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Association of Mesh and Fixation Options with
Reoperation Risk after Laparoscopic Groin Hernia
Surgery: A Swedish Hernia Registry Study of
25,190 Totally Extraperitoneal and Transabdominal
Preperitoneal Repairs
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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

International guidelines concerning mesh and mesh fixation options in laparoscopic totally extra-
peritoneal (TEP) and transabdominal preperitoneal (TAPP) groin hernia repair are based on
studies focusing on either mesh or fixation. We hypothesized that the value of such recommen-
dations is limited by lacking knowledge on how mesh and fixation interact. The current regis-
try-based nationwide cohort study compared different mesh/fixation combinations for relative
risks for reoperation after TEP and TAPP groin hernia repair.

All TEP and TAPP registered in the Swedish Hernia Registry 2005 to 2017 with standard
polypropylene (StdPPM) or lightweight (LWM) flat mesh, having tack, fibrin glue, or no
fixation, were included. The endpoint was reoperation due to recurrence as of December 31,
2018. Multivariable Cox regression rendered relative risk differences between the exposures,
expressed as hazard ratios (HR) with 95% Cls.

Of 25,190 repairs, 924 (3.7%) were later reoperated for recurrence. The lowest, mutually
equivalent, reoperation risks were associated with StdPPM without fixation (HR 1), StdPPM
with metal tacks (HR 0.8, CI 0.4 to 1.4), StdPPM with fibrin glue (HR 1.1, CI 0.7 to 1.6),
and WM with fibrin glue (HR 1.2, CI 0.97 to 1.6). Except for with fibrin glue, LWM cor-
related with increased risk, whether affixed with metal (HR 1.7, CI 1.1 to 2.7), or absorbable
tacks (HR 2.4, CI 1.8 to0 3.1), or deployed without fixation (HR 2.0, CI 1.6 to 2.6).

With StdPPM, neither mechanical nor glue fixation seemed to improve outcomes. Thus, for
this mesh category, we recommend nonfixation. With LWM, we recommend fibrin glue fixa-
tion, which was the only IWM alternative on par with nonaffixed StdPPM. (J] Am Coll Surg
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Abbreviations and Acronyms

EHS = European Hernia Society

HR = hazard ratio

LWM = lightweight mesh (pure or composite polypropylene)
LWM/0 = lightweight mesh without fixation

LWPPM = lightweight pure polypropylene mesh

RCT = randomized controlled trial

SHR = Swedish Hernia Registry

StdPPM = standard pure polypropylene mesh
StdPPM/0 = standard pure polypropylene mesh without fixation

TAPP = (laparoscopic) transabdominal preperitoneal
mesh repair
TEP = (laparoscopic) totally extraperitoneal mesh repair

The routine use of mesh in groin hernia surgery has engen-
dered substantially decreased recurrence risk.” However,
current long-term reoperation rates for recurrence are still
disappointing, in the range of 8% to 15%."”

Since laparoscopic totally extraperitoneal (TEP)? and
transabdominal preperitoneal (TAPP)” mesh-based groin
hernia repairs were introduced in the early 1990s, they have
become well-established. The main principles of TEP and
TAPP are similar, and recurrence rates for the 2 methods
appear comparable.”'”"" The mesh is deployed in the same
position and anatomical plane in both these procedures,
which implies that the required features of optimum mesh
and fixation options are identical for TEP and TAPT.

The pioneers of TEP/TAPP typically implanted a flat
standard pure polypropylene mesh (SecdPPM) and considered

mesh fixation mandatory.'” Disposable staplers and tackers
were soon devised to evade cumbersome suturing. Eventually,
some randomized controlled trials (RCTs) suggested that the
preperitoneal mesh position in itself renders fixation redun-
dant, but this controversy is yet not settled."” "

With a growing interest in reducing chronic postop-
erative pain, 2 potential improvements were introduced
about 2 decades ago: lightweight mesh (LWM) and atrau-
matic fibrin glue fixation.'”” Whether these modifica-
tions might influence reoperation risk, and if so, in which
direction and to which extent, have previously not been
conclusively investigated.

The HerniaSurge Group in 2018 compiled the cur-
rent evidence concerning groin hernias in the extensive
International Guidelines for Hernia Management.” These
guidelines are endorsed by affected surgical societies and
are now widely acknowledged.”

Concerning risks for recurrence after TEP/TAPD,
HerniaSurge states that there are no relevant long-term
differences between standard (aka “heavyweight”) and
lightweight meshes. In contrast, a large RCT with a 5-year
follow-up published in 2018 and more recent meta-anal-
yses have shown that IWM for laparoscopic groin hernia
repairs confers a higher recurrence risk without reducing
chronic postoperative pain.”””** However, these studies
have not illuminated whether different fixation modalities
might modify the less satisfactory outcome with LTWM.

On TEP/TAPP, HerniaSurge favors glue fixation
instead of staples and tacks (hereafter denoted “tacks”
only), however, solely for reducing early postoperative
pain. Foremost, the guidelines state that nonfixation will
suffice in almost all cases, except for large medial hernias.

