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Summary
General anaesthesia is known to achieve the shortest decision-to-delivery interval for category-1 caesarean section.
We investigated whether the COVID-19 pandemic affected the decision-to delivery interval and influenced neonatal
outcomes in patients who underwent category-1 caesarean section. Records of 562 patients who underwent
emergency caesarean section between 1 April 2019 and 1 July 2019 in seven UK hospitals (pre-COVID-19 group)
were compared with 577 emergency caesarean sections performed during the same period during the COVID-19
pandemic (1 April 2020–1 July 2020) (post-COVID-19 group). Primary outcome measures were: decision-to-delivery
interval; number of caesarean sections achieving decision-to-delivery interval < 30 min; and a composite of adverse
neonatal outcomes (Apgar 5-min score < 7, umbilical arterial pH < 7.10, neonatal intensive care unit admission and
stillbirth). The use of general anaesthesia decreased significantly between the pre- and post-COVID-19 groups (risk
ratio 0.48 (95%CI 0.37–0.62); p < 0.0001). Compared with the pre-COVID-19 group, the post-COVID-19 group had
an increase in median (IQR [range]) decision-to-delivery interval (26 (18–32 [4–124]) min vs. 27 (20–33 [3–102]) min;
p = 0.043) and a decrease in the number of caesarean sections meeting the decision-to-delivery interval target of
< 30 min (374/562 (66.5%) vs. 349/577 (60.5%); p = 0.02). The incidence of adverse neonatal outcomes was similar in
the pre- and post-COVID-19 groups (140/568 (24.6%) vs. 140/583 (24.0%), respectively; p = 0.85). The small increase
in decision-to-delivery interval observed during the COVID-19 pandemic did not adversely affect neonatal outcomes.
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Introduction
The National Institute for Health and Care Excellence (NICE)

and the Royal College of Obstetricians and Gynaecologists

specify that the urgency of a caesarean section should be

categorised and documented using a four-point scale [1-3].

According to this, a category-1 caesarean section is classed

as an emergency with an “immediate threat to the life of the

woman or the fetus”. Guidelines fromNICE recommend that

category-1 caesarean section should be performed as soon

as possible after making the decision, but a decision-to-

delivery interval within 30 min is used as a guide tomeasure

the performance of obstetric units in the UK. The National

Maternal and Perinatal Audit reported that over 167,500

caesarean sections were carried out in England, Wales and

Scotland in 2016–2017, with almost 15% of these classified

as emergency or category-1 [4]. Previous reviews have

shown that category-1 caesarean sections are associated

with poor neonatal outcomes, specifically relating to

neonatal intensive care unit (NICU) admissions and neonatal

respiratory and neurologicalmorbidity [5].

The World Health Organization declared COVID-19 to

have reached pandemic status on 11 March 2020 [6]. Our

previous work showed that during the first wave of the

COVID-19 pandemic (1 April 2020–1 July 2020), the general

anaesthesia rate for caesarean sections in the north-west of

England decreased significantly from 7.7% to 3.7% [7].

Several studies have shown that general anaesthesia is

typically associated with achieving the shortest decision-to-

delivery interval for category-1 caesarean section [8, 9]. The

increased use of regional anaesthesia during the pandemic

might, therefore, have impacted on the decision-to-delivery

interval for category-1 caesarean sections and adversely

influenced neonatal outcomes [10].

Though multiple reviews on maternal and neonatal

outcomes during the COVID-19 pandemic have been

published [11–13], we failed to find any study reporting on

the decision-to-delivery interval for category-1 caesarean

section during this period. Therefore, we conducted a

retrospective observational review of category-1 caesarean

sections performed in seven hospitals across the north-west

of England during the first wave of COVID-19 pandemic

with a matched period in the previous year, to assess the

impact of the increased use of regional anaesthesia on

decision-to-delivery interval and neonatal outcomes.

Methods
We reviewed the electronic and paper records of all women

who delivered by category-1 caesarean section at seven

hospitals across the north-west of England between 1 April

2019 and 1 July 2019 (pre-COVID-19 group). This was

compared with data obtained from the same hospitals

during the corresponding period in 2020 which

represented the peak of the first wave of the COVID-19

pandemic (post-COVID-19 group). Hospitals with > 5000

annual deliveries (St Mary’s Hospital, Manchester; Liverpool

Women’s Hospital, Liverpool; East Lancashire Hospitals

NHS Trust, Burnley; and Royal Bolton Hospital, Bolton) and

< 5000 annual deliveries (Wrightington Wigan and Leigh

Hospital, Wigan; Royal Preston Hospital, Preston; and

Wythenshawe Hospital, Manchester) participated in data

collection. Research ethics committee approval was not

required for this project as the data we analysed are

collected routinely for audit purposes (e.g. against

standards specified by NICE [1], the Royal College of

Anaesthetists (RCoA) [14] and the National Maternal and

Perinatal Audit [4]). Appropriate governance approvals for

data collection and sharing were followed at all

participating institutions.

