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Abstract

Introduction The recommendation in the European Hernia Society Guidelines for the treatment of recurrent

inguinal hernias is to modify the technique in relation to the previous technique, and use a new plane of dissection for

mesh implantation. However, the registry data show that even following previous open suture and mesh repair to treat

a primary inguinal hernia, open suture and mesh repair can be used once again for a recurrent hernia. It is therefore

important to know what the outcome of open repair of recurrent inguinal hernias is compared with open repair of

primary inguinal hernias, while taking the previous operation into account.

Patients and methods In the Herniamed Registry, a total of 17,594 patients with an open primary or recurrent

unilateral inguinal hernia repair in men with a 1-year follow-up were prospectively documented between September

1, 2009 and August 31, 2013. Of these patients, 15,274 (86.8 %) had an open primary and 2320 (13.2 %) open

recurrent repair. In the unadjusted and multivariable analyses, the dependent variables were intra- and postoperative

complications, reoperations, recurrences, pain at rest, pain on exertion, and pain requiring treatment.

Results Open recurrent repair compared with the open primary operation is a significant influence factor for higher

intraoperative (p = 0.01) and postoperative (p = 0.05) complication rates, recurrence rate (p\ 0.001), and pain

rates (p\ 0.001). With regard to repair of recurrent inguinal hernia, previous open mesh repair was associated with

the least favorable outcome, and with the highest odds ratio, for all outcome criteria. Open recurrent repair following

previous endoscopic operation presented the least risk for postoperative complications, complication-related reop-

erations, and re-recurrences. The pain rates identified on follow-up after open recurrent repair were lower following

previous open suture operation compared with following open and endoscopic mesh repair.

Summary A significantly less favorable perioperative and 1-year follow-up outcome must be expected for open

repair of recurrent inguinal hernia in comparison with open primary inguinal hernia repair. After open recurrent repair,

the most favorable perioperative complication and recurrence rates were identified following previous endoscopic

repair, and the lowest pain rates following previous open suture repair. Open recurrent repair following previous open

mesh operation was associated with the highest risks for perioperative complications, re-recurrences, and pain.
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Introduction

The recommendation in the European Hernia Society

Guidelines for the treatment of recurrent hernias is to modify

the technique in relation to the previous technique, and use a

new plane of dissection for mesh implantation [1, 2]. How-

ever, the registry data show that even following previous

open suture and mesh repair to treat the primary inguinal

hernia, open suture and mesh repair are used once again for a

recurrent hernia [2], despite meta-analyses and systematic

reviews having identified advantages for endoscopic repair

[3–7]. For example, based on data from the Swedish Hernia

Registry following previous inguinal hernia repair in

Lichtenstein or plug technique, the recurrence was repaired

in 32.9 % of cases once again in Lichtenstein technique, in

26.4 % in endoscopic technique, in 16.5 % as plug and patch

procedure, in 13.8 % in open preperitoneal technique, and in

2.7 %of cases in suture technique [2]. That was no doubt due

to the fact that the skill needed for endoscopic repair of

recurrent inguinal hernias was not always assured. Where

surgeons had used an open technique to repair 95 % of pri-

mary inguinal hernias, then more than 90 % of recurrences

were also repaired using an open procedure [8]. Thatwas also

true when using mesh repair for the primary inguinal hernia

operation [9]. Comparison of 75 recurrences with 287 pri-

mary inguinal hernias repaired in Lichtenstein technique

identified a tendency toward better outcomes for primary

inguinal hernia patients [10]. Accordingly, it is unlikely that

in the future either the majority of recurrent inguinal hernias

will be repaired in endoscopic technique following previous

open suture or mesh repair. This means that it is all the more

important to know the outcome of open repair of recurrent

inguinal hernias compared with open repair of primary uni-

lateral inguinal hernias in order tomake patients aware of the

corresponding risk during the informed consent discussion.

The heterogeneous nature of recurrent hernias makes

controlled trials in this field difficult and time-consuming,

particularly when the previous repair has to be taken into

consideration [2]. Large national hernia registers are a

valuable way of obtaining information on recurrent groin

hernia surgery.

Based on data from the Herniamed Registry, this present

paper now compares open repair of recurrent inguinal

hernias with open repair of primary inguinal hernias. Only

male unilateral hernias are taken into account. The target

criteria used are the perioperative complications as well as

recurrence and pain rates on 1-year follow-up.

Patients and methods

The Herniamed Registry is a multicenter, internet-based

hernia registry [11] into which 425 participating hospitals

and surgeons engaged in private practice (Herniamed Study

Group) had entered data prospectively on their patients who

had undergone hernia surgery. All postoperative complica-

tions occurring up to 30 days after surgery are recorded. On

1-year follow-up, postoperative complications are once

again reviewed when the general practitioner and patient

complete a questionnaire. This present analysis compares the

prospective data collected for all male patients with a mini-

mum age of 16 years, who had undergone elective primary

or recurrent unilateral inguinal hernia repair using openmesh

(Lichtenstein, Plug, Gilbert and TIPP) repair [12, 13].

