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ABSTRACT

Incisional hernia (IH), which occurs in 5% to 30% of abdominal incisions, could cause severe
complications and impaired quality of life. Therefore, treatment and management of hernia, including prophylaxis,
efficacy, and identification of a high-risk population, are important. This study was conducted regarding these
objectives.

First, the treatment efficacy of the prophylactic mesh technique was investigated by conducting a
systematic review and network meta-analysis (NMA). Relative treatment efficacy and adverse events were
simultaneously assessed using a risk-benefit analysis (RBA). The most suitable mesh technique was identified
accordingly. Twenty randomized controlled trials (RCTs) were included in NMA. Pooled risk ratios (RRs) [95%
confidence interval (Cl)] of IH occurrence were 0.24 (0.12, 0.46), 0.32 (0.16, 0.66), 0.58 (0.23, 1.47), and 0.58 (0.32,
1.06) for onlay (OM), retrorectus (RM), pre-peritoneal (PM), and intra-peritoneal (IM) versus primary suture closure
(PSC), respectively. From RBA, RM was preferred to OM for IH prophylaxis considering both benefits and
complication risks.

Second, a multicenter RCT protocol was developed in the ideal situation to evaluate mesh’s efficacy
in patients undergoing emergency abdominal surgery, in which the risk of IH is high, and the efficacy of prophylactic
mesh is unknown. However, only 11.1% of the estimated sample size was recruited since the commencement of
enrollment.

Third, the existing hernia prediction model was externally validated and updated in Thai patients who
underwent abdominal surgery from 2010 to 2021. From a systematic review, an IH prediction model named Penn
hernia risk calculator was selected for validation. Only fair discrimination performance was observed in Ramathibodi
data (C-statistic = 0.645). By model revising of coefficients and adding new predictor variables, C-statistic was
improved to 0.733 with a good calibration (observed/expected ratio = 0.968).

This study provides a wide range of knowledge about incisional hernia, including hernia prophylaxis
and risk prediction models. Evidence from NMA and RBA, RM was suggested for hernia prevention. The RCT,
conducted regarding the developed protocol, will fill the knowledge gap in IH prevention. The revised Penn hernia
risk calculator could be deployed for routine clinical practice. High-risk patients would be identified and targeted for
additional hernia prophylaxis procedures. As a result, adherence to hernia prophylaxis could be increased.
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PART I
HERNIA PREVENTION

CHAPTER |
BACKGROUND AND RATIONALE OF HERNIA PREVENTION

1.1 BACKGROUND

Hernia means rupture in the Latin word, is a protrusion of the internal organ
through the wall of the cavity where it is contained.! The European hernia society (EHS)
has classified abdominal hernia into two major types, i.e., primary and incisional hernia
(IH).2 The primary hernia occurs spontaneously, whereas the IH occurs at the surgical
incision after surgery.

The IH may cause by impaired fascia healing, which is a complex process
consisting of hemostasis, inflammatory, proliferative, and maturation phases. Every
wound must progress through all these processes where many cells work in concert with
cytokines. However, many negative factors (e.g., infection,® * obesity,®® smoking,* °
malnutrition,* and diabetes®) can delay wound healing. If delayed healing occurred at a

laparotomy wound, this could lead to an IH occurrence (Figure 1.1).

1.2 PATHOGENESIS OF INCISIONAL HERNIA

All wounds, including fascial wounds, follow a predictable pattern of
healing following processes as previously mentioned; any factor that impedes normal
healing will result in wound failure. Prolonged inflammatory phase, as is seen with
surgical site infection, will delay the progression into the proliferative phase and
imposes fascial wound on the risk of dehiscence and IH.3 4

The proliferative phase starts around day 4 and takes approximately 1 week

to complete the process.” Tissue continuity is re-established, and fibroblasts and



Amarit Tansawet Background and Rationale of Hernia Prevention / 2

endothelial cells are recruited into the wound area by chemotaxis.” By infiltration of
fibroblasts, collagen and proteoglycan synthesis begins. Because collagen is a
significant component of the extra-cellular matrix, factors that impair collagen synthesis
(e.g., nutrition deficiencies, smoking, etc.) will cause the failure of wound healing.*°> A
higher risk of hernia formation is observed in patients with extra-cellular matrix
disorders e.g., Ehlers-Danlos syndrome,® aneurysmal diseases.® 1

Although there are many types of collagen, only collagen types | and Il are
involved in the wound healing process.” The maturation phase, which is characterized
by the reorganization of the matrix, involves the deposition of new collagen and the
breaking down of previously synthesized one by matrix metalloproteinases. Collagen
type 111, which deposits early in the wound, will be replaced by mature collagen type I.
Researches linked collagen and proteinase metabolism to hernia formation!* 12, which
found that incremental collagen type 111/I ratio and matrix metalloproteinases activity
were observed in hernia tissues.

