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Abstract

Purpose Guidelines recommend that the reoperation of a
recurrent inguinal hernia should be by the opposite
approach (anterior—posterior) than the primary repair.
However, the level of evidence supporting the guidelines is
partially low. The purpose of this study was to compare re-
reoperation rates between repairs performed according to
the guidelines with the ones performed against it.
Methods This cohort study was based on the Danish Her-
nia Database, including 4344 patients with two inguinal
hernia repairs in the same groin. Four groups were com-
pared as follows: Lichtenstein—Lichtenstein vs. Lichten-
stein—Laparoscopy, and Laparoscopy—Laparoscopy vs.
Laparoscopy-Lichtenstein. The outcome was re-reopera-
tion rates, which were compared by crude rates, cumulated
rates, and hazard ratios.

Results There was no difference in the re-reoperation rates
when the primary repair was laparoscopic, regardless of the
type of reoperation. However, Lichtenstein—Lichtenstein
had a significantly higher re-reoperation rate compared
with Lichtenstein—Laparoscopy (crude rate 8.7 vs. 3.1 %,
p value <0.0005; Hazard Ratio 2.46, 95 % CI 1.76-3.43).
Further analysis showed that the higher risk of re-reoper-
ation for Lichtenstein—Lichtenstein was only seen if the
primary hernia was medial.

Conclusions A primary Lichtenstein repair of a primary
medial hernia should be reoperated with a laparoscopic
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repair. A primary Lichtenstein repair of a primary lateral
hernia can be reoperated with either a Lichtenstein or a
laparoscopic repair according to surgeon’s choice. For a
primary laparoscopic operation, the method of repair of a
recurrent hernia did not affect the re-reoperation rate.
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Introduction

Inguinal hernia is a common condition, especially among
men, and the surgical treatment is effective with relatively
few recurrences [1]. The surgical repair of an inguinal
hernia can be performed through an anterior or a posterior
approach and should include a mesh to ensure a low
recurrence rate [2]. The open anterior approach is often
performed by the Lichtenstein technique, and the posterior
approach can be performed by endoscopic technique [to-
tally extraperitoneal repair (TEP) or transabdominal
preperitoneal repair (TAPP)] or by an open posterior
approach. The current guidelines state that if the primary
operation was by an anterior approach, the reoperation for
a recurrence should be by a posterior approach, and the
other way around if the primary operation was posterior
[2-5]. In Denmark, where the majority of repairs are
conducted as either Lichtenstein or TAPP repairs, the
guidelines thus recommend that a recurrence after Licht-
enstein should have a laparoscopic repair and that a
recurrence after laparoscopic repair should have a Licht-
enstein. However, the recommendations regarding repair of
recurrences are only partly based on high-level evidence
[2-5].
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The purpose of this study was to compare re-reoperation
rates between different combinations of anterior and pos-
terior repairs.

Methods

This study is a cohort study reported according to the
STROBE statement [6]. The study is based on the Danish
Hernia Database, where data are collected prospectively [7].
It is mandatory for all public and private hospitals in Den-
mark to register all inguinal hernia operations. The database
has existed since 1998, and we have extracted data from the
period 1998 until the end of 2014. Available variables in the
database are patient related (age and sex), information about
the procedure, such as date, type of operation, mesh type and
mesh fixation, acute/elective operation, etc., and information
about the groin hernia, such as type of hernia, and on which
side the procedure was performed.

Participants with two registered inguinal hernia opera-
tions in the same groin were included. If two repairs in the
same groin were registered on the same day, they were
excluded. Types of included hernias were medial, lateral,
pantaloons and “not specified”. Femoral hernias were
excluded. Both primary repair and the reoperation should
have been by a Lichtenstein or a laparoscopic method. A
primary hernia was defined as the first inguinal hernia
registered in the database. Reoperation was defined as a
subsequent surgery for an inguinal hernia in the same side
as the primary repair. Re-reoperation was defined as a third
surgery for an inguinal hernia in the same groin as the
reoperation. Since the included patients should have had
two repairs in the same groin, there were four possible
combinations. There were two combinations in accordance
with the guidelines: a laparoscopic repair followed by a
Lichtenstein reoperation (Laparoscopy—Lichtenstein) and a
Lichtenstein followed by a laparoscopic reoperation
(Lichtenstein—Laparoscopy). There were also two combi-
nations that contradicted the guidelines: Lichtenstein—
Lichtenstein and Laparoscopy-Laparoscopy.

