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Abstract

Background: Umbilical cord blood acid-base sampling is routinely performed at
many hospitals. Recent studies have questioned this practice and the association of
acidosis with cerebral palsy.

Objective: To investigate the associations between the results of umbilical cord blood
acid-base analysis at birth and long-term neurodevelopmental outcomes and mor-
tality in children.

Search strategy: We searched six databases using the search strategy: umbilical cord
AND outcomes.

Selection criteria: Randomised controlled trials, cohorts and case—control studies
from high-income countries that investigated the association between umbilical cord
blood analysis and neurodevelopmental outcomes and mortality from 1year after
birth in children born at term.

Data collection and analysis: We critically assessed the included studies, extracted
data and conducted meta-analyses comparing adverse outcomes between children
with and without acidosis, and the mean proportions of adverse outcomes. The cer-
tainty of evidence was assessed using the Grading of Recommendations, Assessment,
Development and Evaluations approach.

Main results: We have very low confidence in the following findings: acidosis was
associated with higher cognitive development scores compared with non-acidosis
(mean difference 5.18, 95% CI 0.84-9.52; n = two studies). Children with acidosis
also showed a tendency towards higher risk of death (relative risk [RR] 5.72, 95% CI
0.90-36.27; n = four studies) and CP (RR 3.40, 95% CI 0.86-13.39; n = four studies),
although this was not statistically significant. The proportion of children with CP
was 2.39/1000 across the studies, assessed as high certainty evidence.

Conclusion: Due to low certainty of evidence, the associations between umbilical
cord blood gas analysis at delivery and long-term neurodevelopmental outcomes in
children remains unclear.
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1 | INTRODUCTION

Umbilical cord blood gases and acid-base measurements are
used to determine fetal acidosis and assess birth asphyxia, a
major cause of neonatal mortality and morbidity." In many
hospitals in high-income countries, paired cord blood gases
from umbilical vein and artery are routinely collected from
all newborns, including those born at term after an uncom-
plicated birth.** The arguments for routine testing are that
cord blood gas analysis provides objective information about
the baby, it is important for quality control of intrapartum
care, it is important in legal cases to state whether an injury
was caused by intrapartum hypoxia, and it contributes to re-
search.”® The arguments against routine testing are that the
test has limited value in healthy babies and that investigating
cord blood gases in all women takes time and resources.” In
addition, obtaining blood samples may cause the collapse of
vessels in the umbilical cord and thereby interfere with the
baby's physiological adaptation, as it is likely to cause earlier
cessation of the pulsation in the umbilical cord.”® Guidelines
issued by the National Institute for Clinical Excellence
(NICE) and by the American College of Obstetricians and
Gynecologists (ACOG) only recommend cord blood samples
for blood gas analyses in cases where the baby is born in a
poor condition, and do not recommend routine cord blood
samples.”!’

Cord pH is a biomarker and is used as a surrogate end-
point for short-term and long-term morbidity in many
studies."’ Long-term morbidities after perinatal asphyxia
includes neurodevelopmental conditions such as cerebral
palsy (CP) and motor and cognitive development delays.
To our knowledge, only one systematic review has sum-
marised studies on associations between umbilical cord
blood gas analysis and long-term neurodevelopmental
outcomes in children.’ This systematic review included a
literature search from 1966 to 2008 but did not evaluate
the certainty of evidence. Malin et al.® report an associa-
tion between low pH and CP. In addition, they propose a
need for future research on associations between umbilical
blood cord pH across neonatal populations and fetal long-
term outcomes. However, more recent single studies have
questioned this assocation.**™* The purpose of this sys-
tematic review is therefore to synthesise, appraise and pool
studies that investigate the associations between the results
of umbilical cord blood acid-base analysis at delivery and
long-term (from 1year after birth) neurodevelopmental
outcomes and mortality in children.

