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Abstract

Introduction With the global prevalence of liver cirrhosis rising, this systematic review aimed to define the peri-
operative risk of mortality in these patients following appendicectomy.

Methods Systematic searches of Medline, EMBASE, Cochrane Library databases, ICTRP, and Clinical trials.gov
were undertaken to identify studies including patients with cirrhosis undergoing appendicectomy, published since
database inception to March 2021. Studies had to report mortality. Two review authors independently identified
eligible studies and extracted data. Pooled analysis of in-patient and 30-day mortality was performed.

Results Of the 948 studies identified, four were included and this comprised three nationwide database studies (USA
and Denmark) and one multi-centre observational study (Japan). A total of 923 patients had cirrhosis and 167,211
patients did not. In-patient mortality ranged from 0 to 1.7% in patients with cirrhosis and 0.17 to 0.3% in patients
without. 30-day mortality was 9% in patients with cirrhosis compared to 0.3% in those without. One study stratified
cirrhotic patients into compensated and decompensated groups. In patients with compensated cirrhosis, mortality
following laparoscopic appendicectomy (0.5%) was significantly lower than open appendicectomy (3.2%). The meta-
analysis highlighted a tenfold increase in perioperative mortality in cirrhotic patients (OR 9.92 (95% CI 4.67 to
21.06, 12 = 28%). All studies reported an increased length of stay in patients with cirrhosis.

Conclusion This review suggests that appendicectomy in the cirrhotic population is associated with increased
mortality. LA may be safer in this population. Lack of information on cirrhosis severity and failure to control for age
and co-morbidities make the results difficult to interpret. Further large population-based studies are required.
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Introduction

Appendicitis is the most common abdominal surgical
emergency worldwide, with a lifetime risk of approxi-
mately 8.6% for males and 6.7% for females [1]. Since
1990, the global incidence of appendicitis has increased by
11.4%, with 17.7 million cases reported in 2019 [2]. A
recent meta-analysis highlighted global variation, with an
incidence of 100 per 100,000 person-years in North
America, compared to 151 per 100,000 person-years in
Western Europe [3].

In the general population, appendicectomy is considered
a safe procedure with a 0.08% mortality rate for non-
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perforated appendicitis, increasing to 0.5% for perforated
appendicitis [4]. The risk of complications following
appendicectomy is approximately 10% [5] with a 4% risk
of surgical wound infection, and a 0.4% risk of bleeding
requiring transfusion [6-8].

Liver cirrhosis is a major cause of morbidity and mor-
tality, accounting for 2% of deaths annually making it the
11th most common cause of mortality worldwide. In the
UK, cirrhosis is increasing at a faster rate than the four
most commonly diagnosed cancers [9] and in the US,
hospital admissions related to cirrhosis have increased year
on year [10]. The reasons underlying the rise in cirrhosis
are mainly attributed to increases in alcohol consumption,
obesity, and viral hepatitis [11, 12].

With the increasing prevalence of cirrhosis, it is likely
that surgeons will encounter this cohort of patients more
frequently. In patients with cirrhosis, it is established that
emergency surgery is associated with significantly longer
post-operative hospital length of stay and higher morbidity,
and mortality [13-15]. However, most data regarding
appendicitis derives from retrospective cohort studies, with
conflicting rates of complications and mortality. For
example, a Danish nationwide database study found an
eight-fold increase in mortality in patients with cirrhosis
[16] whereas a USA nationwide database study found no
difference [17]. Consequently, decision-making in daily
practice remains unclear. There are no prospective ran-
domized studies to accurately select patients with cirrhosis
for open or laparoscopic appendicectomy, or conservative
management with antibiotics. This may mean that clini-
cians and patients are not able to make fully informed
decisions regarding treatment.

The aim of this systematic review and meta-analysis is
to identify the available evidence, critically appraise it, and
synthesize the findings to further understand the risk of
post-operative complications, length of stay, and mortality
in patients with cirrhosis undergoing appendicectomy.

Methods

This systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement [18].

