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Abstract: The causal pathway of neonataj enecephalopathy (NE) is poorly understood: in 

most cases there is no evidence of severe intrapartum asphyxia, and conversely, most infants 

with intrapartum signs of fetal distress do not go on to develop neurological sequelae. The 

aim is to evaluate perinatal factors potentially involved in the genesis of NE. We performed a 

retrospective case-controlled study of all term, nonmalformed live-born neonates at term 

delivered at our institution between 2015 and 2019. During the study period, 27 (0.09%) were 

diagnosed with NE, with moderate or severe NE in 14 cases (52%). Cases and controls were 

similar for maternal age, parity, race, gestational age at delivery, and incidence of premature 

rupture of membranes, but more women labored in the control group. As expected, the rates 

of CD and urgent or emergent CD were significantly higher among cases. Neonates destined 

to develop NE had higher rates of antepartum risk factors than controls (74% versus 18%, 

odds ratio OR]= 13.0, 95% confidence interval [CI] 4.4 to 40.4), including previous CD (OR 

= 4,  95% CI 1.2 to 15), abnormal amniotic fluid volume at ultrasound (OR= 6.8, 95% CI 1.5 

to 29.5), and nonreactive FHR tracing before labor (OR = 49.0,  95% CI 5.4 to 1109. Future 

efforts to reduce the rates of NE should thus be directed toward the identification of 

antepartum risk factors. In a minority of such cases (such as fetal growth restriction), there 

may be a lower fetal threshold to hypoxic or ischemic events during the end of pregnancy or 

labor. 
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Introduction 

The causal pathway of neonatal enecephalopathy (NE) is poorly understood: in most cases 

there is no evidence of severe intrapartum asphyxia, and conversely, most infants with 

intrapartum signs of fetal distress do not go on to develop neurological sequelae [1]. The 

largest study to date has shown that only a minority of cases of NE can be attributed to 

intrapartum events, suggesting that antenatal factors may be implicated in the causation of the 

majority of cases of NE [3,4]. However, a recent study utilizing neonatal magnetic resonance 

imaging as a means to time the occurrence of neonatal NE at term found that most cases of 

NE or early neonatal seizures resulted from events proximate to delivery, calling into 

question the role of antenatal insults [5]. To evaluate perinatal factors potentially involved in 

the genesis of NE, we have performed a casecontrolled study in which we included 
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information on fetal heart rate (FHR) tracing. Indeed, a limitation of previous studies is the 

lack of information on FHR, information that is relevant because an abnormal FHR tracing 

before labor could suggest a causal role for antepartum events in the genesis of NE, and FHR 

tracing during labor would contribute to the knowledge of fetal intrapartum events. 

Material and methods 

We performed a retrospective case-controlled study of all term, nonmalformed live-born 

neonates at term delivered at our institution between 2015 and 2019. Our institution is a 

tertiary care center that serves as referral for a large geographic area. Neonates transferred 

from outside hospitals were excluded from analysis. We identified neonates who were 

subsequently diagnosed with NE. The diagnosis of NE was established by attending 

neonatologists after exclusion of other causes of encephalopathy, such as metabolic disorders, 

malformations, chromosome abnormalities, and viral infections. NE was classified in three 

grades according to Sarnat and Sarnat’s criteria, [6,7] with mild NE characterized by 

hyperalertness and irritability, normal muscle tone, normal or hyperactive reflexes, ankle 

clonus, and no seizures; moderate NE with lethargy, decreased spontaneous movements, 

proximal muscular weakness, depressed primitive reflexes, and seizures; and severe NE with 

stupor or coma, markedly reduced muscle tone or flaccidity, and absent primitive reflexes. 

Presence of seizures was not a necessary criterion for the diagnosis. All cases of NE were 

prospectively compiled and audited on a yearly basis, thus maximizing the ascertainment and 

minimizing the risk of loss of cases. At least three controls for each case were selected from 

the cohort of singleton term infants born during the study period using computer-generated 

random numbers. Umbilical cord blood gas analysis, inclusive of pH and base excess values, 

was routinely obtained at the time of delivery in all neonates including controls. The 

occurrence of multiorgan failure8 and long-term outcome was recorded on all babies. 

Antepartum and intrapartum variables were evaluated by abstracting information from a 

review of the medical records. Every pregnant women in our clinic undergoes at least an 

ultrasound exam during the third trimester, as well as amniotic fluid volume evaluation at 

term; oligohydramnios was defined as an amniotic fluid index 8 cm. Small-for-gestational 

age was defined as a birth weight 180 beats/min, absent variability, moderate tachycardia 

with reduced variability, bradycardia [8,9]. 