In total, 17,594 patients were enrolled between

September 1, 2009 and August 31, 2013. Of these patients,

15,274 (86.8 %) had open primary repair and 2320

(13.2 %) had open recurrent repair. All the patients had to

have a 1-year follow-up (follow-up rate: 100 %).

The demographic- and surgery-related parameters

included age (years), BMI (kg/m2), ASA score (I, II, III–

IV), procedure (Lichtenstein, Plug, Gilbert and TIPP) as

well as EHS classification (hernia type: medial, lateral,

femoral, scrotal. Defect size: Grade I =\ 1.5 cm, Grade

II = 1.5–3 cm, Grade III[ 3 cm) [14] and risk factors

(nicotine, COPD, diabetes, cortisone, immunosuppression,

etc.). Risk factors were dichotomized, i.e., ‘‘yes’’ if at least

one risk factor is positive and ‘‘no’’ otherwise.

The dependent variables were intra- and postoperative

complications rates, number of reoperations due to com-

plications, as well as the 1-year results (recurrence rate,

pain at rest, pain on exertion, and pain requiring treatment).

All analyses were performed with the Software SAS 9.2

(SAS institute Inc. Cary, NY, USA) and intentionally cal-

culated to a full significance level of 5 %, i.e., they were

not corrected in respect of multiple tests, and each

p value B 0.05 represents a significant result. To discern

differences between the groups in unadjusted analyses, v2

test was used for categorical outcome variables, and the

ANOVA (analysis of variance) for continuous variables.

To rule out any confounding of data caused by different

patient characteristics, the results of unadjusted analyses

were verified via multivariable analyses in which, in

addition to primary or recurrent operation, other influence

parameters were simultaneously reviewed.

To identify influence factors in multivariable analyses,

the binary logistic regression model for dichotomous out-

come variables was used. Estimates for odds ratio (OR) and

the corresponding 95 % confidence interval based on the

Wald test were given. For influence variables with more

than two categories, one of the latter forms was used in
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each as reference category. For age (years), the 10-year OR

estimate and for BMI (kg/m2) the 5-point OR estimate

were given. Results are presented in tabular form, sorted by

descending impact.

Results

Unadjusted analysis

Open recurrent repair was performed for 1011 (43.6 %)

patients following previous open suture repair, for 897

(38.7 %) patients following endoscopic mesh repair, and

for 412 (17.7 %) patients after open mesh repair of the

primary inguinal hernia (Table 1). The open procedures

used for recurrent repair are shown in Table 2, together

with the previous operation. Just as for the primary pro-

cedures listed here on the basis of the registry data, so too

for recurrent repair was the Lichtenstein technique used

most often, followed by the Plug, TIPP, and Gilbert

techniques.

The following surgical procedures were used for open

primary repair of unilateral inguinal hernias in men:

Lichtenstein n = 11,545 (75.6 %), Plug n = 1970

(12.9 %), TIPP n = 940 (6.2 %), and Gilbert n = 819

(5.4 %) (Table 2).

Significant differences were seen with regard to mean

age and BMI between open repair of primary and recurrent

inguinal hernias (Table 3). That was also true for the

patient-related (Table 4) and risk factors

(Table 5). Highly significant differences (in each case

p\ 0.001) were noted for the categorical influence vari-

ables, i.e., ASA score, hernia size, EHS classification, and

risk factors (Table 4, 5).

Unadjusted analysis identified a significantly higher

value for recurrent repair with regard to almost all the

target parameters, i.e., intraoperative complications, post-

operative complications, complication-related reopera-

tions, recurrences, pain at rest, pain on exertion, and pain

requiring treatment on 1-year follow-up (Table 6). How-

ever, major differences were found in the recurrent repair

results in relation to the previous operation. For example,

in those cases where an open procedure was used for

recurrent repair following endoscopic mesh repair in the

primary operation, the intra- und postoperative complica-

tions, complication-related reoperation, and re-recurrence

rates were comparable with those identified for open pri-

mary inguinal hernia repair.

Table 1 Open primary and recurrent unilateral inguinal hernia repair in men with distribution of previous operations

Primary Recurrence n = 2.320 (13.2 %) Total

Previous suture Previous open mesh Previous endoscopic mesh

n % n % n % n % n %

Open 15274 86.8 1011 43.6 412 17.7 897 38.7 17594 100.0

Table 2 Procedures in open primary and recurrent unilateral inguinal hernia repair in men with distribution of previous operations

Procedure Open primary Previous suture Previous open mesh Previous endoscopic mesh p

n % n % n % n %

Lichtenstein 11545 75.6 732 72.4 232 56.3 818 91.2 \.001

Plug 1970 12.9 174 17.2 102 24.8 46 5.1

TIPP 940 6.2 41 4.1 67 16.2 13 1.5

Gilbert 819 5.3 64 6.3 11 2.7 20 2.2

Table 3 Age and BMI of patients with open primary and recurrent unilateral inguinal hernia repair in men

