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Background. Periventricular-intraventricular haemorrhage (IVH) and cystic periventricular leukomalacia (cPVL) contribute to neonatal mortality
and morbidity. Low birth weight and gestational age are among the risk factors for IVH and cPVL.

Objectives. To assess how many very low birth weight (VLBW) infants had cranial ultrasound screening at Charlotte Maxeke Johannesburg
Academic Hospital (CMJAH) and to determine the prevalence of cranial ultrasound abnormalities. To compare the characteristics and risk factors
of those VLBW infants with cranial ultrasound abnormalities to those with normal cranial ultrasound findings.

Methods. This was a retrospective case-controlled study of infants <1 500 g admitted to CMJAH from 1 January 2013 to 31 December 2015. Cases
were identified as infants with IVH or cPVL. Controls were matched 1:2 based on birth weight and gender.

Results. Only 55% (856/1 562) of VLBW infants had undergone cranial ultrasound screening. The final sample included 803 VLBW infants. IVH
was identified in 26.7% of cases (n=215; 95% confidence interval (CI) 23.8 - 29.9) and 0.9% had cPVL (n=8; 95% CI 0.5 - 1.9). A total of 197
cases were identified and matched with 394 controls. Antenatal care attendance was lower in the cases (71% v. 79%; p=0.039). Sepsis, ventilation,
metabolic acidosis and patent ductus arteriosus were all significantly higher in the cases. The use of antenatal steroids was significantly higher in
the grades I - I IVH/no-IVH group v. grades III - IV IVH group (44% v. 25%; p=0.017).

Conclusion. The prevalence of IVH in our setting was consistent with that of developed countries. Improving antenatal care, infection control,
and adequate early resuscitation could decrease the incidence of IVH and cPVL. All VLBW infants should undergo cranial ultrasound screening.
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Periventricular-intraventricular haemorrhage (IVH) and white matter
injury (WMI), particularly cystic periventricular leukomalacia (cPVL),
are major contributors to mortality and long-term morbidity in preterm
infants."? The immature blood-brain barrier combined with fluctuation
in cerebral blood flow, or platelet and coagulation disorders, form the
basis for IVH pathogenesis. Risk factors for IVH include low birth
weight (LBW), gestational age (GA), prematurity, lack of antenatal
steroids, asphyxia, prolonged labour, respiratory distress syndrome,
recurrent tracheal suctioning, hypoxia, hypercarbia, acidosis, patent
ductus arteriosus (PDA), rapid infusion of sodium bicarbonate and inter-
hospital transfer.” Preterm infants with cPVL, without IVH, appear to
have a different risk pattern, although the pathogenesis does involve
both hypoxic-ischaemic and haemorrhagic processes. It also appears that
intrauterine inflammation and cytokine release result in oxidative stress
to white matter."

IVH can be graded according to severity, from grades I to IV, with
the most commonly used classification being that of Papile et al.””' The
incidence of IVH in developed countries is about 20 - 25% in very low
birth weight (VLBW) infants. More than 50% of those with severe IVH
develop intellectual disability or cerebral palsy.”’ Research in southern
Africa showed a higher incidence of between 20% and 50% of IVH in
VLBW infants, although the prevalence of severe IVH is similar to that
of developed countries.” "

Most neonatal units have a screening protocol in place to detect IVH
and cPVL. The American Academy of Neurology suggests that cranial
ultrasound screening should be performed at two time points for all
infants with a GA <30 weeks: between weeks 1 and 2 of life, and at 36
- 40 weeks postmenstrual age.”’ More recent studies have shown that
magnetic resonance imaging (MRI) performed at the term equivalent
age could be helpful in identifying white matter abnormalities that
could cause neurocognitive delay as a long-term outcome.""! However,

cranial ultrasound is still the first tool for assessing neurological injury
in preterm infants, as it allows for bedside investigation and sequential
evaluation of evolving lesions.