Early wound failure (i.e., fascial dehiscence) is also an important risk of
subsequent IH. The study of Pollock and Evans?® in 1989 demonstrated that most of the
IHs were predetermined by dehiscence, which occurred within 1 month after
laparotomy. During the early period of healing, wound strength depends totally on

sutures, thus a surgical technique is a critical factor that affects IH formation.

1.3 MAGNITUDE OF THE PROBLEM

Operations were performed on approximately 234 million cases per year
globally.** Almost 14 million operations were gastrointestinal tract diseases,*® of which
were accessed via an abdominal incision. IH could occur after abdominal surgery about
5% to 20%, and even as high as 30% in high-risk patients.®

IH can be asymptomatic, however, serious complications could happen. If
internal organs were trapped in the hernia sac, organ strangulation would be inevitable.
A long-standing IH can progress to be a huge sac and lead to a condition known as the
loss of domain. Treatment and management of his condition are challenged because
reducing the hernia content back into the relatively small intra-abdominal space is very

complicated.
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Once IH is repaired either open or laparoscopic approach, a recurrence is
predicted at about 7.3% to 21.1%.'-?° During 2007-2011, around 470,000 IH repair
cases were performed in the United States.?! Significant monetary use for reconstruction
of the abdominal wall defect has been estimated. The median cost for inpatient IH repair
was 10,845$ in the US during 2008-2015.22 One case of IH repair could cost
approximately 6,451€ in France (2011), and the implementation of the hernia prevention

techniques could save the national cost of around 4 million Euros.?

1.4 INCISIONAL HERNIA PREVENTION

Several interventions have been studied and applied in an attempt to prevent
hernia occurrence. Apart from risk optimization, improving the fascial closure technique
is another key strategy to achieve this goal. For instance, the continuous suture was
associated with lower rates of IH when compared with interrupted sutures.?* Rapidly
absorbable sutures may cause a higher risk of hernia but slowly absorbable sutures did
not when compared with non-absorbable material.>®> The advantages of the slowly
absorbable suture over the non-absorbable suture were associated with less wound pain
and wound sinus formation.?® Therefore, continuous closure with slowly absorbable
materials should be recommended as a standard technique for abdominal wall closure
in the European Hernia Society guideline.?®

Adding a small tissue bite technique to continuous suturing could reduce IH
from 18% to 5.6% referencing to Millbourn et al.” This technique can be performed by
placing stitches at less than 10 mm from the wound edge and including only the
aponeurosis. In addition, the suture length (SL) to wound length (WL) ratio of lower
than 4 is associated with a higher IH incidence with an odds ratio (OR) of 3.73 (95%
confidence interval (Cl): 1.36, 10.26).2” Deerenberg et al. used smaller bite closure than
Millbourn’s group by placing stitches at 5 mm from the wound edge and intersuture
spacing of 5 mm; SL to WL ratio of higher than 4 could be ensured, and the IH rate was
decreased from 21% to 13%.28 Nevertheless, IH is still a significant problem.

Mesh implantation, introduced by Lichtenstein in the 1980s as a key
component of tension-free hernia repair,?® resulted in low hernia recurrence and became

a standard practice of inguinal hernia surgery.3® 3! Subsequently, meshes are routinely
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used in all fields of abdominal wall reconstruction. Because of the proven benefit of
mesh placement in many situations, mesh-augmented fascia closure was introduced as
a prophylactic intervention to prevent IH occurrence after abdominal surgery. Results
from previous meta-analyses (MA) indicated that the immediate mesh placement in a
surgical wound could result in 70% to 86% reduction of hernia risk.32-" In addition,

cost-utility analysis has indicated the benefit of prophylactic mesh augmentation.®

1.5 RATIONALE OF THE STUDY

Even though the benefits of prophylactic mesh placement were confirmed
in many meta-analyses,*?" no proper mesh positioning has been recommended. There
are 15 randomized clinical trials (RCTs) that assessed the efficacy of mesh
reinforcement on IH occurrence.®®>® All studies indicated the efficacy of mesh in IH
prevention with risk ratio (RR) of 0.06-0.89. In most of the studies®®*¢ %0-53 compared
mesh reinforcement with primary suture closure (PSC). Mesh positions, studied in those
RCTs, included onlay (OM),40:46:47.51 retrorectus (RM),*% 43:48:53 preperitoneal (PM),*
44,45 and intraperitoneal mesh (IM) placement®® °% %2 (Figure 1.2). Only Jairam et al.’s
RCT*® composed of 3 intervention arms (OM versus RM versus PSC); however, OM
versus RM comparison was designed to test for equivalence but failed to confirm that.
Significant difference between the benefits of OM and RM was not indicated in this
trial.