2 | METHODS

2.1 | Protocol and registration

This systematic review was conducted according to
the PRISMA statement (Preferred Reporting Items for
Systematic reviews and Meta-Analysis)."” The protocol was
prospectively registered on PROSPERO (CRD42020216002).
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2.2 | Search strategy and selection of studies
A search was conducted of the databases Ovid MEDLINE(R),
Embase, Cochrane Library, Maternity & Infant Care
Database (MIDIRS), Web of Science and CINAHL (EBSCO)
for the period 1946 to December 2021. The search strategies
combined index terms and text words relating to umbilical
cord acid-base analysis and outcomes, and the search syn-
tax was adapted to each database. The full search strategy
for Ovid MEDLINE(R) is provided in Appendix S1. Relevant
systematic reviews were used to identify potentially relevant
studies.

Pairs of reviewers independently screened study records
for eligibility by title and abstract using the Rayyan app.'®
Relevant articles were independently assessed in full text by
two reviewers and included if they met the eligibility crite-
ria. Disagreements were resolved by discussion among the
authors until consensus was reached.

2.3 | Eligibility criteria

We included randomised controlled trials, cohorts and case-
control studies that investigated the association between the
results of umbilical cord blood acid-base analysis at delivery
and long term (from 1year after birth) neurodevelopmental
outcomes and mortality in children born at term.

Study populations comprising premature infants (gesta-
tional age <37 weeks), and mortality and neurodevelopmen-
tal outcomes assessed among children <1year of age were
excluded. Only studies published in English, German or a
Scandinavian language were assessed in full text. The PICO
(population, intervention, comparator, outcomes) format
was used to identify studies and data.

2.31 | Patients/population

The patients/population comprised children with a ges-
tational age of >37weeks from the following high-income
areas/regions: North America, Australia, New Zealand, and
Northern, Western and Central Europe'” who have had a
minimum of a 1-year follow-up.

2.3.2 | Intervention/exposure
Intervention/exposure comprised umbilical cord blood
analysis at delivery, such as pH and base excess. We used the
definitions of acidosis as reported in each of the included
studies.

2.3.3 | Comparator(s)/control(s)

No comparator or umbilical cord blood values were defined
as, for example, non-acidosis.
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2.34 | Outcomes

The outcomes comprised neurodevelopmental outcomes
(often a combination of cognitive delays, motor delays, behav-
ioural problems, CP, blindness and/or hearing impairment)
and mortality in children assessed from the 1-year follow-up.

2.4 | Data collection

HTM (the first author) extracted data on study characteris-
tics (year of study, study design, characteristics of the study
population), exposure (umbilical cord pH, base excess and/
or lactic acid values) and outcome measures (neurodevelop-
mental outcomes and mortality). Data were cross-checked
by the other authors.

2.5 | Quality assessment of studies

The quality of the studies was assessed using modified versions
of the Critical Appraisal Skills Programme (CASP) checklists
for cohort studies (8 items) and case control studies (7 items).'®
Studies in which all the items were checked off as ‘yes’ were
regarded as being studies of high methodological quality (low
risk of bias), whereas studies in which half or more than half
of the items were assessed as ‘unclear or no’ were regarded as
being of low methodological quality (high risk of bias).

2.6 | Strategy for data synthesis

We conducted meta-analyses when studies were sufficiently
similar in terms of study design, population, exposure (pH
cut-off) and outcomes, indicating a low clinical heterogene-
ity. The meta-analyses were conducted in R using the pack-
ages ‘meta’ and ‘metafor’.'**°

For meta-analyses with one group, we used the ‘metaprop’
command to calculate proportions. For meta-analyses with
two groups, we calculated relative risk (RR) for dichotomous
outcomes using the ‘rma.uni’ command’ and mean differ-
ence (MD) or standardised mean difference (SMD) for con-
tinuous outcomes with the ‘metacont’ command, both with
a 95% confidence interval (CI). We used a random-effects
model to account for pooling effects due to the clinical het-
erogeneity of the studies included. The statistical heteroge-
neity was described by the I” test.

