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Abstract

Background and objective

To study the cumulative incidence and surgical treatment of midline incisional hernia (MIH)
after cystectomy for bladder cancer.

Methods

In the nationwide Bladder Cancer Data Base Sweden (BladderBaSe), cystectomy was per-
formed in 5646 individuals. Cumulative incidence MIH and surgery for MIH were investi-
gated in relation to age, gender, comorbidity, previous laparotomy and/or inguinal hernia
repair, operative technique, primary/secondary cystectomy, postoperative wound dehis-
cence, year of surgery, and period-specific mean annual hospital cystectomy volume
(PSMAV).

Results

Three years after cystectomy the cumulative incidence of MIH and surgery for MIH was 8%
and 4%, respectively. The cumulative incidence MIH was 12%, 9% and 7% in patients hav-
ing urinary diversion with continent cutaneous pouch, orthotopic neobladder and ileal con-
duit. Patients with postoperative wound dehiscence had a higher three-year cumulative
incidence MIH (20%) compared to 8% without. The corresponding cumulative incidence
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surgery for MIH three years after cystectomy was 9%, 6%, and 4% for continent cutaneous,
neobladder, and conduit diversion, respectively, and 11% for individuals with postoperative
wound dehiscence (vs 4% without). Using multivariable Cox regression, secondary cystect-
omy (HR 1.3 (1.0-1.7)), continent cutaneous diversion (HR 1.9 (1.1-2.4)), robot-assisted
cystectomy (HR 1.8 (1-3.2)), wound dehiscence (HR 3.0 (2.0—4.7)), cystectomy in hospitals
with PSMAV 10-25 (HR 1.4 (1.0-1.9)), as well as cystectomy during later years (HRs 2.5—
3.1) were all independently associated with increased risk of MIH.

Conclusions

The cumulative incidence of MIH was 8% three years postoperatively, and increase over
time. Avoiding postoperative wound dehiscence after midline closure is important to
decrease the risk of MIH.

Introduction

The occurrence of midline incisional hernia (MIH) after radical cystectomy and urinary diver-
sion for bladder cancer or the proportion of these patients that require surgical repair are
scarcely reported in the literature [1]. Published studies have often been hampered by either
reporting simultaneously on different long-term complications after cystectomy or by a single-
center design [2, 3]. Furthermore, the number of patients included in previous reports is lim-
ited. Thus far, only one population-based study has studied MIH after cystectomy [4]. This
study considered only MIH complications requiring in-hospital care (but not necessarily sur-
gery) as endpoint [4]. A total of one or several events were reported in 2.6% of the patients. In
one United States tertial referral centre the risk of having a MIH diagnosis at end of follow-up
was 19% [1].

Our objective was to conduct a population-based nationwide study including all bladder
cancer patients subjected to radical cystectomy reported to BladderBaSe 1997 through 2014 to
estimate the incidence of MIH development and the proportion of such hernias that led to sur-
gical treatment. Furthermore, we aimed to identify risk factors for developing a MIH and hav-
ing surgery for MIH.

Material and methods
Study design and participants

The principles of data extraction applied and linkages of the current study are described in
detail in the BladderBaSe cohort profile [5]. All 5646 individuals diagnosed with bladder can-
cer in Sweden during the period 1997-2014 and subsequently treated with radical cystectomy,
either at diagnosis as primary treatment (n = 4108) or later at progression as secondary treat-
ment (n = 1538) were included.

Patients with ICD-10 codes for MIH (K43.9/K43.0/K43.1/K43.0A/K.43.0B/K43.1A/
K43.1B/K.43.2/K43.2A/K 43.2) were identified from the hospital inpatient and outpatient reg-
istries, thus without knowing if a clinical examination and/or a radiological investigation was
used to diagnose MIHs. Patients who had surgery for MIH after the date of cystectomy was
ascertained from the inpatient registry by using the following ICD-10 codes: JAD10/JAD11/
JAD13/JAD20/JAD23/JAD30/JAD33/JAD40/JAD41/JAD43/JAD47/JAD50/JAD51/JAD60/
JAD61/JAD63/JAD67/JAD70/JAD71/JAD73/JAD80/JAD81/JAD84/JAD87. However, no

PLOS ONE | https://doi.org/10.1371/journal.pone.0246703  February 4, 2021

2/12


https://doi.org/10.1371/journal.pone.0246703
https://statistik.incanet.se/urinblasecancer/
https://statistik.incanet.se/urinblasecancer/
mailto:lars.holmberg@kcl.ac.uk
mailto:fredrik.liedberg@med.lu.se
mailto:fredrik.liedberg@med.lu.se

PLOS ONE

Incisional hernia after cystectomy

information on the indications that were applied for performing surgery for MIH or surgical
techniques used were available.