Specific maternal information collected in the audit

included: age; BMI; parity; maternal medical history;

suspected sepsis before delivery; gestational age at

delivery; indication for category-1 caesarean section;

anaesthetic technique used for the caesarean section;

vasopressors used during the caesarean section;

anaesthetic and surgical personnel performing the

caesarean section; decision-to-delivery interval; decision-

to-theatre interval; theatre-to-incision interval; and theatre-

to-delivery interval. Neonatal data collected included: birth

weight; Apgar scores at 1, 5 and 10 min; arterial and venous

umbilical cord pH; neonatal tracheal intubation rate;

neonatal NICU admission; and neonatal stillbirth.

Additional information specific to the pandemic comprised

the SARS-CoV-2 infection status of the women and the

neonate(s) after birth.

Primary outcomes analysed in this study included:

decision-to-delivery interval; number of caesarean sections

achieving decision-to-delivery interval target < 30 min; and

a composite of adverse neonatal outcomes (Apgar score

< 7 at 5 min, umbilical arterial pH < 7.10, requirement for

NICU admission and stillbirths). Secondary outcomes

included: decision-to-theatre interval; theatre-to-incision

interval; theatre-to-delivery interval; Apgar scores at 1 and

5 min; umbilical artery and umbilical vein pH; and neonatal

tracheal intubation rates.

Statistical analyses were stratified by mode of

anaesthesia and hospital to obtain pooled estimates with

95%CI. Continuous data were analysed using Mann-

Whitney U-statistics, Kruskal-Wallis H-statistics and general
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linear models with Tukey multiple comparison corrections

to p-values and 95%CIs as appropriate. The Mantel-

Haenszel chi-square statistic was used to estimate the

pooled risk ratio (RR) (95%CI) stratified by hospital. Robust

logistic or conditional logistic regression was used to

estimate adjusted odds ratio (OR) with 95%CI between or

stratified by hospitals. Fisher’s expanded exact p-values

were used to compare distributions in categories. Based on

themean (SD) pre-COVID-19 decision-to-delivery interval of

26 (15) min at St Mary’s Hospital, at least 551 parturients

were required in each period to find a 3-min difference in

this interval (assuming p < 0.05 and 90% power). This

sample size would also have 80% power to find a RR ≥1.3

(baseline proportion of 0.26 at St Mary’s Hospital) for the

composite of adverse neonatal outcomes. Analyses were

performed using Number Cruncher Statistical Systems

2020, (NCSS Inc., Kaysville, UT, USA) and Stata 16.1

(StataCorp Inc., College Station, TX, USA). Statistical

significancewas defined at p < 0.05 (two-sided).

Results
The rates for category-1 caesarean sections across the

seven hospitals were similar in the pre- and post-COVID-19

study periods (562/2866 (19.6%) and 577/2928 (19.7%),

respectively; p = 0.93). Maternal characteristics,

comorbidities, gestational age at time of delivery and the

indications for caesarean section were comparable in both

periods (Table 1). A significant increase in the presence of a

consultant obstetrician operating in theatre was noted in the

electronic records in the post-COVID-19 period compared

with the pre-COVID period (21.8% vs. 14.1%, RR 1.55 (95%

CI 1.20–2.01); p = 0.0005). This was predominantly the case

for category-1 caesarean sections performed between

08:00 and 20:00. The use of general anaesthesia for

category-1 caesarean section decreased significantly

between the pre- and post-COVID-19 periods (RR 0.48 (95%

CI 0.37–0.62); p < 0.0001). The regional to general

anaesthesia conversion rate across the seven hospitals also

saw a significant decline (RR 0.41 (95%CI 0.21–0.81);

p = 0.0099) (Fig. 1).

Our primary outcome measure of decision-to-delivery

interval increased between the pre- and post-COVID-19

groups (median (IQR [range]) 26 (18–32 [4–124]) min vs. 27

(20–33 [3–102]) min; p = 0.043) (Table 2). Comparing

anaesthetic techniques across both time periods, spinal

anaesthesia was associated with the longest decision-to-

delivery interval for category-1 caesarean sections

(Table 2). The overall number of category-1 caesarean

sections meeting the decision-to-delivery interval target of

< 30 min was significantly higher in the pre- compared with

the post-COVID-19 group (66.5% vs. 60.5% respectively, RR

0.90 (95%CI 0.74–0.99); p = 0.02) (Table 2). When stratified

by anaesthetic technique, this difference was significant for

caesarean section using general anaesthesia, but not spinal

anaesthesia or an epidural top-up (Table 2).

No difference was noted in the overall composite of

adverse neonatal outcomes between the pre- and post-

COVID-19 periods (24.7% vs. 24.0%, RR 0.98 (95%CI 0.80–

1.20); p = 0.85) (Table 3). Overall, the COVID-19 pandemic,

decision-to-delivery interval and achievement of a target

decision-to-delivery interval of < 30 min did not affect

composite neonatal outcomes (Table 4). Gestational age of

the neonate at the time of birth and prematurity (defined as

< 37 weeks’ gestation) were, however, significant

predictors of adverse neonatal outcome (Table 4). Pooled

data from both study periods highlights that use of general

anaesthesia for category-1 caesarean section was

associated with worse composite neonatal outcomes

(Tables 3 and 4).