Due to the small number of studies, it was not feasible
to conduct subgroup analyses (based on pH cut-offs, mode
of delivery or Apgar score) or sensitivity analyses (based on
risk of bias).

2.7 | Assessment of certainty of evidence

Two authors (HTM and GS) independently assessed the
certainty of evidence for the neurodevelopmental outcomes

using the GRADE approach (Grading of Recommendations
Assessment, Development and Evaluation).”' They consid-
ered the risk of bias, imprecision and inconsistency of the
estimates, the indirectness and magnitude of effect, the
dose-response gradient, publication bias and the poten-
tial confounding factors. The certainty of evidence was
subsequently classified as high, moderate, low or very low
(Table S1).

2.8 | Patient and public involvement
No patients or other members of the public were involved in
performing the review.

3 | RESULTS

3.1 | Literature search and study
characteristics

The literature search yielded 3741 unique hits, of which 25
studies (21 cohorts®***! and 4 case—control studies),'>**~**
were included (Figure 1). The excluded full-text articles and
reasons for exclusion are shown in Table S2.

Fourteen studies™'»*%*3>*~# jnyestigated the associa-
tion between neurodevelopmental outcomes and/or mortal-
ity in term infants with umbilical cord acid-base analysis
by comparing two study groups. One group included infants
with low umbilical cord pH (acidosis group) and one group
with normal umbilical cord pH (non-acidosis group). Eleven
studies™ 2>*"2836740 jnvestigated the proportion of adverse
outcomes and the association between pH and adverse out-
comes in one group of newborns with varying pH. The char-
acteristics of the included studies are presented in Table 1.

Of the 25 studies, we performed quantitative syntheses
based on 21 studies; four studies®****>** were not included
in these meta-analyses due to different outcome measure-
ments or poor reporting of estimates. The forest plots show-
ing meta-analyses from studies that include two groups are
presented in Figures 2—-4 and Figures S1-S3, and forest plots
from one-group studies are presented in Figures S4-S7.

3.2 | Risk-of-bias assessment

We found eight of the 25 included cohort and case—control
studies,»!#2#26:2%343940 45 be of high methodological
quality (low risk of bias), 15/25 studies to be of moderate
quality?>2325:7.28:30-3236-384144 514 1o studies™ to be
of low methodological quality (high risk of bias) (Tables S3
and S4). Twelve of the included studies had an unclear de-
scription, or lacked a description altogether, of whether con-
founding factors had been taken into consideration in the
design or analysis of the studies. Given our aim, we consid-
ered this item to be the most important in reducing the risk
of bias in the included studies.
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FIGURE 1 PRISMA flow diagram.*

3.3 | Summary of results

3.3.1 | Associations between low and normal
umbilical cord pH and cognitive and motor
development, CP and mortality
Two studies”™** assessed cognitive development using the
Bayley Scale of Infants Development (BSID) at 36-42 months
of age (Table 1). Infants born with acidosis had higher scores
than those without acidosis (MD 5.18, 95% CI 0.84-9.52;
Figure 2).

Six studies®?**"?**4? investigated the association of cog-
nitive development/intelligence between term children born
with and without acidosis on different cognitive scales at the

2- to 18-year follow-up (Table 1). Due to different scales and
different years of follow-up, we did not pool the results, but
displayed the single studies’ results in a forest plot (Figure S1).

A meta-analysis based on five studies”®*"***>** found an
SMD of -0.16 (95% CI —0.54 to 0.23), indicating little to no
differences between infants born with and without acidosis
on motor development delays at the 2- to 4.5-year follow-up
(Figure 3).

Four pooled studies**"**** indicated an increased risk of
CP among children born with acidosis compared with chil-
dren born without (RR 3.40, 95% CI 0.86-13.39; Figure 4).
However, this result was not statistically significant.