As neonatal and obstetric care improves, there is an increase in the
survival rate of preterm infants, and an associated newer burden of
disease in the form of neurodevelopmental impairment.”'” In order to
improve the screening and management of IVH at Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH), we needed to investigate
the prevalence of IVH and cPVL, and identify the specific risk factors
important in our population. LBW and GA are risk factors for IVH,
therefore we chose to conduct a study that controlled for these possible
confounders."

Our aim was to assess how many VLBW infants had cranial ultrasound
screening and to determine the prevalence of cranial ultrasound
abnormalities in our VLBW population. We also wanted to compare the
characteristics, risk factors, and short-term outcomes of VLBW infants
with cranial ultrasound abnormalities with those of VLBW infants, with
normal cranial ultrasound results.

Methods

Data from the CMJAH neonatal database were used in this retrospective,
case-controlled study. The study population included all VLBW infants
admitted to the neonatal unit, including the intensive care unit, from
1 January 2013 to 31 December 2015. CMJAH is a tertiary hospital
located in Johannesburg, South Africa (SA). It acts as a referral centre
for surrounding clinics and district hospitals. The study population
included both inborn and outborn infants. Infants born with a birth
weight <1 500 g qualified as VLBW. All VLBW infants who had the
following ultrasound abnormalities were identified as cases: IVH,
post-haemorrhagic hydrocephalus, or cPVL. Cases were matched with
control infants based on birth weight category and gender on a 1:2 basis.
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The two most suitable controls born closest to the study patient were
selected. Grading of IVH was based on the classification described by
Papile et al:' grade I included bleeds restricted to the germinal matrix;
grade II bleeds were those extending into the ventricles and filling
~50% of the ventricle; grade III bleeds caused ventricular dilatation; and
grade IV included parenchymal haemorrhage. Grade III and IV bleeds
constitute severe IVH. There were four birth weight categories: <750 g;
751 - 1000 g; 1 001 - 1 250 g; and 1 251 - 1 500 g. Infants with major
congenital abnormalities of any organ system were excluded. Infants
with cranial ultrasound revealing abnormalities such as absent corpus
callosum, schizencephaly or findings with questionable significance,
such as periventricular echodensities, were also excluded.

Data collection

Data were collected from the neonatal database at CMJAH, which
is stored using REDCap (Research Electronic Data Capture)." 1t is
a secure web-based application that is linked to the Vermont Oxford
Network (VON)." The VON includes ~1 000 centres around the
world that submit data about high-risk newborn infants. It is a non-
profit voluntary collaboration of health professionals aiming to improve
neonatal care. Its members include both public and private units from
North America, South America, Europe, the Middle East, Asia and
southern Africa, to name a few. Sixty-four units in SA are members of
the VON.

The following maternal variables were extracted from the database
for each infant: antenatal care attendance, antenatal steroids, magnesium
sulphate administration, chorioamnionitis, HIV, attempted termination
of pregnancy, hypertension, diabetes, and mode of delivery. Newborn
variables included the place of birth (inborn, midwife obstetric unit
(MOU), another hospital, or home), GA, birth weight, head circum-
ference, gender, multiple gestation, Apgar at 5 min, birth resuscitation,
temperature on admission, and metabolic acidosis. Birth resuscitation
included oxygen, bag mask ventilation, intubation, cardiopulmonary
resuscitation and/or intravenous adrenaline. Ultrasound findings were
also recorded, particularly grade of IVH and presence of cPVL. The
neonatal course was documented and included respiratory diagnosis,
respiratory support, days on continuous positive airway pressure (CPAP),
days mechanically ventilated, surfactant therapy, supplementary oxygen
on day 28, indomethacin or ibuprofen exposure, and bacterial sepsis
(early or late). Early sepsis constituted a positive blood culture within
72 hours of birth and late sepsis was a positive blood culture >72 hours
after birth. Other neonatal diagnoses noted were pneumothorax, PDA,
necrotising enterocolitis, neonatal jaundice, blood transfusion, HIV
testing and major birth defects. Short-term outcome, namely survival
to discharge, was also recorded. Infants who were well enough to be
transferred to other hospitals were considered survivors.

