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Abstract. Background/Aim: In Germany, performance of an
emergency Cesarean section (ECS) is recommended within
an interval of <20 min from decision to delivery (DDI). The
aim of the study was to assess the duration of DDI in ECS as
well as its impact on neonatal outcome. Patients and
Methods: Data from 437 patients at a single, tertiary care
hospital were retrospectively analysed regarding influence on
the duration of DDI. Subsequently the impact of DDI on
neonatal outcome and incidence of adverse neonatal outcome
was analysed. Results: DDI of ECS performed outside core
working hours was significantly prolonged (p<0.001).
Shorter DDI showed a statistically worse arterial cord blood
pH (p=0.001, r=0.162) and base excess (p=0.05; r=0.094).
Duration of DDI had no significant impact on the incidence
of adverse neonatal outcome (p=0.123). Conclusion:
Awareness of influence on DDI might contribute to expediting
DDI, but duration of DDI showed no impact on the incidence
of adverse neonatal outcome. Data were not adequate to
suggest a recommendation for DDI time standards.

Cesarean section is the most commonly performed major
surgery in obstetrics. In an emergency its immediate
performance seems to be necessary in order to minimize the
risk of permanent fetal damages and to prevent fatal
complications. Emergency Cesarean section (ECS) is
required in approximately 1% of pregnancies (1).

In Germany the time interval from indicating an ECS until
the actual delivery of the neonate, also known as decision to
delivery interval (DDI), is recommended to be <20 min (2).

This article is freely accessible online.

Correspondence to: Janna-Alica Brandt, Department of Obstetrics
and Gynecology, Medical Faculty, University Hospital Cologne,
Kerpener Str. 34, 50931 Cologne, Germany, Tel: +49 02214784910,
Fax: +49 02214784929, email: janna-alica.brandt@uk-koeln.de

Key Words: Emergency Cesarean section, decision-to-delivery
interval, neonatal outcome.

However the American College of Obstetricians and
Gynaecologists and the Royal College of Obstetricians and
Gynaecologists suggest a decision to incision interval (DTI)
or DDI of <30 min (3, 4). Scientific evidence to support
these recommendations though is limited (5, 6). The aim of
the study was to determine whether there were variables
influencing the duration of DDI and if duration of DDI had
an impact on neonatal outcome.

Patients and Methods

The present retrospective study was conducted at the University
hospital Cologne, a single, tertiary care hospital in Germany. A total
of 437 patients with a live singleton non-anomalous gestation who
underwent ECS between January 2000 and January 2019 and
complete dataset were included in the study. The dataset included
the patients pre- and intraoperative status, as well as the postpartum
neonate status. Based on the classification of urgency by the Royal
College of Obstetricians and Gynaecologists Cesarean section was
defined as ECS if there was an immediate threat to life of the
patient or the fetus (3). Indications for ECS included fetal
bradycardia or other severe abnormal findings in fetal cardiac
rhythm, umbilical cord prolapse, placental abruption, placenta
praevia and abundant bleeding, uterine rupture, amniotic infection
syndrome, eclampsia, maternal cardiac arrest and other.

An adverse neonatal outcome was determined to be present if
any of the following occurred: low 5-min APGAR-score (<7) (7),
low pH in arterial cord blood (<7.0) or low base excess in arterial
cord blood (=-16).

Since in the present study there were only few cases in which
the DDI exceeded the recommended time interval we abstained
from analysing influencing factors causing a transgression of DDI
or comparing the neonatal outcome of those born within the
targeted interval and those who were not. Instead, we examined the
impact of different factors on the duration of DDI as well as the
impact of duration of DDI on neonatal outcome independently from
the recommended time interval.

Statistical analysis. Nominal data are presented as counts and
percentages, ordinal data are presented as median and interquartile
range (IQR) or range, whereas continuous data are presented as
mean with standard deviation (SD). Kolmogorov-Smirnov test
showed no standard distribution for the decision to delivery interval
S0 non-parametric tests, i.e. Mann-Whitney or Kruskal-Wallis were
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Table 1. Analysis of decision to delivery interval, preoperative variables.

