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Abstract
Aim: Incisional hernia (IH) is a common complication of colorectal surgery, affecting up to 
30% of patients at 2 years. Given the associated morbidity and high recurrence rates after 
attempted repair of IH, emphasis should be placed on prevention. There is an association 
between surgeon volume and outcomes in hernia surgery, yet there is little evidence re-
garding impact of the seniority of the surgeon performing abdominal wall closure on IH 
rate. The aim of our study was to assess the rates of IH at 1 year following abdominal wall 
closure between junior and senior surgeons in patients undergoing elective colorectal 
surgery.
Methods: This was an exploratory analysis of patients who underwent elective surgery 
for colorectal cancer between 2014–2018 as part of the Hughes Abdominal Repair Trial 
(HART), a prospective, multicentre randomised control trial comparing abdominal wall 
closure methods. Grade of surgeon performing abdominal closure was categorised into 
“trainee” and “consultant” and compared to IH rate at one year.
Results: A total of 663 patients were included in this retrospective analysis of patients in 
the HART trial. The rate of IH in patients closed by trainees was 20%, compared to 12% 
in those closed by consultants (p = <0.001). When comparing closure methods, IH rates 
were significantly higher in the Hughes closure arm between trainees and consultants 
(20% vs. 12%, p = 0.032), but not high enough in the mass closure arm to reach statisti-
cal significance (21% vs. 13%, p = 0.058). On multivariate analysis, age (p = 0.036, OR: 
1.02, 95% CI: 1.00–1.04), Male sex (p = 0.049, OR: 1.61, 95% CI: 1.00–2.59) and closure 
by a trainee (p = 0.006, OR: 1.85, 95% CI: 1.20–2.85) were identified as risk factors for 
developing IH.
Conclusion: Patients who undergo abdominal wall closure by a surgeon in training 
have an increased risk of developing IH when compared to those closed by a consult-
ant. Further work is needed to determine the impact of supervised and unsupervised 
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INTRODUC TION

Incisional hernia (IH) is a common complication of colorectal can-
cer surgery with rates at 2 years following surgery of 30% [1]. It is a 
source of significant morbidity to patients which negatively impacts 
on their quality of life, and is costly to treat [2]. It is in the interests of 
patients, clinicians, and the healthcare system to find ways of reduc-
ing the rate of occurrence of IH.

Risk factors for developing IH are diverse. Patient risk factors 
include raised body mass index (BMI), diabetes mellitus, increas-
ing age and previous intra-abdominal surgery [3,4]. Surgical risk 
factors include emergency surgery, location of abdominal incision, 
abdominal wall closure (AWC) technique and postoperative wound 
infection [4]. Despite extensive research into surgical risk factors, 
there has been little change in the rates of IH after abdominal sur-
gery, from Jenkins [5] who reported IH rate of 13% in 1976, to 13% 
reported in the 2015 Small bite, Small Stitch (STITCH) trial [6]. An 
understanding of modifiable risk factors is key to reducing patients' 
overall risk of IH.

Opening and closing the abdomen has traditionally been one of 
the first operations a trainee surgeon learns to perform, and “mass 
closure” techniques are taught on basic surgical skills courses to ju-
nior doctors and surgical trainees around the world [7]. Recent stud-
ies, such as the STITCH trial and the Hughes abdominal repair trial 
(HART), have moved away from traditional mass closure and place 
emphasis on meticulous surgical technique [6,8]. This has led to vari-
ation in closure techniques between individual surgeons. Abdominal 
closure, historically in many health care systems, has been left to the 
trainee to perform often with junior assistance, and at the end of a 
long operation. Trainees who find themselves working for multiple 
consultants may be expected to perform several different closure 
techniques at the same time.

The relationship between surgeon experience and surgical out-
comes has been well documented. A systematic review published 
in 2015 by Maruthappu et al. concluded that increasing surgical 
volume and years of practice are associated with improved perfor-
mance and clinical outcomes across surgical specialties [9]. A 2005 
study by Langer et al. found that recurrence rates after incisional 
hernia repair significantly decreased with increasing surgical experi-
ence; however, the impact of surgical experience on primary abdom-
inal closure to prevent IH has rarely been reported [10].

There is mounting evidence to suggest that a surgeon's experi-
ence plays a role in surgical outcomes and focus is shifting towards 
risk-reduction in prevention of IH, but the impact of the grade of the 

surgeon closing the abdomen and rates of IH following abdominal 
surgery is unknown. Here, we aimed to test our hypothesis that the 
grade of surgeon performing AWC impacts the incidence of IH.

METHODS

HART data

This was an unplanned retrospective analysis using data obtained 
from the Hughes Abdominal Repair Trial (HART); a prospective, 
multicentre randomised control trial of 802 patients, comparing the 
Hughes abdominal closure method with mass closure technique of 
the operating surgeon's choice [1]. Patients were recruited between 
2014–2018 and had baseline demographics collected at inclusion. 
All patients underwent surgery for colorectal cancer and were in-
cluded if they had a midline incision over 5 cm long, regardless of 
whether their surgery was laparoscopic or open.