RCT is the best design for comparing interventions, although conducting
multi-arm study is burdensome since there are more than 2 candidate mesh positions for
IH prophylaxis. Estimated sample size would be large when being compared among
efficacious interventions. Considering resources and budget, RCT might not be a
possible option. Therefore, network meta-analysis (NMA), which allows indirect
comparison among interventions and ranking them,> were applied in this study to
identify the best mesh position for hernia prophylaxis in terms of benefits and risks. This
knowledge was further used to develop an RCT protocol for studying a population
whose mesh efficacy has yet to be investigated.

Among 15 available RCTs*->2 assessing prophylactic mesh efficacy, Some

RCTs studied the treatment effect in a specific type of surgery, including bariatric
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surgery3® 414445 and aneurysm repair.*3 46 4849 However, only 4 studies reported the
proportion of performed urgency/emergency surgery which ranged from 1.9% to
539%.47:48.%0. 33 While many elective procedures are performed via minimally invasive
approach, an open incision is still useful in urgency/emergency setting. Regarding Basta
et al.’s study,® both emergency operation and open approach were significant IH risk
factors. IH incidence was 15.8% in emergency surgery versus 2.2% in elective surgery.®
After emergency laparotomy, 17%-33% IH incidence has been reported,®™>® and
incidence could be as high as 54.3% if the operation was performed due to peritonitis.>®
In urgencies/emergencies, all negative factors could affect fascia healing
simultaneously. Patients might be at a higher risk of a low perfusion state. Most of the
comorbidities are unable to be optimized before surgery. In addition, most of the
urgency/emergency abdominal operations would face some degree of bacterial
contamination, which may cause SSI and IH subsequently.®® Therefore, IH prevention
is essential in this particular group of patients. Unfortunately, there are only 2
retrospective studies comparing mesh augmentation to conventional fascial closure in
emergency conditions in which the effectiveness of prophylactic mesh was confirmed
without a significant increase in risks.® 5 Given the lack of strong evidence of
prophylactic mesh’s benefits and risks in this population, RCT is required to fill this gap
of knowledge. The RCT protocol of the ongoing trial targeted urgency/emergency
patients was proposed in this study.

This study would indicate the best mesh technique used in IH prevention
and develop a trial protocol that would close the gap of knowledge. Altogether, this

study would globally and locally impact clinical practice.

1.6 RESEARCH QUESTION

What is the best mesh technique for IH prevention in patients undergoing
abdominal surgery via midline incision?
What should the trial protocol be to fill the gap of knowledge in IH

prevention in an ideal situation?
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1.7 RESEARCH OBJECTIVES

To compare IH occurrence and complication rates among prophylactic
mesh techniques
To identify the best mesh technique for IH prevention

To develop a trial protocol to fill the knowledge gap in an ideal situation
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Figure 1.1 Intraperitoneal view of incisional hernia
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CHAPTER Il
MESH POSITION FOR INCISIONAL HERNIA PROPHYLAXIS: A
SYSTEMATIC REVIEW AND NETWORK META-ANALYSIS

All previous meta-analyses have confirmed the efficacy of prophylactic
mesh in IH prevention;32-3” however, an appropriate mesh position remains unanswered.
Therefore, we conducted a systematic review and NMA to find the most suitable
technique in terms of both benefits and risks. Review protocol followed PRISMA
guideline®! and was registered at PROSPERO (CRD42019145939).

