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Abstract

Introduction Numerous meta-analyses done on adults
suggest superiority of continuous mass closure technique,
but any such study does not exist for the pediatric
age group. The results in adults cannot be applied to
pediatrics because of numerous physiologic and anatomic
differences.
Methods This is a single-blinded, randomized controlled
trial, 1:1 parallel groups, that compares the frequency of
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sampled 350 patients undergoing emergency or elective
exploratory laparotomies in our pediatric surgery unit.
Blocked randomization was used and only the patients
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the other group with continuous mass closure technique
(group B). We had to drop 50 patients for not meeting the
inclusion criteria.
Results The wound dehiscence rate for group A was
1.34% (4 patients) and for group B was 3.0% (9 patients).
Significance was calculated using χ2 (p<0.156). The
global wound dehiscence rate was 4.34% (13 patients).
The maximum number of patients dehisced on the fifth
postoperative day, while the range was 4–11 days. The
only statistically significant confounding factor was wound
classification (p<0.002).
Discussion Statistically there is no significant difference
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Introduction
There are numerous techniques available
for closure of the abdomen. Modern closure
methods such as continuous and interrupted
suturing techniques have their pros and
cons. The rate of dehiscence for interrupted

suturing technique is 0%–3.98%,1 2 while for
continuous suturing technique 0%–14.8%.3 4
The adult literature recommends continuous mass closure technique in routine
midline laparotomies.5 The pediatric surgical
texts favor the same based on adult literature.6 The literature lacks a randomized
controlled trial comparing continuous versus
interrupted mass closure techniques in transverse incisions in children. The results in the
adult population cannot be applied to pediatric population because of major anatomic
and physiologic differences between the two
age groups. Transverse incision is preferred
in children as compared with midline
because the abdomen of neonates, infants,
and small children is ellipsoid-shaped,
low-lying umbilicus, small pelvis, intra-abdominal urinary bladder, and proportionally large
liver.7 Postoperatively additional risk factors
exist, leading to increased intra-abdominal
pressure because of the intra-abdominal
urinary bladder and the proportionally large
liver. These pose additional risk for dehiscence.8 9 Therefore, there is a need to study
the outcomes of closure method in a study
designed for children.
A study of this type will provide evidence for
optimum closure technique in children. It will
solve the controversy regarding the optimum
laparotomy closure technique in children.
This randomized trial is an attempt to solve
this question in pediatric population. There
are various local and systemic risk factors associated with increased risk of wound disruption.10–12 However, the factors amenable to
the surgeon are incision type, closure technique, and suture type.13 In this study we are
going to focus on closure technique. We will
close laparotomy wounds with either interrupted or continuous mass closure technique
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Methods
After ethical approval from our institution, we applied for
the registration of our trial. Participants were individually
randomized prospectively to one of two “parallel” groups
in 1:1 allocation ratio throughout the study consecutively.
Eligibility criteria
All patients from newborns to 12 years who underwent
exploratory laparotomy via transverse incision at the
Department of Pediatric Surgery, The Children’s Hospital
and The Institute of Child Health, Lahore, Pakistan, from
April 2013 to November 2013 were included in the study.
Both emergency and elective patients were included in
the study after informed consent from parents.
The maximum reported wound dehiscence day
reported in the literature is 31 days; thus, we excluded
cases that died before 31 days after surgery.
Intervention
To remove bias, patients’ preoperative and postoperative
treatment were standardized. Surgeons, from consultants up to postgraduate trainees, were involved in this
study. All were instructed about the standard procedure
to be adopted preoperatively, intraoperatively, and postoperatively. We adopted all standard measures such as:
control the primary injury and source of intra-abdominal
infection before closing, drains and stomas were inserted
through a separate incision, the edges of wounds were
checked for good vascularity, tension-free closure, the
suture length to wound length ratio was at least 4:1 in
all of our closures; postoperative cough, if present, was
managed aggressively; abdominal distension, if present,
was prevented by nasogastric aspiration and the skin of
all dirty wounds was closed by delayed primary closure.
The method for both continuous and interrupted mass
closures was standardized. The fascia and the peritoneum were closed as a single mass layer. Only absorbable
sutures (polyglactin) were used. However the size of the
sutures used was determined on a case-by-case basis due
to the huge diversity in the age of patients, but was kept
similar for each age group.
In the interrupted group (group A), a single anchoring
suture was placed at both ends of the incision. Further
sutures were placed from the edge to the middle direction from both sides alternatively; once the midpoint was
reached, the sutures were overlapped toward the opposite edge for at least one stitch count. Each suture was
tied with at least four knots.
In the continuous group (group B), the first stitch was
anchored at one end of the incision, and after reaching
the other end of the incision in simple continuous
manner it was tied with at least four counter-rotating
knots.
2

