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Abstract
BACKGROUND: Mesh repair reduces the risk of reoperation for recurrence in patients with primary

ventral hernias. However, reoperation for recurrence underestimates total recurrence (reoperation 1
clinical) and mesh reinforcement may induce chronic pain. This study investigated the total recurrence
and risk of chronic pain in small primary ventral hernias.

METHODS: A cohort study with questionnaire and clinical follow-up was conducted. Patients with
primary, elective, open mesh or sutured repair for a small umbilical or epigastric hernia (%2 cm) were
included.

RESULTS: One thousand three hundred thirteen patients completed the questionnaire. The total cumu-
lated recurrence rate after primary repair was 10% for mesh repair and 21% for sutured repair (P5 .001).
The incidence of chronic pain was 6% after mesh repair and 5% after sutured repair (P5 .711).
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CONCLUSIONS: Mesh repair halved long-term risk of recurrence after repair for small ventral her-
nias without increased risk of chronic pain.
� 2014 Elsevier Inc. All rights reserved.
An open repair for a small umbilical or epigastric hernia
is a common minor surgical procedure.1 However, the
optimal repair technique remains controversial.1–5

Although reoperation for recurrence is significantly
reduced after mesh repair compared with sutured repair,1,6

reoperation for recurrence may underestimate overall recur-
rence (reoperation or clinical) by 3- to 4-fold.7 Surgeons
have been reluctant to use mesh reinforcement in these
small hernias4,5 because mesh repair has been suspected
of causing complications and chronic pain3,8,9 as observed
in inguinal hernia repair.10,11

The risk of chronic pain after mesh and sutured repair
for a small umbilical or epigastric hernia may be 5% to
10%,9,12,13 but evidence is derived from small, retrospec-
tive studies. Furthermore, potential risk factors for
chronic pain and recurrence after this type surgery are un-
known.13–15

The primary aim of this study was to investigate the risk
of recurrence, and secondary aim was chronic pain.
Methods

We conducted a cohort study from the Region of
Zealand in Denmark. The region of Zealand is the largest
part of Denmark harboring 2,208,348 inhabitants (in 2013).
The inhabitants of Zealand are a representative sample of
the entire Danish population.http://da.wikipedia.org/wiki/
Sjælland The study included 3 years consecutive patients,
prospectively registered in the Danish Ventral Hernia
Database (DVHD, see below for details). The perioperative
registry data were combined with data from a prospective
follow-up questionnaire (see below) and clinical follow-
up. We included patients undergoing elective open mesh
and sutured repair for an umbilical or epigastric hernia
with a fascial defect diameter of less than or equal to
2 cm, who were registered in the DVHD from January 1,
2008 to December 31, 2010. We did not include laparo-
scopic repair, umbilical or epigastric hernia defects greater
than 2 cm, index recurrent hernia repairs, or emergency
hernia repairs. Patients who had emigrated, patients who
had a subsequent abdominal operation after their ventral
hernia repair (abdominal surgery between primary hernia
repair and recurrence), or patients who were lost to
follow-up (no response to several mailed questionnaire or
to several phone calls) were excluded. Primary endpoint
was cumulated recurrence rate (reoperation or clinical).
Recurrence was defined as reoperation for recurrence or a
present clinical recurrence. Reoperation for recurrence
was defined as an operation for an umbilical or epigastric
hernia after a previous similar primary hernia repair. We
included only one (the first) reoperation for recurrence for
each patient. Clinical recurrence was defined as a fascial
defect with protrusion of bowel or lump.7 Secondary end-
points were moderate or severe chronic pain at the site of
hernia/previous hernia (see questionnaire and clinical
follow-up below) and predetermined risk factors for recur-
rence and chronic pain.

The follow-up period was defined as the time from the
primary repair until recurrence, death, or end of the study
period (June 1, 2013).