Variables Number (%) Decision to delivery interval, min p-Value!l r-Value2
Mean (SD) Median (Range)
Overall 437 (100) 7.66 (4.389) 7 (0-55)
Maternal age 0.524
<35 years 258 (59) 7.74 (4.,6) 7.0 (2-55)
=35 years 179 (41) 7.54 (4074) 7.0 (0-35)
Gestational age 0.093
in completed weeks
<34 103 (23.6) 8.14 (4.529) 7.0 (0-35)
35-37 87 (19.9) 8.23 (4.477) 7.0 (2-35)
38-40 152 (34.8) 7.07 (3.332) 6.0 (2-25)
=41 95 (21.7) 7.57 (5.459) 7.0 (0-55)
Diabetes mellitus or 0.614
gestational diabetes
No 401 (91.8) 7.72 (4.518) 7.0 (0-55)
Yes 36 (8.2) 7.03 (2.501) 7.0 (3-15)
Maternal obesity 0.065
No 388 (88.8) 7.64 (4.567) 7.0 (0-55)
Yes 49 (11.2) 7.84 (2.593) 8.0 (3-15)
Previous Caesarean section
and/or uterine surgery 0.158
No 371 (84.9) 7.48 (3.8) 7.0 (0-35)
Yes 66 (15.1) 8.7 (6.762) 7.0 (2-55)
Day of week 0.534
Weekday (Mon. — Fri.) 331 (75.7) 7.58 (4.34) 7.0 (0-55)
Weekend-day (Sat. — Sun.) 106 (24.3) 7.92 (4.397) 7.0 (2-35)
Time of day <0.001 0.33
Core working hours 177 (40.5) 6.79 (4.06) 6.0 (0-55)
Outside core working hours 260 (59.5) 9.37 (4.515) 8.0 (2-35)

1p-Value was calculated using Mann-Whitney or Kruskal-Wallis test. 2Pearson correlation coefficient. SD: Standard deviation.

used to compare data. Effect sizes were calculated for significant
results using the Pearson correlation coefficient.

Subsequently the impact of DDI on the neonatal outcome was
analyzed. First, the Spearman correlation test was used to analyze
the influence of DDI on 5-min APGAR, pH in arterial cord blood
and base excess in arterial cord blood individually. Results are
presented as p-values and correlation coefficients.

An analysis examining the impact of DDI on the incidence of an
adverse neonatal outcome was conducted using a multivariate logistic
regression model. Multivariate logistic regression analysis also
contained additional variables which were conceivable to have an
impact on the neonatal outcome in order to evaluate possible
confounders. Results are presented as odds ratio (OR) with confidence
limits and p-values. Analyses were conducted using the Statistical
Package for the Social Science (Version 25; SPSS Inc, Chicago, IL).
p-Values <0.05 were considered statistically significant. A correlation
coefficient (r-value) of 0.1=<r<0.3 was defined as weak correlation,
0.3=<r<0.5 as medium correlation and >0.5 as strong correlation.

Results

Description of patient database. Preoperative characteristics
are summarized in Table 1. The overall mean DDI was 7.66
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min (SD=4.389). DDI of <20 min could be achieved in
98.9% of emergency Cesarean sections. A total of 179 (41%)
of patients were over 35 years old. Most patients (34.8%)
were pregnant in between the 38-40" completed week of
gestation. Nevertheless 190 (43.5%) patients had a premature
delivery before 37 completed weeks of gestation.
Regarding medical conditions, 36 (8.2%) of patients had
diabetes mellitus or gestational diabetes mellitus, 49 (11.2%)
suffered from obesity and 66 (15.1%) had previous uterine
surgery, usually Cesarean section. A total of 331 (75.7%)
ECS were performed on weekdays (Monday-Friday).
Regarding the time of day, 177 (40.5%) procedures occurred
during core working hours which were between 8 a.m. and
4 p.m., while 260 (59.5%) procedures were performed
outside core working hours between 4 p.m. and 8 a.m.
Postoperative variables are displayed in Table II. Most
neonates were males (248 (56.8%). Overall an adverse
neonatal outcome was reported for 150 (34.3%) newborns.
The mean arterial cord blood pH was 7.19 (SD=0.129), mean
arterial cord blood base excess was -7.6 (SD=5.504). Median
1-min APGAR score was 7 (IQR=4), median 5-min APGAR
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Table I1. Analysis of decision to delivery interval, postpartum neonatal variables.

