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Abstract

Introduction In meta-analyses and systematic reviews, clear advantages have been identified for the sublay versus

onlay technique for treatment of incisional hernias. Nonetheless, an expert panel has noted that the onlay mesh

location may be useful in certain settings.

Materials and methods First, unadjusted analysis of data from the Herniamed Registry was performed to compare

6797 sublay operations with 1024 onlay operations for repair of incisional hernias. Then, using propensity score

matching to account for the influence of variables age, gender, ASA score, BMI, risk factors, preoperative pain,

defect size, and defect localization, 1016 pairs were formed and compared with each other.

Results Unadjusted analysis revealed that the onlay operation was used significantly more often for small defects,

lateral defect localization, and in women. After comparing the propensity score-matched pairs, no significant dif-

ference was found between the sublay and onlay technique in the outcome criteria intra- and postoperative com-

plications, general complications, complication-related reoperations, pain at rest, pain on exertion, chronic pain

requiring treatment, and recurrence on 1-year follow-up. But that was true only for this carefully selected patient

collective.

Conclusion In a selected patient collective with small and lateral incisional hernias and with a large proportion of

women, outcomes obtained for the onlay and sublay techniques do not differ significantly.

Introduction

In systematic reviews, the prevalence of incisional hernia

after midline incision was 12.8% (range 0–35.6%) at a

weighted mean of 23.7 months [1], and with a lower rate of
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4.7% for transverse incisions [2]. Although incisional

hernia is a very common clinical manifestation, a sub-

stantial heterogeneity in patient selection and clinical

practice does exist [3]. In meta-analyses, laparoscopic

intraperitoneal onlay mesh (IPOM) was found to have

lower wound complication rates compared with the open

procedure [4–7]. However, the guidelines recommend the

laparoscopic IPOM technique only for defects up to a

maximum of 8–10 cm since, when used for larger defects,

the recurrence rate is much higher than in open repair

[8–11]. Meta-analyses of open repair of incisional hernias

comparing the sublay with the onlay technique showed

advantages in the recurrence and wound complication rates

for retrorectal mesh placement [12]. Therefore, in an expert

consensus guided by systematic review, the sublay tech-

nique was recommended as the optimal mesh location in

open incisional hernia surgery [3]. But the panel also stated

that onlay mesh location may be useful in certain settings

[3]. What is meant by certain settings was not further

explained in the expert consensus [3].

Therefore, in the following analysis of data from the

Herniamed Registry, the group of patients operated on with

the onlay technique was compared with those operated on

with the sublay technique to identify differences in the

patient- and hernia-related factors. Then, using propensity

score matching, comparable patient collectives were

formed and the results were compared.

Materials and methods

Herniamed is a multicenter, internet-based hernia registry

[13, 14] into which 644 participating hospitals and sur-

geons engaged in private practice in Germany, Austria, and

Switzerland (status: January 5, 2018) have entered data

prospectively on their patients who had undergone routine

hernia repair and signed an informed consent agreeing to

participate [15]. As part of the information provided to

patients regarding participation in the Herniamed Registry

and signing the informed consent declaration, all patients

were informed that the treating hospital or medical practice

would like to be informed about any problem occurring

after the operation and that the patient had the opportunity

to attend for clinical examination [15]. All postoperative

complications occurring up to 30 days after surgery were

recorded. On 1-year follow-up, postoperative complica-

tions were once again reviewed when the general practi-

tioner and patient completed a questionnaire [15]. On

1-year follow-up, the general practitioner and patients were

also asked about any recurrences, bulging, pain at rest, pain

on exertion, and chronic pain requiring treatment [15]. If

recurrences or chronic pain was reported by the general

practitioner or patient, patients could be requested to attend

clinical examination or radiologic tests [15]. A recent

publication has provided impressive evidence of the role of

patient-reported outcomes for both recurrence and chronic

pain [15, 16].

