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Long-term Recurrence and Complications Associated
With Elective Incisional Hernia Repair
Dunja Kokotovic, MB; Thue Bisgaard, MD, DMSc; Frederik Helgstrand, MD, DMSc

IMPORTANCE Prosthetic mesh is frequently used to reinforce the repair of abdominal wall
incisional hernias. The benefits of mesh for reducing the risk of hernia recurrence or the
long-term risks of mesh-related complications are not known.

OBJECTIVE To investigate the risks of long-term recurrence and mesh-related complications
following elective abdominal wall hernia repair in a population with complete follow-up.

DESIGN, SETTING, AND PARTICIPANTS Registry-based nationwide cohort study including all
elective incisional hernia repairs in Denmark from January 1, 2007, to December 31, 2010.
A total of 3242 patients with incisional repair were included. Follow-up until November 1,
2014, was obtained by merging data with prospective registrations from the Danish National
Patient Registry supplemented with a retrospective manual review of patient records.
A 100% follow-up rate was obtained.

EXPOSURES Hernia repair using mesh performed by either open or laparoscopic techniques
vs open repair without use of mesh.

MAIN OUTCOMES AND MEASURES Five-year risk of reoperation for recurrence and 5-year risk
of all mesh-related complications requiring subsequent surgery.

RESULTS Among the 3242 patients (mean age, 58.5 [SD, 13.5] years; 1720 women [53.1%]),
1119 underwent open mesh repair (34.5%), 366 had open nonmesh repair (11.3%), and 1757
had laparoscopic mesh repair (54.2%). The median follow-up after open mesh repair was 59
(interquartile range [IQR], 44-80) months, after nonmesh open repair was 62 (IQR, 44-79)
months, and after laparoscopic mesh repair was 61 (IQR, 48-78) months. The risk of the need
for repair for recurrent hernia following these initial hernia operations was lower for patients
with open mesh repair (12.3% [95% CI, 10.4%-14.3%]; risk difference, −4.8% [95% CI, –9.1%
to –0.5%]) and for patients with laparoscopic mesh repair (10.6% [95% CI, 9.2%-12.1%]; risk
difference, –6.5% [95% CI, –10.6% to –2.4%]) compared with nonmesh repair (17.1% [95% CI,
13.2%-20.9%]). For the entirety of the follow-up duration, there was a progressively
increasing number of mesh-related complications for both open and laparoscopic
procedures. At 5 years of follow-up, the cumulative incidence of mesh-related complications
was 5.6% (95% CI, 4.2%-6.9%) for patients who underwent open mesh hernia repair and
3.7% (95% CI, 2.8%-4.6%) for patients who underwent laparoscopic mesh repair. The
long-term repair-related complication rate for patients with an initial nonmesh repair was
0.8% (open nonmesh repair vs open mesh repair: risk difference, 5.3% [95% CI, 4.4%-6.2%];
open nonmesh repair vs laparoscopic mesh repair: risk difference, 3.4% [95% CI,
2.7%-4.1%]).

CONCLUSIONS AND RELEVANCE Among patients undergoing incisional repair, sutured repair
was associated with a higher risk of reoperation for recurrence over 5 years compared with
open mesh and laparoscopic mesh repair. With long-term follow-up, the benefits attributable
to mesh are offset in part by mesh-related complications.
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E lective incisional hernia repair is one of the most com-
monly performed general surgical operations.1,2 In the
United States alone, there were about 190 000 inpatient

abdominal wall hernia repairs performed in 2012.3 Because it is
believed to reduce the risk of hernia recurrence, mesh is com-
monly placed as an adjunct to hernia repair and mesh placement
is done in at least half of the abdominal wall hernia repairs per-
formed in the United States.3,4 However, the long-term compli-
cations related to mesh placement are not known. There are few
randomized trials assessing the effectiveness of mesh, and ob-
servational trials investigating these questions are limited by in-
complete long-term follow-up and relatively small numbers of
patients.4-6 Although mesh reduces recurrences, it is a foreign
material and may cause a host of complications.7,8 These range
from mild skin problems such as skin infections, nonhealing
wounds, and seroma formation to severe chronic pain, life-
threatening bowel obstruction, and chronic fistula development
that may be caused by chronic mesh infection.

The Danish Hernia Database was established to monitor and
improve outcomes of hernia repair.9 Previous reports from the
database were on short-term outcomes (readmissions, patient
reported outcomes, complications) and hernia recurrence
risks.8,10,11 None of these prior studies exceeded a median follow-
up of 41 months. We now report long-term (≥5 years), complete
follow-up of our patients. We hypothesized that mesh reinforce-
ment in incisional hernia repair decreases hernia recurrence but
may be associated with a high risk of complications. The objec-
tive of the study was to analyze the long-term consequences of
mesh reinforcement in elective incisional hernia repair.

Methods
Patients and Data Sources
The present study extends our previously reported data on 30-
day postoperative complications and recurrence.8 Consecutive
patients undergoing elective incisional hernia repair from Janu-
ary 1, 2007, to December 31, 2010, were analyzed. Patients were
identified from the Danish Hernia Database. The study was ap-
proved by the Danish Data Protection Agency and the National
Board of Health. Because the study is a registry-based study, par-
ticipant consent and institutional review board approval are not
required in accordance with Danish national ethical standards.