We investigated if the diagnosis and/or surgery for a MIH were associated with age, gender,
comorbidity, previous laparotomy, previous inguinal or incisional hernia repair before cystect-
omy, cystectomy as primary treatment at diagnosis or as secondary treatment at disease pro-
gression, type of urinary diversion (continent cutaneous pouch, orthotopic neobladder, or ileal
conduit) surgical technique (open or robotic-assisted cystectomy), postoperative occurrence of
wound dehiscence (diagnosis and/or surgery) within 60 days of surgery (a timepoint after
which wound dehiscence not likely is related to the cystectomy) and hospital cystectomy vol-
ume. All these variables were ascertained either from the SNRUBC or from the inpatient or
outpatient registries. Comorbidity was measured using the Charlson Comorbidity Index
(CClI), and was calculated based on a list of diseases using a specific weight assigned to each
disease category according to data from the national inpatient and outpatient register [5].
Information about whether early recovery after surgery (ERAS) measures were applied before,
during and after radical cystectomy was lacking.

To investigate the association between hospital volume and MIH diagnosis and/or surgery,
the Period-Specific Mean Annual Volume (PSMAV) was calculated [6]. PSMAV was defined
as the cystectomy volume per year for 3 years preceding radical cystectomy based on all
patients subjected to such surgery during the study period. PSMAV was stratified in tertiles
adjusted to the prevailing literature on volume-outcome, i.e.: [0-10), [10-25) and [25-86]
annual cystectomies [6].

The individual patient’s date for radical cystectomy was used as the starting point for fol-
low-up. Date of death, emigration, or 31 December 2014, was regarded as the end of follow-
up, whatever happened first.

All data used were fully anonymized during the study that was approved by the Research
Ethics Board of Uppsala University, Sweden (File no. 2015/277).

Statistical analysis

The cumulative incidence of MIH and surgery for MIH was calculated using standard Kaplan-
Meier technique, with date of cystectomy as starting point and censoring for loss to follow-up
or death. The chi square test or Fischer’s exact test was used to compare proportions MIH for
categorical variables. The t-test was applied to compare continuous variables between groups.
Univariate and multivariate Cox regression models were used to investigate the associations
between preoperative risk factors for MIH and surgery during follow-up. Patients were cen-
sored at lost to follow-up and death, just as when the cumulative incidence was computed.
Analyses were performed with the R statistical package version 3.4.2. (R Core Team ®2017]).
(R: A language and environment for statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria URL https://www.r-project.org).

Results

Median age at cystectomy and urinary tract reconstruction among the 5646 individuals oper-
ated in Sweden between 1997 and 2014 was 69 (inter quartile range (IQR) 63-75) years. A
total of 1350 (24%) were females. Median follow-up time was 2.3 (IQR 0.9-5.8) years. Patient
characteristics including number of patients with potential pre- and/or perioperative risk fac-
tors for midline incisional hernia (MIH) formation are reported in Table 1.

A majority of patients were operated with open cystectomy (94%) and 346 (6%) were sub-
jected to robotic-assisted radical cystectomy. The proportion of patients receiving robotic-
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Table 1. Number of patients with and without midline incisional hernia diagnosis and surgery.

