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Abstract

Purpose The purpose of the present study was to explore the
risk for complications and reoperations following open repairs
for sliding groin hernias.

Method All primary indirect inguinal hernia repairs registered
in the Swedish Hernia Register 1998-2011 were identified.
Repeated and bilateral procedures were excluded. The epide-
miology, the incidence of per- and postoperative complica-
tions, and the reoperation rate due to recurrences were
analyzed.

Results 100 240 non-repeated unilateral repairs were regis-
tered with sliding hernias in 13 132 (13.1 %) (male 14 %,
female 5 %) procedures. The methods of repair for sliding
and non-sliding hernias were Lichtenstein and other open an-
terior mesh repairs (N=10865, 82.7 % and N=60790,
69.8 %), endoscopic techniques (N=136, 1.0 % and
N=4352, 5.0 %), and other techniques (N=2131, 16.2 %
and N=21966, 25.2 %). In multivariate analyses with adjust-
ment for gender, acute/planned surgery, reducibility, method
of repair and age, sliding hernias were associated with a low
but slightly increased risk for perioperative complications
(hazard ratio 1.30, 95 % confidence interval 1.04—1.62,
p=0.023) and postoperative hematoma (hazard ratio 1.13,
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confidence interval 1.02—-1.26, p=0.019). There was no in-
creased risk of reoperation due to recurrences.

Conclusion Compared to older reports, the incidence of re-
pairs due to primary indirect sliding inguinal hernias has in-
creased over time and it is not just a male disease. The overall
results are good with low and comparable complication rates,
and no increased risk of reoperations due to recurrences.

Keywords Sliding hernia - Indirect hernia - Recurrence rate -
Gender

Introduction

Inguinal hernia is one of the most common conditions requir-
ing surgical treatment. Sliding hernias constitute a part of the
inguinal hernias, by some considered to be among the more
difficult ones to repair. A sliding inguinal hernia is defined as a
protrusion of a retroperitoneal organ (viscus) through an open-
ing in the inguinal part of the abdominal wall [1]. In clinical
praxis, this means that at least part of the hernial sac is made
up by the viscus or its mesentery including the blood supply
[1]. Although the sigmoid colon is the most common sliding
organ many others have been reported so far including the
cecum, appendix, urinary bladder, ureters, and female repro-
ductive organs [1]. The recommended repair techniques have
varied a lot over time [2—11].

Most publications on this subject have been case reports or
reports on small series [2, 3, 57, 12, 13]. Since the mid 1900s,
some publications with results based on larger series of repair
of sliding inguinal hernias have been published [1, 11, 14-21].
At least five of them emanate from the Shouldice clinic and
probably at least some of the repairs are included in several
publications [1, 15, 18, 20, 21]. In other publications on large
series of inguinal hernia repairs, one can also find data on the
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subject of sliding hernias [22]. The role of the different lapa-
roscopic repair techniques in surgery sliding inguinal hernia
has been explored [23]. In a recent report from Denmark [24],
endoscopic techniques were found to be feasible and safe for
sliding hernias.

The limited number of modern studies focusing on sliding
inguinal hernias motivates the present study. The first aim is to
report the complication rate, the occurrence of a perioperative
bowel resection, and the cumulative incidence of reoperations
due to recurrences after primary indirect sliding inguinal her-
nia repair (PISIHR), in a nationwide register not dominated by
surgery performed at specialized centers. The second aim is to
analyze the incidence and characteristics of PISIHR in a pop-
ulation based cohort. Finally, the third aim is to analyze the
incidence and outcome following surgery for PISIHR in
women.

Methods

The present study is based on data from the Swedish Hernia
Register (SHR) (www.svensktbrackregister.se) [25]. The SHR
was founded in 1992. Since then, it has gradually grown and
today it covers more than 98 % of all groin hernia repairs
performed on patients >15 years of age, in Sweden. At the
time of the study, 253,625 repairs had been included in the
SHR. The register includes data on the patient, the hernia, the
repair technique, and complications to the repair. Among
these parameters, the presence of a sliding hernia is recorded
in the register (yes/no). The register continuously validates its
data. Because every Swedish citizen can be traced by their
unique personal registration number, any further groin hernia
repair on the same patient, performed in Sweden, can be
traced.

