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Abstract

Aim: To evaluate the effect of epidural analgesia during labour on neonat-
al-maternal outcomes. Methods: A retrospective cohort study of nulliparous
parturients who gave birth in Vésternorrland County, Sweden, over a 2-year
period between 2015 and 2016. Neonatal outcomes (Apgar score at 5 min and
umbilical cord arterial blood gases), maternal outcomes (perineal injury, total
bleeding volume and maternal satisfaction with birth) and labour parameters
(mode of delivery and the durations of labour and postpartum hospital stay)
were evaluated. Results: The study cohort consisted of 1449 women with sin-
gleton pregnancies. Patients were divided into two groups according to
whether during labour they were administered epidural analgesia using bu-
pivacaine and sufentanil (EDA group, n = 615) or not (non-EDA group, n =
834). The rate of assisted vaginal delivery was significantly higher in the EDA
group than in the non-EDA group (15.6% and 11.3%, respectively, p < 0.05),
whereas the rates of caesarean section were similar. The duration of the active
phase of labour was significantly longer in the EDA group than in the
non-EDA group (489 + 217 min versus 371 £ 210 min, respectively, p <
0.001). The Apgar score at 5 min and umbilical cord blood pH were lower
and the base deficit greater in the EDA group (p < 0.001, p < 0.001 and p <
0.01, respectively). Bleeding volume was similar between the groups after ad-
justing for gestational age. Women in the EDA group were more satisfied
with their labour experience, as measured by the visual analogue scale (p <
0.05). Conclusion: The results of this study suggest that EDA affects delivery
and neonatal-maternal outcomes negatively, but increases the mother’s satis-
faction with labour.
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1. Introduction

Labour may be the most painful experience many women ever encounter [1].
The experience is unique for each woman and is influenced by emotions, moti-
vation, cognitive ability, and social and cultural circumstances. The mother’s
physiological response to the pain affects maternal and foetal well-being as well
as the delivery process [2]. The pain itself is not life-threatening for healthy par-
turients, but it can lead to neuropsychological consequences such as postnatal
depression [3] and post-traumatic stress disorder [4].

Good pain relief is one of the most important factors related to patient satis-
faction [5] [6]. Epidural analgesia is the most popular method of pain relief and
considered the gold standard for pain relief during labour [5] [7]. In Sweden,
more than half of the primiparous women who gave birth at hospitals in 2015
were given epidural anaesthesia; however, this rate varies among counties (37% -
66%) [8]. Its advantages include no effect on consciousness and reduced levels of
stress hormones in the blood; it also acts to lower blood pressure in cases of
preeclampsia or hypertension [9] [10] [11]. Although epidural analgesia is con-
sidered safe for both the parturient and baby, some transient side effects have
been reported (mainly in the mother), including itching, shaking, nausea, insuf-
ficient pain relief, urinary retardation, muscle weakness, elevated temperature,
headache, local pain at the site of injection and hypotension [7] [11] [12] [13]
[14]. Epidural analgesia can also be used for delivery by caesarean section [15].

Several studies have shown that epidural analgesia can affect labour and neo-
natal-maternal outcomes negatively in terms of increases in labour duration, rate
of instrumental deliveries [10] [13], oxytocin use, temperature [12] [13] and risk
of foetal malrotation [12] [16]. However, many other studies have shown no ef-
fect of epidural analgesia on the mode of delivery or on neonatal outcomes [14].
The controversial results of such studies raise women’s concerns regarding the
side effects and safety of epidural analgesia, thus leading to a hesitation to use
epidural analgesia [17].

The aim of this study is to evaluate the effects of epidural analgesia (EDA) us-
ing bupivacaine and sufentanil on labour and neonatal-maternal outcomes

among nulliparous women.

2. Methods

We conducted a retrospective cohort study of all nulliparous parturients who
used epidural analgesia and gave birth in Visternorrland County, Sweden over a
2-year period between 2015 and 2016. The study was approved by the Regional
Ethical Review Board of Umea, Sweden.

