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1. Abstract
1.1. Purpose

The aim of this article is to evaluate the characteristics of emer-
gency surgical services during Covid-19 pandemic for future plan-
ning.

1.2. Methods

Data were collected prospectively and integrated into the Elec-
tronic Patient Record. The project examined all emergency proce-
dures performed in a University Hospital Trust, England, between
1st March 2020 and 28th February 2021 during the height of the
Covid-19 pandemic (pandemic period) and compared this to data
between 1st March 2019 and 29th February 2020 (pre-pandemic
period). Characteristics of emergency surgical services included:
case volume, types of surgical specialties, monthly changes, age
group, post-operative Intensive Care Unit (ICU) admissions, ICU
mortality and 30 day post-operative mortality.

1.3. Results

There was a 25.6% reduction in case volume from 9,365 pre-pan-
demic to 6,964 pandemic periods (p<0.01). However, compared
with pre-pandemic period, obstetric (1,616 vs 1,115, p<0.01) and
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vascular (631 vs 489, p<0.01) significantly increased case vol-
ume despite reductions in all other specialties. Month by month
reduction coincided with “peaks” of Covid-19 infection. Reduc-
tion was more remarkable in patients under 18 or above 80 years
old than 19-79 years old (p<0.01). Post-operative ICU admissions
were significantly reduced during the pandemic (5.6% vs 7.3%,
p<0.01). Nevertheless, post-op ICU (16.9% vs 17.3%) and 30day
mortality (2.2% vs 2.2%) remained unchanged during pandemic
vs pre-pandemic periods respectively.

1.4. Conclusion

The pandemic reduced emergency surgical activity significantly
with extensive restructuring of surgical services and a reduction in
post-operative ICU admissions. It was reassuring to see that 30day
mortality rates were within expected ranges during the pandemic.

2. Introduction

The Covid-19 pandemic has led to unmitigated pressure on global
healthcare resources, particularly in emergency and critical care.
Emergency surgical service was prioritised to continue throughout
the pandemic, though under challenging conditions. Align with the
global health policy, we have now entered the recovery of surgical
services in the post-pandemic era in England. Emergency surgery,
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regarded as “high value surgery”, will become the cornerstone of
post-pandemic surgery during 2020-2025, in terms of procedure
selection, use of technology, minimising complications, and max-
imising throughput [1]. One year on, learning characteristics of
emergency surgical services during Covid-19 pandemic is essen-
tial for the future planning. There have been large studies [2,3] on
yearly descriptions of emergency laparotomies and the emergen-
cy surgical volume during the pandemic in England and Wales.
However, there has been an information gap on the characteristics
and features of all types of emergency surgery during the entire
year of Covid-19 pandemic peaks in England. University Hospi-
tals of Birmingham (UHB), including four sites: Queen Elizabeth
(QE), Birmingham Heartlands (BHH), Good Hope (GHH) and
Solihull (SH) Hospitals, is one of the largest teaching hospitals in
England, treating over two million population per year. BHH and
GHH have traditionally delivered typical emergency services and
deliver more babies than anywhere else in Europe since 1996. This
study aims to evaluate the case volume, types of surgical special-
ties, monthly changes of one year, age groups, post-operative ICU
admissions, ICU mortality and 30 day post-operative mortality of
emergency surgical services at Birmingham Heartlands and Good
Hope hospitals, England, in order to shine the lights on the future
planning.

3. Methods

3.3. Project Design and Setting

The project did not meet the definition of research by the UK
Policy Framework for Health and Social Care Research [4], was
deemed a service evaluation (Registration No: 17761) and there-
fore did not require research ethics committee approval. This is
a prospective cross-section population data-based study to evalu-
ate emergency surgical service during pandemic period compared
with the pre-pandemic period. “Pandemic period” was based on
the definition of the World Health Organization for the height of
the Covid-19 pandemic waves between 1st March 2020 and 28th
February 2021 [5]. “Pre-pandemic period” referred to the cor-
responding period between 1st March 2019 and 29th February
2020. The project aimed to examine all emergency procedures
performed in Acute Care hospitals: Birmingham Heartlands and
Good Hope, University Hospitals Birmingham, England between
the pandemic period and compared with the pre-pandemic period.
The characteristics of emergency surgical services included case
volume, types of surgical specialties, monthly changes, age group,
post-operative ICU admissions, ICU mortality and 30 day post-op-
erative mortality.