Results  

During the study period, 27 (0.09%) were diagnosed with NE, with moderate or severe NE in 

14 cases (52%). Their characteristics were compared with those of 100 randomly chosen 
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controls. Two of the 27 cases died (one in the neonatal period and one at 16 months) versus 

0/100 controls, giving a neonatal case-fatality rate of 7%. Seventeen (63%) neonates with NE 

presented multiorgan dysfunction and four developed cerebral palsy at a mean follow-up of 

84  37 months (range 39 to 144). Demographic and obstetric characteristics are shown in 

Table 1. 

 

Table 1:  Demographic and Obstetric Characteristics and Neonatal Outcome in 

Relation to NE 

Variable    NE Group 

 (n ¼ 27)  

 Control 

Group  

(n ¼ 100)  

 p Value 

Maternal age (y)     32   5                                         32   4                                                       0.8 

Caucasian ethnicity      25 (93%)                                    97 (97%)                                                   0.2 

Nulliparity      19 (70%)                                      51 (51%)                                                 0.08 

Gestational age at delivery (wk)    39.8   1.1                                     39.7   1.0                                                  0.7 

Premature rupture of membranes     6 (22%)                                         35 (35%)                                                   0.2 

Cesarean delivery without labor        8 (30%)                                       8 (8%)                                                      0.003 

Labor       19 (70%)                                     92 (92%)                                                   0.002 

Spontaneous vaginal delivery     4 (15%)                                        86 (86%)                                                <0.001 

Emergency cesarean delivery          11 (41%)                                       6 (6%)                                                     <0.001 

Apgar score <7 at 5 min          23 (85%)                                      0 <0.001 

Apgar score <3 at 5 min       6 (22%)                                        0 <0.001 

Umbilical artery pH           7.03   0.17                                   7.27   0.07                                             <0.001 

Metabolic acidosis (pH <7 and BE <— 

12)   

11 (41%)                                     0 <0.001 

Male sex     18 (67%)                                      61 (61%)                                                    0.5 

Birth weight (g)               3310   600                                  3375   404                                              0.5 

Results are n (%) or mean   standard deviation. BE, base excess; NE, neonatal 

encephalopathy. 

 

 

Cases and controls were similar for maternal age, parity, race, gestational age at delivery, and 

incidence of premature rupture of membranes, but more women labored in the control group. 

As expected, the rates of CD and urgent or emergent CD were significantly higher among 

cases, despite the fact that two cases who should have been eligible for CD without labor 

(one for severe fetal growth restriction and one for breech presentation) were in fact allowed 
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to labor. Neonates destined to develop NE had higher rates of antepartum risk factors than 

controls (74% versus 18%, odds ratio [OR] = 13.0, 95% confidence interval [CI] 4.4 to 40.4), 

including previous CD (OR ¼ 4, 95% CI 1.2 to 15), abnormal amniotic fluid volume at 

ultrasound (OR = 6.8, 95% CI 1.5 to 29.5), and nonreactive FHR tracing before labor (OR = 

49.0, 95% CI 5.4 to 1109; In particular, 8/9 cases of nonreactive FHR on admission had also 

minimal or absent variability with decelerations. Decreased fetal movements were the 

indication for FHR monitoring in 6/9 cases. FHR abnormalities were the unique antepartum 

risk factors for NE in three cases, all associated with decreased fetal movements. NE cases 

had higher rates of intrapartum risk factors than controls (81% versus 19%, OR =18.7, 95% 

CI 6.4 to 54.0) including acute intrapartum events (OR = 24.5, 95% CI 4.4 to 180.5; whereas 

chorioamnionitis was not significantly different between cases with or without NE. Sixteen of 

19 cases in the NE group admitted to labor and 55/92 of the controls admitted to labor 

underwent continuous electronic FHR monitoring (35 on admission to labor; in 20 cases the 

FHR monitoring was converted from intermittent to continuous during labor), and among 

those admitted to labor, higher rates of suspicious or ominous FHR (13/19 [68%] versus 9/92 

[10%], p < 0.001, OR =19.9, 95% CI 6.2 to 64.0) was observed. Overall, 7/27 (26%) cases of 

NE in term infants had only antepartum risk factors, 6/27 (22%) had only intrapartum risk 

factors, and 12/27 (44%) had a combination of the two. In 2/27 (7%) cases, no risk factors 

were recognizable. Four of the 26 cases of NE who survived in the neonatal period developed 

cerebral palsy. One of them fulfilled all four of the necessary criteria outlined by American 

College of Obstetricians and Gynecologists (ACOG) for cerebral palsy caused by intrapartum 

events [10,11]. The second one presented only antepartum risk factors (decreased fetal 

movements and abnormal FHR on admission). The third case occurred in a patient with 

polyhydramnios, nonreactive FHR on admission, and a biophysical profile class of 6/10, who 

was allowed to undergo induction of labor, which was complicated by Boylan [12] suspicious 

FHR tracing and passage of meconium, and resulted in emergency CD at 8 cm of dilation. 

