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Abstract

Objective: To explore the duration of the active phase of the second stage of labour in
relation to maternal pre-pregnant body mass index (BMI).

Design: Retrospective cohort study.

Setting: Labour wards of three Norwegian university hospitals, 2012-2019.
Population: Nulliparous and parous women without previous caesarean section
with a live singleton fetus in cephalic presentation and spontaneous onset of labour,
corresponding to the Ten Group Classification System (TGCS) group 1 and 3.
Methods: Women were stratified to BMI groups according to WHO classification,
and estimated median duration of the active phase of the second stage of labour was
calculated using survival analyses. Caesarean sections and operative vaginal deliver-
ies during the active phase were censored.

Main outcome measures: Estimated median duration of the active phase of second
stage of labour.

Results: In all, 47 942 women were included in the survival analyses. Increasing BMI
was associated with shorter estimated median duration of the active second stage in
both TGCS groups. In TGCS group 1, the estimated median durations (interquartile
range) were 44 (26-75), 43 (25-71), 39 (22-70), 33 (18-63), 34 (19-54) and 29 (16-
56) minutes in BMI groups 1-6, respectively. In TGCS group 3, the corresponding
values were 11 (6-19), 10 (6-17), 10 (6-16), 9 (5-15), 8 (5-13) and 7 (4-11) minutes.
Increasing BMI remained associated with shorter estimated median duration in
analyses stratified by oxytocin augmentation and epidural analgesia.

Conclusion: Increasing BMI was associated with shorter estimated median duration

of the active second stage of labour.
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Tweetable abstract: Increasing BMI was associated with shorter estimated median

duration of the active second stage of labour.

1 | INTRODUCTION

According to the World Health Organization (WHO) in 2016,
37% of women in the USA, 29% in the UK, 21% in France and
23% in Norway were obese,' and rates of obesity are rising
throughout the world.>* In Norway, 51% of the population
was classified as overweight in 2019.> Obesity in pregnancy
is associated with gestational diabetes, pre-eclampsia, mis-
carriage, birth defects, macrosomia, preterm delivery and
stillbirth.®™! Obesity also poses challenges in safe delivery
of the fetus, as cardiotocographic monitoring is impaired'?
and the risk of operative delivery is increased.”>™"” However,
arecent study found that nulliparous low-risk normal weight
women were more likely to require obstetric intervention or
care than otherwise healthy multiparous women with body
mass index (BMI) >35."® Furthermore, a recent study did not
find any difference in neonatal outcome for women under-
going trial of labour compared with planned caesarean sec-
tion in this group."’

Outcomes in labouring women are known to depend
on parity, spontaneous or induced onset, previous caesar-
ean section, fetal lie, multiple pregnancy and gestational
age. To obtain comparable groups for these variables, the
Ten-Group Classification System (TGCS) provides a useful
framework. >’

Labour is divided into a latent phase and an active phase,
and the active phase is differentiated into the first, second
and third stage. The second stage is defined from the a fully
effaced cervix until the birth of the child. The second stage
is divided into a passive phase and an active phase when the
mother performs active expulsive effort.

Studies have shown that obesity is associated with slow
progress in the latent phase,” and slow progress and arrested
labour during the first stage of labour.”>* The duration of
the second stage of labour and BMI has been investigated in
a few previous studies, with conflicting findings. One study
found no significant difference in duration,”® but another
study found shorter second stage in obese women.?’ A recent
study found longer second stages in obese women; however,
that study did not employ survival analyses*® and neither of
those studies differentiated between second stage and active
second stage.

The precise moment when the woman reaches full di-
lation is unknown, and the diagnosis is first made upon
vaginal examination, which may occur sometime after full
dilation. Therefore, the true length of the passive second
stage is not known with certainty. However, the start and
end of active second stage can be recorded with certainty,
as expulsive efforts and the birth of the child are objectively
observable events.