Secondary outcomes show a statistically significant

increase in the decision-to-theatre interval and theatre-to-

incision interval during the COVID-19 pandemic (Table 5).

However, no significant differences were observed in any

other secondary outcome measures between the study

periods (Table 5).

The SARS-CoV-2 infection status (as diagnosed by

positive reverse transcriptase polymerase chain reaction

(PCR) on nasopharyngeal swab) was unknown in 185

women (32.1%). Of those with SARS-CoV-2 PCR results,

five women (< 1%) were confirmed to have SARS-CoV-2

infection; all these patients were during the post-COVID-

19 period and all received a spinal anaesthetic for their

category-1 caesarean section. The decision-to-delivery

interval in these patients ranged from 19 to 40 min and

four women had an interval > 30 min. None of the

neonates had a positive SARS-CoV-2 swab.

Discussion
To our knowledge, this is the first study to examine the

impact of the COVID-19 pandemic on the decision-to-

delivery interval for category-1 caesarean section. We

observed a small increase in median decision-to-delivery

interval during the post-COVID-19 study period. This, along

with increases in decision-to-theatre and theatre-to-incision

intervals during the pandemic, might be explained by the

recommendations of multiple societies to don airborne

personnel protective equipment (PPE) before the arrival of a

patient into the operating theatre [15, 16]. The aim of this

guidancewas todecrease the risk of SARS-CoV-2 transmission

to healthcare workers during caesarean sections performed
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Table 1 Parturient and obstetric characteristics for category-1 caesarean sections before (pre-COVID-19) and after (post-
COVID-19) the onset of the COVID-19 pandemic. Values are median (IQR [range]) or number (proportion). Day is defined as
08:00–20:00 and night as 20:00–08:00

Pre-COVID-19 Post-COVID-19
p valuen = 562 n = 577

Age; years 31 (27–35 [15–47]) 31 (27–34 [17–46]) 0.12

BMI; kg.m2 26 (23–30 [17–54]) 26 (23–31 [15–47]) 0.18

Gestation; weeks 39 (38–40 [24–43]) 39 (37–40 [24–43]) 0.46

Premature 78 (13.9%) 89 (15.4%) 0.46

Parity 0 (0–1 [0–7]) 0 (0–1 [0–8]) 0.15

Primiparous 337 (60.0%) 367 (63.6%) 0.20

Previous caesarean section 63 (11.2%) 70 (12.1%) 0.58

Comorbidities 0.26

Obesity 135 (24.0%) 164 (28.4%)

Sepsis 49 (8.7%) 41 (7.1%)

Hypertension/Pre-eclampsia 39 (6.9%) 44 (7.6%)

Diabetes 38 (6.8%) 45 (7.8%)

Asthma 31 (5.5%) 37 (6.4%)

Haematological 14 (2.5%) 11 (1.9%)

Cardiac 9 (1.6%) 8 (1.4%)

Hypothyroidism 2 (0.4%) 4 (0.7%)

Cholestasis 1 (0.2%) 1 (0.2%)

Systemic lupus 1 (0.2%) 2 (0.3%)

Chronic renal disease - 1 (0.2%)

SARS-CoV-2 infection - 5 (0.9%)

Indication(s) for caesarean section 0.55

Abnormal cardiotocography 344 (61.2%) 356 (61.7%)

Dystocia 62 (11.0%) 48 (8.3%)

Failed instrumental delivery 39 (6.9%) 50 (8.7%)

Antepartumhaemorrhage/placenta praevia 29 (5.2%) 43 (7.5%)

Fetal acidosis 35 (6.2%) 32 (5.5%)

Malpresentation 27 (4.8%) 24 (4.2%)

Umbilical cord prolapse 11 (2.0%) 12 (2.1%)

Pre-eclampsia 4 (0.7%) 2 (0.3%)

Uterine scar 2 (0.4%) 3 (0.5%)

Sepsis 2 (0.4%) -

Operation at night 289 (51.4%) 321 (55.6%) 0.17

Anaesthetic consultant present 141 (25.1%) 128 (22.2%) 0.24

Day 106/273 (38.8%) 90/256 (35.2%) 0.42

Night 35/289 (12.1%) 38/321 (11.8%) 0.99

Obstetric consultant present 79 (14.1%) 126 (21.8) 0.0005

Day 37/273 (13.6%) 67/256 (26.2%) 0.0003

Night 42/289 (14.5%) 59/321 (18.0%) 0.23

Vasopressor used 0.021

Phenylephrine 323 (57.5%) 361 (62.6%)

Ephedrine 15 (2.7%) 4 (0.7%)

Other 38 (6.8%) 44 (7.6%)
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under a general anaesthesia (or regional anaesthesia deemed

at high-risk of conversion to general anaesthesia) since

tracheal intubation is an aerosol-generating procedure. The

use of PPE will have increased the operating theatre staff

preparation time for emergency caesarean section. The

recommendations also suggested that patients with

suspected or confirmed SARS-CoV-2 infection should be ‘last

in’ to the operating theatre, potentially contributing to an

increase in thedecision-to-theatre interval.

