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ABSTRACT

Background: Placental pathology has been linked to neonatal encephalopathy (NE). Despite the
high prevalence of NE in low- and middle-income countries (LMICs), there are limited published
studies exploring this association from LMICs.

Objective: To describe and analyze the histopathology of placentas from neonates diagnosed
with encephalopathy shortly after birth.

Methods: A retrospective analytic study was conducted on neonates diagnosed with
encephalopathy at Klerksdorp/Tshepong (KT) hospital complex, South Africa from 1 December
2019 to 31 October 2022. Placentas from term and near-term neonates (birth weight >2000
grams) diagnosed with encephalopathy soon after birth were sent for histopathological
examination. Neonates were grouped into those with encephalopathy with or without intrapartum
hypoxia (IH) (base deficit >12 mmol/l). The severity of NE was assessed as mild, moderate and
severe, according to Sarnat staging. The types and extent of placental lesions were compared
between those with mild and moderate-to-severe encephalopathy and between cases with or
without I1H.

Results: Out of 16,336 live births, 271 neonates were diagnosed with NE, and of these, 193
(71.2%) had NE with IH. Placental histopathology results were available for 239 neonates
(88.2%). The median placental weight was 428 grams, with 46.6% of placentas weighing <10th
percentile. Cord abnormalities were observed in 27.2% of placentas. Nearly all placentas (98.2%)
exhibited at least one histopathological lesion. The most common microscopic placental lesions
identified were maternal vascular malperfusion (MVM) (55.6%), fetal vascular malperfusion
(55.1%), chorioamnionitis (41.2%), and villitis of unknown etiology (28.9%). There was a
significant association between NE with IH and the presence of MVM, with an adjusted odds
ratio of 3.24 (95% CI 1.19-8.79). No significant association was found between the presence or
number of different placental lesions and the severity of NE. Factors associated with severity of
any NE (with and without IH) included an Apgar score of less than 7 at 10 minutes (p<0.001) and
pH <7.00 (p<0.001).

Conclusion: A high proportion of neonates with encephalopathy showed evidence of intrapartum
hypoxia. Almost all neonates with encephalopathy displayed at least one microscopic placental
lesion. Furthermore, most placentas from neonates with NE exhibited abnormalities, indicating
that placental pathology may play a significant role in the development of NE. A strong
association was found between the presence of MVM and NE with IH.
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INTRODUCTION

Neonatal encephalopathy (NE) is a clinically defined disorder characterized by impaired
neurologic function in neonates born at term or near-term gestation. One of the causes of NE is
hypoxic-ischaemic encephalopathy (HIE), which is due to impaired fetal cerebral blood flow and
oxygen delivery. Globally, HIE is still considered to be a major contributor to perinatal
mortality.[¥l The incidence of HIE has been reported to be significantly higher in low- and
middle-income countries (LMIC), as high as 14.9 per 1000 live births® compared to high-income
countries (HIC) at 1.3-1.7 per 1000 live births.[®l In South Africa, studies from different
provincial regions have also indicated a noticeable variability. Two studies conducted at two
separate academic institutions in Gauteng reported an incidence of 3.6-15.2 per 1000 live
births.[®°l There was a vast contrast in the findings of a similar population demographic to these
Gauteng studies, with incidences reported as 2.3 to 4.3 per 1000 live births in the Western
Cape.l®

Placental pathology has been associated with an increased risk for the development of NE.I]
According to the 2016 Amsterdam Placental Workshop Group Consensus Statement, there are
four significant microscopic lesions that have been associated with NE: acute chorioamnionitis
(ACA) (Figure 1), villitis of unknown aetiology (VUE) (Figure 2), maternal vascular
malperfusion (MVM) (Figure 3), and fetal vascular malperfusion (FVM) (Figure 4).

A. Maternal response (stage 2, grade 2) B. Fetal response (stage 3, grade 2)
Figure 1. Histopathological features of acute chorioamnionitis
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Figure 2. Histopathological features of chronic villitis (villitis of unknown origin)

A. Distal villous hypoplasia B. Accelerated maturation, increased syncytial knots and infarction
Figure 3. Histopathological features of maternal vascular malperfusion

A. Avascular villi, high grade B. Organizing thrombus with calcification
Figure 4. Histopathological features of fetal vascular malperfusion
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These lesions have been described in previous studies as contributing to the poor neurological
outcome of neonates. With regard to predictors of the outcome of NE, VUE has been shown to be
the most significant predictor of abnormal long-term outcomes, while chorioamnionitis is
associated with the severity of NE.[°l Neonates with NE have been shown to have a higher
likelihood of placental inflammatory and flow restrictive lesions, which may predispose the

neonatal brain to hypoxic-ischaemia.ll

There is still a substantial lack of data on the risk profile of neonates with encephalopathy, and
especially the contribution of placental histopathology. This is especially important in the LMIC
setting where the incidence of NE is relatively high. As part of the supplement published from a
South African Obstetric perspective, it is now recommended that placental histopathologic
evaluation be part of the assessments when investigating causes of cerebral palsy, where NE was
a suspected cause.™! The aim of this study was to describe the histopathology of placentas from
neonates born with encephalopathy and to determine whether there is an association between the
type or extent of placental pathology and the severity of NE.

METHODS

Study Design
This was a retrospective, analytic study of neonates born at term/near term diagnosed with NE,

who had placentas sent for histopathology.

Study Setting

This study was conducted in the Klerksdorp/Tshepong (KT) hospital complex, North West
Province, South Africa. The KT hospital complex is a provincial and a satellite teaching hospital
for the University of the Witwatersrand. It is a referral hospital for patients from Nic Bodenstein
district hospital and 30 local clinics in the North West province. The hospital conducts about
6000 births per year. All neonates diagnosed with encephalopathy are admitted and managed in
the neonatal unit, which has a capacity of 49 beds, including 12 neonatal intensive care unit
(NICU) and 12 high care beds.

In December 2019, the hospital implemented a protocol that recommended that all placentas from
neonates born with encephalopathy should be sent for histopathologic evaluation to assist in

identifying factors that might contribute to NE. The following criteria were used to establish the
4



diagnosis of NE: requirement for resuscitation at birth, defined as the need for at least bag-mask

ventilation, and signs suggestive of encephalopathy.

Study Population

Neonates born in KT hospital complex, weighing > 2000g with a diagnosis of NE, with placentas
sent for histopathologic assessment from 1st December 2019 to 31st October 2022, were enrolled
in the study. Neonates who were born outside the hospital facility, had major congenital

anomalies, or did not have a placenta sent for histopathology were excluded.

Study Procedures

Maternal and infant hospital records of the neonates diagnosed with NE were retrieved and
reviewed for analysis. Maternal data included maternal age, gravidity, antenatal care, human
immunodeficiency virus (HIV) status, mode of delivery, intrapartum monitoring, and presence of
meconium-stained amniotic fluid. Bedside urine dipsticks were used to screen for urinary tract
infection (UTI), which was evidenced by nitrites and/ or leucocytes. Suspicion of clinical
chorioamnionitis was based on maternal tachycardia and fever. Intrapartum monitoring was
performed by assessing the maternal clinical condition, plotting the progress of labour on a
partogram, and using a cardiotocograph (CTG) to determine fetal heart rate. CTG tracings were
reported as normal with reactive tracings or pathological according to the National Institute for
Health and Care Excellence (NICE) guidelines.*?

Neonatal data collected included anthropometry, sex, Apgar scores, resuscitation details, cord
blood or arterial blood gas done within the first hour of birth, Thompson score, and Sarnat
staging and outcome at hospital discharge. The Thompson score and/or Sarnat staging were used
to assess the severity of NE.[**14 The severity of NE was classified as mild, moderate, and severe
NE. NE was also classified to be with or without intrapartum hypoxia (IH) defined as a blood gas

with base deficit >12 mmol/l.

