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DEFINITIONS 

Short-Form 36 (SF-36) 

The SF-36 questionnaire is a generic health-related quality of life 

questionnaire. It includes eight scale scores from which two 

summary measures can be calculated: the physical component 

score formed  by 'physical functioning', 'role physical', 'bodily 

pain', and 'general health' perceptions, and  the mental compo-

nent score covered by the scores 'vitality', 'social functioning', 

'role emotional' and 'mental health'. For all scales higher scores 

represent better functioning and outcome. 

Fibrin sealant (FS) 

FS is manufactured in Denmark under the commercial name 

Tisseel®. It is a two-component tissue glue composed of human 

derived fibrinogen and thrombin. When fused, the two compo-

nents form an adhesive clot mimicking the last steps in the coagu-

lation cascade. The product is degraded within two weeks after 

application. 

Pain and its assessment 

In 1986 the International Association for the Study of Pain defined 

pain as “an unpleasant sensory and emotional experience associ-

ated with actual or potential tissue damage or described in terms 

of such damage” [1]. When pain is measured in clinical settings it 

is important to acknowledge, that pain is complex and that pain 

scores reflect an individual’s subjective sensation combined with 

emotional and cultural experience. Acute postoperative pain is 

caused by inflammation and tissue damage, also called nocicep-

tive pain. A simple relation between the extent of tissue damage 

and the amount of pain reported by the patient is not apparent 

[2], and pain perception is influenced by many parameters includ-

ing anesthesia method, postoperative analgesic regimens and 

surgical technique. Nociceptive pain is sensitive to opioid analge-

sics, local analgesics, paracetamol and non-steroidal anti-

inflammatory drugs. Neuropathic pain is related to nerve damage 

and causes superficial paraesthesis. This pain type is only semi-

sensitive to opioid. The term chronic pain is used when pain 

continues for more than three months postoperatively [3]. The 

theory behind chronic pain is the sequence of peripheral nerve 

injury, central sensitization, neural plasticity and dysfunctional 

adaptations of neurons in the pain-regulating system [4].  

In Study I and Study III, pain was assessed quantitatively by 

patient-reported scores, measured on a visual analogue scale 

(VAS) and a verbal rating scale (VRS). A 0–100 mm VAS was used 

with 0 mm = no pain and 100 mm = worst possible pain. The VRS 

was constructed as '0' = no pain, '1' = light pain, '2' = moderate 

pain and '3' = severe pain. Both methods measure pain in a one-

dimensional way. In practice, the visual analogue scales can be 

interpreted as a continuous interval scale. To asses the impact of 

pain on patients daily life, pain was measured both at rest and 

during activity.  

Mesh 

A mesh refers to a prosthetic net used for closure and reinforce-

ment of hernia defects to obtain tension-free repairs. They con-

sist of polypropylene, polyester or expanded polytetrafluoro-

ethylene (ePTFE) and differ in pore size, barrier coating, prize and 

ease of handling. 

 

All values and results referred in this PhD thesis are median 

(range) if not stated otherwise. 

Pain and convalescence following laparoscopic ven-
tral hernia repair 

Effect of different mesh fixation techniques 

Jens Ravn Eriksen 
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INTRODUCTION 

A ventral hernia is defined as a fascial defect located to the ab-

dominal wall (Figure 1). Primary ventral hernias are classified as 

umbilical, epigastric, Spighelian and lumbar hernias, and secon-

dary ventral hernias are incisional hernias developed in former 

postoperative scars [5]. Ventral hernia repair is a common surgi-

cal procedure. In Denmark (5.5 million inhabitants) around 3500 

ventral hernia repairs are done annually [6]. Most ventral hernias 

are small umbilical and epigastric hernias, but around 30 % of the 

procedures are incisional hernia repairs and half of these are 

performed laparoscopically [6]. 

The treatment of ventral hernia disease has evolved over 

decades. As open mesh repair was introduced instead of open 

suture repair, the overall recurrence rate significantly decreased 

from 63 % to 32 % [7]. Even for small hernia defects (<10 cm2) the 

recurrence rate dropped significantly from 67 % to 17 % when 

mesh was used [7]. For the first time it was documented that 

mesh repair reduced recurrence rate, and tension-free repair with 

mesh was accepted as the new gold standard. 

At the same time laparoscopic ventral hernia repair (LVHR) 

was developed and introduced in 1993 [4]. A general optimism 

for minimal invasive surgery helped the technique to be quickly 

accepted and implemented, although no data had documented 

its superiority. 

The first RCT comparing open and laparoscopic ventral hernia 

repair was published in 1999 [9]. Recently, a meta-analysis includ-

ing 526 patients from eight randomized trials concluded, that 

laparoscopic repair resulted in less infectious complications and a 

tendency towards shorter hospital stay and fewer haemorrhagic 

complications, compared with open repair [10]. No difference in 

recurrence rate was found in the randomised trials, 3.4 % (lap) 

versus 3.6 % (open), and it equals the average recurrence rate of 

4.5 % found in a pooled analysis of all published series with more 

than 50 LVHRs [11]. 

A low recurrence rate and acceptable complication rate after 

LVHR has turned the focus on pain. Laparoscopic surgery has 

often been considered as less painful than similar open surgery, 

but that is not the case in ventral hernia repair. Three RCTs com-

paring open vs. laparoscopic ventral hernia repair found no dif-

ference in acute or chronic pain between the two procedures 

[12–14]. It is a general clinical experience that patients suffer 

intense pain after LVHR and postoperative pain is one of the most 

challenging and remaining problems following LVHR. Unfortu-

nately, no detailed data describing pain and convalescence after 

LVHR are available in the literature, and therefore, pain intensity 

and its impact on convalescence, quality of life and general well-

being has remained unknown. 

The use of titanium tacks for mesh fixation in LVHR is the 

most likely explanation of postoperative pain as this fixation 

technique can cause bleeding, haematoma, nerve injury and 

adhesions due to its invasive and permanent nature.  

Based on this knowledge the overall objective of this PhD the-

sis was to modify existing operative techniques to reduce postop-

erative pain following LVHR. 

The methodological strategy to achieve this goal was based 

on three steps: 

 

1. Is there a problem and what is it? Examine the impact of 

postoperative pain after LVHR by a detailed quantification 

and description of pain and convalescence after LVHR (Study 

I). 

 

Figure 1  

Laparoscopic repair of a large incisional hernia. 

 

2. What can be done? Test the feasibility of intraperitoneal 

mesh fixation with fibrin sealant (instead of titanium tacks) 

using laparoscopic approach in a pig model (Study II). 

3. Does it work? Performing a randomised, controlled, double-

blinded, clinical trial, comparing fibrin sealant vs. titanium 

tacks for mesh fixation in LVHR (Study III). 

PRESENTATION OF STUDY I, II AND III 

Study I: Pain, quality of life and recovery after laparoscopic 

ventral hernia repair. 

Aim - This prospective multicentre study was a descriptive 

study. The purpose was to characterize postoperative pain and 

convalescence after LVHR and identify areas for further research.  