An index repair was defined as a patient’s first incisional her-
nia repair in the Danish Hernia Database. The number of patients
included in the study corresponded to the number of hernia re-
pairs. Categorization of patient demographics such as age and
hernia size was consistent with a previous study making com-
parison possible.8 Open sutured repairs without mesh were
categorized as nonmesh repairs. Information about reoperations
was obtained by merging data from the Danish Hernia Database
with that from the Danish National Patient Registry using a pa-
tient’s unique Danish social security number as a patient iden-
tifier. Additional information about patients was obtained by
manual review of patient records for those who underwent sub-
sequent abdominal reoperation. One investigator (D.K.) per-
formed the patient record reviews and assessed if the reopera-
tions were related to the original mesh hernia repair. When there

was uncertainty regarding the relationship between the original
hernia operation and the need for any subsequent surgical care,
the records were discussed with a second investigator (F.H.)
and a consensus opinion was made. Chart reviewers were not
blinded to the study hypothesis nor to what a patient’s initial op-
eration was. The follow-up period extended from the time of
the index hernia repair until reoperation for recurrence, death,
emigration, mesh removal, or the end of the study period
(November 1, 2014). A 100% follow-up rate was obtained.

The Danish Hernia Database covers 80% to 90% of all ven-
tral hernia repairs in Denmark.9,12 The database is dependent
on surgeons’ registration of their individual hernia repairs, and
this registration is mandatory. The actual registration rate is
approximately 90%. The Danish Hernia Database contains in-
formation about intraoperative technical details of the her-
nia operation as detailed previously.8,9 There is substantial con-
cordance between information in the Danish Hernia Database
and patient records.9,12 The Danish National Patient Registry
is a national administrative database based on prospective reg-
istration of diagnosis- and procedure-related code classifica-
tions (International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision diagnosis codes and
NOMESCO Classification of Surgical Procedures13 procedure
codes). The Danish National Patient Registry has not been spe-
cifically validated for hernia repairs but has been for other sur-
gical procedures such as cholecystectomies and operations for
gynecological malignancies. More than 90% of the surgical pro-
cedures were registered.14,15 The National Patient Registry has
information on all patient encounters within the Danish hos-
pital system (public and private) and has information on all pro-
cedures performed during hospital admissions and in ambu-
latory settings.16,17 Because Denmark has minimal emigration,
the database represents an essentially closed cohort.16 Before
commencing the study, a decision was made to supplement
follow-up data available from the Danish National Patient Reg-
istry with a manual review of patient records from patients who
underwent abdominal reoperations, including operations done
for abdominal infection or bleeding, diagnostic laparosco-
pies, and diagnostic laparotomies. Operations not related to
the abdominal wall or abdominal cavity were not reviewed.

Independent Variables
Information about the size and type of hernia and position and
fixation of the mesh material was prospectively collected in

Key Points
Question What are the long-term consequences in patients
undergoing incisional hernia repair?

Findings In this registry-based nationwide cohort study including
3242 patients, mesh repair was associated with a lower risk of
reoperation for recurrence compared with nonmesh repair over a
5-year follow-up period. However, a risk of long-term mesh-related
complications for open and laparoscopic mesh repairs partially
offset these benefits.

Meaning The overall benefits of mesh utilization for the repair
of abdominal wall hernias are uncertain.
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the Danish Hernia Database. The hernia defect size was de-
fined as the largest diameter of the fascia defect (length or
width) as measured by the surgeon during the operation.8

Mesh types included polypropylene (PPL), coated PPL, ex-
panded polytetrafluoroethylene (ePTFE), PPL plus ePTFE,
coated polyester, or other types (biological mesh, completely
absorbable synthetic mesh, and not specified). For open re-
pairs, the mesh position was onlay, sublay, intraperitoneal, or
other position (inlay, plug). All laparoscopic repairs were per-
formed by intraperitoneal placement of mesh. The tech-
niques of mesh fixation included tacking (absorbable and non-
absorbable), suture, and other fixation techniques (glue, clips,
and unspecified fixation). Tacks are mesh fixation devices
made of titanium (nonabsorbable) or polymers (absorbable).
The distinction between absorbable and nonabsorbable tack
fixation for hernia repair was systematically recorded in the
Danish Hernia Database after 2008. A combination of tack and
suture fixation was classified as tack fixation because in this
circumstance, suture is usually used to position the mesh prior
to placing the tacks.

Outcomes
The 2 outcomes were risk of reoperation for recurrence and risk
of mesh-related complications. The definitions and methods
applied for assessing recurrence repair were the same as used
in our prior analyses, and a recurrence repair was defined as a
repair of an incisional hernia in the same scar as the previous
hernia repair.8 We a priori defined long-term complications as
those occurring 30 days after the index hernia operation and
requiring surgical intervention in either an inpatient or outpa-
tient setting. Similar to our previous work, surgical complica-
tions were graded into major and clinically important com-
plications.10 Major complications were defined as acutely
life-threatening and requiring emergency surgery. Clinically im-
portant complications, such as late abscesses and fistulas, were
defined as all clinically significant complications not requir-
ing emergency surgery. We a priori defined complications as
surgical site infection, presence of a chronic sinus tract, late-
onset intra-abdominal abscess, enterocutaneous fistula, se-
roma, hematoma, nonhealing wound, bowel obstruction, bowel
perforation, bleeding, and need for diagnostic laparoscopy or
laparotomy because of severe abdominal pain. Complications
were stratified by one of the investigators as definitely, poten-
tially, or unlikely to be related to the previous repair based on
hospital records and operative reports regarding anatomical
conditions, etc.8,10 Surgical complications classified as “defi-
nitely related to the hernia repair” and “possibly related to the
hernia repair” were included in the analyses. When doubt ex-
isted about the relatedness of the complication to the index her-
nia operation, consensus was obtained between 2 investiga-
tors. Only 1 operation for a complication per patient (the most
severe) was assessed, although more than 1 operation per pa-
tient may have occurred.18 Prior to commencing the study and
because of the risk of selection bias, we decided not to make a
statistical comparison of outcomes between open mesh re-
pair and laparoscopic mesh repair.10 The 30-day mesh-related
mortality rate was defined as death within the first 30 days af-
ter surgical intervention due to mesh-related complications.

