiring vasopressives drugs*(n (%)) 

Total labor duration* (in min (mean �SD)) 

Second stage duration* (in min (mean �SD)) 

Expulsive effort duration* (in min (mean �SD)) 

Mode of delivery
Spontaneous delivery (n (%)) 

Operative delivery (n (%)) 

Cesarean delivery (n (%)) 

Sentinel event (n (%)) 

Shoulder dystocia 

Uterine rupture 

Abruptio placentae 

Cord prolapse 

Amniotic embolism 

Others†

* Among patients with attempted vaginal delivery: HIE group (N = 20) and no HIE gr
† Benckiser hemorrhage, intraveinous lidocaine injection, maternal cardiac arrest ass

Table 2
Comparison of maternal and gestational characteristics in the groups with and
without HIE.

HIE (N = 32) No HIE (N = 147) P

Maternal age (mean �SD) 35.2 � 5.9 34.64 � 5.6 0.61
Primiparous women (n (%)) 19 (59.4) 72 (48.9) 0.28
Ethnic origin
European (n (%)) 15 (46.9) 97 (66)
North Africa (n (%)) 6 (18.8) 16 (10.9)
Sub-Saharan Africa (n (%)) 8 (25) 25 (17)
South America (n (%)) 0 (0) 2 (1.4)
Asia (n (%)) 2 (6.3) 3 (2)
DOM TOM (n (%)) 1 (3.1) 4 (2.7) 0.21
BMI before pregnancy (kg/m2) 25.5 � 5.7 23.9 � 6.1 0.18
<20 (n (%)) 9 (28.3) 39 (26.5)
20-25 (n (%)) 6 (18.6) 67 (45.6)
25-30 (n (%)) 9 (28.1) 21 (14.3)
>30 (n (%)) 8 (25) 20 (13.6) 0.02
Diabetes before pregnancy (n (%)) 1 (3.1) 7 (4.8) 1
Hypertension before pregnancy (n (%)) 1 (3.1) 11 (7.5) 0.69
Smoking during pregnancy (n (%)) 6 (18.7) 8 (5.4) 0.01
Previous cesarean delivery (n (%)) 8 (25) 41 (27.9) 0.91
Twin pregnancy (n (%)) 1 (0.1) 9 (6.1) 0.50
ART* conception (n (%)) 3 (9.4) 13 (8.8) 0.57
Preeclampsia (n (%)) 4 (12.5) 11 (7.5) 0.35
Gestational diabetes

Diet (n (%)) 2 (6.3) 8 (5.4)
Insulin (n (%)) 4 (12.5) 7 (4.8) 0.19

Size for gestational age
SGA/FGR** (n (%)) 3 (9.4) 9 (6.1)
Normal (n (%)) 25 (78.1) 124 (84.4)
LGA† (n (%)) 4 (12.5) 14 (9.5) 0.61
Women at low risk (n (%))z 16 (50.0) 88 (59.9) 0.31

z Low risk = no history of diabetes, hypertension, or cesarean delivery, and no
preeclampsia or gestational diabetes during pregnancy.

* Assisted reproductive technique.
** SGA small for gestational age/ FGR fetal growth restriction.
† LGA large for gestational age.

Table 4
Predictive factors for HIE: multivariate analysis.

Adjusted* Odds Ratio 95% confidence interval

BMI before pregnancy
<20 1.9 0.6–6.2
20-25 1
25-30 4.6 1.4–15.2
>30 15.5 1.1–12.5
Smoking 5.8 1.6–21.2
Sentinel event 2.7 1.1–7.2
FHR decreased variability 2.8 1.1–6.9

* Adjustment on all variables included in the table.
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Maternal smoking was associated with HIE in our first model but
not with moderate to severe HIE requiring hypothermia in our second
model, perhaps due to lack of power because of the limited number of
neonates who needed this treatment. Smoking has previously been
reported to increase global perinatal morbidity, especially the risk of
IUGR, placental disorders, and placental abruption [15]. Active
smoking may cause chronic fetal hypoxia associated with morpho-
logical brain modifications [16]. Smoking during pregnancy may
stimulate free radical damage in the mother and fetus, related to the
augmentation of lipid peroxidation; it also depletes antioxidant
potential in maternal plasma and umbilical cord blood [17], thereby
contributing to mechanisms of asphyxia that have been linked with
brain damage. We cannot definitively conclude that a causal
association exists between smoking and encephalopathy, but the
physiopathologic hypothesis, the strength of the association, and the
chronology suggest that a larger study could evaluate this association
and demonstrate a potential dose-effect.

