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Abstract

Introduction Umbilical hernia is common in patients with cirrhosis; however, there is a paucity of dedicated studies on
postoperative outcomes in this group of patients. This population-based cohort study aimed to determine the outcomes after
emergency and elective umbilical hernia repair in patients with cirrhosis.

Methods Two linked electronic healthcare databases from England were used to identify all patients undergoing umbilical
hernia repair between January 2000 and December 2017. Patients were grouped into those with and without cirrhosis and
stratified by severity into compensated and decompensated cirrhosis. Length of stay, readmission, 90-day case fatality rate
and the odds ratio of 90-day postoperative mortality were defined using logistic regression.

Results In total, 22,163 patients who underwent an umbilical hernia repair were included and 297 (1.34%) had cirrhosis.
More patients without cirrhosis had an elective procedure, 86% compared with 51% of those with cirrhosis (P <0.001).
In both the elective and emergency settings, patients with cirrhosis had longer hospital length of stay (elective: O vs 1 day,
emergency: 2 vs 4 days, P <0.0001) and higher readmission rates (elective: 4.87% vs 11.33%, emergency:11.39% vs 29.25%,
P <0.0001) than those without cirrhosis. The 90-day case fatality rates were 2% and 0.16% in the elective setting, and 19%
and 2.96% in the emergency setting in patients with and without cirrhosis respectively.

Conclusion Emergency umbilical hernia repair in patients with cirrhosis is associated with poorer outcomes in terms of
length of stay, readmissions and mortality at 90 days.
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Introduction

Umbilical hernia is one of the commonest types of hernia-
tion through the abdominal wall fascia and affects approxi-
mately 2% of the general population [1]. In patients with
cirrhosis, umbilical hernia formation occurs in approxi-
mately 20%, which further rises up to 40% in those with
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reserved when complications develop [5]. Gray et al. found
that patients with cirrhosis were more likely to undergo
emergency umbilical hernia repair than those without cir-
rhosis (26% vs 4.8%), and their outcomes were poorer after
emergency surgery [6]. In studies that have compared non-
operative management to open umbilical hernia repair in
patients with cirrhosis, elective operation was preferable to
nonoperative management. Those in the nonoperative arm
were found to be at an increased risk of progression to com-
plications including strangulation, incarceration [6] or spon-
taneous rupture from necrosis of overlying skin resulting in
the eponymous Flood syndrome [7].

The mortality rate following abdominal hernia repair in
patients with cirrhosis was reported to be between 3 and
11% in a recent systematic review that reported on extrahe-
patic gastrointestinal surgery [8]. However, that review was
limited by heterogeneous data and was unable to account
for confounders or impact of urgency of surgery [8]. In the
general population, umbilical hernia repair itself is a low risk
procedure, with in-hospital mortality and 30-day mortality
rates of between 0.1 and 0.6% [3, 9, 10]. So the higher mor-
tality reported albeit mostly from single centre studies [11,
12] using small patient numbers may have led to an increase
in conservative and expectant management despite existing
guidelines supporting surgery [13]. There is a lack of popu-
lation-based data evaluating adverse outcomes and mortal-
ity rates following umbilical hernia repair in patients with
cirrhosis, especially beyond the in-patient period [3]. This
population-based cohort study evaluated the postoperative
outcomes including 90-day mortality following umbilical
hernia repair in patients with cirrhosis compared with those
without cirrhosis, stratified by the urgency of the procedure
and severity of cirrhosis.

Methods

The study was approved by the Independent Scientific Advi-
sory Committee for Medicines and Healthcare products
Regulatory Agency (Protocol 19-193R).

Patients and data sources

This population-based cohort study used two linked primary
and secondary care electronic healthcare databases from
England, the Clinical Practice Research Datalink (CPRD)
and Hospital Episode Statistics (HES) database. These data-
bases have previously been described in detail [14—-16].

Study participants

Patients aged 18 years and older undergoing umbilical her-
nia repair were identified using OPCS codes for umbilical
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hernia repair from CPRD-HES linked dataset between 1st
of January 2000 and 31st of December 2017. Patients were
followed up until they died, transferred out of a participat-
ing general practice, or for 90 days whichever was earliest.