DVHD is a nationwide registery providing information
about ventral hernia repairs since 2007. The DVHD
provides intraoperative information on 37 different vari-
ables, including information on reoperation for recurrence,
primary/recurrent repair, whether repair was secondary to
another primary surgical procedure, mesh material and
mesh positioning, suture material, surgical technique, and
so on. The registry does not include information on
postoperative events such as surgical complications.16

Therefore, data from DVHD were supplemented with
data from the Danish National Patient Registry (DNPR),
ensuring a 100% complete follow-up on deaths, emigration,
mortality, reoperation for complications, and reoperation
for recurrence. Postoperative medical complications are
not recorded in the DNPR. In Denmark, it is mandatory
to register all hernia repairs. Every Danish surgeon is ob-
liged by a governmental decision to online register all
ventral hernia repairs in the DVHD. Data registration in
the DVHD is validated by electronic match analysis with
the unique DNPR and mismatches are listed continuously
and made available to individual surgical departments for
correction and missing data. Hence, it is each surgical
department that is responsible for the reporting. A recent
comparative study on DVHD data and registrations in hos-
pital files showed that DVHD covered 89% to 99% of all
ventral hernia repairs in Denmark.16,17

In this study, surgical site infection (SSI) was defined as
infection requiring skin opening/incision and/or reoperation
with mesh removal. Information was achieved by a com-
bination of data from the DNPR (which provides unique
codes for every kind of surgery) and data from DVHD.
Other surgical complications were defined as complications
requiring reoperation (see above). Thus, seroma formation
not requiring surgical intervention was not registered.
Reoperation for early recurrence was not regarded a
complication but registered as a reoperation for recurrence.

The size of the hernia defect was defined as the widest
diameter of the hernia defect measured intraoperatively by
the surgeon. The types of hernia repairswere characterized as
follows: mesh repair (onlay, inlay/plug, sublay, and intraper-
itoneal) and sutured repair (with fast absorbable sutures [eg
polyglactin], slowly absorbable suture [eg polydioxanone],
or nonabsorbable suture [eg polypropylene]).

http://da.wikipedia.org/wiki/SjSj%00lland
http://da.wikipedia.org/wiki/SjSj%00lland


When was your first operation for your abdominal hernia (ventral hernia repair)?

__________ / ___________
(mm)     (yyyy)

1. Have you suspected that your hernia has come back (hernia recurrence)?

Yes No Do not know        

If not, please go to question 4.

2. How did you suspect that your hernia came back? 

By professional clinical examination?

Yes No Do not know        

By self-examination?

Yes No Do not know        

By CAT- or ultrasound scan?

Yes No Do not know        

3. When did you first suspect that your hernia had come back (recurrence)?
____________months after the first operation.

4. Have you been reoperated for recurrence after your first ventral hernia repair? 

Yes No Do not know        

If yes, when?           ___________  / ___________ / ___________
(dd)         (mm)       (yyyy)

5. Where there any complications after your first ventral hernia repair?

Yes No Do not know        

If yes, what?_______________________________________________________

6. Were you a smoker when you had your first ventral hernia repair?

Yes No Do not know        

7. Please note your height:______ cm and weight:_______kg

Current pain 

8. When you think back on the last week how much PAIN (in average) have you felt in 
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Questionnaire and clinical follow-up

A structured questionnaire was mailed to all patients in
February 2013. The questionnaire was resent twice (in
maximum 3 postal questionnaires) to nonresponders and if
still no response patients were contacted by phone up to 3
times. This follow-up was performed by investigators of
this study and is not a part of a standard follow-up
procedure within the DVHD.

The questionnaire has previously been validated with
sufficient sensitivity to identify recurrence in Danish
patients undergoing ventral hernia repair7 (Fig. 1). In the
questionnaire, patients noted if they had suspicion of recur-
rence or had had a reoperation for recurrence. In all pa-
tients, suspicion of recurrence led to a clinical
examination by the same senior registrar visiting the local
hospital or in patients in their private homes. Questions
also regarded levels of pain at the site of the hernia/previ-
ous hernia, during the past week. For this purpose, we
used a verbal rating scale (none 5 1, mild 5 2, moderate
5 3, severe 5 4). In case of unclear answers (answers
self-contradictory or clearly misunderstood), patients were
contacted by telephone for clarification. Patients who sus-
pected recurrence had a clinical examination by an experi-
enced surgeon (in hospital or in patients’ private homes if
necessary). The clinical examination was supported by a
computerized abdominal tomography with oral contrast if
the clinical examination was inconclusive. The date of clin-
ical recurrence was defined as the date of suspicion of
recurrence, confirmed by the clinical confirmation. Further-
more, patients were asked to register smoking status,
weight, and height specifications at the time of repair,
and whether they had complications after their hernia
repair. This information on complications was further
matched with information from DVHD and DNPR.

