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Background. Risk stratification of pregnant women may decrease the perinatal mortality rate in South Africa. This relies on the
assessment of the referring health facility and timeous presentation of the patient. Inaccurate dating affects the ability to detect growth
restriction. Patients requiring referral may go undetected and deliver with the inappropriate level of care. Doppler studies can assist in
detecting at-risk fetuses.

Objectives. To describe the short-term outcomes of fetuses with a normal or abnormal cerebroplacental ratio (CPR) according to the
various definitions in the literature.

Methods. A cohort of 200 pregnant women were prospectively recruited while in early labour. Patient history including previous
ultrasound scans were obtained. Ultrasound was done for biometry, umbilical artery (UA), middle cerebral artery (MCA) and uterine
Dopplers, and the CPR was calculated. Labour and delivery details were recorded. An association between an abnormal CPR, adverse
outcomes and composite score was determined.

Results. Less than a tenth (7.7%; n=15) of the participants had a CPR <1.08. Furthermore, 16.5% (n=31) of the participants were <5th
centile and 24.2% (n=47) were <10th centile. The composite score of adverse outcomes in those with and without a CPR <5 centile
was not significant (p=0.737). There was no association between adverse outcomes (p=0.179) or a composite score (p=0.237) and the
CPR cut-off of the 10th centile. Moreover, there was no association between an abnormal CPR and adverse outcomes after adjusting for
confounders. There were no cases of perinatal death or neonatal encephalopathy.

Conclusion. An abnormal CPR was not clinically useful in detecting fetuses at risk of adverse outcomes in early labour regardless of the
CPR cut-off. However, this is reassuring when normal and may if combined with other parameters still prove useful.
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The role of the cerebroplacental ratio (CPR) needs to be more
precisely defined as a screening tool for adverse perinatal outcomes
and how it could influence management of pregnant women.? An
abnormal CPR is associated with the diagnosis of fetal compromise,
caesarean section (CS), meconium-stained liquor and an abnormal
cardiotocograph (CTG) in appropriate-for-gestational age (AGA)
fetuses in the latent phase of labour.”! It is also part of the multi-vessel
Doppler assessment in fetuses at risk of growth restriction.™

The decision as to which patients will require more intensive
monitoring during labour in a resource-limited setting is complex.
In South Africa (SA), fetal heart monitoring with a hand-held
Doppler device for low-risk women in labour in a community clinic
is recommended. In a hospital, CTG machines are used for high-risk
patients. Appropriate stratification relies on the assessment by the
referring health facility and timeous patient presentation.”

Gestational age (GA) at booking and antenatal attendance
confounds attempts to accurately assess women and has implications
for the detection of at-risk pregnancies. The majority of pregnant

women (92.9%) visit the antenatal clinic (ANC) at least once, but
only 51.8% of women present before 20 weeks in SA.I) The Gauteng
Province had the lowest ANC attendance of 89.9% in 2016.” This
results in some women who require a higher level of care going
undetected.

Unexplained stillbirth is the biggest contributor to the perinatal
mortality rate (PNMR). Some stillbirths are due to undiagnosed
intrauterine growth restriction (IUGR).® The availability of
ultrasound and skilled sonographers is limited in clinics and district
hospitals, making the diagnosis of IUGR difficult. A Cochrane review
found insufficient evidence to conclude that using the symphysis
fundal measurement results in effective detection of IUGR."!

More options are needed to identify at-risk fetuses in resource-
limited settings where perinatal morbidity and mortality rates are
unacceptably high. We aimed to determine the percentage of fetuses
with an abnormal CPR according to the various definitions, as well
as the short-term fetal outcomes and their relationship with either
a normal or abnormal CPR in a heterogenous population in early
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labour. If patients are identified early in labour as being at a higher
risk for adverse outcomes, the allocation of resources for monitoring
could be adjusted and the risk of a poor outcome may be reduced.

Methods

This was a prospective observational cohort study that recruited
200 patients from November 2017 until March 2018. Patients older
than 18 years, able to understand and sign consent in English, in the
latent phase of a spontaneous labour (<4 cm dilatation) as diagnosed
by the attending healthcare worker, and with a normal CTG as
judged by the researchers according to local protocol, were included
in the study." Patients were excluded if the fetus was known to be
growth-restricted, have a two-vessel cord, a major anomaly, multiple
pregnancy and meconium-stained liquor or a previous CS.