Patient characteristics Numbers with midline incisional | Numbers with midline Numbers without midline incisional Total
hernia diagnosis incisional hernia surgery hernia diagnosis or surgery numbers
(n=379) (n=205) (n =5267) (n = 5646)
Gender:
Male 281 157 4010 4291 (76%)
Female 98 48 1257 1355 (24%)
Median age at cystectomy 67 (62-73) 66 (60-71) 70 (63-75)* 69 (63-75)
(Interquartile Range) years:
CCI:
0 275 158 3731 4006 (71%)
1 54 24 707 761 (13%)
2 35 16 521 556 (10%)
3 5 139 145 (3%)
>3 1 113 117 (2%)
missing 1 56 61 (1%)
Previous laparotomy:
No 377 204 5213 5590 (99%)
Yes 2 1 54 56 (1%)
Previous inguinal hernia repair:
No 373 202 5142 5515 (98%)
Yes 6 3 125 131 (2%)
Incisional hernia before cystectomy:
No 376 204 5237 5613 (99%)
Yes 3 1 30 33 (1%)
Primary cystectomy 251 132 3857 4108 (73%)
Secondary cystectomy 128 73 1410 1538 (27%)
Urinary diversion:
Ileal conduit 250 111 4097 4347 (77%)
Orthtopic neobladder 72 53 798 870 (15%)
Continent cutaneous pouch 57 41 372 429 (8%)
Robot-assisted cystectomy:
No 362 194 4938 5300 (94%)
Yes 17 11 329 346 (6%)
Wound dehiscence within 60 days
after cystectomy:
No 353 189 5112 5465 (97%)
Yes 26 16 155 181 (3%)
PSMAV:
[0-10), 87 46 1497 1584 (28%)
[10-25), 170 96 2036 2206 (39%)
[25-86], 117 60 1691 1808 (32%)
missing 5 3 43 48 (1%)

PSMAYV = Period-specific mean annual hospital volume, CCI = Charlson comorbidity index. (*p<0.001 (t-test)).

https://doi.org/10.1371/journal.pone.0246703.t001

assisted surgery increased during the last ten years in the study from 0% to 29% (122/425) dur-

ing 2014.

A total of 379 patients were diagnosed with a MIH after cystectomy and surgery was per-
formed in 205 individuals. The cumulative incidence of patients diagnosed with a MIH a
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Cumulative incidence with 95 % confidence interval at selected time points

16%  —— Midline incisional hemia diagnosis
--- Surgery for midline incisional hemia ,r/_’_,_z—"'
14% 13.6

0 1 2 3 4 5 6 7 S 9 10 11 12

Years after diagnosis
Number at risk

MIH diag 5646 3984 2841 2230 1802 1469 1210 993 803 667 513

4
—
(9]
vy
o
>

MIH surg 5646 4046 2924 2316 1882 1532 1264 1035 838 698 3539 434 317

Fig 1. Cumulative incidence with 95% confidence interval at selected time points. The cumulative proportion of
patients diagnosed with and operated for midline incisional hernia, respectively. Grey bars represent 95% CI at three,
five and ten years.

https://doi.org/10.1371/journal.pone.0246703.9001

three, five and ten years was 8%, 10%, and 14%, respectively, and the corresponding cumula-
tive incidences of having surgery for MIH was 4%, 6%, and 7% (Fig 1).

Fig 2 shows the cumulative incidence of MIH diagnosed and repaired at three years, as
stratified by three-year time-periods. Patients with cystectomy during the last three-year strata
2012-2014 were excluded in Fig 2, as they did not have three years follow-up time. The cumu-
lative incidence MIH at three years follow-up increased during the study period, however the
cumulative incidence of patients subjected to surgery for MIH at three years follow-up
decreased.

Continent urinary diversion with continent cutaneous pouch or orthotopic neobladder
were at three years postoperatively associated with larger proportions of MIH, 12% and 9%
respectively, compared to urinary diversion with an ileal conduit (7% (p<0.03)). The corre-
sponding proportions for open and robotic assisted cystectomy were 8% and 14%, respectively
(p =0.06). A larger proportion of patients suffering from wound dehiscence after cystectomy
were diagnosed with MIH at three years after cystectomy (20%) compared to 8% without post-
operative wound dehiscence (p<0.001). For patients operated in hospitals with a period-spe-
cific mean annual volume (PSMAYV) in the upper two tertiles (10-25 and 25-86 annual
cystectomies, respectively), a higher proportion of patients were diagnosed with MIH at three
years (9%) compared to 6% in the lower PSMAYV tertile (p = 0.04). Other potential risk-factors
for MIH development are displayed in Table 1, however the cumulative incidence of MIH
diagnosis were similar between groups.