Routine PCR testing for SARS-CoV-2 was not available

across maternity units in the UK until relatively late in the first

wave of the pandemic and was typically restricted to

patients with COVID-19 symptoms. Since almost 14% of

nasopharyngeal swabs among asymptomatic parturients

were reported to be positive for SARS-CoV-2 [17], we

postulate that healthcare workers may have taken a cautious

approach and used airborne PPE for all category-1

caesarean sections, including those in asymptomatic

patients whose SARS-CoV-2 status was unknown. In

addition, given the unavoidable continuation of obstetric

work throughout the early phase of the pandemic, more

Figure 1 General anaesthesia (GA) rates are presented as
risk ratio and 95% confidence interval (CI). Datawere
analysed usingMantel-Haenszel chi-square statistics,
stratifiedby hospital

Table 2 Anaesthetic techniques and decision-to-delivery intervals for category-1 caesarean sections before (pre-COVID-19)
and after (post-COVID-19) the onset of theCOVID-19 pandemic. Values aremedian (IQR [range]) or number (proportion)

Pre-COVID-19 Post-COVID-19 Differenceor ratio
(95%CI) p valuen = 562 n = 577

Decision-to-delivery interval;min 26 (18–32 [4–124]) 27 (20–33 [3–102]) 1.0 (0.0–3.0) 0.043

Anaesthesia <0.0001

General 19 (14–25 [7–86]) 21 (18–30 [4–66]) 2.9 (�2.1–7.9) 0.56

Spinal 28 (24–36 [4–124]) 29 (24–36 [4–102]) 2.5 (�0.6–5.5) 0.19

Epidural top-up 24 (17–31 [4–67]) 23 (17–29 [3–54]) -2.4 (�7.2–2.5) 0.72

Decision-to-delivery interval < 30 min 374/562 (66.5%) 349/577 (60.5%) 0.90 (0.83–0.98) 0.020

Anaesthesia <0.0001

General 123/142 (86.6%) 55/74 (74.3%) 0.86 (0.74–0.99) 0.037

Spinal 175/311 (56.3%) 190/366 (51.9%) 0.92 (0.80–1.06) 0.28

Epidural top-up 76/109 (69.7%) 104/137 (75.9%) 1.09 (0.93–1.27) 0.31

Table 3 Compositemeasure of adverse neonatal outcomes for category-1 caesarean sections before (pre-COVID-19) and after
(post-COVID-19) the onset of theCOVID-19 pandemic. Values are number (percentage)

Pre-COVID-19 Post-COVID-19
Ratio (95%CI) p valuen = 568 n = 584

Overall compositemeasure 140/568 (24.6%) 140/584 (24.0%) 0.98 (0.80–1.20) 0.85

Anaesthesia <0.0001

General 61/143 (42.7%) 28/76 (36.8%) 0.86 (0.60–1.21) 0.47

Spinal 67/314 (21.3%) 98/371 (26.4%) 1.24 (0.95–1.63) 0.13

Epidural top-up 12/111 (10.8%) 14/137 (10.2%) 0.95 (0.46–1.94) 0.99

Composite Items

Apgar score < 7 at 5 min 25/530 (4.7%) 32/566 (5.7%) 1.20 (0.72–1.99) 0.50

Umbilical artery pH < 7.10 50/463 (10.8%) 53/502 (10.6%) 0.98 (0.68–1.41) 0.92

NICUadmission 100/568 (17.6%) 100/584 (17.1%) 0.97 (0.76–1.54) 0.88

Stillbirth 4/568 (0.7%) 4/584 (0.7%) 0.96 (0.26–3.47) 0.99

NICU, neonatal intensive care unit.
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limited time was available for multidisciplinary simulation

training in the use of PPE when compared with other

surgical specialities [18]. These factors may both have

contributed to the significant decline in the number of

caesarean sections performed using general anaesthesia

meeting the decision-to-delivery interval target of

< 30 min in the post-COVID-19 study period. The incision-

to-delivery interval was not increased, and we suggest this

may be due to the increased presence of consultant

obstetricians, who were resident on a 24-h basis during

the pandemic study period in four of the seven hospitals

in our study.

Failure to meet the decision-to-delivery interval

< 30 min target was observed in 33.5% of all caesarean

sections before the pandemic, consistent with the findings

of Bloom et al. [19]. This increased significantly to 39.5% in

the post-COVID-19 study period but without any associated

increase in poor neonatal outcomes. This reinforces the

concept that a decision-to-delivery interval target of 30 min

is empirical and any increase may not necessarily influence

neonatal outcomes. This is in line with the findings of

multiple studies of emergency caesarean sections outside

the context of COVID-19 [19–23].

