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A B S T R A C T   

Aim: During the COVID-19 pandemic, emergency surgery was modified in line with Royal College guidance to 
accommodate the evolving climate. This study compared management of appendicitis before and during the 
pandemic by assessing disease presentation severity, modes of investigation, surgical management and patient 
outcomes. Outcomes assessed included length of stay, readmissions and rates of postoperative wound infections. 
Methods: We collected data on appendicitis patients managed at a district general hospital over two distinct 8- 
week periods; 42 patients before and 36 patients during the COVID-19 pandemic respectively. The study 
included clinically or radiologically diagnosed appendicitis patients. 
Results: Our study found patients during the COVID-19 pandemic had higher inflammatory markers (CRP 103 vs 
53 mg/L; p = 0.03) and more severe disease on histological examination of the appendix than pre-pandemic. 
Patients were nearly twice as likely to undergo CT diagnosis of appendicitis during the pandemic than before. 
During the pandemic, only half of the cohort underwent laparoscopic appendicectomy in contrast with greater 
than 85% of the pre-COVID-19 cohort (p = 0.0005). Patients in the COVID-19 era cohort recorded shorter lengths 
of hospital stay (2.6 vs 3 days; p = 0.35); however, had higher reattendance rates (12 vs 25%; p = 0.15) and 
surgical site infections (p = 0.0443). Finally, the study reported shorter median time to theatre (0 vs 1 days) 
during the pandemic than before. 
Conclusion: In addition to reiterating the benefits of laparoscopic versus open surgery and quicker diagnostic 
methods, this study also implies that though patients during COVID-19 era presented with more severe disease, 
their treatment was in a more efficient service.   

1. Introduction 

The SARS-CoV-2 Coronavirus (COVID-19) pandemic has challenged 
healthcare systems and institutions worldwide in ways unexpected, with 
direct and indirect consequences to the delivery to patient care. Efforts 
to manage COVID-19 have included capacity-building strategies such as 
suspension of non-essential hospital services and implementation of new 
healthcare delivery pathways. At the height of the pandemic, surgical 
services offered in the United Kingdom were limited to life or limb 
threatening conditions, performed under unique hospital guidelines to 
minimize physician and patient exposure to COVID-19. 

Accordingly, The Royal College of Surgeons released a timely 
document proposing nationwide guidelines on operating during the 

pandemic [1]. The document largely opposed laparoscopic surgery in 
response to studies, which reported the possibility of viral shedding 
within peritoneal fluid [2]. Open surgical procedures were encouraged 
with appropriate personal protective equipment (PPE) advised and 
radiological confirmation of diagnosis encouraged prior to surgery [1]. 
As such, operations such as appendicectomies, which are now predom
inantly performed laparoscopically, witnessed a resurgence of historic 
complications from open procedures. We present our experience of 
managing appendicitis patients at a hospital in the UK during the 
COVID-19 pandemic. This study aims to compare changes in practice to 
appendicitis management triggered by the COVID-19 pandemic by 
comparing clinical presentation, investigation modality, treatment 
strategies and outcomes before and during the pandemic. 
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2. Methods 

We conducted a case series on data retrieved from a prospectively 
maintained inpatient surgical database (PILES) and compared patients 
who presented with appendicitis during the COVID-19 pandemic era 
with patients who presented before the COVID-19 pandemic. Data was 
collated on patients in the pre-COVID-19 era over a 2-month period from 
14th January - 14th March whilst data from the COVID-19 era dated 
between 14th March and 14th May at a single centre district general 
hospital. Follow-up data including postoperative complication data was 
retrieved from hospital records on re-attending patients following 
discharge. Data was analyzed using GraphPad Prism 8 and non- 
parametric statistical methods. All patients diagnosed with appendi
citis either clinically or radiologically during specified time windows 
were included in the study and duplicate records were excluded. We also 
excluded patients who were clinically coded as appendicitis but did not 
undergo an operation due to clinical or radiological exclusion of 
appendicitis. Due to the emergency nature of appendicitis presentation, 
patients did not routinely require pre-intervention optimization This 
study was registered at Research Registry with unique ID: researchreg
istry6347. ‘This case series has been reported in line with the PROCESS 
2018 criteria [11]. 

