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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: 0 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 
tense ascites [2, 3]. Some of the major risk factors contrib-
uting to the higher occurrence in patients with cirrhosis 
include: increased intra-abdominal pressure and laxity of 
the abdominal wall fascia from ascites and muscle wasting 
due to malnutrition [4].

The definitive treatment of umbilical hernia in the general 
population is surgical repair. However, in patients with cir-
rhosis the optimal treatment of an umbilical hernia is less 
clear. The conservative approach was in the past preferable 
in this cohort of patients due to the higher risk of periop-
erative morbidity and mortality, with surgical interventions 
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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 

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 0, 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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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).

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 

Table 1   Summary 
demographics and operative 
characteristics of all patients 
with and without cirrhosis 
undergoing umbilical hernia 
repair in England from the years 
2000 to 2017

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

Cirrhosis No cirrhosis P value
n (%) n (%)

Gender
 Female 90 (30.30) 8135 (37.20) 0.014
 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 herniaa 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
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of cirrhosis. It showed that in the elective setting, patients 
with cirrhosis had a 12-fold increased odds of mortality (OR 
12.14, 95% CI 4.36–33.84) after adjusting for age, gender 
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% CI 2.97–18.17) 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).

Discussion

What this study found

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 

Table 2   Basic demographics of patients with and without cirrhosis undergoing elective and emergency umbilical hernia repair

a Cell numbers < 4, so cannot be reported

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 herniaa 9 (6.00) 318 (1.69) 89 (60.54) 1713 (55.73)
 Undefined/missing a 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 a 187 (6.08) 0.060
 Open 145 (96.67) 17,413 (92.66) a 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
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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 

Table 3   The median duration from time of first diagnosis to date of 
emergency umbilical hernia repair

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

Duration (t) Emergency P value

Cirrhosis No cirrhosis

0 35 (23.81) 1100 (35.78) < 0.0001
1–30 days 50 (34.01) 1255 (40.83)
31–90 days 15 (10.20) 89 (2.90)
> 91 days 47 (31.97) 630 (20.49)

Table 4   Mortality following elective umbilical hernia repair at 90 
days

a Final adjusted model: adjusted for gender, age and comorbidity

Unadjusted OR Adjusted ORa

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)
 18–49 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 3.44 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 1.41 0.43–4.59 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 0.49–3.41
 4 0.99 0.35–2.84
 5 0.48 0.13–1.87

Complex
 Uncomplicated 1.0 (ref)
 Complicated 1.0 –
 Missinga 10.10 4.38–23.31

Table 5   Mortality following emergency umbilical hernia repair at 90 
days

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

Unadjusted OR Adjusted ORa

OR 95% CI OR 95% CI

Cohort
 Non-cirrhotic 1.0 (ref) 1.0 (ref)
 Compensated cirrhosis 9.04 4.02–20.33 7.35 2.97–18.17
 Decompensated cirrhosis 7.28 4.30–12.34 9.51 4.97–18.19

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 2.42 0.87–6.72
 60–69 9.06 3.86–21.25 6.45 2.53–16.46
 ≥ 70 22.40 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 1.47 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
 Missinga 1.58 0.55–4.53
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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.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10029-​023-​02898-6.

Funding  None.

Declarations 

Conflict of interest  None of the authors have any conflicts of interest 
to declare.

Author statement  All authors had access to the data and contributed 
to the drafting of the paper.

Patient consent  Nationally approved, anonymised patient data were 
included—no individual patient consent required.

Ethical approval  The study was approved by the Independent Scientific 
Advisory Committee for Medicines and Healthcare products Regula-
tory Agency (Protocol 19‐193R).