Methods - Between November, 2005, and May, 2006, 35 pa-

tients were prospectively included and operated in the four par-

ticipating centres. Inclusion criteria was age between 18–80 

years, ASA group I–III and a ventral hernia defect >3 cm at clinical 

examination. Standard laparoscopic technique under general 

anesthesia with double-crown tack fixation without sutures was 

used in all patients. The same mesh (Proceed® mesh) was used in 

all patients. The follow-up period was six months for all patients 

with clinical examination in the out-patient clinic one and six 

months postoperatively. Several preoperative, peroperative and 

postoperative assessments and registrations were obtained from 

each patient.  

Preoperatively, at inclusion, sex, age, height, weight, em-

ployment status, physical demands at work, ASA group, former 

laparotomy and wound infection (y/n), smoking habits, and her-

nia location were registered.  

Intraoperatively, duration of surgery, size of hernia defect and 

mesh, hernia sac content, number and size of trocars used, num-

ber of tacks used, estimated blood loss and other complications 

were registered.  

Postoperatively, patients registered pain, general well-being, 

fatigue, bowel function and nausea daily from POD 0–7, at POD 

14 and 30 and after six months. Furthermore, VRS pain scores 

related to three predefined locations (shoulder, incisional and 

intraabdominal) were measured by the patient. Quality of life was 

assessed by the SF–36 questionnaire, preoperatively and after  



 DANISH MEDICAL BULLETIN   3 

 

Table 1  
Patient characteristics from Study I. 

 

patient characteristics N=32 

Male 19 

Age (years) 57 (30-71) 

Body mass index (kg/m
2
) 29 (21-42) 

ASA class (I:II:III, no.) 17:12:3 

Hernia localisation (%)  

     a. umbilical  16 

     b. infraumbilical midline  3 

     c. supraumbilical midline  53 

     d. infraumbilical transverse  16 

     e. supraumbilical transverse  12 

in-hospital data  

   Hernia defect size (cm
2
) 41 (4-300) 

   Mesh size (cm
2
) 319 (169-900) 

   Operation time (min.) 82 (28-202) 

   Tacks used (no.) 59 (23-90) 

   Hospital stay (days) 2 (0-5) 

 

 

one and six months. Patients overall satisfaction was reported 

using a VAS after one and six months. Predefined predictors of 

postoperative pain were number of tacks per patient, mesh size, 

BMI, age and hernia location.  

Discharge was planned at POD 2 and patients were allowed to 

resume normal daily activities two days after the operation with-

out any risk. All patients received oral acetaminophen (1g × 4 

daily) and ibuprofene (600 mg × 3 daily) from POD 0–2. Analgesic 

use after POD 2 was registered by the patient.  

All patients gave oral and written informed consent for par-

ticipation in the study. The study was approved by The Danish 

Ethical Committee (KA05090m) and the Danish Data Protection 

Agency, and was performed in agreement with the Declaration of 

Helsinki.  

Results - Three patients were excluded; one patient devel-

oped metastatic colonic cancer during follow-up and two patients 

had another mesh than described in the protocol. One patient 

was lost to follow-up on POD 3 and three patients were lost to six 

months follow-up. Patient characteristics and operative in-

hospital data are presented in Table 1. At one month follow-up 

(n=31) and six month follow-up (n=28) no recurrences or severe 

complications were observed. 23% had clinical seromas after one 

month, but all had disappeared after six months. 

Pain scores at rest and during activity are presented in Figure 

2. Pain during activity reached preoperative values at POD 30 

(p=0.148). The ratio of patients with pain score ≥ 50 at POD 2, 

POD 7 and after six months was 18/32 (56 %), 8/31 (26 %), and 

2/28 (7 %), respectively. Average pain from POD 0–2 and POD 0–6 

was 61 and 48, respectively. No significant correlation between 

pain and any of the predefined predictors of pain was found. VRS 

pain scores related to three predefined locations (shoulder, inci-

sional and intraabdominal) showed significant difference in total 

VRS pain score over time, with intraabdominal pain being the 

most frequent complaint.  

General well-being scores was back to baseline scores on POD 

3 (p=0.06) and improved further until six months postoperatively, 

where patients reported significantly better general well-being 

scores compared with preoperative scores (median 99 vs. 69, 

p<0.001). A significant negative correlation between general well-

being and pain at one month follow-up (rS= -0.64, p<0.001) and 

six months follow-up (rS= -0.8, p<0.001) was found. 

The highest median fatigue score was 9 (range 1-10), meas-

ured on the day of surgery. It reached baseline scores on POD 30  
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Figure 2  
Daily postoperative median VAS pain scores after LVHR, Study I, during activity (grey boxes) and at rest (white boxes). Boxes represents 25-75th percentiles with median lines 

and range shown. Outliers and extremes are marked as red circles and crosses, respectively. 
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Figure 3  
Mechanical peel test of prepared mesh-tissue sample placed in separate clamps in 

the Instron tensiometer. The mesh has been peeled off from the abdominal wall for a 

1 cm distance in this situation. 

 

 

(p=0.46). At six months follow-up the fatigue score was signifi-

cantly below baseline score (median 1 (range 1–7) vs. 3 (1–7), 

p=0.005). Complete general well-being and fatigue scores are 

illustrated in the original article (Fig. 4, Study I).  

Bowel function was normalized in all patients on POD 4 and 

moderate to severe nausea (VRS score 2–3) was reported by 25 % 

of the patients at least at one time point during the first two 

postoperative weeks.  

Patients resumed normal daily activity on POD 14 (1–38), in-

dependent of employment status (p=0.334).  

Satisfaction score was 90 (3–100) on POD 30 and 98 (30–100) 

after six months (p=0.15). A significant negative correlation be-

tween satisfaction and pain during activity at one month follow-

up (rS= -0.59, p<0.001) and six months follow-up (rS= -0.67, 

p<0.001) was found. Likewise, a significant positive correlation 

between satisfaction and general well-being at one month follow-

up (rS=0.75, p<0.001) and six months follow-up (rS=0.76, 

p<0.001) was demonstrated.  

Baseline quality of life scores for bodily pain and physical 

functioning were significantly below the Danish reference scores 

(p<0.005). On POD 30, three scores were significantly below 

baseline scores (role physical, bodily pain and physical component 

scale, p<0.005 for each). At six month follow-up, all eight scales 

were comparable to the scores of a Danish reference population 

and bodily pain score had increased significantly above baseline 

score (p<0.005). The physical and mental component scores were 

negatively correlated to pain at one month follow-up (rS= -0.46 

and -0.47, p<0.02) and at six months follow-up (rS= -0.44, p<0.05 

and rS= -0.63, p<0.001).  

Conclusion - LVHR was associated with considerable postop-

erative pain and fatigue during the first postoperative month and 

it may have influenced patients´ time to resume normal daily 

activities. Pain was significantly correlated to patients’ general 

well-being, satisfaction and quality of life after one and six 

months postoperatively. No single parameter could predict post 

 
 

Figure 4  
Example of load-peel length graph computed for all peel tests (n=36). 

 

 

 

operative pain, but postoperative pain was unacceptably high. 

The use of titanium tacks could be a likely cause. Alternative 

fixation methods are therefore necessary.  