Statistical methods

Statistical analysis was performed using SPSS Statistics version 23
(IBM Corp., USA). Data were described using standard statistical
methods. Continuous data with a normal distribution were described
using means and standard deviations (SDs), while skewed data were
described using median and range values. Categorical variables were
described using frequencies and percentages. Univariate analysis was
performed to describe differences between the case and control groups
using the Pearson y* or Fisher’s exact test for categorical variables.
Continuous variables were compared using independent t-tests or
non-parametric tests (Mann-Whitney) as appropriate, depending on
data distribution. Basic demographic data of the group who had not
undergone cranial ultrasound were compared with the final study sample
that had undergone ultrasound to establish if the selected sample was
random. Sub-analysis also included comparison between those with
mild/no IVH with those with severe IVH and cPVL, respectively. A
p-value < 0.05 was considered significant. The variables on univariate
analysis with p<0.1 were analysed further in a stepwise logistic regression
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model to determine risk factors for IVH and cPVL. Only valid cases were
reported for all variables in the analysis, i.e. missing data were excluded.

Ethics
The Human Research Ethics Committee at the University of the
Witwatersrand, Johannesburg, approved the study (ref. no. M151195).

Results

There were 1 562 VLBW infants born between 1 January 2013 and 31
December 2015 at CMJAH. Cranial ultrasounds were performed on
856 (55%) infants. Table 1 shows the prevalence of cranial ultrasound
abnormalities at CMJAH. Of the 856 patients with cranial ultrasounds, 13
were excluded from the study due to major birth defects. The remaining
infants (N=843) who underwent cranial ultrasound were then divided
into normal (N=580) and abnormal (N=263) cranial ultrasound groups.
Forty infants in the abnormal group (15%) were excluded due to sonar
findings that did not meet inclusion criteria. A further 26 infants with
abnormal cranial ultrasounds had no matching controls with the correct
weight category or gender and were excluded. There were 186/580 (32%)
in the normal group who could not be matched with an ‘abnormal’
infant. There were therefore 197 cases and 394 controls selected from the
infants who had undergone cranial ultrasound (Fig. 1).

Basic demographic data showed that 47% (729/1 562) of infants admitted
were males, median birth weight was 1 150 g and mean gestational age was
29 weeks. The mortality of the overall group was 27% (415/1 562). There
were fewer males in the group who had not undergone ultrasound (417/702;
45%) compared with the case/control group (303/591, 51%; p=0.029). The
median weight was higher in the group with no ultrasound (1 180 g .
1 090 g in the case/control group; p=0.05). The mean GA of 29 weeks was
the same for both groups. Mortality in the group who had not undergone
ultrasound was higher (39% v. 17%). This result had a significant p-value
of 0.026. The higher mortality in this group could be accounted for by the
large number of infants who were <750 g and who had not undergone
ultrasound (13% v. 3%). When comparing cases and controls, we found
that the gender distribution was the same, with males constituting 49%
in both groups. The mean birth weight was 1 097 g for cases and 1 065 g
for controls. The mean gestational age was 29 weeks for both groups. The
above parameters had no statistical significance, which confirmed that
cases and controls were matched. The data in Table 1 include all those
VLBW infants who had a cranial ultrasound and were included in the
study (N=803) to calculate the prevalence over the specified time period.
The data in Tables 2 - 5 include only those VLBW infants selected as cases
(n=197) or controls (n=384).

The univariate comparison between case and control groups is shown
in Table 2. A higher proportion of cases were outborn. Sepsis, metabolic
acidosis, ventilation and PDA were all significantly higher in the cases,
and antenatal care and Apgar at 5 minutes were lower. However, there
was no significant difference between the two groups in the use of
antenatal steroids.