It is possible that high maternal BMI and smoking increase
oxidative stress, leading to placental hypoperfusion. This then
HIE (N = 32) No HIE (N = 147) P

5 (15.6) 25 (17) 0.63

14 (43.7) 96 (65.3)
4 (12.5) 24 (16.3)
2 (6.2) 13 (8.8)
3 (9.4) 6 (4.1)
9 (28.1) 8 (5.4) <0.01
2 (6.2) 14 (9.2) 0.74
6 (18.8) 26 (17.7) 0.89
10 (31.3) 39 (26.5) 0.59
15 (75) 79 (59.4) 0.22
28 (87.5) 132 (89.8) 0.75

18 (56.2) 73 (49.7)
9 (28.1) 51 (34.6)
5 (15.6) 23 (15.6) 0.75
22 (68.7) 65 (44.2) 0.01
5 (25) 19 (14.3) 0.32
10 (50) 31 (23.3) 0.03
236.5�45.3 171.8�12.4 0.08
74.2�19.2 53.3�5.8 0.21
13.8�3.9 10.3�1 0.26

2 (6.2) 37 (25.2)
7 (21.9) 36 (24.5)
23 (71.9) 74 (50.3) 0.04
11 (34.4) 20 (13.6) <0.01
1 2
1 4
4 4
1 8
1 1
3 1

oup (N = 133).
ociated with eclampsia, maternal diabetic coma.



Table 5
Predictive factors for hypothermia: Multivariate analysis.

Adjusted* Odds Ratio 95% confidence interval

BMI before pregnancy
<20 3.5 0.8-14.7
20-25 1
25-30 5.5 1.2-24.4
>30 2.9 0.6-15.1
Smoking 2.6 0.6-11.9
Sentinel event 2 0.7-6.1
FHR decreased variability 3.5 1.2-10.6

* Adjustment on all variables included in the table.
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causes chronic hypoxemia, reflected by the lactate levels in the HIE
group, worsening the metabolic status at birth and consequently
increasing the risk for HIE.

Among the antepartum maternal factors considered, gestation-
al diabetes mellitus was more frequent in the HIE group, although
the difference was not statistically significant. Similarly, Mimouni
et al. found a higher rate of perinatal asphyxia among mothers with
gestational diabetes mellitus, but they did not study risk factors for
HIE in the cases of perinatal asphyxia in this population [18].

Sentinel events are frequently reported in cases of cerebral
palsy [19]. Placental abruption has also been associated with
adverse neonatal outcomes, especially when accompanied by
severe FHR abnormalities [20]. We also found comparable
associations in our population of neonates with HIE. Smoking
has also been associated with placental disorders, such as
abruption [21], but none of our patients with placental abruption
was a smoker.

Placental pathology is unfortunately not performed routinely in
our population. Pathologic examination of the placenta in the HIE
cases could have added interesting information, in particular on
the pathophysiological mechanisms leading to HIE. High maternal
BMI and smoking during pregnancy can indeed be associated with
placental dysfunction and particularly endothelial dysfunction
[22,23], and this dysfunction could lead to chronic hypoxemia, and
impair neurological neonatal outcomes.

The association we observed between HIE and FHR abnormali-
ties, especially decreased FHR variability, has previously been
reported. Milsom et al. showed that abnormal FHR variability,
repeated late decelerations regardless of amplitude, and repeated
variable decelerations, occasional late or variable decelerations,
and no accelerations are all associated with asphyxia [24], and
Spencer et al. that decreased FHR variability is associated with a
higher encephalopathy rate [25]. It is possible that reduced
variability of FHR is a proxy of chronic hypoxemia linked with
placental hypoperfusion. Despite the false positives and the poor
correlation between FHR and neonatal outcome, the analysis of
cord blood gas for each birth remains the best marker for
evaluating neonatal acidosis [26,27].

Nonetheless, most newborns with severe acidosis at birth are
ultimately healthy and do not need specific neonatal care [2]. The
absence of risk factors for HIE and of neurologic manifestations
after birth in cases of severe acidosis make it possible to reassure
parents and caregivers. Knowledge of these risk factors could help
medical staff in decision-making during labor but also at birth
when severe acidosis occurs.

Conclusion

Among neonates with an umbilical cord pH < 7.00, those with
HIE had a more severe metabolic acidosis. Sentinel events were
associated with HIE. Maternal BMI > 25 kg/m2 and smoking were
also associated with HIE, possibly through chronic hypoxia
reflected by decreased FHR variability. The mechanisms explaining
these associations should be studied further.
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