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Abstract

Background Irritation of inguinal nerves with laparo-

scopic hernia repair may cause chronic neuralgia and

hypoesthesia. Hypoesthesia in particular is generally not

assessed objectively. We objectively investigated hypoes-

thesia and chronic pain after transabdominal preperitoneal

inguinal hernia repair (TAPP) with titanium spiral tacks

(STs) compared with tissue adhesive (TA) for mesh

fixation.

Methods Mesh fixation in 80 TAPP procedures was ran-

domized to fixation with ST (n = 40) or TA (n = 40). The

outcome parameters included hypoesthesia assessed with

von Frey monofilaments, early postoperative and chronic

pain with the visual analog scale (VAS), morbidity (sur-

gical-site infection, hematoma/seroma, relapse of hernia,

trocar hernia), and recovery time to normal activity.

Results Median (range) follow-up was 38 (13–56)

months. Demographic and baseline parameters were simi-

lar in the two groups. Prevalence of hypoesthesia was

significantly higher at all postoperative times in the ST

group (6 weeks: 32 vs. 6%; 6 months: 38 vs. 14%;

12 months: 34 vs. 13%; 13–56 months: 32 vs. 4%). Mean

hypoesthesia scores over all time points were significantly

higher in the ST group. The percentages of regions with

hypoesthesia (abdominal, inguinal, or genitofemoral) fol-

lowing all procedures were higher in the ST group after

6 weeks (14 vs. 2%), 6 months (15 vs. 5%), and

13–56 months (22 vs. 4%). The intensity of pain decreased

significantly in both groups over time.

Conclusions Postoperative hypoesthesia depends on the

method of mesh fixation during TAPP and is significantly

reduced with TA compared with stapling.
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Compared with open tension-free mesh techniques, laparo-

scopic preperitoneal repair for inguinal hernia is associated

with reduced incidence of surgical-site infections, earlier

return to normal activity, fewer nerve injuries, and less per-

sistent pain at comparable recurrence rates and costs [1–8]. In

light of these arguments favoring the laparoscopic approach,

current research is focused on technical aspects to further

improve this procedure. The prevalence of long-term

postoperative discomfort such as chronic inguinal or scrotal

pain remains a relevant clinical problem and is still reported in

up to 28.7% of patients after laparoscopic preperitoneal repair

[2, 8–15]. Mesh fixation with staples has been identified as a

possible reason for nerve irritation, and osteitis pubis as the

main cause of chronic pain [16–20].

Alternatively, mesh fixation with synthetic tissue adhe-

sives (TAs) based on cyanoacrylate or fibrin glue of human

origin is feasible and has been investigated in experimental

and clinical studies [21–24]. Compared with mesh fixation

with staples, tissue sealing is associated with reduced risk

of neurovascular injury or chronic postoperative pain and

earlier resumption of physical and social activities [12–15,

25, 26].

Although nerve damage may represent the most

important pathogenic factor for chronic pain, sensory
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disruptions are infrequently reported [27]. A qualitative,

objective assessment of sensory dysfunction with instru-

ments has so far been used only in an evaluation of open

[28] and a comparison of open and laparoscopic hernia [29]

repair, but evaluation of different fixation techniques dur-

ing laparoscopic hernia repair has not been reported.

This study was designed to compare postoperative

hypoesthesia when using TA or spiral tacks (STs) for

intraperitoneal fixation of mesh in transabdominal preper-

itoneal inguinal hernia repair (TAPP). The outcome

parameters of this study are an objective assessment of

chronic hypoesthesia using von Frey monofilaments,

postoperative pain, and surgical complications including

recurrence and recovery time to normal activity.

Patients and methods

This report was prepared in accordance with the Consoli-

dated Standards of Reporting Trials (CONSORT) state-

ment [30]. The study was registered at clinicaltrials.gov

(registration number NCT00793286).

Study design and protocol

The Ethics Committee of the University of Bern, Switzerland

approved the study protocol. The design of the trial consisted

of a pretreatment evaluation, randomized treatment with

either tissue sealing or tack mesh fixation, in-hospital post-

operative follow-up, and follow-up after discharge at 6 weeks,

6 and 12 months, and long-term follow-up.