3.4. Data sources and Processing

The operating theatre data and ICU data were collected prospec-
tively into the Dendrite Health Systems, integrated into the Elec-
tronic Patient Record and viewed through the hospital’s Concerto
system (Orion Health). An emergency flag is raised if the patient
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quently had an operation. Code “urgency of procedure” consisted
of elective and non-elective cases. Only non-elective, or emergen-
cy, cases were included in this service evaluation project analysis.
Data within Microsoft Excel were double checked by LQ and MR
against surgical specialty, codes of urgency of procedure and cor-
responding to the listed name of the procedure to ensure accuracy.
In cases of mismatched information, LQ rechecked the source of
the information and manually amended as required. The data were
exported into a Microsoft Access database for combination and
filtering. Graphs and tables were generated using Microsoft Excel
along with further analysis.

3.5. Statistical Analysis

Categorical data were presented as frequencies and percentages
and analysed using 2-tailed 2 tests or the Fisher exact test. Rela-
tive risks (RR) with 95% ClIs were calculated using the log-bino-
mial model for the categorical variables. All statistical tests were
2-sided and a P value less than 0.05 was considered to be statisti-
cally significant.

4. Results
4.1. Case Volume

During pre-pandemic and pandemic periods from 1st March 2019
to 28th February 2021 there were a total of 48,032 surgical pro-
cedures performed in operating theatres, and 16,329 procedures
(34.0%) were emergency cases. Of the 16,329 emergency cases,
57.4% were undertaken during the pre-pandemic period compared
with 42.6% in the pandemic period (9,365 vs 6,964 cases respec-
tively, P<0.01) with a 25.6% reduction in emergency surgery ac-
tivity during the pandemic.

4.2. Surgical Specialties

From 1st March 2019 to 28th February 2021, the most frequently
performing surgical specialties (in descending order) were: gener-
al surgery, trauma and orthopaedic surgery (T&O), obstetric sur-
gery, vascular surgery, gynaecology, urology, thoracic surgery and
ear/nose/throat surgery (ENT). Table 1 shows the case volume for
each of these surgical specialties during the pandemic and pre-pan-
demic periods, with a percentage increase/decrease value. Almost
all specialties experienced a decrease in surgical activity during
the pandemic, although thoracic surgery and T&O saw the most
substantial reduction (73.7% and 66.1% respectively). Obstetric
surgery and vascular surgery however, saw an increase in surgical
activity (44.9% and 29.0% respectively).

4.3. Monthly Changes

The data were examined on a month by month basis. As shown in
Figure 1, during April 2020, procedures performed fell dramati-
cally from a pre-pandemic average of 780 cases per month to 294
cases, before recovering by September 2020 with 724 cases. Cas-
es fell again in January and February 2021. Figure 2 illustrates
the monthly activity of the most frequently performing surgical

specialties during pre- pandemic and pandemic periods. T&O ser-
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vice made alterations between Queen Elizabeth and Birmingham  gery was reconfigured into Queen Elizabeth after August 2020.
Heartlands sites during the pandemic period whilst thoracic sur-
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Figure 1: Month by month comparison of case volume during pandemic and pre-pandemic periods.
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Figure 2: Month by month comparison of case volume by surgical specialty between March 2019 and February 2021.
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Table 1: Case volume by surgical specialty during pandemic and pre-pandemic periods.