The present analysis compares the prospective data

collected for all patients with primary incisional hernias

having undergone elective open repair in sublay or onlay

technique. Inclusion criteria were valid minimum age of

16 years, incisional hernia, elective operation, and avail-

ability of data on 1-year follow-up (Fig. 1). In all, 7821

patients were enrolled between September 1, 2009, and

December 1, 2016, (Fig. 1).

The demographic and patient-related parameters include

age (years), gender, American Society of Anesthesiologists

(ASA) score I, II, III, IV, BMI kg/m2, and risk factors like

chronic obstructive pulmonary disease (COPD), diabetes

mellitus, aortic aneurysms, corticoid medication,

immunosuppression, coagulopathy, smoking, antiplatelet

medication, anticoagulant therapy, and preoperative pain.

Hernia-related variables influencing the outcome included

the hernia defect size according to the European Hernia

Society (EHS) classification (W1\ 4 cm, W2 C 4–10 cm,

and W3[ 10 cm) [17] and hernia localization (medial,

lateral, and combined) [17]. Hernia width was recorded

during surgery based on intraoperative measurements [15].

The dependent variables were intraoperative, postoperative

and general complication rates, complication-related

reoperation rate, recurrence rate and rates of pain at rest,

pain on exertion, and chronic pain requiring treatment [15].

All analyses were performed with the software SAS 9.4

(SAS Institute Inc., Cary, NY, USA) and intentionally

calculated to a full significance level of 5%, that is, they

were not corrected in respect to multiple tests, and each

p value B 0.05 represents a significant result [15].

The individual outcome and influencing variables (risk

factors and complications) were summarized as global

variables. A general, intra- or postoperative complication

or risk factor was deemed to be present if at least one single

item applied.

Propensity score matching is a suitable statistical

method for formation of comparison groups from a very

heterogeneous patient population. Persons with similar

characteristics were assigned to the comparison groups and

then compared with regard to the outcome variables. The

propensity scores were calculated using a logistic regres-

sion model with selected matching variables. The follow-

ing matching variables were selected: age in years, BMI

(kg/m2), gender (male/female), risk factors (yes/no), ASA

score (I, II, III, and IV), preoperative pain (yes, no, and

unknown), defect size (W1\ 4 cm, W2 C 4–10 cm,

W3[ 10 cm), and EHS classification (medial, lateral, and

combined).
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The robust greedy algorithm was used for matching

applying a caliper of 0.5 standard deviation.

Unadjusted analyses were performed before matching

for analysis of the operation techniques with regard to the

matching parameters. This helped to obtain a description of

the patient collective before matching. The asymptotic Chi-

square test was used for categorical parameters and the

robust t test (Satterthwaite) for continuous parameters.

To assess the balance of the single matching parameters

between comparison groups after matching, standardized

differences are estimated. As a rule of thumb, a good

balance between the groups and thus comparability is

assured by a standardized difference of less than 10%

(\ 0.1).

The McNemar’s test was performed to analyze the

influence of the operation techniques on the outcome

parameters (general, intra- and postoperative complica-

tions, complication-related reoperations, pain at rest, pain

on exertion, chronic pain requiring treatment, and recur-

rence at 1-year follow-up) in the matched samples.

All hernia operations with complete data entry 
after processing data export January 5, 2018, 
at 6.53 pm  (n=485895  by 644 Centers)

Incisional hernia repair (n=55451)

Exclusion of all non-incisional hernias (n=430444) 

Selected incisional  hernia repairs in patients 
with minimum age of 16 years (n=46183)

Exclusion of patients with invalid age or age under 
16 years (n=53)

Exclusion of all recurrences (n=9752) 

Selected primary, elective  incisional hernia 
repairs (n=34951)

Selected primary, elective  incisional hernia 
repairs in open onlay or open sublay  technique 
using approved meshes, minimum age of 16 
years and operation date before 01.12.2016 
with1-year follow-up (n=7821) 

Exclusion of patients without 1-year follow-up 
(n=4211)