Patients subjected to surgery for MIH were younger at cystectomy than those not being
diagnosed or operated for midline incisional hernia (Table 1). Surgery for MIH was more fre-
quently performed in patients receiving continent cutaneous diversion (9%) and orthotopic
neobladder (6%) three years after cystectomy, compared to those who received an ileal conduit
(4% (p<0.001)), as for individuals with postoperative wound dehiscence (11% vs 4% without
(p =0.001)). At five years after cystectomy the proportion of patients operated with robotic
assisted cystectomy subjected to MIH repair was higher (17%) compared to individuals
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3 year cumulative incidence

with a 95 % confidence interval
Incisional hernia Operation *

1997-1999 2000-2002 2003-2005 2006-2008 2009-2011
Year of cystectomy

Fig 2. Three year cumulative incidence with a 95% confidence interval. Three year camulative incidence midline
incisional hernia diagnosis with 95% confidence intervals (black bars) and midline incisional hernia surgery (red bars),
stratified by three-year time-periods. Patients with cystectomy during the last three-year strata 2012-2014 were
excluded, as they did not have three years follow-up time.

https://doi.org/10.1371/journal.pone.0246703.9002

operated with open cystectomy (6% (p = 0.005)). The other investigated potential determi-
nants for MIH surgery displayed at similar proportions of such surgery irrespectively of each
risk-factor (Table 1).

When pre- and perioperative risk-factors for MIH diagnosis was investigated in a Cox
regression model, secondary cystectomy at disease progression after initially having an organ-
sparing treatment strategy as primary treatment strategy (as opposed to primary cystectomy at
bladder cancer diagnosis), continent cutaneous diversion, robotic assisted cystectomy, postop-
erative wound dehiscence, cystectomy during later years, and in hospitals with median cystect-
omy volume (PSMAV 10-25) were all independently associated with an increased risk in a
multivariate analysis with almost similar univariate risks (Table 2).

Increased risk of MIH surgery was in a similar Cox-regression model associated with sec-
ondary cystectomy, continent cutaneous diversion, robotic assisted cystectomy, wound dehis-
cence and cystectomy during later years, both in univariate and multivariate analysis (Table 3).
Wound dehiscence was associated with the most pronounced increased risk (HR 3.3 (2.0-
5.4)), followed by a two-fold increased risk after continent cutaneous diversion and robotic
assisted cystectomy (HR 2.1 (1.3-3.3) and HR 2.2 (1.2-3.9)), respectively.

In a subgroup analysis in patients operated with primary cystectomy where information on
whether neoadjuvant chemotherapy was administered prior to surgery, the hazard ratio for
MIH diagnosis after such preoperative treatment was 1.3 (0.8-2.1). Furthermore, among the
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Table 2. Cox regression univariate and multivariate analysis of known risk factors for subsequent incisional hernia diagnosis.

Numbers HR (univariate) p-value HR (multivariate) p-value
Gender (Male vs Female) 4291 1 1
1355 1.03 (0.79-1.35) 0.8 1.05 (0.79-1.39) 0.7
Age at cystectomy (Per unit) 5646 0.99 (0.98-1.00) 0.2 0.99 (0.98-1.01) 0.4
CCI
0 4006 1 1
1 761 1.21 (0.87-1.67) 0.3 1.21 (0.87-1.70) 0.3
2 556 1.09 (0.73-1.61) 0.7 1.17 (0.78-1.74) 0.4
3 145 0.63 (0.23-1.68) 0.4 0.67 (0.25-1.80) 0.4
>3 117 0.90 (0.33-2.41) 0.8 0.95 (0.35-2.57) 0.9
missing 61
Previous laparotomy (Yes vs No) 56 0.42 (0.06-3.00) 0.4 0.38 (0.05-2.77) 0.3
5590 1 1
Previous inguinal hernia repair (Yes vs No) 131 0.86 (0.48-1.53) 0.6 0.88 (0.49-1.59) 0.7
5515 1 1
Incisional hernia before cystectomy (Yes vs No) 35 2.54 (0.82-7.93) 0.1 2.77 (0.87-8.70) 0.09
5613 1 1
Primary vs secondary cystectomy 4108 1 1
1538 1.40 (1.11-1.78) 0.005 1.30 (1.02-1.67) 0.04
Urinary diversion
Ileal conduit 4347 1 1
Orthtopic neobladder 870 1.19 (0.89-1.59) 0.3 1.14 (0.81-1.60) 0.4
Continent cutaneous pouch 429 1.58 (1.12-2.24) 0.01 1.92(1.13-2.38) <0.001
Robot-assisted cystectomy (Yes vs No) 346 1.41 (0.86-2.30) 0.2 1.81 (1.04-3.15) 0.04
5300 1 1
Wound dehiscence within 60 days after cystectomy (Yes vs No) 181 2.70 (1.76-4.13) <0.001 3.04 (1.96-4.71) <0.001
5465 1 1
Year of cystectomy in three-year strata
1997-1999 468 1 1
2000-2002 719 1.61 (0.85-3.06) 0.1 1.61 (0.84-3.06) 0.2
2003-2005 908 2.38 (1.30-4.34) 0.005 2.47 (1.34-4.55) 0.004
2006-2008 1048 2.72 (1.51-4.90) <0.001 3.08 (1.67-5.69) <0.001
2009-2011 1234 2.20 (1.22-3.96) 0.009 2.65 (1.43-4.92) 0.002
2012-2014 1269 1.64 (0.86-3.10) 0.1 1.71 (0.85-3.45) 0.1
PSMAV
[0-10), 1584 1 1
[10-25), 2206 1.44 (1.07-1.95) 0.02 1.38 (1.01-1.87) 0.04
[25-86], 1808 1.44 (1.05-1.97) 0.02 1.15 (0.80-1.64) 0.4
missing 48

