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Purpose: This study aimed to perform an economic evaluation of small bite sutures versus
large bite sutures in the closure of midline laparotomies in the United Kingdom National Health
Service (NHS).

Methods: A cost-utility analysis was conducted using data from a systematic literature review.
Large bite sutures placed 10 mm from the wound edge were compared to small bite sutures 3—6
mm from the wound edge. The analysis used a 3-year time horizon in order to take into account
complications including incisional hernias and surgical site infections (SSIs). Cost and benefit
data were considered from the perspective of the NHS. A two-way sensitivity analysis was
conducted to assess the impact of a variation in the clinical effectiveness of small bite sutures.
Results: The incremental cost-effectiveness ratio was calculated to be —£482.61 per quality-
adjusted life year (QALY) using the proposed small bite suture technique, indicating a cost
saving to the NHS. Sensitivity analysis demonstrated that small bites are a cost-neutral technique
provided that the cost of using small bites is less than £98 per patient. Small bites cost less
than £20,000/QALY when they reduce either the rate of SSIs by more than 15% or the rate of
hernias by more than 3.4%.

Conclusion: This study proposes that small bite sutures should become the mainstay suturing
technique in the closure of midline laparotomies, replacing large bite sutures, which dominate
current practice. The financial savings accompanied by the decrease in SSI rates and herniation
warrant the use of this new technique. The sensitivity analysis demonstrates that findings hold
true for a wide range of levels of clinical effectiveness for small bites.
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Introduction

Midline laparotomies are a common type of surgical operation aimed at gaining quick
and safe access to the abdominal cavity. They use a midline vertical incision, typically
from the xiphoid process to the umbilicus, that can be extended further if required.'?
The simplicity and ease of the incision explain its use in multiple types of surgery, but
it is most typical in exploratory and emergency operations. Approximately 30—50,000
emergency midline laparotomies were performed in the UK in 2013.3 Despite being
the most common way to gain access to the abdominal cavity, patients undergoing this
surgical procedure are still at significant risk of postoperative complications.* These
most commonly include surgical site infections (SSIs), incisional hernias, wound
dehiscence and bowel obstruction, among many others.>¢
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The wound closure technique has been investigated as
a way surgeons can reduce SSIs and incisional hernias, the
most common postoperative complications, independently
of other known risk factors such as age and weight.*” Many
varieties of suture technique have been investigated such as
single or layered stitching, differences in suture material,
knotting techniques and the tension on the stitch. However,
most recent studies have concentrated on the effect that suture
length to wound length (SL:WL) ratio and bite size can have
on SSI and incisional hernia rates.>%°

The focus of this study is limited to bite size. It is well
documented that a SL:WL ratio of >4 reduces the rate of
incisional hernias.'” The effect of this ratio had not previously
been known, and it has been argued that non-adherence to
this ratio for obese patients is the reason that a higher propor-
tion develops incisional hernias.'' Large bite sutures inserted
~10 mm from the incision are the current standard in closure
of midline laparotomies.*'2 This is due to evidence from previ-
ous studies demonstrating that smaller bites produce a weaker
closure.'* However, recent evidence, published in The Lancet,
demonstrates that this may be incorrect due to the researchers
not taking the SL:WL ratio into account when analyzing the
effect of small bites.>!* When the SL:WL ratio is kept constant,
small bites of 3—6 mm from the wound edge (instead of 10 mm)
have been shown to halve the rate of SSI and almost quarter the
rate of incisional hernias that occur postoperatively.>”?

Following on from large recent studies into the effect of
bite size, a cost-utility study for the UK is required to observe
whether this change in practice is feasible and acceptable in
the health service.

Study objectives

There is an increasing demand on the United Kingdom
National Health Service (NHS), namely with respect to work-
force and funds, coupled with the staggeringly high demand
from society for health care. It is important to identify areas
whereby quality of care can be improved without compromis-
ing the cost-effectiveness of the interventions offered. This
study therefore aims to complete the following objectives:

e To assess the cost implications of adopting small bite
sutures as standard practice

e To assess the impact of adopting small bite sutures as
standard practice on quality of life measures

Thus, by comparing both the cost and utility of small bite
sutures, this report aims to perform a thorough economic
evaluation of the adoption of small bite sutures to standard
NHS practice.