The patients were monitored in or out of hospital for
31 days.
Outcome
Wound dehiscence was our primary outcome. We
defined it as “when all layers of the abdominal wall have
burst apart with or without associated evisceration, within
31 days after the operation.” We also studied wound
classification, age, bilirubin, and weight of patient as
confounding variables.10 11 14–17
Sample size
With a two-sided significance level of alpha=0.05 and a
power of 85%, a sample size of 150 patients per group was
calculated using the maximum percentage of dehiscence
in both groups, that is, 3.98% in the interrupted closure
group2 vs 14.8% in the continuous closure group,4 after
exploratory laparotomy.
Randomization and blinding
Randomly varying blocked randomization numbers were
generated using software.18 They were put inside sealed
envelopes by the principal investigator and were opened
only before closure of the abdomen. The patient or the
parent was not made aware of the allocated group, while
the surgeon only knew at the time of opening the envelope.
Statistical methods
For the primary outcome we used χ2 statistic to calculate
the p value between the two groups. Confounding variables were analyzed by binary logistic regression analysis.
Results
The wound dehiscence rate for the interrupted closure
group (group A) was 1.34% (4 patients) and for the
continuous closure group (group B) was 3.0% (9
patients). The significance was p<0.156, calculated using
χ2. The global wound dehiscence rate was 4.34% (13
patients). The maximum patients dehisced on the fifth
postoperative day, while the range was 4–11 days.
We excluded 50 patients from the analysis because they
could not meet the eligibility criteria for the study. These
patients had lethal genetic and metabolic disorders and
could not survive 31 days after laparotomy.
Figure 1 show participant flow. Table 1 shows baseline
data.
To study the influence of potential covariates on
wound dehiscence, we calculated the p values for each
confounding factor using binary logistic regression analysis, as shown in table 2.
Discussion
We found wound classification as the sole significant
indicator of the risk of dehiscence. All patients with clean
wounds developed no dehiscence with either of the techniques. Nine cases of dehiscence occurred with dirty
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outcome. We will study the difference between the rate
of dehiscence in the two closure groups.
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wounds, while there were three cases in contaminated
wound and only one with clean-contaminated wound. We
calculated another p value, this time only using the dehiscence in dirty wounds. We analyzed all dirty cases (see
table 1) which developed wound dehiscence to see any
significant difference in the rates of dehiscence versus
the closure technique used. Thirty-one were closed with
interrupted technique and 45 by continuous, while dehiscence developed in 3 and 6 cases, respectively. The result
was p<0.627. This reiterates the null hypothesis of our
study that there is no difference between the techniques
used when it comes to developing wound dehiscence.
If we look at the study by just percentages, the interrupted group only had four dehiscences, while the
continuous group had nine dehiscences. This also goes
with traditional teaching that interrupted closure is the
Khan S, et al. World Jnl Ped Surgery 2019;2:e000016. doi:10.1136/wjps-2018-000016

preferred method for dirty and contaminated wounds.
Continuous suture technique distributes tension
equally throughout the wound, allows the wound to
adjust to the stresses and strains of the postoperative
period, and takes significantly less time to complete
the closure as compared with interrupted mass closure
method. However if a single suture breaks down, then
the whole wound disrupts. The interrupted technique
can hold even if one or two sutures give away, but it
is time-consuming and it isolates tension to each individual stitch. However our study clearly shows it is not
the technique that has any impact on the final outcome
in terms on wound dehiscence. The above pros and
cons for each technique, each having its own mechanism, have statistically insignificant role in causing
wound dehiscence.
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Figure 1 Randomized trial to compare dehiscence withcontinuous versus interrupted mass closure of transverseincisions in
children with absorbable suture flow diagram.
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Parameters

Interrupted

Continuous

Total

Percentage

Age group
 0–6 wk

60

42

102

34

 6 wk to 1 y

46

26

72

24

44

82

126

42

 Male

98

94

192

64

 Female

52

56

108

36

111

81

192

64

>1 y
Sex

Weight groups (kg)
 1–10
 10–20

20

32

52

17.30

>20

19

37

56

18.60

 0.1–0.2

101

107

208

69.30

 1.2–2.0

2

5

7

2.30

 2.0–4.0

22

18

40

13.30

 4.0–6.0

8

6

14

4.66

17

14

31

10.30

 Stomach and
esophagus

18

7

25

8.30

 Small bowel

49

76

125

41.66

 Colon and rectum

19

7

26

8.66

 Small bowel and colon

Bilirubin levels (mg/dL)