In total, 76 patients (with a reoperation for recurrence)
were recently reported as part of another DVHD study
reporting result on reoperation rates for recurrence from
2007 to 2010 (no 5 4.786) where 132 patients underwent
reoperation for recurrence. In the latter study, clinical
recurrence and chronic pain were not reported.6 For further
details on overlap, see Comments section.

The study was approved by the Danish Data Protection
Agency (reg. no. SN-16-2012), the local ethics committee
(reg. no. SJ-298).
relation to the surgical site where you had your ventral hernia repair?      
(only tick one box)

No Light                         Moderate                      Severe

Figure 1 Copy of questionnaire sent to the patients (in trans-
lated version).
Statistical analysis

The overall and subgroup analyses of the cumulated risk
for recurrence were calculated using the Kaplan–Meier
method and presented as a hazard function and compared
with log rank test. Mann–Whitney rank-sum test was used
to compare continuous variables and Pearson chi-square
tested categorical variables. Body mass index (BMI) was
derived from patients’ self-reported weight and height.
Univariate analysis of risk factors for recurrence was log-
rank tested and risk factors for chronic pain were tested
with chi-square test. Continuous variables (age, hernia size,
and BMI) were dichotomized into less than or equal to or
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greater than median values before entered into the regres-
sion model. Multivariate multiple logistic regression or Cox
regression analysis was conducted for identification of
independent covariates’ possible influence on recurrence
and chronic pain. Univariate covariates expressing a
P value lesser than .2 were entered simultaneously into
the multiple logistic regression (or Cox regression model
when appropriate).18 The calibration of the multiple logistic
regression model was tested by the Hosmer–Lemeshow
goodness-of-fit test. Presented hazard ratios (HR) were
adjusted for possible contributions for other variables. A
P value of less than .05 was considered significant. Data
are presented as median with range and percentages with
95% confidence intervals (95% CI), if not stated otherwise.

Results

Patient characteristics are given in Table 1. During the 3-
year inclusion period, 1,589 patients were included. In to-
tal, 1,313 patients (928 patients had a sutured repair and
385 had a mesh repair) responded to the questionnaire
(83% response rate; thus 17% did not have a postoperative
follow-up). Thus, 276 patients were excluded because of
nonrespondance, or if a patient underwent subsequent
abdominal surgery in the follow-up period, or if patients
had died or emigrated during follow-up time (Fig. 2).
Observation time from primary hernia repair to recurrence
was median 40 months (range 0 to 66). Observation time
from primary repair to questionnaire follow-up (regarding
clinical suspicion of recurrence and chronic pain, see
above) was median 43 months (range 23 to 66).

Risk of recurrence

During follow-up, 76 patients were reoperated for
recurrence. Based on the questionnaire, 181 patients
reported suspicion of recurrence and all these patients
underwent clinical examination for recurrence (145 and 36
Table 1 Patient characteristics and cumulated recurrence rates

Sutured repair

No. of patients 928
Age, years (median, range) 47 (18–85)
Men, no. (%, 95% CI) 577 (62, 59–6
Hernia type, no. (%, 95% CI) 684 (74, 71–7
Hernia size, cm (median, range) 1.0 (.2–2.0)
Body mass index, kg/m2 (median, range) 26 (17–48)
Smoking status, no. (%, 95% CI) 265 (29, 26–3
Follow-up time, months (median, range) 39 (1–66)
Total no. of recurrences (%, 95% CI) 146 (16, 14–1
Cumulated recurrence rate (%) 21

Patient characteristics: data on age, hernia size, body mass index, and follow

provided. Age is age at primary operation, hernia type is given as number of u

CI 5 confidence interval.

*P , .05.
patients were examined at the local hospital or in their
private homes, respectively). The diagnosis was confirmed
in 104 patients. Thus, 180 (76 1 104) patients had
recurrence during the 55 months follow-up period. The
combined cumulated recurrence rate after 55 months
including both mesh and sutured repairs was 18%
(Fig. 3A). For sutured repair, the cumulated recurrence
rate after 55 months was 21% (9% reoperation for recur-
rence and 12% clinical recurrences) and 10% for mesh
repair (3% reoperation for recurrence and 7% clinical
recurrence) (P 5 .001) (Fig. 3B). Thus, the overall cumu-
lated recurrence rate exceeded reoperation rate for recur-
rence by 2- to 3-fold.