Variables Number (%) Decision to delivery interval, min p-Value!
Mean (SD2) Median (Range)

Overall 437 (100) 7.66 (4,389) 7 (0-55)

Gender of neonates 0.844
Female 189 (43.2) 7.33 (3.023) 7.0 (0-20)
Male 248 (56.8) 7.92 (5.186) 7.0 (2-55)

Birthweight of neonates 0.064
<1,000 g 24 (5.5) 7.54 (2.992) 7.5 (0-15)
1,001-1,500 g 36 (8.3) 9.75 (6.073) 9.0 (4-35)
1,501-3,000 g 185 (42.3) 741 (3.748) 7.0 (2-35)
>3,000 g 192 (43.9) 7.53 (4.658) 7.0 (2-55)

1-min APGAR3 0.838
<7 271 (62) 7.57 (3.815) 7.0 (2-35)
>7 166 (38) 7.81(5.2) 7.0 (0-55)

5-min APGAR3 0.646
<7 137 (31.4) 746 (3.319) 7.0 (3-22)
>7 300 (68.6) 7.75 (4.801) 7.0 (0-55)

10-min APGAR3 0.243
<7 45 (10.3) 8.22 (3.902) 8.0 (3-22)
>7 392 (89.7) 7.6 (4.441) 7.0 (0-55)

pH in arterial cord blood 0.408
<70 33 (7.6) 7.12 (3.049) 6.0 (4-17)
>7.0 404 (92.4) 7.71 (4.480) 7.0 (0-55)

Base excess arterial cord blood 0.348
=16 33 (7.6) 7.72 (4.500) 7.0 (0-55)
>-16 404 (92.4) 691 (2.614) 6.0 (4-17)

Admission at NICU 0.581
No 216 (49.4) 7.48 (4.352) 7.0 (2-55)
Yes 221 (50.6) 7.84 (4.427) 7.0 (0-25)

Adverse neonatal outcome 0.570
No 287 (65.7) 7.8 (4.895) 7.0 (0-55)
Yes 150 (34.3) 74 (3.204) 7.0 (3-22)

Ip-Value was calculated using Mann-Whitney or Kruskal-Wallis test. 2Standard deviation. 3Score with the components respiration, heart rate, muscle

tone, skin color and reflexes. NICU: Neonatal intensive care unit.

score was 8 (IQR=2) and median 10-min APGAR score was
9 (IQR=2). More than half of the neonates (50.6%) were
admitted to the neonatal intensive care unit postnatally.

Influence on duration of the decision to delivery interval.
Statistically, there was no significant difference in duration
of DDI regarding maternal age (p=0.524), gestational age
(p=0.093), diabetes (p=0.614), maternal obesity (p=0.065),
previous uterine surgery (p=0.158) or day of week on which
the delivery occurred (p=0.534). A significant result was
found for the time of day (p<0.001), at which ECS was
performed only. Median DDI of ESC performed outside core
working hours was higher (8.0, range=2-35 min) than during
core working hours (6.0, range=0-55 min) (Table I).

Impact of decision to delivery interval on neonatal outcome.
Duration of DDI did not statistically differ regarding sex of
newborn (p=0.844), fetal birth weight (p=0.064), pH in

arterial cord blood (p=0.408), base excess in arterial cord
blood (p=0.348), 1-min APGAR (p=0.838), 5-min APGAR
(p=0.646), 10-min APGAR (p=0.243) or admission to
neonatal intensive care unit (p=0.581) (Table II).

Correlation analysis of the influence of DDI on the arterial
cord blood pH, base excess and the 5-min APGAR showed
a significant, positive correlation for arterial cord blood pH
(p=0.001; r=0.162) and arterial cord base excess (p=0.05;
r=0.094). This indicates shorter DDI leading to lower fetal
pH and base excess in arterial cord blood. Though
correlation coefficient in both cases only suggests a weak
association. No correlation was found for the 5-min APGAR
(p=0.578) (Table III).

Results of multivariate regression analysis are
summarized in Table IV. Overall there was no statistically
significant influence on the incidence of adverse neonatal
outcome for any of the following: decision to delivery
interval (p=0.123), birth weight of newborn (p=0.707), male
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Table III. Correlation analysis: Influence of the decision to delivery
interval on neonatal outcome.