All registered repairs due to a primary indirect inguinal
hernia, performed between 1998 and 2013, were identified.
Since the register had not reached the present coverage of
more than 98 %, procedures performed before 1998 were
not included. In a second selection procedure, simultaneous
bilateral repairs and repeated primary indirect inguinal hernia
repairs on the same patient’s opposite side were excluded.
These procedures were excluded in order to avoid the poten-
tial bias caused by repeated procedures on the same individu-
al, which would have resulted in a relative predominance of
factors related to individuals undergoing more than one pro-
cedure. Simultaneous bilateral repairs were omitted in order to
avoid confusion between operated side and subsequent com-
plications. Indirect hernias in combination with direct or fem-
oral hernias were also excluded.

The study cohort was analyzed for epidemiology, compli-
cations, and reoperations due to recurrences. The study group
consisted of those with an affirmed sliding hernia, and the
control group consisted of those where a sliding hernia was
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negated. A flowchart summarizing the selection process is
shown in Fig. 1. The patients were analyzed regarding age,
gender, ASA classification, and body mass index (BMI). The
hernias were analyzed regarding side, occurrence of a sliding
component, and reducibility. The surgeons were analyzed re-
garding annual volume (<25 procedures/year versus >25 pro-
cedures/year). The operations were analyzed regarding meth-
od of repair, emergency or elective operation, occurrence of
bowel resection, and perioperative complications. The postop-
erative complications were analyzed after being divided in
two groups (30-day postoperative complications and
reoperations due to recurrences). Univariate analyses were
used for comparing the two groups. Risk factors for a bowel
resection or a postoperative complication were further ana-
lyzed with two separate multivariate logistic regression

253 625 groin hernia repairs in the SHR
1992-2013

[ 18 937 groin hernia repairs 1992-1997

[ 234 688 groin hernia repairs 1998-2013 ]

]_

[ 210 904 primary groin hernia repairs ]

[ 94 113 were not indirect inguinal hernias

[1 16 791 primary indirect inguinal hernia repairs]

[ 116 790 primary indirect inguinal hernia repairs]
4880 where the occurrence of a sliding hernia
were not negated or affirmed
111 910 (i.e. all) primary indirect inguinal hernia;
rep.
6 772 were simultaneously bilateral repairs and
thereby excluded from further analyzes

105 138 primary indirect inguinal unilateral
hernia repairs

[ 23 784 were not primary repairs

[ 1 incorrect registration

airs

4 898 were repeated primary indirect inguinal
hernia repairs on the same patients opposite side
and were thereby excluded from further analyzes

unilateral hernia repairs were used for
epidemiological and univariate analyzes

100 240 non-repeated primary indirect inguinalJ

11 666 plug repairs, posterior mesh repairs and other
or undefined repairs were omitted with the ambition to
improve statistical quality in the multivariate analyzes

88 754 non-repeated primary indirect inguinal
unilateral hernia repairs were used for the multivariate
analyzes on complications and bowel resections

Fig. 1 Flow chart illustrating the selection of the cohorts
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analyses. In the regression analyses, all plug repairs, posterior
mesh repairs, and incompletely defined repairs were excluded.

For categorical data, absolute numbers in addition to per-
centages are given. A probability level of a random difference
of P less than 0.05 was considered significant. All analyses
were performed with R, version 3.1.0 (2014-04-10).

Results

The total number of primary indirect inguinal hernia repairs
identified in the register between 1998 and 2013 was 116,790.
The presence of a sliding hernia was affirmed or denied in 111,
910 (95.8 %). In the second selection procedure, 6772 simul-
taneous bilateral repairs and 4898 repeated primary indirect
inguinal hernia repairs on the same patient’s opposite side
were excluded. The remaining 100,240 were used for further
analyses. The baseline epidemiological data on these patients
and their hernias also including data regarding the repairs, the
surgeons, and the complications are shown in Table 1.

The univariate analysis showed that perioperative compli-
cations and bowels resections were more common among
those with PISTHR. However, in the multivariate analyses,
PISIHR was not a significant risk factor for bowel resection.
The postoperative complications among the PISIHR:s were
slightly more common in some subgroups regarding the uni-
variate analyzes but not in the multivariate analyzes regarding
the same subgroups (Table 2).