Selected primary, elective incisional hernia 
repairs in open onlay or open sublay  
technique using approved meshes (n=15269)

Exclusion of incisional hernia repairs in open onlay 
or open sublay technique using PhysioMesh (n=119) 

Exclusion of other techniques (n=19563) 

Selected primary, elective  incisional hernia 
repairs in open onlay or open sublay  
technique(n=15388)

Exclusion of emergency operations (n=1480) 

Selected elective incisional hernia repairs 
(n=44703)

Selected incisional hernia repairs with entry-
state-key „complete“ (n=53904)

Exclusion of entry-state-key “incomplete” (n=1547) 

Selected  primary, elective incisional hernia 
repairs in open onlay or open sublay  
technique using approved meshes, minimum 
age of 16 years and operation date before 
01.12.2016 (n=12032)

Exclusion of patients with operation date after 
01.12.2016 (n=3237) 

Selected incisional hernia repairs using a mesh 
(n=46236)

Exclusion of hernia repair without mesh (n=7668) 

Fig. 1 Flowchart of patient

inclusion
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Furthermore, odds ratio estimates (adjusted for matched

samples) and their corresponding 95% confidence intervals

are given.

Results

The sublay technique was used in 6797 (86.9%) and the

onlay technique in 1024 (13.1%) cases, attesting to the high

degree of selection applied to the use of the onlay tech-

nique. In the unadjusted analysis of comparison collectives

before matching, no significant differences were identified

for age (onlay 63.8% ± 13.1% vs. sublay 63.9% ± 12.7%;

p = 0.838), BMI (onlay 29.0% ± 5.8% vs. sublay

29.0% ± 5.6%; p = 0.949), preoperative pain (onlay VAS

3.7 ± 1.8 vs. sublay VAS 3.6 ± 1.8; p = 0.069), and ASA

score or risk factors (Table 1). However, it was revealed

that for the onlay technique highly significantly more

hernias with small EHS classifications (W1\ 4 cm: onlay

33.4%, sublay 23.8%) as well as lateral and combined

defects (lateral: onlay 27.1%, sublay 16.7%; combined:

onlay 10.5%, sublay 7.8%) were repaired. Equally, the

proportion of women operated on with the onlay technique

was significantly higher. As such, predominantly more

small and lateral/combined defects as well as female

patients were selected for the onlay technique. Therefore,

there is evidence of a selected patient collective since the

onlay technique was indicated much more rarely than the

sublay technique. Accordingly, the unadjusted results do

not lend themselves to comparison.

Propensity score matching of the 1024 open onlay

operations to the 6797 patients with open sublay operation

was successfully applied for 1016 (99.2%) patient pairs.

The standardized differences in the matching variables

both before (original sample) and after matching (matched

samples) are given in Tables 2 and 3. The difference is less

than 10% for all matching variables, attesting to the good

balance of the variables between the groups.

Table 1 Results of the unadjusted tests of homogeneity between the

operation techniques for the categorical matching variables before

matching

Onlay Sublay p

n % n %

Gender

Male 484 47.27 3481 51.21 0.018

Female 540 52.73 3316 48.79

Defect size (EHS

classification)

