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Abstract

Purpose In addition to incisional hernia, inguinal hernia is a recognized complication to radical retropubic prostatectomy. To
compare the risk of developing inguinal and incisional hernias after open radical prostatectomy compared to robot-assisted
laparoscopic prostatectomy.

Method Patients planned for prostatectomy were enrolled in the prospective, controlled LAPPRO trial between September
2008 and November 2011 at 14 hospitals in Sweden. Information regarding patient characteristics, operative techniques and
occurrence of postoperative inguinal and incisional hernia were retrieved using six clinical record forms and four validated
questionnaires.

Results 3447 patients operated with radical prostatectomy were analyzed. Within 24 months, 262 patients developed an
inguinal hernia, 189 (7.3%) after robot-assisted laparoscopic prostatectomy and 73 (8.4%) after open radical prostatectomy.
The relative risk of having an inguinal hernia after robot-assisted laparoscopic prostatectomy was 18% lower compared
to open radical retropubic prostatectomy, a non-significant difference. Risk factors for developing an inguinal hernia after
prostatectomy were increased age, low BMI and previous hernia repair. The incidence of incisional hernia was low regard-
less of surgical technique. Limitations are the non-randomised setting.

Conclusions We found no difference in incidence of inguinal hernia after open retropubic and robot-assisted laparoscopic
radical prostatectomy. The low incidence of incisional hernia after both procedures did not allow for statistical analysis. Risk
factors for developing an inguinal hernia after prostatectomy were increased age and BMI.

Keywords Inguinal hernia - Incisional hernia - Radical prostatectomy

Introduction

Radical prostatectomy has been associated with an
increased risk of inguinal hernia formation postoperatively
for more than two decades. Regan et al. first described
a 12% incidence of inguinal hernia within 6 months of
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open retropubic radical prostatectomy (RRP) [1] that was
later confirmed by several independent reports [2—5]. The
cause, however, remains unknown. It has been suggested
that it is the lower midline incision that induces the ingui-
nal hernia formation and that all surgery performed by
a lower midline incision could cause this complication
[6]. Today a majority of prostate cancer operations are
performed using robot-assisted laparoscopic technique
(RALP) and hence several authors have addressed the
question whether the risk of postoperative inguinal hernia
is increased to the same extent after robot-assisted laparo-
scopic radical prostatectomy, reporting diverging results
[5, 7-10].

Incisional hernia is a well-known complication to all
types of abdominal surgery [11, 12]. Reports on incisional
hernia rates after prostate cancer surgery have suggested

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10029-020-02178-7&domain=pdf
https://doi.org/10.1007/s10029-020-02178-7

158

Hernia (2020) 26:157-164

an increased risk of developing an incisional hernia after
RALP as compared to RRP, despite the longer incision of
the latter [8, 10, 11, 13]. Inguinal and incisional hernia
may infrequently cause severe morbidity, and even mor-
tality [14, 15]. Radical prostatectomy has become one of
the most commonly performed surgical procedures, and
the patient focused interest to reduce complications such
as incisional and inguinal hernia formation postopera-
tively can also be regarded as of socioeconomic interest,
to reduce societal resource consumption.

The aim of this report was to compare the cumulative
rate of inguinal and incisional hernia, respectively, within
24 months after RRP and RALP in the setting of a pro-
spective, controlled trial of the two techniques, LAPPRO.

Patients and methods

Patients with localized prostate cancer operated by radical
prostatectomy at 14 centers in Sweden were prospectively
included in the LAPPRO trial (trial registration number:
ISRCTN06393679) between September 2008 and Novem-
ber 2011. Seven centers performed RRP and seven other
centers performed RALP with the primary endpoint of the
LAPPRO trial being urinary incontinence at 12 months
[16]. Data regarding patient characteristics, operative find-
ings and postoperative wellbeing was retrieved using six
clinical record forms and four questionnaires. Exclusion
criteria were age above 75 years, PSA above 20 ng/ml,
tumor stage above ¢T3 as well as inability to understand
Swedish. Ethical approval was obtained from the Regional
Ethical review board in Gothenburg No 277-07. The trial
protocol can be found at www.ssorg.net.