Limitations - This study had the limitations of a descriptive 

study. There may have been drawn conclusions about associa-

tions and correlations which were not causal. Many correlation 

tests were performed, as the study was explorative and hypothe-

sis generating in its nature, but it also increased the risk of mass 

significance, though Bonferroni correction was made where ap-

propriate. Selection bias and confounding may also be present, as 

no comparing group was present. Patients were included con-

secutively at all centres and the criteria’s for participation nearly 

reflected normal day practice. Only patients with chronic pain or 

history of alcohol or drug abuse, patients receiving opioids or 

immunosuppressant drugs, patients with ASA score > III or acute 

operation or former LVHR, were excluded. Four centres partici-

pated in the study, which both strengthens and weakens the 

results at the same time, in terms of external and internal validity, 

respectively. To decrease the risk of reducing the internal validity, 

the surgical technique and postoperative care was standardized 

between centres.  

The decision on when and how to assess outcomes in the 

postoperative period was a compromise to obtain the best possi-

ble patient compliance. As no measurements were made from 

POD 14 to POD 30, the exact time of return to baseline levels for 

several parameters may be uncertain. 

 

Study II: Laparoscopic intraperitoneal mesh fixation with fibrin 

sealant (Tisseel®) vs. titanium tacks: a randomised controlled 

experimental study in pigs. 

Aim - This randomised controlled experimental study was de-

signed to investigate fibrin sealant (Tisseel®) vs. Titanium tacks for 

intraperitoneal mesh fixation. The aims of the study were 1) to 

test the technical applicability of laparoscopic mesh fixation using 

fibrin sealant in a pig model, 2) to evaluate strength of ingrowth, 
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adhesion formation and histological parameters, and 3) to com-

pare two different meshes in this setting.  

Methods - Nine 40–kg Danish Landrace female pigs were op-

erated under aseptic and sterile conditions. Pneumoperitoneum 

was created through open access and three trocars were inserted 

in the left flank. Four 3×10 cm meshes (two Proceed® mesh and 

two MotifMESH®) were placed transversally over the midline 

from the xiphoid process towards the symfysis in each pig. Mesh 

fixation was performed using tacks (T) or fibrin glue (G), creating a 

total of four groups: Proceed®–tack (PT), Proceed®–glue (PG), 

MotifMESH®–tack (MT) and MotifMESH®–glue (MG). The intrap-

eritoneal location and fixation method was randomly assigned for 

each mesh in each pig. All pigs were euthanized on POD 30 and 

the abdominal wall was removed for further examination.  

The primary outcome of the study was strength of ingrowth 

between mesh and abdominal wall. Strength of ingrowth was 

measured by performing a mechanical peel test on all tissue 

samples using an electro-mechanic pc-linked Instron TT-CM ten-

sile test machine (Fig. 3). The force required to peel the mesh 

from the tissue was measured continuously and load-peel length 

graphs were computed (Fig. 4). Strength of ingrowth was pre-

sented as peel work per area of mesh (J/m2) and peak force in 

Newtons per width of mesh in centimetres (Nmax/cm). All tacks 

were removed from the tissue samples before testing to obtain 

relevant and comparable test results. Complete tack removal was 

impossible in six samples. In these cases the load peaks produced 

by the tacks were subtracted afterwards.  

Secondary outcome parameters of the study were grade and 

strength of adhesions to the mesh, shrinkage and displace-

ment/folding of the mesh and histological parameters (fibrosis, 

inflammation and foreign body reaction). A detailed description 

of the evaluation of these parameters can be found in the original 

article (Paper II) 

 

The study was conducted in accordance with the Danish law 

regarding use of laboratory animals and the study protocol was 

approved by the Danish Ministry of Justice, Animal Experiments 

Inspectorate (reg. no. 2006/561-1212).  

Results - All nine pigs survived without complications until 

sacrifice. No significant difference in strength of ingrowth be-

tween fixation methods or mesh types was found. When the six 

samples that did not have all tacks removed before peel testing 

were removed from the statistical analyses, similar results were 

found.  

No meshes were displaced from their initial position at au-

topsy but in two cases mesh folding was observed. The Proceed 

mesh shrank significantly more than MotifMESH (11 % vs. 4 %, 

p=0.002). There was no difference in grade of adhesions (%) 

between fixation methods (p=0.79) or mesh types (p=0.30). Simi-

larly, no difference in strength of adhesions (grade 0–4) between 

fixation methods or mesh types was found (p>0.5). There was no 

significant difference in formation of fibrosis or inflammation 

between the different meshes or fixation methods. All samples 

showed foreign body reaction with giant cells. 

Conclusion - Laparoscopic intraperitoneal mesh fixation with 

fibrin sealant was safe and technically feasible in a pig model. No 

significant differences between FS and titanium tacks were found 

in this study. Mesh folding and migration is an issue of concern, 

because it could result in recurrence in real patients.  

Limitations – An experimental study cannot always answer 

clinical questions, but it can be used to test new ideas and tech-

niques before using new techniques in humans. A potential 

weakness of this experimental study was that our model involved 

hernia-free pigs and smaller mesh sizes than used in humans. 

Because the main objective of this study was applicability of FS 

and strength of ingrowth, and not hernia repair, an ideal human-

like model design was less important. Samples with irremovable 

tacks during peel test, was another potential weakness of this 

study. A correction was made by subtraction of the estimated 

´tack work´ after the peel test was completed, but this correction 

technique may be unreliable and not reproducible. Therefore an 

additional statistical analysis without these specific samples was 

performed, and the results and conclusions were unchanged.  

Financial reasons limited the study size to nine pigs, and be-

cause of the small sample size, a type 2 error may have been 

present. On the other hand, the randomised controlled design, 

with each pig being its own control, strengthened the results. 

 

Study III: Fibrin sealant versus titanium tacks for mesh fixation in 

laparoscopic ventral hernia repair: a double-blinded randomised 

controlled trial. 

Aim - This randomised, controlled, and double-blinded clinical 

trial was conducted to evaluate the effect of fibrin sealant for 

mesh fixation in LVHR. 

Methods - Patients with umbilical hernia defects between 1.5 

– 5 cm at clinical examination, age between 18–85 years and, ASA 

group I-III were eligible for inclusion in the study. Three hernia 

centres participated in the study and all surgeons were experi-

enced laparoscopic hernia surgeons. None of the surgeons had 

experience with intraperitoneal FS application before study start. 

To standardize the operative procedure among centres, a one-day 

theoretical and technical training course on pigs was completed 

before study start. Consensus on the operative technique was 

obtained and demonstration videos were made for all partici-

pants. 

The primary outcome was acute postoperative pain, defined 

as the average pain score from POD 0–2. POD 0 was the day of 

surgery. Secondary outcome parameters were fatigue, general 

well-being and time to resume normal daily activity. Question-

naires were completed by patients at inclusion, daily from POD 0 

to POD10 and after one month. All patients were examined in the 

out-patient clinic on POD 10 and POD 30 and questionnaires were 

collected. 

Sample size calculation was based on data from Study I. The 

average pain score from POD 0–2 was 59 (SD 22) and a type I 

error of 5 % and a type II error of 20 % was accepted. A minimal 

relevant difference in pain, measured on a 0–100 mm VAS, was 

set to 25 mm. Based on two-sided analysis, 13 patients were 

required in each group to evaluate the primary outcome parame-

ter. It was decided to include a total of 40 patients (20 in each 

group) in the study. Statistical analyses were performed using 

non-parametric tests. The Mann-Whitney test was used for com-

parisons between independent groups. Paired intragroup com-

parisons were performed using Wilcoxon test. Chi-square test and 

Fisher´s exact tests were used to test for relationship between 

two categorical variables. Spearman's rank correlation test (rS) 

was used for correlation analysis.  