Human and animal rights  This article does not contain any studies 
directly involving human participants, as it reviewed data already col-
lected in the HES‐CPRD database.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Burcharth J, Pedersen MS, Pommergaard HC, Bisgaard T, Ped-
ersen CB, Rosenberg J (2015) The prevalence of umbilical and 
epigastric hernia repair: a nationwide epidemiologic study. Hernia 
19(5):815–819. https://​doi.​org/​10.​1007/​s10029-​015-​1376-3

	 2.	 Belghiti J, Durand F (1997) Abdominal wall hernias in the setting 
of cirrhosis. Semin Liver Dis 17(3):219–226. https://​doi.​org/​10.​
1055/s-​2007-​10071​99

	 3.	 Carbonell AM, Wolfe LG, DeMaria EJ (2005) Poor outcomes in 
cirrhosis-associated hernia repair: a nationwide cohort study of 
32,033 patients. Hernia 9(4):353–357. https://​doi.​org/​10.​1007/​
s10029-​005-​0022-x

	 4.	 Garrison RN, Cryer HM, Polk HC, Howard DA (1984) Clarifi-
cation of risk factors for abdominal operations in patients with 
hepatic cirrhosis. Ann Surg 199(6):648–655. https://​doi.​org/​10.​
1097/​00000​658-​19840​6000-​00003

	 5.	 Salamone G, Licari L, Guercio G, Campanella S, Falco N, Scer-
rino G, Bonventre S, Geraci G, Cocorullo G, Gulotta G (2018) 
The abdominal wall hernia in cirrhotic patients: a historical 
challenge. World J Emerg Surg 13:35. https://​doi.​org/​10.​1186/​
s13017-​018-​0196-z

	 6.	 Gray SH, Vick CC, Graham LA, Finan KR, Neumayer LA, Hawn 
MT (2008) Umbilical herniorrhapy in cirrhosis: improved out-
comes with elective repair. J Gastrointest Surg 12(4):675–681. 
https://​doi.​org/​10.​1007/​s11605-​008-​0496-9

	 7.	 Flood FB (1961) Spontaneous perforation of the umbilicus in 
Laennec’s cirrhosis with massive ascites. N Engl J Med 264:72–
74. https://​doi.​org/​10.​1056/​nejm1​96101​12264​0204

	 8.	 Adiamah A, Ban L, Hammond J, Jepsen P, West J, Humes DJ 
(2020) Mortality after extrahepatic gastrointestinal and abdominal 
wall surgery in patients with alcoholic liver disease: a system-
atic review and meta-analysis. Alcohol Alcohol 55(5):497–511. 
https://​doi.​org/​10.​1093/​alcalc/​agaa0​43

https://doi.org/10.1007/s10029-023-02898-6
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10029-015-1376-3
https://doi.org/10.1055/s-2007-1007199
https://doi.org/10.1055/s-2007-1007199
https://doi.org/10.1007/s10029-005-0022-x
https://doi.org/10.1007/s10029-005-0022-x
https://doi.org/10.1097/00000658-198406000-00003
https://doi.org/10.1097/00000658-198406000-00003
https://doi.org/10.1186/s13017-018-0196-z
https://doi.org/10.1186/s13017-018-0196-z
https://doi.org/10.1007/s11605-008-0496-9
https://doi.org/10.1056/nejm196101122640204
https://doi.org/10.1093/alcalc/agaa043


Hernia	

1 3

	 9.	 Khorgami Z, Hui BY, Mushtaq N, Chow GS, Sclabas GM (2019) 
Predictors of mortality after elective ventral hernia repair: an anal-
ysis of national inpatient sample. Hernia 23(5):979–985. https://​
doi.​org/​10.​1007/​s10029-​018-​1841-x

	10.	 Bisgaard T, Kehlet H, Bay-Nielsen M, Iversen MG, Rosenberg J, 
Jørgensen LN (2011) A nationwide study on readmission, morbid-
ity, and mortality after umbilical and epigastric hernia repair. Her-
nia 15(5):541–546. https://​doi.​org/​10.​1007/​s10029-​011-​0823-z