Placental histopathology was performed and reviewed by an experienced pathologist (CW). All
placentas were reported on a standardized template and reported according to a globally accepted
classification system.!®! The placental lesions were divided into macroscopic and microscopic
characteristics. The macroscopic abnormalities included placental weight and cord abnormalities.
The major significant microscopic lesions were identified and categorized into: acute

chorioamnionitis (ACA), maternal vascular malperfusion (MVM), fetal vascular malperfusion



(FVM), and villitis of unknown aetiology (VUE). Further analysis was conducted, categorizing
chorioamnionitis into maternal and/or fetal response as well as dividing FVM and MVM
according to different grades. To assess the significance of these microscopic lesions, all
placentas were further evaluated based on the total microscopic lesions that they each had and
their correlation to the severity of NE and the type of NE (with or without evidence of IH).
Permission to conduct the study was obtained from the hospital's Chief Executive Officer. Ethical
approval was obtained from the University of the Witwatersrand Human Research Ethics

Committee (Protocol reference number: M220119).

Data Analysis

Statistical analysis was conducted using STATA version 17.0 (Texas, USA). Neonates were
divided into two groups based on the severity of NE: mild and moderate-to-severe NE.
Additionally, they were classified based on the presence of intrapartum hypoxia (IH), with some
having NE with IH and others without. Descriptive statistics were used to summarize data related
to maternal and infant demographics, as well as placental characteristics. To compare infants
based on the severity of encephalopathy, chi-square tests with Fisher's exact test were used for
categorical variables, while Student's t-test or Mann-Whitney U test was applied for continuous
variables. For multivariate analysis, all significant microscopic histopathological lesions and
cardiotocographic findings were incorporated into the model, along with variables that had a p-
value of less than 0.20 in the univariate analysis. Statistical results from both univariate and
multivariate analyses were reported as crude and adjusted odds ratios (OR) with 95% confidence
intervals (95% CI). Associations were deemed statistically significant if the 95% CI of the OR

did not include value 1 and if p-values were less than 0.05.



RESULTS

Incidence

There were 16,336 live births during the study period, of which 271 were diagnosed with NE,
with an incidence of 16.5 per 1000 live births (Figure 5). There were 270 singletons and one set
of twins. Amongst the 216 who had arterial blood gases within an hour of delivery, 193 (89.4%)
neonates were assessed as having NE due to intrapartum hypoxia (base deficit >12 mmols/I),

giving an incidence of HIE at 11.8 per 1000 live births.

Number of livebirths
N = 16336

Number resuscitated with

Encephalopathy
n=271
Mild Neonatal
Number with Pl ; Encephalopathy
umber with Placentas sent for B
histopathology N= 168 (70.3%)
N=239 (88.2%) Moderate to Severe Neonatal
I Encephalopathy
N=71 (29.7%)

Number with blood gasses
done within 1 hour

N= 216 (90.4%)

Base deficit >12 Base deficit <12
(NE with evidence of (NE without evidence of
intrapartum hypoxia) intrapartum hypoxia)

N=193 (89.4%) N=23 (10.6%)

Mild NE with evidence of
- intrapartum hypoxia

N=141 (73.1%)

Moderate-to-severe NE with
L evidence of intrapartum hypoxia

N=52 (26.9%)

Figure 5. Flow chart of numbers of neonates with encephalopathy enrolled in the study



Maternal Characteristics

Table 1 shows the median maternal age was 23 years, with 56.7% of mothers being

primigravidae. Most of the mothers (95.4%) had attended antenatal care, with 58.1% of them

attending before 20 weeks of gestation. A quarter (24.8%) of mothers were positive for HIV.

Among the mothers who had co-morbidities, the most common diagnosis was hypertensive
disorders (32.2%), followed by urinary tract infections (26.9%). There were 103 (44.2%)
pathological CTGs of those monitored. Meconium-stained amniotic fluid was observed in 40.3%

of births and the caesarean section rate was 36.1%.

Table 1. Maternal age, clinical and delivery characteristics

Variable

n /N (%)

Maternal age, in years

Primigravida

Attended antenatal care

Human Immunodeficiency virus, positive
Hypertensive disorders

Diabetes mellitus

Hypertensive and diabetes mellitus
Urinary tract infection

Pathological cardiotocograph
Meconium-stained amniotic fluid

Mode of delivery, Caesarean section

23 (20-29)*
135/238 (56.7)
227/238 (95.4)
59/238 (24.8)
771238 (32.2)
13 (5.5)

10 (4.2)
64/238 (26.9)
103/233(44.2)
96/238 (40.3)
86/238 (36.1)

*Median with interquartile ranges

Neonatal Characteristics

The median birth weight and gestational age were 3100g and 39 weeks, respectively. All

neonates required a modality of resuscitation, with the majority (75.2%) responding to bag mask

ventilation (BMV) only, 18.9% required chest compressions, and 5.9% required chest

compressions and intravenous adrenaline (Table 2). Apgar score at 10 minutes was <7 in 31.5%

and <5 in 8.8% of neonates. Among the 216 neonates who had arterial blood gas performed

within the first hour of birth, the median pH and base deficit were 7.11 and 17.4 mmol/l,

respectively, with 20.1% having a pH<7.00 and 89.4% with a base deficit of >12 mmol/I.



Therapeutic hypothermia was offered to 45.2% of the neonates. Overall, the mortality rate at

hospital discharge was 2.9%.

Table 2. Neonatal characteristics, including management and outcome at hospital discharge

Variable n/N (%)
Birth Weight, in grams 3100 (2800-3400)*
Gestational age, in weeks 39 (39-40)*
Sex, male 153/239 (64.0)
Apgar score at 10 minutes***
<7 75/238 (31.5)
<5 21/238 (8.8)
Type of resuscitation required
BMV only 179 (75.2)
BMV with chest compressions 45 (18.9)
BMV with chest compressions and adrenaline 14 (5.9)

Arterial blood gas within 1 hour of life**
Blood gas pH*
pH<7
Base deficit, in mmol /L

7.11 (7.01-7.19)*
48/216 (20.1)
17.4 (13.9-21.0)*

Base deficit >12 mmol 193/216 (89.3)
All Neonates with Encephalopathy 239

Mild 168 (70.3)

Moderate to Severe 71 (29.7)
Encephalopathy without intrapartum hypoxia (base deficit <12 mmol/L) 23/216 (10.6)
Encephalopathy with intrapartum hypoxia (base deficit >12 mmol/L) 193/216 (89.4)

Mild 141/193 (73.1)

Moderate to Severe 52/193 (26.9)
Seizures 56/239 (23.4)
Thompson score >7 2371239 (99.2)
Managed with induced hypothermia (Cooling) 108/239 (45.2)
Number died 7/239 (2.9)

* - Median with interquartile ranges
**. 23 had blood gases missing
***. 1 neonates had no Apgar scores recorded
BMV — Bag mask ventilation
#There was one set of dichorionic twins, neonates n=239



Placental Histology

Reports for histopathology were available for 239 of the 271 (88.2%) neonates diagnosed with
NE. The median placental weight was 428 grams, with 111 (46.6%) placentas being less than the
10th centile (Table 3). Cord abnormalities were present in 27.2% of placentas. These included
hypercoiled umbilical cords, abnormal insertions such as marginal cord insertions and
velamentous cord insertions. Amongst the neonates with NE with available placental pathology,
98.3% (235/239) had significant microscopic lesions on histopathology. The common
microscopic placental lesions observed were maternal vascular malperfusion (MVM) (55.6%),
fetal vascular malperfusion (FVM) (53.1%), chorioamnionitis (41.4%), villitis of unknown
etiology (VUE) (28.9%), abruptio placentae (11.7%) and delayed villous maturation (11.7%)
The remaining 4 placentas (2.8%) with no identified microscopic lesions had macroscopic
pathology such as cord abnormalities, abnormally sized placentas (larger or smaller than

gestational age) as well as non-specific features of intrauterine compromise.