The logistic regression analysis included location of birth, antenatal
care, maternal hypertension, maternal HIV, mode of delivery, Apgar at 5
minutes, initial resuscitation with oxygen, early and late bacterial sepsis,
PDA and ventilation (Table 3). The analysis showed that antenatal care
attendance (odds ratio (OR) 0.59; 95% CI 0.37 - 0.95) and Apgar >7 at
5 minutes (OR 0.53; 95% CI 0.34 - 0.84) were associated with a lower
risk of abnormal cranial ultrasound. Ventilation carried a higher risk of
cranial ultrasound abnormality (OR 2.44; 95% CI 1.62 - 3.69), and early
bacterial sepsis followed this trend (OR 3.32; 95% CI 1.3 - 8.34). The rest
of the variables were not significantly different between the groups.

Sub-analyses

Severe IVH within the selected cases was compared with mild/no IVH
within the case and control groups. Significant results are shown in
Table 4. The use of antenatal steroids was higher in the mild/no IVH
group (44%) compared with the severe IVH cases (25%; p=0.017).
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Table 1. Prevalence of ultrasound abnormalities in VLBW infants
at CMJAH (N=803)

Classification CMJAH, n(%) 95% CI
Normal cranial 580 (72.2) (69.0 - 75.2)
ultrasound

Grade I 63 (7.8) (6.2 -9.9)
Grade II 91 (11.3) (9.3-13.7)
Grade III 34 (4.2) (3.0-5.8)
Grade IV 27 (3.3) (2.3 -4.8)
cPVL 8(0.9) (0.5-1.9)

VLBW = very low birth weight infants; CMJAH = Charlotte Maxeke
Johannesburg Academic Hospital; CI = confidence interval.

VLBW infants in
database (N=1562)

No cranial
ultrasound
(N=706)

Infants who had
cranial ultrasound
(N=856)

Birth defects
(N=13)

No major birth
defects (N=843)

Normal cranial
ultrasound (N=580)

Abnormal cranial
ultrasound (N=263)

Controls
without

Inclusion
criteria met
(N=223)

Inclusion
criteria not
met (N=40)

Matched
controls

Cases not
matched
(N=26)

Cases final
sample (N=197)

Controls final
sample (N=394)

Fig. 1. Flow diagram showing the sample selection process.

Logistic regression analysis revealed that both outborn and ventilated
VLBW infants had a higher risk of severe IVH. An Apgar score of 27
had indicated a lower risk of severe IVH (Table 3). The sample of infants
with cPVL was compared with those with mild/no IVH (Table 5). The
significant factors associated with cPVL on univariate analysis were sex
(female), chorioamnionitis, blood transfusion, late bacterial sepsis, as
well as ventilation. Logistic regression analysis (Table 3) revealed that
chorioamnionitis (OR 45.73; 95% CI 6.27 - 333.68) and ventilation (OR
15.92; 95% CI 1.54 - 164.36) hold high risks of cPVL.

Discussion

The main objectives of this study were to analyse the prevalence of
cranial ultrasound abnormalities and associated risk factors. According
to the screening protocol at CMJAH, every VLBW should have an
ultrasound within the first 7 days of life, at 10 - 14 days of life, and
before discharge."” Only 55% of VLBW infants admitted during the
study period had a cranial ultrasound, much lower than the prevalence
in the VON database, where 90% of VLBW infants had cranial sonars."”’
Reasons for the low coverage rate in our unit included staff shortages

Table 2. Overall characteristics of cases and controls

Controls Cases

Characteristic n/N (%)* n/N (%)* p-value
Outborn 60/392 (15)  45/196 (23)  0.03
Mortality 53/393 (14) 46/197 (23) 0.004
Maternal factors

Antenatal care 307/390 (79)  137/194 (71)  0.039

Antenatal steroids 174/386 (45)  73/191 (38) 0.14

Maternal HIV 111/392 (28) 72/197 (37) 0.059

Hypertension 105/386 (27)  37/197 (19) 0.041
Mode of delivery 0.054

Vaginal 139/385 (36)  83/185 (45)