3. Results 

3.1. Comparison of patient demographics of pre-COVID-19 and COVID- 
19 era cohorts 

We identified 42 patients who presented with acute appendicitis in 
the pre-COVID-19 data collection period and 36 patients during the 
COVID-19 data collection period. 61.9% patients who presented prior to 
the onset of the pandemic were male with an average age of 30.4 years 
(range 7–83 years). 55.6% of patients who presented during the 
pandemic were male with a mean age of 28 years (range 6–92 years) (p 
= 0.655) (see Fig. 1) (Table 1). 

3.2. Severity of appendicitis 

Patients diagnosed with appendicitis during the designated COVID- 
19 period were found to have a greater degree of inflammation as evi
denced by higher serum acute phase proteins and more severe histo
logical disease staging. During the pandemic, patients were noted to 
have a slightly higher mean serum white cell count (WCC) of 13.5 ×
109/L than patients who presented prior to the pandemic with an 
average serum WCC of 12.4 × 109/L (p = 0.1326). However, patients 
demonstrated significantly higher mean C-reactive protein (CRP) of 103 

mg/L during the pandemic than prior with an average CRP of 54.0 mg/L 
(p = 0.03) (Fig. 2). Furthermore, histological analysis post-operatively 
demonstrated a third of all appendixes removed (9 out of 31) during 
the COVID-19 timeframe showed advanced disease either with perfo
ration or gangrene, compared with 9 out of 42 appendixes with 
advanced pathology (20%) prior to the pandemic (p = 0.5842) (Fig. 3). 
Histological evidence of perforation or gangrene was classified as 
advanced disease whilst inflammation alone was considered non- 
advanced. 

Whilst one out of every 10 appendicectomies performed before the 
pandemic revealed normal histology, all appendicectomies performed 
during the COVID-19 era showed histological markings of appendicitis 
(p = 0.1317). Interestingly, a further 10% of appendicectomies prior to 
the pandemic unusually had various forms of enterobius vermicularis on 
histology, none of such cases were detected during the pandemic. Before 
and during the COVID-19 pandemic,14% of cases showed moderate 
disease pathology with appendiceal suppuration found on histological 
examination. 

3.3. Investigation of acute appendicitis prior to and during COVID-19 
delay phase 

Imaging modalities utilized were analyzed to determine adherence 
to recommendations made by national bodies at the onset of the 
pandemic; the use of computed tomography (CT) in particular was 
advised to confirm pathology prior to surgical intervention. Prior to the 
COVID-19 pandemic, 38% underwent CT prior to surgery whilst 50% of 
the cohort was diagnosed clinically and underwent surgery without 
radiological evidence (Fig. 4) (Fig. 5). During the COVID-19 period 65% 
(p = 0.034) of appendicitis patients underwent pre-operative CT imag
ing to confirm their diagnosis in line with College guidance, 13% un
derwent ultrasound imaging while 23% (p = 0.0277) of appendicitis 
patients did not undergo any radiological investigation before their 
operation. 

A higher proportion of chest radiographs were performed on patients 
during the pandemic (8 patients) than was noted prior to the pandemic 
(4 patients) as this as used to screen patients for concurrent coronavirus 
infection. 

3.4. Management of acute appendicitis prior to and during COVID-19 

Pre-COVID-19, acute appendicitis was primarily managed surgically 
in all 42 documented cases, however during the COVID-19 pandemic, 5 
out of 36 identified appendicitis patients were managed conservatively 
with antibiotics alone (p = 0.0179) (Fig. 6). Antibiotics (Co- amoxiclav 
or ciprofloxacin for penicillin allergy) were prescribed according to local 
hospital guidelines and remained unchanged before and during the 
pandemic. 

Prior to COVID-19, 37 out of 42 appendicitis patients were managed 
laparoscopically whilst there was increased number of open procedures 
performed during the pandemic (16/31) (p = 0.0005) (Fig. 7). Opera
tions were performed by a mis of Consultants and junior doctors in both 
groups. 

The median time from presentation to theatre was 1-day pre-COVID- 
19 with an average operative duration of 80.6 min. During COVID-19 
the median time from presentation to theatre was shorter at 0 days 
and operation time also reduced, to an average 73.0 min (p = 0.26) 
(Fig. 8). Despite presenting with more severe disease, patients required 
shorter average lengths of stay (LOS) in hospital during the COVID-19 
pandemic - 2.6 days (range 0–8 days) than prior to the pandemic, 3.0 
days (range 0–13 days) (p = 0.35) (Fig. 9). 