Methods

Choice of analysis

A cost-utility analysis (CUA) was chosen to measure out-
comes, as this would compare both the costs of the proposed
technique and also the change in quality-adjusted life years
(QALYs). QALYs are obtained by quantifying changes in
both quality of life as well as length of life, using standard-
ized questionnaires, and then multiplying the two. CUA is
the analytical method used by the National Institute of Health
and Clinical Excellence (NICE) in the UK, and internation-
ally, and so allows for comparability with other countries.!

Altering bite size can improve quality of life by reduc-
ing the rates of long-term complications, such as incisional
hernias, and thus affect patient outcomes. By measuring the
difference in costs and dividing by the difference in effects
(derived from QALYSs) between the two interventions, the
incremental cost-effectiveness ratio (ICER) is found, which
is compared against a threshold in order to see whether the
small bites are more cost-effective than large bites.

The risk of some postoperative complications including
dehiscence, hospital-acquired infections, hemorrhage, UTIs
and bowel obstruction, and other extremes such as death were
found to be equivalent for both types of suture technique.’
However, rates of SSI and incisional hernia were found to be
significantly different and as such they were the only post-
operative health outcomes considered for comparison in this
study. Despite improvements in the treatment of incisional
hernias, an average of 10% require surgical revision.'>!¢ In
order to accurately represent the long-term costs incurred
by incisional hernias, these revisions of laparotomies were
also accounted for.

Choice of perspective

The CUA of small bite sutures was performed from the per-
spective of the NHS, since this perspective is recommended
by NICE.!” The alternative is a societal perspective, which
would consider costs and benefits to the NHS, as well as
accounting for indirect costs, such as the loss of productivity
to society from work missed due to recovery from surgical
complications.'® While a societal perspective allows for a
more patient-centered analysis of costs, this introduces an
element of subjectivity.

Choice of comparator

Currently, common practice is to perform closure of midline
laparotomies with large bite sutures in order to protect against
the effects of abdominal distension after surgery.*'>!° Evi-
dence suggests that a SL 4 times greater than the WL reduces
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the risk of incisional hernias.!” Therefore, in order to compare
short bite sutures with large bite sutures, both techniques
must have equal SL:WL ratios, meaning that their tension is
similar and fewer large bite sutures are required than small
bite sutures, as demonstrated in Figure 1. Consequently, the
documented confounding effect that SL:WL ratios have on
the incidence of incisional hernias postoperatively is con-
trolled for. Therefore, the standard practice of large bites
with a SL:WL ratio of 4 was used as the comparator against
the proposed alternative method of short bites of an equal
SL:WL ratio.

Choice of horizon

Surgeries produce long-term effects that are not immediately
recognized. The complications that occur from surgery are
negative externalities of production, leading to deadweight
social loss, suggesting that the services of health care are not
being allocated efficiently. To take into account all costs and
benefits accurately, a specific time period was set in which
subsequent costs were measured in order to account for these
negative externalities.

Studies show that the majority of incisional hernias
present within 3 years after the surgery, with at least 50%
discovered within 2 years of surgery.?>® Therefore, to
take into account as many hernias that could be feasibly
observed, the time horizon was set at 3 years. Only primary
recurrences of incisional hernias were examined. Subse-
quent recurrences would be outside of the analytic horizon
and would introduce multiple confounders, leading to an
overestimation of costs.

Literature review

A literature review was conducted to identify important
costs, complication rates, clinical effectiveness and prob-
ability measures relating to small and large bites. A search
string was defined on the basis of the aims of the study using
the population, intervention, comparator, outcome method
(Table S1). Ovid, Medline and Cochrane databases were
searched. The search string and corresponding number of
results is outlined in Table S2.