Caesarean 246/385 (64)  102/185 (55)
Neonatal factors

Apgar at 5 min 0.002

<7 65/360 (18) 52/173 (30)
>7 295/360 (82) 121/173 (70)

lljieri‘ﬁs‘f:ittfg:y;ten 324/394 (82)  148/197 (75)  0.037
Early bacterial 10/392(3)  13/197(7) 0023
sepsis
Late bacterial sepsis 156/394 (40)  99/197 (50) 0.02
Metabolic acidosis 18/394 (5) 22/197 (11) 0.005
wiiEgre 102/380 (27)  95/197 (48)  <0.001
ventilation
PDA 57/393 (15) 45/192 (23) 0.015
Maximum bilirubin o, 4 179 (55) 0.036

level, mean (SD)

*Unless otherwise specified.

at times, but more importantly, the lack of appropriate equipment to
perform ultrasound. The unit only has one sonar machine that is often
not functional.

The patients who did not undergo cranial ultrasound had a higher
mortality rate than those who had undergone an ultrasound. This is
partly explained by the fact that 13% (n=92) of infants in that group were
<750 g. These infants make up a high-risk group related to their extreme
prematurity and are likely to have demised before an ultrasound could
be performed.

VLBW infants who were admitted with higher birth weights were
often well enough to be transferred to the kangaroo mother care ward
and were discharged quickly, without undergoing cranial ultrasound
screening.

The prevalence of IVH (26%) appears to be consistent with that
of studies conducted in developed countries and was similar to that
reported in the VON over the same time period.” With improvement in
perinatal care, the prevalence appears to have decreased when compared
with a study done at our sister unit at Chris Hani Baragwanath Hospital
in Soweto 20 years ago, which showed a prevalence of 52% in VLBW
infants.”” The prevalence of severe IVH in the present study (7%) is less
than that reported in the VON, and studies from both developed and
developing countries.””

This study confirms what is already known: infants with IVH have
higher mortality, and lack of antenatal care, birth asphyxia, and sepsis
appear to be associated with the development of IVH. Mechanical
ventilation and PDA also had an increased association with IVH and
this can be explained by fluctuations in cerebral blood flow.”’ The
prevalence of IVH in inborn patients was less compared with those
who were outborn, and there are many factors that could explain the
higher risk, including delay in transfer, inadequate monitoring, and
lack of appropriate management at referring centres. Contrary to other
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Table 3. Parameters influencing the development of IVH, severe
IVH and cPVL, identified by logistic regression analysis

Parameter OR 95% CI p-value
All cases
Antenatal care 0.59 0.37 - 0.95 0.03
Apgar >7 at 5 min 0.53 0.34-0.84 0.006
Early bacterial sepsis 3.32 1.32 - 8.34 0.011
Mechanical ventilation 2.44 1.62 - 3.69 <0.001
Severe IVH
Outborn 3.0 1.22-7.41 0.017
Apgar > at 5 minutes 0.21 0.10-0.43 <0.001
Mechanical ventilation 3.64 1.73 - 7.62 0.001
cPVL
Sex (male) 0.11 0.01-1.22 0.072
Chorioamnionitis 45.73 6.27 - 333.68 <0.001
Mechanical ventilation 15.92 1.54 - 164.36  0.02

OR = odds ratio.

