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Abstract

Background The main source of postoperative pain after

laparoscopic repair of ventral hernia is thought to be fixa-

tion of implanted mesh. This study aimed to analyze

whether a relation exists between the number of tacks used

for fixation and postoperative pain.

Methods To reduce the number of prognostic variables,

only patients with primary umbilical hernia who underwent

laparoscopic repair with double-crown mesh fixation were

enrolled in this study. Two groups differing only in the

manner of tacking were compared. Group 1 (n = 40),

collected from previous studies, showed no specific efforts

to minimize the number of tacks. Group 2 was a cohort of

40 new patients who underwent double-crown fixation

using the minimal number of tacks considered to provide

adequate mesh fixation. To eliminate systematic and ran-

dom errors, the study analyzed only for postoperative pain.

The severity of the patients’ pain was assessed preopera-

tively and then 2, 6, and 12 weeks postoperatively using a

visual analog scale (VAS) ranging from 0 to 100.

Results The mean number of tacks used differed signifi-

cantly between the two groups: group 1 (45.4 ± 9.6) vs

group 2 (20.4 ± 1.4) (p = 0.001). Postoperative pain dif-

fered significantly only at the 3-month postoperative

assessment: group 1 VAS (5.78) vs group 2 VAS (1.80)

(p = 0.002).

Conclusions Although postoperative pain differed sig-

nificantly at the 3-month follow-up assessment, both VAS

scores were so low that from a clinical point of view, this

difference seems irrelevant. Fewer tacks do not create less

pain, nor do more tacks create more pain. This absence of a

correlation between the number of tacks used and postop-

erative pain may indicate that pain after laparoscopic repair

of at least small ventral hernias possibly is generated

according to some ‘‘threshold’’ principle rather than

according to a cumulative effect created by more points of

fixation.
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Patients who undergo laparoscopic repair of ventral or

incisional hernia (LRVIH) tend to have more pain post-

operatively than those treated with any other minimally

invasive procedure [1–3]. The main source of this pain is

thought to be fixation of the implanted mesh. Mesh fixation

in LRVIH involves the use of tacks, transabdominal sutures

(TAS), or both. Although postoperative pain after LRVIH

was traditionally linked to TAS [4, 5], a few recent studies

have indicated that TAS is not the only cause of pain,

pointing out the important role of tacks [6–8].

Currently, the most popular method of mesh fixation

entails inserting two circles of tacks only and no TAS at all

(the double-crown [DC] technique) [9]. The relation

between the number of tacks used in LRVIH and postop-

erative pain has never been specifically analyzed, and this

study aimed to address that issue.

Methods

Only healthy patients with primary umbilical hernias

(PUHs) no larger than 2 cm who underwent a straightforward
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laparoscopic repair were enrolled in this study and subse-

quently divided into two groups. All repairs were performed

by one of two surgeons well experienced with this technique

using a completely standardized technique with the same

materials.

The two groups differed only in the manner of tacking.

The first group was historical and extracted from our pre-

vious studies [6, 10, 11]. This group consisted of 40 healthy

PUH patients who underwent a ‘‘free-tacking’’ DC fixation

without specific efforts to minimize the number of tacks

used or to define a set minimum of tacks beforehand. For

this group, a mesh size of 15 9 10 cm was routinely used.

The second group was a prospective cohort of 40 con-

secutive new patients who underwent DC fixation using the

minimal number of tacks considered to provide an ade-

quate fixation of the mesh. In this group, a mesh of

12 9 10 cm was routinely used. Assuming that intervals of

15 to 20 mm between tacks were sufficient, we considered

16 tacks adequate for the outer ring and 4 tacks sufficient

for the inner ring. Hence, the desired number of tacks to be

used was 20, with an option to add a few more tacks when

considered needed. To ensure correct execution of the

procedure, desired places for insertion of tacks were

marked on the mesh before its insertion into the abdomen.

Operative technique

Pneumoperitoneum was established by use of the Veress

needle. Three trocars (one 10 mm and two 5 mm trocars)

were inserted left laterally. When present, hernial content,

usually the omentum, was reduced and the surrounding

area prepared for mesh placement. This frequently required

release of the round ligament. A 1-mm-thick expanded

polytetrafluoroethylene mesh (DualMesh; WL Gore &

Associates, Flagstaff, AZ, USA) was used to overlap the

hernia opening by at least 3 cm. No attempt was made to

reapproximate the edges of the hernia opening.