Strict inclusion and exclusion criteria were applied. All
included studies were screened to ensure that they were peer
reviewed and their methods were assessed to ensure the validity
of'the results. Studies that were not published in English, or did
not study adults and humans, were excluded. Included papers
were screened by title and abstract to ensure that only studies
that compared small and large bite sutures for midline lapa-
rotomies were included. Subsequent inclusions then underwent
full-text review against the same criteria. Additional studies
were then added through the process of snowball sampling
by searching references from important studies. This process
is outlined in the PRISMA diagram depicted in Figure S1.2°

A total of 35 articles were identified that related to the
suturing technique for midline laparotomies and incidence
of incisional hernia or infection. Of these, only three articles
were randomized controlled trials that directly compared
small suture bites with large suture bites.>”* Therefore, only
these studies were deemed to be of high enough quality to
provide data regarding incisional hernia incidence and SSI
incidence with small and large bites. All three trials were
conducted in different study populations and analyzed suture

Figure | Diagram representing the difference between small bites and large bites with an equal SL:WL ratio.
Note: The definition/explanation of the term ‘small bites and large bites with an equal SL:WL ratio’ was taken from Millbourn D.*

Abbreviation: SL:WL, suture length to wound length.
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technique for differing operations within differing special-
ties, and so were not directly comparable. Consequently,
postoperative complication data were drawn from the largest
trial with the longest follow-up period.” However, the results
of the remaining two trials were compared and 95% confi-
dence intervals (Cls) were extracted to provide a full range
of parameter values for the sensitivity analysis.

In addition, one further study was an economic evaluation
comparing the use of small and large bites in Sweden.® Data
from this study were extracted to provide indications of the
cost implications of small bites, but figures were adjusted
using NHS costs and data from NICE in order to be represen-
tative of UK costs. These studies are summarized in Table S3.
Therefore, due to the limited published material pertaining
to this area of study, the majority of data about the outcome
probabilities and QALY's were based on non-UK European
populations, eg, from Sweden and the Netherlands.

Postoperative complications data

Data on postoperative complications were synthesized from
the literature review. Deerenberg et al’s randomized con-
trolled trial comparing small to large bite suture techniques
identified that the use of small bite sutures is not associated
with an increase in adverse events or postoperative pain.’ The
study advocates the use of small bite sutures as the new stan-
dard for fascial closure of midline incisions. This conclusion
is supported by Millbourn’s analysis of midline laparotomy
closure methods and their wound complications in Sweden.*
The latter recognizes a 35% relative reduction in rates of
incisional hernias with the use of small bites compared to
the standard large bite technique (11% vs 17%).

The majority of incisional hernias occur in the first
year post-operation but can take up to 10 years to appear.?!
Incidence rates reported in literature for hernias vary due to
different definitions used. In this study, the European Hernia
Society definition of an incisional hernia was used to ensure

Table | Probabilities

that the appropriate papers were analyzed. This defines an
incisional hernia as “any abdominal wall defect, with or
without a bulge, in the area of the scar perceptible or palpable
by clinical examination or imaging”.?? Incisional hernias are
a burden both to the patient and society due to the pain that
they can cause and the mobility problems associated with
them.>!? Furthermore, 36% require surgical repair due to the
risks of incarceration and strangulation.*!232* Mesh repairs
are the recommended option for most patients, but can be
very expensive and have recurrence rates of up to 20%. Thus,
incisional hernias can have significant implications, both on
patients’ quality of life and costs to the NHS.!?

SSIs are the second most common postoperative com-
plication to affect midline laparotomies,'? leading to pain
and longer stays in hospital.?® Furthermore, SSIs can double
the risk of incisional hernias.”?**” The literature supports
the use of small bites, which are shown to reduce the risk of
SSI by 50%.7% All probabilities and incidence rates used in
the calculations are collated in Table 1. The data are adapted
from studies performed by Deerenberg et al, Millbourn et al,’
Zhang et al,®® Muysoms et al,”” Flum et al'® and Murray et al.”’