The overall reoperation rate due to recurrences (after
>30 days) was 1697 (1.95 %) for non-sliding hernias and
247 (1.88 %) for sliding hernias (Fig. 2). The difference was
not found to be statistically significant in either a univariate
Cox proportional hazard analysis, (hazard ratio 0.90, 95 %
confidence interval 0.90-1.18, p=0.621) or a multivariate
analysis with adjustment for gender, acute/planned surgery,
reducibility, method of repair, and age (hazard ratio 0.97,
95 % confidence interval 0.84-1.12, p=0.670). Patients with
missing data on BMI or ASA had significantly greater risk of
subsequent re-operation (p<0.05), but there was no signifi-
cant association with lack of data on surgeon.

Discussion

In most cases, surgery for sliding hernias can be performed
without substantial over-risk of complications. There was,
however, numerically low, a slightly increased risk for periop-
erative complications. We consider this could be related to the
fact that the study group included more elderly and obese
patients with increased ASA-score and more acute repairs.
Subgroup analysis of the perioperative complications could
not be performed since the register routines changed over
the time period.

In the univariate analyses, bowel resections were more
common among the PISIHR, but it was not related to
whether the hernias were non-reducible or if it was an
emergency surgery repair. Thereby, inability to recognize
a sliding hernia and accidental perioperative intestinal dam-
age can be one explanation. On the other hand, the inci-
dences of perioperative bowel resections are numerically
very low in both groups. Nowadays, the thought of sliding
hernias as the dangerous hernias seems to be an overstate-
ment. We suggest that the Swedish education program has
increased the awareness for sliding hernias and the knowl-
edge of the best way to repair such hernias. Sliding hernias
are in general considered as difficult, requiring experienced
surgeons. The percentage of procedures performed by sur-
geons with high annual volume of hernia surgery was, how-
ever, lower in the sliding hernia group than in the non-
sliding hernia group.

The incidences of a postoperative complication were very
low and did not differ significantly between sliding or non-
sliding hernia repairs. When sub-grouping the postoperative
complications, only some minor differences were found. We
do not think that these minor differences indicate a clinically
important over-risk to be paid special attention. In contrast to
some older reports [3, 6, 11, 19, 20, 26], we did not find that
the presence of a sliding hernia increased the risk of serious
complications. This is in agreement with more recent large
studies [15, 18, 22].

When performing a search on PubMed (www.ncbi.nlm.
nih.gov/pubmed) using the key words (inguinal hernia), one
will find more than 13,000 publications. When using the key
words (sliding) and (inguinal hernia), there were less than 130
publications (1 %o). This low number, published over more
than one decade, shows that the knowledge on this subject
needs to be improved.

The number of operations included in this report, is to our
knowledge, by far the largest presented. The incidence of
PISIHR in our report was >12 % of all primary indirect ingui-
nal hernia repairs. This incidence is larger than found in the
three reports from the Shouldice clinic [15, 18, 21] and in the
report from Lichtenstein [22]. A possible explanation could be
a tendency to over-diagnose sliding hernias. However, our
cohort is, in opposite to those mentioned above, not selected.
In the previous reports [15, 18, 21, 22], almost all patients
were operated under local anesthesia, and it is well known
that the really obese patients are not well suited for that meth-
od. In the group of obese patients, the incidence of PISIHR is
known to be higher [1]. Contrary to the other reports, we do
not include operations performed on children and thereby the
incidence in our report may be expected to be higher. The
three Shouldice reports partly included the same patients with
more added in the later reports [15, 18, 21]. The incidence in
the studies increased over time from 1951 to 1967 [15, 18,
21]. In the present report, the operations procedures are
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Table 1 Baseline data on all non-repeated primary indirect inguinal unilateral hernia repairs (100,240 repairs), simultaneous bilateral repairs, and

repeated primary indirect inguinal hernia repairs on the same patient’s opposite side are excluded

Characteristics

Sliding

Non-sliding

Patients (percentage of all in the sliding or non-sliding group respectively)

All patients (male and female gender

Male gender

Female gender

Average years of age (percentage > 60 years of age))

Body Mass Index (BMI) <25

Body Mass Index (BMI) >25

Body Mass Index (BMI) >30

Body Mass Index (BMI) >35

ASA classification 1 (healthy)