Obese women have an increased risk for several adverse
outcomes;'” the awareness of this may influence the attitude

of the birth attendant, which in turn may affect both the
birth experience and delivery outcome.?” Clinical experi-
ence indicates that obese women may have a shorter active
second stage, and we believe this information could result in
a more positive approach to delivery in both the birth atten-
dant and the women themselves. We wanted to explore the
duration of the active second stage in TGCS groups 1 and 3
differentiated into BMI groups.

2 | METHODS

We performed a retrospective cohort study in women who
delivered at Stavanger University Hospital, Haukeland
University Hospital, Bergen and Trondheim University
Hospital in Norway between 2012 and 2019. Data were col-
lected and stored in the hospital’s electronic birth journals
(Natus-CSAM).

In all, 109989 women with a gestational age >22 weeks
delivered at the hospitals during the study period. Women
with a singleton pregnancy, cephalic presentation, sponta-
neous onset of labour, pregnancy length >37 weeks and with-
out previous caesarean section were included in the study
population. The women were differentiated into nullipa-
rous (TGCS 1) and parous women (TGCS 3) and stratified
into BMI groups according to WHO classification."” Pre-
pregnant BMI <18.5 was categorised as underweight, BMI
18.5-24.9 as normal weight, BMI 25.0-29.9 as overweight,
BMI 30.0-34.9 as obesity class 1, BMI 35.0-39.9 as obesity
class 2 and BMI 240.0 as obesity class 3. The main outcome
measure was estimated median duration of the active second
stage of labour.

The start of the first stage of labour was defined accord-
ing to the former WHO classification during the study pe-
riod as an effaced cervix, regular contractions and 4-cm
dilation.’®*' The second stage was defined when the woman
had a fully dilated cervix, and the active second stage was
defined as the time from active expulsive effort started until
the delivery of the fetus.

Labour progress during the first stage of labour was mon-
itored in accordance with the WHO recommendations be-
fore 2018,*? with an alert line (1 cm cervical dilation/hour)
and an action line displaced at 4hours.”*** According to the
national guidelines, augmentation with oxytocin during the
first stage could only be started if the action line was crossed,
and after amniotomy.” Zhang's guideline was used in the
first stage of labour at Stavanger University Hospital in 2015
and 2016.*° During the second stage, oxytocin augmenta-
tion could be started at the discretion of the birth attendant
when the contractions were considered insufficient. Also in
accordance with national guidelines, the duration of the sec-
ond stage was not recommended to exceed 3hours and an
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operative delivery should be considered both in nulliparous
and parous women after 60 minutes of active pushing.”'

Oxytocin was administered as an intravenous infusion
of 5 mU/minute, with dose increments of 2.5 mU every
15minute to a maximum of 30 mU/minute, until progress
of labour or regular contractions at a rate of 3-5/10 minute
was achieved. A low-dose mobile epidural analgesia (bupiv-
acaine or ropivacaine combined with fentanyl) was the first
choice for pain relief.

2.1 | Statistical analyses

Median duration of the second stage of labour and interquar-
tile ranges were estimated using survival analyses. Caesarean
sections and operative vaginal deliveries during the active
phase were censored. Women with a caesarean section in
the first stage of labour were left censored and women with
an active phase of second stage >120 minutes were right-
censored and not included in the survival analyses. We con-
sidered oxytocin augmentation and epidural analgesia to be
mediators, and stratified the analyses of estimated median
duration in women with and without epidural analgesia, and
with and without oxytocin augmentation.

One minus survival plots were created from Cox regres-
sion analyses and stratified into BMI groups. TGCS group 1
and 3 were analysed separately.

We calculated the unadjusted hazard ratio (HR) as an es-
timate of relative risk of delivery using Cox regression anal-
yses. The normal weight group with BMI of 18.5-24.9 kg/m?
was used as the reference group. We also performed analyses
adjusted for maternal age. The assumptions of proportional
hazards for the Cox regression analyses were checked using
log minus log plots. Statistical analyses were performed with
IBM SPSS statistics for Windows v.26.0 (IBM Corp.).