Patients were randomised into two methods of AWC. The con-
trol arm was mass closure technique of the operating surgeon's 
choice, compared to the interventional arm; closure using the 
Hughes abdominal repair method (Hughes technique); a technique 
combining standard mass closure using two loop 1-PDS sutures with 
interrupted near-far horizontal and vertical mattress sutures using 
1 Nylon.

To assure standardisation of technique, all participating consul-
tant surgeons received training on the Hughes repair and were as-
sessed by the study team before the start of the trial and approved 
only when closure technique was satisfactory. The study team did 
not provide formal training to trainees; a cascade training process 
was followed where site leads could sign off colleagues including 
trainees in the technique before they could perform closure within 
the context of the trial. Formal documentation of this training 

trainees on IH rates, but abdominal wall closure should be regarded as a training op-
portunity in its own right.

K E Y W O R D S
abdominal wall closure, incisional hernia, surgical training

What does this paper add to the literature?

There is a positive correlation between experience and 
outcomes in surgery. This study is the first to highlight the 
difference in incisional hernia rates between trainee and 
consultant grade surgeons when performing abdominal 
wall closure. AWC is a training opportunity and independ-
ent trainee closure should be competency based.
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process was not required, and standardisation of the cascade train-
ing was not assessed.

The primary endpoint of the HART study was presence of inci-
sional hernia on clinical examination by a trained physician at 1 year.

Patient identification

Patients participating in the HART trial were included if they had 
clinical examination for presence of incisional hernia at 1 year and 
had the grade of surgeon performing AWC recorded.

Baseline demographics, including age, gender, BMI, previous ab-
dominal surgery, smoking history, and type of surgery were collated 
and can be seen in Table 1. Grade of surgeon closing the abdominal 
wall was collected and categorised into “trainees” (training grade 
surgeons on a specialty training programme, equivalent to registrar/
resident level) and “consultants” (those who have a qualification of 
completion of clinical training [CCT], and hold a consultant position 
at time of surgery).

Statistical analysis

Data was collected using MACRO and analysed using SPSS ver-
sion 27.0. Continuous numerical variables were assessed using 
F-tests and unpaired sample t-tests. Categorical variables were as-
sessed using Pearson's chi-square test and Fisher's exact test, where 
necessary. The level for significance was set at the conventional 
p = <0.05. A single-predictor binary logistic regression model was 
developed using a stepwise approach. Univariate analysis was used 
to identify risk factors for developing IH. Multivariate analysis was 

then performed using only factors that had reached significance in 
the univariate model.

RESULTS

A total of 663 patients were identified from the HART trial database 
and were included in this analysis. The mean age was 68 (27–95). 
63% were Male (n = 421), and the mean BMI was 28.1 (12.1–49.6).

Abdominal closure was performed by trainees in 289 cases and 
by consultants in 374 cases. Patients closed by consultants were 
more likely to be younger, have a longer duration of operation, and 
were more likely to undergo Hughes closure. Patients undergoing 
rectal surgery were more likely to be closed by trainees than those 
undergoing other types of colonic resection.

Of the patients included in this analysis, 104 patients had IH on 
clinical examination at 1 year, and a breakdown of this can be seen 
in Figure 1. IH were present in 59/289 cases closed by trainees and 
45/374 cases closed by consultants (20.4% vs. 12%, p < 0.001).

In patients closed using the Hughes technique, IH rates were sig-
nificantly higher in the trainee group (20% vs. 12%, p = 0.032). In the 
mass closure arm, there was a difference in IH rates again between 
trainees and consultants, however it failed to reach statistical signif-
icance (21% vs. 13%, p = 0.058; Table 2).

Univariate analysis of risk factors found in Table 1 showed age, 
male sex, preoperative chemotherapy, rectal surgery, and trainee clo-
sure to be associated with increased risk of developing incisional her-
nia. On multivariate analysis, however, only age (p = 0.036, OR: 1.02, 
95% CI: 1.00–1.04), male sex (p = 0.049, OR: 1.61, 95% CI: 1.00–2.59) 
and closure by a trainee (p  =  0.006, OR: 1.85, 95% CI: 1.20–2.85) 
were identified as risk factors for developing incisional hernia.

