Langenbeck's Archives of Surgery (2023) 408:362
https://doi.org/10.1007/500423-023-03072-3

RESEARCH q

Check for
updates

Outcomes after emergency appendicectomy in patients with liver
cirrhosis: a population-based cohort study from England

Alfred Adiamah' - Adil Rashid’ - Colin J. Crooks' - John S. Hammond? - Peter Jepsen® - Joe West* - David J. Humes'*

Received: 11 November 2022 / Accepted: 17 August 2023
© The Author(s) 2023

Abstract

Introduction The mortality risk after appendicectomy in patients with liver cirrhosis is predicted to be higher than in the gen-
eral population given the associated risk of perioperative bleeding, infections and liver decompensation. This population-based
cohort study aimed to determine the 90-day mortality risk following emergency appendicectomy in patients with cirrhosis.
Methods Adult patients undergoing emergency appendicectomy in England between January 2001 and December 2018 were
identified from two linked primary and secondary electronic healthcare databases, the clinical practice research datalink
and hospital episode statistics data. Length of stay, re-admission, case fatality and the odds ratio of 90-day mortality were
calculated for patients with and without cirrhosis, adjusting for age, sex and co-morbidity using logistic regression.
Results A total of 40,353 patients underwent appendicectomy and of these 75 (0.19%) had cirrhosis. Patients with cirrhosis
were more likely to be older (» <0.0001) and have comorbidities (p < 0.0001). Proportionally, more patients with cirrhosis
underwent an open appendicectomy (76%) compared with 64% of those without cirrhosis (p =0.03). The 90-day case fatal-
ity rate was 6.67% in patients with cirrhosis compared with 0.56% in patients without cirrhosis. Patients with cirrhosis had
longer hospital length of stay (4 (IQR 3-9) days versus 3 (IQR 2—4) days and higher readmission rates at 90 days (20% vs
11%, p=0.019). Most importantly, their odds of death at 90 days were 3 times higher than patients without cirrhosis, adjusted
odds ratio 3.75 (95% CI 1.35-10.49).

Conclusion Patients with cirrhosis have a threefold increased odds of 90-day mortality after emergency appendicectomy
compared to those without cirrhosis.
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Introduction

The overall risk of abdominal surgery in patients with cirrhosis
is known to be increased, but the risk of mortality after appen-
dicectomy is poorly defined in the currently available literature.
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with cirrhosis undergoing appendicectomy to be 9% compared
to 0.7% in the general population [4]. These ranges would sug-
gest that patients with cirrhosis have either no risk or a large
risk in mortality following appendicectomy. Apart from the lack
of adjusting for confounders, these studies were further limited
by reporting only in-hospital or 30-day mortality. In patients
with cirrhosis, 30-day mortality has been shown to underes-
timate mortality risk in comparison to 90-day mortality [5].

Given the rising incidence of liver cirrhosis [6], it is antic-
ipated that more patients with the condition will present as
an acute emergency with appendicitis and may require sur-
gery. Therefore, this population-based cohort study based
in England evaluated the 90-day mortality of patients with
cirrhosis undergoing emergency appendicectomy compared
to those without cirrhosis.

Methods

The study gained approval from the Independent Scientific
Advisory Committee for Medicines and Healthcare products
Regulatory Agency approval board (Protocol 19-193R).

Data sources

The Clinical Practice Research Datalink (CPRD) is a primary
care database containing diagnostic data for approximately
13 million people in the general population in the UK. Patient
diagnoses are coded within the CPRD using Read codes.

Hospital Episode Statistics (HES) is a secondary care
database that collects a record for each in-hospital patient
care episode delivered in England, by the National Health
Service. Records are coded using a combination of ICD-10
codes for diagnosis at discharge along with OPCS-4 codes
detailing the procedures performed.

Death certificate data from the Office for National Sta-
tistics (ONS) was also used by linking anonymized patient
identifiers from the CPRD and HES databases.

The CPRD, HES, and ONS databases have previously
been described in detail by Humes et al. [7].

Study participants

The cohort of patients, aged 18 years and above, were iden-
tified using OPCS codes for appendicectomy procedures
from the CPRD-HES linked dataset between 1st of January
2001 and 31st of December 2018. ICD-10 codes were used
to identify patients with appendicitis. Person-time at risk
commenced on the day before surgery allowing deaths that
occurred on the same day as the operation to be included in
the analysis. Patients were followed up until they died, left
a participating general practice, or for 90 days after surgery.