Primary Previous operation p

Suture Open mesh Endoscopic mesh

Age (years) mean ± STD 61.2 ± 15.7 63.3 ± 16.3 60.6 ± 15.9 59.3 ± 13.5 \0.001

BMI (kg/m2) mean ± STD 25.9 ± 3.4 25.8 ± 3.3 25.9 ± 3.6 26.3 ± 3.6 0.001

World J Surg (2016) 40:813–825 815

123



Multivariable analysis

Intraoperative complications

The multivariable analysis results for the intraoperative

complication rate are illustrated in Table 7 (model

matching: p\ 0.001). The probability of onset of intra-

operative complications during the primary and recurrent

operations was significantly influenced by the risk factors

(p = 0.01) and ASA score (p = 0.02). The presence of risk

factors resulted in a significant increase in the intraopera-

tive complication rate [OR = 1.534 (1.126–2.090)].

However, on comparing the implications of the various

ASA scores, i.e., score II versus I and III/IV versus I, the

higher scores were found to have exerted less influence on

onset of intraoperative complications (Table 7). Open

recurrent operations had a significant influence (p = 0.010),

regardless of the previous operation, on the intraoperative

complications compared with open primary operations. All

recurrent operations were found to have negatively impacted

onset of an intraoperative complication. The most negative

influence was seen with an OR = 2.929 [1.515–5.664] with

previous open mesh repair. The negative impact on the

intraoperative complication rate was markedly less and

comparable for previous endoscopic mesh repair and pre-

vious suture repair. In the open primary operations, too, the

surgical technique had a significant influence (p\ 0.001) on

the occurrence of intraoperative complications. Compared

with the Lichtenstein operation, the impact of the Plug and

Gilbert techniques on onset of an intraoperative complica-

tion was markedly less, while that of the TIPP procedure was

somewhat less.

Postoperative complications

The multivariable analysis results for the postoperative

complication rate are shown in Table 8 (model matching:

p\ 0.001). The probability of postoperative complications

was determined primarily by patient age (p\ 0.001).

Likewise, scrotal EHS classification (p\ 0.001) and ASA

score (p = 0.001) had a highly significant impact on the

occurrence of postoperative complications. Higher age

[10 year OR = 1.178 (1.107–1.255)], higher ASA score

[III/IV vs I: OR = 1.237 (0.985–1.599)] as well as scrotal

EHS classification [OR = 1.611 (1.215–2.136)] were

conducive to onset of postoperative complications. Risk

factors, too, significantly increased the probability of

postoperative complications [OR = 1.268 (1.076–1.495)].

Unlike previous endoscopic repair, previous open suture

repair [OR = 1.404 (1.062–1.855)] and mesh repair

[OR = 1.444 (0.925–2.253)] increased the risk of onset of

postoperative complications (p = 0.05) following the

Table 4 Patient-related factors in open primary and recurrent unilateral inguinal hernia repair in men

Open primary Previous suture Previous open mesh Previous endoscopic mesh p

n % n % n % n %

ASA score \0.001

I 4942 32.4 244 24.1 124 30.1 257 28.7

II 7110 46.5 499 49.4 209 50.7 502 56.0

III/IV 3222 21.1 268 26.5 79 19.2 138 15.4

Defect size \0.001

I (\1.5 cm) 1603 10.5 159 15.7 81 19.7 151 16.8

II (1.5–3 cm) 7742 50.7 507 50.2 204 49.5 493 55.0

III ([3 cm) 5929 38.8 345 34.1 127 30.8 253 28.2

EHS classification medial \0.001

Yes 7819 51.2 546 54.0 249 60.4 518 57.8

No 7455 48.1 465 46.0 163 39.6 379 42.3

EHS classification lateral \0.001

Yes 10068 65.2 579 57.3 221 53.6 452 50.4

No 5206 34.1 432 42.7 191 46.4 445 49.6

EHS classification femoral \0.001

Yes 171 1.1 14 1.4 18 4.4 15 1.7

No 15103 98.8 997 98.6 394 95.6 882 98.3

EHS classification scrotal \0.001

Yes 1012 6.6 52 5.1 11 2.7 12 1.3

No 14262 93.3 959 94.9 401 97.3 885 98.5
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recurrent operation compared with open primary inguinal

hernia repair. Conversely, a medial EHS classification

[OR = 0.794 (0.647–0.974); p = 0.03] reduced the onset

of postoperative complications. As regards the open pri-

mary operations, significant differences were also identi-

fied between the various surgical techniques (p\ 0.001).

Compared with the Lichtenstein operation, the Gilbert,

Plug, and TIPP techniques presented a lower risk of post-

operative complications.