3.5. Complications in patients with acute appendicitis 

In the COVID-19 era group, 9 patients re-presented to hospital 
following the development of post-operative complications (Fig. 10). 

Table 1 
Summary of patient characteristics included in the study.   

Pre-COVID-19 
cohort 

COVID-19 
cohort 

p value 

Gender 
Male % (n) 61.9(26) 55.6 (20)  
Female % (n) 38.1(16) 44.4 (16)  

Mean age (years) 30.5 26.5 0.6554 
Serum white cell count 

(x109/L) 
12.4 13.5 0.1326 

Serum C-reactive protein (mg/L) 
Surgical management % 
(n) 

53.4 103.2 0.03* 

Histology 100 (42) 86 (31) 0.0179* 
Advanced disease 21 (9) 29 (9) 0.5842 
Normal 9.5 (4) 0 (0) 0.1317 

Imaging prior to operation 
CT imaging % (n) 38.1 (16) 64.5 (20) 0.0340* 
US imaging % (n) 11.9 (5) 12.9 (4) >0.999 
No imaging % (n) 50 (21) 22.6 (7) 0.0277* 

* - Statistically significant p-values. 
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One patient presented with COVID symptoms, two patients with 
conservatively managed postoperative abdominal pain (Clavien Dindo 
grade I) whilst three had wound infections only (2 Clavien Dindo I, 1 
Clavien Dindo IIIb). The other 3 patients presented with intra-abdominal 
collections – 1 was conservatively managed (Clavien Dindo I) and the 
final two patients required laparotomy (Clavien Dindo IIIb) 

Specifically, within the COVID-19 era cohort, only 3 out of 15 lap
aroscopically managed cases developed complications while 6 out of 16 
open cases developed complications (Fig. 11) (p = 0.4331). 

In the pre-COVID-19 cohort, 5 patients represented to hospital – 4 of 
which complained of conservatively managed postoperative abdominal 
pain (Clavien Dindo 1) and one patient suffered a post-operative 
collection which required operative drainage (Clavien Dindo IIIb). 

With regards to surgical site infections, patients in the COVID-19 era 
cohort suffered significantly higher proportion of infections than pre- 
COVID (p = 0.043) (Fig. 12). 

Fig. 1. Flowchart demonstrating patient selection process.  

Fig. 2. Comparison of C-reactive protein in patients diagnosed with appendi
citis before and during the COVID-19 pandemic. 

Fig. 3. Comparison of appendix histology before and during the COVID- 
19 pandemic. 

Fig. 4. Comparison of patients undergoing pre-operative CT imaging before 
and during the COVID-19 pandemic. 
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4. Discussion 

Acute appendicitis is a common surgical emergency presentation, 
which often presents acutely with right-sided lower abdominal pain 
associated with nausea and/or vomiting and raised inflammatory 
markers. The incidence of appendicitis in the United Kingdom is 
approximately 1 in 400 [3], with 50,000 appendicectomies performed 
annually[4]. Whilst our study did not find any significant difference in 

Fig. 5. Comparison of patients who did not undergo imaging before and during 
the COVID-19 pandemic. 

Fig. 6. Comparison of conservative versus surgical management before and 
during the COVID-19 pandemic. 

Fig. 7. Comparison of laparoscopic versus open surgical approach before and 
during the COVID-19 pandemic. 

Fig. 8. Comparison of operative time before and during the COVID- 
19 pandemic. 

Fig. 9. Comparison of length of stay (LoS) before and during the COVID- 
19 pandemic. 
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the number of appendicitis presentations, we did however note more 
advanced disease pathology during the pandemic than before. Although 
not assessed in this study, we believe more advanced disease presenta
tion occurred due to longer delays in emergency general surgical pre
sentation associated with COVID-19 anxiety [5]. Specific to 
appendicitis, delayed presentation often leads to worsened clinical 
condition with an increased likelihood for appendiceal perforation and 
resulting intra-abdominal contamination. Our study confirms this phe
nomenon with higher admission inflammatory markers and a greater 
proportion of resected appendices having histological confirmation of 
gangrene or perforation during the COVID-19 pandemic than before. 