PSMAYV = Period-specific mean annual hospital volume, CCI = Charlson comorbidity index.

https://doi.org/10.1371/journal.pone.0246703.t002

189 patients operated for postoperative ileus within 60 days of surgery the risk of MIH diagno-
sis was similar compared to those who did not (hazard ratio 1.1 (0.6-2.0)).

Discussion

In this large population-based and nationwide cohort operated with radical cystectomy cumu-
lative incidence midline incisional hernia (MIH) was eight percent and four percent were
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Table 3. Cox regression univariate and multivariate analysis of known risk factors for subsequent incisional hernia surgery.

Numbers HR (univariate) p-value HR (multivariate) p-value
Gender (Male vs Female) 4291 1 1
1355 1.0 (0.72-1.38) 1.0 1.01 (0.72-1.43) 0.9
Age at cystectomy (Per unit) 5646 0.99 (0.97-1.00) 0.1 0.99 (0.98-1.01) 0.4
CCI
0 4006 1 1
1 761 0.99 (0.65-1.51) 1.0 1.10 (0.72-1.67) 0.7
2 556 1.10 (0.69-1.75) 0.7 1.21 (0.75-1.95) 0.4
3 145 0.91 (0.34-2.44) 0.8 1.01 (0.37-2.75) 1.0
>3 117 1.30 (0.48-3.51) 0.6 1.42 (0.52-3.84) 0.5
missing 61
Previous
laparotomy (Yes vs No) 56 0.64 (0.09-4.54) 0.7 0.72 (0.10-5.17) 0.7
5590 1 1
Previous inguinal hernia repair (Yes vs No) 131 0.82 (0.40-1.65) 0.6 0.85 (0.41-1.74) 0.7
5515 1 1
Primary vs secondary cystectomy 4108 1 0.004 1 0.03
1538 1.52 (1.14-2.01) 1.39 (1.04-1.86)
Urinary diversion
Ileal conduit 4347 1 1
Orthotopic neobladder 870 1.34 (0.96-1.88) 0.09 1.28 (0.86-1.90) 0.2
Continent cutaneous pouch 429 1.74 (1.17-2.61) 0.007 2.09 (1.34-3.26) 0.001
Robot-assisted cystectomy (Yes vs No) 346 2.10 (1.26-3.51) 0.004 2.16 (1.19-3.93) 0.01
5300 1 1
Wound dehiscence within 60 days after cystectomy (Yes vs No) 181 2.93(1.81-4.76) <0.001 3.28 (1.99-5.41) <0.001
5465 1 1
Year of cystectomy in three-year strata
1997-1999 468 1 1
2000-2002 719 1.41 (0.72-2.79) 0.3 1.41 (0.71-2.79) 0.3
2003-2005 908 1.85(0.97-3.51) 0.06 1.92 (0.99-3.69) 0.05
2006-2008 1048 1.68 (0.89-3.18) 0.1 1.98 (1.01-3.88) 0.05
2009-2011 1234 1.37 (0.73-2.60) 0.3 1.69 (0.86-3.34) 0.1
2012-2014 1269 1.98 (1.02-3.83) 0.04 2.01 (0.96-4.23) 0.06
PSMAV
[0-10), 1584 1 1
[10-25), 2206 1.44 (1.01-2.06) 0.05 1.31 (0.91-1.90) 0.1
[25-86], 1808 1.44 (1.00-2.12) 0.05 1.11 (0.71-1.73) 0.6
missing 48