Statistical Analysis
The distribution of continuous data was assessed by visual in-
spection of histograms. Age was calculated as mean with stan-
dard deviation. Hernia size, mesh size, and follow-up time were
calculated as medians with interquartile ranges (IQRs). The risk
of reoperation for recurrence and the risk of mesh-related com-
plications were analyzed in accordance with the competing
risk method19 and presented as cause-specific cumulative
incidences.20 To analyze independent risk factors for recur-
rence after open repair, we performed bivariable analyses
screening clinically relevant risk factors including age, sex, pri-
mary (vs recurrent) repair, mesh position, and hernia size. For
laparoscopic repair, bivariable analyses were performed for age,
sex, primary (vs recurrent) repair, hernia size, and mesh fixa-
tion. Bivariables expressing a P < .20 and clinically relevant co-
variates were entered simultaneously into a Cox regression
model to follow methods from a previous study.8 The analy-
sis was performed separately for open repairs (mesh) and for
laparoscopic repairs. To analyze the independent risk factors
for long-term mesh-related complications, clinically impor-
tant characteristics such as age, sex, mesh size, mesh type,
mesh positioning, and technique for mesh fixation were en-
tered into a Cox regression model for open and laparoscopic
mesh repair separately. Hernia size was not entered as a vari-
able in the regression model for mesh-related complications
because mesh size, from a clinical standpoint, can act as a sur-
rogate measure of hernia size. Relevant interaction analyses
were chosen based on clinical relevance (for open repairs: her-
nia size, mesh size, mesh position, mesh fixation, and mesh
type; for laparoscopic repairs: hernia size, mesh size, and mesh
type). Results are presented as hazard ratios (HRs) with 95%
confidence intervals. Furthermore, a separate Cox analysis in-
cluding type of tacks (data from 2008-2010) and the above-
mentioned variables was performed for laparoscopic repair.
The proportional hazard assumption was tested by visual in-
spection of log-minus-log survival curves, and this assump-
tion was not violated. Testing was 2-sided and P<.05 was con-
sidered statistically significant. The statistical analyses were
performed using the IBM statistical software package SPSS, ver-
sion 22, module Statistics Base, Advanced Statistics, and Re-
gression. Cumulative incidence was analyzed in R, version
3.0.2, with the cmprsk package.

Propensity Score Adjustment
Because this was an observational study, direct comparison be-
tween patients treated with open surgery and laparoscopic sur-
gery could be influenced by selection bias. Propensity-
adjusted analysis was performed in an effort to minimize the
influence of selection bias on the analysis. A score reflective
of the propensity to have mesh placed was calculated in a lo-
gistic regression model that included clinical information that
might predict the use of mesh: hernia size and primary vs re-
current repair.21 Propensity-adjusted Cox regression analysis
was performed for mesh complications and included all pa-
tients with a mesh repair. The Cox regression analysis en-
tered the following variables: propensity score, operation type
(open mesh or laparoscopic mesh), age, sex, mesh size, mesh
type, mesh positioning, and technique for mesh fixation.
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Results

In total, 3242 patients (mean age, 58.5 [SD, 13.5] years; 1720
women [53.1%]) were included in the analysis: 1119 patients
(34.5%) with open mesh repair, 366 patients (11.3%) with non-
mesh repair, and 1757 patients (54.2%) with laparoscopic mesh
repair (eFigure in the Supplement). Median follow-up after open
mesh repair was 59 (IQR, 44-80) months, after nonmesh re-
pair was 62 (IQR, 44-79) months, and after laparoscopic mesh
repair was 61 (IQR, 48-78) months. For mesh repairs, only 4 pa-
tients (0.1%) underwent repair with a biological mesh, with the
remainder undergoing a repair using a synthetic mesh. Patient
and mesh characteristics are presented in Table 1.

Reoperation for Recurrence
(Open and Laparoscopic Repair)
Four hundred twelve patients (12.7%) underwent a repair for
recurrence. The overall recurrence rate in the open mesh group
was 13.2% (n = 148), in the laparoscopic mesh group was 11.2%
(n = 197), and in the nonmesh group was 18.3% (n = 67). The
cumulative risk of reoperation for recurrence increased
throughout the study period. The cumulative risk of reopera-
tion for recurrence at 5 years was lower for patients with open
mesh repair (12.3% [95% CI, 10.4%-14.3%); risk difference,
−4.8% [95% CI, –9.1% to –0.5%]) and laparoscopic mesh re-
pair (10.6% [95% CI, 9.2%-12.1%]; risk difference, −6.5% [95%
CI, –10.6% to –2.4%]) compared with nonmesh repair (17.1%
[95% CI, 13.2%-20.9%]) (Figure 1).

Table 1. Patient Demographics and Mesh Characteristics for Patients Undergoing Incisional Hernia Repaira

Characteristics

Open Repair
Laparoscopic Mesh Repair
(n = 1757)

Mesh
(n = 1119)

Nonmesh
(n = 366)

Sex

Male 547 (48.9) 170 (46.4) 805 (45.8)

Female 572 (51.1) 196 (53.6) 952 (54.2)

Age, y

18-50 267 (23.9) 128 (35.0) 462 (26.3)

51-60 324 (29.0) 93 (25.4) 498 (28.3)

61-70 301 (26.9) 63 (17.2) 456 (26.0)

>70 227 (20.3) 82 (22.4) 341 (19.4)

Hernia defect, cm

0-2 166 (14.8) 210 (57.4) 101 (5.7)

3-7 463 (41.4) 108 (29.5) 676 (38.5)

8-15 311 (27.8) 33 (9.0) 692 (39.4)

16-20 133 (11.9) 11 (3.0) 209 (11.9)