Demography and patient characteristics

Information regarding patient characteristics were retrieved
from the preoperative questionnaire. Information included
in analyses were age, body mass index (BMI), diabetes
(yes/no), cardiovascular disease (yes/no), pulmonary dis-
ease (yes/no), smoking/non-smoking, tumor stage, physical
activity prior to surgery and previous hernia repair. Cardio-
vascular disease (yes/no) is a derived variable consisting of
hypertension (yes/no), cardiac failure (yes/no), and myocar-
dial infarction (yes/no).

Physical activity prior to surgery was derived from the
following question: how often have you been physical active
for more than 30 min during the last month? (1) never, (2)
1-2/week, (3) 3-4 times/week and (4) 5-7/week). The
answers were dichotomized into rarely (answer 1-2) and
often (category 3—4).
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Outcome variables

Patients answered validated questionnaires at baseline and
at 3, 12 and 24 months after surgery including specific ques-
tions regarding inguinal hernia [16] and six clinical record
forms were filled out by hospital staff, including informa-
tion about any type of additional surgery within 24 months.
Patients were examined by a urologist before surgery and
followed up at 3, 12 and 24 months after prostatectomy
where any groin hernia were noted in clinical record forms.
All data were collected in a trial database. Information was
retrieved regarding prevalent inguinal hernia at the time of
radical prostatectomy, previous inguinal hernia repair and
postoperative development of inguinal hernia as well as any
inguinal hernia repair within 24 months. Likewise, infor-
mation regarding incisional hernia was retrieved through
the patient questionnaires and from clinical record forms
at baseline, perioperatively and 3, 12 and 24 months after
prostatectomy.

Inguinal hernia was defined as any clinical appearance of
or operation for an inguinal hernia after the index prostatec-
tomy reported in clinical record forms or patient question-
naire at 3, 12 or 24 months after surgery. Correspondingly,
incisional hernia was defined as any clinical appearance of
or operation for incisional hernia after the index prostatec-
tomy reported in clinical record forms or questionnaires.
In addition, an umbilical hernia was considered equal to an
incisional hernia due to the difficulty to distinguish between
umbilical and incisional hernia after RALP.

Questions asked in the clinical record form were: “Has
the patient been re-operated due to hernia? (yes/no)” includ-
ing NOMESCO code (classification of surgical procedures
according to Nordic Medico-Statistical committee), and
“Has the patient been reoperated for other reason? (yes/no”
including NOMESCO code. Patients answered the follow-
ing questions at intervals described above: “Have you con-
tacted the health care due to groin hernia? (yes/no)”, “Have
you contacted the health care due other reasons? (yes/no). If
yes—reason for contact”. Have you been re-admitted to hos-
pital? (yes/no). If yes—reason for and date of re-admittance?
“Have you had surgery after your prostate surgery during the
past year? (yes/no). If yes—reason and date.”

Patients with a present inguinal hernia at the time of
prostatectomy reported in the baseline questionnaire were
excluded from the analyses as were those who had an ingui-
nal hernia repair at the index prostatectomy, as reported in
the perioperative clinical record form.

Risk factors

Information regarding patient characteristics of impor-
tance for inguinal hernia formation was retrieved from the
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preoperative clinical record form and patient questionnaire,
respectively.

Based upon previous studies possibly important vari-
ables for developing inguinal hernia such as age, previous
inguinal hernia repair, comorbidity in terms of pulmonary
disease, diabetes, degree of physical workload, high and low
BMLI, smoking, level of physical activity, pelvic lymph node
dissection and clinical tumor stage [17-20], were retrieved
from baseline questionnaire and clinical record forms.

Statistics

The statistical analyses plan (SAP) defining outcomes, effect
measures, possible confounding factors and details about
the statistical analyses methods was pre-specified and can
be found in Supplementary materials.