The study group consisted of nulliparous women who received epidural anal-
gesia of bupivacaine and sufentanil during the active phase of labour. Matched
women who did not receive epidural analgesia during the same period were re-
cruited as the control group. The inclusion criteria were primiparity, age 18 - 40

years, gestational age between 237 + 0 and 42 + 0 weeks, active phase of labour
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with cervical dilation > 4 cm, singleton pregnancy, spontaneous initiation of la-
bour and cephalic presentation. The exclusion criteria were multiple pregnancy,
gestational age of <37 + 0 or 242 + 0 weeks, cephalopelvic disproportion, foetal
malpresentation, cervical dilation < 4 cm, medical complications (e.g. preec-
lampsia, hypertension, diabetes), neurological disease and an allergy to anaes-
thesia. In this study, we included only women who were in the active phase of
labour. The active phase of labour was defined as the presence of at least two of
the following three criteria: regular painful contractions (every 3 - 5 min for
more than 1 hour), membrane rupture and cervical dilation > 3 cm.

The method of analgesia: In the epidural group, a 17-gauge epidural catheter
(SIMS Portex LTD, Hythe, UK) was inserted under aseptic precautions in the
lateral position at L3 - L4 with the loss of resistance to saline technique. The
epidural catheter was then secured and the parturient placed in the supine posi-
tion with left uterine displacement with the head of the bed elevated 20 - 30 de-
grees. For pain relief, a ready to use solution of bupivacaine 0.6 mg/l and sufen-
tanil 0.5 pg/ml in 100 ml bag. 10 ml of mixture is given as a test dose and thera-
peutic dose. After five minutes, continuous infusion of 5 - 10 mL/h of the anal-
gesic solution was started to maintain labour analgesia.

The women who met the above criteria were identified by searching their
medical records using Obstetrix (Siemens Corporation, Upplands Visby, Swe-
den), a Swedish electronic medical record system designed specifically for pre-
natal care and childbirth. In Obstetrix, pregnancies are followed in a logical and
structured manner, from enrolment in the prenatal health care centre, to arrival
at the maternity unit, to time of delivery.

Maternal and neonatal parameters were recorded. The maternal parameters
were as follows: duration of the active phase of labour (cervical dilation > 4 cm
until delivery), duration of postpartum hospital stay (from delivery until dis-
charge), mode of delivery, perineal tearing (anal sphincter damage), overall sa-
tisfaction with their childbirth experience (measured by the visual analogue scale
[VAS]) and total intrapartum bleeding volume. The VAS is a simple method
with good validity and reliability that is often used in patient satisfaction surveys
[18]. Here, it was used to assess the mother’s overall satisfaction with the birth at
the time of her discharge from the hospital. The VAS comprised a straight hori-
zontal line of fixed length (100 mm), each end representing either the worst im-
aginable (score of 1) or best possible (score of 10) birth experience. Perineal tears
and injuries were classified into four grades according to the depth of injury and
degree of anal sphincter involvement [19]. Grade 3 injuries involve the anal
sphincter muscles, whereas grade 4 injuries additionally involve the intestinal
mucosa (anal mucosa).

The neonatal outcomes were the Apgar score at 5 min and umbilical cord ar-
terial blood gases (pH and base excess [BE]). The demographic characteristics of
the mother (age and body mass index [BMI]) were also analysed.

Statistical analysis: The statistical analyses were performed using the IBM
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SPSS 23 Statistical Program (IBM Corp., Armonk, NY, USA). The distribution
of the continuous data was not tested for normality, but the sample size was
judged to be large enough to use parametric testing [20]. The Chi-square test
was used for categorical data. Student’s t-test was used to assess differences in
the continuous variables between the EDA and non-EDA groups. Pearson’s cor-
relation analysis was used to evaluate correlations. Analysis of covariance was
used to determine the differences in continuous variables between the EDA and
non-EDA groups after adjusting for gestational age. Logistic regression analysis
with adjustment for confounders was used to identify the risk factors for peri-
neal injury. The results of the logistic regression analyses are presented as the
odds ratio (OR) and 95% confidence interval. Categorical variables are expressed
as proportions and numbers and continuous variables as means + standard dev-
iation. In all tests, the level of significance was set at p < 0.05.