Trainees,  
(n = 289)

Consultants, 
(n = 374) p-value

Mean age (SD) 70 (11.2) 67 (11.9) <0.001

Mean BMI (SD) 27.7 (5.18) 28.3 (5.5) 0.083

Male sex 194 (67.1%) 227 (60.7%) 0.088

Previous abdominal surgery 117 (40.4%) 156 (41.7%) 0.348

Steroids 13 (4.5%) 11 (2.9%) 0.287

Preoperative chemotherapy 28 (9.7%) 33 (8.8%) 0.702

Preoperative radiotherapy 28 (9.7%) 32 (8.6%) 0.614

Diabetes 45 (15.5%) 60 (16.0%) 0.869

COPD 45 (15.6%) 43 (11.5%) 0.125

Renal failure 6 (2.1%) 2 (0.53%) 0.071

Smoking history 126 (43.6%) 167 (44.7%) 0.740

Length of operation (min) 183 (SD:76.6) 205 (SD:88.7) <0.001

Time of abdominal wall closure (min) 17.8 (SD: 8.9) 17.6 (SD: 10.1) 0.749

Laparoscopic surgery 125 (43.3%) 178 (47.6%) 0.266

Rectal surgery 154 (53.2%) 158 (42.2%) 0.005

Hughes closure 119 (41.1%) 217 (58.0%) <0.001

TA B L E  1  Baseline demographics for 
patients undergoing abdominal wall 
closure by trainees versus consultants.
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DISCUSSION

This study identified three risk factors for incisional hernia devel-
opment. Both male sex and age are recognised risk factors for IH 
development and have been commented on in a number of stud-
ies; however, trainee led AWC has not yet been recognised as a 
risk factor [4,11,12]. This finding has been commented on histori-
cally. Jenkins observed a difference in abdominal closure tech-
nique between trainees and “experienced surgeons” in his 1976 
study describing his eponymous rule for AWC technique. A similar 
observation was also made by Hughes in his study first detailing 
the Hughes Abdominal Repair [5,13]. This study, however, is the 
first to quantify this risk.

Abdominal wall closure is often performed by trainees. In our 
results, patients with rectal cancer were more likely to be closed by 
a trainee, as rectal surgeries are technically more challenging. This 
may be as an opportunity for the trainee to achieve some training 
from the procedure or due to fatigue of the surgeon. However, given 
that our results also showed that patients closed by a consultant also 
had longer operating times, this inference may not be the case.

Mass closure is a commonly performed technique familiar to all 
grades of surgeon. It is taught to all prospective surgeons at part 
of the Intercollegiate Basic Surgical Skills course; however, more re-
cent AWC techniques, such as Small Stitch and the Hughes closure 
are not yet taught as part of the surgical curriculum in the UK, and 

training in these techniques is dependent on individual trainers at 
a local level [7]. Currently, there is no requirement for trainees to 
achieve competence in AWC as part of their professional develop-
ment in the UK [14,15]. Consultants participating in the HART trial 
underwent standardised training in the Hughes technique, whereas 
trainees did not receive this same standard of training. This may well 
explain the difference in outcomes within the Hughes closure arm 
when compared to mass closure. The difference in IH rates between 
trainees and consultants in both arms of the HART trial suggests 
that focussed training on surgical technique is perhaps more im-
portant than case volume in AWC. This highlights the importance 
of standardised training and providing evidence of competence in 
common AWC techniques.

It is worth noting some limitations of our study. This was an un-
planned, retrospective analysis of a randomised control trial; there-
fore, data on trainee supervision and grade of assistant were not 
captured and these are both likely to be important factors. Another 
limitation is the discrepancy in training provided by the study team 
between trainees and consultants. Whilst this may well explain the 
difference in IH rates between trainees and consultants performing 
Hughes closure, it does not, however, account for the difference in 
rates in the mass closure group. Future studies using newer tech-
niques such as small stitch should look to implement a standardised 
teaching programme to all study investigators to avoid bias.

We propose that the difference in IH rates between grade of sur-
geon should be overcome not by consigning the trainee to the role of 
the assistant, but by changing attitudes towards training and AWC. 
Implementation of standardised levels of competence and training in 
common closure techniques at a national level, alongside consultant-
led support in developing meticulous closure technique may reduce 
the difference in incisional hernia rates between the two groups.

CONCLUSION

Rates of incisional hernia are higher when the abdominal wall is 
closed by a trainee surgeon compared to consultants, and traineeled 

F I G U R E  1  Rates of incisional hernia 
at 1 year when compared to grade of 
surgeon closing abdominal wall.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Trainees

Consultants

Trainees Consultants

With IH 59 45

Without IH 230 329

TA B L E  2  Multivariate analysis of factors affecting incisional 
hernia development.

Odds ratio (95% confidence 
interval) p-value

Age 1.02 (1.00–1.04) 0.036

Male sex 1.61 (1.00–2.59) 0.049

Chemotherapy 2.31 (0.79–6.69) 0.125

Rectal surgery 1.53 (0.97–2.40) 0.065

Trainee closure 1.85 (1.20–2.85) 0.006
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AWC is a risk factor for incisional hernia development. Abdominal 
wall closure should be seen as a procedure, with standardised train-
ing and mandatory competency assessments. Closure time should 
be treated as training time, not coffee time.
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