@ Springer

Exposed cohort

Patients with liver cirrhosis were identified by the presence
of diagnosis or procedure codes related to cirrhosis in the
CPRD-HES linked dataset at any time point prior to the
date of surgery and 90 days subsequently, using a previously
validated code list [8]. In the CPRD database, this included
the presence of a Read code for cirrhosis, oesophageal
varices and/or portal hypertension. In the HES database,
this included the presence of ICD-10 and OPCS-code related
to cirrhosis, varices or treatment for varices. Ratib et al. [6]
demonstrated that more than 90% of patients with a diagno-
sis of liver cirrhosis in secondary care also have supportive
evidence entered in their primary-care records.

Covariates

Sex was reported as male or female. Age was categorised
into five groups: 18-29 years, 30-49 years, 50-59 years,
60—69 years and 70 years or older. Comorbidity was clas-
sified using the Charlson comorbidity index [9] into O, 1
and >2. The Charlson comorbidity index was determined
from a list of comorbidities from the CPRD-HES linked
dataset up to the date of surgery. Index of multiple depri-
vation (IMD2015) was categorized into quintiles from 1-5
(most to least deprived). Procedures were defined as open or
laparoscopic using supplementary OPCS codes, and those
patients who underwent laparoscopic converted to open pro-
cedures analysed with the open group.

Outcome definition

The primary outcome was 90-day mortality. This was
defined from linked ONS deaths registration records and
included all deaths occurring on the date of appendicec-
tomy and up to 90 days after. The secondary outcomes were
hospital length of stay and re-admissions within 90 days of
discharge defined using the HES database.

Statistical analysis

The basic characteristics of the cirrhotic and non-cirrhotic
cohorts were described using frequencies and percent-
ages for categorical variables, with the chi-squared tests
used for significance testing. For continuous variables,
medians with their associated interquartile ranges (IQR)
are presented.

The crude case fatality rate was calculated from the total
number of deaths over the total number of patients per cat-
egory. Univariate and multivariate logistic regression analysis
were used to define the odds ratio of 90-day mortality and
readmission following appendicectomy in patients with and
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without cirrhosis controlling for age, sex and comorbidity. All
data management and analyses were performed using Stata®
version 16 (StataCorp, College Station, TX, USA).

Results

Demographics

In total, 40,353 patients underwent an emergency appen-
dicectomy between 2001 and 2018. Of these, 75 (0.19%)

patients had a diagnosis of liver cirrhosis. When com-
paring patients with and without cirrhosis, there was no

significant difference by sex (p =0.982) or socioeconomic
status (p =0.066). However, patients with cirrhosis were
more likely to be older, median age 48 (IQR 32-65) years
compared to 31 (IQR 23-44) years in patients without cir-
rhosis (p <0.0001) and had a higher comorbidity burden
(p<0.0001) (Table 1).

Change in surgical approach

Overall, 76.00% of patients with cirrhosis underwent an open
appendicectomy (OA) compared with 63.99% of patients with-
out cirrhosis (p=0.030) (Table 1). However, from 2001 to 2018,
the overall proportion of patients undergoing laparoscopic

Table 1 Basic demographics

of cirthotic and non- Cirrhosis Non-cirrhosis P-value
cirrhotic patients undergoing n (%) n (%)
appendicectomy Sex
Female 40 (53.33) 21428 (53.20) 0.982
Male 35 (46.67) 18850 (46.80)
Age (years)
18-29 15 (20.00) 19111 (47.45) <0.0001
30-49 28 (37.33) 13856 (34.40)
50-59 9 (12.00) 3351 (8.32)
60-69 11 (14.67) 2080 (5.16)
>70 12 (16.00) 1880 (4.67)
Median (IQR) 48 (32-65) years 31 (23-44) years <0.0001
Charlson comorbidity
0 23 (30.67) 28802 (71.51) <0.0001
1 17 (22.67) 8512 (21.13)
2 35 (46.67) 2964 (7.36)
Deprivation
1 19 (25.33) 8552 (21.23) 0.066
2 10 (13.3) 8175 (20.30)
3 9 (12.00) 8448 (20.97)
4 17 (22.67) 7875 (19.55)
5 20 (26.67) 7228 (17.94)
Operative approach
Laparoscopic 18 (24.00) 14505 (36.01) 0.030
Open 57 (76.00) 25773 (63.99)
Year blocks
2001-2003 11 (14.67) 7369 (18.30) 0.286
2004-2006 10 (13.33) 8510 (21.13)
2007-2009 22 (29.33) 8349 (20.73)
2010-2012 16 (21.33) 8046 (19.98)
2013-2015 10 (13.33) 5729 (14.22)
2016-2018 6 (8.00) 2275 (5.65)
Length of stay
Overall LOS, median (IQR) 4 (3-9) days 3 (2-4) days <0.0001
LOS* open appendicectomy 5 (3-11) days 3 (2-5) days <0.0001
LOS* lap appendicectomy 3 (2-4) days 2 (2-4) days 0.5224

“LOS length of stay
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appendicectomies (LA) increased from 3.62 to 82.80%
(»<0.0001) (Fig. 1). This overall trend was mirrored in both
patients with (p=0.019) and without cirrhosis (p <0.0001).