The mesh was fixed using a DC of tacks (ProTack;

TycoUSS, Norwalk, CT, USA) only. With this technique,

the outer ring of tacks is placed along the periphery of the

mesh, and the inner ring of tacks is placed around the

hernia opening. All patients received identical postopera-

tive analgesia and care.

Clinical follow-up evaluation

All patients were scheduled to return for an outpatient visit

2 weeks, 6 weeks, and 3 months after surgery. The severity

of postoperative pain was determined by scores on a visual

analog scale (VAS; range, 0–100) obtained preoperatively

(baseline) and during the outpatient visits.

Statistical analysis

Data were collected in an Excel database, and statistical

analyses were performed using the Statistical Package for

Social Sciences (SPSS) for Windows version 15.0 (SPSS

Inc., Chicago, IL, USA). Categorical variables were com-

pared using the chi-square test, and continuous variables

were compared using the independent-samples t test. A

p value less than 0.05 was considered statistically

significant.

Results

All requested data were available for all the patients. Both

groups had similar patient demographic and hernia char-

acteristics (Table 1). Of the postoperative characteristics,

only the number of tacks used differed significantly

between the two groups (p = 0.001). The mean number of

tacks was 45.4 ± 9.6 in the group 1 and 20.4 ± 1.4 in

group 2.

The primary outcome measure of this study, postopera-

tive pain, did not differ significantly at 2 or 6 weeks post-

operatively (Table 2). A significant difference (p = 0.002)

between the two groups was observed only at the 3-month

follow-up assessment. No recurrences or complications

requiring surgical or invasive radiologic treatment occurred

during the study period.

Table 1 Baseline

characteristics

ASA American Society of

Anesthesiologists, BMI body

mass index (kg/m2)

Free-tacking

group (n = 40)

Controlled-tacking

group (n = 40)

p Value

n (%) n (%)

Mean age 51.1 ± 13.9 53.1 ± 13.8 0.716

Male sex 28 (70) 29 (72.5) 0.975

ASA classification score 0.191

1 25 (62.5) 17 (42.5)

2 13 (32.5) 19 (47.5)

3 2 (5) 4 (10)

Mean BMI 28.2 ± 5.1 28.7 ± 4.3 0.422
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Discussion

Postoperative pain after LRVIH seems to be a relevant

complaint during the early postoperative period, leading to

increased consumption of pain medication, delayed bowel

function, and extended hospital stay [12]. As is the case

with mesh repair of inguinal hernias, an increasing number

of clinicians now consider postoperative pain rather than

recurrence the most important adverse effect of LRVIH.

Consequently, current interest focuses increasingly on the

genesis of pain after LRVIH and methods to reduce such

pain.

The relation between postoperative pain after LRVIH

and the number of tacks used has not been explicitly ana-

lyzed previously. Our previous prospective randomized

trial, a study with a significant number of prognostic

variables that did not specifically address the same problem

considered in this study, could not demonstrate any cor-

relation [6].

Some results of the previous study indicate that ‘‘free

tacking’’ may frequently result in ‘‘overtacking.’’ When a

15 9 10-cm mesh with tacks placed 5 mm inside the outer

rim of the mesh is used, the total perimeter of tacking is

approximately 38 cm. If spacing of 15 to 20 mm between

tacks is desired, 20 to 25 tacks should be sufficient for the

outer circle, and about 4 to 6 tacks should suffice for the

inner circle. Consequently, the total number of tacks used

for a DC fixation of mesh should not exceed 30 tacks.

However, we used more than 50% more tacks in our his-

toric ‘‘free-tacking’’ group. For each of these operations,

we unequivocally opened two tacking devices.

These results confirmed our impression that we had been

prone to continue firing the tacking device until it was

empty and, in general, to insert more tacks than necessary.

We assume that this behavior is not an exception among

surgeons performing LRVIH.

