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Abstract. Objective: To identify potential risk factors for low umbilical
cord artery pH in term, singleton pregnancies. Methods: Retrospective
case-control study. Cases were deliveries characterized by umbilical cord
artery pH ≤ 7.05. Controls were with no sign of hypoxia. Results: In
the database of 10637 deliveries, collected between 2014 and 2015 at
the University Hospital in Brno delivery ward, we identified 99 cases.
Univariate analysis of clinical features was performed. The following risk-
factors were associated with low pH: the length of the first stage (odds
ratio (OR) 1.40 (95 % CI 1.04–1.89)) and the length of the second stage
of labor (OR 2.86 (95 % CI 1.70–4.81)), primipara (OR 2.99 (1.90–4.71))
and meconium stained fluid (OR 1.60 (1.07–2.38)). Conclusion: Among
the risk factors that increase the chance of low umbilical cord artery pH
at term, we identified: excessive length of the first and second stage of
labour, parity, and meconium stained fluid.

1 Introduction

The main focus of intrapartum cardiotocography (CTG) evaluation is on reveal-
ing possible occurrences of fetal hypoxia during delivery. Since CTG traces are
not evaluated in a vacuum, it is of great importance to be aware of clinical fea-
tures related to low pH outcomes in the newborn cord artery blood. Although
many clinical factors have been documented in the literature as increasing the
risk for mother and child during delivery, no study has attempted to connect
clinical features with the objective outcome in form of umbilical cord artery pH.

In previous works, the main interest focused on risk factors related to Cae-
sarean section. Gareen et al. [7] investigated the relation between maternal age
and rate of Caesarean section. Patel et al. [13] published a study on a population
of over 12 000 deliveries describing in great detail the relation between various
risk factors and Caesarean section. Verhoeven et al. [18] investigated factors
leading to Caesarean section in multiparous women.

Other studies have also investigated risk factors influencing birth outcomes,
e.g. the study by Martius et al. [12] focusing on pre-term delivery risk factors
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for various degrees of prematurity, and on an assessment of factors contributing
to a prolonged labor, e.g. Szal [16].

When searching for relevant research papers, we used the phrase “risk factors
for birth asphyxia”. This yielded 20 results, out of which only four seemed rele-
vant to the study at hand [1,3,8,9]. We should note here that in both cases the
asphyxia was related to the Apgar score – which is a subjective measure and is
considered to be only a crude descriptor of asphyxia [10]. A retrospective study
by Aslam et al. [1] featured a database with an equal distribution of cases and
controls (ration 123 : 117), and found that primiparous women and those with
pre-eclampsia had a significantly (p< 0.01) greater risk of a low Apgar score.
A study by Chiabi et al. [3] found the following antepartum risk factors: place
of antenatal visit, malaria during pregnancy, and preeclampsia. Intrapartum
risks included: prolonged labor, stationary labor, and term prolonged rupture
of membranes. A study from Uganda on antenatal and intrapartum risks by
Kaye [8] reported anemia, pre-eclampsia, meconium stained fluid and low birth
weight among the most significant risks with respect to outcome assessed by the
Apgar score. In an interesting work of Landfors [9] meconium was highlighted
together with several CTG-related parameters as the factors increasing the risk
of asphyxia (again assessed based on Apgar score) the most.

In our previous work we have focused on evaluations of CTG recordings and
their relation to pH c.f. [4,15], and on evaluation of decision-making processes
of expert obstetricians [21] using the CTG recording database available at the
University Hospital in Brno [5]. Since year 2014 we have also been collecting
structured clinical data on all deliveries. Preliminary results of our analysis are
presented bellow.

2 Methods

Our study is a data-driven retrospective exploratory analysis utilizing the Uni-
versity Hospital in Brno database consisting of clinical data as well as the CTG
recordings, which are in part published as an open-access database [5]. After a
previous attempt to understand in depth the individual relations in the data [11]
we focus here on a detailed univariate analysis of the collected features.

2.1 Database

The data were collected using our own data collection system, DeliveryBook,
at the delivery ward of the University Hospital in Brno from January 2014 to
December 2015. More than 100 clinically relevant parameters about mother,
delivery and newborn are stored in a structured way. The collection and use of
the data was approved by the ethics committee at the University Hospital in
Brno. All data are fully anonymized. The database consists of 12274 recordings,
but in order to allow straightforward interpretation we have used the following
conditions in order to homogenize the final set: arterial pH is available; gesta-
tional age ≤37 weeks; singleton pregnancy; no known congenital diseases. This
yielded in total 10637 deliveries for analysis.
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Table 1. A collection of the most interesting results from a univariate analysis of the
features. pH, Apgar and SC are outcome measures, while all the other features represent
knowledge or an action known prior to delivery. Entonox and epidural analgesia are
medications given during the labor.