The study was conducted in a regional academic hospital in
Johannesburg, SA. The hospital serves a low-to-middle-income area
with a diverse population. In 2017, 13 072 babies were delivered at
the hospital and a further 405 were born before arrival. The teenage
pregnancy rate was 2.2% and advanced maternal age rate was
9.5%. The CS rate was 38.2%, PNMR was 33.4/1 000 births and the
stillbirth rate was 21/1 000 births."” There are several ANCs in the
area but only two have delivery facilities. Hence, a large number of
purportedly low-risk cases which ordinarily would be managed by a
midwife are delivered in hospital.

There is a dedicated ultrasound machine that is available at all
times in the labour ward admission area where recruitment took
place. We used the SonoScape S12 digital colour Doppler ultrasound
system (SonoScape, China). CTG machines are available but not in
the numbers needed to ensure that each patient can be monitored
continuously. Hand-held devices are not always functional and
midwife staffing shortages prevent one-on-one monitoring of
patients in the active phase of labour.

Ultrasounds were done by the investigators. Patient files were
screened in the admission area and patients in the latent phase of
labour were approached to participate in the study. If one of the
exclusion criteria was detected during the ultrasound, the patient was
excluded from the study.

Pregnancy was dated using the early ultrasound results, followed
by the last normal menstrual period (LNMP) or the late ultrasound
and the symphysis fundal height (SFH). The number of fetuses, fetal
heart activity, lie, presentation, placental localisation and whether
the fetus was intrauterine, as well as the number of cord vessels, were
confirmed. The single deepest pool (SDP) was measured.!” Estimated
fetal weight (EFW) was calculated using biparietal diameter, head
circumference, abdominal circumference (AC) and femur length
using Hadlock’s formula.® Uterine artery, umbilical artery (UA) and
middle cerebral arteries (MCA), resistance index and pulsatility index
(PI) were measured while keeping the angle of insonation as close as
possible to 0°. Doppler measurements were performed following the
International Society of Ultrasound in Obstetrics and Gynaecology
(ISUOG) Doppler guidelines. CPR was calculated using the Fetal
Medicine Barcelona calculator (http://medicinafetalbarcelona.org/
calc/.), which calculates the ratio and the centile and then reports it as
normal or pathological. If the CPR was <1.08 and/or the centile <5th,
it was considered abnormal.!"*"%)

The standard of care is to transfer patients to the labour ward
in the active phase of labour (cervical dilatation >4 cm). Since an
abnormal CPR is associated with adverse outcomes, it is prudent
to monitor such patients closely when identified. It is not standard

practice to immediately offer a CS if the CPR is abnormal. The study
was not blinded and recruitment was performed by two people. This
assists with consistency; however, it may also result in bias. Ethically,
since there is a described association between abnormal Doppler
measurements and poor outcomes, it was decided that the patients
would be informed of the findings and a request made for continuous
monitoring. If no bed was immediately available, continuous fetal
monitoring for those with abnormal Doppler measurements was
ordered in the admission ward. On-call staff then had to make a
decision regarding which patients had priority for access to available
resources and manage all further care of the patient as per standard
labour and delivery protocols.

At the time of delivery, staff performing the delivery were
requested to send an arterial cord blood gas for analysis. While
regular reminders were given to staff on the procedure, it is possible
that some samples may have been a mix of arterial and venous blood,
which would potentially have increased the pH slightly - normal
arterial pH (standard deviation (SD)) is 7.24 (0.07) and venous pH
is 7.33 (0.06). The patients were informed that only cord blood
would be taken for the study. Any other procedures required were
part of routine care. These cord blood gas results, delivery details
and short-term outcomes of the mother and neonate were collected
after discharge.

Since this is a descriptive study and no prior study has been done
on a heterogenous population such as ours, no power calculation
was done. The decision to recruit 200 patients was based on the
availability of the researchers and that at least 10% of the patients
were expected to have an abnormal CPR based on the work of Prior
et al.”! which assessed low-risk women.