Literature search

Systematic searches of Medline, EMBASE, Cochrane
Library databases, WHO International Clinical Trials
Registry Platform (ICTRP), and Clinical trials.gov were
undertaken to identify studies reporting post-operative
outcomes in patients with liver cirrhosis, published from
database inception to March 2021. Open or laparoscopic
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appendicectomy was considered. The detailed search
strategy is presented in Supplementary Material, Appendix
1. The following keywords, mapped to corresponding
Medline subject headings, were used to search for relevant
studies: appendix, appendicitis, appendicectomy, appen-
dectomy, and liver cirrhosis. Hand searches of thesis
repositories and reference lists of relevant studies were
undertaken to ensure comprehensive inclusion.

Inclusion criteria

The titles and abstracts of studies identified from the
searches were screened for suitability independently by
two authors (AR and AG) and any discordant articles
adjudicated by a third author (AA). For a study to meet the
eligibility criteria, it had to include adult human subjects,
reporting on patients with liver cirrhosis, undergoing
appendicectomy. The studies had to report on in-patient or
30-day mortality as an outcome.

Exclusion criteria

Studies reporting liver surgery, liver transplant, or shunt-
related surgery were excluded. Studies on liver disease in
children were also excluded. Animal studies, case reports
and case series (defined as number of study participants
<10), meeting abstracts, letters, comments, and editorials
were excluded. No language limitation was applied.

Data extraction

Data were extracted by two reviewers independently into
predefined templates and adjudicated by a third reviewer,
to resolve any discrepancies. Data was collected for type of
study, study period, country of origin, and number of
patients in the respective studies. For population-based
studies, the databases used were also recorded.

The primary outcome was in-patient or 30-day post-
operative mortality. Secondary outcomes were hospital
length of stay, and post-operative complications including
pneumonia, urinary tract infection, surgical site infection,
wound bleeding, venous thromboembolism, upper gastro-
intestinal bleeding, and C. difficile infection.

Risk of bias

The level of evidence of each paper was established on the
basis of the Oxford Centre for Evidence-Based Medicine
Level of Evidence scale. Risk of bias from included non-
randomized studies was analysed independently by two
review authors (AR and AG) using the Newcastle—Ottawa
Scale quality assessment.
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Statistical analysis

To quantify the risk of mortality following appendicec-
tomy, the total number of in-hospital and 30-day deaths in
cirrhotic and non-cirrhotic patients, as reported per study,
were pooled. Meta-analysis of the pooled data was per-
formed using Review Manager (RevMan) [computer pro-
gram], version 5.4. For mortality (dichotomous outcome),
the odds ratio (OR) was calculated with 95% confidence
intervals (CI). A random-effects model was utilised to
account for the anticipated clinical and statistical hetero-
geneity of the included studies. The amount of statistical
heterogeneity of the included studies was evaluated using
the 12 statistic. An 12 < 25% was considered to indicate
low heterogeneity and an 12 > 75% to indicate high sta-
tistical heterogeneity [19].

Protocol registration

The protocol was registered with the PROSPERO database
(www.crd.york.ac.uk/prospero)—registration number:
CRD42021240728.

Results
Selection of studies

A total of 948 studies were identified through database-
searching, with a further 14 from hand-searching (Fig. 1).
After removing duplicates, 808 titles and abstracts were
screened. A total of 796 studies were excluded, and 12 full-
text articles were assessed for eligibility. Of these, three
were reviews [20-22], three did not specify the severity of
liver disease [23-25], one had fewer than 10 patients that
underwent appendicectomy [26] and one did not specify
the number of patients who underwent appendicectomy
[27]. Four studies [16, 17, 28, 29] met the inclusion criteria.

Characteristics of included studies

The studies span an 18-year period from 2001 to 2019.
Two studies were undertaken in the USA [17, 29], one in
Denmark [16], and one in Japan [28]. Three were nation-
wide database studies [16, 17, 29], and one, a retrospective
observational study undertaken at two centres [28]
(Table 1).

Patient characteristics
The total number of patients included was 168,134. There

were 923 (0.5%) patients with cirrhosis and 167,211
(99.5%) without cirrhosis. From the data available, 56,654

(51.9%) patients were male and 52,417 (48.1%) were
female. The treatment options in each study differed. Garci
et al., included open appendicectomy (OA), laparoscopic
appendicectomy (LA), and non-operative management
(NOM). Tsugawa et al., included OA or LA, and Al-Az-
zawi et al., included LA only. Poulsen et al., did not specify
the method of appendicectomy. In patients with cirrhosis,
630 underwent LA (76.0%), 55 OA (6.6%) and 144
(17.4%) NOM. In patients without cirrhosis, 83,851
underwent LA (77.4%), 12,610 OA (11.7%) and 11,768
(10.9%) NOM.