Previous incisional hernia was not adjusted for as no patient was operated after cystectomy with recurrent incisional hernia. PSMAV = Period-specific mean annual

hospital volume, CCI = Charlson comorbidity index.

https://doi.org/10.1371/journal.pone.0246703.t003

subjected to MIH repair at three years after cystectomy. As anticipated, MIHs were more fre-
quently encountered in individuals who suffered from wound dehiscence after cystectomy, but

also in patients receiving continent reconstructions compared to an ileal conduit. Patients

operated with robotic assisted cystectomy were more frequently subjected to MIH repair at
three and five years after cystectomy (8% and 17%, respectively), compared to patients oper-
ated with open cystectomy (four and six percent).
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When adjusting for other pre- and perioperative risk-factors for MIH diagnosis, secondary
cystectomy, continent cutaneous pouch diversion, robot-assisted cystectomy, wound dehis-
cence after cystectomy, cystectomy during the later parts of the study and cystectomy in hospi-
tals with period-specific mean annual volume (PSMAV) in the middle tertile (10-25 annual
cystectomies) were independently associated with an increased risk of MIH development.
Information on surgeon volume was not available, and thus it was not possible to further dis-
entangle the separate components (surgeon and hospital volume, respectively) of the associa-
tion between PSMAV and risk of MIH diagnosis. Urinary diversion with an orthotopic
neobladder has previously been reported to increase the risk of MIH [1], however orthotopic
diversion were not associated with a decreased risk in the current study.

Our analysis shows that the cumulative incidence of MIH increases over the study period
with no signs of a plateau in the curve (Fig 1). This implies that our estimates are difficult to
compare to series reporting only crude proportions which do not consider censoring and a
specific time horizon [1]. The continued risk over time illustrates the need for relevant time-
to-event analysis of this complication after cystectomy, and that follow-up for at least three
years is mandatory in any study evaluating MIH [7]. Furthermore, the reported risks of MIHs
also depend on the methods of follow-up. The reported hernias in this study probably repre-
sent the great majority of clinically relevant MIH diagnosed, but when abdominal wall sur-
geons systematically reviewed postoperative abdominal computed tomographies in a
prospective setting, MIHs were detected as frequently as in 55% of all patients [8]. Thus, the
use of abdominal wall directed reviews of radiological examinations will not only increase the
chance of detection, but also define a group of asymptomatic hernias. A thorough clinical
examination has been suggested to be equally effective as radiological examinations for the
detection of clinically relevant MIHs [9, 10].

The increased risk of MIH observed during the later studied three-year periods is difficult
to explain. Le. in the adjusted Cox model, it could not be explained by the increased propor-
tions of patients with comorbidities. However, increased awareness of the complications over
time and improved reporting may be reasons for such increased risk. Similarly, the finding
that patients with MIH were younger than those without MIH in the present study is difficult
to explain, but as age not were not associated with increased risk of MIH either as reported in
other studies [11], probably selection mechanisms and unknown confounders contributed to
this finding.

MIH as a frequent complication after continent cutaneous diversion has previously been
reported, with such hernias diagnosed in eight percent of patients operated with continent
cutaneous diversion ad modum Lundiana pouch in a recent single centre series [12]. In
patients diverted with an orthotopic neobladder, difficulties to empty the substitute and use of
excessive abdominal straining has also been associated with MIH development [3], and during
the first part of the study orthotopic neobladders were constructed ad modum Goldwasser
[13], also necessitating a longer midline incision as in Lundiana pouches, to mobilise the right
colonic flexure compared to reconstructions using small intestine only. Furthermore,
increased proportion of reoperations after a continent reconstruction related to long-term
functional complications compared to an ileal conduit (29% vs 22%) [14], might also contrib-
ute and explain increased risk of MIH in these patients.