Quality-adjusted life year data

The availability of QALY data associated specifically with
cosmesis and pain after small bite and large bite closure in
midline laparotomies was limited. However, previous studies
have indicated that quality of life scores for small bite and
large bite patients do not differ significantly in any domain
except for mobility, in which small bite patients experience
a better quality of life.> QALY data concerning incisional
hernias and SSIs were extracted from a CUA of incisional
hernia repair methods by Fischer et al.*® Fischer et al con-
ducted a survey and literature review of studies of patients
with an average age of 50 years, and assumed an average life
expectancy of 80 years. Since the average age of patients in
the studies used to indicate effectiveness of small bites was

Parameter Minimum Base case Maximum
probability probability probability

Rate of incisional hernia following small bite closure in SSl-free patients NA 0.0477 NA

Rate of hernia following large bite closure in SSI-free patients NA 0.1727 NA

Absolute percentage reduction in rate of hernia due to small bite closure in SSI-free patients 0.027° 0.1257 0.405°

Rate of SSI in patients following small bite closure NA 0.0517 NA

Rate of SSI in patients following large bite closure NA 0.096” NA

Absolute percentage reduction in rate of SSI due to small bite closure 0.009° 0.0457 0.154°

Proportion of patients presenting with incisional hernias that require repair 0.360'¢ 0.360'¢ 0.360'¢

Increased risk of developing an incisional hernia following SSI 1.307 1.93% 3.807

Proportion of repairs requiring revision 0.006* 0.100' 0.231'

Abbreviations: NA, not applicable; SSI, surgical site infection.
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65 years, the QALY data from Fischer et al were adjusted
appropriately to reflect this difference in age. QALY's were
discounted by 3% annually. These values were combined
with the rates of occurrence and recurrence of hernias and
SSIs identified earlier.

Cost data

The cost of laparotomy is difficult to calculate with precision,
as laparotomy is not an individual type of surgery and is indi-
cated for multiple different surgical conditions. Overall, this
cost is estimated at £3,000°** based on multiple estimates.
This figure is used throughout the analysis as a constant to
allow the financial comparison of the two closure types.
However, it should be noted that the study was comparing the
difference in costs between the two techniques, and hence the
actual cost of a laparotomy is a representative constant and
would not influence the overall results of the study.

When estimating other costs, the most conservative figures
found were used to ensure that cost savings were not overin-
flated. Small bite sutures increase the mean suturing time by
4.6 minutes per surgery.* However, mean operating time has
not been shown to differ significantly between the two groups.
Following a conservative approach, costs of this potentially
increased operating time were estimated at £92, using data
from the NHS Institute for Innovation and Improvement.* It
should be noted that this cost primarily includes added staff
time of less than 20 minutes in theatre per operating day. Staff
may be on fixed salaries that would not necessarily rise in pro-
portion to these extra minutes of work per day. Nevertheless,
in the interests of producing a conservative cost comparison,
this nuance was not taken into account.

This cost was evaluated against the standard costs of
treating any potential postoperative complication that may
occur after using large bite sutures for fascial closure, such
as outpatient clinic appointments and surgical revisions.>

Table 2 Costs and justifications

Therefore, a range of randomized controlled trials and
systematic reviews were used to estimate these costs, an
overview of which can be found in Table 2. When rounding,
all figures were rounded in the direction that reduced cost-
effectiveness. It was assumed that patients who developed
an incisional hernia that did not require treatment had no
additional cost implications to the NHS, again in order to
be as conservative as possible.

Discounting factor
Due to the time value, or the potential earning capacity, of
money, money available at the present time is worth more than
the same amount in the future. This “positive time preference”
is due in part to the diminishing marginal utility of income. This
study considered costs over a 3-year time period. Discounting
costs over this time ensures that consideration is paid to the
social opportunity costs of healthcare investments and ensures
appropriate benchmarks for return on investments are met.*

NICE recommends discounting at an annual rate of
3.5% for costs incurred more than 1 year after an interven-
tion.*® Since added costs incurred through fascial closure
with small bites and the costs of treating a SSI occur within
the first year, these were not discounted. Studies show that
the majority of incisional hernias occur within 3 years of a
midline laparotomy.?**” Of these, an estimated 40% occur
within 1 year, another 40% within the next year and 20%
within the 3rd year after a laparotomy.® It was assumed that
the hernias requiring repair and those that recur would also
follow this trend, and so the costs of repairing hernias was
discounted in line with this. This is detailed in Table 2. Since
the majority of costs occurred within 1 year, the analysis was
not sensitive to the effects of discounting.