Exposed cohort

Patients with liver cirrhosis were defined by the presence of
diagnosis or procedure codes related to cirrhosis in either
HES or CPRD at any time point prior to the date of surgery
or by the 90th postoperative day using a previously validated
code list [17]. From CPRD data this included the presence
of a Read code for cirrhosis, oesophageal varices and/or
portal hypertension. The presence of ICD-10 and OPCS-
code related to cirrhosis, varices or treatment for varices
were used to define cirrhosis in HES data. It has been shown
that more than 90% of patients with a diagnosis in second-
ary care also have supportive evidence of liver cirrhosis
entered in either their death certificate or in their primary
care records [18].

Severity of cirrhosis

All patients with cirrhosis were further classified as hav-
ing either compensated or decompensated disease using the
clinical parameters of the Baveno IV classification [18, 19].
The Baveno IV classification as a surrogate for laboratory-
derived indices of severity of cirrhosis has been validated
[20, 21] and used in other population-based studies investi-
gating patients with cirrhosis [18, 22].

Covariates

Gender was reported as male or female. Age was categorised
into four groups: 18-49 years, 50-59 years, 60—69 years,
and 70 years or older. Comorbidity was classified using the
Charlson Comorbidity Index [23] into O, 1 and > 2 and deter-
mined from listed comorbidities from CPRD and HES data
up to the date of surgery (excluding cirrhosis). The type
of admission was defined as elective or emergency, based
on the admission record associated with the operation and
patients missing data on urgency of admission excluded. The
English Index of multiple deprivation IMD2015) measures
relative levels of deprivation in 32,844 small areas or neigh-
bourhoods, called Lower-Layer Super Output Areas in Eng-
land with patients classified by their postcodes alone. These
scores were categorised into quintiles from 1 to 5 (most to
least deprived). Complicated and uncomplicated umbilical
hernia presentations were derived from the ICD-10 codes
associated with the index admission.
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Outcomes

The outcomes of interest were length of stay, 30-day read-
mission and 90-day case fatality. The time of first diagnosis
of umbilical hernia to the date of repair was also compared
between groups. Deaths were defined from linked ONS
death registration records and included all deaths occurring
on the date of surgery and up to 90 days after umbilical
hernia repair.

Statistical analysis

The basic characteristics of the patients with and without
cirrhosis were described using frequencies and percentages
for categorical variables, with the Chi-squared tests used for
significance testing. The Mann—Whitney U tests was used
for continuous variables, and medians with their associated
interquartile ranges (IQR) presented.

The proportion of patients with a diagnosis of umbilical
hernia recorded in primary care records prior to their date
of surgery was determined from GP records and compared
between patients with and without cirrhosis. The earliest
date of diagnosis of umbilical hernia in either primary or
secondary care records was subsequently used to define the
time lag from the date of first diagnosis of the hernia to the
date of emergency umbilical hernia repair.

The crude case fatality rate was calculated from the
total number of deaths over the total number of patients in
each group. Univariate and multivariate logistic regression
analyses were undertaken to estimate the unadjusted and
adjusted odds ratios (ORs) of postoperative mortality and
their respective 95% confidence intervals. Data management
and all analyses, stratified by urgency of admission, were
performed using Stata® version 16 (StataCorp, College Sta-
tion, Texas, USA).

Results
Demographics

A total of 22,163 patients were identified from the linked
data in England undergoing a primary umbilical hernia
repair. Of these, 297 (1.34%) had a diagnosis of cirrho-
sis, out of which 120 (40.40%) had compensated cirrhosis
and 177 (59.60) had decompensated cirrhosis. Overall, the
majority of patients were male, especially amongst those
with cirrhosis (69.70% vs 62.89% in patients without cir-
rhosis, P=0.014). Those patients with cirrhosis were older,
more comorbid and had higher social deprivation. Addition-
ally, whilst the majority of umbilical hernia repairs were

performed in the elective setting in patients without cirrhosis
(85.94%), in those with cirrhosis 50.51% were performed in
the elective setting (Table 1).