3 | RESULTS
During the study period, 68963 women in TGCS 1 and 3
gave birth in the three hospitals. We excluded 18 192 women
with missing BMI, leaving 50 711 women available for analy-
sis, 23516 in TGCS group 1 and 27255 in TGCS group 3.
The study population and selections into the survival analy-
ses are presented as a flow chart (Figure 1). Maternal, labour
and fetal characteristics are presented in Tables 1 and 2.
Increasing BMI was associated with shorter estimated
median duration of the active phase of second stage in both
TGCS groups. In TGCS group 1, the estimated median du-
rations (interquartile range) were 44 (26-75), 43 (25-71), 39
(22-70), 33 (18-63), 34 (19-54) and 29 (16-56) minutes in
BMI groups 1-6, respectively (Table 3). In TGCS group 3,
the corresponding values were 11 (6-19), 10 (6-17), 10 (6-16),
9 (5-15), 8 (5-13) and 7 (4-11) minutes (Table 4). Figure 2
shows the probability of delivery in accordance with dura-
tion of the active phase illustrated as one minus survival
plots. Tables 3 and 4 show the estimated median durations
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stratified into women with and without epidural analgesia,
and in women with and without oxytocin augmentation.
Increasing BMI was associated with shorter estimated me-
dian duration in both TGCS groups in the stratified analyses
as well.

The overall estimated median duration was 40 (95% CI
39.2-40.8) minutes in women with missing BMI information
versus 42 (95% CI 41.5-42.5) minutes in women with known
BMIin TGCS group 1. Corresponding values in group 3 were
11 (95% CI 10.9-11.1) versus 10 (95% CI 9.9-10.1) minutes.

The unadjusted calculated HR as an estimate of relative
risk of delivery increased with increasing BMI. The HR was
0.94 (95% CI 0.88-1.01) for the underweight group compared
with normal weight women in TGCS group 1. The HR was
1.07 (95% CI 1.03-1.12) for the overweight group compared
with normal weight women, and 1.23 (95% CI 1.15-1.31),
1.36 (95% CI 1.20-1.54) and 1.48 (95% CI 1.19-1.1) for obe-
sity classes 1-3, respectively. Corresponding HR in TGCS
group 3 was HR 0.92 (95% CI 0.86-0.98) for the underweight
group, 1.09 (95% CI 1.05-1.12) for the overweight group and
1.19 (95% CI 1.13-1.25), 1.28 (95% CI 1.16-1.41) and 1.45
(95% CI 1.25-1.69) for obesity classes 1-3. Maternal age did
not show a confounding effect in adjusted analyses.

4 | DISCUSSION
We found that higher BMI was associated with shorter esti-
mated median duration of the active second stage in labour,
in both TGCS group 1 and 3. In TGCS group 1, the esti-
mated median duration was 14 minutes shorter in women
with obesity class 3 than in normal weight women, and in
TGCS group 3 the corresponding difference was 3 minutes.
The association between higher BMI and estimated duration
remained similar when stratifying women into groups with
and without epidural analgesia and oxytocin augmentation.
A strength of the study was that the population was
large, and that the women were included from three univer-
sity hospitals over a period of 8 years. The second stage was
managed according to the same national guidelines and the
data were collected in the same structured electronic birth
journal across all participating hospitals. The use of survival
analyses reduces the risk of error due to operative delivery.
Only pre-pregnant BMI was recorded, not the BMI at
the time of delivery. Information about pre-pregnant BMI
was missing in 26% of cases. Overweight or obese women
might be less inclined to give information about their weight
to caregivers, but the missing data may also be due to lack
of entry into the electronic birth journal. However, when
analysing the overall estimated duration of the active sec-
ond stage in the women with missing BMI, there were only
small differences from the population available for analy-
sis. Although Norwegian hospitals adhere to the national
guidelines, exceptions may have occurred in the manage-
ment of individual women, either intentionally or uninten-
tionally. Another source of bias is that a greater proportion
of women in high BMI groups were delivered by caesarean



OSTBORG ET AL.