Notably, the HerniaSurge statements and recommenda-
tions about mesh and fixation in TEP/TAPP are generally
based on relatively low levels of evidence; hence, further
research is warranted. There is a knowledge gap concern-
ing how different mesh and fixation options interact.

We hypothesized that when evaluating the influence
of mesh type and fixation method on the risk of recur-
rence, it is insufficient to study these 2 variables sepa-
rately. Rather, each mesh/fixation combination should be
assessed as an entity.

The current study was designed to detect relative differ-
ences in risk for reoperation associated with the type of flat
mesh, depending on the type of fixation (tacks vs fibrin
glue vs nonfixation).

METHODS

This report complies with the Strengthening the Reporting
of Observational Studies in Epidemiology statement and
its Reporting of studies Conducted using Observational



Vol. 234, No. 3, March 2022

Novik et al

Mesh and Fixation for Groin Hernia 313

Routinely-collected health Data extension.”””® The study
is registered at ClinicalTrials.gov (ID: NCT03755219)
and approved by the Regional Ethical Review Board in
Stockholm, Sweden: EPN 2008/1082-31/2, with 2 revi-
sions, EPN 2014/2176-32 and EPN 2018/2050-32.

Study design and setting

This population-based observational cohort study retrieved
data from the Swedish Hernia Registry (SHR), detailing
all TEP/TAPP procedures between January 1, 2005, and
December 31, 2017, with complete follow-up about subse-
quent reoperations and deaths, through December 31, 2018.

The analysis consisted of 2 stages: We first assessed
mesh and fixation modalities separately to post hoc deter-
mine mesh/fixation combinations suitable for final risk
determinations.

The SHR

The SHR records groin hernia repairs in adult patients (age 15
years or older). During the study period, SHR’s nationwide
coverage exceeded 95%.%"" Each repair was prospectively
entered together with the date of operation and demographic
and intraoperative data. Reoperations for recurrence were
recorded in SHR in the same manner as index repairs.

The state-assigned Personal Identity Number is unique
for each resident in Sweden, and all Swedish health-
care providers and authorities ubiquitously use it.”* The
Personal Identity Number enables prospective life-long
follow-up in SHR, with a negligible dropout rate.

To reduce information bias caused by misclassifications,
SHR-appointed officials perform annual validations of ran-
domly assigned 10% of the participating surgical units.”

Participants

Virtually all TEP/TAPP repairs operated in Sweden dur-
ing the inclusion period were recorded in SHR and consti-
tute the study population.

Each repair is considered 1 “participant.” A bilateral
operation yields 2 repairs.

Variables

Characteristics of variables at baseline are listed in Table 1
and Table 2.

Outcomes

Our endpoints occurred at identifiable exact dates, which
enabled a time-to-event analysis approach with high pre-
cision (1 day).

The primary endpoint was reoperation for recurrence,
defined as any hernioplasty in a groin in which a hernia has
previously been repaired when the patient was 15 years or
older. Even if the index repair was for a different anatomic
hernia type, we regarded the subsequent hernia a recur-
rence. A fundamental principle in TEP/TAPP repair is that
the mesh should reinforce the entire myopectineal orifice of
Fruchaud to prevent all anatomic types of recurrence.”’ We
thereby considered the patient’s perspective, from which it
is irrelevant whether an “actual” recurrence or an anatom-
ically “new” hernia causes a need for another operation.”

The secondary endpoint was death. The Swedish
Population Registry continuously reports new demises to
SHR. The date of death concluded the individual follow-up
if an antecedent reoperation had not already been recorded.

Exposures

We investigated 2 main exposures, separate and in combi-
nation: type of mesh and type of mesh fixation. The first
author (BN) originally devised the current SHR classifica-
tions of, respectively, mesh and fixation, which were used
in this study.

Mesh

The SHR classifies polypropylene-based flat meshes by
weight, arbitrarily as standard (50g/m’ or greater) or
lightweight (less than 50 g/ m?), but disregards pore size.”!
Accordingly, pure polypropylene meshes are either Std PPM
or lightweight pure polypropylene mesh (LWPPM).

SHR further registers 3 lightweight composite polypro-
pylene-based mesh options for laparoscopic repair by their
brand names, Vypro and Ultrapro (Ethicon), and Timesh
(PFM Medical). The SHR has not distinguished various
generations and versions of these 3 trademarks.

Because polyester meshes are not classified by weight
in SHR, they were included only in the first stage of the
analyses.

The final study stage comprised solely polypropyl-
ene-based meshes, dichotomously classified as StdPPM or
LWM.

Fixation

The subjects of this study are the predominant fixation
alternatives: tacks, fibrin glue, and nonfixation.