ASA classification 2

ASA classification 3

ASA classification 4

ASA classification 5 (moribound)

Hernias (percentage of all in the sliding and non-sliding group, respectively)
Left side

Right side

Non-reducible

Surgeons (percentage of all in the sliding and non-sliding group resp.)
Performed by surgeons with number of procedures >25/year

Operations (percentage of all in the sliding and non-sliding group, respectively)
Emergency operation

Bowel resection

Method of anesthesia

General anesthesia

Spinal/epidural anesthesia

Local anesthesia

Other/information missing

Methods of repair (percentage of all in the sliding and non-sliding group respectively)
Anterior mesh repair (90 % was Lichtenstein)

Anterior sutured repair (64 % was Shouldice)

Plug repair

TEP

TAPP

Posterior mesh repair

Other or undefined repairs

Complications (percentage of all in the sliding and non-sliding group, respectively)
Number of repairs with a perioperative complication”

Number of repairs with a postoperative 30-day complication®

Number of repairs with an infection as the only postoperative 30-day complication
Number of repairs with a hematoma as the only postoperative 30-day complication

Number of repairs with an episode of urinary retention as the only postoperative
30-day complication

Number of repairs with severe pain as the only postoperative 30-day complication

Number of repairs with another not defined complication as the only postoperative
30-day complication

Number of repairs with multiple 30-day complications

Reoperations due to recurrence (after >30 days) (percentage of all in the sliding and
non-sliding group respectively)
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Number (%)
13,132 (13.1 %)
12,760 (13.8 %)
372 (4.8 %)

63 (63.6 %)
3813 (43.9 %)°
4879 (56.1 %)°
750 (8.6 %)°
97 (1.1 %)°
5360 (49.7 %)°
4156 (38.6 %)°
1177 (10.9 %)°
80 (0.7 %)°

2 (<0.1 %)°
Number (%)
8020 (61.1 %)
5112 (38.9 %)
2142 (16.3 %)
Number (%)
6201 (47.2 %)
Number (%)
883 (6.7 %)
79 (0.6 %)

8274 (63.0 %)
1873 (14.3 %)
1966 (15.0 %)
1019 (7.8 %)
Number (%)
10,865 (82.7 %)
934 (7.1 %)
881 (6.7 %)
85 (0.6 %)
51(0.4 %)
136 (1.0 %)
180 (1.4 %)
Number (%)
104 (0.8 %)
1124 (8.6 %)
169 (1.3 %)
502 (3.8 %)
99 (0.8 %)

73 (0.6 %)
200 (1.5 %)

81 (0.6 %)
Number (%)

Number (%)
87,108 (86.9 %)
79,748 (86.2 %)
7359 (95.2 %)°
58 (50.8 %)
29,704 (56.0 %)°
23,341 (44.0 %)°
2699 (5.1 %)°
324 (0.6 %)°
38,557 (60.5 %)°
20,015 31.4 %)°
4943 (7.8 %)°
228 (0.4 %)°

8 (<0.1 %)°
Number (%)
35,778 (41.1 %)
51,330 (58.9 %)
5276 (6.0 %)°
Number (%)
45,856 (52.6 %)
Number (%)
4100 (4.7 %)
348 (0.4 %)°

52,120 (60.0 %)
10,561 (12.1 %)
13,776 (15.9 %)
10,651 (12.2 %)
Number (%)
60,790 (69.8 %)
9630 (11.1 %)
9462 (10.9 %)
3608 (4.1 %)
744 (0.9 %)
1187 (1.4 %)
1687 (1.9 %)
Number (%)
484 (0.6 %)
6312 (7.3 %)
1004 (1.2 %)
2576 (3.0 %)
491 (0.6 %)

504 (0.6 %)
1396 (1.6 %)

341 (0.4 %)
Number (%)



Langenbecks Arch Surg (2016) 401:215-222

219

Table 1 (continued)

Characteristics

Sliding Non-sliding

Number of repairs with a reoperation due to a recurrence

247 (1.88 %) 1697 (1.95 %)

#The gender of one patient in the non-sliding group is unknown
" In 38 % of the repairs, the BMI was not registered

©In 26 % of the repairs, the ASA-score was not registered

4 Two missing values in the non-sliding group

¢ One missing value in the non-sliding group

In 0.1 % of the repairs, the occurrence of a perioperative complication was not confirmed or negated