Table 3. Placental characteristics from neonates with encephalopathy

N=239
Placental characteristics of all neonates n (%)
Placentas with microscopic histopathology 235 (98.3)
Placental weight, in grams 428 (360-490)*
Placental weight < 10th centile 111 (46.6)
Cord abnormalities 65 (27.2)
Chorioamnionitis present 99 (41.4)
Maternal & fetal response 61 (61.6)
Maternal response only 38 (38.4)
Fetal vascular malperfusion (FVM) 127 (53.1)
Low grade 63 (49.6)
High grade 64 (50.4)
Maternal vascular malperfusion (MVM) 133 (55.6)
Villitis of unknown etiology (VUE) 69 (28.9)
Low grade 39 (56.5)
High grade 30 (43.5)
Abruptio placenta 28 (11.7)
Delayed villous maturation 28 (11.7)
Meconium associated vascular necrosis 6 (2.5)
Intrauterine compromise 75 (31.4)

*- Median with interquartile ranges
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Comparing the number of microscopic placental lesions according to the type and severity
of neonatal encephalopathy

As shown in Table 4, there was a marginally significant difference in the proportion of placentas

with >2 microscopic lesions in NE with IH compared to the group without IH (p=0.084). There

were no significant differences in the proportion of placentas with >2 lesions with severity of NE,

for all those with any NE (mild versus moderate-to-severe NE, p=0.248) and for those with NE

with IH (mild versus moderate-to-severe NE, p=0.401).

Table 4. Number of placental lesions in comparison to the severity and type of encephalopathy

Number of

Severity of encephalopathy and/or presence of

placental lesions intrapartum hypoxia p-value
Mild Moderate to Severe
Encephalopathy Encephalopathy
N =168 N=71
n (%) n (%)
One 51 (30.6) 27 (38.0) 0.248
Two or more 117 (69.4) 44 (62.0)
Encephalopathy Encephalopathy
with without
Intrapartum Hypoxia | Intrapartum Hypoxia
N=193 N=23
n (%) n (%)
One 58 (30.1) 11 (47.8) 0.084
Two or more 135 (69.9) 12 (52.2)
Mild Moderate to Severe
Encephalopathy with | Encephalopathy with
Intrapartum Hypoxia | Intrapartum Hypoxia
N =141 N =52
n (%) n (%)
One 40 (28.4) 18 (34.6) 0.401
Two or more 101 (71.6) 34 (65.4)

Comparison of maternal and neonatal characteristics, and placental histopathology
between neonates with mild and moderate-to-severe encephalopathy

In both univariate and multivariate analysis, the factors that were associated with moderate to

severe encephalopathy were Apgar score <7 at 10 minutes (p <0.001) and pH< 7.00 (p=0.001)

(Table 5). There was no association with placental histopathology and severity thereof (p-values

>0.05)
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Table 5. Comparing maternal and neonatal characteristics, and placental pathology between mild and moderate-to-severe encephalopathy (all
neonates)

Moderate
Mild to severe
Total Encephalopathy | Encephalopathy Univariate Multivariate
n=239 n=168 n=71 analysis analysis

Variable n (%) n (%) n (%) OR (95% CI) p-value | OR (95% CI) p-value
Maternal age* 23 (20-29) 23 (20-29) 23 (20-29) 0.994 (0.95-1.03) | 0.811

Primigravida 135 (56.7) 92 (54.8) 43 (61.4) 0.788 (0.45-1.38) | 0.409

HIV positive 59 (24.8) 43 (25.5) 16 (22.9) 0.845(0.44-1.63) | 0.616

Hypertension 77 (32.3) 49 (29.2) 28 (40.0) 0.632 (0.35-1.13) | 0.122 0.581(0.29-1.15) | 0.121
Antenatal care attended 227 (95.4) 160 (95.2) 67 (95.7) 0.882 (0.23-3.43) | 0.857

Mode of delivery (vaginal) 107 (45.0) 75 (44.6) 32 (45.7) 1.013 (0.57-1.80) | 0.964

Pathological Cardiotocograph** | 103/233 (44.0) 68/164 (41.5) 35/69 (50.7) 0.708 (0.40-1.24) | 0.229 0.940 (0.48-1.82) | 0.854
Birth weight* 3100 (2800-3400) | 3052 (2785-3400) | 3200 (2800-3400) | 1.187 (0.50-2.81) | 0.697

Gestational age* 39 (39-40) 39 (39-40) 39 (38-40) 1.094 (0.88-1.36) | 0.415

Male 153 (64.0) 109 (64.9) 44 (62.9) 1.133 (0.64-2.01) | 0.669

Apgar score <7 at 10 min*** 75/238 (31.5) 33/168 (19.6) 42/70 (60.0) 6.14 (3.3-11.3) <0.001 | 4.65(2.32-9.29) | <0.001
pH<7 48/228 (21.1) 19/161 (8.3) 29/67 (43.3) 5.70 (2.89-11.26) | <0.001 | 3.61(1.70-7.66) 0.001
Base deficit* 17.4 (13.9-21.0) 16.7 (13.9-20.1) 19.3 (14.7-22.7) 0.957 (0.36-2.56) | 0.931

Chorioamnionitis 99 (41.2) 70 (41.7) 29 (40.8) 1.034 (0.59-1.82) | 0.906 1.356 (0.68-2.69) | 0.385
Maternal vascular malperfusion | 133 (55.6) 92 (54.8) 41 (57.7) 0.886 (0.51-1.55) | 0.671 0.657 (0.33-1.31) | 0.234
Fetal vascular malperfusion 127 (53.1) 88 (52.4) 39 (54.9) 0.902 (0.52-1.56) | 0.718 0.919 (0.46-1.82) | 0.808
Villits of unknown aetiology 69 (28.9) 50 (29.8) 19 (26.8) 1.159 (0.62-2.16) | 0.640 1.236 (0.59-2.61) | 0.578
Placental lesions > 2 161 (67.4) 117 (69.6) 44 (62.0) 0.710 (0.39-1.27) | 0.249

*- Median with interquartile range

**. 5 had no recorded CTG results

***.1 neonate had no Apgar score results
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Comparison of maternal and neonatal characteristics, and placental pathology between neonatal encephalopathy with and without evidence
of intrapartum hypoxia

On multivariate analysis the odds of neonates to have NE with intrapartum hypoxia were nearly thirteen-fold higher if the mother attended antenatal
care (OR-12.91; 95% CI 2.08-80.0) and three-fold greater if the placental lesion was MVM (OR- 3.04 (1.04-8.88); p = 0.042) compared to those with
NE without intrapartum hypoxia (Table 6).

Table 6. Comparing maternal and neonatal characteristics, placental pathology between encephalopathy with and without intrapartum hypoxia

Encephalopathy | Encephalopathy
with without
intrapartum intrapartum
Total hypoxia hypoxia Univariate Multivariate
N=216 N=193 N=23 analysis p- analysis p-

Variable n (%) n (%) n (%) OR (95% CI) value OR (95% CI) value
Maternal age* 23 (20-29) 23 (20-29) 22 (20-29) 1.03 (0.96-1.09) 0.466
Primigravida 121 (56.3) 108 (56.3) 13 (56.5) 0.97(0.41-2.34) 0.959
HIV positive 55 (25.6) 49 (25.4) 6 (26.1) 1.03 (0.38-2.78) 0.942
Hypertension 72 (33.5) 64 (33.3) 8 (34.8) 0.93 (0.37-2.31) 0.876
Attended antenatal care 209 (95.4) 185 (96.4) 20 (87.0) 4.38 (1.04-18.42) | 0.044 | 12.91(2.08-80.0) | 0.006
Mode of delivery (vaginal) 99 (45.8) 87 (45.1) 2 (52.2) 1.1 (0.46-2.74) 0.788
Pathological cardiotocograph 91/210 (43.3) 83/193 (48.2) 8/2334.8) 1.48 (0.59-3.66) 0.394 | 1.48(0.56-3.94) | 0.430
Median Gestational age 39 (39-40) 39 (39-40) 39 (38-40) 1.11 (0.79-1.56) 0.535
Birth weight 3100 (2765-3400) | 3100 (2300-3400) | 3000 (2360-3275) | 0.99 (0.27-3.58) 0.990
Male 139 (64.4) 121 (62.7) 18/23 (78.3) 0.47 (0.16-1.31) 0.148 | 0.53(0.18-1.57) 0.254
Apgar score <7 at 10 min 64/215 (29.8) 58/192 (30.2) 6/23 (26.1) 1.23 (0.46-3.27) 0.683
Thompson score 9 (8-11) 9 (8-11) 9 (8-11) 0.96 (0.36-2.56) 0.931
Chorioamnionitis 92 (42.6) 84 (43.5) 8 (34.5) 1.44 (0.59-3.57) 0.425 | 1.62 (0.54-4.83) 0.387
Maternal vascular malperfusion | 121 (56.0) 112 (58.0) 9(39.1) 2.15(0.89-5.21) 0.090 | 3.04 (1.04-8.88) 0.042
Fetal vascular malperfusion 113 (52.3) 104 (53.9) 9(39.1) 1.81 (0.75-4.39) 0.185 | 1.85(0.62-5.49) 0.268
Villitis of unknown aetiology 65 (30.1) 60 (31.1) 5 (21.7) 1.62 (0.57-4.58) 0.359 | 1.97 (0.56-6.92) 0.288
Placental lesions > 2 147 (68.1) 135 (70.0) 12 (52.1) 2.13(0.89-5.11) 0.089 | 1.00(0.29-3.42) 0.996

*Median with interquartile ranges
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Comparison of maternal and neonatal characteristics, and placental pathology between neonates with mild and moderate-to-severe neonatal
encephalopathy with intrapartum hypoxia.