>20 46 (4.1) 4 (1.1) 79 (4.5)

Primary vs recurrent repair

Primary 921 (82.3) 320 (87.4) 1560 (88.8)

Recurrent 198 (17.7) 46 (12.6) 197 (11.2)

Mesh size, median
(interquartile range), cm2

180 (66-400) NR 324 (225-500)

Mesh type

PLL 597 (53.4) NR 23 (1.3)

Coated PPL 123 (11.0) NR 843 (48.0)

PPL plus ePTFE 230 (20.6) NR 617 (35.1)

ePTFE 48 (4.3) NR 79 (4.5)

Coated polyester 26 (2.3) NR 176 (10.0)

Otherb 95 (8.4) NR 19 (1.1)

Mesh position

Sublay 322 (28.8) NR NR

Onlay 451 (40.3) NR NR

Intraperitoneal 255 (22.8) NR 1757

Otherc 91 (8.1) NR NR

Mesh fixation technique

Tack 226 (20.2) NR 1719 (97.9)

Suture 823 (73.5) NR 4 (0.2)

Otherd 70 (6.3) NR 34 (1.9)

Tack type

Absorbable 17 (14.5) NR 241 (24.9)

Nonabsorbable 100 (85.5) NR 727 (75.1)

Abbreviations: ePTFE, expanded
polytetrafluoroethylene; NR, not
relevant; PPL, polypropylene.
a Data are expressed as No. (%) of

patients unless otherwise indicated.
Tacks were mesh fixation devices
made of titanium (nonabsorbable)
or polymers (absorbable).

b Biologic (n = 4); completely
absorbable synthetic (n = 3);
not specified (n = 107).

c Inlay or plug.
d Glue, clips, or not specified.
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Risk Factors for Reoperation for Recurrence
Open Repair
Risk factors for reoperation for recurrence are presented in
eTable 1 in the Supplement. In a multivariable analysis, larger
hernia size was associated with increased risk of reoperation for
recurrence (eTable 1). Older age at the time of the index opera-
tion was associated with reduced risk of reoperation for recur-
rence (eTable 1). Mesh position (onlay, sublay, etc) was not sig-
nificantly associated with risk of reoperation for recurrence.

Laparoscopic Repair
Risk factors for reoperation for recurrence are presented in
eTable 1. In a multivariable analysis, increasing age was asso-
ciated with reduced risk of reoperation for recurrence. Fur-
thermore, hernia size greater than 20 cm compared with 0 to
2 cm and nontack mesh fixation compared with tack fixation
were independent risk factors for hernia recurrence requir-
ing repair (eTable 1).

Surgical Complications
Open and Laparoscopic Mesh Repair
During the study period, the risk of mesh-related complications
increased continuously with time (Figure 2). Overall, 1050 pa-
tients (30% of the entire cohort) underwent subsequent abdomi-
nal surgery, and these patient records were examined. For 7 pa-
tients (0.2% of the entire cohort), hospital records could not be
found. A total of 142 patients (4.9%; open mesh repair, n = 68
[6.1%]; laparoscopic mesh repair, n = 74 [4.2%]) required subse-
quent operations for mesh-related complications. The cumula-
tive incidence of a mesh-related complication requiring surgi-
cal treatment was 4.5% at 5 years (open mesh repair, 5.6% [95%
CI, 4.2%-7.0%]; laparoscopic mesh repair, 3.7% [95% CI, 2.8%-
4.6%]) (Figure 2 and Table 2). Compared with laparoscopic mesh
hernia repair, open mesh hernia repair was an independent risk
factorforlong-termcomplicationsinapropensity-adjustedanaly-
sis (HR, 2.36; 95% CI, 1.28-4.36; P = .01) (eTable 2 in the Supple-
ment). The median time to a mesh-related surgical complication

Figure 2. Cumulative Incidence of Mesh-Related Complications Treated by Surgical Intervention After Index
Incisional Hernia Repair
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Figure 1. Risk of Reoperation for Hernia Recurrence After Index Incisional Hernia Repair
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after the index hernia repair was 11 (IQR, 4-38) months after open
mesh repair and 24 (IQR, 6-43) months after laparoscopic mesh
repair. The cumulative rates of major and clinically significant
complications were 1.4% and 3.5%, respectively. Life-threatening
complications occurred in 0.9% of patients with open mesh re-
pair and 1.8% of patients with laparoscopic mesh repair. In 2 pa-
tients, a diagnostic procedure was performed to investigate se-
vere pain; no significant pathologic findings were present. These
patients continued to have pain until the end of the study period
(information obtained from hospital records). In total, 6 patients
(0.2%) underwent surgery for bowel obstruction due to intra-
abdominal bowel adhesions; there were no descriptions of ad-
hesions to the mesh and therefore the obstructions were consid-
ered related to the patient’ prior abdominal surgery rather than
to the mesh itself. Mesh removal was performed in 46 patients
(1.6%). The mesh removal rates after open and laparoscopic mesh
repair were 2.6% and 1.0%, respectively. The reasons for mesh
removal were infection (n = 29 [63.0%]), pain (n = 9 [19.6%]),
bowelobstruction(n = 4[8.7%]),bowelperforation(n = 1[2.2%]),
and adhesions (n = 3 [6.5%]).

In total, 342 patients (11.9%) died during the follow-up pe-
riod and 3 (0.1%) died because of a mesh-related complica-
tion after laparoscopic repair (bleeding due to tearing of a ves-
sel by a nonabsorbable tack, n = 1; bowel perforation due to
mesh migration into the bowel, n = 1; bowel obstruction, n = 1).
No patients emigrated during the follow-up period.