£In 0.4 % of the repairs, the occurrence of a postoperative complication was not confirmed or negated

performed 3266 years later and during that time the preva-
lence of obesity has increased substantially [27, 28]. The new-
ly published report from the world’s second largest hernia
register [24] also showed a high incidence of almost 9 %. In
Sweden, as well as in most other European countries, opening,
inspection, and resection of an indirect inguinal hernial sac are
the common methods in anterior repairs. Thereby, a lot of
indirect inguinal hernias with a small sliding component are
diagnosed. In those clinics and countries where invagination
without opening and resection of the indirect inguinal hernial
sac is the method of choice, the diagnosed incidence of sliding
hernias is presumed to be lower. Altogether, this can at least
partly explain the higher incidence we have found. In contrast
to the previous Danish study, sliding hernias were not associ-
ated with an increased recurrence rate. The reason for this
difference is difficult to explain.

The presence of sliding inguinal hernias in females is very
scarcely reported and almost never discussed. Among all the
reports discussed in this publication, only four mention female
cases of inguinal sliding hernias [16, 21, 24, 29]. At least in
three of these four reports, the females were grownups, and the
sliding inguinal hernias were defined as indirect [16, 24, 29]
also in the fourth, the sliding inguinal hernias were defined as
indirect but the age of the patients were not noted [21]. When
researching PubMed using the key words (female), (inguinal),
and (sliding hernia), we have found two more case reports on
this subject in grown up females [30, 31]. Altogether, these six
reports [16, 21, 24, 29-31] strengthen our finding that primary
indirect sliding inguinal hernias can be found in grown up
females and that they are more common than earlier pre-
sumed. This should be taken into consideration by all sur-
geons repairing groin hernias in women. In the latest guideline

Table 2 Univariate and
multivariate analyses showing the

Univariate analyses

Multivariate analyses

relative risk of adverse events for

patients operated for non-repeated Odds 95 % p value Odds 95 % pr

primary indirect inguinal ratio Confidence ratio Confidence value

unilateral sliding inguinal hernias interval interval

in comparison with non-repeated

primary indirect inguinal Perioperative complications

unilateral non-sliding inguinal Yes 1.43 1.16-1.77 0.001 1.30 1.04-1.62 0.023

hernias with non-sliding hernia .

. Bowel resection

operations as reference value 1 . )
All hernia operations 1.51 1.18-1.93 0.001 0.98 0.75-1.28 0.879
Only emergency 1.18 0.86-1.62 0.310 1.07 0.76-1.5 0.694

operations

Only non-reducible hernias 0.63 0.47-0.86 0.004 0.90 0.64-1.26 0.526
Postoperative complications
Any complication 1.20 1.12-1.28 <0.001 1.06 0.98-1.14 0.125
Hematoma 1.30 1.18-1.44 <0.001 1.13 1.02-1.26 0.019
Infection 1.12 0.95-1.32 0.182 1.07 0.90-1.28 0.436
Urinary retention 1.34 1.08-1.66 0.008 1.11 0.89-1.39 0.360
Severe pain 0.96 0.75-1.23 0.750 1.04 0.80-1.36 0.768
Other complications 0.95 0.82-1.10 0.499 0.81 0.68-0.95 0.010
Multiple complications 1.58 1.24-2.01 <0.001 1.27 0.98-1.64 0.069

In the multivariate models adjustment was made for gender, acute/planned surgery, reducibility, method of repair
and age
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Fig. 2 Cumulative reoperation
rate

Reoperation incidence
002 0.03
L '

0.01
L

0.00
L

Sliding hemia
— No
....... Yes

from the European Hernia Society [32], it is stated that groin
hernias in females are best repaired by placing a mesh in the
preperitoneal space (the space of Bogros). By following this
recommendation, the surgeon always deals with the problem
of the femoral hernias that are much more common in women
(24 %). On the other hand, it will be even more difficult to
further study the existence of sliding groin hernias in women
since the hernial sac is not routinely explored when in the
endoscopic and open anterior approaches. Transabdominal
preperitoneal repair (TAPP), however, enables inspection of
the hernia sac from the inside of the hernia sac and may be
advantageous in the presence of a sliding hernia. As TEP is the
dominating endoscopic technique in Sweden and TAPP is
only rarely used, we were not able to assess the safety of this
approach for sliding hernias.