Randomisation was performed as block randomisation and 

participants were randomly assigned to receive FS or titanium 

tacks for mesh fixation (ratio 1:1). Randomisation was carried out 

by the surgeon after the patient was anaesthetized. Patients, care 

givers and those assessing the outcomes were blinded to group 

assignment. Data was entered into a web-based registration  
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Figure 5  
CONSORT diagram [84], showing the number and passage of patients for each 

intervention group through each stage of Study III. 

 

 

system [15] by a project nurse. According to the protocol, ex-

cluded patients and drop-outs were only replaced if more than 

four patients were missing.  

The study was approved by The Committees on Biomedical 

Research Ethics (H-B-2008-147) for the Capital Region of Den-

mark, the Danish Data Protection Agency and performed in 

agreement with the Helsinki II declaration and registered at 

clinicaltrials.gov before study start (ID number NCT00842842). 

Informed consent for participation was obtained from all included 

patients. 

All patients were operated in a propofol-based general anes-

thesia without epidural blockade. Ketorolac (15–30 mg) was given 

intravenously if not contraindicated and ondansetron and dexa-

methasone was administerd in case of known postoperative 

nausea and vomiting. All patients received a single-dose of 1.5 g 

cefuroxime IV preoperatively. Same standard technique was used 

in all patients. The hernia sac was not resected and the hernia 

defect was not sutured. The hernia defect was measured, and if 

hernia diameter was above six centimetres the patient was ex-

cluded. In patients allocated to tack fixation, tacks were placed 1–

2 cm apart in a double-crown fashion using the ProTack™ 5 mm 

fixation device. For FS fixation 4 ml Tisseel Duo Quick was used, 

giving a total amount of 8 ml fibrin glue. The 500 IU/ml thrombin 

unit was replaced with a 4 IU/ml thrombin formulation, to extend 

coagulation time [16]. The mesh was introduced through the 10 

mm port and placed and orientated correctly on the intestines. A 

uniform layer of FS was applied using a manual application cathe-

ter and two graspers were used to place the mesh on the abdo 

 

Table 2  
Consecutive list of all patients with an umbilical hernia referred to one of the three 

centers in the inclusion period that did not meet the inclusion/exclusion criteria (all 

listed). 

 

 number of patients  

(n=63) 

hernia defect < 1.5 cm at clinical examination 22 

hernia defect > 5 cm at clinical examination 6 

strangulated hernia (acute operation) 4 

expected poor compliance (e.g. dementia, psychiatric 

disorders) 
4 

age < 18 years 3 

known immune deficiency including current systemic 

steroid use  
3 

simultaneous operation for other hernia 3 

not Danish speaking 2 

current opioid medication 2 

pregnancy 1 

chronic liver disease (Child-Pugh B or C) 1 

medical conditions contraindicating general anaes-

thesia: BMI 43 
1 

former laparoscopic umbilical herniotomy or open 

operation with mesh 
0 

 

 

minal wall. The intraabdominal pressure was decreased to 6 

mmHg for 5 to 10 minutes to observe continuous good and stable 

mesh position. If FS fixation was unsuccesful, fixation was con-

verted to tacks. No transfascial fixation sutures or stay sutures 

were used. A 12 cm round Parietex Composite Mesh was used for 

all operations.   

All patients discharged at the day of surgery if not pain, social 

conditions, or surgery late in the afternoon made overnight stay 

necessary. Patients were allowed to resume normal daily activi-

ties two days after the operation. All patients were given oral 

acetaminophen (1g × 4 daily) and a non-steroidal anti-

inflammatory drug (ibuprofene 600 mg × 3 daily) during POD 0–2. 

Results - 40 of 111 eligible patients were randomised and 19 

patients in each group were available for analysis (intention to 

treat) after one month, Figure 5. A consecutive registration of 

patients not meeting inclusion criteria (n=63) are presented in 

Table 2. Two patients were excluded; one during surgery because 

of a too large defect (>7 cm) and one did not complete the ques-

tionnaires. These two patients remained in their allocation group 

for the intention-to-treat analysis. 

Table 3 shows demographics and baseline characteristics of 

all evaluable patients in each group. Perioperative and postopera-

tive summary results are presented in Table 4.  

Pain scores reported in the two groups are illustrated in Fig-

ure 6a+b. No significant difference in preoperative pain scores 

was seen between groups. Patients in the FS group reported less 

pain at POD 0–2, both at rest (median 19 vs. 47, p=0·02) and 

during activity (38 vs. 60, p=0·01), see Table 4 and Figure 7a+b. 

Absolute difference between groups for the primary endpoint 

was 19 mm (95% CI 3–34 mm) at rest and 20 mm (95% CI 4–35 

mm) at activity. Furthermore, patients in the FS group reported  
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Table 3  
Baseline characteristics and demographics from Study III. Values are median (range) 

or number of patients. FS, fibrin sealant. ª all acetaminophen. 

 

 

 Tack group  

(n=19) 

FS group  

(n=19) 

age (years) 45 (31–67) 59 (34–69) 

Men 13 14 

body mass index (kg/m
2
) 31.1 (24.8–38.8) 31.2 (19.0–38.3) 

employment status (no/light    

work/hard work) 
3/11/5 10/7/2 

ASA class (I/II/III) 7/11/1 4/14/1 

Smoker 4 6 

daily preoperative analgesic useª  4 0 

recurrent/primary hernia 5/14 2/17 

 

 

 

Table 4  
Summary results for each group in Study III. All VAS scores from POD 0-2 or 0-10 are 

average scores for the given period. All values are medians (range). POD, postopera-

tive day. FS, fibrin sealant. ª oral morphine equivalent doses (mg). b one patient 

received a transverse abdominal plane block at postoperative day 1. *primary 

outcome **secondary outcome. 

 

 
 Tack group 

(n=19) 

FS group 

(n=19) 

p-value 

 

Perioperative  
   

number of tacks per patient 27 (17–38) -  

duration of surgery (min) 40 (23–130) 50 (30–90) 0.02 

hospital stay (days) 0 (0–2) 0 (0–2) 0.22 

peroperative hernia diameter 

(cm) 
2.5 (1.5–4.0) 3.0 (2.0–6.0) 0.15 

opioid useª at post  

anaesthesia care unit (mg) 
30 (0–90)

b
 30 (0–120) 0.63 

 

Postoperative    

normal daily activity (days)** 18 (1–95) 7 (1–66) 0.03 

VAS pain POD 0–2, rest* 47 (6–91) 19 (3–74) 0.02 

VAS pain POD 0–2, activity* 60(18–96) 38 (6–98) 0.01 

VAS pain POD  0–10, rest 32 (2–73) 10 (2–59) 0.03 

VAS pain POD  0–10, activity 40 (6–74) 21 (2–67) 0.03 

VAS discomfort POD 0–2** 55 (14–94) 41 (6–87) 0.01 

VAS discomfort POD  0–10** 38 (8–63) 22 (5–55) 0.02 

fatigue POD 0–2** 8 (3–10) 7 (2–10) 0.07 

fatigue POD 0–10** 5 (2–8) 4 (1–7) 0.23 

VAS satisfaction POD 30  99 (26–100) 99 (51–100) 0.89 

 

 

Table 5  
Frequencies of patients reporting moderate to severe pain defined as VRS ≥ 2 or VAS 

≥ 50 in relation to postoperative day (POD). VRS verbal rating scale 0–3, VAS visual 

analogue scale 0–100. FS, fibrin sealant. § p= 0.02 (Chi-square test). 
 