The meta-analysis of Kayani et al.’ and Low et al.”
showed no significant differences between the studied groups
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TABLE 1

Author, year (country)

Ahearne, 2016 (Ireland)

Baenziger, 1999
(Switzerland)

Battin, 2001 (New
Zealand)

Beinder, 1999 (Germany)

Dennis, 1989 (England)

Diviney, 2015 (Ireland)

Fee, 1990 (USA)

Hafstrom, 2012 (Sweden)

Hamrik, 2003 (USA)
Handley-Derry, 1997

(Canada)
Hefler, 2007 (Austria)

Ingemarsson, 1997
(Sweden)

Julkunen, 2012 (Finland)

Kayani, 2014 (UK)

Lavrijsen, 2005
(Nederland)

Leinonen, 2019 (Finland)

Low, 1983 (Canada)

MYRHAUG ET AL.

Characteristics of included studies.

Study design
(methodological
quality)

Cohort (moderate)

Cohort (moderate)

RCT (High)

Cohort (moderate)

Cohort (high)

Case-control
(moderate)

Cohort (moderate)

Case-control
(High)

Cohort (moderate)

Case-control
(moderate)

Cohort (high)

Case-control
(moderate)

Cohort (moderate)

Cohort (moderate)

Cohort (moderate)

Cohort (high)

Cohort (low)

No. of (infants)

n=31

n=17 (included number 2
and 10)

N=9 (normothermic group)

n=25

n=192, divided into group
A-D

n=44 (mild acidosis =25,
severe acidosis =19)

n=110 neonates with severe
acidosis

n=78 infants with
metabolic acidosis
n=156 control

n=35
n=43 asphyxia

n=43 control

n=1236

n=154 acidosis group
N=154 control

n=30 asphyxia
n=30 control

n=20 acidosis
n=20 control

n=95 acidosis
n=90 control

n=404 acidosis®
n=280554 control

n=37 hypoxia
n=59 control

Umbilical cord pH

pH<71

pH 7.12

pH6.85+0.25

pH<7.0

pH<7.10 or pH>7.10

pH=7.0 (n=25)

pH=7.0-7.25 (n=32)

Mean pH6.99
(+£0.06)

pH median range:
6.91-6.98
pH>7.10

pH7.12 (6.82-7.32)

Mean pH: 7.06
Mean pH: 7.12

pH<7.12 group
pH=7.12 group

pH<7.05
pH>7.05

pH<7.10
pH normal

pH<7.0
pH=>7.20

pH<7.0
pH>7.15

pH<7.00
pH>7.10

Mean pH: 7.20°
Mean pH: 7.25

Outcome

Mortality, neurodevelopmental outcome
assessed by Bayley Scales of Infant and
Toddler Development, (BSID-III) at
36-42months

Mortality, neurological outcome at
Lyear (CP), assessed by Griffiths
developmental test

Mortality, neurodevelopmental outcome
assessed by BSID-II at 18 months of
age, CP and hearing impairment

Mortality, neurological outcome assessed
by Griffith at 18 months

Neurological development assessed
by Griffith's development scale at
4.5years

Wechsler Intelligence Scale for Children
(WISC-IVUK) and Achenbach Child
Behaviour Checklist (CBCL) at 7 years

Neurodevelopmental outcome assessed by
BSID at 12 and 24 months

Neurodevelopmental categorization
criteria measures at 6.5 years of age (as
category 1 [no symptoms] to 5 [dead])
(See Table S5 for more categories)

Cognitive development was assessed by
BSID-IT at 30 months

BSID, Psychomotor Development Index
assessed at 4, 6, 8years

Stanine scale assessment at 18 years:
overall performance, overall
intelligence, technical understanding,
concentration, operation accuracy,
working speed, and eye-hand
co-ordination

Mortality, developmental screening at age
4: assessed as attention deficits, speech
problems and motor delay, CP

Mortality, neurological outcome assessed
at 1year of age, by modified Griffith's
scale

