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Introduction: Umbilical arterial pH of less than 7 is often used as the threshold below
which the risks of neonatal death and adverse long-term neurological outcomes are
considered to be higher. Yet within the group with pH <7, the risks have not been
further stratified. Here, we aimed to investigate the predictors of adverse long-term
outcomes of this group of infants.

Material and methods: This was a retrospective study of 248 infants born after
34 weeks of gestation in a tertiary obstetric unit, between 2003 and 2017, with cord
arterial pH <7 or base excess <-12mmol/L at birth. The infants were categorized into
two groups: (1) intact survivors, or (2) neonatal/infant deaths or cerebral palsy or de-
velopmental delay. The umbilical arterial pH and base excess levels, Apgar scores,
mode of delivery, gestational age, small for gestational age, birth in the era before
the implementation of neonatal hypothermic therapy, and the presence of a known
sentinel event, were compared between the groups using univariate analysis followed
by multivariate analysis.

Results: Among the 248 infants, there were 222 intact survivors (89.5%) and 26 in-
fants with poor outcomes (10.5%), including eight deaths (3.2%) and 18 (7.3%) with
cerebral palsy and/or developmental delay. Univariate analysis showed that infants
with adverse outcomes had significantly lower cord arterial pH (6.85 vs 6.95, with
p<0.001), lower cord arterial base excess (-19.95 vs -15.90 mmol/L, p<0.001), a
higher proportion of having AS at 5 min <7 (65.4% vs 13.1%, p<0.001), and a higher
proportion of having a sentinel event (34.6% vs 16.7%, p = 0.034). Multivariate analy-
sis confirmed cord arterial pH of <6.9 and an Apgar score at 5 min <7 as independent
prognostic factors (the adjusted odds ratios were 4.64 and 6.62, respectively). The
risk of adverse outcome increased from 4.3% when the arterial pH was between 6.9
and <7, to 30% when the pH was <6.9.

Conclusions: Infants born with umbilical artery pH <7 still have a high chance of 89.5%

to become intact survivors. A cord arterial pH of <6.9 and an Apgar score at 5 min <7

Abbreviations: ACOG, American College of Obstetricians & Gynecologists; AS5, Apgar score at fifth minute; HIE, hypoxic ischemic encephalopathy; SGA, small for gestational age.
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1 | INTRODUCTION

Significant birth asphyxia is one of the major causes of stillbirths,
neonatal death, infant death and adverse long-term outcomes such
as cerebral palsy and developmental delay."™* Acute intrapartum
hypoxic events such as placental abruption, uterine rupture, cord
prolapse, and shoulder dystocia cause anaerobic metabolism, which
can lead to rapid deterioration of umbilical cord arterial pH within a
short period.> 8 The effects of fetal acidosis have been associated
with hypoxic ischemic encephalopathy (HIE), the need for cardio-
pulmonary resuscitation, intubation, seizures, cerebral palsy, devel-
opmental delay, and mortality.g’11 In a systematic review of seven
publications consisting of 386 cases with pH <7, the incidence of ne-
onatal death and chronic neurological morbidity was 5.9 and 17.2%
respectively.? Hence obstetric units and medico-legal claims rely on
umbilical cord pH as an objective marker of adverse outcomes.*® The
American College of Obstetricians & Gynecologists (ACOG) and The
American Academy of Pediatrics have also jointly set up the four es-
sential criteria for establishing a causal link between intrapartum hy-
poxic events and cerebral palsy and included significantly low cord
arterial pH (<7), early onset of moderate or severe HIE in infants
born at 34 weeks of gestation or more, cerebral palsy of the spastic
quadriplegic or dyskinetic type, and exclusion of other identifiable
etiologies.14

Yet not all neonates with a cord arterial pH of less than 7 suffer
from adverse long-term outcomes or die. Information on the prog-
nostic factors of this group of babies is limited. At present, only a sin-
gle study has reported that the risk of adverse outcomes correlated
with pH. In this report, 506 neonates born at or after 35 gestational
weeks, with an arterial pH of less than 7 which was either sampled
from the umbilical cord at birth, or from the neonates within 1 h of
life, were analyzed. The risk of adverse outcomes increased from
3% when the pH was between 6.9 and <7, to 10% and 40% when
the pH dropped to 6.8- <6.9 and <6.8, respectively.’® However, 37
neonates (7.3%) of their cohort did not have umbilical samples, and
blood was only taken from their bodies some time later. Hence their
results may not truly reflect the outcome of intrapartum hypoxia.
Second, the effect of other potential prognostic factors such as
Apgar scores, mode of delivery, gestational age, small for gestational
age (SGA), implementation of neonatal hypothermic therapy, and the
presence of a known sentinel event was not assessed. Hence, we
conducted a retrospective cohort study to investigate the predic-
tors of neonatal death and adverse long-term neurological outcomes
among neonates born with umbilical arterial pH lower than 7.