From 2012 onwards, SHR classifies tacks by their mate-
rial: metal, absorbable, and (excluded due to negligible
numbers) plastic nonabsorbable. Before then, SHR did not
specify tack material; repairs with any type of tacks from
2005 to 2011 are listed as “Tacks, unclassified” in Table 2.
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Table 1. Baseline Variables

Variable, category Male repair Female repair All repairs
Repairs included in study, from 82 surgical units
TEP 18,720 (74) 3,442 (14) 22,162 (88)
TAPP 2,236 (9) 792 (3) 3,028 (12)
TEP + TAPP 20,956 (83) 4,234 (17) 25,190 (100)
Patient age, y

Range 15-93 15-95 15-95

Mean/median (IQR)

58/60 (49-68)

57160 (44-71)

58/60 (48-69)

Primary or recurrent hernia

Primary hernia 16,449 (78) 3,965 (94) 20,414 (81)
Recurrent hernia 4,507 (22) 269 (6) 4,776 (19)
Elective or emergency repair
Elective repair 20,755 (99) 4,102 (97) 24,857 (99)
Emergency 201 (1) 132 (3) 333 (1.3)
Unilateral repairs
Right 4,845 (57) 1,886 (58) 6,731 (27)
Left 3,686 (43) 1,359 (42) 5,045 (20)
All repairs, unilateral 8,531 (41) 3,245 (77) 11,776 (47)
Bilateral repairs, each side = 1 repair
Right 6,214 (50) 500 (51) 6,714 (27)
Left 6,211 (50) 489 (49) 6,700 (27)
All repairs, part of bilateral operation 12,425 (59) 989 (23) 13,414 (53)
Hernia anatomy
EHS classification
Lateral 9,591 (46) 2,472 (58) 12,063 (48)
Medial 8,839 (42) 535 (13) 9,374 (37)
Lateral + medial 1,620 (8) 99 (2.3) 1,719 (7)
Femoral 291 (1.4) 770 (18) 1,061 (4)
Lateral + femoral 156 (0.7) 174 (4.1) 330 (1.3)
Medial + femoral 152 (0.7) 60 (1.4) 212 (0.8)
Lateral + medial + femoral 50 (0.2) 11 (0.3) 61(0.2)
Sum 20,699 (99) 4,121 (97) 24,820 (99)
Unknown/unspecified 257 (1) 113 (3) 370 (1)
Hernia defect size
EHS classification
EHS I (< 1.5cm) 3,891 (19) 1,819 (43) 5,710 (23)
EHS II (1.5-3cm) 1,390 (59) 2,135 (50) 14,525 (58)
EHS I (> 3cm) 4,239 (20) 259 (6) 4,498 (18)
EHS I-11I 20,520 (98) 4,213 (99.5) 24,733 (98)
Unknown/unspecified 436 (2) 21 (0.5) 457 (2)

Data presented as n (%) unless otherwise noted.

EHS, European Hernia Society; IQR, interquartile range; TAPE, (laparoscopic) transabdominal preperitoneal mesh repair; TED, (laparoscopic) totally extraperitoneal mesh repair.

In the first stage of analysis, we compared metal,

Exclusion criteria

absorbable, and unclassified tacks to reveal whether they — §ee Figure 1. Contoured, aka “anatomic” or “three-di-

rendered similar outcomes, which would have justified  mensional,” meshes were excluded because SHR has not
merging them in the final stage analysis. recorded their material and weight.



Vol. 234, No. 3, March 2022 Novik et al Mesh and Fixation for Groin Hernia 315
Table 2. Mesh and Fixation Alternatives
Variable, category Male repair Female repair All repairs
Stage 1a, preliminary mesh analysis
Mesh
StdPPM 8,404 (40) 1,010 (24) 9,414 (37)
LWM 11,678 (56) 2,938 (69) 14,616 (58)
LWPPM 5,555 (27) 1,324 (31) 6,879 (27)
Ultrapro 5,658 (27) 1,552 (37) 7,210 (29)
Timesh 275 (1.3) 31 (0.7) 306 (1.2)
Vypro 190 (0.9) 31 (0.7) 221 (0.9)
Polyester 874 (4) 286 (6.8) 1,160 (5)
Sum 20,956 (100) 4,234 (100) 25,190 (100)
Stage 1b, preliminary fixation analysis
Fixation
No fixation 6,438 (31) 1,443 (34) 7,881 (31)
Tacks, all 8,575 (41) 1,289 (30) 9,864 (39)
Tacks, metal 1,219 (6) 322 (8) 1,541 (6)
Tacks, absorbable 2,761 (13) 580 (14) 3,341 (13)
Tacks, unclassified 4,595 (22) 387 (9) 4,982 (20)
Fibrin glue 5,943 (28) 1,502 (35) 7,445 (30)
Sum 20,956 (100) 4,234 (100) 25,190 (100)
Stage 2, final analysis of mesh/fixation combination
Mesh + fixation
StdPPM/without fixation 3,457 (22) 405 (11) 3,862 (20)
StdPPM/metal tacks 543 (3.5) 172 (4.9) 715 (3.8)
StdPPM/absorbable tacks 370 (2.4) 69 (2.0) 439 (2.3)
StdPPM/fibrin glue 888 (5.8) 121 (3.4) 1,009 (5.3)
L\WM/without fixation 2,738 (18) 953 (27) 3,691 (19)
T\WM/metal tacks 490 (3.2) 104 (2.9) 594 (3.1)
LWM/absorbable tacks 1,976 (13) 355 (10) 2,331 (12)
LWM/fibrin glue 4,978 (32) 1,357 (38) 6,335 (33)
Sum 15,440 (100) 3,536 (100) 18,976 (100)