On univariate analysis, factors associated with moderate to severe NE with IH were maternal hypertension (p=0.021), Apgar score <7 at 10 minutes
(p<0.001), and pH <7.00 (p<0.001). On multivariate analysis, the risk of having moderate to severe NE with IH was almost 4-fold greater if the
Apgar score was <7 at 10 minutes, and 3-fold greater if the pH was <7.00 and 2-fold higher if the mother had hypertension (Table 7).

Table 7. Comparing maternal and neonatal characteristics, and placental pathology between mild and moderate-to-severe encephalopathy with

intrapartum hypoxia

Mild Moderate
NE with to severe NE with
intrapartum intrapartum
Total hypoxia hypoxia Univariate Multivariate
N=193 n=141 n=52 analysis p- analysis p-

Variable n (%) n (%) n (%) OR (95% CI) value OR (95% CI) | value
Median Maternal age 23 (20-29) 23 (20-29) 23 (20-29) 1.00 (0.95-1.05) | 0.977
Primigravida 108 (56.3) 77 (55.0) 31 (59.6) 0.82 (0.43-1.55) | 0.535
HIV positive 49 (25.5) 37 (26.2) 12 (23.5) 0.84 (0.399-1.78) | 0.654
Hypertension 64 (33.3) 40 (28.4) 24 (47.1) 0.46 (024-0.89) 0.021 | 2.09 (1.01-4.32) | 0.047
Attended antenatal care 185 (96.4) 135 (95.7) 50 (98.0) 0.44 (0.05-3.75) | 0.454
Mode of delivery (vaginal) 87 (45.3) 61 (43.6) 26 (50.0) 1.01 (0.52-1.97) | 0.962
Pathological cardiotocograph 83/193 (43.0) 58 (41.1) 25 (48.1) 0.76 (0.40-1.45) | 0.412 | 1.04 (0.51-2.14) | 0.908
Median Birth weight* 3100 (2800-3400) | 3100 (2800-3100) | 3110 (2750-3400) | 0.94 (0.37-2.40) | 0.898
Median Gestational age* 39 (39-40) 39 (39-40) 39 (39-40) 1.07 (0.83-1.39) | 0.596
Male 121 (63) 87 (61.7) 34 (65.4) 0.85(0.44-1.66) | 0.639
Apgar score <7 at 10 min 58 (30.1) 30 (21.3) 28 (53.8) 4.50(2.27-8.92) | <0.01 | 3.81(1.77-8.20) | 0.001
pH <7.00 38 (19.7) 18 (12.8) 20 (38.5) 4.27 (2.02-9.00) | <0.01 | 2.92(1.28-6.66) | 0.011
Chorioamnionitis 84 (43.5) 60 (42.6) 24 (46.2) 0.86 (0.46-1.64) | 0.655 | 1.09 (0.53-2.29) | 0.802
Maternal vascular malperfusion | 112 (58.0) 81 (57.4) 31 (59.6) 0.91 (0.48-1.75) | 0.787 | 0.59 (0.27-1.25) | 0.167
Fetal vascular perfusion 104 (53.9) 76 (53.9) 28 (53.8) 1.00(0.53-1.89) | 0.995 | 1.07(0.51-2.25) | 0.854
Villitis of unknown aetiology 60 (31.1) 43 (30.5) 17 (34.0) 0.90 (0.46-1.79) | 0.771 | 0.93(0.42-2.06) | 0.863
Placental lesions > 2 135 (70.0) 101 (71.6) 34 (65.4) 0.75 (0.38-1.47) | 0.402

*Median interquartile ranges
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DISCUSSION

Placental histopathology is important in identifying the causes of various neonatal adverse
outcomes. Its inclusion and analysis in supporting diagnosis is now recommended as part of the
investigation of neonates with neonatal encephalopathy.[*!1 In this study, we assessed for
macroscopic and microscopic abnormalities in placentas of neonates with NE in a LMIC setting.
The main findings indicated that, on a macroscopic level, approximately half of the placentas
weighed below the tenth percentile, and around a quarter exhibited abnormal cord abnormalities.
Microscopically, nearly all placentas showed abnormalities during histopathological assessment.
The most commonly identified placental lesions were maternal vascular malperfusion (MVM),
fetal vascular malperfusion (FVM), chorioamnionitis, and villitis of unknown etiology (VUE).
The types, severity, and quantity of these placental lesions did not change based on the severity
of encephalopathy. Additionally, there was an independent association between the presence of
MVM and neonatal encephalopathy (NE) with intrapartum hypoxia (IH). The proportion of
neonates with NE with IH and two or more histopathologic lesions was marginally greater than
those without IH (69.9% vs 52.2%, p=0.084) This “placental lesion multiplicity” finding has
been associated as a risk factor in other neonatal conditions such as intrauterine growth restriction
(IUGR) and abnormal cranial ultrasound findings.*®]

The proportion of placentas below the 10" percentile was much higher than the neonates who
were small for gestational age. The majority (87%) of the neonates weighed >2500g, with 30
neonates (12.6%) being small for gestational age (SGA). The type of SGA (symmetrical, or
asymmetrical) was not documented. Of these SGA neonates, 23 (76.7%) had two or more
significant microscopic lesions. This finding does correlate with previous studies that implicated
multiple placental lesions with IUGR.[*®1 Most cases of neonatal encephalopathy (NE) occurred
among mothers aged 21 to 35 years, which likely reflects the typical age distribution for women
in childbearing years. However, no specific age group was associated with a higher incidence of
NE.

Lack of adequate antenatal care has been shown to be a risk factor for the development of
HIE.[18171 A study conducted in Nigeria found mothers who had no antenatal care to have 3 times
the risk of HIE compared those who received adequate antenatal care. *61 A case-control study
also noted that lack of antenatal care appeared to be a significant risk factor for HIE (OR 2.1 95%

Cl 1.3-3, 3.2; p=0.002). [*7l However, in our study, we found that mothers who received antenatal
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care were nearly thirteen times more likely to have neonates with encephalopathy associated with
intrapartum hypoxia (IH) compared to those who did not receive antenatal care. This finding may
seem counterintuitive; it is possible that these mothers had high-risk pregnancies and an
underlying predisposition to encephalopathy. It would have been helpful to know the total

number of antenatal visits to better understand the potential underlying conditions.

The two chronic maternal conditions recognized to increase the risk of placental insufficiency or
maternal vascular malperfusion (MVVM), along with potential complications at the time of
delivery, are hypertension and diabetes mellitus. A previous descriptive analysis conducted in
South Africa found that the prevalence of hypertensive disorders among first-time (primigravid)
women was 12.5%.18 Another study by Yang et al. concluded that maternal hypertensive
disorders carried a 2.4-fold risk of NE with hypoxia.l*®! In our study population, hypertensive
conditions were noted in 32.2% of the overall group. MVVM was the most prevalent microscopic
lesions occurring in more than 50% of the placentas. We also found that neonates born to mothers
with hypertensive disorders had an increased risk of moderate to severe NE with IH. This may
imply that hypertensive disorders predispose the placenta to vascular injury, even in the absence
of perinatal hypoxia. An international consensus published in 1999 concluded that intrapartum

hypoxia was unlikely to be the cause of cerebral palsy in more than 90% of affected children.[2"]

Factors associated with moderate to severe NE were Apgar score <7 at 10 minutes and pH <7.00.
There were no significant differences in the placental histopathology in the different groups and
severity of encephalopathy. However, it was clear that certain microscopic lesions were more
common in moderate to severe NE, as seen in previous studies.[% 1 The most significant
microscopic lesions noted in all groups were MVM and FVM. Additionally, MVM was
associated with a 3 times greater risk of developing encephalopathy with IH, on the multivariate
model after adjusting for other confounding factors such as FVM, VUE, > 2 placental lesions,
and chorioamnionitis. MVM is diagnosed with a constellation of findings, and a minimum of

three macroscopic and/or microscopic items are required to confirm the diagnosis.