The LAPPRO trial was designed with the aim to compare
RALP and RRP with regard to urinary leakage at 12 months
[16]. Inguinal and incisional hernia formation is a tertiary
outcome in that study and the sample size was not calculated
with comparison of hernia formation in mind. Sample size
was estimated to be 600 in each arm to detect a difference
of 30 relative percent with significance level set at. 0.05 and
power 80%. Three independent researchers who performed
an interim analysis instead suggested unequal group sizes (a
2:1 distribution) of 700 in the radical retropubic prostatec-
tomy group and 1400 in the robotic-assisted laparoscopic
prostatectomy group, to be able to detect a difference of five
absolute per cent and hence the cohorts differ in sizes.[16].

Interpretation of results

This is an explorative study, and the results should be inter-
preted cautiously. The significance level used was 0.05. No
adjustment for multiplicity was made.

The modified Poisson regression approach proposed by
Zou [21] was used to estimate the relative risk adjusted for
different risk factors 24 months after surgery. The results are
given as risk ratios for inguinal hernia, two-sided tests with
95% confidence interval and p value. Both the unadjusted
result, the adjusted result and the model derived by the algo-
rithm by Bursac [22], were calculated and presented.

The Bursac’s method [22] consists of multiple steps and
analysis. The first step was to perform bivariate analysis of
each risk factor, retaining those with a p value < 0.25 for the
multivariate analysis. The second step was a multiple analy-
sis retaining variables with a p value <0.10 or confounders
(defined as a those which when excluded resulted in change
in another variable estimate above 15%). The final step was
an iterative procedure where the rejected covariates were
refitted and kept if the p value <0.15.

Statistical analyses were performed using SPSS v. 24 and
SAS v. 9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Results

Four thousand and three patients were enrolled in the LAP-
PRO trial between September 2008 and November 2011 out
of whom 297 did not meet the inclusion criteria (Fig. 1).
For analyses concerning risk of developing inguinal hernia,
individuals with a prevailing inguinal hernia at the time of
prostatectomy were excluded as were those who had a con-
comitant inguinal hernia repair at the index prostatectomy,
resulting in 3447 evaluable patients.

Correspondingly, four individuals who had an umbilical/
incisional hernia repair during prostatectomy were excluded
when preparing for analysis of incisional hernia. (flowchart
in supplementary material).

Patient characteristics are shown in Table 1. Despite the
non-randomised design of the trial, there were no obvious
differences between the two groups concerning patient char-
acteristics. Median age in both groups was 63 years and BMI
was 26. The majority of patients had a clinical tumor stage
characterised as 1 or 2.

Within 24 months, 262 patients developed an inguinal
hernia, 189 (7.3%) after robot-assisted laparoscopic pros-
tatectomy and 73 (8.4%) after open radical prostatectomy
(Table 2).

The unadjusted estimate resulted in a non-significant 13%
(95% CI [0.67; 1.12]) decreased relative risk of developing
inguinal hernia within 24 months after robot-assisted laparo-
scopic radical prostatectomy compared to radical retropubic
prostatectomy. Adjusting for the all the identified risk factors
or possible cofounders, the risk reduction was 17% (95% CI
[0.617; 1.13]), and using the method of Bursac resulted in a
18% (95% CI [0.62; 1.09, non-. significant]) risk reduction
(Table 3).

Clinically significant risk factors for developing an ingui-
nal hernia repair were higher age, lower BMI and a previous
inguinal hernia repair.

Incisional hernia was reported in four (0.4%) patients
after open radical retropubic prostatectomy and 41 (1.5%)
after robot-assisted laparoscopic prostatectomy (Table 2).
Due to the low number of observations, no statistical analy-
sis was made.

Discussion

We found no significant difference in inguinal hernia for-
mation after open and robot-assisted laparoscopic radical
prostatectomy. Regarding incisional hernia, the incidence
was low in both groups.
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Fig. 1 Flowchart LAPPRO
Hernia study enrollment: Sept
1st 2008-Nov 7th-2011

(n=4003)

Excluded (n=297)
+ Not meeting inclusion criteria

—

| Functionally evaluable (n=3706)

l

A 4

OPEN RADICAL PROSTATECTOMY (n=940)

ROBOT-ASSISTED LAPAROSCOPIC
RADICAL PROSTATECTOMY (n=2766)

76 patients were
excluded due to
an existing
hernia prior to
prostatectomy

183 patients were
excluded due to an
existing hernia prior to
prostatectomy

A

Analysed (n=864)