4 B OG An International Journal of
Obstetrics and Gynaecology

TGCS group 1 and 3

N=68963
Missing pre-pregnant BMI
> n = 18192
y
TGCS group 1 & 3 + known BMI
n=50771
v v
TGCS 1 TGCS 3
n = 23516 n = 27255
Missing info Missing info
2nd stage 2nd stage
n=185 n =619
CS before active CS before active
2nd stage 2nd stage
(left censored) (left censored)
n=1431 n =449
Active 2nd stage Active 2nd stage
>120 minutes >120 minutes
(right censored) (right censored)
n=117 n=28
y y
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TGCS 3 included in survival analysis
n=26159

FIGURE 1 Flow chart illustrating the study population and women included in the survival analyses

before reaching the second stage. However, more than 85%  was similar in obesity groups 1-3, and the bias may therefore
of nulliparous women in all BMI groups did reach the ac- only partly explain the differences in estimated duration of
tive second stage. Furthermore, the caesarean section rate  the active second stage.
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TABLE 1 Maternal, labour and newborn characteristics in TGCS group 1
Obesity Obesity Obesity
Underweight Normal weight Overweight class 1 class 2 class 3
n=23516 1169 (5.0) 16039 (68.2%) 4454 (18.9) 1368 (5.8) 360 (1.5) 126 (0.5)
Maternal age 27.2 (4.5) 28.7 (4.4) 28.6 (4.7) 28.5 (4.7) 27.9 (4.5) 28.2 (4.9)
Birthweight, g 3330 (426) 3480 (426) 3576 (438) 3583 (465) 3606 (476) 3604 (472)
Caucasian 726 (62.1) 11943 (74.5) 3621 (81.3) 1166 (85.2) 317 (88.1) 105 (83.3)
Oxytocin augmentation 384 (32.8) 5978 (37.3) 1857 (41.7) 583 (42.6) 162 (45.0) 64 (50.8)
Epidural analgesia 551 (47.1) 8152 (50.8) 2603 (58.4) 882 (64.5) 253 (70.3) 100 (79.4)
Spontaneous delivery 840 (71.9) 11287 (70.4) 2966 (66.6) 909 (66.4) 250 (69.4) 85 (67.5)
Instrumental delivery 274 (23.4) 3664 (22.8) 1032 (23.2) 289 (21.1) 61 (16.9) 25 (19.8)
Intrapartum CS 55 (4.7) 1088 (6.8) 456 (10.2) 170 (12.4) 49 (13.6) 16 (12.7)
CS active 2nd stage 9 (0.8) 255 (1.6) 95 (2.1) 33(2.4) 10 (2.8) 1(0.8)
Note: Values are mean (standard deviation) or 7 (%).
Abbreviations: BMI, body mass index; CS, caesarean section; TGCS, Ten Group Classification System.
TABLE 2 Maternal, labour and newborn characteristics in TGCS group 3
Obesity Obesity Obesity
Underweight Normal weight Overweight class 1 class 2 class 3
n=27255 1129 (4.1%) 17617 (64.6%) 5927 (21.7) 1910 (7.0%) 490 (1.8%) 182 (0.7%)
Maternal age 30.5 (4.4) 31.7 (4.3) 31.7 (4.5) 31.3 (4.7) 31.3 (4.9) 31.3 (4.9)
Birthweight, g 3446 (432) 3622 (442) 3719 (455) 3761 (492) 3766 (442) 3802 (494)
Caucasian 835 (74.0) 14053 (79.8) 4674 (78.9) 1584 (82.9) 408 (83.3) 162 (89.0)
Oxytocin augmentation 55 (4.9) 1141 (6.5) 460 (7.8) 201 (10.5) 57 (11.6) 27 (14.8)
Epidural analgesia 227 (20.1) 3782 (21.5) 1400 (23.6) 607 (31.8) 179 (36.5) 96 (52.7)
Spontaneous delivery 1090 (96.5) 16792 (95.3) 5616 (94.8) 1787 (93.6) 457 (93.3) 170 (93.4)
Instrumental delivery 25(2.2) 537 (3.0) 184 (3.1) 58 (3.0) 18 (3.7) 5(2.7)
Intrapartum CS 14 (1.2) 288 (1.6) 127 (2.1) 65 (3.4) 15 (3.1) 7 (3.8)
CS active 2nd stage 1(0.1) 44 (0.2) 14 (0.2) 6 (0.3) 2(0.4) 0 (0)
Note: Values are mean (standard deviation) or 1 (%).
Abbreviations: BMI, body mass index; CS, caesarean section; TGCS, Ten Group Classification System.
TABLE 3 Estimated median duration of active pushing phase in minutes (interquartile range) in TGCS group 1
n Overall Epidural - Epidural + Oxytocin — Oxytocin +
BMI <18.5 1102 44 (26-75) 37 (22-63) 55 (32-84) 34 (22-54) 76 (51-98)
Underweight
BMI 18.5-24.9 14997 43 (25-71) 35 (21-58) 54 (31-84) 34 (20-53) 68 (43-98)
Normal weight
BMI 25-29.9 4042 39 (22-70) 30 (17-54) 49 (26-82) 29 (17-48) 65 (37-97)
Overweight
BMI 30-34.9 1214 33 (18-63) 24 (14-44) 43 (22-78) 25 (15-44) 61 (30-93)
Obesity class 1
BMI 35-39.9 319 34 (19-54) 25 (18-48) 39 (21-63) 25 (17-45) 46 (30-80)
Obesity class 2
BMI >49 109 29 (16-56) 19 (15-37) 32 (17-56) 21 (15-38) 38 (19-77)
Obesity class 3