Complication-related reoperation

The multivariable analysis results for the complication-

related reoperation rate are given in Table 9 (model

matching: p\ 0.001). This was influenced primarily by the

ASA score (p\ 0.001) and age (p = 0.002). A higher

ASA score [III/IV vs I: OR = 2.200 (1.355–3.573)] and

higher age [10 year OR = 1.213 [1.076–1.367)] signifi-

cantly increased the reoperation risk. Likewise, the reop-

eration risk rose in the presence of risk factors

[OR = 1.362 (1.015–1.827); p = 0.04]. Conversely, larger

defect sizes (II vs I: OR 0.535 [0.359–0.798]; III vs I:

OR = 0.701 [0.457–1.073]; p = 0.006) and medial EHS

classification [OR = 0.695 (0.483–0.999); p = 0.05]

reduced the reoperation risk. On comparing open primary

inguinal hernia repair operations with recurrent repair,

there was only tentative evidence of the recurrent repair

results being less favorable. But major differences were

identified in respect of the previous operations. While for

open recurrent repair following previous endoscopic

operation, no difference was found in terms of the risk

assessment compared with open repair of primary inguinal

Table 5 Risk factors in open primary and recurrent unilateral inguinal hernia repair in men

Risk factor Open primary Previous suture Previous open mesh Previous endoscopic mesh P

n % n % n % n %

Total

Yes 5631 36.9 418 41.4 141 34.2 275 30.7 \.001

No 9643 63.1 593 58.7 271 65.8 622 69.3

COPD

Yes 1202 7.9 113 11.2 36 8.7 66 7.4 0.002

No 14072 92.1 898 88.8 376 91.3 831 92.6

Diabetes

Yes 1189 7.8 82 8.1 32 7.8 51 5.7 0.14

No 14085 92.2 929 91.9 380 92.2 846 94.3

Aortic aneurysm

Yes 147 1.0 11 1.1 0 0.0 4 0.5 0.08

No 15127 99.0 1000 98.9 412 100.0 893 99.6

Immunosuppression

Yes 162 1.1 19 1.9 4 1.0 10 1.1 0.12

No 15112 98.9 992 98.1 408 99.0 887 98.9

Corticoids

Yes 191 1.3 24 2.4 5 1.2 8 0.9 0.01

No 15083 98.8 987 97.6 407 98.8 889 99.1

Smoking

Yes 1963 12.9 136 13.5 67 16.3 110 12.3 0.19

No 13311 87.2 875 86.6 345 83.7 787 87.7

Coagulopathy

Yes 297 1.9 35 3.5 5 1.2 9 1.0 \.001

No 14977 98.1 976 96.5 407 98.8 888 99.0

Antiplatelet medication

Yes 1752 11.5 155 15.3 31 7.5 79 8.8 \.001

No 13522 88.5 856 84.7 381 92.5 818 91.2

Anticoagulation therapy

Yes 616 4.0 38 3.8 12 2.9 25 2.8 0.19

No 14658 95.9 973 96.2 400 97.1 872 97.2

World J Surg (2016) 40:813–825 817

123



hernias; for recurrent repair following previous open suture

and mesh repair, a markedly higher risk of complication-

related reoperation was identified. As regards the open

primary procedures, no difference was found on comparing

the Lichtenstein technique and Plug, Gilbert, and TIPP

procedures.

Table 7 Intraoperative complications (model matching: p\ 0.001)

Parameter p value Category OR 95 % CI

Open primary operation \0.001 Gilbert versus Lichtenstein 0.134 0.033 0.549

Plug versus Lichtenstein 0.175 0.077 0.398

TIPP versus Lichtenstein 0.627 0.317 1.242

Risk factors 0.01 Yes versus no 1.534 1.126 2.090

Previous operation 0.01 Suture versus primary 1.330 0.750 2.359

Endoscopic mesh versus primary 1.369 0.783 2.393

Open mesh versus primary 2.929 1.515 5.664

ASA score 0.02 II versus I 0.637 0.446 0.912

III/IV versus I 0.509 0.311 0.835

EHS classification lateral 0.16 Yes versus no 0.750 0.504 1.116

Defect size 0.25 II (1.5–3 cm) versus I (\1.5 cm) 0.929 0.587 1.472

III ([3 cm) versus I (\1.5 cm) 1.221 0.746 1.996

BMI (5-point OR) 0.50 1.071 0.876 1.311

EHS classification medial 0.52 Yes versus no 0.876 0.583 1.315

EHS classification scrotal 0.56 Yes versus no 1.189 0.667 2.117

Age (10-year OR) 0.85 0.989 0.887 1.103

EHS classification femoral 0.97 Yes versus no 0.000 0.000 I

Table 6 Perioperative and 1-year follow-up outcome in patients with open primary and recurrent unilateral inguinal hernia repair in men

Primary Previous suture Previous open mesh Previous endoscopic mesh p

n % n % n % n %

Intraoperative complications 0.03

Yes 158 1.0 13 1.3 10 2.4 14 1.6

No 15116 99.0 998 98.7 402 97.6 883 98.4

Postoperative complications 0.01

Yes 614 4.0 60 5.9 22 5.3 33 3.7

No 14660 96.0 951 94.1 390 94.7 864 96.3

Reoperation 0.02

Yes 181 1.2 21 2.1 9 2.2 9 1.0

No 15093 98.8 990 97.9 403 97.8 888 99.0

Recurrence \0.001

Yes 113 0.7 17 1.7 20 4.6 10 1.1

No 15161 99.3 994 98.3 392 95.2 887 98.9

Pain at rest \0.001

Yes 621 4.1 45 4.5 32 7.8 78 8.7

No 14653 95.9 966 95.6 380 92.2 819 91.3

Pain on exertion \0.001

Yes 1291 8.5 92 9.1 53 12.9 135 15.0

No 13983 91.6 919 90.9 359 87.1 762 85.0

Chronic pain requiring treatment \0.001

Yes 327 2.1 29 2.9 21 5.1 40 4.5

No 14947 97.9 982 97.1 391 94.9 857 95.5
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Recurrence