Inclusion criteria

All patients older than 18 years presenting with inguinal

hernia and fit for surgery were consecutively enrolled in the

study. Operations were performed in our clinic after written

consent was obtained.

Exclusion criteria

Patients with general contradictions for laparoscopy,

including previous laparoscopic mesh implantation, body

mass index (BMI) [ 45 kg/m2, pregnancy, and long-term

use of immunosuppressive agents were excluded from the

study.

Preoperative evaluation

All patients received a complete physical examination and

standard laboratory work-up prior to surgery. Anesthesio-

logical risk was classified according to the American

Society of Anesthesiologists (ASA) classification.

Randomization

Randomization in permutated blocks of 20 was per-

formed with sealed envelopes. The random distribution

between the two groups was assessed with www.randomiza

tion.com. Envelopes from patients who were excluded

were discarded.

Surgical technique

Prophylactic antibiotics (amoxicillin/clavulanic acid 1.2 g

i.v., Augmentin; GlaxoSmithKline, Münchenbuchsee,

Switzerland) were given before the operation. The surgical

technique for TAPP was performed as described previously

[31]. Briefly, after establishing pneumoperitoneum

(12 mmHg), the peritoneum was incised medial to the

upper iliac spine, followed by dissection until the testicular

vessels, the vas deferens in male or the round ligament in

female, and Cooper’s ligament were identified. The hernia

sac was dissected free, and a possible preperitoneal lipoma

was removed. A Vypro II� (Ethicon Switzerland, Johnson

& Johnson Medical, CH-8957 Spreitenbach) prosthetic

mesh (10 9 15 cm2) was positioned overlapping the pubic

tubercle and fixed according to randomization with either

the ProTak device (5 mm titan; AutoSuture Switzerland,

CH-8832 Wollerau) or Glubran� cyanoacrylate tissue

sealant (G.E.M., Viareggio, Italy). Tacks were placed only

on Cooper’s ligament/pubic tubercle and medial of the

epigastric vessels to avoid neurovascular injury. Peritoneal

closure over the mesh was performed using PDS� 4.0

(Ethicon Switzerland, Johnson & Johnson Medical,

CH-8957 Spreitenbach) resorptive sutures.

Postoperative management and follow-up

The standard postoperative treatment was consistent with

generally accepted principles. After discharge, no limita-

tion to load bearing was required. Patients were seen in our

outpatient clinic after 6 weeks, 6 and 12 months, and at a

long-term follow-up following hernia repair. Follow-up

after discharge included physical examination and an

interview by an independent observer. Patients were blin-

ded to the method of mesh fixation (single blinded).

Assessment of sensory dysfunction

For quantitative assessment of postoperative hypoesthesia,

we used calibrated von Frey monofilaments (Senselab

Aesthesiometer, Somedic, Stockholm, Sweden) [29].

Briefly, different pressure forces were applied with the

monofilaments to the region of interest. The threshold for

hypoesthesia was defined as the least pressure that elicited

a sensation. The score for hypoesthesia was calculated by
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adding intensity values of hypoesthesia as measured by the

von Frey monofilaments. The mechanical pain threshold

for allodynia was defined as the lowest force that elicited a

sensation of pain or discomfort.

Pain management and assessment

All patients received standardized perioperative pain

management according to established postoperative man-

agement protocols in our hospital. Patients received para-

cetamol and opioids in a weight-dependent dosage. After

discharge, pain intensity was assessed at the defined time

points with a visual analog scale (VAS) of 10 cm. Chronic

postoperative pain was defined as VAS C3.

Endpoints of the study

The primary outcome parameter was hypoesthesia (von

Frey monofilaments). Secondary outcome parameters

included postoperative pain (VAS), morbidity (surgical-

site infection, hematoma/seroma, relapse of hernia, trocar

hernia), and recovery time to normal activity. All points of

interest and all complications or adverse reactions were

documented in the patient record form.