Mortality outcomes, post-operative complications,
and length of stay

Following appendicectomy, three studies reported in-pa-
tient mortality [17, 28, 29] which ranged from 0 to 1.7% in
patients with cirrhosis and 0.17-0.3% in patients without
cirrhosis.

The USA nationwide database study by Garcia et al.,
reported mortality stratified by intervention (non-operative
management, NOM; open appendicectomy, OA; laparo-
scopic appendicectomy, LA) and severity of cirrhosis
(compensated cirrhosis; decompensated cirrhosis). The
highest rate of mortality was in patients with decompen-
sated cirrhosis managed with NOM (9.5%, 6/63). In the
remaining decompensated cirrhosis cohort, the mortality
rates were 4.3%, (2/47) following LA and 4.2% (1/24)
following OA. However, the difference between manage-
ment strategies in patients with decompensated cirrhosis
was not statistically significant. In patients with compen-
sated cirrhosis, mortality following LA (0.5%, 1/192) was
significantly lower than both OA (3.2%, 1/31) and NOM
(3.7%, 3/81) (p < 0.05). A similar trend was also found in
patients without cirrhosis, with LA (0.1%, 87/83,473)
having a lower mortality rate compared to both OA (0.6%,
81/12,610) and NOM (2.5% 290/11,768) (p < 0.05).

The Danish nationwide database study by Poulsen et al.,
reported 30-day mortality. In the group with cirrhosis,
mortality was 9% (6/69), compared to 0.3% (413/58,982)
in the group without cirrhosis (Table 2).

The three studies reporting hospital length of stay (LOS)
[17, 28, 29] demonstrated an increased LOS in patients
with cirrhosis following appendicectomy. Al-Azzawi
reported LOS in patients with cirrhosis as 1.52 days com-
pared to 1.1 in patients without cirrhosis. Garci et al.,
reported that LOS for both decompensated cirrhosis
(9.5 £ 10.5) and compensated cirrhosis (7.1 & 15.9) were
significantly longer than patients without cirrhosis
(3.4 £4.7) (p <0.05). When comparing surgical tech-
niques in patients with cirrhosis, Tsugawa et al. reported a
significantly longer LOS (14.5 &+ 4.3) following OA
compared to LA (8.2 & 2.6) (p < 0.05). Garcia et al.
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Fig. 1 PRISMA 2009 Flow Diagram
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mirrored this trend in the decompensated cirrhosis cohort
(OA 14.6 = 11.7 vs. LA 6 £ 5.9, p < 0.05), compensated
cirrhosis cohort (OA 11.8 £8.6 vs. LA 43 + 4.1,
p < 0.05), and in patients without cirrhosis (OA 4.8 £ 6.5
vs. LA 2.7 £ 3.1, p < 0.05).

Comparing patients with and without cirrhosis, Al-Az-
zawi et al., reported no significant difference in post-op-
erative rates of pneumonia, urinary tract infections (UTI),
surgical site infections (SSI), wound bleeding, pulmonary
embolism (PE), C. difficile infections, or upper gastro-in-
testinal bleeding.

@ Springer

When comparing OA and LA in patients with cirrhosis,
Tsugawa et al., showed a higher rate of SSI (OA 20.0%,
5/25 vs. LA 0%, 0/15) and wound bleeding (OA 20.0%,
5/25 vs. LA 0%, 0/15) in patients managed with OA
(p < 0.05). Garcia et al., also report an increased incidence
of SSI following OA in patients with compensated cirrhosis
(OA 12.9%, 4/31 vs. LA 2.1%, 4/192), decompensated
cirrhosis (OA 20.8%, 5/24 vs. LA 2.1%, 1/47), and patients
without cirrhosis (OA 1.8%, 227/12,610 vs. LA 0.7%,
558/83,473) (p < 0.05).
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Table 2 Outcomes of included studies

Mean
Age £ SD
(Cirrhosis)

Author
(year)

Mean Age
(without
Cirrhosis)

Mortality, n (%)

Cirrhosis vs
without
Cirrhosis

LOS =+ SD (days)
Cirrhosis vs
without Cirrhosis

Complications,
n (%)

p value

OR
(95% CI)