Table 10 shows the multivariable analysis results for fac-

tors impacting recurrence on 1-year follow-up (model

matching: p\ 0.001). This was influenced essentially by

the operation type (p\ 0.001). Conduct of a recurrent

operation resulted in a significantly higher risk of re-

recurrence in comparison with an open primary repair of an

inguinal hernia. That was true for each type of previous

operation, albeit considerable differences were seen here.

For example, whereas the probability of re-recurrence

following previous endoscopic repair was only slightly

higher than the risk posed by an open primary operation,

the probability of re-recurrence associated with open

Table 8 Postoperative complications (model matching: p\ 0.001)

Parameter p value Category OR 95 % CI

Age (10-year OR) \0.001 1.178 1.107 1.255

Open primary operation \0.001 Gilbert versus Lichtenstein 0.338 0.189 0.606

Plug versus Lichtenstein 0.849 0.658 1.095

TIPP versus Lichtenstein 0.648 0.422 0.998

EHS classification scrotal \0.001 Yes versus no 1.611 1.215 2.136

ASA score 0.001 II versus I 0.874 0.708 1.079

III/IV versus I 1.237 0.958 1.599

Risk factors 0.005 Yes versus no 1.268 1.076 1.495

EHS classification medial 0.03 Yes versus no 0.794 0.647 0.974

Previous operation 0.05 Suture versus primary 1.404 1.062 1.855

Endoscopic mesh versus primary 0.970 0.676 1.393

Open mesh versus primary 1.444 0.925 2.253

EHS classification lateral 0.0 Yes versus no 0.818 0.664 1.007

Defect size 0.11 II (1.5–3 cm) versus I (\1.5 cm) 0.777 0.613 0.987

III ([3 cm) versus I (\1.5 cm) 0.839 0.648 1.086

EHS classification femoral 0.73 Yes versus no 0.886 0.448 1.752

BMI (5-point OR) 0.96 0.997 0.894 1.113

Table 9 Complication-related reoperation (model matching: p\ 0.001)

Parameter p value Category OR 95 % CI

ASA score \.001 II versus I 1.037 0.673 1.596

III/IV versus I 2.200 1.355 3.573

Age (10-year OR) 0.002 1.213 1.076 1.367

Defect size 0.006 II (1.5–3 cm) versus I (\1.5 cm) 0.535 0.359 0.798

III ([3 cm) versus I (\1.5 cm) 0.701 0.457 1.073

Risk factors 0.04 Yes versus no 1.362 1.015 1.827

EHS medial 0.05 Yes versus no 0.695 0.483 0.999

Previous operation 0.05 Suture versus primary 1.600 1.008 2.539

Endoscopic mesh versus primary 0.953 0.482 1.882

Open mesh versus primary 2.048 1.024 4.096

Open primary operation 0.12 Gilbert versus Lichtenstein 0.538 0.217 1.333

Plug versus Lichtenstein 0.641 0.374 1.100

TIPP versus Lichtenstein 0.505 0.202 1.263

EHS classification scrotal 0.19 Yes versus no 1.396 0.846 2.304

EHS classification lateral 0.78 Yes versus no 0.947 0.647 1.386

BMI (5-point OR) 0.79 0.974 0.802 1.183

EHS classification femoral 0.90 Yes versus no 0.930 0.288 3.005
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recurrent repair following open suture repair, with an OR

estimate 2.168 (1.290–3.644), and after previous open

mesh repair with OR 7.032 (4.240–11.662), was consid-

erably higher. Likewise, BMI had a highly significant

impact on the recurrence rate on follow-up (p\ 0.001).

Accordingly, patients with a 5-point higher BMI had a

higher recurrence rate [5-point OR = 1.438 (1.186–

1.745)]. Higher age also gave rise to a higher recurrence

risk (10 year OR = 1.170 [1.027–1.333], p = 0.02). For

the primary operations, too, significant differences were

found in the recurrence risk in relation to the surgical

technique used (p = 0.02). For example, the risk of

recurrence was lower following the Gilbert, Plug, and TIPP

surgical procedures compared with the Lichtenstein

operation.