MVM has been implicated in studies in neonates with HIE/NE, either alone or more frequently in
combination with other pathologies such as FVM or VUE. 221 All three of these pathological

entities may contribute to a placenta that is small, further compromising the ability of fetus in its
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ability to withstand the hypoxic stress of labour. This chronic intrauterine injury primes the fetal
brain for additional injury in the immediate perinatal period, potentially leading to poor
neurological outcomes, and this may be identified using early brain imaging.[?>24 Although our
cohort did not show any association between the severity of NE and cord abnormalities, just over
a quarter of placentas had cord abnormalities. These included hypercoiled umbilical cords, as
well as abnormalities of cord insertion such as marginal and velamentous cord insertions. These
may cause intermittent or partial umbilical cord compression and obstruction of fetal blood flow.
Although this may be associated with FVM, the microscopic lesion may not be identified due to
sampling. FVM has been seen in 20-30 % of cases of presumed HIE.!?! In the study of Mir et al.
FVM was the only individual predictor of adverse neurological outcomes.™™ This study also
suggested that when present in the placenta, FVM may predict resistance to head cooling. Our
cohort did not show any association of FVM with the severity of NE or the presence of NE with
intrapartum hypoxia. Microscopically, FVM is seen as extensive avascular villi, vascular
obstructive lesions, and vascular thrombi, and can often be accompanied by umbilical cord
abnormalities. Acute chorioamnionitis or involvement of the chorionic membranes is a maternal
response to ascending infection or cell death, while funisitis or chorionic vasculitis indicates a
fetal inflammatory response (FIR), causing release of cytokines and chemokines into the fetal
blood. It is an acute lesion in most cases, present for 12-48 hours prior to delivery.
Chorioamnionitis is a common pathology in the placenta, and may be present in 21-24% of
placentas delivered between 21 to 24 weeks.[? Chorioamnionitis was the third most common
lesion (41.2%) in our study, with maternal and fetal responses being more prevalent. There was

no association drawn between the occurrence of chorioamnionitis and the type or severity of NE.

Villitis of unknown aetiology (VUE) is a diagnosis made after infectious causes have reasonably
been ruled out, occurs predominantly in the third trimester, and is dependent on placental
sampling. It is thought to be a graft-vs-host immune rejection phenomenon and is associated,
amongst others, with NE and neonatal seizures.[?® Of the microscopic lesions in this study, VUE
accounted for 28.9%. Though it was not statistically significant, it carries important clinical
implications. It is a chronic lesion, present for at least one week prior to delivery of the
placenta.?1 An increased frequency of basal ganglia and thalamic injury has been found with
VUE compared to other placental lesions.?!] Additionally, some studies have made an

association to resistance to therapeutic hypothermia to VUE.[!%
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Neonatal encephalopathy (NE) is linked to both morbidity and mortality, with more severe cases
predicting worse outcomes. [l This condition is a significant and prevalent issue in middle- and
low-income countries. Parameters that were significantly associated with the severity of NE were
intuitive: lower Apgar scores at 5 and 10 minutes, level of resuscitation required, lower blood pH,
occurrence of seizures, and the Thompson score, all predicted the severity of NE. As these are
well-described criteria for, and associations with NE, and are expected findings. 281 Deaths
occurred only in those categorized as moderate-severe NE. While the factors associated with NE
are known and can be targeted for intervention, many cases occur at birth without any warning.
Limited resources are a major barrier to addressing these modifiable factors. This study shows
that sending placentas for histopathological examination in all newborns with encephalopathy is
feasible. Additionally, examining placental pathology can play a crucial role in identifying the

factors that contribute to the development of NE.

The strength of this study is that we reviewed a large number of placentas from neonates with
NE. The diagnosis of encephalopathy was based on the need for resuscitation and presence of
signs of encephalopathy, and differentiated those with encephalopathy with or without evidence
of intrapartum hypoxia based on an arterial blood gas taken within an hour of birth. The placentas

were reviewed, and standard evaluation was used to determine the pathology.

The main limitation of this study was that there were no controls or placentas from neonates who
did not have NE and were healthy, therefore unable to assess if the prevalence of
histopathological lesions observed in this study was out of proportion to those who are healthy.
The lack of association between placental pathology and severity of NE could be due to a
relatively small sample size to confidently draw a comparison between the mild and moderate-
to- severe NE as well as the IH group in this study. Logistic regression model could possibly
have different outcomes of the placental lesions if the sample was of the same size for both mild
and moderate- to-severe NE and severity of IH. Additionally, it was also a single-center study;

therefore, unable to generalize findings from this study.

Previous studies have looked at the frequency and type of histopathologic lesions in the placentas
delivered by women with no adverse pregnancy outcomes. Most placentas from these seemingly

normal pregnancies had lesions consistent with inflammatory or vascular lesions.?®! This finding
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warrants a follow-up case-control study to our current research. The inclusion of a control group
would assist in determining whether it is indeed worthwhile to continue evaluating placental
histopathology in our setting and may lead to new implementations of managing at risk

pregnancies to prevent adverse outcomes.

CONCLUSION

Placental histopathology with features of MVM is associated with NE and intrapartum hypoxia.
Furthermore, most placentas from neonates with NE exhibited abnormalities, indicating that
placental pathology may play a significant role in the development of NE. This study underscores
the significance of placental histopathological evaluation for all births that required neonatal
resuscitation, as this may assist in determining whether neonatal encephalopathy (NE) is
attributed to inadequate perinatal care or to underlying placental pathology. We recommend that
all neonates should have placentas sent for histopathologic evaluation at birth. Due to the
potential financial burden this may impose, this may not be possible, it would be most beneficial
to at least send the placentas for neonates who required resuscitation at birth. Future research on
the association between placental histopathology and NE should consider conducting case-
control studies, as this could help clarify the role of placental histopathology in the development
of NE.
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INTRODUCTION

The United Nations Children’s Fund estimated the neonatal mortality rate at 18 per 1000 live births
in 2019, with approximately 6,700 neonatal deaths occurring every day.! Perinatal asphyxia was
identified to be a significant cause of neonatal mortality, ranging between 34% and 40% in Sub-
Saharan Africa and South Asia, respectively.? It is reported that up to three-quarters of neonates
with neonatal encephalopathy develop long-term neurodevelopmental disabilities.®> Efforts in
reducing neonatal deaths and the number of children with disabilities should include determining

factors associated with the development of neonatal encephalopathy.

Neonatal encephalopathy is a clinically defined disorder characterized by impaired neurologic
function in neonates born at or near term. It is characterized by the altered level of consciousness,
seizures, inability to initiate and maintain adequate respiration, and may be associated with multi-
organ dysfunction. There are various risk factors associated with neonatal encephalopathy. These
factors may be maternal, fetal or placental related. Intrapartum factors play a much more significant
role in contributing to encephalopathy than antepartum factors 4. Metabolic and genetic factors
have also been identified, even though there is limited data linking the latter to predisposition to

neonatal encephalopathy.