	11.	 Eker HH, van Ramshorst GH, de Goede B, Tilanus HW, Metselaar 
HJ, de Man RA, Lange JF, Kazemier G (2011) A prospective 
study on elective umbilical hernia repair in patients with liver 
cirrhosis and ascites. Surgery 150(3):542–546. https://​doi.​org/​10.​
1016/j.​surg.​2011.​02.​026

	12.	 Pescovitz MD (1984) Umbilical hernia repair in patients with cir-
rhosis. No evidence for increased incidence of variceal bleeding. 
Ann Surg 199(3):325–327. https://​doi.​org/​10.​1097/​00000​658-​
19840​3000-​00012

	13.	 Henriksen NA, Kaufmann R, Simons MP, Berrevoet F, East B, 
Fischer J, Hope W, Klassen D, Lorenz R, Renard Y, Garcia Urena 
MA, Montgomery A, on behalf of the European Hernia Society 
and the Americas Hernia Society (2020) EHS and AHS guidelines 
for treatment of primary ventral hernias in rare locations or special 
circumstances. BJS Open 4(2):342–353. https://​doi.​org/​10.​1002/​
bjs5.​50252

	14.	 Adiamah A, Ban L, West J, Humes DJ (2019) The risk of venous 
thromboembolism after surgery for esophagogastric malignancy 
and the impact of chemotherapy: a population-based cohort study. 
Dis Esophagus. https://​doi.​org/​10.​1093/​dote/​doz079

	15.	 Humes DJ, Walker AJ, Hunt BJ, Sultan AA, Ludvigsson JF, West 
J (2016) Risk of symptomatic venous thromboembolism following 
emergency appendicectomy in adults. Br J Surg 103(4):443–450. 
https://​doi.​org/​10.​1002/​bjs.​10091

	16.	 Humes DJ, Walker AJ, Blackwell J, Hunt BJ, West J (2015) Varia-
tion in the risk of venous thromboembolism following colectomy. 
Br J Surg 102(13):1629–1638. https://​doi.​org/​10.​1002/​bjs.​9923

	17.	 Fleming KM, Aithal GP, Solaymani-Dodaran M, Card TR, West J 
(2008) Incidence and prevalence of cirrhosis in the United King-
dom, 1992–2001: a general population-based study. J Hepatol 
49(5):732–738. https://​doi.​org/​10.​1016/j.​jhep.​2008.​05.​023

	18.	 Ratib S, Fleming KM, Crooks CJ, Walker AJ, West J (2015) 
Causes of death in people with liver cirrhosis in England com-
pared with the general population: a population-based cohort 
study. Am J Gastroenterol 110(8):1149–1158. https://​doi.​org/​10.​
1038/​ajg.​2015.​191

	19.	 de Franchis R (2015) Expanding consensus in portal hyperten-
sion: report of the Baveno VI Consensus Workshop: stratifying 
risk and individualizing care for portal hypertension. J Hepatol 
63(3):743–752. https://​doi.​org/​10.​1016/j.​jhep.​2015.​05.​022

	20.	 Thabut D, D’Amico G, Tan P, De Franchis R, Fabricius S, Lebrec 
D, Bosch J, Bendtsen F (2010) Diagnostic performance of Baveno 
IV criteria in cirrhotic patients with upper gastrointestinal bleed-
ing: analysis of the F7 liver-1288 study population. J Hepatol 
53(6):1029–1034. https://​doi.​org/​10.​1016/j.​jhep.​2010.​06.​012

	21.	 Szakács Z, Erőss B, Soós A, Mátrai P, Szabó I, Pétervári E, Bajor 
J, Farkas N, Hegyi P, Illés A, Solymár M, Balaskó M, Sarlós P, 
Szűcs Á, Czimmer J, Vincze Á, Pár G (2019) Baveno criteria 
safely identify patients with compensated advanced chronic liver 
disease who can avoid variceal screening endoscopy: a diagnos-
tic test accuracy meta-analysis. Front Physiol. https://​doi.​org/​10.​
3389/​fphys.​2019.​01028