LWM (stage 1) = LWPPM + Ultrapro + Timesh + Vypro. LWM (stage 2) = LWPPM + Ultrapro + Timesh.
LWM, lightweight mesh; LWPPM, lightweight pure polypropylene mesh; StdPPM, standard pure polypropylene mesh.

Various mesh materials and designs with Progrip fixa-
tion technology (Medtronic) have been marketed.” Due
to the subgrouping complexity, SHR recordings of these
mesh materials are unreliable; therefore, we excluded them.

Repairs with infrequent (n < 200), unspecified, or
unknown type of mesh or fixation were also excluded.

Effect modifiers and confounders

In the multivariable model, we adjusted for 10 plausible
risk factors (Table 1). We adjusted for TEP vs TAPP, the
patient’s sex and age, primary vs recurrent hernia, elective
vs emergency procedure, bilateral vs unilateral repair, right
vs left groin, hernia anatomy and size, and surgical unit
(center, facility).

In the first stage, the separate analysis of meshes was also
adjusted for fixation modality, and the discrete analysis of
fixation was also adjusted for mesh type (Table 2).

Age was a continuous variable. Sex was defined by gen-
otype as male or female.”” SHR does not register race/eth-
nicity and socioeconomic indicators.”*

Hernia anatomy and defect size were registered accord-
ing to the European Hernia Society (EHS) classification.
Anatomically, a groin hernia is termed lateral, medial,
femoral, or combinations thereof. The defect diameter is
defined as small (EHS I; less than 1.5 cm), medium-sized
(EHS II; 1.5 to 3cm), or large (EHS III; more than
3cm).” Swedish surgeons typically bridge large defects
without fascia closure.
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The individual surgeon and the surgical unit are indis-
putably important confounders.”*”’ Because these 2 pre-
dictors interrelate, only 1 of them could be chosen for the
multivariable model. Our retrieved database essentially
did not allow assessing individual practitioners, and there-
fore we adjusted for the surgical unit.

Statistical methods

All analyses were based on time-to-event data, with an
accuracy of 1 day.

Life tables computed observed cumulative reoperation
rates, graphically depicted as inverse Kaplan—Meier plots.
The attached tables detail annual numbers at risk.

Relative risks for reoperation were calculated by mul-
tivariable Cox proportional hazards regression for each
assessed exposure, expressed as hazard ratio (HR) with a
2-tailed, 95% CI. Statistical significance was defined as
p < 0.05. To justify using the Cox model, we have tested
and verified that our data fulfilled the proportional haz-
ards assumption, ie, that the HRs between the compared
groups remained constant over time."’ In the Cox graphs,
the compared curves have different inclinations but other-
wise similar shapes because the proportional hazards model
constructs each plot to mirror the curve of the reference.

We compared excluded vs included repairs, to reveal any
significant overall difference in cumulative reoperation rate.

Figure 1. Study flow chart. 3D, three-dimensional; IPOM intraperitoneal onlay mesh; TAPR (laparoscopic) transabdominal preperitoneal mesh

repair; TER (laparoscopic) totally extraperitoneal mesh repair.
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Analysis was conducted in IBM SPSS Statistics, version
22 (IBM).

RESULTS

Participants

During the inclusion period, the SHR overall recorded
211,289 repairs of groin hernias. Of those, TEP and TAPP
accounted for 38,450 (18%), of which 25,190 (66%)
fulfilled the inclusion criteria and constituted the study
cohort (Fig. 1).

Baseline characteristics

Table 1 and Table 2 summarize the baseline data. Although
annual numbers of groin hernia operations in Sweden
remained relatively constant during the study period, the
percentage of laparoscopic repairs steadily increased from

8% in 2005 to 36% in 2018. Some 82 surgical units con-
tributed at least 1 repair that fulfilled the inclusion criteria.

Mesh

Among included repairs, 95% had a polypropylene-based
mesh. Of those, more than 60% were LWM.

Mesh fixation

There was a somewhat even distribution between tacks
(39%), fibrin glue (30%), and nonfixation (31%).