2.1 METHODS

2.1.1 Search strategy and studies selection

Scopus and Medline (via PubMed) were our primary databases. Searching
included all studies up to December 2019 without language limitation. Our search terms
were constructed based on keywords as follows: midline laparotomy, mesh,
prophylaxis, incisional hernia, wound infection, and seroma. The keywords and their
synonyms were combined to become a search string for use in search engines (Table
2.1). RCTs conducted in adults who underwent surgery via mainly median abdominal
incision were eligible if they compared at least one pair of primary fascia closure
techniques, i.e., OM, RM, PM, IM, and PSC. The primary outcome was IH, whereas
secondary outcomes included wound infection, seroma, hematoma, fascial dehiscence,
chronic pain, abdominal closure time, and mesh removal rates. Cochrane Central
databases, ClinicalTrials.gov, and all reference lists of included studies were also

thoroughly checked for potentially eligible studies.
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2.1.2 Data extraction and risk of bias assessment

Two reviewers extracted data and assessed the risk of bias independently
using pre-specified data extraction form (Appendix A). The extracted data included
sample size, percentage of midline incisions, mean age, sex, body mass index,
comorbidities, smoking status, physical status, history of previous surgery, type of
surgery, wound classification, mesh type, mesh fixation, and mean follow-up time.
Outcome data were extracted as a cross-tabulated format with their interventions. The
Revised Cochrane risk-of-bias tool for RCT®? was used to assess the risk of bias (RoB)
of each study. Any disagreement was solved by consensus between two reviewers or by

the third reviewer's judgment.

2.1.3 Statistical analysis

Both direct and network meta-analyses (DMAs and NMAs) were performed
in this study. STATA version 16 was used for all analyses.

For DMAs, pooled effect sizes (RR or mean difference (MD)) were
estimated using a random-effect model if heterogeneity was indicated by the Cochrane
Q test p-value of less than 0.1 or 12 of more than 25%. The fix-effect model was used
instead if there was no evidence of heterogeneity. Meta-regression was performed by
fitting each study-level co-variable one by one to explore the source of heterogeneity.
Publication bias was assessed using both Egger’s test and funnel plot. P-value of less
than 0.05 or asymmetry on this plot suggested further exploration by a contour-enhanced
funnel plot.

For NMAs, we started with coding for each intervention. Networks of the
interventions were constructed separately for each outcome. Multivariate meta-analysis
was used for pooling the relative treatment effect (i.e., INRRs or risk difference (RD)).
Treatment contrasts for each pair of interventions were estimated. The surface under the
cumulative ranking curve (SUCRA) was used for ranking all interventions in terms of
being the best in lowering each outcome (i.e., IH, wound infection, seroma, hematoma,
and dehiscence). SUCRASs of benefit (lowering IH occurrence) of each intervention
were plotted against SUCRASs of risks (i.e., wound infection, seroma, and hematoma)
for risk-benefit assessment. By using a design-by-treatment model, the consistency

assumption was examined. Publication bias was checked by a comparison-adjusted
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funnel plot. The number needed to treat (NNT), or harm (NNH) was also calculated

from pooled RDs according to each outcome.

2.2 RESULTS

2.2.1 Characteristics of included studies

Twenty studies®®-53 6367 were eligible after screening from 4,833 studies,
which were identified from databases (Figure 2.1). A total of 2,716 subjects were
included. The mean age ranged from 36.5 to 74.3 years. The percentage of male sex
ranged from 20.3% to 92.1%. The follow-up period ranged from 1 to 61.7 months. Four
eligible RCTs3 41 44 45 were specific to open bariatric surgery, whereas 5 studies*? 46
48,49, 65 \were conducted in aortic aneurysm subjects. The rest of the studies included
colorectal or nonspecific abdominal surgery (Table 2.2). However, rates of
emergency/urgency operation were reported in only 4 studies,*” 48 % 53 ranging from
1.9% to 53%.

Among 20 RCTs, 15 studies involved nonabsorbable mesh,40-44 47-52, 64-67
Three absorbable mesh®® 353 and two biological mesh studies* % were the rest. OM,
RM, PM, and IM were compared to PSC in 7, 4, 3, and 4 studies, respectively. There
were two studies*® ®® consisted of 3 intervention arms, which included OM, RM, and
PSC. IH was the primary outcome in 15 studies. Wound infection, seroma, hematoma,
and fascial dehiscence were reported in 15, 15, 9, and 11 studies, respectively (Table
2.2). Unfortunately, sparse data of chronic pain (N = 5) and abdominal wall closure time
(N = 2) precluded separate pooling for each mesh intervention. Mesh removal rates were
reported in 5 studies. RoB was judged as raising some concern in the majority of studies.
In other words, only 4 and 1 studies were at low and high RoB, respectively (Figure
2.2).