	22.	 Fleming KM, Aithal GP, Card TR, West J (2010) The rate of 
decompensation and clinical progression of disease in people 
with cirrhosis: a cohort study. Aliment Pharmacol Ther 32(11–
12):1343–1350. https://​doi.​org/​10.​1111/j.​1365-​2036.​2010.​
04473.x

	23.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373–383. 
https://​doi.​org/​10.​1016/​0021-​9681(87)​90171-8

	24.	 Petro CC, Haskins IN, Perez AJ, Tastaldi L, Strong AT, Ilie RN, 
Tu C, Krpata DM, Prabhu AS, Eghtesad B, Rosen MJ (2019) 
Hernia repair in patients with chronic liver disease—a 15-year 
single-center experience. Am J Surg 217(1):59–65. https://​doi.​
org/​10.​1016/j.​amjsu​rg.​2018.​10.​020

	25.	 Coelho JCU, Claus CMP, Campos ACL, Costa MAR, Blum C 
(2016) Umbilical hernia in patients with liver cirrhosis: a surgical 
challenge. World J Gastrointest Surg 8(7):476–482. https://​doi.​
org/​10.​4240/​wjgs.​v8.​i7.​476

	26.	 Cho SW, Bhayani N, Newell P, Cassera MA, Hammill CW, Wolf 
RF, Hansen PD (2012) Umbilical hernia repair in patients with 
signs of portal hypertension: surgical outcome and predictors of 
mortality. Arch Surg 147(9):864–869. https://​doi.​org/​10.​1001/​
archs​urg.​2012.​1663

	27.	 Hansen JB, Thulstrup AM, Vilstup H, Sørensen HT (2002) Danish 
nationwide cohort study of postoperative death in patients with 
liver cirrhosis undergoing hernia repair. BJS 89(6):805–806. 
https://​doi.​org/​10.​1046/j.​1365-​2168.​2002.​02114.x

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10029-018-1841-x
https://doi.org/10.1007/s10029-018-1841-x
https://doi.org/10.1007/s10029-011-0823-z
https://doi.org/10.1016/j.surg.2011.02.026
https://doi.org/10.1016/j.surg.2011.02.026
https://doi.org/10.1097/00000658-198403000-00012
https://doi.org/10.1097/00000658-198403000-00012
https://doi.org/10.1002/bjs5.50252
https://doi.org/10.1002/bjs5.50252
https://doi.org/10.1093/dote/doz079
https://doi.org/10.1002/bjs.10091
https://doi.org/10.1002/bjs.9923
https://doi.org/10.1016/j.jhep.2008.05.023
https://doi.org/10.1038/ajg.2015.191
https://doi.org/10.1038/ajg.2015.191
https://doi.org/10.1016/j.jhep.2015.05.022
https://doi.org/10.1016/j.jhep.2010.06.012
https://doi.org/10.3389/fphys.2019.01028
https://doi.org/10.3389/fphys.2019.01028
https://doi.org/10.1111/j.1365-2036.2010.04473.x
https://doi.org/10.1111/j.1365-2036.2010.04473.x
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.amjsurg.2018.10.020
https://doi.org/10.1016/j.amjsurg.2018.10.020
https://doi.org/10.4240/wjgs.v8.i7.476
https://doi.org/10.4240/wjgs.v8.i7.476
https://doi.org/10.1001/archsurg.2012.1663
https://doi.org/10.1001/archsurg.2012.1663
https://doi.org/10.1046/j.1365-2168.2002.02114.x

	The impact of urgency of umbilical hernia repair on adverse outcomes in patients with cirrhosis: a population-based cohort study from England
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients and data sources
	Study participants
	Exposed cohort
	Severity of cirrhosis
	Covariates
	Outcomes
	Statistical analysis

	Results
	Demographics
	Presentation and duration to surgery
	Length of hospital stay
	Readmissions at 30 days
	Mortality

	Discussion
	What this study found
	What is already known
	Strengths and limitations
	Clinical importance

	Conclusion
	Anchor 28
	References