Pain at rest

The multivariable analysis results for pain at rest on 1-year

follow-up are summarized in Table 11 (model matching:

p\ 0.001). This was affected primarily by the operation

type (p\ 0.001). A patient with an open recurrent opera-

tion had a significantly higher risk of pain in comparison

with a patient with open primary repair. But here, too,

differences were found in the OR estimate of pain at rest

rate following recurrent repair in relation to the previous

operation. For example, the risk of pain following recur-

rent repair after previous open mesh [OR = 2.112

(1.449–3.077)] and endoscopic mesh repair [OR = 1.895

(1.473–2.438)] was markedly higher than after previous

suture repair [OR = 1.095 (0.801–1.495)]. Likewise, a

higher BMI presented a significant risk of onset of pain at

rest [5-point OR = 1.236 (1.120–1.364); p\ 0.001]. A

larger hernia defect [II vs I: OR = 0.716 (0.580–0.883); III

vs I: OR = 0.684 (0.540–0.867); p = 0.003], a higher age

[10-year OR = 0.930 (0.880–0.982); p = 0.009], scrotal

[OR = 0.599 (0.399–0.898); p = 0.01], and femoral her-

nia [OR = 0.349 (0.182–0.946); p = 0.04] reduced the

risk of onset of pain at rest.

In the primary operations, too, significant differences

(p\ 0.001) favorable to the Gilbert, Plug, und TIPP proce-

dures were seen compared with the Lichtenstein operation.

Pain on exertion

Table 12 shows themultivariable analysis results for pain on

exertion on follow-up (model matching: p\ 0.001). As for

pain at rest, pain on exertion also occurred more often after

recurrent operations and in patients with higher BMI (in each

case p\ 0.001). For the recurrent operations, the risk of that

happening also depended on the previous operation. Com-

pared with primary operation, the risk of onset of pain on

exertion following recurrent repair was higher when endo-

scopic repair [OR = 1.590 (1.306–1.936)] or open mesh

repair [OR = 1.577 (1.168–2.129)] was used in the previous

operation compared with suture repair in the previous

operation [OR = 1.077 (0.860–1.349)]. A lower risk of pain

Table 10 Recurrence rate on 1-year follow-up (model matching: p\ 0.001)

Parameter p value Category OR 95 % CI

Previous operation \0.001 Suture versus primary 2.168 1.290 3.644

Endoscopic mesh versus primary 1.231 0.637 2.380

Open mesh versus primary 7.032 4.240 11.662

BMI (5-point OR) \0.001 1.438 1.186 1.745

Open primary operation 0.02 Gilbert versus Lichtenstein 0.475 0.172 1.310

Plug versus Lichtenstein 0.535 0.298 0.962

TIPP versus Lichtenstein 0.251 0.077 0.813

Age (10-year OR) 0.02 1.170 1.027 1.333

EHS classification lateral 0.08 Yes versus no 0.685 0.450 1.041

EHS classification medial 0.11 Yes versus no 1.443 0.925 2.251

Defect size 0.25 II (1.5–3 cm) versus I (\1.5 cm) 0.849 0.528 1.367

III ([3 cm) versus I (\1.5 cm) 0.662 0.390 1.123

Risk factors 0.41 Yes versus no 0.863 0.607 1.226

EHS classification scrotal 0.60 Yes versus no 1.204 0.599 2.417

EHS classification femoral 0.82 Yes versus no 1.149 0.351 3.766

ASA score 0.99 II versus I 0.979 0.643 1.490

III/IV versus I 0.986 0.570 1.705
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on exertion was identified for patients with a higher age

[OR = 0.856 (0.824–0.890); p\ 0.001], scrotal hernia

[OR = 0.507 (0.371–0.692); p\ 0.001], lateral hernia

[OR = 0.809 (0.695–0.942); p = 0.006], and femoral her-

nia [OR = 0.452 (0.244–0.837); p = 0.01]. As regards the

open primary inguinal hernia operations, significant differ-

ences unfavorable to the Lichtenstein technique (p\ 0.001)

were observed once again.

Chronic pain requiring treatment

The multivariable analysis results for chronic pain requiring

treatment are presented in Table 13 (model matching:

p\ 0.001).Again, thiswas highly influencedby the operation

type (p\ 0.001). An open recurrent operation in comparison

to open primary repair increased onset of chronic pain

requiring treatment. But here, too, that risk was dependent on

the previous operation. As for pain at rest and on exertion, the

impact of the previous operation on onset of chronic pain

requiring treatment was more unfavorable following endo-

scopic [OR = 1.759 (1.249–2.477)] and open [OR = 2.274

(1.434–3.608)] mesh procedures than after open suture repair

[OR = 1.290 (0.875–1.903)]. Likewise, a higher BMI, as in

the case of pain at rest and on exertion, negatively impacted

chronic pain requiring treatment [OR = 1.276 (1.125–1.448);

p\ 0.001]. By contrast, a high age [10-year OR = 0.875

(0.813–0.942); p\ 0.001] and larger defect size [II vs I:

OR = 0.783 (0.588–1.044); III vs I: OR = 0.619

(0.447–0.858); p = 0.01] reduced the risk of chronic pain

requiring treatment. For the open primary techniques, no

significant differences were seen here between the various

surgical procedures.