In keeping with national practice, our study found pre-pandemic 
diagnosis of appendicitis to rely heavily on clinical examination - 50% 
of the cohort was operated upon based on clinical history, examination 
findings and blood parameters with an overall 10% negative appendi
cectomy rate. During the pandemic however, advice to acquire CT im
aging in diagnosing appendicitis resulted in more rapid confirmation of 
disease and a 100% positive appendicectomy rate. Quicker confirmation 

of diagnosis during the pandemic also resulted in shorter time to theatre 
and subsequently reduced length of stay in spite of more advanced 
disease pathology. This demonstrates a significant change in our clinical 
practice driven by the COVID-19 pandemic whereby appendicitis diag
nosis required radiological confirmation due to the perceived risks of 
operating on patients with potential concurrent coronavirus illness. In 
addition to patient mortality risk estimated as nearly 25%, there also 
were added risks of transmission of COVID-19 to healthcare workers 
from anaesthetic and surgical aerosol generating procedures, hence the 
need for more accurate pre-operative diagnosis [6]. Though these 
measures were introduced to minimize unnecessary operations in 
high-risk COVID-19 environments, they have also demonstrated benefits 
of quicker appendicitis diagnosis which can be implemented in future 
practice. 

The standard management of appendicitis is surgical removal of the 
appendix, with a laparoscopic approach considered gold standard[7]. It 
is widely acknowledged that laparoscopic surgery has several advan
tages over the open approach namely reduced LOS and reduced rates of 
post-operative complications such as wound infection and 
intra-abdominal collections [8,9]. During the pandemic, College advice 
to perform open instead of laparoscopic surgery was recommended to 
limit healthcare workers’ exposure to COVID 19 virus particles present 
in peritoneal fluid and aerosolized through pneumoperitoneum release 
[10]. In keeping with existing literature, our study consequently found 
an increased occurrence of post-operative complications in patients who 
attended during the pandemic and were consequently more likely to 
undergo open surgery [8,9]. Higher SSI rates are a likely combination of 
delayed presentation, shorter courses of intravenous antibiotics driven 
by shorter in-hospital stays as well as limitations of the open appendi
cectomy technique. Intra-operatively, insufflation of the abdomen dur
ing laparoscopic surgery offers superior views of the abdomen and 
greater effectiveness of intra-abdominal lavage. 

During the COVID-19 era, shorter lengths of stay were noted despite 
more severe disease presentation and a preference for open rather than 
laparoscopic appendicectomies. This may reflect both patient and 
clinician concerns regarding potential nosocomial transmission of 
COVID-19 resulting in expedited discharge from hospital with emphasis 
on considered safety netting. In addition, reduced demand on surgical 
services may have also contributed to shorter delays to imaging and 
theatre thereby facilitating the discharge process. We also note that 
more severe disease presentation during the pandemic may have affor
ded greater NCEPOD priority resulting in shorter delays to theatre. 

Fig. 10. Comparison of postoperative complications in laparoscopic versus 
open approach within the COVID cohort. 

Fig. 11. Comparison of postoperative hospital re-attendance before and during 
the COVID-19 pandemic. 

Fig. 12. Comparison of surgical site infections before and during the COVID- 
19 pandemic. 
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Finally, hospital guidelines mandated the presence of a senior surgeon in 
operations performed during the pandemic which not only contributed 
to shorter operative time but may have even reduced the true extent of 
postoperative complications. 

5. Conclusion 

This study has highlighted inefficiencies in pre-COVID-19 appendi
citis management such as prolonged LOS and decision to operate as a 
direct result of delays to radiological investigation. In spite of limitations 
such as small sample size, it has also re-emphasized the value of early 
presentation and appropriate investigation in appendicitis patient out
comes. We also note challenges in follow-up methodology, as patients 
who suffered complications but did not reattend may have been missed. 
We overcame the follow up challenges by extensively searching elec
tronic health records however note a future similar study might include 
more structured prospective follow up planning. Finally, we prove that 
the laparoscopic approach has better outcomes than open appendicec
tomies and suggest that future national health emergency responses take 
existing literature into greater consideration. Future research endeav
ours in this topic area may include a systematic review of similar studies. 
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