Assessing patients by urgency of umbilical hernia repair,
the differences between patients with and without cirrhosis
by gender, age and comorbidity persisted. However, depriva-
tion was only significant in patients with cirrhosis undergo-
ing elective, but not emergency surgery. More patients with
cirrhosis in the emergency setting had decompensated cir-
rhosis (74.83%) compared with those presenting for hernia
repair electively (44.67%) (Table 2).

Presentation and duration to surgery

Of all patients undergoing umbilical hernia repair, 67.35%
of those without cirrhosis and 54.54% of those with cirrho-
sis had a diagnosis of umbilical hernia recorded in the GP
record prior to surgery.

The proportion of patients presenting for emergency
umbilical hernia repair greater than 30 days after initial
diagnosis was 42.18% (62/147) in patients with cirrhosis
compared with 23.39% (719), P <0.0001, in patients with-
out cirrhosis. This included 47 (31.97) patients with cir-
rhosis who were seen more than 90 days prior to emergency
umbilical hernia repair (Table 3).

Patients in the emergency setting had higher proportions
of complicated umbilical hernia, 60.54% in those with cir-
rhosis and 55.73% in those without cirrhosis. In the elec-
tive setting, only 6% of patients with cirrhosis and 1.69% of
patients without cirrhosis had complicated umbilical hernia.

Length of hospital stay

Patients with cirrhosis had longer lengths of stay in both the
elective and emergency settings than those without cirrho-
sis (Table 2). However, amongst those with cirrhosis, those
undergoing elective repair had shorter median length of stay
of 1 (0-2) day than those undergoing emergency repair, 2
(1-5) days. Length of stay was further influenced by the
severity of cirrhosis. In patients with compensated cirrhosis,
length of stay in the emergency setting was 3 (2-5) days,
and 5 (2-10) days in those with decompensated cirrhosis
(P<0.0001).

Readmissions at 30 days

The 30-day readmission rates were higher in patients with
cirrhosis than in those without cirrhosis in both the elective
and emergency settings, with the highest rate of 30-day read-
mission (29.25%) found in those with cirrhosis undergoing
emergency umbilical hernia repair (Table 2).

The 30-day readmission rates also differed by the sever-
ity of the underlying cirrhosis. In those with compensated
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Table 1 Summary

. . Cirrhosis No cirrhosis P value
demographics and operative
characteristics of all patients n (%) n (%)
with and without cirrhosis
undergoing umbilical hernia Gender
repair in England from the years Female 90 (30.30) 8135 (37.20) 0.014
2000 to 2017 Male 207 (69.70) 13,731 (62.80)
Age
18-49 86 (28.96) 10,944 (50.05) <0.0001
50-59 84 (28.28) 4596 (21.02)
60-69 88 (29.63) 3482 (15.92)
>70 39 (13.13) 2844 (13.01)
Median (IQR) 58 (49-66) years 50 (38-62) years <0.0001
Charlson Comorbidity
0 49 (16.55) 13,747 (62.87) <0.0001
1 60 (20.27) 4472 (20.45)
2 187 (63.18) 3647 (16.68)
Deprivation
1 39 (13.18) 4280 (19.60) 0.001
2 57 (19.26) 4471 (20.47)
3 62 (20.95) 4787 (21.92)
4 60 (20.27) 4379 (20.05)
5 78 (26.35) 3924 (17.97)
Method of admission
Elective 150 (50.51) 18,792 (85.94) <0.0001
Emergency 147 (49.49) 3074 (14.06)
Complicated versus uncomplicated
Uncomplicated hernia 192 (64.65) 19,280 (88.17) <0.0001
Complicated hernia® 98 (33.00) 2031 (9.29)
Undefined/missing 7 (2.36) 555 (2.54)
Severity of cirrhosis
Compensated 120 (40.40) -
Decompensated 177 (59.60) -
Operative approach
Laparoscopic 6(2.02) 1566 (7.16) <0.003
Open 291 (97.98) 20,300 (92.84)
Length of stay
LOS all patients 2 (1-5) days 0 (0-1) days <0.0001
Readmission
30-day readmission 60 (20.20) 1266 (5.79) <0.0001