W1 (\4 cm) 342 33.40 1620 23.83 \.001

W2 (C4–10 cm) 517 50.49 3728 54.85

W3 (C10 cm) 165 16.11 1449 21.32

ASA score

I 107 10.45 652 9.59 0.545

II 566 55.27 3865 56.86

III/IV 351 34.28 2280 33.54

EHS classification

Combined 107 10.45 531 7.81 \.001

Lateral 277 27.05 1132 16.65

Medial 640 62.50 5134 75.53

Risk factors

Total

Yes 426 41.60 2987 43.95 0.158

No 598 58.40 3810 56.05

COPD

Yes 100 9.77 749 11.02 0.229

No 924 90.23 6048 88.98

Diabetes

Yes 151 14.75 925 13.61 0.325

No 873 85.25 5872 86.39

Aortic aneurysm

Yes 7 0.68 146 2.15 0.002

No 1017 99.32 6651 97.85

Immunosuppression

Yes 17 1.66 149 2.19 0.271

No 1007 98.34 6648 97.81

Corticoids

Yes 16 1.56 113 1.66 0.815

No 1008 98.44 6684 98.34

Smoking

Yes 106 10.35 899 13.23 0.010

No 918 89.65 5898 86.77

Coagulopathy

Yes 28 2.73 160 2.35 0.459

No 996 97.27 6637 97.65

ASS/Plavix antiplatelet medication

Yes 122 11.91 935 13.76 0.108

No 902 88.09 5862 86.24

Table 1 continued

Onlay Sublay p

n % n %

Anticoagulation therapy

Yes 37 3.61 227 3.34 0.651

No 987 96.39 6570 96.66

Preoperative pain

Yes 560 54.69 3926 57.76 0.176

No 372 36.33 2312 34.02

Unknown 92 8.98 559 8.22
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The results of analysis of the various outcome parame-

ters for the sublay and onlay operation techniques are

shown in Table 4. No systematic deviation was identified

in the outcome parameters between the two operation

techniques. All confidence intervals cross one. Hence, no

advantage or disadvantage can be identified for any out-

come variable of the two operation techniques. Therefore,

for a selected patient collective with predominantly small

and lateral or combined defects, and more female patients,

similar results were obtained for the sublay and onlay

techniques.

The fact that for women the onlay technique was used

more often led us to perform an additional analysis. That

showed that neither for the onlay nor the sublay technique

was there any significant differences between men and

women with regard to the hernia defect width or defect

localization. But there were significant differences between

men and women where the risk factors were concerned. For

example, for women operated on in the sublay technique,

the risk factor rate was 40.7% versus 47.1% for men

(p\ 0.001) and, likewise, for the onlay technique that was

38.0% versus 45.7% (p = 0.013). Hence, the lower rate of

risk factors in women appears to have resulted in the onlay

technique being indicated more often for them.

A further additional analysis looked for any differences

between the technical details of the two techniques. That

showed that defect closure at 57.8% was significantly more

common in the onlay technique than in the sublay tech-

nique with 46.2% (p\ 0.001). Drains were used more

often for sublay repair (84.0% versus 80.1%; p = 0.012).

Mesh fixation was done significantly more often in the

onlay technique with suture alone (94.0% vs. 89.5%;

p\ 0.001) or tackers (3.0% vs. 0.6%; p\ 0.001) and

significantly less often with glue (0.9% vs. 4.6%;

p\ 0.001) or a combination thereof (2.1% vs. 5.3%;

p\ 0.001). Numerous meshes were used in a proportion

of\ 5% of cases, at 58.7% in the onlay technique and

55.2% in the sublay technique. Only for the Ultrapro (onlay

29.2%, sublay 31.0%), Parietene ProGrip (onlay 8.7%,

sublay 7.2%), and the Parietex ProGrip (onlay 3.4%, sublay

6.7%) was the proportion higher.

Table 2 Standardized differences of continuous matching parameters before and after matching

Onlay Sublay STD

Matched sample Original sample

Age (years)

Mean ± STD 63.9 ± 13.1 63.5 ± 12.6 0.032 0.007

BMI

Mean ± STD 29.0 ± 5.8 28.8 ± 5.8 0.026 0.002

Table 3 Standardized differences of the categorical matching parameters before and after matching