Subgroup analyses of different suture materials (nonab-
sorbable suture, n5 776; slowly absorbable suture, n5 98;
and fast absorbable suture, n 5 54) showed no significant
differences in cumulated recurrence rates (21% vs 18%
vs 25%, respectively; P 5 .875) (Fig. 3C). Similarly, there
were no significant differences regarding mesh positions in
the mesh repair group (inlay/plug, n 5 36; sublay, n 5 179;
onlay, n5 19; and intraperitoneal, n5 151) (9% vs 10% vs
5% vs 8%; P 5 .952). Subgroup analyses of hernia defect
size in relation to recurrence (.0 to 1 cm and .1 to
2 cm) showed significant differences in cumulated recur-
rence rates (mesh repair versus sutured repair) in hernia de-
fects greater than 0 to 1 cm (12% vs 21%, P 5 .033) and
greater than 1 to 2 cm (8% vs 17%, P 5 .036).
Multivariate analysis of risk factors for
recurrence

The following univariate covariates (P , .2) for recur-
rence were included in the Cox regression model: hernia
repair technique, age (% or .52 years), hernia defect
size (% or .1 cm), smoking, BMI (% or .27), hernia
type (umbilical versus epigastric), and SSI. Independent
risk factors for recurrence were: sutured repair (HR 5
1.874, P 5 .002), young age (younger than 52 years, HR
Mesh repair All

385 1,313
51 (23–86) 48 (18–86)*

5) 272 (71, 66–76) 849 (65, 62–68)*
7) 305 (79, 75–83) 989 (75, 73–77)*

1.5 (.3–2.0) 1.0 (.2–2.0)*
28 (18–47) 27 (17–48)*

2) 122 (32, 27–37) 387 (28, 26–30)
43 (0–62) 40 (0–66)*

8) 34 (9, 6–12) 180 (14, 12–16)*
10 18*

-up time are given in median and range. Percentage and 95% CI are also

mbilical hernias (vs epigastric hernias) and smoking is no. of smokers.



Eligigble patients, n = 1 589 Patients excluded (n = 276)

• No respons to questionnaire (n = 237)

• Refused clinical examination (n = 31)

• Emigrated (n = 3) 

• Death (n = 2) 

• Subsequent abdominal surgery 
between primary hernia repair and 
recurrence (n = 3) 

Reoperation for recurrence, n = 76

Responders, n = 1 313 (83 %)

Cumulated recurrence rate 18 % after 40 months

Clinical recurrence, n = 104 Chronic pain, n = 70 (5%)

Figure 2 Study profile.
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5 1.476, P 5 .013), smoking (HR 5 1.482, P 5 .012),
epigastric hernia (HR 5 1.903, P ,.001), and SSI (HR 5
4.687, P ,.001).

Risk of chronic pain

Five percent (70 patients) reported chronic pain (mod-
erate pain 51 patients; severe pain 19 patients). There were
no significant differences in chronic pain between sutured
repair (5%, 95% CI: 4 to 6) versus mesh repair (6%, 95%
CI: 4 to 8; P 5 .711).

Multivariate analysis of risk factors for chronic
pain

When analyzing risk factors for chronic pain, the
following univariate covariates were included in the
multivariate model (P , .2): recurrence, age, and sex, but
only recurrence was an independent risk factor for chronic
pain after open umbilical or epigastric hernia repair (HR 5
4.616, P , .001).

Thirty-day mortality was zero and there were no signif-
icant differences in the risk of reoperation for complica-
tions between the sutured and mesh repair groups (3%, 95%
CI: 1 to 5 [overlapping CI] vs 1%, 95% CI: 0 to 2
[overlapping CI]). Three of the 11 patients with SSI
required mesh removal (all 3 developed recurrence)
(Table 2).

Comments

The results from this study may potentially influence
general surgical practice in the treatment, information, and
surgical recommendation for patients with a small primary
ventral hernia because recurrence was reduced significantly
with more than 50% even in very small defects of greater
than 0 to 1 cm using mesh reinforcement compared with
simple sutured repair, without increasing the risk of chronic
pain. Five percent of the patients suffered from chronic pain
at the site of their previous hernia and recurrence was the
sole independent risk factor for chronic pain.