As part of the analysis, both the score used by Prior et al.®’ and each
adverse outcome was compared in patients with a CPR >1.08 and in
those with a CPR <1.08 and/or <5th centile. A score was worked out
for all participants who had all variables available including the blood
gas (Table 1).

Since not all our patients had a gas analysis performed on cord
blood, a number of adverse outcome variables were considered to
allow for comparison.'"” These adverse outcome variables included a
diagnosis of fetal compromise, arterial cord blood pH <7.20, Apgar
<7 at 5 minutes, need for resuscitation/assistance with breathing,
admission to the neonatal unit and a birthweight <10th centile."” The
Intergrowth 21 growth charts were used to determine birth centiles,
the variables entered were the most accurate gestational age (calculated
prior to the research ultrasound), neonatal sex and birthweight."®

Study data were collected using REDCap (Research Electronic
Data Capture), an online database manager hosted at the University
of the Witwatersrand."” Descriptive statistics were used for
categorical and continuous data. This was done to determine the
prevalence of the variables as well as means and medians where
appropriate. Certain continuous variables were categorised for
descriptive and analytical purposes. Analytical statistics were

Table 1. Prior’s adverse outcome score

0 1 2 3
pH >7.2 7.1-<7.2 7.0 -<7.1 <7.0
Base excess <-8 >-8and <-12 >-12
Apgar =27 at 1 min <7 at 1 min <7 at 5 min
Neonatal unit No Yes - -
admission
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employed to test for any association between the ultrasound
findings and fetal outcome. Parametric testing was done with x*
tests and Fisher’s exact tests. A p-value of 0.05 was used to include
or exclude the potential of any outcome. Where variables were
missing, the denominator was adjusted. The data were analysed
with the assistance of a biostatistician. Statistical analysis was
performed using Statistica software, version 13.3 (Tibco Software
Inc., USA)and R package, version 3.5.1 (RStudio, USA).

Ethics clearance was granted by the University of Witwatersrand
Human Research Ethics Committee (ref. no. M170637). The
study was registered with the National Health Research Database
(ref. no. GP_201709_014). Permission to conduct the study was
granted by Rahima Moosa Mother and Child Hospital.

Results

We prospectively recruited 200 patients who consented to participate
in the study. We excluded two patients who had undiagnosed twins
at the time of the ultrasound and six files went missing. Therefore,
we had 96% (N=192) of the patients’ files available for analysis and
70.5% (n=141) of the patients had cord blood gas analysis data.

The minimum age of consent is 18 years; therefore, no comment
can be made about the teenage pregnancy rate. More than a tenth of
the women (13.3%; n=26) were 35 years and older. More than one-
third (43.4%; n=85) of the patients were primiparous. The majority
(97.4%) initiated antenatal care at a local clinic. Furthermore, the
majority of the women (73.2%; n=142) booked before 24 weeks
gestation and 30.4% (n=59) were <14 weeks pregnant. A third

HIV-positive women. More than a tenth (14.3%; n=>5) of the patients
qualified for prophylaxis for Pneumocystis jirovecii pneumonia (CD4
T cells <200 cells/pL), of which two received the prophylaxis and it
was not prescribed for the other three. Sixteen (45.7%) HIV-positive
patients were screened for hepatitis B and 2.9% (n=1) tested positive.

The self-reported race of each patient was as follows: 83.2%
(n=163/196) black, 12.8% (n=25/196) coloured, 2.0% (n=4/196)
Asian and 2.0% (n=4/196) white (Table 2). The coloured and white
patients were all South African. One Asian patient came from
Pakistan. Of the black patients, 53.6% (n=105/196) were from SA,
19.4%. (n=38/196) were from Zimbabwe, 4.1% (n=8/196) were
from Malawi, 2.0% (n=4/196) were from Lesotho and 1% (n=2/196)
each were from Mozambique, Kenya and Democratic Republic of
Congo and 0.5% (n=1) was from Nigeria, Ethiopia and Republic
of Congo, respectively. The percentage of non-South Africans was
30.1% (n=59). This is lower than our hospital average as some
non-South Africans were excluded before recruitment as they were
non-English speaking.

There was a significant association between gravidity and BMI of
the patient with the mode of delivery (Table 3). A higher gravidity
and lower BMI were associated with normal delivery (Table 3). There
was no association between mode of delivery and the other variables
(Table 3).