General anaesthesia was associated with the shortest

decision-to-delivery, decision-to-theatre and theatre-to-

incision intervals in the pre-COVID-19 period. This finding is

in line with existing literature [24, 25]. During the post-

COVID-19 study period, median decision-to-delivery

interval using general anaesthesia increased from 19 min to

21 min but was still shorter than when a spinal or epidural

top-up technique was used, despite the recommendations

to don PPE. This emphasises that for the most pressing

emergencies, general anaesthesia may still be the most

appropriate choice of technique. Spinal anaesthesia was

associated with the longest decision-to-delivery interval of

28 min, in keeping with the literature [26, 27]; this increased

to 29 min in the post-COVID-19 study period. The greater

time for spinal anaesthesia compared with general

anaesthesia is likely to reflect the time needed to prepare

and perform the procedure, and the unpredictable time for

surgical anaesthesia to be established. It nevertheless

remained the most popular technique utilised in the pre-

and post-pandemic periods, a decision which we postulate

was driven by the typically excellent quality of block, lower

rate of conversion to general anaesthesia (hence lower risk

of an aerosol-generating procedure) and superior

postoperative analgesia.

Epidural top-up anaesthesia was associated with a

shorter decision-to-delivery interval compared with spinal

anaesthesia by a margin of 4 min pre-COVID-19, and this

difference increased to 6 min during the post-COVID-19

study period. This might be attributed to the guidance to

offer epidural labour analgesia to SARS-CoV-2 positive or

those suspected of having SARS-CoV-2 infection, as well as

the advice to commence the topping-up of labour epidurals

Table 4 Factors influencing adverse neonatal outcome in
category-1 caesarean section

Odds ratio (95%CI) p value

Periodpre-/post-COVID-19 0.97 (0.72–1.32) 0.87

General anaesthesia 2.67 (1.39–5.15) 0.003

Decision-to-delivery
interval;min

1.003 (0.99–1.02) 0.65

Decision-to-delivery
interval< 30 min

0.95 (0.69–1.32) 0.77

Gestational age 0.75 (0.67–0.83) <0.0001

Prematurity (< 37 weeks) 8.32 (5.03–13.76) <0.0001

Table 5 Effect of the COVID-19 pandemic on secondary outcome measures for category-1 caesarean sections before (pre-
COVID-19) and after (post-COVID-19) the onset of the COVID-19 pandemic. Values are median (IQR [range]) or number
(percentage)

Pre-COVID-19 Post-COVID-19 Difference or ratio
(95%CI) p valuen = 568 n = 584

Decision-to-theatre;min 7 (3–10 [0–73]) 8 (4–11 [0–76]) 1.0 (0.0–1.0) 0.0097

Theatre-to-incision;min 17 (13–22 [0–69]) 18 (15–24 [5–52]) 2.0 (1.0–3.0) 0.0028

Theatre-to-delivery;min 20 (16–27 [2–93]) 21 (16–26 [4–58]) 1.0 (0.0–2.0) 0.23

Apgar score at 1 min 9 (7–9 [0–10]) 9 (8–9 [0–10]) 0.0 (0.0–0.0) 0.76

Apgar score at 5 min 10 (9–10 [0–10]) 10 (9–10 [0–10]) 0.0 (0.0–0.0) 0.099

Uterine artery pH 7.22 (7.16–7.27 [6.80–7.51]) 7.22 (7.16–7.28 [6.75–7.42]) 0.0 (0.0–0.0) 0.57

Uterine vein pH 7.28 (7.22–7.32 [6.80–7.43]) 7.28 (7.21–7.33 [6.80–7.42] 0.0 (0.0–0.0) 0.69

Birthweight; g 3267 (2765–3657 [670–5920]) 3235 (2852–3630 [640–5186]) 0.0 (0.0–76.0) 0.96

Neonatal intubation 28 (4.9%) 30 (5.1%) 1.0 (0.6–1.7) 0.89

1056 © 2021 Association of Anaesthetists

Anaesthesia 2021, 76, 1051–1059 Bhatia et al. | Emergency caesarean section andCOVID-19



before transfer to the operating theatre during the

pandemic [15]. This may also explain the finding that the

epidural top-up rate for caesarean section increased in

the post-COVID-19 study period from 70% to 75%. During

the COVID-19 pandemic, median decision-to-delivery

interval for general anaesthesia was shorter by 2 min

compared with epidural top-up anaesthesia. This difference

is similar to that demonstrated byWarren et al. in their study

on immediate time-critical births, though overall decision-

to-delivery interval was much shorter [24]. In their analysis

comparing epidural and general anaesthesia for category-1

caesarean section, Bidon et al. found that protocolised

epidural top-ups, commenced in delivery rooms, can

achieve a decision-to-delivery interval which is shorter than

that using a general anaesthetic, without compromising

neonatal outcomes [28].