Al-
Azzawi
et al.
(2018)

46.68 43.75

(p = 0.54)

CC 56 + 13

DC 55 £ 13
(Not
significant)

NC 44 £+ 18
(p < 0.05
NC vs CC
and NC vs
DC)

Garcia
et al.
(2019)

In-patient

2 (0.5) vs 1 (0.3)
(p = .56,
OR =2, 95%
CL 0.18-22.3)

1.52 vs 1.1 (no SD)

In-patient Overall

CC5(1.6)vsDC CC7.1 +15.9 vs DC
9 (6.7) vs 458 9.5 + 10.5 vs
(0.4) (p <0.05 34 £ 47 (p<0.05
All pairs) NC vs CC and NC vs
DC)

Cirrhosis versus No Cirrhosis

Pneumonia 8 142
2.1)vs3

(0.8)

SSI 3 (0.8) vs 2
(0.5)

UTI 18 (4.8) vs .26
12 3.2)

Wound .65
bleeding 3
(0.8) vs 2
0.5)
PE1(03)vs0 .94

C. diff 1 (0.3) .99
vs 0

UGIB 3 (0.8)
vs 1 (0.3)

NOM vs OA vs LA
No Cirrhosis

SSI N/a vs 227
(1.8) vs 558
©.7)

VTE 168 (1.4)
v$ 70 (0.6) vs
149 (0.2)

UTI 752 (6.4)
vs 475 (3.8)
vs 2270
(2.7%)

Compensated Cirrhosis

SSI N/a vs 4 < 0.05
(12.9) vs 4
2.1

VTE 1 (1.2) vs
0(0) vs 1
(0.5%)

UTI 12 (14.8)
vs 5 (16.1) vs NOM vs
10 (5.2) LA

Decompensated Cirrhosis

SSI N/a vs 5 < 0.05
(20.8) vs 1
2.1)

VTE 1 (1.6) vs
1 (42)vs 1
2.1)

UTI 1 (1.6) vs4 Not
(16.7) vs 6 significant
(12.8)

.652

332

< 0.05
< 0.05 All
pairs

< 0.05 All
pairs

Not
significant

< 0.05

Not
significant

272
(0.71-10.32)

1.52
(0.25-9.10)

1.53
(0.72-3.22)

1.51
(0.25-9.1)

0 (0.03-0.8)
0 (0.0-0.0)

3.02 (0.3-29)
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Table 2 continued

Author Mean Mean Age Mortality, n (%) LOS % SD (days) Complications, p value OR
(year) Age £ SD (without Cirrhosis vs Cirrhosis vs n (%) (95% CI)
(Cirrhosis) Cirrhosis) without without Cirrhosis
Cirrhosis
Poulsen Not reported ~ Not reported 30-day Not reported Not reported
et al. 6(9) vs 413 (0.7)
(2000) .
Adjusted OR
(age, sex, co-
morbidity) = 8
(95% CI 3-20)
Tsugawa  OA N/a OAOvsLAO Cirrhotic OA 14.5 + 4.3  Cirrhotic OA vs Cirrhotic LA
et al. 59.5 £ 11.5 vs Cirrhotic LA
(2001) LA 8.2 +2.6) (p <0.05)
61.5 £ 8.5
(Not
significant)

SSI5(20)vs0 < 0.05
Wound < 0.05
bleeding 5
(20) vs O
UTI 1 (4)vs1 Not
6.7) significant

CC Compensated cirrhosis; DC Decompensated cirrhosis; NC No cirrhosis; OA Open appendicectomy; LA Laparoscopic appendicectomy; NOM
Non-Operative management; SSI Surgical site infection; UTI Urinary tract infection; PE Pulmonary embolus; VTE Venous thromboembolism; C.
diff, Clostridium difficile infection; UGIB Upper gastro-intestinal bleed; OR Odds ratio; CI Confidence interval

Meta-analysis
Mortality

All studies considered mortality as an outcome. The
duration of follow-up in these studies ranged from in-
hospital admission to 30 days post-operation. For the pur-
pose of the meta-analysis, in-patient and 30-day mortality
data were combined to calculate a pooled estimate. Patients
undergoing NOM were excluded from the analysis. Due to
the absence of a control group, results from Tsugawa et al.
were excluded from the meta-analysis. Post-operative
mortality for patients with cirrhosis was 1.76% (13/739)
whereas for patients without cirrhosis it was 0.37% (582/
155443). Compared with the control group, patients with

cirrhosis had a significantly increased risk of mortality
following appendicectomy (OR 9.92 (95% CI 4.67 to
21.06)), with a moderately-low heterogeneity between
studies (I* 28%) (Fig. 2).