Nonmesh Repair
The long-term repair-related complication rate for patients with
aninitialnonmeshrepairwas0.8%(opennonmeshrepairvsopen
meshrepair,riskdifference,5.3%[95%CI,4.4%-6.2%];opennon-
mesh repair vs laparoscopic mesh repair, risk difference, 3.4%
[95% CI, 2.7%-4.1%]) (Table 2). Patients with a nonmesh repair
had no major complications but did have some clinically signifi-
cant complications. Seven patients (1.9%) with an index opera-
tion of nonmesh hernia repair required abdominal exploration
for intra-abdominal adhesions. All operations for bowel obstruc-

tion were thought to be related to patients’ prior abdominal sur-
gery. In total, 45 patients (12.3%) in the nonmesh group died dur-
ing the follow-up period. No patients died in relation to a surgery
foralong-termrepair-relatedcomplication.Nopatientsemigrated
out of Denmark during follow-up.

Risk Factors for Mesh-Related Complications
Open Mesh Repair
The larger the mesh used, the higher the risk of mesh-related
complications(HR,1.02;95%CI,1.01-1.03;P < .001).Coatedpoly-
propylene had fewer complications than did uncoated polypro-
pylene (HR, 1.20; 95% CI, 0.04-0.90; P = .04) (eTable 3 in the
Supplement). There were no statistically significant interactions
between the various mesh positions and mesh fixation methods,
mesh position and hernia size, mesh positions and mesh types,
or mesh size and mesh types (all P > .05 for interaction).

Laparoscopic Mesh Repair
As found for open mesh repair, the larger the mesh, the higher
the risk of laparoscopic mesh-related complications (HR, 1.02;
95% CI, 1.01-1.02; P < .001) (eTable 3). We found no statisti-
cally significant interaction between mesh size and mesh type
(P > .05 for interaction).

Discussion
In this Danish nationwide analysis of long-term complications
following elective incisional hernia repair, the use of mesh to
reinforce the repair was associated with a lower risk of recur-
rence compared with when mesh was not used. In the long term,
there was a progressively increasing rate of serious mesh-
related complications partially offsetting the recurrence ben-
efits of the mesh material. Given the continuously increasing in-
cidence of mesh-related complications with time, it is expected
that with even longer follow-up than the 5 years observed in this
study, mesh-related complications continue to accrue.

Table 2. Long-term Repair-Related Complications Treated by Surgical Intervention After Index Incisional
Hernia Repair

Complications

No. (%) of Patients

Mesh Repair
Open Nonmesh Repair
(n = 366)

Open
(n = 1119)

Laparoscopic
(n = 1757)

Total
(n = 2876)

Major 10 (0.9) 31 (1.8) 41 (1.4) 0

Bowel obstruction 9 (0.8) 28 (1.6) 37 (1.3) 0

Bowel perforation 1 (0.1) 2 (0.1) 3 (0.1) 0

Bleeding 0 1 (0.1) 1 (0.1) 0

Clinically important 58 (5.2) 43 (2.4) 101 (3.5) 3 (0.8)

Chronic surgical site infection
and/or sinus tract

24 (2.1) 2 (0.1) 26 (0.9) 1 (0.3)

Late intra-abdominal abscess 8 (0.7) 5 (0.3) 13 (0.5) 0

Enterocutaneous fistula 7 (0.6) 6 (0.3) 13 (0.5) 0

Seroma 7 (0.6) 8 (0.5) 15 (0.5) 0

Hematoma 2 (0.2) 1 (0.1) 3 (0.1) 0

Nonhealing wound 4 (0.4) 3 (0.2) 7 (0.2) 1 (0.3)

Diagnostic surgery due to paina 6 (0.5) 18 (1.0) 24 (0.8) 1 (0.3)

Total 68 (6.1) 74 (4.2) 142 (4.9) 3 (0.8)

a Both diagnostic laparoscopies and
open procedures. Only 1
complication per patient (the first)
was reported.
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With 5-year follow-up, there was a 6.5% lower hernia re-
currence rate requiring reoperation attributable to laparo-
scopic hernia repair compared with open, nonmesh hernia re-
pair. Mesh reinforcement was associated with a 4.8% reduced
risk of recurrence for open repairs. However, with long-term
follow-up, 1.4% of patients required reoperation for bowel ob-
struction, bowel perforation, or bleeding that was not re-
quired for patients who did not get mesh. There was a need
for subsequent operations in 2.7% more patients receiving
mesh than those not receiving mesh for other complications,
such as the development of enterocutaneous fistula, late ab-
scess, etc. Thus, mesh implantation prevented the need for sub-
sequent reoperation in relatively few patients, suggesting that
the benefits associated with the use of mesh are partially off-
set by long-term complications associated with its use. This
observation, however, should be interpreted with caution be-
cause of the risk of selection bias. Larger, more complicated
hernias are likely to be repaired with mesh, and small, simple
hernias with little likelihood of long-term problems tend to be
repaired without mesh.8

Mesh-related complications have previously been re-
ported in case series,22 small retrospective studies,5,6 and a
single randomized clinical trial.4 Most of these studies had rela-
tively few (<200) patients, and follow-up was incomplete and
between 34 and 81 months. Only a single study of 29 patients
evaluated long-term complications following laparoscopic
mesh repair.5 These studies found an approximately 6% to 20%
complication rate attributable to mesh.4-6 These complica-
tions included bowel obstruction, enterocutaneous fistulas,
and development of chronic sinus tracts. We found that
bowel obstruction4,5 and sinus tract6 were the most com-
monly occurring long-term mesh-related complications. The
lower complication rate in the current study relative to prior
reports is explained by our focus on clinically serious compli-
cations that required subsequent operations, and we ex-
cluded analysis of medically related complications. Our find-
ing that the incidence of complications progressively increases
with time may be explained by a prior observation that in-
flammation associated with mesh persists for up to 8 years fol-
lowing implantation.23