Discussion

This analysis based on data from the Herniamed Registry

compares 15,274 patients who had undergone an open

primary inguinal hernia operation versus 2320 patients

with open repair of a recurrent hernia following a previous

open suture, open mesh, or endoscopic mesh operation. All

patients had been followed up for 1 year. The target vari-

ables applied were the intra- and postoperative complica-

tion rates, complication-related reoperation rates,

recurrence or re-recurrence rates, the rates of pain at rest

and on exertion, as well as chronic pain requiring treat-

ment. To gain a clearer picture of how the different influ-

ence variables impacted the results, the open recurrent

operation group was compared with the open primary

operation group in relation to the procedure used in the

previous operation. In the open primary operation group,

the influence exerted by the other open techniques (Gilbert,

Plug, and TIPP) used as an alternative to the Lichtenstein

operation was analyzed.

As regards the intraoperative complication rate, multi-

variable analysis demonstrated that the recurrent operation

was an independent influence factor for onset of intraop-

erative complications. That impact was least favorable

following not only previous open mesh operation, but was

Table 11 Pain at rest on 1-year follow-up (model matching: p\ 0.001)

Parameter p value Category OR 95 % CI

Previous operation \0.001 Suture versus primary 1.095 0.801 1.495

Endoscopic mesh versus primary 1.895 1.473 2.438

Open mesh versus primary 2.112 1.449 3.077

BMI (5-point OR) \0.001 1.236 1.120 1.364

Open primary operation \0.001 Gilbert versus Lichtenstein 0.722 0.497 1.048

Plug versus Lichtenstein 0.654 0.511 0.836

TIPP versus Lichtenstein 0.470 0.307 0.718

Defect size 0.003 II (1.5–3 cm) versus I (\1.5 cm) 0.716 0.580 0.883

III ([3 cm) versus I (\1.5 cm) 0.684 0.540 0.867

Age (10-year OR) 0.009 0.930 0.880 0.982

EHS classification scrotal 0.01 Yes versus no 0.599 0.399 0.898

EHS classification femoral 0.04 Yes versus no 0.349 0.128 0.946

EHS classification lateral 0.35 Yes versus no 0.906 0.739 1.112

Risk factors 0.41 Yes versus no 1.070 0.910 1.259

EHS classification medial 0.48 Yes versus no 1.076 0.877 1.320

ASA score 0.66 II versus I 0.960 0.799 1.153

III/IV versus I 0.888 0.685 1.151
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also observed after open suture repair and endoscopic mesh

repair.

Conversely with regard to the postoperative complica-

tions, open recurrent repair following previous endoscopic

repair was not found to be associated with any higher risk

compared with open primary inguinal hernia operation.

However, significantly more postoperative complications

must be anticipated after recurrent operation following

previous open suture or mesh repair.

This trend is also reflected in the complication-related

reoperation rates.

The impact of recurrent inguinal hernia repair compared

with primary operation is particularly pronounced with

regard to the recurrence and re-recurrence rates. Here, too,

Table 12 Pain on exertion on 1-year follow-up (model matching: p\ 0.001)

Parameter p value Category OR 95 % CI

Age (10-year OR) \0.001 0.856 0.824 0.890

Defect size \0.001 II (1.5–3 cm) versus I (\1.5 cm) 0.752 0.647 0.874

III ([3 cm) versus I (\1.5 cm) 0.565 0.475 0.673

Previous operation \0.001 Suture versus primary 1.077 0.860 1.349

Endoscopic mesh versus primary 1.590 1.306 1.936

Open mesh versus primary 1.577 1.168 2.129

BMI (5-point OR) \0.001 1.183 1.099 1.274

EHS classification scrotal \0.001 Yes versus no 0.507 0.371 0.692

Open primary operation \0.001 Gilbert versus Lichtenstein 0.656 0.495 0.871

Plug versus Lichtenstein 0.748 0.633 0.883

TIPP versus Lichtenstein 0.731 0.560 0.954

EHS classification lateral 0.006 Yes versus no 0.809 0.695 0.942

EHS classification femoral 0.01 Yes versus no 0.452 0.244 0.837

ASA score 0.03 II versus I 1.044 0.916 1.190

III/IV versus I 0.844 0.695 1.025

Risk factors 0.13 Yes versus no 1.096 0.975 1.233

EHS classification medial 0.52 Yes versus no 0.951 0.818 1.107

Table 13 Chronic pain requiring treatment (model matching: p\ 0.001)