Outcome data

All repairs were followed until December 31, 2018, after 1
to 14 (mean 6.9, median 6.8) years. By then, 924 (3.7%)
groins had been reoperated due to recurrence. Patients
who died during the observation period accounted for

Figure 2. Included vs excluded (laparoscopic) totally extraperitoneal mesh and (laparoscopic) transabdominal preperitoneal mesh repairs.
Cumulative incidence of reoperations. postop, post operation; Reop, reoperation.
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Figure 3. Mesh. (A) Cumulative incidence of reoperations. (B) Multivariable proportional hazards regression. Adjusted for (laparoscopic)
totally extraperitoneal mesh repair vs (laparoscopic) transabdominal preperitoneal mesh repair, the patient’s sex and age, emergency vs
elective procedures, recurrent vs primary hernia, bilateral vs unilateral repair, right vs left groin, hernia anatomy and size, surgical unit, and
fixation type. Note that the LWPPM and Ultrapro curves are identical, reflecting equal hazard ratios (HRs). LWPPM, lightweight pure polypro-
pylene mesh; postop, post operation; Reop, reoperation; StdPPM, standard pure polypropylene mesh.

Figure 4. Fixation. (A) Cumulative incidence of reoperations; (B) Multivariable proportional hazards regression. Adjusted for (laparoscopic)
totally extraperitoneal mesh repair vs (laparoscopic) transabdominal preperitoneal mesh repair, the patient’s sex and age, emergency vs
elective procedures, recurrent vs primary hernia, bilateral vs unilateral repair, right vs left groin, hernia anatomy and size, surgical unit, and
mesh type. HR, hazard ratio; postop, post operation; Reop, reoperation.
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1,884 (7.5%) index repairs, of whom 60 (3.2%) had been
reoperated before the demise.

There was no reoperation difference between excluded
(HR1.1,CI0.9 to 1.2) vs included (HR 1) repairs (Fig. 2),
with unadjusted and multivariable analysis rendering simi-
lar HRs and Cls.

Main results

In the proportional hazards regressions, the differences
between the unadjusted and the multivariable analyses
were quite small and did not essentially affect the relation-
ships between the subgroups. We therefore present only
the multivariable results.

Preliminary analysis: discrete examination of mesh
and fixation types

Mesh. Figure 3 details the results of the mesh analysis.

With StdPPM chosen as reference (HR 1), Ultrapro
and LWPPM had identical, 60% elevated HR. Polyester
was associated with a doubled and Vypro with an almost
tripled HR.

In our sample, even a high-volume surgeon has
accounted for a mere fraction of all repairs. Hence, indi-
vidual practitioners’ impact on the overall results was mar-
ginal. Exceptions were the Timesh repairs, where 1, by
chance identified, surgeon contributed 255 (83%) of 306

repairs. These resulted in a far below average reoperation
rate. The remaining 51 Timesh repairs were distributed
among 19 surgical units and had a reoperation rate more
typical for other LWMs.

In contrast, the 221 Vypro repairs were more widely dis-
persed among centers, suggesting that its radically worse
outcome was likely attributable to the mesh construction
per se. In addition, Vypro has progressively been substi-
tuted by Ultrapro and has not been reported in SHR for
TEP/TAPP since 2015.

For the final analysis, we deemed L\WPPM, Ultrapro,
and Timesh to be comparable, which justified merging
them into 1 LWM category. The outlier and obsolete
Vypro was eliminated from further analysis.

Mesh fixation. Figure 4 details the results of the fixation
modality analysis.

Reference (HR 1) was nonfixation. Fibrin glue was the
only fixation modality associated with a lower reoperation
risk. Metal tacks were on par with nonfixation, whereas
absorbable tacks correlated with a higher risk. Unclassified
tacks rendered an outcome in between metal and absorb-
able tacks.

The disparate results of the tack subgroups precluded
merging them for the final analysis. Accordingly, we
retained metal and absorbable tacks as distinct variable
categories and omitted unclassified tacks.

Figure 5. Mesh/fixation combinations. (A) Cumulative incidence of reoperations. O, no fixation; abs, absorbable. (B) Multivariable propor-
tional hazards regression. Adjusted for (laparoscopic) totally extraperitoneal mesh repair vs (laparoscopic) transabdominal preperitoneal
mesh repair, the patient’s sex and age, emergency vs elective procedures, recurrent vs primary hernia, bilateral vs unilateral repair, right vs
left groin, hernia anatomy and size, and surgical unit. HR, hazard ratio; LWM, lightweight mesh; postop, post operation; Reop, reoperation;

StdPPM, standard pure polypropylene mesh.
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Final analysis: 8 combinations of mesh and fixation

We dichotomously categorized meshes selected for final
analysis as either StdPPM or LWM. The 4 fixation alter-
natives retained for the final analysis were metal tacks,
absorbable tacks, fibrin glue, and nonfixation. With 2
mesh and 4 fixation options, we constructed a mesh/
fixation variable having 8 configurations (Fig. 5).

We chose StdPPM without fixation (StdPPM/0) to
be the reference. The best results were associated with
StdPPM/0, StdPPM/metal tacks, StdPPM/fibrin glue,
and IWM/fibrin glue. LIWM/0 correlated with a doubled
risk. Notably, no category of tacks was associated with any
significant benefit for either StcdPPM or LWM.