The increased risk of MIH diagnosis in patients operated in intermediate volume hospitals
when adjusting for other risk-factors is probably explained by patient selection not captured in
the available data. More thorough follow-up and detection and/or registration of MIH in these
hospitals might contribute, especially as no increased risk of MIH surgery was noted (Table 3).
The increased risk of MIH diagnosis and as well as MIH surgery associated with cystectomy
performed as secondary treatment, compared to when cystectomy was performed at the
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timepoint of bladder cancer diagnosis (primary cystectomy), is difficult to explain. For exam-
ple, only 21/1538 patients treated with secondary cystectomy received radiotherapy prior to
cystectomy, thus not a likely explanation for the increased risk of MIH. However, residual con-
founding and selection mechanisms in individuals whom postponing radical surgery in high-
risk non-muscle invasive disease until later, could be tentative differences.

The counter-intuitive finding of a higher risk of MIH diagnosis and surgery after robotic
assisted cystectomy was similar to after robot-assisted radical prostatectomy compared to
open surgery [15]. The explanation for why shorter incisions applied in robotic assisted sur-
gery were associated with increased risk of MIHs is not known, however explanations could be
that “unconventional” incisions may have been used for specimen retrieval resulting in subop-
timal fascial closure or earlier strenuous physical activities enabled by less wound pain after
robotic assisted surgery provoking development of MIHs. Whether increased intraabdominal
pressure per se during robotic assisted cystectomy is associated with the development of MIH
is not known. As no information on whether intracorporeal reconstruction or extracorporeal
reconstruction was applied during robotic assisted cystectomy, eventual different propensities
for incisional hernia development between the two reconstruction methods could not be
assessed in the current study. Furthermore, the robotic assisted cystectomies in the present
series include the complete learning curve in all hospitals as opposed to a recent tertiary-care
referral cohort without obvious learning curve within the series where robotic assisted cystect-
omy was not associated with an increased risk of MIH [16]. Thus, the possibility of longer
operating times related to a steeper learning curve for robotic assisted cystectomy might also
contribute to the higher risk of MIH diagnosis after robotic assisted cystectomy apart from the
learning curve in itself and more careful follow-up of individuals operated with a new surgical
technique.

A limitation of this study is the lack of information on the technique for wound closure.
For example, a monofilament suture instead of multifilament reduces the risk of MIH [17],
and recent European Hernia Society (EHS) guidelines recommends slowly absorbable mono-
filament suture in a single layer aponeurotic closure technique with small bites and a suture to
wound length ratio at least 4:1 to decrease the risk of MIH [18]. Another limitation is the rela-
tively low number of events entailing a low statistical precision concerning analyses of poten-
tial risk factors for MIH and MIH surgery, despite that the current study to our knowledge is
the largest modern population-based series. Furthermore, one limitation is the lack of infor-
mation on body mass index, smoking, corticosteroid medication, and extension of the incision
above the umbilicus were not known and thus not possible to adjust for [19, 20]. The lack of
information on intraoperative complications, blood loss at surgery and surgical duration and
details on postoperative complications such as wound site infections and persistent postopera-
tive anemia and hypoalbuminemia (both pre- and postoperatively) are also to be considered as
study limitations. Likewise, there might be a possible underreporting of patients with MIHs
into the patient registry. However, it is likely that the registered abdominal wall hernias consti-
tute the vast majority of the advanced and symptomatic hernias and that the information on
MIH hernia surgery from the patient registry has a high validity, as the procedure is associated
with hospital reimbursement [20]. This assumption is also supported by similar proportions as
in the current study were subjected to MIH repair in a population-based chart-review study
(five percent of patients were operated for parastomal or MIH after cystectomy) [14] and a ter-
tial referral center report (seven percent) [1]. Based on the continuously rising cumulative inci-
dence curves for both MIH diagnosis and repair in Fig 1, a longer median follow-up than the
current 2.3 years will likely add new events, which also can be considered a study limitation.
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Conclusions

The increased risk of MIH over time necessitates time-to-event analyses when studying this
complication. Postoperative wound dehiscence was as anticipated a major risk-factor for MIH,
emphasizing the importance of a technically optimal midline closure at primary surgery. The
two hypothesis-generating findings that continent cutaneous diversion and robotic assisted
cystectomy might be independent risk-factors for MIH, warrant prospective clinical studies.
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