Parameter p value Category OR 95 % CI

Previous operation \0.001 Suture versus primary 1.290 0.875 1.903

Endoscopic mesh versus primary 1.759 1.249 2.477

Open mesh versus primary 2.274 1.434 3.608

BMI (5-point OR) \0.001 1.276 1.125 1.448

Age (10-year OR) \0.001 0.875 0.813 0.942

Defect size 0.01 II (1.5–3 cm) versus I (\1.5 cm) 0.783 0.588 1.044

III ([3 cm) versus I (\1.5 cm) 0.619 0.447 0.858

EHS classification scrotal 0.05 Yes versus no 0.568 0.320 1.009

ASA score 0.07 II versus I 1.330 1.031 1.716

III/IV versus I 1.428 1.005 2.030

EHS classification lateral 0.08 Yes versus no 0.785 0.600 1.027

EHS classification medial 0.17 Yes versus no 1.217 0.921 1.608

Open primary operation 0.23 Gilbert versus Lichtenstein 0.700 0.410 1.196

Plug versus Lichtenstein 0.749 0.542 1.037

TIPP versus Lichtenstein 0.885 0.561 1.399

Risk factors 0.24 Yes versus no 1.139 0.918 1.412

EHS classification femoral 0.96 Yes versus no 1.024 0.447 2.349
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the previous operation plays a dominant role. While open

recurrent repair following previous endoscopic operation

compared with open primary inguinal hernia repair pre-

sents only a slightly higher risk for onset of re-recurrence,

the risk following previous open suture repair is markedly

higher, and after previous open mesh repair, it is extremely

higher.

Likewise for pain at rest, pain on exertion and chronic

pain requiring treatment, open recurrent repair compared

with the primary operation is an independent significant

risk factor for an unfavorable outcome. Surprisingly, here

the least negative effect was observed for open recurrent

repair following previous open suture repair. Both previous

open mesh repair and previous endoscopic repair constitute

highly significant influence factors for onset of pain fol-

lowing open recurrent repair.

Here one would have expected that the risk would be

lower after previous endoscopic operation since repair is

carried out in a new plane of dissection. However, here

previous open suture repair presented the least risk for

occurrence of pain after open recurrent repair.

For the findings presented here, one must also take into

account that analysis of open primary inguinal hernia

operations also revealed significant differences in the

results obtained for the various surgical techniques. For

example, multivariable analysis identified significantly

better results for the open Gilbert, Plug, and TIPP tech-

niques compared with the Lichtenstein operation.

In summary, analysis of the data from the Herniamed

Hernia Registry as presented here demonstrates that, taking

into account all other influence factors, open recurrent

repair compared with open primary inguinal hernia repair

is associated with a significantly poorer perioperative and

1-year follow-up outcome. However, relevant differences

were identified in relation to the technique employed for

the primary operation, and to the type of operation used

prior to recurrent repair. The data presented here confirm

the recommendation given in the Guidelines of the Euro-

pean Hernia Society to use open repair in a new plane of

dissection for recurrent repair following previous endo-

scopic repair of a primary inguinal hernia. The results

demonstrate that the risk for onset of a postoperative

complication, complication-related reoperation, and re-re-

currence is comparable with that presented by the primary

operation. Open recurrent repair after previous open mesh

repair posed the highest risk for occurrence of intraopera-

tive and postoperative complications, complicated-related

reoperations, re-recurrences, pain at rest, pain on exertion,

and chronic pain requiring treatment. Therefore, the rec-

ommendation in the Guidelines of the European Hernia

Society should definitely be observed for recurrent repair

following previous open mesh repair.
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Hügel, Omar (Hannover); Hüttemann, Martin (Ober-
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mas (Püttlingen); Reinpold, Wolfgang (Hamburg); Reuter,

Christoph (Quakenbrück); Richter, Jörg (Winnenden);

Riemann, Kerstin (Alzenau-Wasserlos); Rodehorst, Anette

(Otterndorf); Roehr, Thomas (Rödental); Roncossek, Bre-

merhaven); Roth Hartmut (Nürnberg); Sardoschau, Nihad

(Saarbrücken); Sauer, Gottfried (Rüsselsheim); Sauer, Jörg

(Arnsberg); Seekamp, Axel (Freiburg); Seelig, Matthias

(Bad Soden); Seidel, Hanka (Eschweiler); Seiler, Christoph

Michael (Warendorf); Seltmann, Cornelia (Hachenburg);

Senkal, Metin (Witten); Shamiyeh, Andreas (Linz); Shang,

Edward (München); Siemssen, Björn (Berlin); Sievers,

Dörte (Hamburg); Silbernik, Daniel (Bonn); Simon, Tho-

mas (Sinsheim); Sinn, Daniel (Olpe); Sinning, Frank

824 World J Surg (2016) 40:813–825

123



(Nürnberg); Smaxwil, Constatin Aurel (Stuttgart); Schabel,

Volker (Kirchheim/Teck); Schadd, Peter (Euskirchen);

Schassen von, Christian (Hamburg); Schattenhofer, Tho-

mas (Vilshofen); Scheidbach, Hubert (Neustadt/Saale);

Schelp, Lothar (Wuppertal); Scherf, Alexander (Pforz-

heim); Scheyer, Mathias (Bludenz); Schimmelpenning,

Hendrik (Neustadt in Holstein); Schinkel, Svenja (Kemp-

ten); Schmid, Michael (Gera); Schmid, Thomas (Inns-

bruck); Schmidt, Rainer (Paderborn); Schmidt, Sven-

Christian (Berlin); Schmidt, Ulf (Mechernich); Schmitz,

Heiner (Jena); Schmitz, Ronald (Altenburg); Schöche, Jan
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