QALY data were not discounted by the authors as Fischer
et al*® had already appropriately discounted the data in their
analysis.

Cost statistic

Justification

Minimum Base case Maximum
Cost of additional operating £60%833 £924833 £124483 Mean increase in suturing time: 4.6 minutes per
theatre time allocated to small laparotomy, cost of extra suturing time: £20 per minute*#3
bite sutures
Cost of treating surgical site £409% £409% £409% NICE 2004*

infections

Total cost of a hernia repair £1,484416344041 £ | 79Q* 16344041

Cost of laparotomy NA

£2v I 384 16,34,40,41

£3,000%'-% NA

Cost of incisional hospital hernia repair (£1,318), plus
cost of 3.5 outpatient clinic appointments (£354),*4#' plus
discounted added cost of laparotomies requiring revision
(£ I I 8)|6,34

King et al,*' Morris et al,*> UK NHS Innovation®

Abbreviations: NA, not applicable; NICE, National Institute of Health and Clinical Excellence; UK NHS, United Kingdom National Health Service.
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Sensitivity analysis

The data in the analysis are supported by the literature; how-
ever, those factors that have the greatest impact on the ICER
are the clinical effectiveness probabilities for small bites, with
respect to the decreased proportion of SSIs and incisional
hernias seen in comparison to large bites.

A two-way sensitivity analysis was conducted to assess
the combined impact of a variation in the clinical effective-
ness of small bites with respect to SSIs and incisional hernias
simultaneously. As the two variables are linked and have
both synergistic and independent effects on the ICER, such
an approach provides a more comprehensive and accurate
picture. Additionally, although these important statistics are
the result of multiple trials in Europe, they have yet to be
verified by trials in the UK, and so assessment of the cost-
utility of a range of combinations of the parameters helps to
clarify the impact of the uncertainty around these estimates.

Threshold analysis was also conducted by way of a one-
way sensitivity analysis of the impact of a change in the added
cost of using small bites on their cost-utility.

Results

Cost-utility analysis

The probabilities, associated costs and QALY estimates
identified from the literature review were synthesized to
form a decision tree (Figure 2), which was used to calculate
an ICER using large bites as the best available alternative
treatment. The NICE threshold for clinical interventions is
set between £20,000 and £30,000 per QALY.*

When evaluating the added costs of using short bites sutures
against the quality of life improvements obtained by reducing
SSIs and incisional hernias, short bites provide an ICER of
£6,390 per QALY. However, this figure excludes the cost savings
produced by reducing complication rates. Therefore, the true
mean ICER for comparing short bites to large bites is —£482.61
per QALY. The calculation used is displayed in Figure 3.

Thus, the proposed intervention is not only cost-effective
but also cost saving. There are also significant quality of life
benefits compared to standard practice. This is displayed in
Figure 4.

Sensitivity analysis

It should be noted that the ICER is only affected by a change
in absolute SSI or hernia rates between small bites and large
bites, and the effects of this change are constant regardless of
the underlying rates (eg, reducing SSI rates from 10% to 8%
provides the same ICER as a reduction from 12% to 10%).

Figure 5 shows that small bites are a cost-effective
intervention (when using the conservative NICE threshold
of £20,000/QALY) when they reduce either the absolute rate
of SSIs by more than 15% or the absolute rate of hernias by
more than 3.4%, or reduce both rates by a smaller amount
in certain combinations.

The base case falls well within this threshold, and 95%
ClIs for the parameters also fall within the plausible region,
suggesting that all other factors held equal; small bites are
likely to be cost-effective across the entire range of clinical
thresholds.

The one-way sensitivity analysis of the impact of a change
in the added cost of using small bites on their cost-utility is
shown in Figure 6.