4Complicated and uncomplicated umbilical hernia were defined from ICD-10 codes

cirrhosis, 30-day readmission rates after elective surgery was
7.23% compared with 16.42% in those with decompensated
cirrhosis. Similarly in the emergency setting, 30-day read-
mission rates were 13.51% compared with 34.55% in those
with decompensated disease. After adjusting for age, gender
and comorbidity, patients with decompensated cirrhosis, but
not those with compensated cirrhosis, had a twofold (OR
2.43,95% CI 1.25-4.69) and threefold (OR 3.59, 95% CI
2.33-5.52) increased odds of readmission after elective and
emergency umbilical hernia repair, respectively (Supple-
mentary tables 1 and 2).
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Mortality

The case fatality at 90 days following elective surgery in
patients without cirrhosis was 0.16% (31/18792) and 2%
(3/150) in patients with cirrhosis. Following emergency
umbilical hernia repair, the 90-day case fatality was higher
in both groups. It was 2.96% (91/18792) in patients without
cirrhosis and 19% (28/147) in those with cirrhosis undergo-
ing emergency surgery. Given the low event rate in the elec-
tive setting, regression analysis was performed for patients
with and without cirrhosis, but not explored for severity
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Table 2 Basic demographics of patients with and without cirrhosis undergoing elective and emergency umbilical hernia repair

Elective surgery

Emergency surgery

Cirrhosis Non-cirrhosis P value Cirrhosis Non-cirrhosis P value
n (%) n (%) n (%) n (%)
Gender
Female 46 (30.67) 6637 (35.32) 0.235 44 (29.93) 1498 (48.73) <0.0001
Male 104 (69.33) 12,155 (64.68) 103 (70.07) 1576 (51.27)
Age
18-49 41 (27.33) 9667 (51.44) <0.0001 45 (30.61) 1277 (41.54) <0.0001
50-59 36 (24.00) 3977 (21.16) 48 (32.65) 619 (20.14)
60-69 55 (36.67) 3015 (16.04) 33 (22.45) 467 (15.19)
>70 18 (12.00) 2133 (11.35) 21 (14.29) 711 (23.13)
Median (IQR) 59 (49-66) years 49 (38-61) years <0.0001 56 (48-65) years 54 (42-69) years 0.0952
Charlson Comorbidity
0 25 (16.67) 12,130 (64.55) <0.0001 24 (16.44) 1617 (52.60) <0.0001
1 33 (22.00) 3796 (20.20) 27 (18.49) 676 (21.99)
2 92 (61.33) 2866 (15.25) 95 (65.07) 781 (25.41)
Deprivation
1 21 (14.00) 3740 (19.93) 0.037 18 (12.33) 540 (17.57) 0.098
2 24 (16.00) 3874 (20.64) 33 (22.60) 597 (19.43)
3 38 (25.33) 4113 (21.91) 24 (16.44) 674 (21.93)
4 29 (19.33) 3755 (20.01) 31(21.23) 624 (20.31)
5 38 (25.33) 3286 (17.51) 40 (27.40) 638 (20.76)
Complicated versus uncomplicated
Uncomplicated hernia 138 (92.00) 18,005 (95.81) <0.0001 54 (36.73) 1275 (41.48) 0.509
Complicated hernia® 9 (6.00) 318 (1.69) 89 (60.54) 1713 (55.73)
Undefined/missing 2 469 (2.50) 4(2.72) 86 (2.80)
Severity of cirrhosis
Compensated 83 (55.33) - 37 (25.17) -
Decompensated 67 (44.67) - 110 (74.83) -
Operative approach
Laparoscopic 5(3.33) 1379 (7.34) 0.060 & 187 (6.08) 0.060
Open 145 (96.67) 17,413 (92.66) 2 2887 (93.92)
Length of stay
Median (IQR) 1 (0-2) days 0 (0-1) days <0.0001 4 (2-9) days 2 (1-5) days <0.0001
Readmission
30-day readmission 17 (11.33) 916 (4.87) <0.0001 43 (29.25) 350 (11.39) <0.0001
Cell numbers <4, so cannot be reported
of cirrhosis. It showed that in the elective setting, patients Discussion
with cirrhosis had a 12-fold increased odds of mortality (OR
12.14, 95% CI 4.36-33.84) after adjusting for age, gender What this study found