Analysed (n=2583)

The incidence of inguinal hernia within 24 months
assessed in our study (7.3% and 8.4%) after prostatectomy
was lower than reported in earlier studies, where postoper-
ative incidences of inguinal hernia varied between 12-25%
[1, 8, 23]. Others have suggested incidences in line with
our results [24, 25], but the reported incidence rates have
varied greatly between studies ever since the condition was
first reported by Reagan et al. [1]. The reported incidence
rates demonstrate the heterogeneity between the methods
of detection of both prevalent inguinal hernias at the time
of surgery and postoperatively occurring hernias. In a
review article from 2003, Higgins et al. concluded that
the synthesized 2-year incidence rate from eight studies
was 11.1%, with a 95% confidence interval of 8.2-14.0%
and a I?=92.9% in a Q-test of heterogeneity [26]. In our
study we asked the patients preoperatively about ingui-
nal hernia and for analyses excluded all patients with a
prevalent hernia at the time of prostatectomy, in total 7%
(251/3706). In prior studies with a cross-sectional design
information regarding clinical or sub-clinical inguinal her-
nias at the time of prostate surgery is often lacking [5, 8].
Pre-existing hernias could then be found at follow-up, and
be included in the postoperative incidence. This could in
part explain why our incidence is in the lower range of the
previously published figures. Furthermore, some studies
had a longer follow-up period than two years. Two Swed-
ish nationwide register studies had a follow-up of six years
and in both, the incidence continued to increase after 2
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years follow-up [5, 8] up to 11% after 6 years [5]. Com-
pared to the control group, consisting of healthy men, the
risk of being operated due to inguinal hernia was tripled
[5]. The risk of developing inguinal hernia after prosta-
tectomy was high in both groups but significantly higher
after open radical retropubic prostatectomy compared to
minimally invasive procedure [5].

We found no difference in the incidence of inguinal her-
nia formation postoperatively comparing the open to the
robot-assisted laparoscopic group. The difference in out-
come, inguinal hernia operation rather than hernia develop-
ment, and shorter follow-up in this study could be explana-
tions. However, in a recent nationwide study both diagnosis
and hernia operation were accounted for with no significant
difference between open and robot-assisted laparoscopic
operation [8].

A low BMI, high age and previous hernia repair was
found to be associated with an increased risk of inguinal
hernia formation as have others [18, 19, 27].

In our study there were few observations of incisional
hernias (0.4% and 1.5% after RRP and RALP, respectively),
in line with previous studies. However in two earlier studies
the cohort sizes were large enough to find robot-assisted
technique to be associated with a statistically significant
increased risk of incisional hernia formation [8, 11]. We
would argue that incidence levels as low as that would be of
very limited clinical significance and that statistics therefore
is of no use.
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Taple 1 Char acteristics Of. Robot-assisted laparoscopic ~ Radical retropubic pros- Total
patients in the LAPPRO trial prostatectomy (RALP) tatectomy (RRP)
Patient % (n) 2583 864 3447
Age, median years (SD) 63(6.3) 63(5.9) 63(6.2)
Body mass index, median (SD) 259 (3.1) 26.2(3.0) 26.0(3.0)
Lymph node dissection
Yes 337 (13%) 260 (30%) 597 (17%)
No 2238 (87%) 581 (67%) 2819 (82%)
Missing 8 (0%) 23 (3%) 31(0.1%)
Tumor stage
cT1-2 2452 (95%) 785 (91%) 3237 (94%)
cT3 75 (3%) 33 (4%) 108 (3%)
Missing 56 2%) 46 (5%) 102(3%)
Diabetes
Yes 136 (5%) 52 (6%) 188 (5%)
No 2111 (82%) 680 (79%) 2791(81%)
Missing 336 (13%) 132 (15%) 468(14%)
Pulmonary disease
Yes 52 2%) 23 (3%) 75 (2%)
No 2190 (85%) 707 (82%) 2897 (84%)
Missing 341 (13%) 134 (16%) 475(14%)
Current smoker
Yes 228 (9%) 61 (7%) 289 (8%)
No 2022 (78%) 670 (78%) 2692 (78%)
Missing 333 (13%) 133 (15%) 466 (14%)
Previous hernia op
yes 289 (11%) 98 (11%) 387 (11%)
No 1884 (73%) 607 (70%) 2491 (72%)
Missing 410 (16%) 159 (18%) 569 (17%)
Cardio'
Yes 768 (30%) 252 (29%) 1020 (30%)
No 1479 (57%) 479 (55%) 1958 (57%)
Missing 336 (13%) 133 (4%) 469 (14%)
Physical activity?
Seldom 823 (32%) 449 (52%) 1272(37%)
Often 1433 (55%) 281 (33%) 1714 (50%)
Missing 327 (13%) 134 (16%) 461 (13%)