Onlay Sublay STD

n % n % Matched sample Original sample

Male 482 47.44 514 50.59 0.063 0.079

Preoperative pain 554 54.53 556 54.72 0.004 0.062

No preoperative pain 370 36.42 382 37.60 0.024 0.048

Unknown preoperative pain 92 9.06 78 7.68 0.050 0.027

ASA score I 106 10.43 108 10.63 0.006 0.029

ASA score II 563 55.41 581 57.19 0.036 0.032

ASA score III–IV 347 34.15 327 32.19 0.042 0.015

W1 (\ 4 cm) 338 33.27 344 33.86 0.013 0.213

W2 (C 4–10 cm) 513 50.49 511 50.30 0.004 0.087

W3 (C 10 cm) 165 16.24 161 15.85 0.011 0.134

EHS classification medial 741 72.93 736 72.44 0.011 0.254

EHS classification lateral 382 37.60 387 38.09 0.010 0.285

Risk factors 423 41.63 401 39.47 0.044 0.047
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Discussion

This analysis of data from the Herniamed Registry first of

all demonstrates that the onlay technique is used only

rarely, and thus selectively, compared to the sublay tech-

nique for repair of incisional hernia. When it is used, the

proportion of lateral or combined defects, smaller hernias,

and the proportion of women are significantly higher than

in the sublay collective. Women in both the onlay and

sublay groups were found to have a lower rate of risk

factors. There were no differences between women and

men with regard to defect sizes or defect localizations.

After propensity score matching of this selected onlay

collective with the sublay collective, no significant differ-

ence is then observed between the use of the sublay and

onlay techniques for repair of incisional hernias with

regard to any of the outcome criteria, i.e., intra-, postop-

erative and general complications, complication-related

reoperation, pain at rest, pain on exertion, chronic pain

requiring treatment, and recurrence on 1-year follow-up.

This thus suggests that surgeons have properly evaluated

the indication for the onlay operation. In studies with a

comparatively low selection-based proportion of onlay

operations for repair of incisional hernias, there was like-

wise a lower postoperative complication and recurrence

rate [18–21]. Surgical experience, selective indications,

and smaller defects seem to reduce the postoperative

complication and recurrence rates for the onlay technique

in incisional hernia repair [18–21]. Furthermore, the post-

operative wound complication rate can be reduced through

preventive technical measures such as defect closure,

drains, refixation of the subcutaneous tissue to the

abdominal wall with low-thrombin fibrin sealant, and

abdominal binders [21]. In the present patient collective

defect, closure was significantly more common in the onlay

technique than in the sublay technique. Drains were used in

around 80% of cases for both techniques.

Therefore, future studies on the onlay technique in

incisional hernia repair should involve selected indications,

a standardized surgical technique by experienced surgeons,

and incorporation of preventive measures against seroma

formation [21] since in a qualitative systematic review of

all published studies on the onlay technique the mean

postoperative complication rate was 33.5% (range 5–76%).

That high postoperative complication rate contraindicates

the routine use of the onlay technique [21]. The onlay

technique should not be used routinely, in particular, for

large midline incisional hernias [22] because the postop-

erative complication rate is much too high compared with

the sublay operation [21].

Registry studies have certain limitations. Voluntary data

submission is dependent on the motivation of the partici-

pating surgeons to achieve complete data capture [23]. It is

not always possible to definitely rule out a reporting bias

with underreporting [23]. Therefore, all findings are sub-

jected to critical scrutiny on the basis of the literature data.

In summary, it has been noted that subject to appropriate

selection of smaller and lateral defects in predominant

women with a lower risk profile, the onlay technique can

be used while assuring similar outcomes to the sublay

operation. Of paramount importance here are the surgeon’s

experience and the use of preventive measures (defect

closure, drain, abdominal binder, and fibrin glue) for

avoidance of postoperative complications. For larger

defects, especially at the midline, better results can be

obtained with other operation techniques (sublay and

transversus abdominis release) [24, 25]. The registry data

demonstrate that the onlay technique can be safely per-

formed in selected cases.
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24. Köckerling F, Schug-Pass C, Scheuerlein H (2018) What is the

current knowledge about sublay/retro-rectus repair of incisional

hernias? Front Surg 13(5):47. https://doi.org/10.3389/fsurg.2018.

00047

25. Scheuerlein H, Thiessen A, Schug-Pass C, Köckerling F (2018)
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