The primary outcome, being the rate of a third repair in
the same groin, the re-reoperation rate, was calculated as
crude rates and cumulated rates by the use of Kaplan—
Meier plot. The re-reoperation rates were compared
between the groups with the same primary operation:
Lichtenstein—Laparoscopy compared with Lichtenstein—
Lichtenstein, and Laparoscopy-Lichtenstein compared
with Laparoscopy-Laparoscopy. The re-reoperation rate
comparison between the groups was also subdivided on
type of primary hernia, where only primary medial and
lateral hernias were included.

Chi-squared test was used to compare crude re-reoper-
ation rates, and Kaplan—Meier plot was used to calculate
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the cumulated re-reoperation rates for the four groups [8].
Kaplan—Meier takes the follow-up time into account, which
was defined as time from reoperation until the patients had
re-reoperations or until December 31, 2014, whichever
came first. The log rank test was used to compare the
cumulated re-reoperation rates between the groups [9]. To
further analyse the re-reoperation rates, we used a multi-
variable regression model—the Cox proportional hazard
analysis [10]. The Cox regression model was fitted with
several covariates, which potentially may have influenced
the outcome: type of primary hernia (medial, lateral, pan-
taloon and not specified), follow-up time, age, sex, and
acute or planned repair. We calculated hazard ratios (HR),
p values, and 95 % confidence interval (95 % CI).
P < 0.05 was interpreted as statistically significant. For
statistical analyses, SPSS version 22.0 (IBM, Armonk, NY,
USA) was used.

This study was approved by the Danish Data Protection
Agency (Journal number: 03582, ID: HEH-2015-021). The
study did not need ethical approval according to Danish
law.

Results

In total, 4344 participants were included, and details for
each of the four groups and the patient characteristics are
presented in Table 1. The majority of the inguinal hernia
repairs were performed in accordance with the guidelines,
i.e., the reoperation was of another approach than the pri-
mary repair. For primary laparoscopic repairs with a sub-
sequent reoperation, 80.8 % had a Lichtenstein
reoperation, and for primary Lichtenstein, 79.3 % had a
laparoscopic reoperation. For the laparoscopic reopera-
tions, 98 % were performed by the TAPP technique. The
mesh fixation for the laparoscopic reoperations partly dif-
fers. If the primary operation was Lichtenstein, then during
the laparoscopic reoperations, the mesh was fixated as
follows: 3.8 % of the fixation was by glue, 58.2 % was by
tackers, and 11.8 % was by clips. For patients having two
laparoscopic repairs, the mesh in the reoperations was
fixated by glue in 5.3 %, by tackers in 59.2 %, and by clips
in 5.3 %. The remaining was by other mesh fixations.
Significantly more in the Lichtenstein—Laparoscopy group
had clip fixation compared with patients in the Laparo-
scopy—Laparoscopy group (p = 0.01). However, Laparo-
scopy—Laparoscopy had a significantly higher number of
unreported mesh fixations (p value 0.02). Furthermore, six
patients with a laparoscopic reoperation were registered as
having local or spinal anesthesia, which might be incorrect
registrations.