neurological outcomes.

are independent prognostic factors for neonatal/infant death or adverse long-term

cerebral palsy, fetal academia, infant death, neonatal death, neonatal outcome, umbilical

Key message

Cord arterial pH of <6.9 and Apgar score at 5 min <7 are
independent prognostic factors for neonatal/infant death
or adverse long-term neurological outcomes. The risk in-
creased from 4.3% to 30% when the pH dropped from 6.9
to <7 to below 6.9.

2 | MATERIAL AND METHODS

This retrospective study was conducted in a tertiary referral center
in Hong Kong with an annual delivery of more than 6000. All live-
births born between 2003 and 2017 with maturity of 34 gestational
weeks or above, and an umbilical cord pH of less than 7, or base
excess at, or lower than, -12mmol/L, were included (ACOG).*
Their case records were retrieved for review of the antenatal and
intrapartum management, as well as neonatal management. Infant
data was obtained jointly from obstetric delivery records and pedi-
atric files via the hospital centralized computer system. Cases were
excluded if they were found to have pre-existing syndromes such
as trisomy 13, 18, or 21. Based on their long-term outcomes, they
were then classified into either one of the two groups: (1) intact
survivors, or (2) adverse long-term outcomes. Adverse long-term
outcomes includes neonatal or infant death or cerebral palsy or
developmental delay. The umbilical artery pH and base excess lev-
els, and other potential prognostic factors including Apgar scores,
mode of delivery, gestational age, SGA, birth before or since 2007
(when neonatal systemic hypothermic therapy was implemented),
and the presence of a known sentinel event such as cord prolapse,
shoulder dystocia, placental abruption, uterine rupture and failed
instrumental delivery, were compared between the groups. SGA
was defined as a birthweight of less than 10th centile for gestation
age according to our published local gestational age specific birth-
weight reference.’’

During the study period, the umbilical cord arterial and venous
blood were sampled routinely after the birth of every newborn fol-
lowing a standard protocol: the umbilical cord was double clamped
immediately after birth, and blood were sampled from the vessels
routinely before the delivery of the placenta in the event of vaginal
delivery, or immediately after delivery of the placenta in the event
of cesarean section.*®* Umbilical cord arterial and venous pH, base
deficit, PaCO,, and PaO, were measured using Siemens RAPIDpoint®
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400/405 Systems, which was regularly calibrated to maintain quality
control. All newborns were also assessed at the first and the fifth min-
ute of life with Apgar scores, which were assigned by the attending
obstetrician, midwife, or pediatrician. In case fetal distress was sus-
pected before birth, a pediatrician was summoned to stand by for re-
suscitation. Newborns were also assigned an Apgar score at the 10th
minute of life by pediatricians if the Apgar score at the fifth minute
(AS5) was less than 7. The neonates were admitted to the neonatal
intensive care unit if they required continuous life support. Starting in
the year 2007, neonates born at gestation 36 weeks of above with HIE
were treated with hypothermic therapy commenced according to the
selection criteria in the Shankaran et al. study.?° Neurodevelopmental
follow-up was offered to all surviving infants diagnosed with HIE, as
these infants are at the highest risk of neurodevelopmental prob-
lems. Follow-up was also offered to infants with birthweight less
than 1.5 kg, who had significant hypoxemia in the neonatal period, or
with any intracranial abnormality. The survivors' records for at least
4years were reviewed for any cerebral palsy or developmental delay.
Development was classified as normal in infants in whom there was
no concern about developmental delay and delayed in any infant with
ongoing concerns. Physical examinations and assessments with mo-
tion function were done during follow-up with pediatricians. Clinical
notes were reviewed and checked if infants were diagnosed with ce-
rebral palsy.