Ages and Stages Questionnaires (ASQ)
(assessed: gross motor, fine motor,
communication, etc.) and Health
Screening Questionnaire (HSQ)
(assessed: general health, hearing loss,
etc.), CP at 24 months

Mortality, assessed neurodevelopment by
Griffith developmental scale after the
first year of life, CP

Mortality, CP, epilepsy, intellectual
disability, visual impairment and/or
hearing impairment at 4 years

Neurodevelopment assessed by BSID at 12
and 24 months
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TABLE 1 (Continued)
Study design
(methodological
Author, year (country) quality) No. of (infants)
Mikkelsen, 2017 Cobhort (high) n=9924
(Finland) n=44131
n=224979

Montaldo, 2020 (Italy) Cohort (moderate) n=>54

n=43 acidosis
n=37 control

O’Sullivan, 2021 (Irland/
Sweden)

Ruth, 1988 (Finland)

Cohort (low)

Cohort (moderate) n=896

Schwenke, 2018 Cohort (moderate)

(Germany) without AD/HD
Seikku, 2016 (Finland) Cohort (high) n=214465 (GA 37'°-38")
n=859827 (GA 39*°-41%°)
Svirko, 2008 (UK) Cohort (High) n=>563
Wildschut, 2005 Cohorts n=43
(Netherlands) (moderate)

n=>573 infants with and

2 0 An International Journal of
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Umbilical cord pH Outcome

pH<7.10 ADHD diagnosed with hyperkinetic
pH7.09-7.19 disorder after the age of 5, according
pH=7.20 to the International Classification of

Diseases (ICD-10)

Worst pH<1h: 6.95
(6.86-6.98)

Neurodevelopment assessed by BSID-III at
18 and 24 months. Adverse outcome=a
composite of death or moderate or
severe disability

pH 7.05 (6.99-7.09)
pH 7.28 (7.24-7.32)

pH<7.16

Mortality, neurodevelopmental assessment
at 18-36 months using BSID-III, CP

Mortality, cerebral palsy or delay in
development (e.g. inability to sit and
stand at the age of 12 months)

Mean pH7.3,SD (0.1) A parent-reported questionnaire about the
child's behaviour and different diseases
was sent 10-13 years after birth

pH<7.0, pH7.0-7.10 Cerebral palsy (CP), epilepsy, intellectual
disability, visual impairment and

deafness at the age of 4years

Mean pH 7.20
(6.86-7.37)

pH<7.0 (n=7)¢

pH>7.1 (n=23)

Intellectual function at 6-8 years of age by
different tests (see Table S5)

Motor, cognitive and behavioural
functionin, e.g. assessed at 4 years by
Movement Assessment Battery for
Children (Movement-ABC)

*Not extracted data from group of pH7.00-7.10.
®Umbilical artery buffer base <34 mEq/litre.
“Not included data 7.0 <pH < 7.1 group (n=13).

in delayed language development (SMD -0.30, 95% CI —0.68
to 0.09; Figure S2).

We evaluated the findings relating to cognitive de-
velopment (Figures 2 and S1), motor development delays
(Figure 3), risk ratio of CP (Figure 4) and delayed language
development (Figure S2) as having a very low certainty of
evidence (Table 2).

Four studies'>***>* investigated the risk of death from
the 1-year follow-up among newborn children with and
without acidosis (Table 1). The meta-analysis estimate was
uncertain, with a wide confidence interval for mortality
(risk ratio 5.72, 95% CI 0.90-36.27; Figure S3).

Results from neurodevelopmental outcomes and mortal-
ity that are not included in meta-analyses are presented in
Table S5.

3.3.2 | Associations between umbilical

cord pH assessments and neurodevelopmental
outcomes, and mortality in one population

Eight pooled studies®>**?7?%3353642 indicated a mean
proportion of 0.29 (95% CI 0.12-0.49) of abnormal child-
hood development (<85 score on one or all the subscales of
BSID, i.e. cognitive, language and motor development) in

a population of 390 children assessed by BSID I-III at 12—
42 months of age (Figure S4).