Pandemic Pre-pandemic .
Specialty Percentage of cases ez D e ff
P No. of cases Percentage of cases (%) No. of cases %) decrease |
0
General surgery 2,372 34.1 2,749 29.4 13.7% |
T&O 1,148 16.5 3,387 36.2 66.1% |
Obstetric surgery 1,616 23.2 1,115 11.9 44.9% 1
Vascular surgery 631 9.1 489 5.2 29.0% 1
Gynaecology 430 6.2 525 5.6 18.1% |
Urology 425 6.1 466 5.0 8.8% |
Thoracic surgery 70 1.0 266 2.8 73.7% |
ENT 132 1.9 141 1.5 6.4% |
Table 2: Age groups during pandemic and pre-pandemic periods.
Pandemic Pre-pandemic R e P value
decrease |
Total number of cases 48,032
Total number of emergency 16,329
cases
Emergency cases during each period 6,964 9,365 25.6% | P<0.01
<18 years old 572 978 41.5% | P<0.01
Age 18-79 years old 6,004 7,033 14.6 | P<0.01
>80 years old 388 1,354 71.3% | P<0.01

Table 3: 30 day mortality by surgical specialty during pandemic and pre-pandemic periods.

Pandemic Pre-pandemic Relative risk [Confidence interval lower and upper
N / total cases (%) N / total cases (%) limits]
9/132 6/141 1.60
ENT
(6.8%) (4.3%) [0.59,4.38]
2/24 4/27
Gastroenterology Insufficient data
(8.3%) (14.8%)
60/2,749 1.16
General surgery 60/2,372 (2.5%)
(2.2%) [0.81,1.65]
Number of 30 day 8/425 3/466
mortality cases by Urology Insufficient data
specialty (1.9%) (0.6%)
0.73
Vascular surgery 33/631 (5.2%) 35/489 (7.2%)
[0.46, 1.16]
11/3,380 0/5,493
Other procedures Insufficient data
(0.3%) (0.0%)
152/6,964 203/9,365 1.01
All specialities
(2.2%) (2.2%) [0.82,1.24]
4.4 Age Groups (7.3%). The majority of ICU admissions were from general sur-

In each age groups there were significant reductions during the
pandemic compared with pre-pandemic period (Table 2). There
was 41.5% reduction under 18 years old group (from 978 to 572,
P<0.01), 14.6% reduction in patients 18 to 79 years old (from
7,033 to 6,004, P<0.01). The most reduction, 71.3%, occurred in
patients 80 years old and above from 1,354 to 388 (P<0.01).

4.5. Post-operative ICU Admissions

In total, there were 1,073 patients admitted to ICU post-operative-
ly between March 2019 and February 2021 (6.6% of emergency
cases). During the pandemic there were 390 post-operative admis-
sions to ICU (5.6%) compared to 683 admissions pre-pandemic
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gery and vascular surgery specialties during the pandemic, prior to
the pandemic a significant proportion came from T&O.

4.6. ICU Mortality

ICU mortality rates for post-operative ICU admissions were simi-
lar during the pandemic compared to pre- pandemic period (16.9%
vs. 17.3% respectively).

Thirty day mortality In the pre-pandemic period, post-operative
30-day mortality was 2.2% (203 deaths of the 9,365 patients).
During the pandemic, 152 of the 6,964 patients undergoing an
emergency procedure died within 30 days after surgery, signifying
a mortality rate of 2.2%. When T&O and thoracic surgery were ex-
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cluded, the pandemic 30day mortality remained 2.1% (123 deaths
in 5,746 patients). During the study periods, post-operative 30 day
mortality was higher in patients 80 years old and above (8.2%),
compared to those aged 18-79 years old (1.6%). There were 0
deaths in patients under the age of 18 years old. Table 3 describes
percentage changes in 30-day mortality during the pandemic com-
pared to pre-pandemic levels of surgical specialties. Specialties
such as gastroenterology, urology and other procedures had too
few deaths to calculate relative risk (RR) and confidence intervals
(CIs). Although RR could be calculated for ENT, general surgery
and vascular surgery, the Cls contain 1.0 which suggest that the
results are not significant.