Other analyses
Sex

Initially, we intended to present all results stratified by sex.”’
Noteworthy was that repairs of womens hernias had an
overall strikingly lower reoperation risk, not affected by mul-
tivariable adjustment (HR 0.3, CI 0.2 to 0.4, p < 0.001).
Depending on mesh/fixation, female outcomes displayed
patterns resembling those for male repairs, albeit they were
underpowered for meaningful stratified presentation.

Hernia categories

At the early preparatory stage of the current study, we sur-
veyed all potential risk factors recorded in SHR to deter-
mine which ones to adjust for in the multivariable model.
In an unadjusted analysis, large (EHS III; HR 1.5, CI 1.2
to 1.9, p < 0.001), and medium-sized (EHS II; HR 1.2,
CI 1.04 to 1.5, p = 0.015) defects were, not unexpectedly,
linked to somewhat higher reoperation risks in compari-
son with small (EHS I; HR 1) defects.

We also found that the defect size more than the ana-
tomic category predicted reoperation risk. When adjusted
for hernia defect size and sex, medial (HR 0.97, CI 0.84
to 1.1, p = 0.73) vs lateral (HR 1) hernias correlated
with similar reoperation risks. In particular, among large
defects, medial hernias (HR 1.1, CI1 0.8 to 1.5, p = 0.6)
exhibited no higher reoperation risk than lateral (HR 1)
ones. This finding refutes the common concegtion that
medial hernia per se is a significant risk factor.”****

Subsequently, we reanalyzed our mesh/fixation combi-
nations with the same multivariable analysis as previously,
now stratified by hernia defect size. Notwithstanding
problematic low statistical power for many of the com-
binations, L\WM/0 vs StdPPM/0 (HR 1) correlated with
significantly higher reoperation risks in small (HR 1.7, CI
1.001 to 3.0, p = 0.049) and medium-sized (HR 2.3, CI
1.7 to 3.2, p < 0.001) defects, consistent with the main
study findings.

The multivariable model yielded insufficient power for
large defects, preventing adequate statistical inference,
whereas in the unadjusted analysis, LWM/0 was linked to
a higher risk (HR 1.8, CI 1.4 t0 2.2, p < 0.001).

DISCUSSION

Key results

With a population-based cohort of laparoscopic groin her-
nia repairs, we in 2 stages investigated reoperation risks
depending on various combinations of mesh and mesh
fixation.

The first stage assessed meshes and fixations separately.
We found various IWM types and absorbable tacks to be
associated with higher reoperation risks, whereas fibrin
glue correlated with a lower risk.

The second stage analysis of mesh/fixation combinations
was the cardinal objective of the study. The results support
our hypothesis that the need for fixation depends on the
mesh category. With StdPPM, none of the fixation modali-
ties correlated with a significantly better outcome than non-
fixation. In contrast, fibrin glue, but neither type of tacks,
eliminated the higher reoperation risk associated with LWM.

The discrete mesh analysis results contradict
HerniaSurge but corroborate recent studies showing TWM
to be an independent risk factor for recurrence.”” On the
other hand, our findings support HerniaSurge in that tack
fixation, in general, did not seem to reduce the reoperation
risk.” An entirely novel discovery was that fibrin glue was
associated with significantly improved results for LWM,
albeit not for StdPPM.

To our knowledge, this is the first investigation using
clinical data to assess how standard vs lightweight meshes
interact with diverse fixation modalities to affect the recur-
rence risk after TEP and TAPP. Moreover, it is one of
the largest TEP and/or TAPP studies yet published. The
cohort size has allowed finally addressing some controver-
sial issues with sufficient power.

Interpretation

Our hypothesis was confirmed; investigating the mesh/fix-
ation combination as 1 entity might lead to results differ-
ent from those one would infer if only having analyzed the
2 variables discretely. Mesh/fixation interaction has pre-
viously been demonstrated by a Danish group who used
an ingenious sheep model for studying long-term mesh
shrinkgajgf( and adhesions after laparoscopic ventral hernia
repair.”

We attempted to detect small but clinically relevant
differences in reoperation risk that could be ascribed
exclusively to the mesh and/or the fixation, in a surgical
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procedure with an abundance of other potential risk fac-
tors, of which some (eg, surgeon skill, patient sex, connec-
tive tissue frailty) probably will have more impact than the
choice of mesh and fixation. To this end, a comprehensive
registry study outperforms a RCT.>"/

With virtually complete nationwide coverage, SHR com-
piles a huge database with a low bias risk. The quality of
surgical care is very homogeneous throughout Sweden, with
a tax-financed healthcare system available to all residents at
an affordable fee. Race/ethnicity, socioeconomic indicators,
and place of residence minimally influence access to ade-
quate operations and may not confound outcomes.

The broad range of surgeons and centers involved
strengthens the external validity; the outcome reflects real-
world routine practice.

Patients with a recurrence may choose to undergo the
next repair at a different facility than the previous repair.
Therefore, personal or institutional reo4peration rates typ-
ically underestimate the factual rates.” In contrast, the
ubiquitous use of the Personal Identity Number in Swedish
healthcare, and SHR’s nationwide coverage, ensure negli-
gible dropout rates, ie, there is no attrition bias."’