Four studies*»* assessed the proportion of CP
among 915016 term infants by umbilical cord blood acid-
base analysis. Due to the use of different CP definitions
and different pH values, we did not pool the results. The
unweighted proportion of CP in the studies included was
2.38/1000 (Figure S5).

Two other studies investigated the proportion of chil-
dren with delayed language development®** and intellec-
tual function® (Table 1). The meta-analysis suggested that
12% of the 298 children had delayed language development
(Figure S6).

Five other studies investigated the proportion of
deaths from the 1-year follow-up (Table 1). The analysis of
these studies included 121 children and three events (2.5%)
of deaths (Figure S7).

We found the proportion of abnormal child development
(Figure S4) to have low certainty of evidence, the proportion
of children with CP (Figure S5) to have high certainty of ev-
idence and the proportion of children with delayed language
development (Figure S6) to have moderate certainty of evi-
dence (Table 3).

The results from studies that are not included in the
meta-analyses are presented in Table S5.

22-25,36
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Cognitive development on BSID among term children with and without acidosis at birth

ACI Non-ACI
Study Total Mean SD Total Mean SD Bayley scores MD 95% Cl Weight
Handley-Derry 1997 44 113.40 11.7000 41 108.60 14.8000 T—=—— 4.80[-0.90;10.50] 58.0%
Low 1983 23 96.30 13.2000 35 90.60 12.0000 T 5.70 [-1.00; 12.40] 42.0%
Random effects model 67 76 i | ﬁ?}-l 5.18 [0.84; 9.52] 100.0%

Heterogeneity: 12 = 0%, 7> = 0, P = 0.84

-10 -5 0 5 10
Favours non-Aci  Favours Aci

FIGURE 2 Forest plot for cognitive development on BSID among term children with and without acidosis at birth.

Motor development delays

Source SMD (95% Cl)
Dennis 1989 -0.25[-0.60; 0.10]
Ingemarsson 1997

Kayani 2014 -0.78[-1.43;-0.14]
Handley-Derry 1997 0.25[-0.21; 0.70]
Low 1983 0.05[-0.54; 0.65]
Total -0.16 [-0.54; 0.23]
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FIGURE 3 Forest plot for motor development delays among children with and without acidosis.

CP
ACI Non-ACI
Study Events Total Events Total Risk ratio RR 95% CI Weight
Ingemarsson 1997 2 154 0 154 5.00 [0.24;103.30] 20.5%
Kayani 2014 1 25 0 38 453 [0.19;106.89] 18.8%
Lavrijsen 2005 0 95 0 90 ' 095 [0.02; 47.26] 12.3%
Leinonen 2019 1 405 58 83711 = 356 [0.49; 2567] 48.3%
Random effects model 679 83993 e 3.40 [0.86; 13.39] 100.0%
Heterogeneity: P 0%, e 0,P =092 ! ! | !
0.01 0.1 1 10 100

FIGURE 4 Forest plot for risk ratio of CP.

4 | DISCUSSION
4.1 | Main findings

We included 25 observational studies on associations be-
tween umbilical cord blood-acid analysis at delivery and
neurodevelopmental outcomes in children from 1year of
age. Based on our GRADE evaluations, we are highly uncer-
tain when it comes to the following findings; children born
with acidosis had higher cognitive development scores than
children without acidosis. However, non-significant results

Favours ACI Favours non-AClI

from the forest plots indicated both higher risk of death after
1year of age and higher risk of CP. Due to the very low cer-
tainty of this evidence, future studies may alter the results of
this systematic review.