We did not find any evidence of an increase in adverse

neonatal outcomes associated with the reduction in general

anaesthesia rates during the post-COVID-19 study period.

Our findings of adverse short-term composite neonatal

outcomes with general anaesthesia for category-1

caesarean section are in line with the published studies on

category-1 caesarean section [28–30]. The association of

general anaesthesia with adverse neonatal outcomes is not

causative but is due to confounding by indications. Figure 2

shows the significant dependency of general anaesthesia

rate on indications for category-1 caesarean section

ordered by adverse neonatal outcomes. Chi-square trend

analysis shows a significant 5.6% (95%CI 4.2–7.00;

p < 0.0001) change in general anaesthesia rate per

indication category ordered by neonatal morbidity. Rates of

general anaesthesia were significantly greater for pre-

eclampsia, antepartum haemorrhage/placenta praevia,

cord prolapse and malpresentations, all of which are

associated with adverse neonatal outcomes. These

compromised fetuses (the confounding variable) require

swift delivery, which is most reliably achieved with general

anaesthesia. However, they may also be more vulnerable to

the depressant effects of general anaesthetic agents

leading to lower Apgar scores and higher rates of umbilical

arterial pH < 7.10, requirement for tracheal intubation and

NICU admission. There was a significant increase in the use

of phenylephrine during the post-COVID-19 period which

may have contributed to the lower rates of umbilical arterial

pH < 7.10 for neonates in the regional anaesthesia group.

This has been highlighted by Singh et al. in their Bayesian

network meta-analysis on vasopressor drugs for caesarean

section [31].

In the five women with confirmed positive SARS-CoV-2

nasopharyngeal swabs, none of the neonates tested

positive for SARS-CoV-2 and all had good neonatal

outcomes despite decision-to-delivery intervals which were

not consistently within the recommended target. Our

dataset is too small to draw any meaningful conclusions

regarding this finding.

The increased use of regional anaesthesia for

category-1 caesarean section during the pandemic was

not associated with an increase in adverse neonatal

outcomes. The reasons for increased utilisation of regional

techniques during the pandemic have been highlighted

previously [7]. Our study confirms these findings and is

likely to be reassuring for anaesthetists, obstetricians, the

parturient and those societies recommending the

preferential use of regional anaesthesia for emergency

caesarean section during the COVID-19 pandemic. We

would, however, caution anaesthetists not to be fixated on

performing a regional anaesthetic as delays in delivery can

lead to worse outcomes, as highlighted in the ‘Each Baby

Counts’ report [32]. It is essential that the anaesthetist,

obstetrician and members of the multidisciplinary team

attending a category-1 caesarean section communicate

effectively with each other and are aware of the “shared

understanding of the urgency of delivery”, in line with the

recommendations of the report. Anaesthetists need to

make a risk-benefit analysis of the best choice of

anaesthetic for individuals and continue working to

improve the safety of delivery whichever anaesthetic

technique is used.

Figure 2 The significant dependency of general
anaesthesia (GA) on indication ordered by neonatal
morbidity is shown using non-parametric regression
(median slope: 1.03% (95%CI 0.09–1.86), Spearman’s rho
correlation 0.81, p = 0.022). Chi-square trend analysis
shows a significant 5.6% (95%CI 4.2–7.0); p < 0.0001)
change in general anaesthesia rate per ordered indication
category. There is a significant use of general anaesthesia
for the top four indications combinedwith adverse neonatal
outcomes (odds ratio 3.5 (95%CI 2.2–5.4); p < 0.0001).
APH, antepartumhaemorrhage; CTG, cardiotocography
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The limitations of our study are that it is observational,

retrospective, conducted over a limited period of time and

subject to selection and information bias. It includes a

limited number of hospitals in the north-west of England

thus limiting the generalisability of our findings. We did not

analyse specific anaesthetic or surgical factors contributing

to an increase in decision-to-delivery interval, nor were the

details of PPE worn during each caesarean section

examined. Maternal outcomes and details of neonatal

respiratory and neurological morbidity, along with 28-day

neonatalmortality, were not reviewed.

We conclude that the there was a small, clinically

unimportant increase in decision-to-delivery interval for

category-1 caesarean section during the first wave of the

COVID-19 pandemic. The increased use of regional

anaesthetic techniques during the COVID-19 pandemic did

not appear to adversely affect neonatal outcomes. Our

analysis supports the safe use of regional anaesthesia for

category-1 caesarean section except in those cases which

warrant themost urgent delivery.

Acknowledgements
We would like to thank R. Parikh, Consultant Anaesthetist,

Royal Liverpool Women’s Hospital, B. Hammond, Research

Nurse and M. Milner the Co-ordinator/Data Manager,

Burnley General Hospital, H. Eyres, Midwife at Liverpool

Women’s Hospital and M. Walker, Governance and Risk

Management Administrator at Wythenshawe Hospital for

their valuable assistance with data retrieval. MC has editorial

board roles with the European Journal of Anaesthesiology,

British Journal of Anaesthesia and International Journal of

Obstetric Anesthesia. CS is an editor ofAnaesthesia Reports.