The open hernia mesh pioneers René Stoppa and George
Wantz taught that fixation is unnecessary in the preper-
itoneal position. On the topic of mesh fixation in lapa-
roscopic repairs, Wantz referenced Stoppa and remarked,
“The mesh is held in place initially by intraabdominal
pressure and later by connective tissue that renders the
peritoneum inextensible so it can’t protrude.”’* However,
that insight was acquired before the advent of LWM. Now
our results indicate that Stoppa’s principle may not always
apply when using LIWM in TEP and TAPD, at least not for
some patients.

Certain mesh/fixation combinations were associated
with significantly elevated risks of reoperation. After 12
years, the reoperation rate was about 6.5% for L\WM/0,
in contrast with 3.5% for StdPPM/0 as well as for LWM/
fibrin glue. We deem this difference has substantial clinical
relevance. For example, with 800,000 groin hernioplasties
annually in the US an overall 3 percentage points higher
reoperation rate would translate to an extra 24,000 repairs
and even more actual recurrences.”’

Fibrin glue was associated with significantly lower reop-
eration risk for LWM but did not seem to add any benefit
for StdPPM. We have empirically observed that for fibrin
to glue effectively, most of the mesh must lie in immedi-
ate contact with the underlying tissue and adapt to its con-
tours, relatively straightforward to accomplish with a pliable
LWM but nearly impossible with a more rigid StdPPM. "

Although fibrin glue correlated with improved results
for LIWM, tacks did not. One reason might be that tacks
are typically applied at only a few spots, for safety reasons.

Conversely, fibrin glue allows fixation of almost the
entire mesh surface, including in the anatomic #riangles of
pain and doom, where tacks are prohibited.”’ Moreover,
although probably not a common phenomenon, tacks
have been reported to be able to cause recurrence by trau-
matizing either the patient’s tissue or the mesh.’"””

Reoperation and death were the only endpoints.
Nevertheless, our results implicitly concern postoperative
pain and economics.'* Tissue-penetrating mesh fixation
is a well-known cause of chronic postoperative pain.'*”’
Our findings indicate that avoiding tacks will not increase
the overall reoperation risk. A tacker costs approximately
$300 to $450 in the US.” If we assume TEP/TAPP to
constitute 50% of all 800,000 annual groin hernioplasties
in US, refraining from tacks in half of the laparoscopic
repairs would save $60 to $90 million per year.

Furthermore, regular IWPPM and the 2 to 3 times
more expensive Ultrapro were associated with almost iden-
tical reoperation risks. Hence, when choosing between dif-
ferent LWMs, it seems the “premium” price for Ultrapro
does not translate into any evident clinical benefit.

Reoperation as endpoint

Reoperation rate figures without reported follow-up time
are meaningless. Reoperations will continue to occur for
decades after the index repairs, but at a progressively slower
pace.””’ The average adult groin hernia patient in Sweden
is about 60 years at the operation. With increasing age
comes deteriorating health, and hence, every additional
postoperative year will reduce the likelihood for a recur-
rence to be reoperated. This phenomenon may, in part,
explain why the increase of cumulative reoperation per-
centages tend to decelerate with time and eventually pla-
teau at around 8% to 15%, despite that a recurrence may
occur during the remainder of a patient’s life.” “° Hence,
the approximately 5% reoperation rate after 12 years in
our study might possibly double with lifelong follow-up.
Intuitively, some would consider recurrence a more per-
tinent outcome variable than reoperation. Indeed, in short-
and midterm clinical hernia trials, recurrence is a more
common primary endpoint than reoperation. However, for
pragmatic reasons, recurrence is then typically assessed at
long intervals. From a scientific methodology standpoint,
that may be problematic. In practice, those intervals will
vary somewhat among the study participants and thereby
preclude the possibility of establishing precise time-to-
event figures, which will complicate adequate comparison
between groups. With a massive cohort like the one in the
current study, using reoperation instead as the endpoint
is more practical and accurate. Further, in analogy with
what is well established in long-term outcomes research of
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orthopedic implants, we consider the cumulative reopera-
tion rate a clinically relevant outcome measure.”'

In a defined population and at any given postoperative
time of follow-up, the factual recurrence rate will always
pronouncedly exceed the reoperation rate.”” A previous
SHR-based cohort study on consecutive, unselected groin
hernia patients operated in 1 county hospital, with clinical
follow-up after 3 years, found the recurrence/reoperation
ratio to be 3:1.”

The recurrence/reoperation ratio typically will turn out
smaller in a RCT. First, RCTs tend to exclude patients (eg,
language difficulties, elderly, frail) who are more inclined
to have a reoperation of recurrence delayed or never done.
Second, due to the organized follow-up in a RCT, the
detection and consequent reoperation of a recurrence will
be more expeditious. In a recent Dutch RCT on TEDP, with
an 83% follow-up after 5 years, the recurrence/reopera-
tion ratio was 1.5:1.” Accordingly, we presume the factual
recurrence rate in our cohort to surpass the found reoper-
ation rate by at least 50%, and probably to a significantly
higher degree.