Causes and epidemiology of neonatal encephalopathy

Causes of neonatal encephalopathy are classified as hypoxic and non-hypoxic.  Further
investigations are often deemed necessary to identify or exclude non-hypoxic ischemic causes of
neonatal encephalopathy. Non-hypoxic causes of neonatal encephalopathy include, but are not
limited to, infections, trauma, inborn errors of metabolism, and genetic and chromosomal disorders.
Hypoxic causes often have perinatal antecedents, symptomatology, and clinical course that are
consistent with intrapartum hypoxia. Hypoxic ischemic injury is a major cause of neonatal
encephalopathy and is responsible for twenty-five percent of the neonatal mortality rate globally
and is among the top five leading causes of under-5-year mortality rate worldwide, > ©

Low- and middle-income countries have a higher prevalence of neonatal hypoxic encephalopathy
due to resource constraints. The incidence of neonatal hypoxic encephalopathy is reported as 1.5
per 1000 live births in high-income countries as compared to an alarming 14.9 per 1000 live births
in Sub-Saharan Africa.” In the South African context, the incidence rates have been reported to

range from 2.3 to 13.3 per 1000 live births.®°. The outcomes of infants who had suffered
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intrapartum asphyxia have remained relatively unchanged over the years despite the introduction
of therapeutic hypothermia. Previously, Sarnat and Sarnat noted that 25% of newborns with
moderate encephalopathy and 100% of newborns with severe encephalopathy had severe
neurodevelopmental outcomes or were dead at 1 year of age.!' Thompson score, which was
described in 1997, reports that a score <10 assures a normal neurological outcome at 1 year of age
and that 65% of infants with a score of >10, and 92% of those with a score >15, will have abnormal
neurological outcomes at 1 year of age.'2. Ballot et al concluded that perinatal asphyxia may be a
significant cause of cerebral palsy in sub-Saharan Africa, with estimates of 15.5% of cases of

cerebral palsy being due to neonatal encephalopathy.

Risk factors associated with neonatal encephalopathy

Maternal factors

Maternal factors associated with encephalopathy include chronic diseases, infections and
teratogenic drugs. A recently published review identified that maternal hypertension was an
important antenatal risk factor for neonatal encephalopathy.* Other risk factors include advanced
maternal age, lack of antenatal care, increased body mass index, antepartum haemorrhage,
medication and history of herbal use in pregnancy, smoking and pre-eclampsia.’® Clinical
chorioamnionitis has been reported to account for 40% of cases with neonatal

encephalopathy.!# 16

Intrapartum factors

Inadequate fetal monitoring can lead to adverse outcomes. Sentinel events such as placental
abruption, shoulder dystocia, and cord prolapse predispose to the development of hypoxic-
ischaemic encephalopathy. A case—control study conducted by Burrois et al. has shown that
induction of labour and emergency caesarean sections are more likely to be associated with
hypoxic-ischaemic encephalopathy.® In low-income countries, where there is poor intrapartum
care, the proportion of neonates with encephalopathy-related complications is significantly higher

than in well-resourced settings.

Placental factors
The placenta plays an important role and is critical for the healthy development of the fetus. It

forms a barrier to toxins and infective organisms. Information on placental lesions may be
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beneficial in neonatal care and can assist in explaining an abnormal neonatal outcome.!’ Placental
pathology has been associated with increased risk for the development of neonatal
encephalopathy.’® It has been shown that patients with features of neonatal encephalopathy often
have excessively lighter or heavier than those of the same gestational age who do not have neonatal
encephalopathy.’® A prospective cohort study performed in 2010, looking at placentas of term
newborns with hypoxic-ischemic encephalopathy, reported that 87% had abnormal placental
findings.2° Another study reported incidences of 75 to 83% in neonates with encephalopathy having
abnormal placental changes.?! Placental pathologies are often identified in neonatal
encephalopathy as a combination of acute and chronic placental lesions.?? It is important that
placental lesions are well defined and classified. According to the 2016 Amsterdam consensus
document, placental lesions associated with neonatal encephalopathy can be classified into the four
major lesion categories: fetal vascular malperfusion (FVM) maternal vascular malperfusion

(MVM), acute chorioamnionitis (ACA), and chronic villitis.?

Fetal vascular malperfusion

Perinatal asphyxia has been most associated with placental lesions affecting fetal vascular supply.
These lesions are umbilical cord complications (cord tear, hypercoiled cord and cord hematoma),
chorioamnionitis with fetal vasculitis, and fetal thrombotic vasculopathy. One of the most common
placental lesions recorded is the fetal thrombotic vasculopathy which signifies a chronic thrombotic
process within the fetal vasculature.!* 20 2* Fetal vascular malperfusion could prime the infant’s

brain for acute peripartum hypoxic-ischaemic injury.

Maternal vascular malperfusion

Maternal vascular malperfusion is the presence of both macroscopic and microscopic findings
indicative of chronically compromised maternal blood flow through abnormal spiral arteries. %
This leads to ischemic damage and reduced placental growth. Most lesions in the maternal vascular
side can originate from early abnormalities in placental development caused by underlying
abnormalities in the uterus and its vascular supply.?®> Maternal factors associated with abnormal
vascular remodeling are linked to underlying vascular disease such as essential hypertension and
diabetes.?® Loss of integrity in the maternal circulation can lead to marked retroplacental

hemorrhages such as abruptio placenta.
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Inflammatory mechanisms

Acute chorioamnionitis is the most common inflammatory lesion caused by microorganisms
gaining access to the placental membranes and amniotic fluid.?’. Inflammatory cytokines and other
circulating inflammatory mediators have been associated with an increased risk of neurological
complications, including cerebral palsy.?® Infection has been associated with perinatal hypoxia as

a risk factor as well as a cause for poor prognosis and worsened brain injury.?®

Pathogenesis of hypoxic-ischaemic encephalopathy

Hypoxic ischemic encephalopathy (HIE) is an encephalopathy seen after intrapartum asphyxia
which is defined as a biochemical condition of impaired respiratory gaseous exchange leading to
hypoxemia, hypercapnia and metabolic acidosis. The underlying pathology is due to impaired
cerebral blood flow and oxygen delivery to the brain. The pathological events of hypoxic ischemic
encephalopathy occur in two phases, namely primary and secondary energy failure. Primary
energy failure is because of the initial reduction in cerebral blood flow. The impaired cerebral blood
flow leads to decreases in oxygen and glucose supply, which leads to significantly less energy in
the form of adenosine triphosphate (ATP) and increased lactate production. The low ATP levels
cause failure of mechanisms that maintain cell integrity, particularly the sodium/potassium pumps
and mechanisms to maintain low intracellular calcium. This leads to excessive influx of the
positively charged sodium ions that precipitate massive depolarization of neurons, leading to the
release of glutamate. The glutamate binds to glutamate receptors allowing additional influx of
intracellular calcium and sodium. Increased intracellular calcium lead to cerebral edema, ischemia
and microvascular damage that result in necrosis and cell death.*® The extent of primary energy
failure contributes to further injury in the secondary energy failure phase.

The secondary energy failure occurs 6 to 48 hours after initial insult with a mechanism appearing
to be related to oxidative stress, excitotoxicity and inflammation.®’. Excitotoxicity occurs when
excessive levels of extracellular neurotransmitters, especially glutamate, over stimulate excitatory
receptors. The overstimulation leads to an additional influx of sodium and calcium into the neural
cells. The overproduction of free radicals leads to necrosis and apoptosis which cause oxidative
stress. Oxidative stress is harmful to the neonatal brain due to low concentrations of antioxidants
and a high consumption of oxygen when transitioning from fetal to neonatal life. The hypoxic-

ischemic state causes the iron that was bound to proteins, be released. Free iron (Fe2+) is then
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available to react with peroxides and form free radicals. The neonatal brain has a decreased ability
to eliminate free radicals and the increased susceptibility to the free radicals leading to damage of

neuronal tissue.