The 95% Cls for the increased suturing time for small
bites ranged from 2 to 6 minutes, providing a cost range of
£40—£144 per patient. This range is well below the £20,000/
QALY threshold, although the intervention is not cost neutral
toward the upper bound. This indicates that, as long as the
added cost of using small bites is less than £386 per patient,
the intervention is cost-effective; however, the added cost
must be below £98 per patient for small bites to also be
cost-neutral.

Discussion

This CUA has demonstrated that the use of small bite sutures
is both financially and clinically beneficial when compared
to large bite sutures in midline laparotomies. The study
estimates a cost saving of £483 per QALY gained, a value
well below the threshold set by NICE for such analyses.
Therefore, the UK NHS would benefit from a change to
current practice by moving from large suture bites placed
10 mm from the wound edge to small bites placed 3—6 mm
from the wound edge, given all other factors are held equal.
The resultant decrease in SSIs and hernias far outweighs any
additional suturing time.

The sensitivity analysis demonstrated that small bites
are also cost-effective in the worst-case scenarios. The
study conclusions of cost-effectiveness are not changed by
variations of key parameters within their plausible range.
Multiple studies have shown that small bites are unlikely to
cost more than £144 per patient;*® however, the interven-
tion would still be cost-effective even if it costs 3 times
this amount. This is despite the fact that, in the short run,
costs are unlikely to rise due to additional suturing time.
The major expense would be additional staffing costs, but
surgeons and other staff are likely to be on fixed salaries as
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£5,291
Key 13.2073
Cost £4,145 Treat
QALYs 13.2073 0.36
Event Hernia
Probability 0.086 £3,501
13.2073
Do not treat
£3,5657 0.64
13.3073
Infection
0.051
£3,501
13.3168
No hernia
£3,143 0.913
13.3267 £4,882
Short bite 13.2231
£3,736 Treat
13.2231 0.36
Hernia
0.044 £3,092
13.2231
Do not treat
£3,121 0.64
13.3277
No infection
0.949
£3,092
13.3326
No hernia
0.955
£5,199
13.2073
£4,053 Treat
13.2073 0.36
Hernia
0.304 £3,409
13.2073
Do not treat
£3,605 0.64
13.2834
Infection
0.096
£3,409
13.3168
No hernia
£3,150 0.695
13.3123 £4,790
Long bite 13.2231
£3,644 Treat
13.2231 0.36
Hernia
0.157 £3,000
13.2231
Do not treat
£3,102 0.64
13.3153
No infection
0.904
£3,000
13.3326
No hernia
0.842

Figure 2 Decision tree.

opposed to hourly wages. The 4.6 minutes added suturing
time is also only a small proportion of the overall length
of laparotomy.*

Additionally, the sensitivity analysis also shows that, at
an additional cost of £92 per patient, small bites are cost-
effective provided that they decrease absolute SSI rates by
more than 15%, or reduce absolute incisional hernia rates

by more than 3.4%. Studies in this area have shown that
both incisional hernia and SSI rates are reduced by small
bites,** resulting in a synergistic effect. For example, in
order to reach the cost-effectiveness threshold of £20,000/
QALY, the absolute SSI rate needs to be reduced by only
7% if incisional hernia rates are also reduced by 2%. It
is worth noting, however, that in centers where incisional
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small bites ™ COSCarge bites 3.143 - 3,150 —6.95

mall bites — EFFCES, oo pices 13.3267 — 133123 0.0144

= -£482.61 per QALY
(Subject to rounding)

Cost,
ICER =

Effects

Figure 3 ICER calculation.
Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.