There was insufficient data to undertake a meta-analysis
of LOS or complications.

Risk of bias

Three of the included studies were nationwide population-
based reports and one was a multi-centre observational
study. The level of evidence of these studies was level II/
III. Reasons for high risk of bias included a lack of using
secure records (e.g. medical records) to ascertain a diag-
nosis of liver cirrhosis, failure to control for confounding

Liver cirrhosis  Without liver cirrhosis

Study or Subgroup Mortality Total

Odds ratio for mortality
Mortality Total Weight M-H, Random, 95% Cl Year

Odds Ratio
M-H, Random, 95% CI

Test for overall effect: Z = 5.97 (P < 0.00001)

Poulsen 2000 6 69 413 58982  47.2% 13.51[5.81, 31.38] 2000 —a—
Al-Azzawi 2018 2 376 1 378 9.0% 2.02[0.18, 22.33] 2018
Garcia 2019 5 294 168 96083  43.8% 9.88 [4.03, 24.22] 2019 —
Total (95% CI) 739 155443 100.0% 9.92 [4.67, 21.06] e
Total events 13 582
e 2 _ . 2 _ — —_ L2 = 0,
Heterogeneity: Tau® = 0.13; Chi® = 2.77, df = 2 (P = 0.25); I = 28% 0.01 0.1 1 10 100

Fig. 2 Meta-analysis of the mortality following appendicectomy in patients with and without liver cirrhosis

Higher in non-cirrhosis Higher in liver cirrhosis
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factors between the cirrhotic and non-cirrhotic group (e.g.
age, ethnicity, co-morbidities), and short-follow-up time
(Fig. 3).

Discussion

Following appendicectomy, in-patient mortality ranged
from 0 to 1.7% in those with cirrhosis compared to
0.17-0.3% in those without. At 30-days, mortality was 9%
in patients with cirrhosis compared to 0.3% in those
without. Pooled in-patient and 30-day mortality indicated
an almost tenfold increase in mortality in patients with
cirrhosis.

All three studies measuring LOS reported increased
LOS in patients with cirrhosis. This may be due to
numerous factors, including increased risk of acute liver
decompensation, fluid and electrolyte imbalance, and sep-
sis. Compared to patients without cirrhosis, Garcia et al.
reported significantly higher rates of SSI in patients with
compensated cirrhosis (2.1%) and decompensated cirrhosis
(2.1%). This may be attributed to cirrhosis causing

@ Springer

impaired immunity [30]. However, these figures are lower
than the widely accepted 4% risk of SSI [7]. The two
studies comparing LA and OA [28, 29], demonstrated
higher rates of surgical site infection (SSI) in patients
managed with OA, reflecting previous findings [31].

When accounting for all studies, patients with cirrhosis
were more likely to undergo NOM (17.4%) compared to
patients without cirrhosis (10.9%). Patients with high-risk
characteristics (e.g. perforated appendix, co-morbidities,
frailty) may have also been more likely to undergo NOM.
This may account for the high mortality rate in patients
with cirrhosis undergoing NOM (9.5%). In the light of the
COVID-19 pandemic, there has been increasing interest in
the potential for antibiotics in the treatment of appendicitis.
Large studies have found NOM to be safe and effective in
the short term, with fewer complications when compared to
appendicectomy [32, 33]. Despite this, the available evi-
dence demonstrates that this may not be the case for
patients with cirrhosis.

Limitations

There is a limited evidence base, with four studies identi-
fied. Although the total number of patients included in the
review was 168,134, only 0.5% of patients had cirrhosis,
which further highlights a paucity of data. Despite the
meta-analysis indicating increased mortality in patients
with cirrhosis, there was a small number of deaths (1.76%)
in this group suggesting operative intervention may be safe
in comparison to NOM.