 

 Tack group (n=19) FS group (n=19) 

 VRS ≥ 2 VAS ≥ 50 VRS ≥ 2 VAS ≥ 50 

POD 0 12 (63) 14 (74) 11 (58) 10 (53) 

POD 2 12 (63) 12 (63) 7 (37) 5 (26)§ 

POD 7 6 (32) 4 (21) 3 (16) 2 (11) 

POD 10 4 (21) 3 (16) 1 (5) 0 

POD 30 1 (5) 1 (5) 0 (0) 0 

 

 

significantly lower pain scores during POD 0–10 compared with 

the tack group (Table 4 and Figure 7a+b). At POD 30, pain was 

significantly below preoperative values in the FS group (median 0 

(range 0–3) vs. 1 (0–47) at rest, p=0.02, and 0 (0–33) vs. 3 (0–53) 

at activity, p=0.03), but not in the tack group (0 (0–82) vs. 5 (0–

38) at rest, p=0.14, and 1 (0–82) vs. 16 (0–71) at activity, 

p=0.054). The proportion of patients with moderate to severe 

pain, defined as VRS score ≥2 or VAS score ≥50, at different time 

points are listed in Table 5.  

Patients’ self-reported discomfort scores are illustrated in 

Figure 6c. The average discomfort score from POD 0–2 and POD 

0–10 was significantly less in the FS group compared with the tack 

group (Table 4 and Figure 7c). Fatigue scores are illustrated in 

Figure 6d and no significant difference was found between groups 

(Table 4 and Figure 7d). 

The FS fixation procedure was significantly more time con-

suming than the tack procedure (median 50 minutes vs. 40 min-

utes, p=0.02) (Table 4). No significant difference in hospital stay, 

hernia diameter, or morphine consumption in the post anesthesia 

care unit was found between groups (Table 4). Correlation analy-

sis between number of tacks used per patient and pain from POD 

0–2, showed no significant relation (rS=0.10, p=0.67).  

Patients in the FS group resumed normal daily activity faster 

than patients in the tack group, POD 7 (1–66) versus POD 18 (1–

95), respectively (p=0.03). Patients that resumed normal daily 

activity quickly also reported lower pain scores at POD 0-2, both 

at rest (rS=0.35, p=0.03) and during activity (rS=0.43, p=0.008).  

Patient satisfaction was high in both groups at one-month fol-

low-up, with no significant difference between groups (Table 4). 

There was no difference in 30–day morbidity between groups. 

Seromas were found in 34 % of the patients (seven in the tack 

group and six in the FS group), haematomas at trocar sites in 18 % 

(three and four patients in tack and FS group, respectively), super-

ficial skin infections in 8 % of the cases (one in the tack group and 

two in the FS group), and one patient in the FS group developed 

an asymptomatic skin erythema. All haematomas, infections, and 

the erythema had disappeared at POD 30 follow-up, but eight 

patients still had clinical seromas (three in the FS group and five in 

the tack group). In two cases, recurrence was ruled out by ultra-

sound examination showing a seroma in one patient and a 

haematoma in another. There was no difference between the 

tack vs. FS group in the number of patients using non-steroidal 

anti-inflammatory drugs (9 vs. 5, p=0.18), paracetamol (3 vs. 3) or 

morphine (3 vs. 2) from POD 2 to POD 30. Three patients were 

readmitted to hospital after discharge during follow-up. Two  



 DANISH MEDICAL BULLETIN   8 

readmissions, although without overnight stay, was due to pain 

(one in tack and one in FS group) and in one case the patient was 

observed two days in hospital due to subileus (tack group), but 

recovered uneventfully. No adverse events or side effects were 

observed.  

Conclusion - Mesh fixation with FS instead of titanium tacks in 

LVHR of defects ≤ 5 cm significantly improved outcome in terms 

of less acute pain and discomfort and a shorter convalescence 

period. The results are very encouraging as postoperative pain 

has remained an unsolved clinical problem following LVHR. Long-

term follow-up must show the value of FS fixation in terms of 

chronic pain and recurrence. 

Limitations – Although the trial was conducted in perfect 

agreement with the protocol, it had potential weaknesses. Firstly, 

recurrence is an important outcome parameter in hernia surgery; 

especially when new techniques are tested. In this study recur-

rence was evaluated clinically at follow-up. Sometimes, distinc-

tion between a seroma and a recurrence can be difficult, as show 

in two patients in the present study. Therefore, an ultrasound 

examination or CT scan was performed if there was any doubt, as 

in everyday clinical practice. Secondly, follow-up time was short 

and recurrences are known to present years after the operation. 

Recurrence was not an outcome parameter but was considered a 

safety parameter, and therefore long-term follow-up is impor-

tant. Another potential weakness was the multicentre design with 

three locations. Efforts as consensus meetings, training course on 

pigs, preparation of demonstration videos and instruction manu-

als and one coordinating centre with a full-time project nurse was 

done to minimize the risk of violating the internal validity of the 

study. Sample size calculation was based on the results from 

Study I, which also included larger hernia defect, than in the 

present study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6  
Patient-reported outcome measures in both groups until postoperative day 10. VAS pain scores at rest (a) and during activity (b), VAS discomfort scores (c), and fatigue scores 

(d) are illustrated. Values are medians. POD 0, postoperative day 0 (day of surgery). 
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A potential bias in our study was the baseline imbalance in 

age. Patients in the tack group were younger than patients in the 

glue group (median 45 vs. 59 years, p=0.01). Young patients are 

known to report higher pain scores than older patients [17] and 

therefore age difference between groups has potential clinical 

importance. If randomization was performed correctly, as was the 

case in the present study, chance could be the only explanation 

for differences between randomization groups at study start. A 

correlation test (Spearman) between pain and age concluded, 

that around 14 % of the observed difference in pain between 

groups could be attributed to the difference in age (rS = -0.38, 

p=0.02). 

DISCUSSION 

As illustrated in Figure 8, LVHR with tacks is a very painful 

procedure compared with other laparoscopic standard proce-

dures and at least as painful as open ventral hernia repair. When 

fibrin sealant is used instead of tacks, the pain burden after LVHR 

is comparable to that reported after laparoscopic cholecystec-

tomy (Figure 8).  

The absolute difference in VAS pain score between the two 

groups in Study III was 20 mm. Determination of the minimal 

clinically significant difference (MCSD) in pain experience, meas-

ured on a VAS, is important, as clinical significant difference not 

necessarily equals a statistical significant difference. The discrimi-

native skill of a VAS has been evaluated in several studies and the 

MCSD to be registered on a 0–100 mm VAS has been found to be 

between 9-13 mm [18–20]. This seems to be true in all parts of 

the VAS scale as MCSD was not affected by the severity of pain 

[18].  