No external funding or other competing interests declared.

Appendix 1. List of collaborators

C. Shelton, Manchester, Lancaster, UK; E. Elsayed,

Manchester, UK; F. Michelotti, Manchester, UK; J. Lie,

Blackburn, UK; N. Jayan, Wigan, UK; D. Verma, Liverpool,

UK; B. Shahid, Manchester, UK; S. Leach, Manchester, UK; P.

Verma, Bolton, UK; R. Upadhyay, Bolton, UK; A. Koirala,

Bolton, UK; S. Kimber-Craig, Bolton, UK.

References
1. National Institute for Health and Care Excellence. Caesarean

section: clinical guideline [CG132], 2011. www.nice.org.uk/
guidance/cg132 (accessed 01/02/2021).

2. Classification of Urgency of Caesarean Section. A Continuum of
Risk. Good Practice No 11: London. Royal College of
Obstetricians and Gynaecologists. 2010. https://www.rcog.org.
uk/globalassets/documents/guidelines/goodpractice11classif
icationofurgency.pdf (accessed 01/02/2021).

3. Lucas DN, Yentis SM, Kinsella SM, et al. Urgency of caesarean
section: a new classification. Journal of the Royal Society of
Medicine 2000;93: 346–50.

4. NMPA Project Team. National maternity and perinatal audit:
clinical report 2019. Based on births in NHS maternity services
between 1st April 2016 and 31st March 2017. RCOG, London
2019. https://maternityaudit.org.uk/pages/reports (accessed
01/01/2021).

5. Grace L, Greer RM, Kumar S. Perinatal consequences of a
category 1 caesarean section at term. British Medical Journal
Open 2015;5: e007248.

6. World Health Organization. Rolling updates on coronavirus
disease. (COVID-19). 2020. https://www.who.int/emergencies/
diseases/novel-coronavirus-2019/events-as-they-happen (acce
ssed 31/01/2020).

7. Bhatia K, ColumbM, Bewlay A, et al. The effect of COVID-19 on
general anaesthesia rates for caesarean section. A cross-
sectional analysis of six hospitals in the north-west of England.
Anaesthesia 2021;76: 312–9.

8. Popham P, Buettner A, Mendola M. Anaesthesia for Emergency
Caesarean Section, 2000–2004, at the Royal Women’s Hospital,
Melbourne.Anaesthesia and Intensive Care 2007;35: 74–9.

9. Mackenzie IZ, Cooke I.What is a reasonable time from decision-
to-delivery by caesarean section? Evidence from 415 deliveries.
BJOG: An International Journal of Obstetrics and Gynaecology
2002;109: 498–504.

10. Russell R, Lucas DN. The effect of COVID-19 disease on general
anaesthesia rates for caesarean section. Anaesthesia 2021; 76
(Suppl 3): 24.

11. Di Toro F, Gjoka M, Di Lorenzo G, et al. Impact of COVID-19 on
maternal and neonatal outcomes: a systematic review and
meta-analysis. Clinical Microbiology and Infection 2021; 27:
36–46.

12. Khalil A, Kalafat E, Benlioglu C, et al. SARS-CoV-2 infection in
pregnancy: a systematic review and meta-analysis of clinical
features and pregnancy outcomes. EClinical Medicine 2020;
25: 100446.

13. Knight M, Bunch K, Vousden N, et al. Characteristics and
outcomes of pregnant women admitted to hospital with
confirmed SARS-CoV-2 infection in UK: national population-
based cohort study.BritishMedical Journal 2020;369: m2107.

14. Colvin JR, Peden CJ. Raising the Standard: A Compendium of
Audit Recipes for Continuous Quality Improvement in
Anaesthesia, 3rd edn. London: The Royal College of
Anaesthetists, 2012.

15. Bampoe S, Odor PM, Lucas DN. Novel coronavirus SARS-CoV-2
and COVID-19. Practice recommendations for obstetric
anaesthesia: what we have learned thus far. International
Journal ofObstetric Anesthesia 2020;43: 1–8.

16. Uppal V, Sondekoppam R, Landau R, El-Boghdadly K, Narouze
S, Kalagara HKP. Neuraxial anaesthesia and peripheral nerve
blocks during the COVID-19 pandemic: a literature review and
practice recommendations.Anaesthesia 2020;75: 1350–63.

17. Sutton D, Fuchs K, D’Alton M, Goffman D. Universal screening
for SARS-CoV-2 in women admitted for delivery. New England
Journal ofMedicine 2020;382: 2163–4.

18. Cegielski D, Darling C, Noor C, Shelton CL, Parry Z. Patients as
partners in readiness for COVID-19: using ’live simulation’ to
implement infection prevention and control procedures in the
maternity operating theatre. Anaesthesia Reports 2020; 8:
191–5.

19. Bloom SL, Leveno KJ, Spong CY, et al. Decision-to-incision
times and maternal and infant outcomes. Obstetrics and
Gynecology 2006;108: 6–11.