More than half of the patients (53.1%; n=103/194) had a previous
ultrasound at a median gestation of 24 weeks (Table 4). The

Table 3. Mode of delivery

(32.4%) were obese (body mass index (BMI) 230 kg/m?) at their Any vaginal Caesarean
first visit. Of the women, 31.7% (n=45) had mean arterial pressure delivery (n=134) section (n=58)
(MAP) that was >90 mmHg before 24 weeks. MAP was calculated *n (%) *n (%) p-value
from blood pressure noted in the file and was not done in a Age (years), median (IQR) 28 (23 - 32) 26 (22-31) 0.276
standardised manner. The mean haemoglobin (Hb) of the cohort Race 0.504
improved between booking and the time of delivery. At booking, Black 109 (81.34) 52 (89:66) -
21.2% (n=40) of the patients were anaemic (Hb <11 g/dL) while Coloured 18 (13.43) 5 (8.62) .
at the last evaluation, 22.9% (n=44) of the patients were anaemic. ASién ) i) ;
Medical conditions (excluding HIV) were found in 6.7% (n=13) of Whlte . oy () )
the patients: 5 had asthma, 4 had hypertension and there was 1 case Parlt?’ _medlan _(IQR) 10-2) 0(-1) 0.051
. . . . . Gravidity, median (IQR) 2 (1 - 3) 1(1-2) 0.021
each of tuberculosis, neurofibromatosis, psychosis and chicken pox
. BMI (kg/m?), mean (SD) 26.95 (5.91) 28.89 (6.01) 0.047
during pregnancy.. MAP at admission 91.72 (8.19) 90.85 (6.93)  0.453
Blood tests done at booking were Rhesus (Rh) status, Hb, syphilis (mmHg), mean (SD)
and HIV serology. Only 2.1% (n=4) of the patients were Rh-negative Hb at delivery (g/dL),  11.93 (1.64) 12.29 (1.46) 0.136
and only one was tested for antibodies, which was also negative. mean (SD)
All patients tested negative for syphilis. The prevalence of HIV was IOR = interquartile range; BMI = body mass index; SD = standard deviation;
18.0%, with a median (range) CD4 T cell count of 414 (51 - 815) cells/ "g;fe; mean xf;:rsiglegrézz"lre; Hb = haemoglobin.
uL and a HIV viral load of <1 000 copies/mL in 77.1% (n=27) of the
Table 2. Demographics and biophysical data
N Mean (SD) Median Minimum Maximum
Age (years) 196 27.3 (5.52) 27.0 18.0 41.0
Parity 196 - 0 0 4
Gravidity 196 . 2 1 6
Height (m) 182 159.0 (7.35) 159.0 132.0 178.0
Weight (kg) 193 69.7 (15.21) 66.0 44.0 124.0
BMI (kg/m?) 182 27.7 (6.10) 26.3 18.1 55.6
MAP at booking (mmHg) 188 84.8 (9.21) 83.6 53.3 110.0
Hb at booking (g/dL) 189 12.0 (1.66) 12.1 6.1 16.2
Hb most recent (g/dL) 192 12.0 (1.59) 12.1 6.7 16.0

SD = standard deviation; BMI = body mass index; MAP = mean arterial pressure; Hb = haemoglobin.
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completeness of information was variable in these reports. One
ultrasound appeared completely at odds with other findings and was
thus not used to date the pregnancy. The GA at recruitment was used
to calculate the CPR. The median (range) GA at recruitment was
39w3d (33w2d - 44w6d). Although the GA of 44w6d is unlikely, there
was no other satisfactory way of dating her pregnancy.

The ultrasound data revealed that 16.5% (n=31) of 194 patients
had a CPR that was <5th centile and 7.7% (n=15) of these
patients had a CPR <1.08 (Table 4). A CPR <10th centile has been
considered to be abnormal in other studies,®’ but this is not a
definition used by the Fetal Medicine Barcelona calculator. In our
cohort, 24.2% (n=47) of the participants were <10th centile. The
UA PI was in the normal range for gestational age as per the Fetal
Medicine Barcelona calculator for all patients (Table 4).