Hospital length of stay

The median hospital length of stay was longer in patients
with cirrhosis compared to those without cirrhosis (median
4 (3-9) days vs 3 (2—4) days, p<0.001) (Table 1). The length
of stay differed by the approach of surgery with longer length
of stay in patients with cirrhosis after open surgery (Table 1).

Re-admission

In total, 15 (20%) patients with cirrhosis were re-admitted
within 90 days of appendicectomy, compared with 4596
(11.41%) of patients without cirrhosis (p =0.019). Readmis-
sion was also influenced by the approach to surgery. In those
undergoing open appendicectomy, 10.94% (2820/40278) of
those without cirrhosis and 21.05% (12/57) of those with
cirrhosis were readmitted at 90 days. In univariate analysis,
the odds of readmission at 90 days was higher than in non-
cirrhotic patients (OR 1.95 (95% CI 1.11-3.43); however,
after adjusting for confounders, this was no longer statisti-
cally significant (Supplementary Table 1).

120

Mortality

The 90-day case fatality following emergency appendicec-
tomy was 0.56% (226/40278) in patients without cirrhosis
and 6.67% (5/75) in patients with cirrhosis.

The factors found to be significantly associated with
an increased odds of mortality following appendicectomy
were cirrhosis, age, comorbidity and operative approach.
However, due to significant collinearity between operative
approach and cirrhosis, the fully adjusted model accounted
for age, sex and co-morbidity (Table 2). It showed that
patients with cirrhosis have a threefold increased risk of
mortality even after accounting for age, sex and comorbid-
ity, adjusted OR 3.75 (95% CI 1.34-10.49).

Discussion
Findings

Patients with cirrhosis undergoing emergency appendicec-
tomy differed from the patients without cirrhosis, by being
older and more comorbid. They had a longer hospital length
of stay and had higher rates of readmissions, 20% versus 11%,
almost double the readmissions that occurred in patients with-
out cirrhosis. Importantly, the 90-day case fatality following

Change in emergency appendicectomy practice over time
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Legend: Over the study period, there has been a change from mostly open to mostly laparoscopic appendicectomy between the years 2001 and 2018

(chi2 test (17, N =45,039) p < 0.0001)

Fig. 1 Change in emergency appendicectomy practice in the UK
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Table 2 Univariate and multivariate logistical regression of 90-day
mortality in patients with and without cirrhosis

Unadjusted Adjusted *

Odds ratio 95% CI Odds ratio 95% CI

Cohort

Non-cir- 1.0 (ref) 1.0 (ref)

rhotic

Cirrhotic 12.66 5.06-31.66 3.75 1.34-10.49
Sex

Female 1.0 (ref) 1.0 (ref)

Male 0.90 0.69-1.17 0.83 0.63-1.09
Age (years)

18-29 1.0 (ref) 1.0 (ref)

3049 3.03 1.05-8.73 293 1.02-8.44

50-59 19.45 7.17-52.75 16.62 6.11-45.17

60—-69 76.48 30.19-193.76  54.85 21.48-140.02

>70 346.05 141.863— 202.98 82.02-502.34

844.14

No. of co-morbidities

0 1.0 (ref) 1.0 (ref)

1 2.06 1.39-3.08 1.40 0.93-2.11

>2 20.04 14.81-27.11 322 2.32-4.47

“Final model, adjusted for age, sex and co-morbidity

appendicectomy was significantly higher in patients with cir-
rhosis. Even after adjusting for the differences between the
two groups on age, sex and co-morbidity, those patients with
cirrhosis had a threefold increased risk of 90-day mortality.

What is already known

Mortality following appendicectomy in the general population
is low. Poulsen et al. [4] estimated 30-day mortality in their gen-
eral population control to be 0.7% and 9% in those patients with
cirrhosis. However, they could not account for any confounding
factors. Others have previously noted that both increasing age
and comorbidities significantly increase the risk of mortality
following appendicectomy [10-12]. Our findings are in line
with this in suggesting that both advanced age, co-morbidity
and operative approach influence risk of mortality in univari-
ate analysis. Importantly, after adjusting for these confounders,
patients with cirrhosis had a threefold increased odds of mortal-
ity when compared with patients without cirrhosis.