and comorbidity (Table 4).

In the emergency setting, where impact of severity of
cirrhosis could be explored, patients with compensated cir-
rhosis had a sevenfold increased odds of mortality (OR 7.35,
95% CI12.97-18.17) and those with decompensated cirrhosis
had a ninefold increased odds of mortality at 90 days (OR
9.51, 95% CI 4.97-18.19) compared with patients without
cirrhosis after adjusting for the same confounders (Table 5).

This study has shown that patients with cirrhosis undergo-
ing elective umbilical hernia repair had better postoperative
outcomes than those undergoing emergency repair. Overall,
patients with cirrhosis were older, more comorbid and had
higher social deprivation; the latter is suggested to negatively
influence health-seeking behaviour. For the patients with a
prior diagnosis in GP data, this study has demonstrated that
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Table 3 The median duration from time of first diagnosis to date of

Table 5 Mortality following emergency umbilical hernia repair at 90

emergency umbilical hernia repair days

Duration (7) Emergency P value Unadjusted OR Adjusted OR?
Cirrhosis No cirrhosis OR 95%CI OR 95%CI

0 35 (23.81) 1100 (35.78) <0.0001 Cohort

1-30 days 50 (34.01) 1255 (40.83) Non-cirrhotic 1.0 (ref) 1.0 (ref)

31-90 days 15 (10.20) 89 (2.90) Compensated cirrhosis 9.04 4.02-20.33 7.35 2.97-18.17

>91 days 47 (31.97) 630 (20.49) Decompensated cirrhosis ~ 7.28 4.30-12.34 9.51 4.97-18.19

t=0, in patients for whom first date of formal record of diagno-
sis=date of surgery

Median duration to surgery in patients with cirrhosis, emer-
gency =6(1-178) days

Median duration to surgery in patients with no cirrhosis, emer-
gency = 1(0-18) days

P=0.0054

42.18% (62/147) were diagnosed more than 30 days prior to their
emergency admission date

Table 4 Mortality following elective umbilical hernia repair at 90
days

Unadjusted OR Adjusted OR?
OR 95% CI OR 95% CI

Cohort

Non-cirrhotic 1.0 (ref) 1.0 (ref)

Cirrhosis 12.35 3.73-40.85 12.14 4.36-33.84
Gender

Female 1.0 (ref) 1.0 (ref)

Male 0.88  0.44-1.76 0.96 0.46-1.98
Age (years)

1849 1.0 (ref) 1.0 (ref)

50-59 4.04  0.96-16.89 1.79 0.44-7.34

60-69 7.390 1.91-28.61 344  0.98-12.10

>70 28.83  8.52-97.51 9.68  2.99-31.33
No. of comorbidities

0 1.0 (ref) 1.0 (ref)

1 141 043459 1.10  0.33-3.70

>2 9.65 4.41-21.09 3.89 1.58-9.62
Deprivation

1 1.0 (ref)

2 0.83 0.28-2.46

3 1.30  0.49-341

4 0.99 0.35-2.84

5 048  0.13-1.87
Complex

Uncomplicated 1.0 (ref)

Complicated 1.0 -

Missing® 10.10  4.38-23.31

#Final adjusted model: adjusted for gender, age and comorbidity
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Gender

Female 1.0 (ref) 1.0 (ref)
Male 0.87 0.60-1.25 1.02 0.68-1.53
Age (years)