Another reason our results may differ from prior reports
is the complete, long-term follow-up we have for the patient
followed in the Danish Hernia Database. Loss to follow-up
is common in clinical studies and seriously limits conclu-
sions that can be made regarding the efficacy of various treat-
ments. In general, it is optimal to have greater than 80%
follow-up in any cohort to make meaningful conclusions, a de-
gree of follow-up rarely achieved in published studies.24,25

Mesh size was an independent risk factor for mesh-
related complications for both open and laparoscopic hernia
repair. Mesh size is closely related to hernia size (4- to 5-cm
overlap is generally recommended),26 and this finding sub-
stantiates that larger hernias are associated with higher risk of
postoperative complications.8,27 Coated mesh appeared to re-
duce the long-term complications associated with mesh. This
might be because of less long-term inflammation associated
with hernia mesh.28-31 However, inflammation increases fi-
brosis, which results in a more secure repair. Less fibrosis can,

in theory, increase the risk of recurrences. Information on the
type of mesh coating was not available in the present study.

There are several limitations to this study. These results
were not based on randomized data, so selection bias and
imbalance between the groups at baseline cannot be fully
controlled for. We did prospectively collect data from
detailed registries maintained in 2 national databases that we
supplemented with retrospective data collected from indi-
vidual patient records. There is only a single randomized
clinical trial of the use of mesh reporting long-term out-
comes4 and, given limitations in that study’s inclusion and
exclusion criteria, the results cannot be generalized to all
patients with hernia. Also, the study was small, including
only 126 patients, limiting the ability to fully understand the
true spectrum of long-term complications and how they
influence outcomes. Our study had the benefit of reflecting
the real-world experience of an entire nation and all surgeons
performing hernia repair, with complete follow-up for all
patients. Thus, our results more closely reflect experience
that might be expected for hernia repair in actual practice
than has been suggested by prior studies.

Defining recurrence complications by the need for reop-
eration may underestimate the overall recurrence by a factor
of 4 to 5.32 This conservative definition emphasizes recur-
rences that have the most substantial clinical consequences.
Another limitation to our analysis is that our registry did not
include other factors such as body mass index and smoking
habits, which are known to influence the risk of complica-
tions from hernia repair.33 Although we tried to balance the
groups we compared by propensity adjustment,34 the influ-
ence of selection bias on the outcomes of observational trials
can never be completely overcome by statistical adjustment.35

The present study highlights the need to assess the
long-term safety of interventions before making definitive con-
clusions about their benefits. Demonstration of long-term
safety is required for drugs in the United States36 but not for
some devices, such as hernia meshes, which are not subject
to similarly strict documentation.37 In the United States, most
hernia mesh is approved for use by the 510(k) mechanism. This
requires only that these materials have similarity to existing
products on the market without the need for clinical trials to
demonstrate safety or efficacy.3 Thus, the complete spec-
trum for the risks and benefits of mesh used to reinforce
hernia repair is not known because there are very few clinical
trial data reporting hernia outcomes as they pertain to mesh
utilization. This highlights the need for more long-term stud-
ies of mesh repair using high-quality registries such as the one
in Denmark.38,39

Conclusions
Among patients undergoing incisional repair, sutured re-
pair was associated with a higher risk of reoperation for
recurrence over 5 years compared with open mesh and
laparoscopic mesh repair. With long-term follow-up, the ben-
efits attributable to mesh are offset in part by mesh-related
complications.

Recurrence and Complications After Elective Incisional Hernia Repair Original Investigation Research

jama.com (Reprinted) JAMA October 18, 2016 Volume 316, Number 15 1581

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by hazime Saiga on 10/22/2016

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.15217


Copyright 2016 American Medical Association. All rights reserved.

ARTICLE INFORMATION

Published Online: October 17, 2016.
doi:10.1001/jama.2016.15217

Author Contributions: Dr Kokotovic had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: All authors.
Acquisition, analysis, or interpretation of data:
Kokotovic, Helgstrand.
Drafting of the manuscript: Kokotovic, Bisgaard.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Kokotovic, Helgstrand.
Administrative, technical, or material support:
Bisgaard.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.
Dr Helgstrand reported receipt of personal fees
from Bard and Etichon for educational
presentations. No other disclosures were reported.

Funding/Support: The study was partly funded by
the private Edgar Schnohr and Wife Gilberte
Schnohr’s Foundation established to support
independent surgical and anesthesiological
research.

Role of the Funder/Sponsor: The foundation
had no influence on design and conduct of the
study; collection, management, analysis, and
interpretation of the data; preparation, review,
or approval of the manuscript; or decision to submit
the manuscript for publication.

Additional Contributions: We thank Steen
Ladelund, MSc, Hvidovre Hospital, Hvidovre,
and Thomas Helgstrand, MD, Rigshospitalet,
Copenhagen, for contributions of statistical support
in analyzing the cumulative incidence of recurrence
and complications. No compensation for the
contributions was provided.

REFERENCES

1. Poulose BK, Shelton J, Phillips S, et al.
Epidemiology and cost of ventral hernia repair:
making the case for hernia research. Hernia. 2012;
16(2):179-183.

2. Flum DR, Horvath K, Koepsell T. Have outcomes
of incisional hernia repair improved with time?
a population-based analysis. Ann Surg. 2003;237
(1):129-135.

3. Huerta S, Varshney A, Patel PM, Mayo HG,
Livingston EH. Biological mesh implants for
abdominal hernia repair: US Food and Drug
Administration approval process and systematic
review of its efficacy. JAMA Surg. 2016;151(4):374-
381.

4. Burger JW, Luijendijk RW, Hop WC, Halm JA,
Verdaasdonk EG, Jeekel J. Long-term follow-up
of a randomized controlled trial of suture vs mesh
repair of incisional hernia. Ann Surg. 2004;240(4):
578-583.