Reduction of acute pain tends to decrease the period of con-

valescence, morbidity and incidence of chronic pain [21]. In Study 

III it was documented, that reduction of acute postoperative pain 

after LVHR consequently reduced the time of convalescence 

significantly. No difference in morbidity or complication rate was 

seen, but the study was not designed to answer such questions. 

Whether acute pain can result in chronic pain is uncertain. 

Severe acute postoperative pain has been correlated to chronic 

pain [22] but it is still debated whether peri-operative pain treat-

ment can reduce the incidence and severity of chronic pain.  

Chronic pain has been reported in 22 % of patients three 

months after LVHR [14] and in up to 7 % of patients six months 

postoperatively [Study I]. Chronic pain significantly affects patient  

 

Figure 7  
Patient-reported scores from day 0-2 and 0-10 for both groups. VAS pain score at rest (a), VAS pain score during activity (b), VAS discomfort scores (c) and fatigue scores (d). 

Values are medians. POD, postoperative day.    track group,   Fibrin sealant group. 
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Figure 8  
Pain scores on 0–100 mm visual analogue scale (VAS) after different laparoscopic 

procedures. LVHR, laparoscopic ventral hernia repair. OVHR, open ventral hernia 

repair. FS, fibrin sealant. Lap. chol, laparoscopic cholecystectomy. TAPP, transab-

dominal preperitoneal inguinal hernia repair. 

 

 

satisfaction, general well-being and quality of life in a negative 

direction, up to six months postoperatively [Study I].  

Time of convalescence depends on actual recommendations 

given about physical restrictions and information about postop-

erative pain [23]. When patients were specifically instructed to 

resume normal daily activity after LVHR at POD 2 without any risk, 

they actually resumed normal daily activity after 7 days when FS 

was used and 18 days if titanium tacks were used for mesh fixa-

tion (Study III). Furthermore, it is now evident that severe acute 

pain correlates with prolonged time of convalescence (Study III). 

Significant postoperative fatigue is a well-known phenome-

non after abdominal surgery and gynaecologic operations, but 

orthopaedic patients do not suffer postoperative fatigue at all 

[24]. Postoperative fatigue has been defined as “and indefinable 

weakness throughout the body after doing only minor tasks” [25]. 

The aetiological background of fatigue is poorly understood, but 

can in part be explained by circulating cytokines (IL-6) released 

due to the acute inflammatory response in tissue trauma (sur-

gery) and as a consequence of postoperative catabolism and 

muscle loss due to impaired mobility and nutrition, postopera-

tively.  

Patients reported high fatigue scores after LVHR, but fatigue 

was unaffected by fixation method and pain score (Study III). It 

has been claimed that the sensation of fatigue during the first two 

postoperative days can be in part mediated by pain [26]. This 

could explain the very high fatigue scores in the immediate post-

operative period in Study I and Study III. 

 

Mesh fixation technique  

Invasive non-degradable fixation 

Titanium tacks with or without transfascial sutures have tradi-

tionally been used to ensure safe initial mesh fixation. Some 

advocate for the use of sutures because of higher tensile strength 

compared with tacks [27] but others found sutures to increase 

adhesion formation [28].  

In three clinical studies, one non-randomised [29] and two 

randomised non-blinded trials [30, 31], tacks was compared with 

sutures for mesh fixation in LVHR.  

In the non-randomized study, 50 patients underwent LVHR. 

No difference in acute or chronic pain, narcotic use or other rele-

vant parameters was found [29]. Comparable results were pub-

lished recently from a randomized trial including 199 patients in 

three treatment arms: double crown fixation with tacks, tacks and 

non-absorbable sutures or tacks and absorbable sutures [30]. No 

significant difference in postoperative pain up to three months 

postoperatively was found between the groups. In the study by 

Beldi et al. patients in the suture group reported significantly 

more pain than patients in the tack group after six weeks, but no 

difference was found after six months [31].  

Furthermore, no difference in recurrence rate has been found 

between tack and suture fixation. 

Invasive degradable mesh fixation 

Degradable mesh fixation products such as AbsorbaTack™ and I-

Clip™ have been introduced on the market, claiming to reduce 

postoperative pain and intraabdominal adhesions. No compara-

tive studies have been published, but an inhomogeneous feasibil-

ity study using I-Clip™ for mesh fixation in different laparoscopic 

hernia procedures showed no recurrences [32], but pain scores or 

sick leave was not registered.  

The AbsorbaTack™ is made of an absorbable synthetic polyes-

ter copolymer derived from lactic and glycolic acid and degrades 

within one year postoperatively. The suggested positive effect on 

postoperative pain has not been documented yet, but hopefully 

an ongoing randomized trial comparing AbsorbaTack™ and Pro-

Tack™ will provide some answers [33]. Laparoscopic intracorpo-

real suturing of the mesh was performed in another interesting 

study using the DaVinci robot system. The patients (n=11) re-

ported a low median VAS pain score of 3 on POD 1, maybe due to 

the avoidance of tacks and transfascial sutures [34]. The DaVinci 

system facilitates intracorporeal suturing combining intuitive 

hand movements with the laparoscopic approach, but the setup 

is expensive and time-consuming. Nevertheless, the positive 

results from the pilot study encouraged the group to proceed 

with a randomised trial (ongoing) comparing conventional LVHR 

and robot-assisted LVHR with pain as the primary outcome pa-

rameter [35]. 

Non-invasive degradable mesh fixation 

Non-invasive degradable products such as fibrin sealant and 

cyanoacrylate glues have been used for mesh fixation in hernia 

repairs. Generally, they are not registered for that purpose, but 

Tisseel® has recently been registered in the United Kingdom. The 

first publication describing the experience with FS in LVHR was a 

case series published in 2007 [36]. Hernia defects were < 7 cm in 

diameter and VAS pain scores were obtained from 30 of 40 in-

cluded patients. The highest mean 0–10 VAS pain score reported 

was 2 at POD 1–3. No pain was observed from POD 7. The mean 

follow-up period was 16 months and no recurrences or severe 
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complications were reported. Today it seems evident that FS is 

superior to tacks for mesh fixation in terms of acute pain reduc-

tion after LVHR (Study III). Only two further studies of the clinical 

use of FS for intraperitoneal mesh fixation have been published, 

that is a case report of paraesophageal hernia repair [37] and a 

series of intraperitoneal on-lay mesh (IPOM) repairs of inguinal 

hernias [38].  

Cyanoacrylate glue is a synthetic tissue adhesive and has been 

evaluated to some extend for mesh fixation. Two small random-

ized studies compared cyanoacrylate glue with sutures in Lichten-

stein repairs and both found less early pain in the glue groups [39, 

40]. It has been investigated for laparoscopic mesh fixation in 

experimental studies as well [41], but only one (retrospective) 

clinical study has been published [42]. TAPP inguinal hernia repair 

in 76 patients using either fibrin glue or cyanoacrylate glue for 

mesh fixation were evaluated. After three months 10 % of the 

patients reported mild pain [42]. Unfortunately, the authors did 

not comment on technical differences of application in the two 

techniques. Probably many surgeons find cyanoacrylate glue 

imperfect for mesh fixation purposes due to reports on impaired 

mesh integration [43], heat-induced inflammation and necrosis of 

nerves and blood vessels [44] and the fact, that cyanoacrylate 

glue may obliterate the laparoscopic instruments. 