Power Analysis: Earlier study showed that epidural anaesthesia may cause a
delay during the second phase of labour [21]. In order to detect a delay of 15
min, a = 0.05 and B = 0.80, the size of study population will be 70 test subjects

per group.
3. Results

A total of 1529 women met the selection criteria, and after applying the exclu-
sion criteria, 1449 nulliparous women were enrolled in the study. The subjects
were divided into two groups according to whether they had been given EDA
(EDA group, n = 615) or not (non-EDA control group, n = 834) during labour.
Some women had incomplete data, which is why the group sizes vary among the
different parameters.

The baseline characteristics of both groups are shown in Table 1. Although all
women in both groups had full-term pregnancies, gestational age was higher in
the EDA group than in the non-EDA group (p < 0.001). There was a significant
difference in the delivery method between the groups, in that the rate of assisted
vaginal delivery was significantly higher in the EPA group than in the non-EDA
group (15.6% and 11.3%, respectively, p < 0.05); however, the rate of caesarean
section delivery was similar. The duration of the active phase was 118 min longer
in the EDA group than in the non-EDA group (p < 0.001). There was no signifi-
cant difference in the length of postpartum hospital stay between the groups.

Total bleeding volume was higher in the EDA group compared with the

Table 1. Demographics of the parturients enrolled in the study.

EDA (n) Non-EDA (n) p-value

Age (years) 26.8 + 4.4 (615) 26.9 + 4.4 (834) NS

BMI (m/kg?) 24.4 + 4.3 (588) 24.3 +4.6 (791) NS
Gestational age (weeks) 40.08 + 1.2 (615) 39.86 + 1.2 (834) <0.001

NS: non-significant; EDA: epidural analgesia using bupivacaine and sufentanil; BMI: body mass index; n:
number of patients.
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non-EDA group, but the difference was not significant after adjusting for gesta-
tional age (Table 2).

The Chi-square test showed no difference between the two groups in terms of
grade 3 or 4 perineal tears. EDA increased the risk of instrumental delivery
(Table 2), which in turn increased the risk of anal sphincter injury. Logistic re-
gression analysis revealed that EDA was not a significant risk factor for perineal
injury (OR 1.56, 95% CI (0.95, 2.56), p > 0.05). After adjusting for gestational
age and mode of delivery, the OR remained non-significant (OR 1.47, 95% CI
(0.90, 2.42), p > 0.05 and OR 1.47, 95% CI (0.89, 2.43), p > 0.05, respectively).

EDA showed no effect on the rate of caesarean sections (Table 2).

All of the women evaluated their childbirth experience using the VAS scale.
Compared with the non-EDA-group, the VAS score was significantly higher in
the EDA group, indicating a higher level of satisfaction in these women (p <
0.05, Table 2).

In the EDA group, the Apgar score at 5 min, umbilical cord arterial blood pH
and negative BE were significantly lower (p < 0.001 and p < 0.001, p < 0.01 re-
spectively) compared with the non-EDA group (Table 3). In both groups, the
difference in BE between the groups was reduced after adjusting for gestational
age in an analysis of covariance, but the difference remained significant. No sig-

nificant effect of gestational age was seen on any of the other neonatal variables.

Table 2. Maternal and delivery outcomes.

EDA (n) % Non-EDA (n) % p-value
Mode of delivery
Normal 480 (615) 78.1 684 (834) 82.0 NS
Instrumental 96 (615) 15.6 94 (834) 11.3 <0.05
Caesarean section 39 (615) 6.3 56 (834) 6.7 NS
Postpartum hospital stay length (h) 40 + 30 (615) 39 +27 (834) NS
Total bleeding (ml) 423 + 315 (581) 389 + 281 (803) NS
Perineal tears (grade 3/4) 35 (576) 6.1 31 (778) 4.0 NS
Satisfaction with childbirth (VAS) 6.2 £3.5(611) 5.8 £ 4.0 (822) <0.05
Duration of active phase (min) 489 + 217 (229) 371 + 210 (186) <0.001

NS: non-significant; EDA: epidural analgesia using bupivacaine and sufentanil; VAS: visual analogue scale
score; n: number of patients.

Table 3. Neonatal outcomes.