>6
Surgical procedures

21

21

42

14.00

 Abdominal wall

8

3

11

3.66

 Kidney

3

8

11

3.66

 Internal reproductive
organs

4

7

11

3.66

2

3

5

3.66

 Hepatobiliary

11

13

24

3.66

 Other

15

5

20

3.66

60

52

112

37.00

 Spleen

Wound classification
 Clean
 Clean-contaminated

25

31

56

18.66

 Contaminated
 Dirty

34
31

22
45

56
76

18.66
25.30

Age was found to be non-significant (p<0.063). Weight
has not been found as a risk factor for wound dehiscence
in recent literature.11 The same was the case in our study
(p=0.601). We even had 33 low birthweight newborns and
1 very low birthweight newborn. None of them developed
any wound dehiscence. With good medical management
nowadays, our two cases with bilirubin more than 6 mg/
dL did not develop dehiscence, and this variable was also
not a significant predictor of wound dehiscence in our
study.
We had a total of 13 dehiscences. In each case after
dehiscence, retention closure was done and no further
4

intervention was required with regard to wound management during the duration of our study. The mortality
rate due to dehiscence was 0%. We excluded 50 cases
from the study after randomization; they did not meet
the eligibility criteria because they did not live up to 31
days after the life-saving laparotomies done for them.
Thus their outcome was not analyzed in the final analysis.
None of them died because of dehiscence, but they died
due to multiple genetic and metabolic problems.
We did encounter limitations in our study, due to the
increased number of patients in our hospital, increased
workload, and limited number of staff available to
Khan S, et al. World Jnl Ped Surgery 2019;2:e000016. doi:10.1136/wjps-2018-000016
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Table 1 Baseline demographic characteristics
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Parameters

Dehiscence

Percentage

Wound classification
 Clean

0

0.00

 Clean-contaminated

1

7.60

 Contaminated

3

23.00

 Dirty

9

69.20

0.002

Age group

0.063

 0–6 wk

3

23.07

 6 wk to 1 y

1

7.60

>1 year

9

69.20

Bilirubin levels (mg/dL)

0.036

 0.1–1.2

8

 1.2–2.0

1

7.60

 2.0–4.0

2

15.30

 4.0–6.0

0

>6

Binary logistic regression

2

61.50

0
15.30

Weight groups (kg)

0.601

 1–10

5

38.46

 10–20
>20

4
4

30.76
30.76

conduct the study. Both postgraduate trainees and experienced surgeons closed the abdomen. Although we
demonstrated standard technique to all, strict compliance was variable. The extent to which this affects our
results is unknown. It is universally accepted that interrupted closure takes more time as compared with continuous closure. In adults the mean time is 45 min, while
for continuous mass closure it is 15 min.11 17 However we
did not record closure times. We have a total duration
of surgery, but we do not have the total time taken to
close the abdomen. Although this factor is more valid for
postoperative intensivist, how much it affected our final
outcome was not measured. We also have no record of
the size of sutures used to close the abdomen. We always
used absorbable polyglactin, but due to wide variation
in age the size had to be selected accordingly. Our study
was limited to only one outcome, which was wound dehiscence. Incisional hernia is another outcome which can
be used to determine the efficacy of abdominal closure,
but it needs a follow-up of at least 3 years. We had limited
time to complete this study and this outcome was not
included in our study.
Our study showed almost double the number of dehiscence in the continuous closure group, but still the p
value was insignificant. We think that inclusion of incisional hernias as the outcome in future studies would
give us more answers.
Our results can be generalizable to any institution
based on these facts:
Khan S, et al. World Jnl Ped Surgery 2019;2:e000016. doi:10.1136/wjps-2018-000016

►►

►►
►►

Wide age group, which is representative of the pediatric population presenting to any institute around
the world.
Wide array of diseases selected and randomized for
the study.
The materials and methods are described in detail,
allowing any institution to execute and confirm the
results.

Conclusion
The closure method for the transverse incisions in the
pediatric age group between interrupted or mass closure
techniques is neither superior nor inferior to each other
in terms of developing wound dehiscence. We need to
be careful in dirty cases as they pose a significant risk of
developing wound dehiscence. Probably another randomized controlled trial can be designed to determine
the significance of the two techniques in developing incisional hernia.
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Table 2 Binary logistic regression analysis showing the influence of potential risk factors on the development of wound
dehiscence
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