5. Discussion
5.1. Case Volume

The key finding in this service evaluation was the 25.6% reduction
in number of emergency surgery cases performed in the pre-pan-
demic period compared to the pandemic (9,365 vs. 6,964 cases).
This is comparable to findings from other studies which saw re-
duced emergency surgical activity during the pandemic, ranging
from 13.4% to 28.0% reduction [2,3,6]. At the start of the pandemic
one emergency theatre team at BHH and GHH was operating, their
cases divided into ‘Covid confirmed’ and ‘Covid not confirmed’
theatres. As the pandemic progressed, BHH was able to increase
up to two emergency theatre teams during normal working hours,
and this has continued to this day. The overall reduction in the
number of emergency cases is likely to be multifactorial. Elective
surgery was cancelled to create vital capacity for medical patients
admitted to hospital with Covid-19 infection, theatre teams were
redeployed to critical care and therefore fewer staff were available
for emergency procedures. It is possible that patients were more
reluctant to present to hospital for fear of becoming infected with
Covid-19. We have also seen certain surgical pathology favouring
conservative management (e.g. appendicitis) during the pandemic,
rather than its usual surgical management [7].

5.2. Surgical Specialties

There were restructuring of surgical services during the pandem-
ic, in particular, T&O and thoracic surgery were moved to oth-
er hospitals. Almost all other specialties saw a reduction in the
number of their emergency cases during the pandemic except for
obstetric surgery and vascular surgery (44.9% and 29.0% increase
respectively). The increase in vascular surgery was as a result of
BHH becoming the main vascular hub for the Birmingham and
surrounding areas, and a reduction in elective major vascular pro-
cedures, e.g. abdominal aortic aneurysm; this allowed vascular
surgery to utilise theatre space and staff for emergency procedures,
e.g. revascularisation of ischaemic limbs. With respect to obstetric
surgery, although crude birth rate in England was reduced during
2020 compared to 2019 (10.3 vs 10.8), hospitals within UHB had a
higher emergency caesarean section rate than the national average
(20.0% vs 17.5% during 2019-2020) [8,9].
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5.3. Monthly Changes

Our service evaluation has shown that the month by month re-
duction in number of emergency surgery cases coincided with
the peaks of Covid-19 infection in the UK. The first ‘wave’ of
Covid-19 existed between March and May 2020 and the second
‘wave’ peaked in January 2021; this is where emergency surgery
cases were the lowest [10]. Despite the reduction in Covid-19 pos-
itive cases after January 2021, emergency surgical activity did not
return to levels prior to the pandemic. It is likely that Covid-19
infected patients remained admitted in hospital, took time to re-
cover before being discharged and creating space for more surgical
admissions. This would also have occupied staff caring for these
patients as opposed to returning to normal duties in theatre.

5.4. Age Group

Our project showed that during the pandemic fewer patients aged
80 years and above were undergoing emergency surgery (5.6% vs.
14.5% cases), several reasons are attributed to this, but in partic-
ular, the Royal College of Surgeons (RCS) England, directed in-
creased ‘threshold’ changes for emergency operations in patients
over 70 years old in England [11]. It is also known that patients 75
years old and above had the highest rate of hospital admissions and
deaths due to Covid-19 infection compared to other age groups
[12]. Hypothetically, this group of patients could have been suffer-
ing from Covid-19 infection rather than acute surgical pathology
requiring emergency surgery. Elderly patients were also advised to
self-isolate during the pandemic and may have avoided presenting
to hospital.

5.5. Post-Operative ICU Admissions

Our service evaluation shows a 23.3% reduction in the number
of post-operative ICU admissions during the pandemic compared
to the pre-pandemic period. Unsurprisingly, this was because ICU
capacity was used by medical patients with Covid-19 infection
and therefore less able to accommodate post-operative surgical
patients. The National Emergency Laparotomy Audit (NELA) in-
terim report also showed a slight reduction in the percentage of
high-risk patients admitted to ICU following an emergency lapa-
rotomy during the pandemic compared to the pre-pandemic period
(82.0% vs. 86.4%).

5.6. ICU Mortality

The 30 day mortality rate in post-operative ICU admissions was
similar during the pandemic to the pre-pandemic period (16.9%
vs. 17.3%). The exact reason is unclear, whether intra-operative
or post-operative management was different for these patients,
whether more patients undergoing surgery were fitter during the
pandemic, or more patients requiring emergency surgery died
from complications before presenting to hospital.