EDA (n) Non-EDA (n) p-value
Apgar score at 5 min 9.68 + 0.8 (615) 9.81 + 0.6 (833) <0.001
Umbilical cord arterial pH 7.19 £+ 0.095 (490) 7.21 £ 0.09 (663) <0.001
Base excess (mmol/l) —6.93 + 3.7 (486) —6.14 + 4.1 (661) <0.01
Neonatal weight (g) 3507.4 + 445.9 (612) 3513.3 + 466.4 (799) NS

NS: non-significant; EDA: epidural analgesia using bupivacaine and sufentanil; n: number of patients.
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Correlation analysis revealed many associations between study parameters,
but most were weak. In the EDA group, gestational age was negatively correlated
with BE (r = —0.112, p < 0.05; versus non-EDA group: r = —0.074, p = 0.052) and
length of postpartum hospital stay (r = —0.109, p < 0.01) but positively correlated
with duration of the active phase (r = 0.216, p < 0.05; versus non-EDA group: r =
0.135, p = 0.058) and bleeding volume (r = 0.093, p < 0.05); versus non-EDA
group (r = 0.109, p > 0.01). In the non-EDA group, gestational age was nega-
tively correlated with umbilical cord arterial blood pH (r = —0.121, p < 0.001;
versus EDA group: r = —0.78, p = 0.075) and length of postpartum hospital stay
(r=-0.121, p < 0.001).

We performed correlation analyses to identify any parameters affecting the
difference in VAS score of birth experience between the two groups. In the EDA
group, the VAS score showed a positive correlation with the Apgar score at 5
min (r = 0.083, p < 0.05; versus non-EDA group: r = 0.64, p = 0.06) but negative
correlations with the length of postpartum hospital stay (r = —0.35, p < 0.001)
and bleeding volume (r = —0.096, p < 0.05). In the non-EDA group, the VAS
score was negatively correlated with the length of postpartum hospital stay (r =
—0.295, p < 0.001) and bleeding volume (r = —0.140, p < 0.001).

In both groups, maternal BMI was positively correlated with neonatal weight
(EDA group: r = 0.189, p < 0.001; non-EDA group: r = 0.112, p < 0.001). In the
non-EDA group, there was a negative correlation between the Apgar score at 5
min and BMI (r = —0.071, p < 0.05; versus EDA group r = —0.004, p = 0.9). In
both groups, the Apgar score was positively correlated with BE (EDA group: r =
0.236, p < 0.001; non-EDA group: r = 0.24, p < 0.001) and umbilical cord arterial
blood pH (EDA group: r = 0.239, p < 0.001; non-EDA group: r = 0.263, p <
0.001).

4. Discussion

The results of this study showed that EDA affected labour by increasing its dura-
tion and by increasing the likelihood of instrumental delivery, but had no effect
on the caesarean section rate. Although the neonates in the EDA group had
lower scores for well-being parameters compared with those in the non-EDA
group, the values were within normal limits.

Our findings are in agreement with those of many earlier studies [13] [22]
[23] [24] [25]; however, some other studies failed to find any association be-
tween EDA use and an increased rate of instrumental delivery [26] [27] [28] or
caesarean section [13] [22] [26] [27] [28]. On the other hand, some observation-
al studies have shown that the use of EDA during the earlier phases of labour can
increase the rate of caesarean section delivery [29] [30], but this result was not
confirmed in more recent randomised controlled studies [31] [32].

Cambic et al. reported an association between severe and early onset of labour
pain and poorer obstetric outcomes and overall childbirth experience [31]. Lie-

berman et al. suggested that women who had EDA were slightly shorter, had a
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longer gestational period and delivered slightly heavier babies compared with
those who did not have EDA, and that they had enrolled earlier in the labour
process and had slower cervical dilation even before they received EDA [29]. We
detected no differences in BMI or neonatal weight between the two groups, al-
though gestational age was higher in the EDA group.