Diagnosis of hypoxic-ischemic encephalopathy

There are various determinants that must be kept in mind when making a diagnosis of HIE. Often,
but not always there is an identifiable sentinel event leading to hypoxic-ischemic event. In
confirmed cases of neonatal encephalopathy, it is important to determine the likelihood of
peripartum or intrapartum event as a contributory factor. Neonatal encephalopathy that is due to
hypoxic-ischemic event will be accompanied by abnormal neurological signs, fetal acidemia,
evidence of hypoxic-related injuries to other organs and sentinel events related to labor and
delivery.®! The abnormal neurological signs that are in keeping with an acute hypoxic event include
failure to initiate or maintain spontaneous breathing needing resuscitation, depressed level of
consciousness and muscle tone/ activity as evidenced by low Apgar scores <5 at 5 and 10 minutes
of life. On a biochemical point of view, intrapartum hypoxia is supported by presence of fetal
acidemia defined by blood pH less than 7.0 or base deficit greater than or equal to 12 mmol/L, or
both. %2 3 The presence of multi-organ dysfunction supports the evidence for hypoxic—ischemic
encephalopathy. Multisystem organ failure can include particularly neurologic dysfunction, renal
and hepatic injury, hematologic abnormalities, cardiac dysfunction, metabolic derangements, and
gastrointestinal injury. An objective assessment of severity of HIE can be made based on
Thompson score (see Table 1).> Thompson score is derived from nine components of the
neurological examination in Sarnat and Sarnat staging of HIE (see Table 2).1* It has been
demonstrated that a Thompson score of more than 10 during the first 7 days of life is indicative of

an abnormal outcome.
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Table 1. Thompson score

0 1 2 3
Level of Normal Hyperalert or Lethargic Comatose
consciousness stare
Fontanelle Normal Full, not tense Tense
Posture Normal Fisting, cycling Strong, Decerebrate
distal flexion
Tone Normal Hypertonia Hypotonia Flaccid
Moro Normal Partial Absent
Grasp Normal Poor Absent
Suck Normal Poor Absent+- Bites
Respiration Normal Hyperventilate Brief apnea IPPV
Seizures None Infrequent Frequent
(<3 per day) (>2 per day)

Table 2. The Sarnat Staging for Neonatal Encephalopathy

SEVERITY STAGE 1 (Mild) | STAGE 2 (Moderate) | STAGE 3 (Severe)
Level of consciousness Hyperalert Lethargic or obtunded | Stupor or coma
Activity Normal Decreased Absent
Neuromuscular control

Muscle tone Normal Mild hypotonia Flaccid

Posture Mild distal flexion | Strong distal flexion Intermittent

decerebration

Stretch reflexes Overactive Overactive Decreased or absent
Complex/ primitive reflexes

Suck Weak Weak or absent Absent

Moro (startle) Strong Weak Absent

Tonic neck Slight Strong Absent

Autonomic function

Pupils Mydriasis Miosis Variable

Heart rate Tachycardia Bradycardia Variable

Seizures None Common Uncommon

28




Justification for the study

Klerksdorp hospital has encountered an increase in the number of neonates with encephalopathy
in the past three years. Nationally, there has also been an increase in the number of medico-legal
cases related to encephalopathy. Data from the Klerksdorp hospital Perinatal Problem
Identification Programme (PPIP) from August to October 2019 reported that poor monitoring
during labor, delay in performing caesarean section due to unavailable theater facilities, failure to
promptly respond to fetal distress, and no therapeutic hypothermia being offered were identified as
modifiable factors in intrapartum hypoxia-related deaths (unpublished data). Thus, it is often
assumed that all cases of neonatal encephalopathy are probably related to the above-mentioned
modifiable factors. It is not clear if there are antecedent factors like placental pathology place
fetuses at risk of developing intrapartum asphyxia even during normal labour. To identify factors
that might be contributing to the increase in incidence of neonatal encephalopathy at Klerksdorp
hospital, a protocol was established where all placentas from neonates who had encephalopathy
are sent for histopathological investigations. This protocol was established in 2019. Knowledge of
placental abnormalities in neonates with encephalopathy will assist in better understanding the
causes of neonatal encephalopathy in our local setting. There is limited data from South Africa on
placental pathological abnormalities in neonates with encephalopathy. Systematically describing
the histopathological features of placentas from neonates with encephalopathy will assist in better
understanding the role of placental pathology in development of encephalopathy and its associated

long term sequelae.

AIM
To determine histopathologic features of placentas from neonates with encephalopathy born and
admitted at Klerksdorp hospital over a period of 24 months.
OBJECTIVES
1. To describe the histopathological features of placentas from neonates with encephalopathy
2. To determine clinical characteristics of neonates with the diagnosis of encephalopathy
3. To determine the proportion of neonates with encephalopathy due to intrapartum hypoxia
4. To compare placental histopathology between neonates with encephalopathy with or
without evidence of intrapartum hypoxia
5. To compare placental histopathology between neonates with mild HIE and those with

moderate to severe HIE
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METHODS
Study design
This will be a retrospective analytic study.

Study setting

The study will be conducted in Klerksdorp hospital in the North West province. Klerksdorp
hospital is a provincial hospital and a satellite teaching institution for the University of the
Witwatersrand. It receives patients from Nic Bodenstein district hospital, 30 local clinics and the
surrounding private hospitals for patients who do not have medical aid. The total deliveries
conducted per month range from 400 to 500 births. The obstetric unit has labor and delivery ward
which is a seven bedded unit with two neonatal resuscitation areas. It is staffed with three
professional nurses and two enrolled nurses per shift. The doctors who manage the labor and
delivery room are interns and medical officers under supervision of registrars and specialists. All
neonates who are born with features suggestive of encephalopathy undergo a thorough examination
and placenta is sent for histopathology. The neonatal unit has a total bed capacity of 49 beds. The
neonatal intensive care unit has 12 beds, with six of these beds allocated for isolation. High care
unit is nine bedded, and the general neonatal ward and kangaroo mother care unit has 28 beds. All
neonates are managed by general pediatricians as there are no neonatologists. The medical
personnel in the neonatal unit consist of one full time and one part-time general pediatrician, one
registrar, three medical officers and three medical interns. There is one unit manager, six registered
nurses and four enrolled nurses to cover the entire unit per shift. The diagnosis of encephalopathy
is based on the Thompson score or Sarnat and Sarnat staging. All newborn babies who require
resuscitation soon after birth have blood taken from the umbilical cord or from the neonate within
an hour of birth for blood gas analysis. As from January 2019, placentas from deliveries of
neonates who required resuscitation and had any features of encephalopathy have been sent for
histopathology. The placental specimens are taken to Lancet laboratories, accompanied by a brief
history of patient details where a group of pathologists examine and report on the findings. It is
therefore important to have a standardized method of what would be the criteria for pathologic
findings in neonatal encephalopathy and be able to differentiate hypoxic from non- hypoxic
ischemia. In view of the nature of the study, a pathologist, as a co-investigator would be beneficial.
The role would be to look at the placental histology reports that have been selected to be part of

the study to ensure standardized methods of preparing specimens for examination, consistent
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manner of recording all the placental histology reports and ensuring that the objectives for
examining the placenta are achieved. A pathologist from Lancet laboratories will be part of the
study.

The Lancet laboratory has a standardized criteria for reporting the histology of neonates that have
clinical evidence of encephalopathy:
e Macroscopy of placenta (weight, dimensions, membrane insertion, cord length, presence of
obstructive lesions)
e Appearance of fetal surface of the placenta
e Appearance of maternal surface of the placenta
e Microscopy of placenta ( presence of chorioamnionitis, villitis and looking at the maturity
of placenta and to determine whether there is fetal vascular malperfusion)
A conclusion is reached based on the examination and a possible cause of encephalopathy

determined.

Study population
Patients diagnosed with neonatal encephalopathy in Klerksdorp hospital from 30 November 2019
to 30 November 2021 and had placentas sent for histopathology. Thorough examination will
include ascertaining whether neonate needed resuscitation at birth, the APGAR scores, and the
neurological status in the form of Thompson score as well as obtaining a cord gas or arterial gas
within an hour of birth.
Inclusion criteria

e All neonates with birth weight of 2000g or more, with a diagnosis of neonatal

encephalopathy:

e Born in Klerksdorp hospital

e Available placental histopathology results
Exclusion criteria

e Anunderlying chromosomal or genetic condition

e Any major congenital abnormality

31



Study procedures and data collection

Patients’ hospital clinical and laboratory records will be reviewed. Data will be collected from
admission sheets, PPIP data sheets and patients’ files and will be captured in the proposed sheet
and then entered into Microsoft excel. Data to be collected will include maternal demographics,
antenatal history including maternal co-morbidities and social habits, information on monitoring
and management of labour and delivery details. Data to be collected on neonatal characteristics
will include birth weight, head circumference, length, gestational age, sex, cord or arterial blood
gas results, need for resuscitation, Apgar score, diagnosis, severity of encephalopathy, placental

histopathology and outcome at hospital discharge.