20. Temesgen MM, Gebregzi AH, Kasahun HG, Ahmed SA,
Woldegerima YB. Evaluation of decision to delivery time
interval and its effect on feto-maternal outcomes and
associated factors in category-1 emergency caesarean section

1058 © 2021 Association of Anaesthetists

Anaesthesia 2021, 76, 1051–1059 Bhatia et al. | Emergency caesarean section andCOVID-19

http://www.nice.org.uk/guidance/cg132
http://www.nice.org.uk/guidance/cg132
https://www.rcog.org.uk/globalassets/documents/guidelines/goodpractice11classificationofurgency.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/goodpractice11classificationofurgency.pdf
https://www.rcog.org.uk/globalassets/documents/guidelines/goodpractice11classificationofurgency.pdf
https://maternityaudit.org.uk/pages/reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen


deliveries: prospective cohort study. BMC Pregnancy and
Childbirth 2020;20: 164.

21. Gupta S, Naithani U,MadhanmohanC, SinghA, Reddy P, Gupta
A. Evaluation of decision-to-delivery interval in emergency
cesarean section: a 1-year prospective audit in a tertiary care
hospital. Journal of Anaesthesiology Clinical Pharmacology
2017;33: 64–70.

22. Pearson GA, Kelly B, Russell R, et al. Target decision to delivery
intervals for emergency caesarean section based on neonatal
outcomes and three -year follow-up. European Journal of
Obstetrics and Gynecology and Reproductive Biology 2011;
159: 276–81.

23. Tolcher MC, Johnson RL, El-Nashar SA, West CP. Decision-to-
incision time and neonatal outcomes: a systematic review and
meta-analysis.Obstetrics andGynecology 2014;123: 536–48.

24. Warren MH, Kamania J, Dennis AT. Immediate birth – an
analysis of women and their babies undergoing time critical
birth in a tertiary referral obstetric hospital. International
Journal ofObstetric Anesthesia 2018;33: 46–52.

25. Palmer E, Ciechanowicz S, Reeve A, Harris S, Wong DJN, Sultan
P. Operating room-to-incision interval and neonatal outcome in
emergency caesarean section: a retrospective 5-year cohort
study.Anaesthesia 2018;73: 825–31.

26. Beckmann M, Calderbank S. Mode of anaesthetic for category
1 caesarean sections and neonatal outcomes. Australian and
New Zealand Journal of Obstetrics and Gynaecology 2012; 52:
316–20.

27. Kathirgamanathan A, Douglas MJ, Tyler J, et al. Speed of spinal
vs general anaesthesia for category-1 caesarean section: a

simulation and clinical observation-based study. Anaesthesia
2013;68: 753–9.

28. Bidon C, Desgranges F-P, Riegel A-C, et al. Retrospective
cohort study of decision-to-delivery interval and neonatal
outcomes according to the type of anaesthesia for code-red
emergency caesarean sections in a tertiary care obstetric unit in
France. Anaesthesia Critical Care and Pain Medicine 2019; 38:
623–30.

29. Thangaswamy CR, Kundra P, Velayudhan S, et al. Influence of
anaesthetic technique on maternal and foetal outcome in
category 1 caesarean sections – A prospective single-centre
observational study. Indian Journal of Anaesthesiology 2018;
62: 844–50.

30. Algert CS, Bowen JR, Giles WB, et al. Regional block versus
general anaesthesia for caesarean section and neonatal
outcomes: a population-based study. BMC Medicine 2009; 7:
20.

31. Singh PM, Singh NP, Reschke M, Ngan Kee WD, Palanisamy A,
Monks DT. Vasopressor drugs for the prevention and treatment
of hypotension during neuraxial anaesthesia for Caesarean
delivery: a Bayesian network meta-analysis of fetal and
maternal outcomes. British Journal of Anaesthesia 2020; 124:
e95–e107.

32. Royal College of Obstetricians and Gynaecologists. Each Baby
Counts: Themed report on anaesthetic care, including lessons
identified from Each Baby Counts babies born 2015 to 2017.
2018. https://www.rcog.org.uk/en/guidelines-research-service
s/audit-quality-improvement/each-baby-counts/reports-upda
tes/anaesthetic-care (accessed 23/01/2021).

© 2021Association of Anaesthetists 1059

Bhatia et al. | Emergency caesarean section andCOVID-19 Anaesthesia 2021, 76, 1051–1059

https://www.rcog.org.uk/en/guidelines%2010research%2010services/audit%2010quality%2010improvement/each%2010baby%2010counts/reports%2010updates/anaesthetic%2010care
https://www.rcog.org.uk/en/guidelines%2010research%2010services/audit%2010quality%2010improvement/each%2010baby%2010counts/reports%2010updates/anaesthetic%2010care
https://www.rcog.org.uk/en/guidelines%2010research%2010services/audit%2010quality%2010improvement/each%2010baby%2010counts/reports%2010updates/anaesthetic%2010care