There were no cases of perinatal death or neonatal encephalopathy.
Since there was no long-term follow-up, no comment can be made
on neurodevelopmental outcomes.

A score out of eight based on Prior et al.'s®) work was calculated
for 69.1% (n=134) of the patients who had all variables available
(Table 5).

We found no association between CPR <5th centile and fetal
compromise diagnosed at any time during labour (p=0.365), an
Apgar score <7 at 5 minutes (p=0.302), cord arterial pH <7.20
(p=0.104), small-for-gestational age (SGA) (p=0.252), neonatal
unit admission (p=0.741), bag mask ventilation (BMV) usage/
respiratory support (p=0.399) (Table 6). Prior’s composite score
was not significant (p=0.737). When the CPR cut-off was the 10th
centile, there was again no association between adverse outcomes
and any of the other variables (p=0.179) or Prior’s composite score
(p=0.237). Moreover, we still found no association between abnormal
CPR and adverse outcomes even after adjusting for confounders
such as age, race, parity, gravidity, BMI, hemoglobin, blood pressure,
growth restriction, mode of delivery, GA, sex of the fetus and use of
an epidural.

The CPR is reassuring when normal but it is a poor predictor of
adverse outcomes when abnormal, except for bag mask ventilation/
resuscitation where it had a positive predictive value (PPV) of
0.70 (Table 6).

Discussion

There is a need to identify modalities that enable the detection
of high-risk pregnancies in a resource-limited setting. This is
challenging when despite a third (30.4%) of women booking early
enough for first trimester screening and two-thirds being eligible
for a second trimester anatomy scan,” only 53.1% received an
ultrasound examination and these were performed by practitioners
with varying levels of skill. A study by Geerts et al.* reported similar
findings as our study that 61.3% of their patients booked before
24 weeks; however, they reported that up to 88.9% of their patients
had at least one ultrasound.

The population we serve is heterogenous with a number of
nationalities (41.4% of deliveries in 2017)"! and racial groups that
differ in proportion to those in the literature, which comments on
ethnicity but not on immigration status.?*? We found a HIV rate
of 18.6%, which is in line with 18.0% reported in the literature.!"
Anaemia is associated with SGA;** however, despite a fifth (21.2%)
of the patients being anaemic at booking, only three cases of SGA
developed (p=0.353).

Table 4. Ultrasound data (N=196)

Mean (SD) Median Minimum Maximum
GA w/d 37w2d  34w0d 41w4d
EFW (g) 3220 (409.2) 3196 2202 4489
Liquor - 39(193) 37 0.4 18.0
Single deepest
pocket (cm)
LUA PI 0.83 (0.60) 0.75 0.06 2.40
RUA PI 0.91 (0.43) 0.79 0.29 2.57
UA PI 0.84 (0.16) 0.82 0.49 1.27
MCA PI 1.35(0.29) 1.33 0.61 2.76
CPR 1.65 (0.42) 1.61 0.76 2.83
CPR centile 35.7 32.0 IQR 10.0 - 55.25

SD = standard deviation; GA = gestational age; EFW = estimated fetal
weight; LUA = left uterine artery; PI = pulsatility index; RUA = right
uterine artery; UA = umbilical artery; MCA = middle cerebral artery;
CPR = cerebroplacental ratio.

Table 5. Prior’s score

Prior’s score n (%)

0 87 (64.9)
1 22 (16.4)
2 9 (6.7)

3 5(3.7)

4 6 (4.5)

5 2 (1.5)

6 2 (1.5)

7 1(0.7)

8 -

Table 6. Cerebroplacental ratio, PPV and NPV for adverse
outcomes

Adverse outcome PPV NPV
Fetal compromise 0.24 0.68
Apgar 5 min <7 0.01 0.97
Cord pH <7 0.23 0.93
SGA 0.04 0.89
Admission 0.09 0.90
BMV/resus. 0.70 0.22
Any adverse outcome  0.13 0.92

PPV = positive predictive value; NPV = negative predictive value; SGA = small-for-gestational
age; BMV/resus. = bag mask ventilation/resuscitation.