18-49 1.0 (ref) 1.0 (ref)
50-59 3.15 1.22-8.16 242 0.87-6.72
60-69 9.06 3.86-21.25 6.45 2.53-16.46
>70 2240 10.28-48.83 19.93 8.24-48.17
No. of comorbidities

0 1.0 (ref) 1.0  (ref)

1 5.69 2.80-11.58 3.73 1.80-7.71
>2 15.10 8.00-28.50 5.63 2.92-10.86
Deprivation

1 1.0 (ref)

2 147 0.75-2.89

3 1.93 1.02-3.64

4 1.29 0.65-2.56

5 1.67 0.87-3.21

Complex

Uncomplicated 1.0 (ref)

Complicated 1.52 1.02-2.25

Missing® 1.58 0.55-4.53

“Final adjusted model: is adjusted for gender, age and comorbidity

those with cirrhosis have this recorded a median of 41 (IQR
0-247) days prior to the date of emergency surgery. When
diagnoses in both primary and secondary care are com-
bined, 32% of patients are diagnosed more than 3 months
prior to their need for emergency surgery. Given the poorer
outcomes in the emergency setting (in particular, relating
to the 90-day case fatality risk), it potentially suggests that
patients with cirrhosis who are suitable should be considered
for surgery earlier, to reduce the risk of developing compli-
cations. The need to utilise the elective pathway is further
highlighted by the significant difference in the proportion of
patients without cirrhosis, 86% undergoing planned elective
repair compared with just over 50% in those with cirrhosis.

The length of stay was longer in the patients with cirrho-
sis, but highest in the emergency setting. This is probably
due to the fact that patients with cirrhosis in the emergency
setting were ten times more likely to present with compli-
cated umbilical hernia than in the elective setting. Postopera-
tive readmissions in patients with cirrhosis was higher than
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in those without cirrhosis and worse in those with decom-
pensated disease. Case fatality in the elective setting was
low in those patients without cirrhosis, 0.16% compared
with 2% in those with cirrhosis, which corresponded to a
12-fold adjusted odds of mortality in patients with cirrhosis.
However, in the emergency setting, mortality was higher
for all patients with and without cirrhosis than in the elec-
tive setting. It was 2.96% in patients without cirrhosis and
19% in those with cirrhosis. When the severity of cirrho-
sis was considered in this setting, those with compensated
and decompensated cirrhosis had a sevenfold and ninefold
increased odds of mortality compared to those without cir-
rhosis, after adjusting for confounders.

What is already known

Patients with cirrhosis and in particular those with decom-
pensated cirrhosis have a high risk of umbilical hernia for-
mation, estimated to occur in 20-40% of patients [24]. It has
been suggested that the natural history of umbilical hernia is
towards complication [25] and evidence from two large pop-
ulation-based studies showed that approximately 26-37%
of patients not planned for any surgical intervention receive
an emergency repair later [6, 26]. Therefore the combined
guidelines by the European and American hernia societies
states that there is “acceptable evidence that elective umbili-
cal hernia repair is safe in most patients with cirrhosis and/
or ascites.” In our analysis, the case fatality rate of 2% in
the elective setting was far superior to the mortality rate of
19% in the emergency setting in patients with cirrhosis [13].
The factors described as associated with poor outcomes are
a high Model for End-stage Liver Disease (MELD) score
above 15, presence of ascites and albumin level below 3 g/
dl, which are constituent definition of decompensated cir-
rhosis. In our analysis, patients with decompensated cirrho-
sis in the emergency setting had higher odds of mortality
than those with compensated cirrhosis. They also had higher
rates of readmission and longer postoperative length of stay.
Therefore our study adds to the evidence supporting elec-
tive umbilical hernia repair, particularly, in the patient with
compensated cirrhosis.