4.2 | Strengths and limitations
The strengths of this systematic review lie in the exten-

sive literature search, the meta-analyses and the use of
GRADE. Using the GRADE approach allowed us to draw
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TABLE 2 Summary of findings and certainty of evidence for associations in two study groups.
No. of Acidosis Non-acidosis
Outcomes studies group, n group, n Effect size (95% CI) Certainty of evidence
Cognitive development 2 67 76 MD 5.18 (0.84-9.52) SOO00*
assessed by BSID Favouring acidosis group Very low
(Figure 2)
Motor development delays 5 142 165 SMD -0.16 (-0.54 to 0.23) B0
(Figure 3) Little to no difference Very low
Risk ratio of CP (Figure 4) 4 4/681 58/83993 RR 3.40 (0.86-13.39) DOO0"
Favouring non-acidosis group Very low
Delayed language 2 48 60 SMD -0.30 (-0.68, 0.09) SO0
development (Figure S2) Little to no difference Very low
“Risk of bias: Downgraded —1.
®Inconsistency: Downgraded —1.
‘Imprecision: Downgraded —1.
TABLE 3 Summary of findings and certainty of evidence in one study group.
No. of No. of events (n)/no. of
Outcome studies children (N) Mean proportion (%) (95% CI) Certainty of evidence
Proportion of abnormal child 8 136/436 0.29% (0.12-0.49) AP0
development at 12-42 months Low
assessed by BSID (Figure S4)
Proportions of children with cerebral 4 2189/915919 2.39/1000 SPDDD
palsy (Figure S5) High
Proportion of children with delayed 2 36/298 0.12% (0.08-0.16) eepO*
language development among term Moderate

infants (Figure S6)

“Risk of bias: Downgraded —1.

"Inconsistency: Downgraded —1.

stronger conclusions regarding our confidence in the
pooled estimates.

This review has limitations. First, we could only include
observational studies. Secondly, only eight of the 25 included
(32%) studies had a low risk of bias. We assessed the remain-
ing 17 studies as having an unclear to high risk of bias. This
risk of bias, the imprecision and inconsistency identified in
the meta-analyses, influenced our very low confidence in
the pooled estimates from studies with two study groups.
Thirdly, the included studies used different definitions of,
for example, acidosis and CP, and employed different out-
come measurement tools. The cut-off of pH for acidosis
varied across the studies. Despite this variation and the het-
erogeneity it may represent, we decided to use the acidosis
definition applied by each of the studies. In addition, the use
of different outcome measures, e.g. cognitive development
and time of assessment in the included studies, might intro-
duce additional heterogeneity. Fourthly, 12 of the included
studies had an unclear description or lacked descriptions of
whether confounding factors had been taken into consid-
eration. This implies that a possible effect of confounding
factors cannot be excluded. Fifthly, we included only studies
published in English, German or Scandinavian languages.
This language restriction may have excluded other relevant
studies that might have changed our results and conclusion.
Sixthly, we included several studies with few participants and

few events. This has an impact on the precision of our pooled
results. Due to the small number of studies included in the
meta-analyses, we were unable to conduct a meta-regression
analysis that could identify whether umbilical cord pH as-
sessments contribute to explaining the long-term outcome.