5. Fortelny RH, Petter-Puchner AH, Glaser KS,
Offner F, Benesch T, Rohr M. Adverse effects of
polyvinylidene fluoride-coated polypropylene mesh
used for laparoscopic intraperitoneal onlay repair of
incisional hernia. Br J Surg. 2010;97(7):1140-1145.

6. Leber GE, Garb JL, Alexander AI, Reed WP.
Long-term complications associated with

prosthetic repair of incisional hernias. Arch Surg.
1998;133(4):378-382.

7. Mathes T, Walgenbach M, Siegel R. Suture
vs mesh repair in primary and incisional ventral
hernias: a systematic review and Meta-Analysis.
World J Surg. 2016;40(4):826-835.

8. Helgstrand F, Rosenberg J, Kehlet H, Jorgensen
LN, Bisgaard T. Nationwide prospective study of
outcomes after elective incisional hernia repair.
J Am Coll Surg. 2013;216(2):217-228.

9. Helgstrand F, Rosenberg J, Bay-Nielsen M, et al.
Establishment and initial experiences from the
Danish Ventral Hernia Database. Hernia. 2010;14
(2):131-135.

10. Bisgaard T, Kehlet H, Bay-Nielsen MB, et al.
Nationwide study of early outcomes after incisional
hernia repair. Br J Surg. 2009;96(12):1452-1457.

11. Christoffersen MW, Brandt E, Helgstrand F, et al.
Recurrence rate after absorbable tack fixation of
mesh in laparoscopic incisional hernia repair. Br J Surg.
2015;102(5):541-547.

12. Helgstrand F, Tenma J, Rosenberg J, Kehlet H,
Bisgaard T. High agreement between the Danish
Ventral Hernia Database and hospital files. Dan Med
J. 2013;60(10):A4708.

13. Larsen OB, Schiøler G. NCSP NOMESKO
Klassifikation af Operationer. Copenhagen:
Munksgaard Denmark; 2005.

14. Harboe KM, Anthonsen K, Bardram L.
Validation of data and indicators in the Danish
Cholecystectomy Database. Int J Qual Health Care.
2009;21(3):160-168.

15. Kjaergaard J, Clemmensen IH, Storm HH.
Validity and completeness of registration of
surgically treated malignant gynaecological
diseases in the Danish National Hospital Registry.
J Epidemiol Biostat. 2001;6(5):387-392.

16. Andersen TF, Madsen M, Jørgensen J,
Mellemkjoer L, Olsen JH. The Danish National
Hospital Register: a valuable source of data for
modern health sciences. Dan Med Bull. 1999;46(3):
263-268.

17. Lynge E, Sandegaard JL, Rebolj M. The Danish
National Patient Register. Scand J Public Health.
2011;39(7)(suppl):30-33.

18. Altman DG, Bland JM. Statistics notes: units of
analysis. BMJ. 1997;314(7098):1874.

19. Satagopan JM, Ben-Porat L, Berwick M, Robson
M, Kutler D, Auerbach AD. A note on competing
risks in survival data analysis. Br J Cancer. 2004;91
(7):1229-1235.

20. Gray RJ. A class of K-sample tests for comparing
the cumulative incidence of a competing risk. Ann
Stat. 1988;16:1141-1154.

21. Austin PC. An introduction to propensity score
methods for reducing the effects of confounding in
observational studies. Multivariate Behav Res. 2011;
46(3):399-424.

22. Robinson TN, Clarke JH, Schoen J, Walsh MD.
Major mesh-related complications following hernia
repair: events reported to the Food and Drug
Administration. Surg Endosc. 2005;19(12):1556-1560.

23. Klinge U, Klosterhalfen B, Müller M,
Schumpelick V. Foreign body reaction to meshes
used for the repair of abdominal wall hernias. Eur J
Surg. 1999;165(7):665-673.

24. Fewtrell MS, Kennedy K, Singhal A, et al. How
much loss to follow-up is acceptable in long-term
randomised trials and prospective studies? Arch Dis
Child. 2008;93(6):458-461.

25. Kristman V, Manno M, Côté P. Loss to follow-up
in cohort studies: how much is too much? Eur J
Epidemiol. 2004;19(8):751-760.

26. Silecchia G, Campanile FC, Sanchez L, et al.
Laparoscopic ventral/incisional hernia repair:
updated consensus development conference based
guidelines. Surg Endosc. 2015;29(9):2463-2484.

27. Rios A, Rodriguez JM, Munitiz V, Alcaraz P,
Pérez D, Parrilla P. Factors that affect recurrence
after incisional herniorrhaphy with prosthetic
material. Eur J Surg. 2001;167(11):855-859.

28. Kayaoglu HA, Ozkan N, Hazinedaroglu SM,
Ersoy OF, Erkek AB, Koseoglu RD. Comparison of
adhesive properties of five different prosthetic
materials used in hernioplasty. J Invest Surg. 2005;
18(2):89-95.

29. Klink CD, Junge K, Binnebösel M, et al.
Comparison of long-term biocompability of PVDF
and PP meshes. J Invest Surg. 2011;24(6):292-299.

30. Klinge U, Klosterhalfen B, Ottinger AP, Junge K,
Schumpelick V. PVDF as a new polymer for the
construction of surgical meshes. Biomaterials.
2002;23(16):3487-3493.

31. Losi P, Munaò A, Spiller D, et al. Evaluation
of a new composite prosthesis for the repair of
abdominal wall defects. J Mater Sci Mater Med.
2007;18(10):1939-1944.

32. Helgstrand F, Rosenberg J, Kehlet H, Strandfelt
P, Bisgaard T. Reoperation vs clinical recurrence rate
after ventral hernia repair. Ann Surg. 2012;256(6):
955-958.