Statistical analysis

Statistical analysis was performed per protocol. Based on

the premise of improving the prevalence of postoperative

hypoesthesia from 45% with ST to 15% with TA for mesh

fixation (a set at 0.05, power of 80%) we calculated that 40

patients were required for each arm of the study. Chi-

square or Fisher’s exact analyses as appropriate were used

to compare proportions and the relationships among cate-

gorical data. The Wilcoxon rank-sum test for differences in

medians was used for quantitative variables. Repeated-

measures analysis of variance (ANOVA) of means was

performed to assess the time effect and group effect for

quantitative variables. All tests were performed bilaterally

with a 5% significance threshold. The NCSS/PASS soft-

ware package (NCSS, Kaysville, UT, USA) was used for

all calculations.

Results

A flowchart of participants through each stage of the trial is

depicted in Fig. 1. Eligible patients were recruited between

August 2004 and November 2007. After discharge, all

participants were followed up in our outpatient clinic at

6 weeks, 6 and 12 months, and a median of 38 (range

13–56) months after surgery.

Patient characteristics and surgical details

Baseline characteristics of the patients are summarized in

Table 1. No intraoperative complications occurred in either

group. Operative details, surgical perioperative morbidity,

and follow-up details are presented in Table 2.

Postoperative hypoesthesia and allodynia

After mesh fixation with STs, hypoesthesia was noted

significantly more often at all postoperative time points

compared with the TA group (Table 3). After 12 months,

the median hypoesthesia score was 42 (range 16–135) in

the tack fixation group compared with 16 (range 11–52) in

the TA group (P-value = 0.045). As shown in Fig. 2,

analysis of repeated measurements of all procedures also

revealed a significantly higher score for hypoesthesia in

the ST group (P-valuegroups = 0.020), and the hypoes-

thesia score did not change significantly over time

(P-valuetime = 0.740). The percentages of regions with

hypoesthesia (abdominal, inguinal, or genitofemoral) after

all procedures in the two treatment groups are shown in

Fig. 3. Percentages were higher in the ST group at

6 weeks (14 vs. 2%), 6 months (15 vs. 5%), and

13–56 months (22 vs. 4%; all P-values \0.05) compared

with the TA group.

The median hypoesthesia score in the ST group was

significantly higher in patients with pain compared with

patients without pain after 6 weeks (20, range 0–390 versus

0, range 0–149, P-value = 0.046). No differences were

found at the other time points and in the TA group. Inci-

dences of allodynia did not differ between the ST group

and the TA group at the different postoperative time points

(6 weeks: 5.9 vs. 8.3%; 6 months: 6.1 vs. 11.4%;

12 months: 6.3 vs. 6.5%; 13–56 months: 3.5 vs. 0%). No

differences in intensity scores of allodynia between the

treatment groups were found (data not shown).

Postoperative pain assessment

Analysis of repeated measurements demonstrated a sig-

nificant decrease in pain over time (P-valuetime \ 0.001).

However, no difference in intensity (VAS) between the

treatment groups was found (Fig. 4). The percentages of

painful areas (abdominal, inguinal, genitofemoral) were

significantly higher in the tack fixation group at the early

time points (6 weeks, 26 vs. 11%; 6 months, 23 vs. 11%;

all P-values \ 0.05), whereas no differences were found

at later time points (Fig. 5). No statistically significant

differences in prevalence of postoperative pain or VAS

scores were found between the two fixation methods

(Table 4).
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Discussion

In this study, we demonstrated higher incidence and wider

distribution over different regions of hypoesthesia after use

of STs compared with TA mesh fixation for TAPP. This

effect was observed at early and late time points.

The results from this study objectively reveal that

numbness is a common late consequence of laparoscopic

groin hernia repair, occurring as shown before in up to

67% of patients [29, 32–34]. In our current study, we also

demonstrated that hypoesthesia is not reversible during

long-term follow-up. Conversely, postoperative pain

decreased over time. Therefore, prevention of hypoes-

thesia with an adequate, suitable operation technique is of

clinical importance. Hyposensibility in patients who

underwent laparoscopic hernia repair with tacks for mesh

fixation was significantly associated with postoperative

pain after 6 weeks. A relationship between pain and

sensory impairment has been postulated [29, 32]. How-

ever, at later time points and in the TA group, this cor-

relation did not reach statistical significance in our series.

Therefore, factors other than nerve damage may be

involved in the development of chronic post-herniotomy

pain [28]. In our study, incidences of chronic postopera-

tive pain were noted in less than 10% of patients during

long-term follow-up. Previous studies have reported

chronic pain in up to 28.7% of patients after laparoscopic

hernia repair [2, 8–15].