The crude re-reoperation rate for each of the four groups
at the end of the study is presented in Table 2. When
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Table 1 Patient-related characteristics

Lap-Lich Lap-Lap Lich-Lap Lich-Lich Total
No. 712 169 2747 716 4344
Age, years, mean (SD) 60 (13) 60 (13) 60 (14) 63 (15) -
Sex n (%)
Female 15 (2.1) 8 (4.7) 107 (3.9) 39 (5.4) 169 (3.9)
Male 697 (97.9) 161 (95.3) 2640 (96.1) 677 (94.6) 4175 (96.1)
Anesthesia (reoperation), n (%)
GA 613 (86.1) 169 (100) 2741 (99.8) 581 (81.1) 4104 (94.5)
LA 89 (12.5) 0 (0) 1 (0.04) 94 (13.1) 184 (4.2)
Spinal 10 (1.4) 0 (0) 5(0.2) 41 (5.7) 56 (1.3)
Surgery n (%)
Planned 696 (97.8) 154 (91.1) 2702 (98.4) 662 (92.5) 4214 (97.0)
Acute 16 (2.2) 15 (8.9) 45 (1.6) 54 (7.5) 130 (3.0)

Follow-up® in months, median (IQR) 39.5 (16.3-77.6) 57.1 (25.2-89.9) 52.1 (23.1-87.3) 91.7 (46.0-134.5) -

Lap Laparoscopy, Lich Lichtenstein, GA general anesthesia, LA local anesthesia, /QR interquartile range

* Time from second repair in the groin until third operation or closing of the database

Table 2 Number of

reoperations and crude re- Operation-reoperation No. of reoperations Rate of re-reoperations (no.) p value*
reoperation rates Lap-Lich 712 3.5 % (25) 0.15
Lap-Lap 169 5.9 % (10)
Lich-Lap 2747 3.1 % (86) <0.0005
Lich-Lich 716 8.7 % (62)

Lap Laparoscopy, Lich Lichtenstein,

* Chi-squared test

comparing the two groups having a primary laparoscopic
repair, there was no statistical difference in the re-reoper-
ation rates. However, for the two groups with a primary
Lichtenstein repair, a significantly higher crude re-reoper-
ation rate of 8.7 % was seen for the combination Licht-
enstein—Lichtenstein, compared with 3.1 %  for
Lichtenstein—Laparoscopy, p < 0.0005.

The cumulated re-reoperation rates for the four groups
are presented in Fig. 1a. Lichtenstein followed by laparo-
scopy had a significantly lower cumulated re-reoperation
rate of 5.1 % compared with 10.1 % for Lichtenstein—
Lichtenstein (p < 0.0005). For primary laparoscopic
repairs, the rates were 6.2 % for Laparoscopy—Lichtenstein
and 7.5 % for Laparoscopy—Laparoscopy (p = 0.228).

Table 3 presents the results from the Cox proportional
hazard analysis, comparing the risk of re-reoperation
between the two groups with the same primary operation.
Thus, Lichtenstein—Lichtenstein resulted in a significantly
higher risk of a re-reoperation compared with Lichten-
stein—Laparoscopy with an HR of 2.46 (95 % CI:
1.76-3.43). No statistically significant difference was seen
when the primary repair was laparoscopic, irrespective of
the type of reoperation, where Laparoscopy—Lichtenstein

no. number

compared with Laparoscopy—Laparoscopy had an HR of
0.72 (95 % CI: 0.34-1.54). For the primary laparoscopic
operations, acute surgery at the time of the reoperation
increased the risk of re-reoperation compared with planned
surgery.

For the groups with a primary Lichtenstein operation,
94.5 % of the primary hernias were medial or lateral,
which was the case for 91.2 % of the primary laparoscopic
repairs. The remaining hernias were pantaloons or not
specified. For patients with a primary medial hernia and a
primary Lichtenstein operation, the Lichtenstein—Lichten-
stein repairs had a significantly higher cumulated re-reop-
eration rate of 13.3 % compared with a rate of 5.0 % for
Lichtenstein—Laparoscopy, p < 0.0005 (Fig. 1b). We
found no difference in the cumulated re-reoperation rate
when the primary hernia was lateral and repaired with a
Lichtenstein operation, regardless of the reoperations
(Fig. 1c). There was also no significant difference for the
primary laparoscopic operations, regardless of the primary
hernia type.