2.1 | Statistical analyses

Statistical analysis was performed with IBM SPSS Statistics version
22.0 (IBM Inc.). Univariate analysis was performed using an inde-
pendent sample t-test or Mann-Whitney U test, respectively for
parametric and nonparametric continuous variables. Categorical
variables were compared using the chi-square test or Fisher's exact
test where appropriate. A p-value of 0.05 or less was considered
statistically significant. Variables with a p-value less than 0.2 were
selected for multivariate analysis using logistic regression.

2.2 | Ethics statement

Ethical approval was obtained from The Joint Chinese University of
Hong Kong-New Territories East Cluster Clinical Research Ethics
Committee (Ref CRE 2017.442) on September 19, 2017. Patient con-
sent was waived.

3 | RESULTS

During the study period, we identified 279 neonates with cord
arterial pH <7 or base excess <-12mmol/L from a total of 98844
neonates. Hence the overall incidence of severe acidosis (cord arte-
rial pH<7) was 2.82 per 1000 deliveries. A total of 29 were then

excluded as they were less than 34 gestational weeks, and one infant
was also excluded for trisomy 13. The outcome was missing in one
of the remaining 249 neonates. The baby was born by cesarean sec-
tion for placental abruption at 40 weeks of gestation, with umbilical
artery pH of 6.631 and base excess of ~-31 mmol/L. The neonate de-
veloped seizures during his stay in the neonatal intensive care unit
which were controlled with anticonvulsants. He was discharged on
day 30 of life and provided with a follow-up appointment; however,
subsequently, he was lost to follow-up. Hence the final cohort con-
sisted of 248 births, of which seven were from seven different twin
sets and all of which were the second twin.

The median gestation at delivery of these 248 cases was 39.1
(interquartile range 38.00-40.2), and 230 (92.7%) were born at term
(i.e., 237 weeks). The mean birthweight was 3.05+0.46kg. The ma-
ternal age at delivery ranged from 17-43years, with a median age of
3lyears, and 22.9% of the mothers were of advanced maternal age
(=35years old at the time of delivery), and 65.7% were primiparous
at the time of delivery. A total of 148 (59.7%) neonates were de-
livered vaginally, including 83 (33.5%) spontaneous and 65 (26.2%)
instrumental delivery. The remaining 100 (40.3%) were delivered
by cesarean section. In 46 of them, a sentinel event was identified,
including 16 cases with placental abruption, 15 failed instrumental
deliveries requiring urgent cesarean sections, 12 cases of cord pro-
lapse, and three cases of shoulder dystocia. There were 188 (75.8%)
neonates with umbilical artery pH between 6.9 and <7.0, 41 (16.5%)
neonates with pH between 6.8 and <6.9, and 19 (7.7%) neonates
with pH <6.8.

There were 222 intact survivors (89.5%) and 26 infants with
adverse long-term neurological outcomes (10.5%). These in-
cluded three (1.2%) with early neonatal death and five (2.0%)
who died after day 7 of life secondary to severe hypoxic brain
damage. Four infants developed cerebral palsy (1.6%), and 14
were found to have developmental delay (5.6%). The risk of ad-
verse long-term outcomes was significantly lower in the group
with pH between 6.9 and <7.0 (4.3%; 8/188; p<0.001), than in
the group with pH between 6.8 and<6.9 (29.3%; 12/41), and
that below 6.8 (31.6%; 6/19). Compared with the intact survi-
vors, infants with adverse outcomes had significantly lower cord
arterial pH (6.854 vs 6.953, with p<0.001), lower cord arterial
base excess (-19.95 vs -15.90mmol/L, p<0.001), and a higher
proportion of having AS at 5 min <7 (65.4% vs 13.1%, p <0.001).
Infants who suffered from adverse outcomes were associated
with deliveries complicated with a sentinel event (34.6% vs
16.7%, p = 0.034). Concerning the mode of delivery and the year
of delivery, there was no statistical difference between the two
groups. The gestational age, proportion of preterm deliveries,
and proportion of SGA were comparable between intact survi-
vors and cases with adverse outcomes (Table 1). On multivariate
analysis, only cord arterial pH of <6.9 and AS5 of <7 remained to
be significant predictors of the occurrence of adverse long-term
outcomes, and their respective adjusted odds ratio were 4.64
and 6.62 (Table 2).
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TABLE 1 Comparison of perinatal factors between the intact survivors and those with adverse long-term neurological outcomes
(including neonatal or infant death/cerebral palsy/developmental delay) in neonates with umbilical cord pH <7 or base excess <-12mmol/L