Abbreviations: BMI, body mass index; TGCS, Ten Group Classification System.

Several previous studies have reported slower cervical
dilation and increased duration of the first stage of labour
in overweight and obese women.”>>>**¥ Analysing mean

or median duration of labour carries a risk of error, as all
operative deliveries shorten the duration. Ellekjaer et al. in-
vestigated nulliparous women in a Danish cohort and found
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TABLE 4 Estimated median duration of active pushing phase in minutes (interquartile range) in TGCS group 3
n Overall Epidural - Epidural + Oxytocin — Oxytocin +
BMI <18.5 1076 11 (6-19) 10 (6-17) 15 (9-28) 11 (6-18) 41 (20-74)
Underweight
BMI 18.5-24.9 16975 10 (6-17) 10 (6-15) 14 (8-25) 10 (6-16) 25 (13-55)
Normal weight
BMI 25-29.9 5668 10 (6-16) 9 (5-14) 12 (8-22) 9 (5-15) 19 (10-42)
Overweight
BMI 30-34.9 1808 9 (5-15) 8 (5-13) 11 (7-20) 8 (5-14) 16 (8-32)
Obesity Class 1
BMI 35-39.9 460 8(5-13) 8 (4-12) 9 (5-15) 8 (4-12) 15 (8-51)
Obesity class 2
BMI 249 172 7 (4-11) 7 (4-10) 7 (4-13) 7 (4-11) 6 (4-17)
Obesity class 3
Abbreviations: BMI, body mass index; TGCS, Ten Group Classification System.
TGCS group 1 TGCS group 3
100 BMI_groups 100 e
— —— Underweight =
— — — Normal weight
2 L —Opesiy Qs 2
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FIGURE 2 One-minus survival plots showing probability of delivery during active pushing phase differentiated into BMI groups. TGCS 1 (left) and

TGCS 3 (right)

no difference in the total length of active labour.*® However,
they also found that caesarean sections were performed
earlier in labour for overweight and obese women and con-
cluded that this may have influenced their results. Not at-
tempting to correct for operative interventions could lead to
the false conclusion that labour is shorter in obese women.
Labour duration can be studied with survival methods with
censoring of operative deliveries, as previously suggested by
Vahratian et al.”® In this way, the risk of this type of error is
reduced.