In our study, we found that 7.7% (n=15) of the participants had a
CPR <1.08, 16.5% (n=31) were <5th centile and 24.2% (n=47) of the
participants were <10th centile. A study by Prior et al.”’ found that
10% of the patients had an abnormal ratio when defined as <10th
centile. This was corroborated by a more recent study which showed
that 9.6% of the patients who were low risk had a CPR <10th centile.”

The CPR has been shown to be predictive of poor outcomes in
a variety of settings and GAs."”** Late-onset IUGR may have a
normal UA with a decreased MCA PI, which then results in an
abnormal CPR.™ This is of particular interest since the detection
of late-onset IUGR is difficult without accurate early dating. Our
sample is small with 6.8% (n=13) neonates <10th centile for weight
and pre-existing IUGR as an exclusion criterion.
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The cut-off value of <1.08 has a higher sensitivity and lower
specificity than using <5th centile, which has a lower sensitivity but
higher specificity in detecting adverse perinatal outcomes such as
hypoxic ischaemic encephalopathy, periventricular leukomalacia,
intraventricular haemorrhages, necrotising enterocolitis, sepsis,
bronchopulmonary dysplasia and death.”! However, we found no
association between any adverse outcomes and the 10th centile as a
cut-off (p=0.237).

This may indicate that our designation of some patients as low
risk is incorrect and that they should have had an elective delivery
earlier rather than awaiting spontaneous labour or more intensive
monitoring antepartum and intrapartum. However, in a population
studied just prior to induction with a much higher burden of high-
risk conditions, the CPR was not shown to perform well in the
clinical setting.*

More recently, the CPR has been questioned as a stand-alone
screening tool due to poor sensitivity and specificity.”? The PPV
was high (0.70) for the need for BMV/respiratory support and
resuscitation. CPR has a very good negative predictive value (NPV)
of 0.92 and is reassuring when normal, which is in keeping with the
literature. '

Figueras et al.?” showed that combining CPR with uterine artery
Doppler measurements and the EFW or AC <3rd centile improved
sensitivity to 82.8 (95% confidence interval (CI) 75.1 - 88.6), and
the NPV is clinically relevant at 88.6 (95% CI 83.2 - 92.5). This
analysis still has to be done with our data and it will be interesting
to see if an association is found. It is also possible that looking at
the decline in the CPR over time may be a better predictor of fetuses
at risk.”” However, a study by Kalafat et al.* showed thata single
point estimate was a good predictor. This then does suggest that
we could continue to pursue the option of assessment at the time
of delivery, which may be our only opportunity to identify at risk
fetuses if CPR is assessed in conjunction with other parameters.

Study limitations

Limitations of our work are that the results may not be applicable
in a setting where antenatal screening is more rigorous with greater
access to technology. However, there are many areas in the world
that are similar to ours and where there is an uneven distribution
of resources and a heterogenous population with a high burden
of hypertension during pregnancy. During this study, there was a
concern of bias since the clinicians were not blinded to the Doppler
results. There was a protocol in place to request more monitoring
as there was evidence of an increased risk of poor outcome. While
this may bias the results, in our setting we cannot afford to increase
CS rates without good evidence that it is indicated. The use of CPR
is not yet incorporated into our algorithms, yet it was considered
ethically wrong not to monitor patients more intensively if possibly
at an increased risk.

Conclusion

The aim of this study was to provide new insights on identifying
fetuses at risk in a resource-limited environment using available
technology. The CPR in early labour is reassuring when normal
but there is no statistically significant association with any one
particular outcome for a CPR <5th centile. The attempt to improve
the sensitivity by including those under the 10th centile was not
successful. The use of the CPR alone does not assist sufficiently in
mitigating risk in a clinical setting. Recent work has theorised that

other pregnancy, labour and maternal characteristics are likely to
have a greater impact on the occurrence of adverse outcomes.?” The
recommendation then is not to use CPR for screening despite its
good NPV but rather to further elucidate whether it would be useful
as part of a more comprehensive risk stratification protocol in early
labour. Those with an abnormal CPR should be evaluated for other
risk factors at the time of the ultrasound, and the labour and delivery
plan adjusted accordingly.

The study showed that the provision of a scan with Doppler
measurements around the time of delivery is possible in our setting
and does have the benefit of detecting previously undiagnosed
conditions immediately relevant to the care of the mother and
fetus.
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