Intact survivors

Adverse long-term outcomes

N =222 N=26
Perinatal factors Median orn (IQR or %) Median or n (IQR or %) p-value
Cord arterial pH

Median (IQR) 6.953 (6.910-6.980) 6.854 (6.794-6.934) <0.001
<6.8 13 (5.8) 6 (23.1) <0.001
6.8-<6.9 29 (13.1) 12 (46.1)
6.9-<7.0 180 (81.1) 8 (30.8)

Cord arterial base excess (mmol/L)

Median (IQR) -15.90 (-18.60 to -13.50) -19.95 (-22.65 to -16.37) <0.001
<-20 34 (15.3) 13 (50.0) <0.001
>-20 to <-16 71 (32.0) (34.6)
>-16 106 (47.7) 4 (15.4)

Apgar score at 5 min
<7 29 (13.1) 17 (65.4) <0.001
>7 193 (86.9) 9 (34.6)

Sentinel event identified
Yes 37 (16.7) 9 (34.6) 0.034
No 185 (83.3) 17 (65.4)

Mode of delivery
Cesarean 84 (37.8) 16 (61.5) 0.065
Instrumental 61 (27.5) 4 (15.4)

Normal vaginal delivery 77 (34.7) (23.1)

Gestational weeks
Median (IQR) 39.2 (38.0-40.2) 39.0 (37.0-40.0) 0.206
34-36weeks 15 (6.8) 4 (15.4) 0.123
>37 weeks 207 (93.2) 22 (84.6)

Year of birth
Before 2007 157 (70.7) 16 (61.5) 0.335
In 2007 and after 65 (29.3) 10 (38.5)

Small for gestational age
Below 10th percentile 37 (16.7) 6 (23.1) 0.414
At or above the 10th percentile 185 (83.3) 20 (76.9)

4 | DISCUSSION

The incidence of severe birth asphyxia, defined by an umbilical
cord arterial pH<7 in our study, was 2.82 per 1000 births, which
is slightly lower than the incidence of 3.7 per 1000 births reported

1.12 Our overall death rate

in the systematic review by Graham et a
was also less than that of the systematic review (3.2% vs 5.9%) by
Graham et al. Our incidence of severe acidosis is also lower than
another recent single-center study by Kelly et al., which reported
an incidence of 8.9 in 1000 births.* Yet, our proportion of different
degree of severe acidosis (7.7% for pH <6.8; 16.5% for pH 6.8-<6.9;
75.8% for pH 6.9-<7) was similar to that of Kelly et al (10.5%, 18.1%

and 71.4%, respectively). The lower incidence in our cohort could be

related to the routine use of continuous fetal hear monitoring, early
diagnosis of intrapartum fetal distress, and most importantly the
high efficiency of arranging urgent delivery. As reported previously,
we were able to achieve a median decision-to-delivery interval of
15min.”® As a result, our rates of adverse neonatal outcomes were
low. Similarly, we have also previously reported a low intrapartum
stillbirth rate of 0.2 per 1000 births.?

Our study demonstrated that the majority of neonates (89.5%)
who were born with severe acidemia (pH <7) did not go on to ex-
perience any long-term neurological deficits or death. Similar to the
report of Kelly et al., we also found a low risk of adverse long-term
outcomes when the arterial pH was between 6.9 and <7 (4.3% vs
3% from our cohort and Kelly et al., respectively), and a significantly
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TABLE 2 Multivariate analysis for

Multivariate Odds .
Univariate Odds ratio ratio prognostlc. factors of ad\./erse Ior]ig-term
outcomes in neonates with umbilical cord

Perinatal factors OR 95% CI p-value aOR 95% Cl p-value pH <7 or base excess s-12mmol/L
Cord arterial pH

26.9 1 <0.001 1 0.003

<6.9 9.64 3.93-23.67 4.64 1.70-12.66
Cord arterial base excess

(mmol/L)

<-16 5.81 1.94-17.40 0.002 N.A.

<-16 1
Apgar score at 5 min

>7 1 <0.001 1 <0.001

<7 12.57 5.13-30.84 6.62 2.46-17.80
Sentinel event identified

Yes 2.65 1.10-6.39 0.030 N.A.

No 1
Mode of delivery

Cesarean 1 N.A.