We also compared the risk of having a re-reoperation
between the groups in a Cox proportional hazard analysis,
subdivided on the primary hernia type. Similar to the above
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Fig. 1 a Kaplan—-Meier on the four groups (Lichtenstein—Lichten-
stein vs. Lichtenstein-Laparoscopy p < 0.0005, Laparoscopy—
Laparoscopy vs. Laparoscopy-Lichtenstein p = 0.228); b Kaplan—
Meier on primary medial hernias with Lichtenstein—Lichtenstein and
primary medial hernias with Lichtenstein—Laparoscopy (p < 0.0005);
¢ Kaplan—-Meier on primary lateral hernias with Lichtenstein—
Lichtenstein and primary lateral hernias with Lichtenstein—La-
paroscopy (p = 0.539)
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Table 3 Cox proportional hazard analysis comparing re-reoperation
rates between groups with the same primary operation—type of pri-
mary hernia, sex, age, and type of surgery (planned/acute) were

entered into the model

Operation-reoperation n HR (95 % CI) p value
Lap-Lap 169 Ref 1.0 -
Lap-Lich 712 0.72 (0.34-1.54) 0.398
Male?/female 3.62 (0.78-16.77) 0.101
Age 0.99 (0.96-1.01) 0.311
Planned”/acute 3.46 (1.01-11.86) 0.048*
Primary hernia
Not specified Ref 1.0 -
Pantaloon 0.34 (0.04-3.29) 0.350
Medial 0.32 (0.04-2.40) 0.268
Lateral 0.18 (0.02-1.40) 0.101
Lich-Lap 2747 Ref 1.0 -
Lich-Lich 716 2.46 (1.76-3.43) 0.000*
Male”/female 1.21 (0.61-2.37) 0.587
Age 1.00 (0.99-1.01) 0.705
Planned®/acute 0.76 (0.28-2.07) 0.587
Primary hernia
Not specified Ref 1.0 -
Pantaloon 0.31 (0.06-1.51) 0.147
Medial 0.35 (0.09-1.45) 0.148
Lateral 0.23 (0.06- 0.96) 0.044*

Lap Laparoscopy, Lich Lichtenstein, Ref reference group
* Statistically significant
# Reference group with HR 1.0

results, when the primary operation was a Lichtenstein on a
primary medial hernia, Lichtenstein—Lichtenstein resulted
in a significantly higher risk of receiving a re-reoperation
compared with Lichtenstein—Laparoscopy (HR of 3.08,
95 % CI: 2.06-4.60). There was no significant difference
for the other combinations.

Discussion

The risk of re-reoperation after two Lichtenstein repairs in
the same groin was significantly higher compared with a
Lichtenstein repair followed by a laparoscopic repair, but
only if the primary hernia was medial. There were no
differences in re-reoperation rates for patients having a
primary laparoscopic operation, regardless if the reopera-
tion was a Lichtenstein or a laparoscopic repair.

Three of the current guidelines on how to repair a
recurrent inguinal hernia recommend the reoperation to be
of a different approach than the first repair. However, only
part of the statements has data to support them. The
guideline from the European Hernia Society states that
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there is a theoretical advantage to operate in an area that is
intact, both to ease the dissection, mesh implantation, and
to reduce per- and postoperative complications [2]. An
update of the guidelines included a meta-analysis, which
assessed the preferable surgical approach after a primary
anterior repair, including four randomized controlled trials
(RCTs) (with three of the RCTs for the outcome chronic
pain) [5]. Endoscopic repair was the preferable reoperation
after a primary anterior repair because of less postoperative
pain, a shorter convalescence period, and less chronic pain,
without a difference in recurrence rates. However, they did
not have data to support the statement that an endoscopic
repair should be reoperated by an anterior approach. The
guideline from the European Association for Endoscopic
Surgery is based on a consensus conference, where the
authors stated that a recurrence after an open repair should
be reoperated by endoscopic surgery [3]. They had no
evidence to support the statement that an endoscopic repair
should be reoperated by an anterior approach and they
concluded that repeated endoscopic repairs only should be
performed by highly experienced surgeons. A previous
Danish study supports our findings that a primary Licht-
enstein reoperated by a laparoscopic repair had a lower
cumulated re-reoperation rate than if having two Lichten-
stein repairs [11]. However, the authors found no differ-
ence between a primary laparoscopic operation reoperated
by a Lichtenstein or a laparoscopic repair. This study did
not calculate HR, nor did they subdivide re-reoperation
rates on type of primary hernia.