The objective of this study was not to pinpoint factual
recurrence rates, but to define relative risk differences
depending on the mesh and the fixation. It is then vital
to understand that at any given time, the proportion of
recurrences not (yet) operated were likely dependent on
nonsurgical factors that were comparable in all our study
groups. Hence, it is reasonable to assume the calculated
HRs for reoperation to have been approximately the
same as the factual HRs for recurrence.”” For example,
if LWM/0 doubled the reoperation risk compared with
StdPPM/O0, this also implies a doubled recurrence risk.

Limitations

Like in any clinical study, our results should be considered
general estimates and may not be applicable in every con-
ceivable situation.

Limitations specific to this study are mainly related to
inherent imperfections typical for large databases or attrib-
utable to SHR shortcomings.49 With an observational,
nonrandomized study, one must always consider the risk
of undetected confounding and bias.

The SHR does not register why the surgeon opted for
a laparoscopic repair or chose a specific mesh/fixation
combination. We have attempted to mitigate selection
bias by adjusting for several potential effect modifiers
and confounders and, in the final stage analysis, by
either excluding small subgroups or merging them into
larger ones.

The SHR query options are pragmatic compromises
between scientific rigor and realistic requirements to

obtain accurate registrations nationwide, including from
surgeons with a limited interest in hernioplasty materials.

For instance, although the mesh size might affect the
need for fixation, SHR does not record it. However, it
is recommended and generally accepted among Swedish
laparoscopic surgeons that the mesh must be at least
10cm x 15cm. The only meshes marketed in Sweden
for laparoscopic repair that are indeed slightly smaller are
a few models in the excluded three-dimensional mesh
alternative.

Also, SHR lacks information about the anatomic sites
for fixation, the number of tacks, and the amount of glue.

Furthermore, SHR does not record the extent of dissec-
tion or whether the surgeon at the carbon dioxide defla-
tion checked for inadvertent displacement or folding of
the mesh.

Although some details were not available, like those
mentioned above, we still believe SHR contained the essen-
tial data necessary for the current study’s core purpose.

Absorbable tacks correlated with less favorable results
than their metal counterparts did. This is puzzling but
corroborates studies in vitro and on routine laparo-
scopic incisional hernia repair.””*” Yet we refrain from
far-reaching conclusions about absorbable tacks, for
many reasons.

Because SHR bundles all absorbable tack models in
1 group, we cannot exclude the possibility of individual
outcome differences depending on the heterogeneous tack
designs.

Adequate multivariable regression demands large sam-
ples to minimize the risk of bias successfully. Unfortunately,
by constituting a mere 428 (2%) repairs, the subgroup
StdPPM/absorbable tacks barely fulfilled this prerequi-
site. Our attempts at stratified analysis revealed seemingly
inconsistent trends, but with unsatisfactory low power
not allowing statistical inference. We cannot rule out that
the few repairs with StdPPM/absorbable tacks might have
been subjected to residual confounding, eg, selection bias
by being chosen unproportionally more often in high-risk
cases or by less skilled surgeons.

No matter which fixation option in TEP and TAPP,
including non-fixation, the same well-established princi-
ples apply: to reduce all potential hernias and prepare an
adequately wide landing zone for the mesh, the dissec-
tion must achieve the so-called critical view of the myopec-
tineal orifice.””** An insufficiently wide dissection may,
eg, cause folding of the mesh, which is a well-known
cause of recurrence and chronic postoperative pain.'’

Regardless of the aforementioned caveats, a key finding
was that in comparison with either StdPPM/0 or LWM/0,
neither metal nor absorbable tacks were associated with
significantly improved results. Nonetheless, our results are
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averages from a nationwide cohort and did not allow us to
rule out the existence of individual clinical situations in
which tacks might still be advisable.

The current study only implicitly addressed discomfort
caused by implanted devices. An upcoming sequel in our
project will focus on how the risk of chronic postoperative
pain correlates with different mesh/fixation options.

CONCLUSIONS

Our results corroborate our initiating hypothesis.
Separately investigating mesh or fixation is insufficient,
and may to a certain extent even be misleading, also after
adjusting for the other one in a multivariable model.

With no statistical difference, 4 of the 8 mesh/fixa-
tion combinations examined in our study were associated
with the lowest reoperation risk after TEP and TAPP.
Even without yet having analyzed the combinations’
influence on risk for chronic postoperative pain, we rec-
ommend the following: the most cost-effective alterna-
tive is StedPPM/0, because StdPPM is the least expensive
mesh, and neither tacks nor glue seemed to significantly
improve the StdPPM results. When a LWM is preferred,
we recommend fixation with fibrin glue because this was
the only IWM alternative associated with a reoperation
risk on par with StdPPM/0.

The HerniaSurge guidelines are about to be revised.
Our results fill some knowledge gaps in the first version
and may therefore contribute to the upcoming update.
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