30,000 UK NHS upper threshold
20,000 UK NHS lower threshold
6,390 ICER of use of short bite sutures
_482.61 ICER of use of short bite sutures

(including cost savings from decreased
incisional hernia + SSI rate)

Cost difference (£)

Effects (QALYs)

Figure 4 Graph displaying ICER of short bite sutures alongside NHS thresholds.
Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year; UK NHS, United Kingdom National Health Service; SSI, surgical site infection.
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Percentage reduction in incisional hernia
caused by small suture bites (%)

Figure 5 Graph displaying boundaries for percentage change in both outcomes with respect to ICER limits.
Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
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£35,000
£30,000
£25,000
£20,000
£15,000
£10,000

£5,000 95% Cl upper bound

£0/QALY threshold
£0

Base case

Incremental cost-effectiveness ratio (£/QALY)

—£5,000

—£10,000
95% CI lower bound

£0 £100 £200

£30,000/QALY threshold

£20,000/QALY threshold

£300 £400 £500 £600

Extra cost for using small suture bites (£)

Figure 6 One-way sensitivity analysis.
Abbreviations: Cl, confidence interval; QALY, quality-adjusted life year.

hernia and SSI rates are both close to zero, small bites are
far less likely to be cost-effective.

The results of this study parallel Millbourn et al’s conclu-
sion that utilizing small bite sutures is associated with a cost
reduction.® However, Millbourn et al’s study was conducted
from a Swedish perspective and only used data from one
randomized controlled trial conducted in 2012. By contrast,
this study applied the data to the UK perspective, as well
as including data from other trials, such as that conducted
by Deerenberg et al.> Other research is minimal, especially
in the UK where there has been no related research, and so
comparison to additional literature is limited. Additionally, this
study has also quantified the threshold levels for cost-utility
in terms of SSI reduction rates, incisional hernia reduction
rates and additional operating costs, which is yet to be seen
in other studies.

With 40,000 emergency midline laparotomies performed
each year in the UK.’ the adoption of small suture bites could
save the UK NHS £278,000 per year, while simultaneously
generating 576 QALYS per year. Importantly, this figure
does not consider elective laparotomies, which would also
contribute significantly to these benefits. However, the aim
of this study was to accurately quantify cost-utility, but not
to accurately quantify the total annual savings to the NHS,
as data were not available on the exact number of operations

that would be suitable for small suture bites. Hence, further
research is needed to validate these figures.

Additionally, various limitations were encountered
when investigating the cost-utility of small bites in mid-
line laparotomies. First and foremost, the analysis relied
on evidence from outside the UK. Further research on the
effectiveness of small bites sutures in the UK is required
to ensure that the quantification of benefits is wholly
applicable to the UK population. In order to mitigate this,
the sensitivity analysis quantified threshold values for
complication rates to ensure that when such research is
conducted, this analysis can be reinterpreted in light of
new data on complication rates.

Second, laparotomies encompass several different types
of surgery, all with varying postoperative complication
types and rates. The range of indications for laparotomy
also reflects the range of the pre-existing quality of life of
patients undergoing this type of surgery. The relative effects
of postoperative complications may therefore vary depending
on the pre-existing quality of life of the individual patients.
While this analysis used average data for QALYs, further
research is required in order to quantify cost-utility accurately
for each type of laparotomy.

Third, this CUA did not take into account the full social
costs and benefits of SSIs or incisional hernias, such as
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working days lost or costs of care within the community.
Additionally, only the two most important factors of SSIs
and incisional hernias were taken into account. Other factors
such as wound dehiscence, bowel obstruction, cosmesis and
pain were not considered since they did not vary significantly
between small bites and large bites.’ Quantifying their impact
on cost-utility would add a level of complexity to the analysis,
which was outside the scope of this study.

Finally, there would be costs associated with the imple-
mentation of small suture bites since this involves a change
of practice. Healthcare providers would need to be retrained
to adopt this technique and surgeons would need to be edu-
cated to keep SL:WL ratio the same. However, a culture of
resistance amongst experienced and trained surgeons may
hinder the adoption of the proposed technique. Furthermore,
this training would possibly take up more time, adding to the
existing time pressures placed on surgeons. Further work is
required to quantify these costs, although a formal health
technology assessment could utilize the results of this CUA
when considering whether to encourage surgeons to make
small bites sutures as the standard practice.