The majority of studies on umbilical hernia repair, includ-
ing those that informed the hernia societies guidelines, have
been limited by the population size [11] and also the inclu-
sion of other types of hernias such as incisional hernias [9,
10] and groin hernias [8, 27], which differ in their underlying
pathological processes. Nonetheless, studies that have exam-
ined chronic liver disease patients only, found similar poorer
outcomes in the emergency setting compared to the elective
setting [24], with readmission rates of 27% versus 14% in
the elective setting [24]. In our analysis, where we could
qualify readmission by severity of cirrhosis and urgency of
operation, we found 30-day readmission after elective repair

to be 7.23% and 16.42% in patients with compensated and
decompensated cirrhosis, respectively, compared with 4.87%
in those without cirrhosis. By contrast following emergency
repair, 30-day readmission rates were 13.51% and 34.55% in
those with compensated and decompensated cirrhosis com-
pared with 11.39% in those without cirrhosis.

Strengths and limitations

This study is one of the largest datasets reported to date
from a population level evaluating outcomes in patients with
cirrhosis compared to those without cirrhosis undergoing
umbilical hernia repair stratified by urgency of procedure.
It has shown better outcomes in the elective setting than
the emergency setting and better outcomes overall in those
with compensated disease. There are, however, some limi-
tations relevant to all database studies that are worthy of
note, especially the importance of coding accuracy of both
the case and exposure definitions. We overcame the issue of
coding accuracy by including only patients who had both
the relevant OPCS codes for umbilical hernia repair 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%
concordance when validated against patient notes [18] and
defined our outcome of mortality from the ONS data. This
provides confidence and reliability in our case definition
of cholecystectomy, exposure of cirrhosis and outcome of
mortality.

Our patients were also categorised into those with uncom-
plicated and complicated diagnosis with the specified ICD-
10 codes associated with the admission spell related to the
operative procedure, allowing us to define patients as having
complicated or uncomplicated umbilical hernia. The propor-
tions and distribution of complicated hernia are similar to
the findings of complicated and uncomplicated umbilical
hernia published elsewhere. Nonetheless, a small proportion
of patients (2.54%) lacked this information, but were too
small to have affected the overall findings.

The MELD and Child—Pugh scores are two of the most
recognised risk stratification tools for defining cirrhosis
severity and prognosticating. Unfortunately, the detailed
biochemical data required to compute these scores were not
available in our dataset; therefore, the validated Baveno IV
classification tool was used to categorise patients into two
broad categories of compensated and decompensated cir-
rhosis. Given the spectrum of disease severity within each
of compensated and decompensated cirrhosis, it will be
imperative for future prospective trials to address the impact
of stage of cirrhosis on postoperative outcomes, using either
of the MELD or Child—Pugh scores, as well as accounting
for some of the patient-related factors such as frailty and
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performance status that are often used to aid surgical deci-
sion making.

Clinical importance

Patients with liver cirrhosis have a higher incidence of
umbilical hernia than the general population, but often
not offered equal surgical treatments compared with other
patient groups with chronic diseases due to fear of post-
operative complications. Whilst operative management of
patients with cirrhosis overall is suggested to be growing, the
currently available literature is sparse, mostly single centre
and therefore recommendations even from the two largest
societies are not necessarily followed. In our analysis, whilst
the majority of patients without cirrhosis had elective repair,
in those with cirrhosis there was a 50:50 split between elec-
tive and emergency repair, further supporting this assertion
that in this patient group operative management is deferred
till complications occur, when their mortality risk is most
pronounced.

This study using population-level data has shown that
in the elective setting, the risk of mortality in patients with
cirrhosis after umbilical hernia repair is low. They also have
shorter hospital length of stay and lower rates of readmis-
sion. Importantly, it has found that there is a prolonged
period between GP diagnoses to emergency presentation
where patients could be assessed, undergo prehabilita-
tion and optimised for elective repair before complications
develop.

Conclusion

There is a difference in access of elective surgery in patients
with cirrhosis. However, for these patients elective surgery
offers better outcomes in terms of mortality risk, length of
stay and readmission. Emergency umbilical hernia repair
was more likely to be complicated and result in increased
length of stay and readmissions with higher 90-day case
fatality rates. Prospective, multicentre trials, with more in-
depth classification of cirrhosis severity, comorbidity, frailty
and performance status are now warranted to validate these
findings.
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