This study found a surprisingly high cumulated recur-
rence rate (sutured repair: 21%, 12% clinical assessment
and 9% reoperation for recurrence; mesh repair: 10%, 7%
clinical assessment and 3% reoperation for recurrence)
after 55 months. Reoperation for recurrence was performed
in 76 patients, whereas clinical recurrence was found in 104
patients adding up to a total cumulated recurrence rate of
18%. Thus, findings stress the importance of reporting both
clinical recurrence as well as reoperation for recurrence in
future studies as described elsewhere.7 It is well established
that mesh repair is the choice of repair in large ventral her-
nia repairs.19–22 However, a subanalysis in patients with
small hernias less than 3 cm found a significant reduction
in recurrence in those repaired with mesh compared with
sutured repair.19 Furthermore, a systematic review
including 4 randomized controlled trials and 10 observa-
tional studies found that mesh repairs of smaller umbilical
hernias lowered recurrence by 10-fold.2 Additionally, a
recent meta-analysis including 9 small predominantly retro-
spective uncontrolled heterogeneous studies (n 5 1.782 pa-
tients) suggested a 3-fold reduction of recurrence after
mesh repair compared with sutured repair (2.7% vs 8.2%)
but with an increased risk of seroma formation and SSI.
However, most included studies were with poorly defined
follow-up, definition of recurrence, and with a poor study
design.1 However, surgeons remain reluctant to use mesh
reinforcement in small hernias because of fear of inducing
a higher risk of chronic pain (as observed in inguinal hernia



Figure 3 Kaplan–Meier hazard plot illustrating the cumulated recurrence rate for (A) all hernia repairs (mesh and sutured repair), (B)
mesh versus sutured repair, and (C) the 3 different suture types in the sutured repair group.

Table 2 Reoperation for complications and mortality after repair for small umbilical or epigastric hernias

30-day outcome (n 5 1,313)

Open umbilical/epigastric repair

Mesh repair
(n 5 385)

Sutured repair
(n 5 928) Total (n 5 1,313)

Reoperation, n (%, 95% CI)
Wound infection (wound opening) 11 (3, 1–5) 8 (1, 0–2) 19 (2, 0–5)
Wound bleeding 0 1 (.1, 0–2) 1 (.08, .5–1.5)
Wound dehiscence 0 1 (.1, 0–2) 1 (.08, .5–1.5)
Mortality 0 0 0

Data on reoperation for complications and mortality are given in numbers and percentages. 95% Confidence intervals are also provided.

CI 5 confidence interval.
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repair) and SSI.5,23 In a recent retrospective, single-center
study, the authors reported a low risk of recurrence (reoper-
ation or clinical) (sutured repair 6.3% and mesh repair 0%)
after repair for umbilical hernias (n 5 162) without signif-
icant difference between mesh and sutured repair.3 These
findings may represent results with high internal validity
being the experience from a single center with few surgeons
using a uniform technique, whereas findings from our study
rather reflect high external validity data from a regional
cohort. This may, in part, explain the large difference in
outcomes between the 2 studies.

In most studies investigating recurrence rates after
ventral hernia repair, only reoperation rates for recurrence
was reported. The fact that we reported reoperation for
recurrence as well as clinical recurrence, and that our study
had a long follow-up period (median 3 years) may in part
explain the high recurrence rate as found in our study. We
did not systematically register why patients with clinical
recurrence have not undergone a reoperation for recurrence.
However, a recent study found that the principal reason for
not going through a reoperation was only minor complaints
from the recurrent hernia.7

In this study, 5% of patients reported moderate or severe
chronic pain. In previous studies, 3% to 12% of the patients
reported moderate to severe chronic pain after open repair
for small umbilical or epigastric hernias.9,12,24,25 A cohort
study on 101 mesh repairs with 1-year follow-up reported
that 3% of the patients had moderate to severe chronic
pain.25 Another retrospective cohort study on small umbil-
ical and epigastric hernias with prospective follow-up re-
ported that 12% of the patients had moderate to severe
chronic pain. These complaints were related to recurrence
(31% with recurrence vs 10% without recurrence, P 5
.014), with no differences between mesh and sutured
repair.9 However, these findings could be because of the
small study population because this association was not
found in other studies.9,12,24 A prospective cohort study
on 512 patients undergoing mixed laparoscopic and open
incisional hernia repairs reported that preoperative pain
was the only independent risk factor for chronic pain, but
did not investigate the impact of recurrence on chronic
pain.24 Unfortunately, this study had no information on pre-
operative pain.