Sliding hernias are often considered as a problem related
mostly to indirect hernias. However, the prevalence of direct
sliding hernias is unsure since during such a repair, the hernia
sac is usually not opened and inspected from inside. Due to
this reason, direct-sliding hernias are not studied and
discussed in this publication. The TAPP technique implies
exploration of the hernia sac in direct hernias as well, but
was only scarcely used during the period of study.

The increased prevalence with high age, obesity, and a left-
sided hernia was more common among patients with PISTHR
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Years after hernia repair

is in accordance with the only large, detailed, previously pub-
lished study [18] dealing with all these three characteristics.
The finding that emergency hernia repairs were more common
in the PISIHR-group is in accordance with the study from
Denmark [24]. For our other findings that non-reducible her-
nias were more common in the PISTHR-group, comparisons
cannot be done.

In this study, the reoperation incidences due to recur-
rences were almost identical between the two groups.
This is not in accordance with the Danish study [24]. We
suggest that the good results regarding the reoperation in-
cidence can at least partly be explained by the increased
national education on groin hernia surgery. To some extent,
however, the differences between the present study and the
previous Danish one may be the higher proportion of pro-
cedures with a sliding hernia than the Danish study. This
study may have included more hernias with small-sliding
hernia components that would have been overlooked if the
hernia sac would not have been explored before resection.
This could have resulted in a relatively greater preponder-
ance of minor sliding components.

The diagnose of an indirect sliding inguinal hernia is in
most cases clinical, i.e., it is diagnosed during the repair of
an inguinal hernia [18]. There are at least two reasons why
indirect sliding inguinal hernias are considered more difficult
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and dangerous to repair than other inguinal hernias. The first
reason is the difficulty in recognizing a sliding hernia when
dissecting the sac, especially if the hernia is non-reducible.
Thereby, there is a risk of injuring the slided viscus or its blood
supply when dissecting the sac, especially when using repair
techniques where the sac is to be resected. The second reason
is if the surgeon does not have the knowledge of how to repair
a sliding hernia. A complete reposition of the hernia sac or at
least the viscus forming part of it is necessary to achieve a
hernia repair of acceptable quality and without an increased
risk of complications related to the repair.

Among the repair methods used in our report, the
Lichtenstein repair method dominates like it has in
Sweden for the last 12 years [25]. Notably, the frequency
of the endoscopic methods used is very low. This is prob-
ably explained by the fact that even many experienced
endoscopic hernia surgeons are reluctant to repair large or
irreducible hernias by endoscopy. These surgeons are also
more common in day-surgery clinics that do not perform
emergency surgery.

As BMI and ASA were not registered the first years, there
was relatively large proportion of patients with missing data in
the group with the longest follow-up. This probably also ex-
plains the higher re-operation rate in this group.

Large randomized studies on this subject are not available.
To analyze prospectively registered data on large cohorts is for
the moment the best way to gain more evidence on this sub-
ject. The strength of this register study is that since SHR
covers almost all groin hernia repairs performed on grown-
ups in Sweden, there are large normal variations within the
cohort and the risk of selection is minimal. Despite its possi-
bilities, a register study has its limitations. A possible weak-
ness of this study is the risk of a tendency to over-diagnose
sliding hernias. This could have diminished the result. We do
not know if all surgeons have been well aware of the correct
criteria for sliding hernias. On the other hand, nowadays, the
outcome of groin hernia repairs in Sweden is mainly based on
high and medium volume centers [33]. Regarding the reoper-
ation incidence, one should also bear in mind, that in a vali-
dation study, the recurrence rate has been shown to be approx-
imately twice as high [34].

In conclusion, the incidence of PISIHR has increased over
time, and sliding inguinal indirect hernia is not just a male
disease. The overall results are good with low and comparable
complication rates and no increased risk of reoperations due to
recurrences. Further studies on this subject are needed also for
women. The incidence of PISIHR is theoretically high enough
for randomized studies but the problem with recognizing this
entity among all groin hernias preoperatively remains a prob-
lem when designing such studies. Perhaps meticulous modern
repair techniques and improved education are good enough to
improve the results and to motivate further studies only on a
retrospective basis like register studies.
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