33. Sørensen LT, Malaki A, Wille-Jørgensen P, et al.
Risk factors for mortality and postoperative
complications after gastrointestinal surgery.
J Gastrointest Surg. 2007;11(7):903-910.

34. Haukoos JS, Lewis RJ. The propensity score.
JAMA. 2015;314(15):1637-1638.

35. Guyatt G, Rennie D, Meade MO, Cook DJ. Users’
Guides to the Medical Literature: A Manual for
Evidence-Based Clinical Practice, Third Edition.
Chicago, IL: American Medical Association; 2015.

36. Ciociola AA, Cohen LB, Kulkarni P; FDA-Related
Matters Committee of the American College of
Gastroenterology. How drugs are developed and
approved by the FDA: current process and future
directions. Am J Gastroenterol. 2014;109(5):620-623.

37. Fargen KM, Frei D, Fiorella D, et al. The FDA
approval process for medical devices: an inherently
flawed system or a valuable pathway for
innovation? J Neurointerv Surg. 2013;5(4):269-275.

38. Sanson-Fisher RW, Bonevski B, Green LW,
D’Este C. Limitations of the randomized controlled
trial in evaluating population-based health
interventions. Am J Prev Med. 2007;33(2):155-161.

39. Sørensen HT, Lash TL, Rothman KJ. Beyond
randomized controlled trials: a critical comparison
of trials with nonrandomized studies. Hepatology.
2006;44(5):1075-1082.

Research Original Investigation Recurrence and Complications After Elective Incisional Hernia Repair

1582 JAMA October 18, 2016 Volume 316, Number 15 (Reprinted) jama.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by hazime Saiga on 10/22/2016

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.15217&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.15217
https://www.ncbi.nlm.nih.gov/pubmed/21904861
https://www.ncbi.nlm.nih.gov/pubmed/21904861
https://www.ncbi.nlm.nih.gov/pubmed/12496540
https://www.ncbi.nlm.nih.gov/pubmed/12496540
https://www.ncbi.nlm.nih.gov/pubmed/26819222
https://www.ncbi.nlm.nih.gov/pubmed/26819222
https://www.ncbi.nlm.nih.gov/pubmed/15383785
https://www.ncbi.nlm.nih.gov/pubmed/15383785
https://www.ncbi.nlm.nih.gov/pubmed/20632284
https://www.ncbi.nlm.nih.gov/pubmed/9565117
https://www.ncbi.nlm.nih.gov/pubmed/9565117
https://www.ncbi.nlm.nih.gov/pubmed/26563217
https://www.ncbi.nlm.nih.gov/pubmed/23219350
https://www.ncbi.nlm.nih.gov/pubmed/19937076
https://www.ncbi.nlm.nih.gov/pubmed/19937076
https://www.ncbi.nlm.nih.gov/pubmed/19918863
https://www.ncbi.nlm.nih.gov/pubmed/25703637
https://www.ncbi.nlm.nih.gov/pubmed/25703637
https://www.ncbi.nlm.nih.gov/pubmed/24083524
https://www.ncbi.nlm.nih.gov/pubmed/24083524
https://www.ncbi.nlm.nih.gov/pubmed/19304994
https://www.ncbi.nlm.nih.gov/pubmed/19304994
https://www.ncbi.nlm.nih.gov/pubmed/11822728
https://www.ncbi.nlm.nih.gov/pubmed/10421985
https://www.ncbi.nlm.nih.gov/pubmed/10421985
https://www.ncbi.nlm.nih.gov/pubmed/21775347
https://www.ncbi.nlm.nih.gov/pubmed/21775347
https://www.ncbi.nlm.nih.gov/pubmed/9224131
https://www.ncbi.nlm.nih.gov/pubmed/15305188
https://www.ncbi.nlm.nih.gov/pubmed/15305188
https://www.ncbi.nlm.nih.gov/pubmed/21818162
https://www.ncbi.nlm.nih.gov/pubmed/21818162
https://www.ncbi.nlm.nih.gov/pubmed/16211441
https://www.ncbi.nlm.nih.gov/pubmed/10452261
https://www.ncbi.nlm.nih.gov/pubmed/10452261
https://www.ncbi.nlm.nih.gov/pubmed/18495909
https://www.ncbi.nlm.nih.gov/pubmed/18495909
https://www.ncbi.nlm.nih.gov/pubmed/15469032
https://www.ncbi.nlm.nih.gov/pubmed/15469032
https://www.ncbi.nlm.nih.gov/pubmed/26139480
https://www.ncbi.nlm.nih.gov/pubmed/11848241
https://www.ncbi.nlm.nih.gov/pubmed/16036777
https://www.ncbi.nlm.nih.gov/pubmed/16036777
https://www.ncbi.nlm.nih.gov/pubmed/22047202
https://www.ncbi.nlm.nih.gov/pubmed/12099293
https://www.ncbi.nlm.nih.gov/pubmed/12099293
https://www.ncbi.nlm.nih.gov/pubmed/17554600
https://www.ncbi.nlm.nih.gov/pubmed/17554600
https://www.ncbi.nlm.nih.gov/pubmed/22580941
https://www.ncbi.nlm.nih.gov/pubmed/22580941
https://www.ncbi.nlm.nih.gov/pubmed/17468915
https://www.ncbi.nlm.nih.gov/pubmed/26501539
https://www.ncbi.nlm.nih.gov/pubmed/24796999
https://www.ncbi.nlm.nih.gov/pubmed/22764203
https://www.ncbi.nlm.nih.gov/pubmed/17673104
https://www.ncbi.nlm.nih.gov/pubmed/17058242
https://www.ncbi.nlm.nih.gov/pubmed/17058242
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.15217