Applying a similar calculation to a 12 9 10-cm mesh,

which is equally sufficient for repair of a PUH as a

15 9 10-cm mesh, a total of 20 tacks should be sufficient.

This ‘‘controlled’’ tacking in group 2 resulted in insertion

of 55% fewer tacks and unequivocally required not more

than a single tacking device per operation.

Whereas the financial effects of ‘‘controlled’’ tacking are

obvious, its effect on postoperative pain is less clear. The

data obtained in this study did not demonstrate any sig-

nificant difference in pain 2 and 6 weeks postoperatively.

At 3 months, postoperative pain was significantly higher in

group 1 (VAS score, 5.78 vs. 1.80). However, a VAS score

of 5.78 is so low that from a clinical point of view, this

difference seems irrelevant. The consensus of Dutch

anesthesiologists suggests moderate pain (VAS [ 40) as an

indication for analgesics [13]. This cutoff point is obvi-

ously much higher than the highest postoperative VAS

score measured in our study. However, consistently higher

VAS scores in the ‘‘free-tacking’’ group may carry a

potential to influence quality of life, resumption of activi-

ties, and the like. With our data, unfortunately we could not

address this issue.

Theoretically, the potential negative consequence of

decreasing the number of tacks could be internal herniation

in the gaps between the tacks in the outer ring of the double

crown. In our experience with more than 800 LRVIH

procedures, this problem did not occur when tacks were

placed at 15- to 20-mm intervals.

In their recently published study, Sharma et al. [14]

describe application of tacks at 3-cm intervals, with no

recurrences caused by internal herniation between tacks.

Consequently, it seems safe to apply tacks at intervals of 15

to 20 mm.

Another possible consequence of fewer tacks could be

an increased recurrence rate. Follow-up evaluation will

continue, but we have no indication of that consequence to

date.

The potential deficiency of this study is that it was not

randomized, and the data for the first group were extracted

from a previous study [6]. The data in that study were

however collected prospectively, as in group 2 of the

current study, with pain as one of the main outcome

measures. The traditional disadvantages of retrospective

data collection therefore do not seem applicable for this

study.

The main reason for not proceeding with a prospective

randomized study was ethical. Unnecessary ‘‘overtacking’’

carried a potential to induce more unnecessary postopera-

tive pain, and we were already in possession of a historical

group. In addition, it would needlessly increase operation

costs.

The organization of this study also provided some

advantages. To minimize the number of prognostic vari-

ables and to provide more accurate data on the relation

between postoperative pain and the number of tacks used,

we used a maximally homogeneous model of the procedure

Table 2 Visual analog scale (VAS) scores for pain at various

assessment times

Assessment time Free-tacking

group (n = 40)

Controlled-tacking

group (n = 40)

p Value

Preoperatively 16.55 ± 21.2 20.95 ± 25.7 0.097

2 Weeks

postoperatively

15.55 ± 16.2 11.70 ± 14.2 0.208

6 Weeks

postoperatively

8.33 ± 14.1 5.43 ± 8.7 0.723

3 Months

postoperatively

5.78 ± 12.2 1.80 ± 3.8 0.002
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including the same site, a similar size of hernia, one type of

prosthetic mesh and fixation device, a standardized tech-

nique, and identical postoperative care. This protocol made

performance bias unlikely. However, the main disadvan-

tage of such a protocol is that the results of this study are

applicable only for a small PUH. For larger hernias, whose

repair requires the use of more tacks, there remains the

possibility of a threshold above which the number of tacks

does make a difference in postoperative pain.

To minimize systematic and random errors, we analyzed

only one outcome: postoperative pain. Postoperative pain is

however a complex issue influenced by multiple factors. If

different subgroup analyses had been made, the results may

have been different.

A bit disappointing, the results of this study indicate that

fewer tacks do not necessarily create less pain for the

patient; nor do more tacks create more pain. This absence

of a correlation between the number of tacks used and

postoperative pain did not lend support to hypothesis that

pain after LRVIH is generated by a cumulative effect

resulting from more points of fixation [6]. This may indi-

cate the possibility that pain is generated according to some

‘‘threshold’’ principle. The search for less painful methods

of mesh fixation in LRVIH continues.
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