Impact and scope

This study suggests that using small bite sutures for midline
laparotomies in the UK is both cost saving and cost-effective.
The study therefore advocates a change in practice in UK
guidelines for the closure of midline incisions in midline
laparotomies. Since midline laparotomies are a common
procedure, standardized suturing techniques have the abil-
ity to generate large savings for the NHS. While the clinical
effectiveness of this technique has already been proven, it is
important that cost-effectiveness is also considered. There
is also further scope to investigate the application of the
proposed technique to other types of surgery.

Conclusion

This study demonstrates that the small bite suture technique
is a cost-effective alternative to the current practice of using
large bite sutures in the closure of midline laparotomies. This
technique has the potential to reduce the financial burden
within the NHS and lead to better outcomes for patients.
Further research in this area will enable the results of this
work to be validated for specific types of surgery.
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Studies identified from database
searching (Ovid, PubMed, Cochrane
Medline)
n=130

Additional studies found through other
sources
n=14

Identification

Studies after duplicates removed
n=141

Screening

Studies screened on the basis of titles and Excluded
abstracts n=74
n=67

Full-text articles screened for eligibility Fulltext aT‘E:I3e23 excluded

Studies included in literature review
n=35

Included

Figure S| PRISMA reporting diagram for literature review.
Note: Figure adapted from Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA

statement. BMJ. 2009;339:b2535."
Abbreviation: PRISMA, preferred reporting items for systematic reviews and meta-analyses.

Table S| Search terms

Parameter Description

Population Adult patients undergoing elective midline laparotomies

Intervention Small bite sutures placed 3—6 mm from the wound edge with a SL:WL ratio of 4:|
Comparator Large bite sutures placed 10 mm from the wound edge with a SL:WL ratio of 4:1
Outcome Cost-utility (associated costs and QALYs, including SSI and incisional hernia rates)

Abbreviations: SL:WL, suture length to wound length; QALYs, quality-adjusted life years; SSI, surgical site infection.

Table S2 Search string

Search term Number of results
Abdominal incision OR laparotomy OR midline incision 46,228

(Suture OR sutures OR stitch) AND (large OR small OR long OR short) 14,633

Incisional hernia OR pain OR infection OR cosmesis OR death OR dehiscence OR rupture 1,933,201

Combine search terms with “AND” function 228

Apply “English language,” “human,” and “all adult (19 plus years)” filters 130
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Table S3 Key studies from the literature review

Reference

Title

Year published

Summary

Deerenberg et al?

Millbourn et al®

Millbourn et al*

Fischer et al®

Small bites versus large 2015
bites for closure of
abdominal midline incisions
(STITCH): a double-blind,
multicentre, randomised
controlled trial.

Risk factors for wound 201 |
complications in midline

abdominal incisions related

to the size of stitches.

Cost analysis of the use of 2013
small stitches when closing

midline abdominal incisions.

Cost-utility analysis of the 2015
use of prophylactic mesh

augmentation compared

with primary fascial suture

repair in patients at high

risk for incisional hernia.

This prospective, multicenter, double-blind, randomized controlled
trial at 10 hospitals in the Netherlands compared small suture bites
to large bites to observe the occurrence of incisional hernias. Five
hundred and sixty patients were included in the study randomized
to either group. Data for the rate of complications in both groups
were extracted from this study up to its limit time of | year.

This single-center, double-blind, randomized controlled trial
investigated the effects of using small bites compared to large bites
on the rate of wound complications. Three hundred and twenty-one
patients were randomized to closure with small stitches and 370
with large bites. Data for the rate of complications in both groups
were extracted from this study.

This article looked at the potential cost savings generated by

using small stitches when closing midline abdominal incisions. A
prospective, single-center, randomized controlled trial conducted
over 5 years compared closure of midline incisions using small bites
with the use of large bites. Data for the rates of complications and
costs were extracted from this study.

This analysis aimed to determine the cost-utility of using
prophylactic mesh to augment fascial incisions. Researchers used

a decision tree model to evaluate the cost-utility of using PMA
relative to primary suture closure after elective laparotomy. They
conducted a systematic review of the literature on PMA. QALY
data were extracted from this study.

Abbreviations: CUA, cost-utility analysis; PMA, prophylactic mesh augmentation; QALY, quality-adjusted life year.
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