A recent meta-analysis of FS for mesh fixation in laparoscopic 

inguinal hernia repair concluded, that the technique was safe and 

feasible and reduced pain [45] in transabdominal preperitoneal 

(TAPP) repair [46, 47] and analgesic consumption in total extrap-

eritoneal (TEP) repair [48], compared with tacks. 

No mesh fixation 

A simple way to prevent pain caused by fixation materials would 

be to use no fixation at all. A self-adhering mesh for this purpose 

has been evaluated both experimentally [49] and clinically [50] in 

the extraperitoneal position. Only two studies have compared 

tacks versus no fixation, both in TEP repairs. There was a ten-

dency towards less pain in the no fixation group [51, 52]. The 

special self-gripping mesh, however, can not in its present form 

be used for LVHR because the grips do not adhere to the perito-

neal surface. 

Analgesic interventions 

Local anaesthetics 

Great efforts have been put into research of pain control through 

local anaesthetics. The theory behind is basically prevention of 

afferent nociceptive nerve transmission from the surgical site to 

the spinal cord, thus reducing local inflammatory response and 

pain perception.  It is well-documented that local anaesthetics at 

incisional sites reduce pain after laparoscopic surgery and LVHR 

specifically [53, 54]. Catheter-based continuous local anaesthetic 

infusion reduces the use of opioids and recovery after colonic 

resections [55]. Rosen et al. conducted a randomized trial (n=73) 

in LVHR, comparing continuous 0.5 % bupivacaine or saline infil-

tration (infusion rate 2 ml/h) via a catheter placed transcutane-

ously into the hernia sac just above the mesh [56]. No difference 

in pain, narcotic use, time to restore bowel function or length of 

hospital stay was found between the groups. Correct and accu-

rate positioning of the catheter may influence the analgesic effect 

observed using this method and limits its reproducibility. Intrap-

eritoneal installation of local anaesthetics has positive effect on 

postoperative pain after laparoscopic fundoplication [57] and 

cholecystectomy [58], but the technique has not been investi-

gated in LVHR. 

In a recent systematic review concerning the use of pe-

rioperative intravenous lidocaine infusion for improving postop-

erative analgesia it was concluded, that the treatment was safe 

and resulted in significant reductions in postoperative pain and 

opioid consumption [59]. No studies specifically addressed the 

effect of lidocaine infusion in LVHR. Another study tested the 

analgesic effect of a lidocaine patch, Lipoderm®, placed on the 

exterior abdominal wall after LVHR [60]. Originally, the Lipoderm® 

patch was constructed for treatment of postherpetic neuralgia. 

Thirty patients were randomised for patch 12 hours per day for 

three days or nothing (no placebo group). The authors found less 

pain in the patch group at discharge but no difference in postop-

erative analgesic requirements. 

Compartment blocks 

Local anaesthetics can also be administered as ´compartment 

block´ techniques, e.g. the rectus sheath block and the transver-

sus abdominis plane block (TAP block). The rectus sheath block is 

administered using ultrasound guidance [61] and can reduce 

acute pain [62], also compared with intraperitoneal and intrainci-

sional application [63], but is probably not better than local infil-

tration to reduce pain after umbilical hernia repair [64]. The TAP 

block is an analgesia technique used for pain control after opera-

tions involving the anterior abdominal wall [65]. The procedure is 

relatively easy and can be applied bed-side [66]. A local anaes-

thetic is distributed ultrasound-guided into the neuro-fascial 

plane between the internal oblique and the transversus ab-

dominis muscles. If correctly administered it will affect nerves T7-

L1 [67] making it relevant for both upper and lower abdominal 

surgery. It can be administered as a bolus and has a known 

opioid-sparing effect as part of multimodal analgesic regimens in 

many procedures such as caesarean delivery [68], appendectomy 

[69], cholecystectomy [70], open hysterectomy [71] and open 

colonic resection [72]. By placing a catheter for infusion it could 

be an interesting alternative to epidural analgesia [73]. Epidural 

analgesia is an invasive procedure and keeps the patient in hospi-

tal during treatment. In some patients it is required for postop-

erative pain control [Study I] but no studies have compared epi-

dural analgesia with other analgesic regimens after LVHR. At 

present epidural analgesia should be restricted to patients with 

severe acute pain to reduce opioid use. 

A long-lasting local anaesthetic as bupivacaine normally has 

an analgesic effect for 6-8 hours when used as infiltration. In 

compartment blocks the absorption is reduced, prolonging the 

analgesic effect. Long-lasting local anaesthetics are not yet avail-

able but could probably eliminate the use of infusion catheters. 

Unfortunately, no studies have evaluated the effect of bilateral 

TAP block in LVHR, although it would be highly relevant. 

Type of anaesthesia 

Propofol-based general anesthesia reduces postoperative nausea 

and vomiting compared with gas anesthesia [74] and is generally 

used in combination with short acting opioids in LVHR.  

LVHR under spinal anaesthesia may be feasible [75] but not 

equal to or better than general anesthesia. Until further random-

ized studies have proven better, this procedure should be re-

stricted to selected patient categories, where general anesthesia 

is troublesome, as urinary retention, hypotension, bradycardia 

and even cardiac arrest are known complications [76]. 
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Other pain-modulating interventions 

Glucocorticoids administered systemically has proven anti-

inflammatory and antihyperalgesic effects. A preoperative single 

dose of dexamethasone can reduce postoperative pain, nausea 

and fatigue and improve general-well being and convalescence 

after many surgical procedures [77], but the optimal dose is still 

debated. No studies concerning the effect of glucocorticoids in 

LVHR are available.  

The positive effect of the anti-convulsant gabapentine on postop-

erative pain, analgesic requirements and nausea has been proven 

after laparoscopy [78] and abdominal hysterectomy and spinal 

surgery [79], but no studies in LVHR have been published. The 

mechanism of action is central and its proven effect on neuro-

pathic pain [80] and possible role as a protective pain-modulating 

premedication [81] in combination with standard analgesic regi-

mens should be further evaluated in LVHR. The effect of pre-

gabalin, a derivate of gabapentine, on acute pain has been stud-

ied in several studies and a recent review concluded that the 

effect of pregabalin on acute postoperative pain remains uncer-

tain [82]. 

CONCLUSION 

The studies making the basis of the present PhD thesis has added 

new and important knowledge to laparoscopic treatment of 

ventral hernias. First of all, a detailed quantification and analysis 

of pain and recovery have shown that LVHR is associated with 

extensive acute postoperative pain which negatively affects pa-

tients’ quality of life, general well-being and satisfaction. Sec-

ondly, experimental intraperitoneal mesh fixation without tita-

nium tacks is technically feasible using fibrin sealant as sole 

fixative, with no difference between the two procedures in 

strength of fixation. Lastly, fibrin sealant significantly reduces 

acute pain, discomfort and convalescence compared with tita-

nium tacks in a clinical setting.    

Laparoscopy has solved many problems, but new problems 

have evolved. Pain is a significant clinical problem after LVHR with 

a high impact on patients’ general well-being, quality of life and 

patient satisfaction.  