The second stage of labour has been the subject of fewer
studies. One study reports no difference of duration in the
second stage with increasing BMI,*® and one study found
that the second stage was prolonged with increasing BMI
in multiparous women, but not in nulliparous women.*
Carlhall et al.”’ studied a large, contemporary Swedish co-
hort. They found that the estimated duration of the active
phase of labour increased significantly with increasing
BMI using survival analyses. As a secondary finding, they
reported a shorter median duration of the second stage in

obese women. However, survival methods were not em-
ployed in the analysis of the second stage, and they did not
differentiate between the passive and active second stage.

Epidural analgesia and oxytocin augmentation influ-
ence duration of labour, and it is debated how to manage
these variables when investigating labour duration. A pre-
vious study found an increased duration of the active sec-
ond stage in women with epidural analgesia,*® and this is in
accordance with our findings. We considered oxytocin and
epidural analgesia to be mediators rather than confounders.
The associations between maternal age, epidural analgesia
and oxytocin augmentation on BMI and the duration of the
active second stage are illustrated in a directed acyclic graph
(Figure 3). Maternal age is the only confounder with effect
on both the independent and dependent variables. The causal
associations are different for epidural analgesia and oxyto-
cin augmentation.

High BMI may be associated with higher frequencies of
epidural analgesia. Slow progress is an indication of oxytocin
augmentation but this may also lead to shorter active second
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FIGURE 3
and the active second stage of labour

stage. Therefore, we stratified our analyses into groups with
and without epidural analgesia and oxytocin augmentation
and found similar associations in the stratified analyses
(Tables 3 and 4).

The external validity of our results may be a matter for
discussion. Norway, like the other Scandinavian countries,
has a low caesarean section rate. However, to minimise this
potential bias, we used survival methods. Furthermore, the
mean BMI in Norway is lower than in USA and UK, but is
similar to that in Germany, France and Italy."' The majority
of women in our study were Caucasian (Tables 1 and 2), and
another study found that black women had a shorter second
stage than did women of other ethnicities.*!

The causal mechanisms of shorter active second stage in
overweight and obese women remain unclear and difficult to
determine. The shorter active second stage may be related to
increased abdominal pressure with increasing BML* or per-
haps increased strength when pushing.*> One study found
that adults with a history of obesity from adolescence tend to
have a wider bony pelvis in adulthood,** which could facili-
tate the expulsion of the fetus. Another possible mechanism
is that the increased abdominal pressure and infiltration of
fatin the muscular pelvic floor may decrease its strength and
resistance.”® Yet another hypothesis could be that the pres-
ence of fat in the birth canal of obese women may delay the
urge to bear down, thereby postponing active pushing until
the head is lower in the maternal pelvis, which in turn may
shorten the active second stage.

The information given upon overweight and obese
women throughout their pregnancy often has negative
connotations. The finding that they have shorter times of
bearing down when they reach the active second stage may
provide a small, but significant positive counterweight, both
for the patient and the clinician.

Regardless of the causal mechanism, upon bearing down,
the woman and her birth attendant can be motivated by evi-
dence that her active second stage is likely to be shorter than
that in normal weight women, and that the risk of emergency
caesarean section in this stage is low, and similar to lower
BMI groups (Tables 1 and 2). As decision making by the cli-
nician is influenced by perceived risk,”” disseminating the
results of this study may reduce unnecessary interventions
for overweight and obese women.

> stage stage

Directed acyclic graph (DAG) illustrating how maternal age, epidural analgesia and oxytocin augmentation may be associated with BMI

In conclusion, we found that increasing BMI was associ-
ated with shorter estimated median duration of the active
second stage of labour.
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