A nationwide in-patient sample database study from the USA
found no difference in in-patient mortality following laparo-
scopic appendicectomy in 376 patients with cirrhosis and 378
controls [3]. In contrast, a different USA nationwide database
study of 438 patients with cirrhosis reported that in-patient mor-
tality following appendicectomy was significantly higher, in
comparison to patients without cirrhosis [13]. This difference in
studies using similar databases may have arisen from their case

definition with the initial study only including patients undergo-
ing laparoscopic appendicectomy. Additionally, the follow-up
for mortality was short, restricted to the in-patient stay only. A
study from Denmark which had a longer follow-up duration,
30-days, and 69 patients with cirrhosis also found a significantly
increased risk of mortality in patients with cirrhosis [4]. How-
ever, none of these studies adjusted for confounders, such as
age or comorbidities. Our study, with longer follow-up, adjusted
for age, sex and comorbidity, has shown an increased odds of
mortality following emergency appendicectomy in patients with
cirrhosis when compared to those without cirrhosis.

Over the past decade, laparoscopic appendicectomy has
become the recommended management of both uncompli-
cated and complicated appendicitis [14, 15]. Compared to open
appendicectomy, laparoscopic appendicectomy has been shown
to reduce post-operative mortality, wound infections, postopera-
tive pain and length of hospital stay [12, 16]. One of the earliest
consensus statements on laparoscopic surgery suggested cirrho-
sis was a contraindication. Since then several series in other gas-
trointestinal surgery have suggested safety of the laparoscopic
approach in patients with cirrhosis. In this study, the proportion
of patients undergoing laparoscopic appendicectomy increased
from 3.6 to 82.8% with a similar trend in uptake in both patients
with and without cirrhosis. Suggesting, this is a safe approach.

The results highlight a one day increase in length of stay
(LOS) following appendicectomy in patients with cirrhosis.
This increase was significant in patients undergoing open
appendicectomy and in those who had complicated appen-
dicitis. But in those patients undergoing laparoscopic appen-
dicectomy, there was no difference between those with and
without cirrhosis. Previous studies have also demonstrated
an increased overall LOS in patients with cirrhosis follow-
ing appendicectomy [3, 13]. Some of the factors that could
explain an increased overall length of stay in the group with
cirrhosis include increased risk of acute liver decompen-
sation, fluid and electrolyte imbalance and sepsis, due to
reduced immune function in patients with cirrhosis. How-
ever, it is important to note that this study did not adjust for
confounders, which may contribute to the increased LOS.

Strengths and limitations

This is the only study to date evaluating 90-day mortality fol-
lowing appendicectomy in patients with and without cirrhosis,
adjusted for confounders. However, there are some limitations
relevant to all database studies. For example, the dataset relied
on accuracy of coding of both the case and exposure defini-
tions. This issue was overcome by only including patients
who had both the relevant OPCS codes for appendicectomy
and an event date to support that procedure. Additionally, we
used a validated algorithm to define cirrhosis in both HES and
CPRD data which has been shown to have over 90% concord-
ance when validated against patient notes [17] and defined our
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outcome of mortality from the ONS data. This provides confi-
dence and reliability in the case definition of appendicectomy,
exposure of cirrhosis and outcome of mortality.

This study has shown that the proportion of patients with
cirrhosis undergoing appendicectomy has not increased,
despite the background rising prevalence of cirrhosis and
increasing rates of other procedures in this cohort. This sug-
gests more patients with cirrhosis undergo NOM and outcomes
after NOM of appendicitis in patients with cirrhosis needs to
be evaluated against outcomes of NOM in patients without
cirrhosis, but that was outside the scope of this analysis.

Past studies have demonstrated that operative mortality rises
with increasing severity of liver disease [18]. Whilst it would
have been possible to subdivide our patients into compensated
vs decompensated using the Baveno IV classification, there
was insufficient power to do so. We were therefore unable to
assess the impact of the underlying severity of cirrhosis (com-
pensated or decompensated) on mortality risk in this analysis.

Conclusion

Patients with cirrhosis have a threefold increased odds of mor-
tality at 90 days following emergency appendicectomy after
accounting for age, sex and co-morbidity. They also have longer
hospital length of stay and higher rates of readmission. Care-
ful patient selection, perioperative planning and risk reduction
approaches are required to optimise their postoperative outcomes.
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