Sample size
Assuming that the prevalence of abnormalities in placental findings in neonates with
encephalopathy is 80%72* with precision or confidence level of 5% and confidence interval of 95%,

the number of neonates to be enrolled is 245 based on the following statistical equation:

N = Z%u2 X p (1-p)
d2

Where

N = Sample size

Z%.» = 1.96 (95% confidence interval)

d = level of precision or confidence level (5%)

p = proportion of neonates with encephalopathy have abnormal placenta

(85%).
Data analysis
Data will be described using standard statistical methods. Categorical variables will be described
using frequencies and percentages. Continuous variables will be described using means with
standard deviations for data with a normal distribution and medians with interquartile ranges for
skewed data. The sample will be divided into two groups, namely, moderate to severe
encephalopathy and mild encephalopathy. These groups will be compared using Chi-square tests
for categorical variables and Student independent t-test for continuous variables with a normal
distribution. Non-parametric tests will be used for skewed data. Statistical significance will be

defined as p-value of less than 0. 05.
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Ethical considerations

Ethics approval will be obtained from University of the Witwatersrand. The records will be
obtained upon approval from the clinical manager of Klerksdorp hospital. To maintain
confidentiality, no patient information will be disclosed during the data collection period. No
names and contact details will be revealed during the entire study. Identity of patients will be
protected by allocating numbers to the files. There will be no risk imposed on patients participating
in the study. Patients will also not receive any direct benefit from being in the study. No informed
consent will be acquired from patients as the study will be retrospective and patients have already
been discharged and it will be impossible to re-establish contact with their parents to get informed

consent.

Funding/ costs

The anticipated costs for internet and printing of material will be covered by the researcher.
Analysis of data and costs pertaining to professional advice received from statisticians will be the
responsibility of researcher. The anticipated costs for internet and printing of material, buying
statistical software from the University will be covered by the researcher. The cost of these is
estimated not to be more than R3 000. Analysis of data will be conducted by the investigator,

supported by the supervisors and therefore there are no expected costs towards a statistician.
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Study management and timelines

Nov | Dec |[Jan Feb Mar Apr | May |Jun Jul Aug | Sep
2021 | 2021 |2021 | 2022 |2022 |2022 |2022 |2022 |2022 |2022 |2022

Literature
review

Protocol
preparation

Protocol
assessment

Ethics
application

Data
collection

Data analysis

Writing up the
report
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APPENDIX B: DATA COLLECTION SHEET

Maternal History
Patient Number: Folder No:
Age at Delivery: years
G__ P, M.___ Gestational ___ 140 weeks
Age: By: o Early Sonar
o Late Sonar
o Dates
o SFH
Pregnancy
Booked: oYes oNo Antenatal Clinic:
If Yes: Booked at gestational age: weeks
Rh: o Positive o Negative o Not tested
RPR: o Positive o Negative o Not tested
Titre if positive: _ Date:
Treatment completed: o Yes o No
RVD:
Rapid at delivery: o Positive o Negative o Not Tested
RVD neg : Late last tested:
RVD pos : CD4 count: Date done: VL: Date done:
On ART since:
Co-Morbidities: o Hypertensive Disease (PET/Hypertension)
o Diabetes
o Epilepsy
o Cardiac
o UTI/Chorioamnionitis
Smoker: o Yes o No | Alcohol use: o Yes o No
Labour and Delivery
Place of Birth: Time: o Day o Night
Monitoring during labour: o Monitored o Not Monitored o Arrived HOP
PV:
CTG: Total: o Reassuring o Suspicious o Pathological ACTION: o IPR o Delivery
Partogram: o Plotted o Not Plotted
Duration of labour: hours o Normal o Prolonged o Precipitous
If Prolonged: o LPL o Second Stage o Third Stage
Crossed Action Line: o Yes o No
Analgesia Given: o Yes o No If Yes, hours before delivery: hours
Other:
Medication: Drugs:
Baby
Birth date: Weight: g HC: cm Length: cm
APGAR: /Imin /5min /10min /20min
Gender: o Male o Female
Ventilator Breaths: o Yes o No Duration: min
Chest Compressions: oYes oNo Duration: min
Adrenaline: oYes oNo Duration: min
Cord Blood Gas: pH: PCO2: mmHg PO2: mmHg BE:___ Lactate:
Baby Blood Gas (< 1hour) pH: PCO2: mmHg PO2: mmHg BE: _ Lactate:
Thompson Score: D1. D2. D3. D4. D5 D6. D7.
Sarnat Score: D1. D2. D3. D4. D5 D6:. D7.
Classification o Mild o Moderate o Severe
Therapeutic Hypothermia: oYes oNo
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If No, reason: o Machine in use o Machine broken o Passed 6hrs
Blood Culture
CSF o Meningitis o No meningitis
CUS o Normal o Abnormal
Placental Findings:
Macroscopic: Weight g Microscopic: | Chorioamnionitis/villitis | o Yes o No
Cord length ___cm Maturation microscopic | o Yes o No
infarction
Dimensions Fetal vascular oYes oNo
malperfusion
Membrane Maternal vascular oYes oNo
malperfusion
Insertions Retroplacental oYes oNo
Meconium oYes oNo haematoma
Obstructive oYes oNo
lesions
No. of coils
Fetal Surface: Congested/ oYes oNo | Maternal o Complete o Incomplete
thrombosed Surface:
Chorionic oYes oNo Indentations oYes oNo
vessels
Sub amniotic | o Yes o No Retroplacental clot oYes oNo
hemorrhage
Infarction/ Intervillous | o Yes o No
hemorrhage
Conclusion of
placental
histology:
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Amended placental histopathology collection tool

Placental Findings:

Conclusion of
placental

histology:

Macroscopic: Weight g Microscopic: Acute oYes oNo

chorioamnionitis
Villitis oYes oNo

Cord length ____cm Accelerated oYes oNo
Maturation
Microscopic oYes oNo
infarction

Dimensions Fetal vascular oYes oNo
malperfusion

Membrane Maternal vascular oYes oNo
malperfusion

Insertion Retroplacental

Meconium oYes oNo haematoma oYes oNo

Obstructive oYes oNo

lesions

No. of coils

Fetal Surface: Congested/ oYes oNo | Maternal o Complete o Incomplete

thrombosed Surface:

vessels

Sub amniotic | o Yes o No Retroplacental clot | o Yes o No

hemorrhage
Infarction oYes oNo
Intravillous oYes oNo
hemorrhage
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APPENDIX G: GUIDELINE FOR AUTHORS FROM SOUTH AFRICAN MEDICAL
JOURNAL

Guideline word limit: 4 000 words

Research articles describe the background, methods, results and conclusions of an original
research study. The article should contain the following sections: introduction, methods, results,
discussion and conclusion, and should include a structured abstract (see below). The introduction
should be concise — no more than three paragraphs — on the background to the research question
and must include references to other relevant published studies that clearly lay out the rationale
for conducting the study. Some common reasons for conducting a study are to fill a gap in
literature, a logical extension of previous work, or to answer an important clinical question. If
other papers related to the same study have been published previously, please make sure to refer
to them specifically. Describe the study methods in as much detail as possible so that others
would be able to replicate the study should they need to. Results should describe the study sample
as well as the findings from the study itself, but all interpretation of findings must be kept in the
discussion section, which should consider primary outcomes first before any secondary or tertiary
findings or post-hoc analyses. The conclusion should briefly summarize the main message of the
paper and provide recommendations for further study.

Select figures and tables for your paper carefully and sparingly. Use only those figures that
provided added value to the paper, over and above what is written in the text.

Do not replicate data in tables and in text.
Structured abstract

e This should be 250-400 words, with the following recommended headings:

o Background: why the study is being done and how it relates to other published

work.

Objectives: what the study intends to find out

Methods: must include study design, number of participants, description of the
intervention, primary and secondary outcomes, any specific analyses that were
done on the data.

o Results: first sentence must be brief population and sample description; outline
the results according to the methods described. Primary outcomes must be
described first, even if they are not the most significant findings of the study.

o Conclusion: it must be supported by the data, include recommendations for
further study/actions.

o Please ensure that the structured abstract is complete, accurate and clear and has been
approved by all authors.
e Do not include any references in the abstracts.
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