Fig. 1 Experimental flowchart
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The recurrence rate, time to normal physical activity,

and perioperative and late morbidity did not differ between

the treatment groups. These findings are consistent with

results from previous clinical trials examining mesh fixa-

tion with tacks versus TA [12–15, 25, 26]. In these studies,

both fixation techniques have been shown to be adequate

for preventing early postoperative mesh dislocation with-

out increasing the recurrence rate.

Our study has several important strengths. First, the

design was a blinded, randomized controlled trial, provid-

ing a high level of evidence to the conclusions. Second, the

median follow-up time of more than 3 years is longer than

in other studies comparing different fixation techniques

[12–15, 25, 26]. Third, in our investigation, instruments

were used for an objective assessment of sensory function.

Just a few previous studies contain data reporting exami-

nation of sensory function [27]. Only a precise, objective

assessment of hypoesthesia allows comparison between

different studies and will therefore result in a reduction in

long-term discomfort.

A limitation of this study is the restricted sample size

that did not allow detection of differences in recurrence

rates. However, the sample size met the requirements to

demonstrate differences in sensory disruptions, which was

our primary endpoint.

In conclusion, this study represents the first examination

with an objective neurophysiological sensory function test

after different types of mesh fixation in laparoscopic

inguinal hernia repair. No differences were found in the

clinical incidence or intensity of postoperative pain.

However, hypoesthesia was more common and more

severe after use of tacks for mesh fixation. In contrast to

postoperative chronic pain, the intensity of hypoesthesia

did not significantly decrease over time after tack fixation.

Therefore, use of TA, which is associated with fewer

Table 1 Baseline demographic and clinical characteristics (n = 80)

Characteristic TA STs P value

Sex ratio (M:F) 37:0 39:1 0.333

Age (years) 57.3 (20.9–82.5) 59.9 (19.9–82.2) 0.617

ASA score [2 1/37 (3%) 7/40 (18%) 0.057

BMI (kg/m2) 24.8 (20.9–33.7) 24.7 (18.4–32.6) 0.275

Type of hernia 0.686

Lateral 22 (60%) 20 (50%)

Medial 14 (38%) 17 (43%)

Femoral – 1 (3%)

Mixed – 1 (3%)

Hernia incipiens 1 (3%) 1 (3%)

Bilateral hernia 14/37 (38%) 18/40 (45%) 0.644

Diameter of hernia 0.302

\1.5 cm 12 (32%) 13 (33%)

1.5–3 cm 19 (51%) 15 (38%)

[3 cm 6 (16%) 12 (30%)

Symptoms history (months) 2 (0–48) 3 (0–60) 0.373

Quantitative data are given as median and range

ASA American Society of Anesthesiologists, BMI body mass index

Table 2 Operative details, morbidity, and follow-up

Characteristic TA STs P value

Operation time (min) 90 (45–180) 85 (55–180) 0.872

In-hospital stay (days) 5 (2–9) 5 (2–9) 0.554

Time to activity/work (days) 19 (5–35) 21 (7–56) 0.908

Perioperative morbidity 3/37 (8%) 1/40 (3%) 0.340

Surgical-site infection 0/37 (0%) 0/40 (0%) –

Hematoma/seroma 3/37 (8%) 1/40 (3%) 0.340

Late morbidity 2/32 (6%) 1/35 (3%) 0.603

Trocar hernia 1/32 (3%) 0/35 (0%) 0.478

Recurrence 2/32 (6%) 1/35 (3%) 0.603

Follow-up (months) 45 (14–56) 37 (13–51) 0.070

Quantitative data are given as median and range

Table 3 Prevalence of postoperative hypoesthesia score [0

Time point TA STs P value

Preoperative 11/37 (30%) 10/40 (25%) 0.799

6 weeks 2/36 (6%) 12/38 (32%) 0.006

6 months 5/35 (14%) 14/37 (38%) 0.032

12 months 4/32 (13%) 12/35 (34%) 0.047

13–56 months 1/24 (4%) 10/31 (32%) 0.010
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sensory disruptions, for mesh fixation is important for

laparoscopic treatment of inguinal hernias.
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