Table IV. Multivariate logistic regression analysis: impact on adverse
neonatal outcome.

p-Value!  Correlation coefficient p-Value! OR  95% Confidence Interval
Arterial cord blood pH 0.001 0.162 Decision to delivery 0.123 0.957 0.906 1.012
Arterial cord blood base excess 0.05 0.094 interval
5-minutes APGAR? score 0.578 0.027 Birthweight 0.707 1.000 1.0 1.001
Male sex of newborn 0.562 1.132 0.744 1.722
1p-Value was calculated using Spearman correlation test. 2Score with the Diabetes mellitus or 0.567 0.791 0.354 1.766
components respiration, heart rate, muscle tone, skin color and reflexes. gestational diabetes
Gestational age? 0.008 0.869 0.783 0.964

sex of newborn (p=0.562) or pre-existing diabetes mellitus
or gestational diabetes (p=0.567). Despite DDI missing
significance, OR (0.957) still suggested that shorter DDI
increases the incidence of adverse neonatal outcome up to
0.5%, showing a similar result as correlation between DDI
and arterial cord blood pH and base excess. Increasing
gestational age at the time of delivery was the only variable
showing a significant impact (p=0.008). It was identified to
have a protective effect, reducing the risk of an incidence
of adverse neonatal outcome up to 13% (OR=0.869).

Discussion

In this present study, delivery within 20 min after the
decision for ECS was achieved in the great majority (98.
9%) of cases. With a mean DDI of 7.66 min (SD=4.389) it
was also performed perspicuously faster than recommended.
When comparing these results with data on DDI from
Germany corresponding results are found (8). In contrast
several international studies did not accomplish incision or
delivery for ECS, depending on whether the study had DTI
or DDI as indicator, within the recommended time interval
in a considerable proportion of patients (9-12). A possibly
limited comparability due to these international differences
must not be disregarded when discussing present results.
Also varying definitions of the targeted time interval,
indications for emergency caesarean section and neonatal
outcome must be considered.

Influences on duration of decision to delivery interval.
Overall, we identified ESC outside core working hours being
accountable for prolongation of DDI. Other factors (e.g.
maternal obesity, previous uterine surgery, day of week on
which the ECS occurred) did not show any significant
impact on duration of DDI respectively. When comparing the
present results with those published in other studies
conflicting statements are found.

Concerning time of day, at which the procedure occurred,
analysis showed that DDI outside core working hours was
significantly prolonged in comparison to DDI within core
working hours. This finding is in agreement with Dunn et al.,
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Ip-Value was calculated using multivariate logistic regression. 2Completed
weeks of gestation at time of delivery. OR: Odds ratio.

who on comparable clinical conditions also found a
significant association between ECS performed outside office
hours and prolonged DDI (13). A possible explanation might
be that the healthcare team necessary to perform an ECS is
not constantly present in the labour ward outside core
working hours but, though still in-house, is on-call. Waiting
for members of the healthcare team (theatre staff, obstetrician,
paediatrician, anaesthetist) was also described as a perceived
reason for delay in urgent ECS in tertiary care hospitals by
Spencer and MacLennan (14). Though they did not
investigate a delay regarding time of day, their results might
still support out hypothesis. Contradicting results however
were published by other studies (15-17). MacKenzie and
Cooke for example could not demonstrate any influence of
the time of day on DDI but, described a quicker delivery
between 2 a.m. and 7 a.m. (16). They hypothesized that the
absence of planned Cesarean sections and labour inductions
might be the cause. Similar results were reported by Lim et
al., who also stated no significant difference in duration of
DDI in crash Cesarean sections regarding office hours but
reported a slightly shorter DDI after office hours (17).

Regarding the day of the week though no significant
difference in duration of DDI was found. These findings
agree with prior published reports (10, 16).

Even though the influence of maternal obesity on the
duration of DDI in our study only showed a result on the
threshold of significance other studies e.g. Conner et al. (18)
reported that obesity in patients undergoing Cesarean section
significantly prolonged the time interval from incision to
delivery. This is consistent with the results of Turner and
Warshak (19) who stated that DDI of <30 min could not be
achieved in a significant number of obese and morbidly obese
patients undergoing ECS (defined as terminal bradycardia or
cord prolapse). Reasons stated were problems with transport
as well as a prolongation of the operative procedure itself.
Due to operative reasons we also anticipated a prolongation
of DDI in patients which had previous uterine surgery but
failed to show a significant difference. Results of other
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studies however supported our hypothesis. Greenberg at al.
(20) for instance investigated the incision to delivery interval
in first repeat Cesarean sections and found that it was
significantly increased in women with dense adhesions.