As well as a longer duration of the active phase of labour in the EDA group,
there was also an association with higher gestational age, which could be the
factor underlying the prolonged active phase of labour, and could perhaps ex-
plain why instrumental deliveries were more frequent in this group. However,
the analysis of gestational age as a cause of this difference showed no effect of
this parameter as a confounder. On the other hand, Thorp et al showed a link
between instrumental delivery and EDA use whether cervical dilation was rapid
or slow [30]. Some studies investigated the duration of the first stage of labour in
parturients administered EDA and found no effect of EDA on duration [13]
[22]. In contrast, an earlier study showed that in nulliparous women, EDA in-
creases the duration of the first stage of labour by approximately 30 min [23],
and this finding has been supported by other studies [33] [34]. A meta-analysis
suggested that EDA prolongs the first stage of labour by approximately 42 min
[35]. However, other studies showed that EDA use during early-stage labour
shortens the first stage of labour compared with opioid pain relief [32] or com-
pared with EDA use later in labour [36].

As in our study, many other studies showed that EDA increases the risk of in-
strumental delivery [13] [23], which in turn can increase the risk of more serious
perineal injuries [37]. An earlier study indicated that severe perineal injuries are
not caused by EDA itself but rather by other factors [38]. In a large systematic
review, however, an association was found between grade 3/4 perineal tears and
EDA [25]. Robinson et al. showed that EDA is strongly associated with grade 3/4
perineal tears, but after adjusting for other factors (e.g. neonatal weight, oxytocin
use and rates of instrumental delivery and episiotomy, all of which were more
frequent in the EDA group), these associations were no longer observed [39]. In
our study, there was a small but non-significant difference between the groups,
in that the EDA group had a higher rate of grade 3/4 perineal tears. We found a
significantly higher bleeding volume at birth in the EDA group, and bleeding
volume was positively correlated with perineal injury in both groups, but neither
of the group’s bleeding volume ranges exceeded the postpartum haemorrhage
cut-off volume (21000 ml). After adjusting for gestational age as a confounder,
the difference in total bleeding volume between the groups was no longer signif-
icant.

A previous study revealed an association of EDA with an increased risk of in-
duction of labour, episiotomy, instrumental delivery, prolonged second stage of
labour and more severe maternal perineal injury, all of which increase the risk of
postpartum bleeding [40].

In an Australian study, a relationship was observed between EDA and re-

tained placenta, but not between EDA and postpartum bleeding; however, this
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result was questionable because the analyses were not adjusted for confounding
factors [41]. In contrast, another study showed that the risk of postpartum hae-
morrhage doubled when EDA was used, and the risk remained even after cor-
rection for multiple maternal- and pregnancy-related factors [42]. Mangann et
al. confirmed the association between EDA use and increased postpartum
bleeding [43]. Earlier studies showed that EDA increases the rate of oxytocin use
[12] [13], suggesting that uterine contractions are adversely affected by EDA,
which in turn can contribute to greater bleeding, a prolonged active phase of la-
bour and an increased rate of instrumental delivery. Although we found an in-
crease in bleeding volume in the EDA group, the association detected between
gestational age and bleeding may suggest gestational age to be the underlying
cause of the difference in bleeding volume between the groups because of the
older gestational age in the EDA group compared with the non-EDA group.

The present findings of lower values in the EDA group of Apgar score at 5
min, umbilical cord arterial blood pH and negative BE indicate that EDA use
during labour has a negative impact on neonates. A Cochrane study showed that
the incidence of foetal asphyxia (Apgar score at 5 min < 7) was not increased
among women using EDA compared with those not using EDA [13]. In a syste-
matic review, the authors found (in 33 of the 34 articles) no connection between
EDA use and the Apgar score at 5 min [25], whereas another study suggested an
association between EDA use and a low Apgar score at 5 min (<7) [42]. Leighton
and Halpern, on the other hand, showed that EDA reduces the risk of a low Ap-
gar score at 1 min (<7) (OR: 0.54), suggesting positive effects of EDA on placen-
tal circulation. They also showed that EDA did not affect neonatal oxygenation,
umbilical cord arterial blood pH or the Apgar score at 5 min [14]. This can be
explained by the finding that pain relief leads to reduced activation of the moth-
er’s sympathetic nervous system and may be beneficial to placental circulation,
which improves the neonate’s acid-base status [2]. Even during the course of a
normal and uncomplicated delivery, the foetus undergoes a number of periods
of reduced oxygen supply due to uterine contractions, which decreases the pla-
cental circulation. These short hypoxic episodes are usually well tolerated, as the
foetus has several defence mechanisms to cope with impaired oxygenation [44].
Umbilical cord arterial blood pH is an important outcome parameter in obstetric
research because a low pH is strongly correlated with neonatal mortality and
morbidity [45]. Major abnormalities in blood pH are not considered compatible
with survival, so it is extremely important that the body maintains a normal pH
range; to achieve this, the body has several buffer systems that regulate changes
in the hydrogen concentration [44]. Both pH and BE are useful measurements to
assess the rate of foetal metabolic acidosis that may occur during labour. How-
ever, pH, which is used most frequently, is not the best parameter for estimating
the cumulative exposure to perinatal hypoxia because its logarithmic scale does
not provide a linear measurement of acid accumulation. Both respiratory and