We found that recurrence was the only independent risk
factor for chronic pain. These findings are supported by a
retrospective study on 295 patients with 5-year-question-
naire and clinical follow-up undergoing sutured repair for
small umbilical and epigastric hernias. A total of 79% of
the patients with moderate to severe chronic pain also had
recurrence.12

Young age remained a significant predictor of recurrence
in the multivariate analysis. This is surprising because older
age often is considered to be a risk factor for recurrence
because of poorer tissue quality. However, findings are
supported by a previous study on incisional hernia repairs
where young age also was an independent risk factor for
reoperation for recurrence.26
In this study, clinical recurrence was defined as a facial
defect with a palpable lump or protrusion of bowel7 and
clinical examination may have ignored some recurrences,
especially in obese patients. However, in case of inconclu-
sive or uncertain findings, patients were referred for a
computerized abdominal tomography scan.

This study presents patients operated from the period 2008
to 2010. Previous studies based on DVHD data have, in part,
reported long-term complications (recurrence and chronic
complaints) from approximately the same period.6,7,9,12 Two
of these studies included patients with umbilical or epigastric
hernia repair during 2000 to 2007 with no overlap of this
study period.7,12 Another single-center study from 2004 to
2009 included a total of 139 patients,9 of which 48 patients
were included in this analysis. Finally, a recent nationwide
cohort study (4,786 patients) reported reoperation rates for
recurrence (but not clinical recurrence or chronic pain) after
open mesh or sutured repair of umbilical or epigastric hernia
repair from 2007 to 2010.6 The 1,313 patients in this study
were included in the 4,786 cohort.6 Selection of the present
cohortwasmade to avoid double publication because clinical
evaluation was performed on the 2007 population in another
study.7

Even though the results of this study are quite clear with
regard to the benefits of mesh reinforcement, practice with
a shift toward using mesh reinforcement even in small
umbilical or epigastric hernias could camouflage inade-
quate surgical technique. Quite a large number of surplus
meshes are needed to prevent a recurrence. Therefore,
focus should be on systematic training of general surgeons
promoting an adequate surgical basic technique. However,
the use of mesh for incisional midline hernias has already
been shown beneficial.19 This study further emphasizes that
even small umbilical or epigastric hernias should be re-
paired using mesh reinforcement to avoid recurrences.

There are several limitations of this study. A potential
weakness was that only patients who responded to the
questionnaire (83 %) and among these only those who
thought they may have a recurrence were clinically
examined. However, detection by our questionnaire has
previously been validated for the purpose with a high
sensitivity and specificity.7 Another limitation was that we
were only able to perform systematic registration of postop-
erative complications that required surgical intervention.
Thus, minor complications such as surgical site phlegmon
and seroma formation (not requiring intervention) and med-
ical complications were not registered in the DNPR. There-
fore, the reported complication rate may be underestimated.
Furthermore, we performed subgroup analysis on types of
suture material and different mesh placements. Further-
more, the subgroup analysis on types of suture material
and different mesh placements were with small numbers
of patients thus, with the inherent risk of type 2 errors. In-
formation on smoking and BMI was collected retrospec-
tively and could have led to recall bias. This study is not
a randomized trial and may therefore be biased by selec-
tion. However, our study is of a large regional cohort
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with long-term follow-up on recurrences and chronic pain.
Accordingly, this study provides data that cannot be created
within an RCT, and have the inherent advantages of a
nationwide registry providing high external validity.
Because of the bias–variance dilemma, the evaluation of
a surgical therapy is hardly possible in RCT with sufficient
statistical power.

In conclusion, the 21% long-term risk of recurrence after
a sutured repair for small umbilical or epigastric hernias
was halved when using mesh reinforcement, without
inducing an increased risk of chronic pain (about 5%).
These findings may have influence on general surgical
practice with a shift toward using mesh reinforcement even
in small umbilical or epigastric hernias.
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