Many of the studies did not control for confounders
(such as age or co-morbidities) between the cirrhotic and
non-cirrhotic groups. No study accounted for the severity
of appendicitis (e.g. uncomplicated or perforated) or
severity of cirrhosis. Cirrhosis spans a spectrum of severity
that can be categorised using prognostic tools such as the
Child—Pugh score (CTP) [34]. A study evaluating mortality
following abdominal surgery showed mortality rates of 2%,
12%, and 12% in CTP classes A, B, and C, respectively
[26]. This highlights that operative mortality rises with
increasing severity of liver disease. However, only one
study [28] in the currently available literature, described
patients using the CTP score. Yet this study did not report
mortality based on CTP categories. Although Garcia et al.
used two broad categories (compensated and decompen-
sated cirrhosis) and demonstrated higher mortality in
patients with decompensated cirrhosis, the study relied on
the accuracy of ICD-9 clinical codes, rather than clinical
information.

Tsugawa et al., specified that to be eligible for LA, there
must be no evidence of adhesions, CTP class A or B, and
no high-risk co-morbidities. This may result in selection
bias with lower risk patients being selected for LA and in
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turn, account for the shorter LOS and lower complication
rates.

With the longest follow-up period being 30-days, the
studies may have underestimated mortality figures. A
previous study evaluating mortality after general surgical
procedures in patients with cirrhosis demonstrated an
increase in mortality between 30 and 90 days, from 20% to
almost 30% [35]. Consequently, our findings may under-
estimate the true risk of post-operative mortality and future
studies evaluating surgical outcomes in the context of liver
cirrhosis should use 90-day mortality.

The available studies span a period of twenty years,
meaning that the data is unlikely to be contemporaneous.
During this time, both surgical techniques and technology
have advanced, as well as the management of cirrhosis.

Differences in follow-up time, severity of cirrhosis, and
year of study are factors which could account for the
heterogeneity between studies.

How this study fits with the literature

Emergency surgery in patients with cirrhosis is associated
with a higher mortality rate than elective surgery [36, 37].
Despite appendicectomy being a minor procedure, the
emergency nature may contribute to the raised mortality
demonstrated in this review. Although not statistically
significant, Garcia et al. showed the mortality in patients
with compensated cirrhosis undergoing LA was only 0.5%,
compared to 3.2% undergoing OA. This supports the
notion that LA may be feasible for these patients and
mirrors similar findings regarding laparoscopic cholecys-
tectomy in patients with cirrhosis [20, 38], with shorter
operative time, reduced complication rates, and reduced
length of hospital stay.

LOS was greater in patients with cirrhosis, which mir-
rors other studies [39]. The longest LOS was 14.5 days in
cirrhotic patients undergoing OA. This was reported in the
Japanese nationwide study by Tsugawa et al. Shorter LOS
figures were reported in the USA database studies. Global
data shows the average LOS in 2017 was 16.2 days in
Japan and 6.1 days in the USA [40]. Therefore, different
healthcare practices across the globe may explain the dif-
fering LOS. Although Al-Azzawi et al. and Garcia et al.
used the same USA nationwide database they reported
dramatically different LOS data. This difference cannot be
attributed to different healthcare practices but instead may
be due to different inclusion criteria, sample sizes, or
covariates [41].

Clinical significance

With the prevalence of cirrhosis rising [9], it is likely that
surgeons will encounter this cohort of patients more

frequently. This systematic review demonstrated increased
post-operative mortality in patients with cirrhosis, with the
highest rates in those with decompensated cirrhosis. To
compound this, the findings also suggest higher rates of
mortality are found in decompensated cirrhotic patients
managed conservatively. This creates a double-edged
sword for patients and healthcare professionals when
deciding treatment options. However, taking a closer look
at the data leads to the suggestion that laparoscopic
appendicectomy may be a safer option in this population.
The studies report short-term outcomes and poorly
defined cohorts, meaning the results are difficult to inter-
pret. More contemporaneous data is required to evaluate
the long-term impact of treatment options for cirrhotic
patients with appendicitis. The increased mortality high-
lighted in the study should be examined with future data-
sets, before serving as a recommendation to surgeons.

Appendix1: Search Strategy

Database: Embase < 1974 to 2021 March 4 16 >, Ovid
MEDLINE(R) < 1946 to March 4, 2021 >

(Liver cirrhosis or cirrhotic or ((liver or hepatic) and
(cirrhosis or fibrosis or insufficiency or failure))).

AND

(appendix or
appendectomy).

appendicitis or appendicectomy or
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