Other publications also analysed further variables
including mode of anaesthesia (16, 21, 22) and found a
significant influence on DTI or DDI respectively with
general anaesthesia being associated with shorter intervals
than epidural or spinal anaesthesia. The mode of anaesthesia
was not examined in the present study since all included
patients received general anaesthesia.

Impact of decision to delivery interval on neonatal outcome.
Though there was no significant difference in duration of DDI
regarding neonatal outcome variables, we were able to show
that shortened DDI resulted in a significantly worsened
neonatal pH and base excess in arterial cord blood. At prima
facie this may appear contradicting, but the inversed correlation
might be explained when considering that an emergency
Cesarean is performed more rapidly the greater the anticipated
risk for the fetus or mother. Thereby resulting in shortened DDI
being associated with worsened neonatal outcome. Comparable
results were already described in prior studies (16, 23, 24).

Even though we anticipated that a prolonged DDI would
lead to an increased incidence of adverse neonatal outcome,
we were unable to show any significant impact. Results were
compliant with most published studies covering the topic (9,
11, 12, 21, 23, 25, 26). For instance similar results were
reported by Grobman et al. (23). They stated that even a
decision to incision time =30 min in patients undergoing ECS
for fetal indications was not associated with worsened
neonatal outcome whereby it also needs to be considered that
the most emergent indications for ECS, abruption and cord
prolapse were excluded in the study. Likewise Tolcher et al.
(11) who examined the impact of delivery interval on the
neonatal outcome in ECS classified as category 1 by Lucas
et al. (27) stated that “the neonatal outcome did not differ by
delivery interval”.

However in 2017 Heller et al. (28) reached another
conclusion. They described a DDI of <20 min being
associated with a significant improvement of neonatal
outcome in ESC. for suspected or confirmed fetal asphyxia.
Still, as already mentioned by the authors themselves it must
be considered that because of the few cases used as reference
criterion (536 cases >20 min out of 39,291 neonates
included), the statistical power might only be limited.

We identified gestational age to have a protective effect on
the occurrence of adverse neonatal outcome. Similar results
were reported by Berlit ef al. (26). When evaluating these
results though, morbidities of prematurity leading to
erroneously low APGAR scores must be considered to be a
possible confounder (29). As described by Catlin et al.,
preterm neonates with a normal fetal status, defined as normal

arterial cord blood pH and base excess, may often receive a
low APGAR score though it might reflect physiological
developmental immaturity than fetal distress (30).

Discussing expedition of DDI, possible maternal
complications must not be disregarded. Our data did not
qualify to make a statement concerning maternal
complications but Moroz et al. (31), for instance, reported
that among women who underwent emergent repeat
Cesarean section the risk of maternal complications was
increased if the incision to delivery interval was <2 min.
Other studies, however, showed no impact of duration of
DDI on maternal outcome (9, 23).

Our study demonstrated that time of day significantly
influenced the duration of DDI. Acknowledging the present
findings might contribute to expediting DDI and therefore
achieve delivery or incision in the targeted interval. Still
duration of DDI showed no significant impact on the
incidence of adverse neonatal outcome. Present data were
not adequate to suggest a recommendation for DDI time
standards. Further research in order to examine suitable DDI
time standards is needed.

Strengths and limitations. The present study includes a
comparatively high number of patients, considering low
frequency of ECS. It was conducted at a tertiary care
hospital in Germany in which there is a universal policy and
great experience of collecting data on DDI as well as
drawing umbilical cord blood and determining APGAR
scores ensuring data quality and decreasing bias.
Generalizability to other healthcare facilities though might
be limited. We excluded multiple and anomalous gestations
which lead to a more homogenous study population and a
consequently improved comparability though occurrence of
emergency caesarean section might be underestimated.
Despite its retrospective and single-center nature our study
contributes to the still relatively few information available
on ECS. Alternative conclusions may be found with larger
propensity-matched or randomized, prospective studies.
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