Table 2 Patients developing
inguinal and incisional hernia
within 24 months after robot-
assisted

'Indicates patients history or presence of myocardial infarction, angina pectoris, hypertension or heart fail-

ure

2How often have you been physical active during the last months. Examples are bicycle, walking, gymnas-
tics or equivalent activities (1) never, (2) seldom 1-2/week, (3) often 3—4/week and (4) daily (5-7/week)

Robot-assisted laparoscopic
prostatectomy (RALP)

Open radical retropubic pros-  Total
tatectomy (RRP)

Inguinal hernia after 189/2583 (7.3%)

prostatectomy

Incisional hernia
after prostatec-
tomy

41/2763 (1.5%)

73/864 (8.4%)

4/939 (0.4%)

262/3447 (7.6%)

45/3702 (1.2%)

Laparoscopic prostatectomy compared and open radical retropubic prostatectomy
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Table 3 Multivariate analyses

Full model adjusted analyses

Model adjusted using the Bursac

of r.elati.ve risk of developing algorithm?

an inguinal hernia after

prostatectomy Relative risk  p value 95%CI Relative risk  p value 95% CI
Increasing age 1.03 0.022  0.00-1.05 1.03 0.012 1.01-1.05
Increasing BMI 0.88 <0001 0.84-0.92 0.88 <0001 0.84-0.92
Cardiovascular disease 0.76 0.079 0.56-1.03 0.78 0.096 0.57-1.05
Pulmonary disease 1.35 0.407 0.66-2.77
Diabetes 0.54 0.136  0.24-0.21
Physical activity 1.02 0.91 0.77-1.35
Previous inguinal hernia repair  1.37 0.062  0.98-1.92 142 0.031 1.03-1.97
Previous abdominal surgery 0.83 0.259 0.59-1.15
Smoking 0.79 0353  0.47-1.30
cT-stage 0.79 0.458  0.43-1.47
Type of operation 0.83 0238  0.62-1.13 0.82 0.182  0.62-1.09
Lymph node dissection 1.09 0.64 0.76-1.55

Adjusted analyses include all variables with a p value <0.25 in univariate analyses and type of operation

Strengths of the study was the cohort size, the prospective
and controlled design as well as the pre- and postoperative
patient reports including data on pre-existing comorbidity
such as inguinal and incisional hernia. The high response
rates on questionnaires and clinical record forms were a
clear strength [28, 29]. Information regarding inguinal and
incisional hernia were retrieved both from reports by the
surgeon and the patient at each point of follow-up.

The non-randomised design was a weakness, however,
counteracted by the extensive data collection in combi-
nation with a high response rate which made it possible
to adjust for possible differences between the groups at
analyses. Questions regarding groin hernia were included
in patient questionnaires and clinical record forms from
the start of the study. However, hernia was not the pri-
mary endpoint of the LAPPRO trial which is a limitation
when assessing incisional hernia formation after prostatec-
tomy. Likewise the power of the study was calculated with
respect to urinary leakage with 2:1 distribution for RALP
and RRP resulting in uneven cohorts potentially reducing
the power of the study to detect hernia.

Conclusion

This study could not confirm previous reports of differ-
ences in inguinal hernia formation after open and robot-
assisted radical prostatectomy, respectively. The cohort
size in combination with the detailed data collection sug-
gests that any difference is likely to be negligible and the
study can constitute an important addition in upcoming
meta-analyses. Until then risk of hernia formation cannot
be a reason for choosing either surgical technique.
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