4.3 | Interpretation

We have very low confidence in the associations between the
results of umbilical cord blood acid-base analysis at delivery
and long-term neurodevelopmental outcomes in children.
It is therefore unclear whether the risk of adverse long-term
outcomes differed between the children who had been ex-
posed to acidosis during delivery and those who had not.
Our meta-analysis, with very low certainty of evidence,
suggests that babies with acidosis at birth performed bet-
ter on their BSID test at 36-42months of age compared
with children without acidosis at birth.**** The two pooled
studies included children who had mild intrapartum as-
phyxia only, with no or only minor signs of encephalopathy
(Figure 2). Another forest plot with very low certainty of ev-
idence supports the results of higher cognitive development
scores among children born with acidosis (assessed by dif-
ferent scales) (Figure S1). Only one of these six pooled stud-
ies” included children with intrapartum hypoxia events or
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neurological signs consistent with birth asphyxia. This is in
accordance with previous studies suggesting that babies with
mild acidosis at birth but no clinical symptoms, do not have
an elevated risk of adverse outcomes.'>*** In fact, Svirko
et al.*” state that mild acidaemia can be neuroprotective due
to the activation of NMDA-type receptors. Kro et al.** argue
that elevated levels of pCO, may be beneficial for fetuses with
moderate acidosis, and cord artery pCO, is thereby a factor
that should be considered when assessing the compromised
newborn. In addition, Hutchon®® argue that beneficial out-
comes could be due to delayed cord clamping. Delayed cord
clamping may result in artificial lowered cord artery pH and
in better outcomes for the babies, as late clamping prevents
hypovolaemia and increases the oxygen-carrying capacity in
the blood.*>*” Further, delayed cord clamping per se is asso-
ciated with some long-term benefits, making interpretation
of long-term follow-up results that include populations with
both early and delayed cord clamping difficult.*** Another
explanation for the BSID test result may be confounding fac-
tors, as discussed under the study's limitations.

Although not statistically significant and with very low
certainty of evidence, children born with acidosis showed
a tendency towards higher risk of CP in our meta-analysis.
Malin et al.® report a moderate association between low
arterial pH and CP (odds ratio 2.3, 95% CI 1.3-4.2) based
on seven studies of varying quality. The pooled estimate
included 1171 children with arterial cord pH<7.20. Our
meta-analysis, which includes close to 85000 children with
and without acidosis, suggests the same tendency as that of
Malin et al.’

Lee et al.'? found that 1.8% (n=3/163) cases with low cord
pH were subsequently diagnosed with CP, whereas we found
a percentage of only 0.6% (n=4/679). This could imply that
our results relating to CP may be in accordance with the ob-
servations that intrapartum events are of less importance as
risk factors for CP than, for example, fetal growth restriction
or birth defects.”

In a systematic review by Zhang et al.,” only babies with
evidence of birth asphyxia and hypoxic ischemic encepha-
lopathy were included. These authors found a pooled CP rate
of above 20% and concluded that children with confirmed
asphyxia had a higher risk of developing CP compared with
healthy children. In contrast, our pooled proportion of
children with CP including almost a million children, was
2.39/1000 (Figure S5). These data are extracted from studies
including newborns with and without acidosis, had differ-
ent cut-offs for the definitions of acidosis at birth, and had
slightly different definitions of CP. This could explain why
our results are somewhat higher than the overall pooled
prevalence of CP, which is around 2/1000 live births (95% CI
1.98-2.25).” The proportions of other pooled neurodevelop-
mental outcomes were low across the studies.

Findings from the present systematic review support the
recommendations of NICE and ACOG that collecting um-
bilical artery blood gas samples routinely or even in mixed
populations is of limited or uncertain value in predicting
long-term outcomes. In addition, routine blood gas sampling

represents costs in terms of equipment and time and may in-
fluence how the birth is perceived.’

Malin et al.> found that acidosis at birth was associated
with neonatal mortality. Although not statistically signif-
icant, children with acidosis at birth had a higher risk of
dying after 1year of age than did healthy children. This re-
sult must be interpreted carefully, due to the small number
of events and a wide confidence interval. Nonetheless, 90%
of the deaths of children suffering from birth asphyxia oc-
curred before 18 months of age.” It is therefore likely that
few deaths occur after 1year from birth.

5 | CONCLUSION

No firm conclusions can be drawn regarding the association
between umbilical cord pH assessments at birth and long-
term neurodevelopmental outcomes in children from 1year
of age. However, our meta-analyses suggest higher scores on
cognitive developmental scales and a non-significant indica-
tion of increased risk of CP and mortality among children
born with acidosis compared with children born without ac-
idosis. Due to a very low certainty of evidence, these results
must be interpreted cautiously and investigated in large and
well conducted cohort studies.
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