Some analgesic interventions have well-documented pain-

reducing effects in LVHR and others have proven to reduce pain in 

other abdominal procedures, but not in LVHR specifically. In 

LVHR, high-quality studies are lacking to make evidence-based 

guidelines, but in conclusion, some summary statements on 

prevention and reduction of pain after LVHR can be given based 

on the results of the present PhD thesis and review of the current 

literature: 

 

• FS significantly reduced acute pain, discomfort and convales-

cence compared with titanium tacks.  

• Tacks and sutures are equal mesh fixation methods with 

respect to postoperative pain and recurrence. 

• Local anaesthetics at incisional sites may reduce postopera-

tive pain.   

• Catheter-based continuous local anaesthetic infusion above 

the mesh had no effect on pain.  

• The pain modulating effect of glucocorticoids, gabapentine 

or pregabalin in LVHR have not been investigated.  

• The pain limiting effect of perioperative intravenous lido-

caine infusion has not been investigated. 

• The pain limiting effect of TAP block has not been investi-

gated. 

• The potential pain limiting effect of degradable stapling 

devices has not been investigated.  

• Use of a self-gripping mesh to reduce pain cannot be rec-

ommended at present as no studies are available. 

 

LVHR is often recommended in case of disabling or socially in-

validating symptoms or for cosmetic reasons, but watchful wait-

ing can be a safe alternative to surgery, preventing potential 

severe complications overriding the initial complaint. The results 

of an ongoing study of watchful waiting in patients with ventral 

hernias can hopefully add important knowledge to this field [83].  

RESEARCH IMPLICATIONS 

The pain issue must have first priority in future research in LVHR 

and initial steps have been taken to improve outcome. First of all, 

long-term follow-up must show the value of FS fixation in terms 

of chronic pain and recurrence. Future studies using fibrin sealant 

should include larger hernia defects and incisional hernias, as the 

operative technique may be different. Also, ongoing research will 

hopefully answer the questions about pain reduction using de-

gradable stapling devices instead of titanium tacks and robot-

assisted LVHR instead of conventional LVHR. Moreover, research 

on the applicability of self-adhering meshes to avoid fixation 

would be interesting as would studies of new meshes with incor-

porated growth-factors to fasten and strengthen ingrowth. The 

TAP block is a very interesting and simple technique that has 

proved its effect in many other abdominal procedures and a 

randomized trial in LVHR should be conducted. Furthermore, the 

use of glucocorticoids, gabapentine, or lidocaine infusion in rela-

tion to LVHR are other interesting areas that should be investi-

gated further. 

SUMMARY 

Severe pain is usual after laparoscopic ventral hernia repair 

(LVHR). Mesh fixation with titanium tacks may play a key role in 

the development of acute and chronic pain and alternative fixa-

tion methods should therefore be investigated.  

This PhD thesis was based on three studies and aimed to 

 

1. assess the intensity and impact of postoperative pain by 

detailed patient-reported description of pain and convales-

cence after LVHR (Study I), 

2. evaluate the feasibility of fibrin sealant (FS) for mesh fixation 

in an experimental pig model (Study II), and 

3. investigate FS vs. tacks for mesh fixation in LVHR in a ran-

domised, double-blinded, clinical controlled study with acute 

postoperative pain as the primary outcome (Study III). 

 

In Study I – a prospective descriptive study - 35 patients were 

prospectively included and underwent LVHR. Scores of pain, 

quality of life, convalescence, fatigue, and general well-being 

were obtained from each patient. Follow-up was six months. 

Average pain from postoperative day (POD) 0–2 and POD 0–6 

measured on a 0–100 mm visual analogue scale (VAS) was 61 and 

48, respectively. Pain scores reached preoperative values at POD 

30. The incidence of severe chronic pain was 7%. No parameter 

predicted postoperative pain significantly. Significant correlations 

were found between pain, and general well-being (rS= -0·8, 

p<0·001), satisfaction (rS= -0.67, p<0.001), and quality of life 

score (rS= -0.63, p<0.001) six months postoperatively. Patients 

resumed normal daily activity at POD 14.  
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In Study II – a randomised experimental study in pigs – nine 

pigs were operated laparoscopically with insertion of two differ-

ent meshes fixed with either FS or tacks. All pigs were euthanized 

on POD 30. The primary outcome parameter was strength of 

ingrowth between the mesh and the anterior abdominal wall. A 

mechanical peel test was performed for each tissue sample. The 

secondary outcome parameters were grade and strength of ad-

hesions to the mesh, shrinkage and displacement/folding of the 

mesh and histological parameters. All nine pigs survived without 

complications until sacrifice. No meshes were displaced from 

their initial position at autopsy, but in two cases mesh folding was 

observed. No significant difference in strength of ingrowth was 

found between different fixation methods or mesh types. Fur-

thermore, no significant difference was found in grade or strength 

of adhesions or any histological parameters.  

In Study III – a randomised, controlled, double-blinded, multi-

center trial - 40 patients with umbilical hernia defects between 

1.5 – 5 cm, were randomly assigned to receive FS or titanium 

tacks for mesh fixation in LVHR. Patients, care givers and those 

assessing the outcomes were blinded to group assignment. The 

primary outcome was average pain from POD 0-2 (VAS score). 

Secondary outcome parameters were fatigue, general well-being 

and time to resume normal daily activity. Follow-up was one 

month for all. Patients in the FS group reported significantly less 

pain at POD 0–2 (median VAS 38 (range 6–98) vs. 60 (18–96), 

p=0.01). Absolute VAS score difference between groups was 20 

mm (95% CI 4–35 mm) at activity, and 19 mm (95% CI 3–34 mm) 

at rest. Patients in the FS group reported significantly less discom-

fort from POD 0–2 and POD 0–10, compared with the tack group. 

No significant difference was found in fatigue score between 

groups. No significant difference in hospital stay, hernia diameter, 

or morphine consumption in the post anesthesia care unit was 

found between groups. Patients in the FS group resumed normal 

daily activity at POD 7 (1–66) versus POD 18 (1–95) in the tack 

group (p=0.03). No recurrences were observed. No adverse 

events or side effects were observed. No significant differences in 

predefined complications were found between groups.  

In conclusion, pain is a significant clinical problem after LVHR 

with impact on general well-being, quality of life and patient 

satisfaction. This issue must have first priority in future ventral 

hernia repair research. It is now documented, that the simple 

application of fibrin glue instead of titanium tacks for mesh fixa-

tion in LVHR of defects < 5 cm significantly reduced acute pain, 

discomfort and the period of convalescence. Long-term follow-up 

will show the value of FS fixation in terms of chronic pain and 

recurrence. As FS potentially may solve many of the outcome 

problems associated with LVHR, future studies should include 

larger hernia defects including large incisional hernias, as the 

operative technique may be different. 

 

ABBREVIATIONS  

ASA  American Society of Anesthesiologists  

LVHR  Laparoscopic ventral hernia repair 

POD  Postoperative day 

POD  0 day of surgery 

BMI  Body mass index = weight (kg)/height2 (cm) 

RCT  Randomised clinical trial 

VAS  Visual analogue scale 

VRS  Verbal rating scale 

FS  Fibrin sealant 

CI  Confidence interval 
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