Cases – pH ≤ 7.05 Controls – pH > 7.05

# prct (%) mean (std) # prct (%) mean (std) OR (95%

CI)

p-value

pH ≤ 7.05 99 0.93 6.99 (0.09) 10523 99.07 7.29 (0.08) - -

Apgar score 5 min 203 1.91 6.50 (0.88) 10400 98.09 9.65 (0.59) 24.68

(15.49 -

39.31)

<0.001

Sectio Caesarea 2110 20.30 1.00 (-) 8285 79.70 0.00 (-) 1.58 (1.02 -

2.45)

<0.001

Induced delivery 2198 20.69 1.00 (-) 8424 79.30 0.00 (-) 1.44 (0.92 -

2.25)

<0.001

Entonox 144 1.36 1.00 (-) 10478 98.64 0.00 (-) 2.30 (0.72 -

7.35)

<0.001

Epidural

analgesia

1915 18.03 1.00 (-) 8707 81.97 0.00 (-) 1.01 (0.60 -

1.69)

1.000

Ist stage

(> 360min)

1807 18.40 440.15

(64.77)

8015 81.60 226.22 (73.79) 1.36 (0.84 -

2.20)

<0.001

IInd stage

(> 30min)

884 10.11 54.12

(20.60)

7862 89.89 11.04 (7.18) 2.86 (1.70 -

4.81)

<0.001

Parity (< 2) 5299 49.99 1.00 (0.00) 5302 50.01 2.34 (0.78) 2.99 (1.90 -

4.71)

<0.001

Sex (Male) 5468 51.53 1.00 (-) 5143 48.47 2.00 (-) 0.69 (0.46 -

1.03)

0.001

O100 –

hypertension

533 5.02 - 10089 94.98 - 1.45 (0.67 -

3.13)

<0.001

O140 –

preeclampsia

114 1.07 - 10508 98.93 - 1.92 (0.47 -

7.87)

0.008

O365 – IUGR 375 3.53 - 10247 96.47 - 1.78 (0.77 -

4.08)

<0.001

O681 – meconium 784 7.38 - 9838 92.62 - 2.09 (1.18 -

3.69)

<0.001

D650 –

defibrination

syndrome

258 2.43 - 10364 97.57 - 2.63 (1.14 -

6.06)

<0.001

D695 – secondary

thrombocy-

topenia

36 0.34 - 10586 99.66 - 6.36 (1.51 -

26.85)

<0.001

2.2 Features

A total of 107 features were analysed all of them falling into one of the follow-
ing categories: (a) detected prior to going into labour (e.g. parity, sex of the
fetus, induction of labour, some diagnosis related to mother and pregnancy)
(b) occurring within the delivery period (e.g. interventions, length of delivery
stages, medications, diagnosis related to delivery) (c) features known after deliv-
ery – outcome measures (e.g. Apgar score, admittance to the NICU, seizures or
intubation).
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2.3 Statistical Evaluation

The relation between each feature and the pH outcome was evaluated using
univariate logistic regression to obtain odds ratios, their 95 % confidence intervals
(CI), and two-sided p-values, in addition to basic descriptive statistics.

An odds ratio (OR) is a measure of the association between an exposure and
an outcome. It answers the question - how much of a difference does the presence
of the risk factor have on your chances of getting the disease [14]? Odds ratios
are most commonly used in case-control studies. However they can also be used
in cross-sectional and cohort study designs [17]. Additional information on the
OR can be found in the statistical notes by Bland [2], with arguments supporting
the OR over relative risk (RR) estimation. In our case, the difference between
OR and RR is anyway negligible, since the event rate of pathological cases is
very low, so OR � RR [14]. All computations were done in Matlab 2015a.

3 Results

All results are shown in Table 1. The main parameter defining the two groups
(cases and controls) of newborns was the umbilical artery pH (set to 7.05) – a
common set-up value in the studies using pH c.f. e.g. [20,22].

4 Discussion

Several features related to low pH outcomes were identified. However some uncer-
tainties on the side of the database and the interpretation of the results will have
to be clarified before we move on to the multivariate analysis.

First, although the size of the database is promising, the main concern is
the size of the subsets representing individual features. Especially for diagnostic
features where ICD-10 codes are used, many subsets contain only tens of cases,
which is insufficient to allow conclusions to be drawn with high confidence.

Second, although all features, with the exception of epidural analgesia, are
deemed significant with p < 0.01, it is necessary to interpret carefully the clinical
relevance of all OR that span over OR = 1.

According to our review of the available literature, no studies have related
the clinical features known before and during delivery to the outcome in the form
of the pH value. Although some studies e.g. by Dani [6] suggest the link between
low pH and an adverse outcome is only weak, there are other studies, e.g. by Yeh
[19] showing a significant increase in the risk of neurological impairment with
pH ≤ 7.1. Thus, irrespective of the controversy surrounding pH as an outcome
measure it should be an imperative to avoid a low pH value.

Our study highlights features related to low pH. Although many of the para-
meters are known to increase the risk for the baby our data driven analysis gives
additional evidence with respect to low pH.

The ultimate goal in utilizing data available from the database is to marry the
clinical data analysis with CTG/FHR analysis in order to provide comprehensive
decision support during delivery. The study presented here is just an initial
investigation into the database.
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5 Conclusion

An analysis of risk factors for low umbilical cord artery pH was undertaken and
identified several interesting features related to parity, sex of the fetus, induced
labour, and also those related to specific diagnosis codes related with the delivery
– e.g. meconium staining (O681) and defibrination syndrome (D650).
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