Neonatal birth weight was 3300 g, umbilical artery pH was 7.07 with base excess of 11, and 

Apgar scores were 0 and 6 at 1 and 5 minutes, respectively. The fourth case followed an 

uncomplicated pregnancy, and FHR tracing was reassuring throughout labor. Shoulder 

dystocia was encountered at delivery, with an interval-to-delivery of 8 minutes. The male 

infant weighed 3400 g, had umbilical artery pH of 7.20 with base excess of 6, and Apgar 

scores of 0, 0, and 1 at 1, 5, and 10 minutes, respectively. 
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Discussion  

Our analysis of factors associated with NE in a prospectively collected cohort of term 

deliveries suggests that antepartum risk factors, alone or in combination with intrapartum 

events, are present in the majority of cases (74%), as reported in the largest study to date 

[13,44]. However, isolated antepartum risk factors are present only in a minority of cases 

(22%), suggesting that labor can act as trigger for events leading to NE in the presence of 

preexisting conditions. Of the factors we considered, those achieving statistical significance 

are obesity, history of a CD, and nonreactive FHR tracing before labor. Obesity has already 

been associated with higher rates of shoulder dystocia, low Apgar scores, and admission to 

the neonatal intensive care unit, [15–17] and we make the novel observation that it is also a 

risk factor for NE. Of interest, obesity was associated with an eightfold increased risk of NE 

despite its low prevalence in our population (3.8%). Centers with higher rates of obesity may 

confirm such an association and further investigate that factors mediate the adverse effect of 

obesity on neurological outcome. History of a CD was associated with a fourfold increase in 

risk of NE in our study, despite the absence of uterine rupture in any of our cases. This is also 

a novel observation, as an association between history of CD and NE has been reported in 

previous observational studies only among women suffering uterine rupture [18,19]. 

However, history of CD is an independent risk factor for stillbirth in the absence of uterine 

rupture, suggesting that presence of a uterine scar per se could have an effect on fetal well-

being [20]. The third and most important antepartum predictor was abnormal FHR tracing on 

admission, which increased the risk of NE by nearly 50 times. A strength of our study is that 

FHR tracings, both on admission and during labor, were prospectively evaluated and 

classified, thus avoiding the risk of interpretation bias. Because all cases with abnormal FHR 

tracing on admission underwent immediate CD without labor, NE in such cases is likely the 

manifestation of damage already established in the antepartum period or at least not related to 

the delivery. Our rate of isolated intrapartum risk factors for NE (22%) is higher than that 

reported by Badawi et al [21] (4%). The discrepancy can be explained by the difference in 

availability of FHR tracing during labor in the two series, as it was only 50% in the series of 

Badawi et al and 84% in our NE cases. Although 40% of women in the control group did not 

undergo continuous FHR monitoring, the likelihood that an ominous pattern was missed in 

the absence of risk factors, decelerations, or changes in color of fluid is likely small. As 

nonreassuring FHR tracing during labor was the leading intrapartum risk factor for NE in our 

series (13/19 or 68%), the lack of a FHR tracing in half of cases in the series of Badawi et al 
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possibly led to failed recognition of intrapartum risk factors. Even though the predictive value 

of nonreassuring FHR for NE is poor in the general population [22] the sensitivity of the test 

(i.e., the proportion of NE cases with abnormal FHR tracing) is good, [19–21] which has led 

to the suggestion that some cases of intrapartum asphyxia could be prevented by an improved 

interpretation and management of FHR tracing [23].  

Conclusion 

Future efforts to reduce the rates of NE should thus be directed toward the identification of 

antepartum risk factors. In a minority of such cases (such as fetal growth restriction), there 

may be a lower fetal threshold to hypoxic or ischemic events during the end of pregnancy or 

labor. Timely intervention in such cases may minimize the fetal insult and the occurrence of 

NE. In the majority of cases, however, identification of individual risk factors is unlikely to 

alter clinical decision making and affect the rate of NE because of the rarity of NE and the 

fairly common occurrence of antepartum risk factors. Moreover, statistical association does 

not imply causality; further studies should evaluate which risk factors fulfill the criteria for a 

causal association with NE. 
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