metabolic changes affect pH. BE, however, changes linearly with the level of me-
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tabolic acid accumulation and is also adapted for variations in the partial pres-
sure of carbon dioxide [44] [46]. Lieberman et al suggested that a lower umbili-
cal cord blood pH can predict a poor neonatal outcome (low Apgar score) better
than can a lower BE. They evaluated the effect of EDA on umbilical cord blood
gases after adjusting for neonatal outcomes, and concluded that EDA use is not
associated with umbilical cord arterial blood pH [25]. A meta-analysis suggested
that EDA has positive effects on the BE level in the umbilical cord artery [47]. In
that same study, BE was more sensitive than pH as an indicator of neonatal aci-
dosis because umbilical cord arterial blood pH can be increased by the mother’s
hyperventilation, which is commonly induced by pain. Thus, women with in-
adequate pain relief may have higher umbilical cord arterial blood pH than that
of those with good pain relief, which may partly explain the higher pH in the
non-EDA group in our study. In our study, the lower pH in the umbilical cord
artery of neonates whose mothers used EDA is of no clinical significance, as both
groups had an Apgar score at 5 min > 7, which is correlated with good long-term
outcomes [48]; however, new-borns in the EDA group potentially experienced
greater stress and consumed more reserves (lower BE) to compensate for the
poor conditions (low pH). In a healthy foetus with normal reserves, a decrease in
pH (Table 3) has no clinical significance, but for a vulnerable foetus, even a
slight decrease in pH may be important, because the rate of unfavourable neu-
rological outcomes increases when the pH decreases below 7.1 [49].

Maternal satisfaction at birth is becoming increasingly important in our mod-
ern healthcare system; however, its assessment is difficult because it is a multi-
factorial subject for which no gold standard exists. One potential method of
measuring satisfaction is the well-known VAS. In this study, the women in the
EDA group had a higher VAS score for overall childbirth experience, suggesting
that they were more satisfied with their experience than women who did not use
EDA. This finding has been supported by other studies, suggesting that EDA is
the gold standard resulting in adequate pain relief and increased patient satisfac-
tion [24] [31] [33]. Effective pain management correlates strongly and positively
with increased patient satisfaction [50] [51] [52]. As expected, in our study, the
VAS score was negatively associated with the length of postpartum hospital stay,
total bleeding volume and mode of delivery in both groups and with perineal
injury in the non-EDA group. This suggests that women with a less complicated
delivery are more satisfied with their childbirth experience. The childbirth expe-
rience is important for a woman, and a negative experience can affect the moth-
er and her family relationships adversely in the long run [53]. However, in con-
trast to our results, a Cochrane study suggested that parturients who used EDA
were no more satisfied with their childbirth experience than those who did not
use EDA [13]. Although the childbirth experience and woman’s satisfaction are
multidimensional and difficult to evaluate using a scale, the VAS is still an im-
portant and helpful instrument for healthcare professionals to improve maternal

care and allocate resources more efficiently.
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5. Conclusion

In conclusion, our study suggests that EDA adversely affects the mode of deli-
very and neonatal-maternal parameters, but that women who use EDA are more
satisfied with their overall childbirth experience. EDA has become a popular
method for reducing pain during labour. The impacts of epidural use are not li-
mited to the mother and can extend to the neonate at birth. It is important for
healthcare staff to provide information on this topic to all pregnant women. The
limitations of this study are those characteristics of retrospective design that
probably impacted or influenced the interpretation of the findings; therefore,
more and better designed randomised prospective studies addressing the efficacy
and safety of EDA are needed.
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