Overall, the guidelines are lacking data to support the
statement that a posterior approach should be followed by
an anterior approach, and the opposite statement is partly
based on high-level evidence.

This study can be compared with another Scandinavian
study [12], but unlike our study, the authors subdivided
posterior approach into laparoscopic repairs and open
posterior repair, and the study only included 815 hernias
compared with 4344 in this study. While the outcome in
this study was re-reoperations, their outcome was re-re-
currence [12], but since reoperation can be used as a sur-
rogate for recurrence [13], we expect the outcomes to be
comparable. When comparing the results of the Cox pro-
portional hazard analysis, the Swedish study assessed the
risk of re-recurrence after the reoperation, which was
adjusted for the primary operation. Their results supported
the guidelines [2-5] that the reoperation should be of
another approach than the primary repair. In our study, we
compared the combinations of operations with the same
primary repair, and fitted the model for potential con-
founders. Our results only support the guidelines if the
primary repair was Lichtenstein and the primary hernia
type was medial, which should have a laparoscopic reop-
eration to ensure the lowest re-reoperation rate. The

reasons for the different results may be because we inclu-
ded only standardized mesh repairs, fitted the Cox pro-
portional hazard analysis for various variables, and also
analysed if the type of primary hernia influenced the
outcome.

A recently published case series [14] assessed outcomes
after anterior repairs followed by tailored anterior mesh
repairs in a high-volume department. They concluded that
an inguinal hernia recurrence first repaired by an anterior
approach can be reoperated by the same approach if the
surgeons are experienced. However, based on the re-re-
operation rates, we generally recommend different
approaches when the primary hernia was medial, since our
results also included low-volume centres and surgeons with
variable experiences.

The strengths of this study were that the patients were
found among the entire Danish inguinal hernia population
for the last 17 years, which gave high external validity with
results reflecting the outcomes in non-specialized centres
as well. The risk of reporting bias was negligible, since it is
mandatory to report all inguinal hernia operations in the
central database. A limitation of the study was that there
were more primary Lichtenstein repairs than laparoscopic
repairs, which potentially may have influenced the results.
The main outcome in the study was re-reoperation rates as
a proxy for re-recurrence rates, but we expect no effect of
this on the overall results. Even though it would be inter-
esting to also analyse recurrences and chronic pain for the
same population, we were unable to do so, since results
from follow-up consultations are not registered in the
database.

One of the reasons why surgeons choose the combina-
tion Laparoscopy-Lichtenstein instead of Laparoscopy—
Laparoscopy may be because of the fear to cause serious
perioperative complications when using the laparoscopic
technique twice. However, data on perioperative compli-
cations are not included in the database, and we were,
therefore, unable to make analysis on morbidity parame-
ters. Furthermore, the surgeon’s level of experience is not
registered in the database, but one can expect that the
combination Laparoscopy—Laparoscopy has been per-
formed by experienced surgeons, which may not to the
same extent be true for the other combinations. Therefore,
the results for primary laparoscopic repairs, that surgeons
may freely choose the reoperation technique, may only be
true for experienced surgeons. For the patients with two
laparoscopic operations, the reason for a low recurrence
rate may also be due to a favourable patient selection, but
to assess this parameter, it would be necessary to study the
patient records.

In conclusion, when considering the risk of re-reopera-
tion, our results only partly support the current guidelines
of how to reoperate a recurrent inguinal hernia. A primary
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Lichtenstein repair of a primary medial hernia should be
reoperated with a laparoscopic repair. However, if the
primary hernia was lateral and repaired by Lichtenstein,
then surgeons may freely choose type of reoperation in
accordance with their preferences. If the primary operation
was laparoscopic, the choice of reoperation technique does
not affect the re-reoperation rates.
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