Instrumental 0.34 0.11-1.08 0.068

Normal vaginal 0.41 0.15-1.10 0.076

delivery

Gestational weeks
34-36weeks 2.51
>37 weeks 1

0.77-8.23 0.129 N.A.

Abbreviations: aOR, adjusted odds ratio; OR, odds ratio.

higher risk of 30% when the pH was lower than 6.9. However, while
Kelly et al. demonstrated a stepwise increase from 10% in the group
with pH 6.8-<6.9 and 40% in the group with pH<6.8, our results
shows a similarly high risk in these two groups (29.3% and 31.6%,
respectively). The underlying reasons for our difference is not clear.
Both our unit and that in the study by Kelly et al. had similar annual
delivery rates (around 6000-8000), and the study periods were sim-
ilar (2003-2017 vs 2005-2013). The inclusion criteria were also the
same (pH<7; base excess <-12 mmol/L; gestation 234 weeks), but
the spectrum of diseases and clinical practice might vary. In addi-
tion, while our blood gas results were all based on umbilical arterial
samples, 7.3% of the cases in the Kelly et al. report did not have
umbilical samples, so their pH results were based on blood samples
taken from the neonates' bodies within 1 h of birth.

Unlike the study by Kelly et al., we performed multivariate anal-
ysis and found that besides umbilical arterial pH, AS5 was also an
independent prognostic factor. The adjusted odds ratio of AS5 was
slightly higher than that of pH <6.9 (6.62 vs 4.64). lliodromiti et al.,
in their large Scottish population cohort study of 1 million deliveries,
found that a low AS5 was associated with a higher infant mortality
rate. Yet, umbilical blood gas data was not included in this study.?*
While umbilical arterial pH reflects the severity of acute intrapartum
fetal hypoxia, AS5 reflects the neonatal response to postnatal resus-
citation.?? Our results indicate that a timely and successful resusci-
tation, as indicated by an improved Apgar score at 5min, may halt

an acute hypoxic insult progressing to an irreversible brain damage.
On the other hand, neonates who respond poorly to resuscitation
(indicated by a low AS5) or those who do not receive sufficient re-
suscitation at birth are at risk of adverse long-term outcomes. In this
regard, the presence of neonatologists or midwives well trained in
neonatal resuscitation at the time of birth is crucial in reducing the
risk of adverse outcomes.?%24

Although ACOG included a sentinel event as an essential criterion
for establishing a causal linkage between intrapartum hypoxia and
cerebral palsy,'* our study shows that the presence of such a senti-
nel event is not an independent factor. It is not surprising for several
reasons: first, quick delivery with a short bradycardia-to-delivery in-
terval reduces the chance of severe acidosis.’” Second, some causes
of fetal hypoxia such as compound umbilical cord presentation (the
former term “occult cord prolapse” was a misnomer) are difficult to
diagnose.?® Some fetuses may have late onset growth restriction with
reduced reserve and tolerance to the stress of labor. However, they
are not differentiable from constitutionally small fetuses based on
birthweight alone.?® To diagnose late-onset fetal growth restriction
prenatally, Doppler assessment of the umbilical and cerebral blood
flow is necessary, yet it is not a routine practice.27 One point of note
is that in our cohort with pH<7, there were a total of 43 neonates
(17.3%) with a birthweight below the 10th percentile of our popula-
tion. This indicates that SGA is at a higher risk of developing severe
acidosis. Furthermore, the proportion of SGA was also higher in the
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adverse outcomes group than in the intact group (23.1% vs 16.7%)
although the difference did not reach a statistical significance.

The strength of our study was that all neonates born in our unit
had both the umbilical cord arterial and venous blood samples for
blood gas analysis. A single center study also ensures a standardized
protocol of obstetric and pediatric management, a single standard,
and expertise in diagnosis classification, neonatal resuscitation, care,
and follow-up. Yet our study was mainly limited by its retrospective
nature. Due to the limited number of adverse events, we were unable
to demonstrate any beneficial effect with the implementation of the
hypothermic therapy. A larger cohort would be needed to further de-
termine a numerical limit that corresponds to a risk of an event.

5 | CONCLUSION

The incidence of severe umbilical acidosis (pH <7) at birth is 2.82 per
1000 births. The overall intact survival among these infants is high
(89.5%). Cord arterial pH of <6.9 and an Apgar score at 5 min <7
are independent prognostic factors for neonatal or infant death or

adverse long-term neurological outcomes.
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