5.7. Thirty Day Mortality

Our findings showed an overall unchanged 30 day mortality rate

0f2.2% both during the pandemic and pre- pandemic periods. One
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would expect that the introduction of a new and deadly virus to be
more likely to result in higher 30 day mortality after surgery, but
our data did not demonstrate this. This probably is for several rea-
sons. Our data showed an overall reduction in the number of cases
during the pandemic, and during the peaks of the pandemic (April
2020 and January 2021), there were very few cases of 30-day mor-
tality compared to other months. There was a Royal College of
Surgeons England directed change in patient selection for emer-
gency operations, an increased threshold for emergency surgery
[11]. The Trust moved to consultant delivered care for anaesthet-
ics and surgery, potentially patients presenting for operations may
have been sicker but managed by more senior clinicians. Special-
ties with moderate mortality rates, like thoracic surgery and T&O,
had moved to Queen Elizabeth Hospital in the Trust. However, the
30-day mortality remained 2.1% without taking T&O and thoracic
into account. Nevertheless, with small numbers of deaths in these
specialities, the findings need to be interpreted with caution. The
interim National Emergency Laparotomy Audit (NELA) report in
2021 [2] showed that 30 day mortality was higher in Covid-19
positive patients compared to Covid-19 negative patients (12.5%
vs. 7.2%) during the pandemic. In this NELA dataset the average
30 day mortality rate is 9.9%, and comparatively similar to the
mortality rate of 9.0% pre-pandemic. Although our service eval-
uation did not differentiate 30 day mortality between Covid-19
positive and negative patients, it did, like NELA, show that 30 day
mortality rates did not differ dramatically between pre-pandem-
ic and pandemic periods with the possible reasons discussed. Our
study found there were no deaths within 30 days of an emergency
obstetric procedure during pandemic period although this was the
same as the pre-pandemic period. The Royal College of Obstetri-
cians and Gynaecologists (RCOG) report 20% of the most critical-
ly ill with Covid-19 infection were unvaccinated pregnant patients
[13]. It would be possible for the poor obstetric outcomes to occur
later than our study period, and it would be prudent to revisit this.

6. Limitations

This was a retrospective analysis of a large amount of data, but
there were several limitations associated with the collection and
processing of these data. Surgical case information is collected
prospectively by theatre staff using a Dendrite based database
(Dendrite Clinical Systems) customised for theatre information.
The data are accessed through the hospitals Electronic Patient
Record system provided by the Concerto system (Orion Health).
Mortality and ICU data are collected prospectively through similar
Dendrite databases. Some theatre information is added on listing
the patient for the operation, other information is added during or
following the operation. Errors can occur on recording informa-
tion and sometimes information is omitted, particularly during
peak activity. The treatment speciality recorded may have reflect-
ed the original admission but was often not updated to the current
surgical speciality. Urgency of operation recorded was not always
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accurate. Time was spent cleaning and correcting the data. The
surgical operation note was not included as part of the downloaded
data but was used for manual verification. Difficulty exists in cap-
turing data across specialties, for example, the change in threshold
for operation, and those patients who might be offered emergency
surgery but declined this. The information we used in our service
evaluation included: number of cases, patient age, hospital site,
surgical specialty, post-operative ICU admissions and 30 day mor-
tality. It is not an extensive list. It is possible that by collecting
more information about these cases, e.g. patient co-morbidities,
concurrent Covid-19 infection, length of stay, this could have en-
hanced results and discussion. Nor does this project examine in
detail the causes of such findings, we only speculate on poten-
tial factors contributing to outcomes. In conclusion, our project
has evaluated the characteristics of emergency surgical services
during Covid-19 pandemic within the Acute Care service Trust in
England. The pandemic reduced emergency surgical activity sig-
nificantly with extensive restructuring of surgical services and a
reduction in post-operative ICU admissions. It was reassuring to
see that overall 30 day mortality rates were within expected ranges
during the pandemic. We hope that these findings will aid planning
ahead for future pandemics.
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