Table 4. Severe IVH compared with mild IVH/no IVH

Mild IVH/No
abnormality  Severe IVH
Characteristic n/N (%) n/N (%) p-value
Outborn 81/534 (15) 17/47 (36) 0.001
Mortality 78/535 (15)  17/47 (36) <0.001
Maternal factors
Antenatal care 410/531 (77)  28/46 (61) 0.019
Antenatal steroids 232/527 (44) 11/44 (25) 0.017
Neonatal factors
Apgar at 5 min <0.001
<7 91/485 (19) 24/41 (59)
>7 394/485 (81) 17/41 (41)
Early bacterial sepsis 18/535 (3) 5/47 (11) 0.031
Oxygen on day 28 205/517 (40)  23/41 (56) 0.047
Metabolic acidosis 31/536 (6) 7147 (15) 0.026
Mechanical 161/519 (31)  29/46 (63) <0.001
ventilation

studies, which showed a decrease in IVH with antenatal steroids, our
study did not show a significant difference between the use of antenatal
steroids in the case and control groups.” This may be due to the fact
that the administration of antenatal steroids in our setting was lower
than in other settings. Only 43% of mothers of VLBW infants had
received steroids compared with 83.5% of those in the VON during
the same period, which may have been due to late presentation of
unbooked mothers."'” However, the sub-analysis showed that those
with severe IVH had less exposure to antenatal steroids than the mild/
no IVH group.

Maternal hypertension was also associated with a lower incidence of
overall IVH and this was consistent with other studies."” In terms of
the logistic regression analysis for all IVH cases, the major protective
factors were antenatal care and Apgar >7 at 5 minutes. Sepsis and
mechanical ventilation showed a ~3-fold increase in IVH and both
of those factors can be modified by preventive measures. Severe IVH
had similar association on logistic regression analysis to overall IVH,
but infants that were outborn were shown to have a 3-fold higher risk
of severe IVH, which could be prevented by transport of mothers in
premature labour to centres with appropriate neonatal services, before
delivery.
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In this study, the prevalence of cPVL was only 1%, although mortality
was highest in this group, which was consistent with previous studies.”
As explained previously, MRI is a better tool to assess WMI, but in our
setting this was not feasible owing to a lack of adequate MRI facilities
to service the neonatal unit. Studies seeking to describe a difference
between cPVL and IVH have shown that the two are not mutually
exclusive and that there is a possible causal relationship between the two,
although cPVL can be seen as a single pathology in some cases.!*”!

Our sub-analysis showed that the female gender, chorioamnionitis,
and blood transfusion had significant associations with cPVL, as well
as sepsis and mechanical ventilation, which were both additional risk
factors for IVH. However, on multivariate logistic regression analysis,
the gender association was shown to have an insignificant 95% CI and
only chorioamnionitis and mechanical ventilation appeared significant,
although CIs were wide owing to the small sample size.

Study limitations

The retrospective study design was a limitation. The disadvantages
included information bias and difficulty in establishing the temporal
relationship between certain variables. Incomplete and/or missing
records affected the dataset. Another limitation was the lack of resources,
including both staff and equipment, which resulted in deviations from
the ultrasound screening protocol and 45% of VLBW infants not being
screened. WMI may be largely underestimated by cranial ultrasound
alone. In our setting, the access to MRI was inadequate.

Conclusion

This retrospective, matched case-control study showed that the
prevalence of IVH was consistent with that of developed countries
and it was encouraging to note that severe IVH was lower in our unit.
It confirmed that the risk factors for IVH and cPVL at CMJAH are
in keeping with those found globally. The increased mortality and
morbidity in infants with IVH would suggest that we should modify
the risk factors found to be significant in our population. Access and
awareness of early antenatal care is an important factor in preventing
poor perinatal outcome. Neonatal resuscitation training in clinics and
hospitals should be given priority, as well as correct protocols for transfer
of infants, and possible early transfer of mothers in preterm labour
to appropriate centres. Infection control and methods to decrease the
need for mechanical ventilation are important interventions that could
decrease the incidence of IVH. In terms of ultrasound screening, early
detection of lesions gives infants a chance to receive early intervention
services. Therefore, efforts should be made to ensure that all VLBW
infants undergo ultrasound screening. Furthermore, early identification
of patients with poor prognostic factors could assist with decision-
making regarding the maximum level of care offered and the equitable
allocation of resources.
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