2.2.2 Direct meta-analysis

All mesh techniques had demonstrated efficacy for IH prevention. Pooled
RRs (95%Cl) of IH occurrence of OM, RM, PM, and IM versus PSC were 0.25 (0.12,
0.50), 0.33 (0.16, 0.68), 0.43 (0.12, 1.59), and 0.61 (0.42, 0.88), respectively (Figure
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2.3). For other outcomes including wound infection, seroma, hematoma, and
dehiscence, most of the treatment effects did not indicate a significant difference
between mesh placement and PSC, except seroma occurrence, which was higher in OM
when compared with PSC [RR (95% ClI: 2.13 (1.42, 3.18)], see Figure 2.4, Figure 2.5,
Figure 2.6, and Figure 2.7.

Due to insufficient data for separate pooling, we combined all mesh
techniques and compared them with PSC for chronic pain. This analysis resulted in a
pooled RR (95% CI) of 1.48 (0.96, 2.29), which was not significant (Figure 2.8).
Abdominal wall closure time was reported in only 2 studies*® 5% of RM versus PSC. RM
spent 11.27 (95% CI: 3.56, 18.98) minutes longer than PSC, which was unconvincing
to be clinically significant (Figure 2.9). The pooled rate of mesh removal (95% CI) was
3.7% (2.3%, 5.2%).

Moderate heterogeneity, which was indicated by 12 of 39.4% to 56.2%, was
observed from a pooling of IH outcomes. Heterogeneity ranged from 0% to 64.5% in
other outcomes (Table 2.3). We explored the source of heterogeneity by fitting co-
variables, i.e., age, percentage of male, and type of operation, once at a time in meta-
regression. However, only the heterogeneity of the IH outcome of IM versus PSC and
the dehiscence outcome of OM versus PSC can be explained by these co-variables
(Table 2.4).

Asymmetrical funnel plots were observed for the pooling of IH outcome of
RM versus PSC and PM versus PSC corresponding with Egger’s test p-values of 0.006
and 0.049, respectively (Figure 2.10 and Table 2.3). Subsequently, contour-enhanced
funnel plots were constructed for these comparisons. The plot indicated the publication
bias of RM versus PSC comparison, whereas heterogeneity could be a cause of
asymmetry of PM versus PSC (Figure 2.11). None of the other outcome comparisons
resulted in an asymmetrical funnel plot (Figure 2.12, Figure 2.13, Figure 2.14, Figure
2.15, and Figure 2.16)

2.2.3 Network meta-analysis
Extracted data were provided in Table 2.5. Network configurations were
displayed in Figure 2.17. The efficacy of IH prevention was demonstrated in all mesh

techniques, but only the effects of OM and RM reached statistical significance. Pooled
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RRs (95% CI) were 0.24 (0.12, 0.46), 0.32 (0.16, 0.66), 0.58 (0.23, 1.47), and 0.58 (0.32,
1.06) for OM, RM, PM, and IM versus PSC, respectively. Most of the comparisons
between mesh techniques did not result in significant RR, except OM versus IM [RR
(95% CI): 0.41 (0.17, 0.98)]. All mesh techniques demonstrated a trend of increasing
risk of wound infection and hematoma, but these were not statistically significant. OM
caused a significantly higher risk of seroma than PSC with the pooled RR (95% CI) of
2.21 (1.44, 3.39). Other mesh techniques also increased the risk of seroma, but none of
them were significant. Even though all mesh placements, except for RM, could prevent
fascial dehiscence, their pooled effects were not statistically significant (Table 2.6). OM,
RM, IM, and PM vyielded NNTSs of 4, 5, 8, and 10 for hernia prevention, respectively
(Table 2.7). The first rank indicated by SUCRA belonged to OM for IH prophylaxis.
The second, third, and fourth ranks were RM, PM, and IM, respectively. Nevertheless,
RM was better than OM regarding wound infection and seroma (Table 2.8 and Figure
2.18). OM, IM, and PM could prevent fascial dehiscence with NNTs of 54, 147, and
400, respectively, but this effect was not observed in RM (Table 2.7).

No inconsistency, in any network, was detected by a global test.
Comparison-adjusted funnel plots displayed asymmetry for IH, but not for other
outcomes (Figure 2.19). A sensitivity analysis was performed, excluding studies that
showed variance higher than the 75" percentile. Results were robust with pooled RRs
(95% CI) of 0.28 (0.15, 0.52), 0.41 (0.22, 0.78), 0.66 (0.26, 1.65), and 0.65 (0.35, 1.19)
for OM, RM, PM, and IM, respectively.

2.2.4 Sensitivity analysis

After the exclusion of biologic/absorbable mesh studies, PM became the
best ranked for IH prophylaxis. Pooled RRs (95% CI) of 0.25 (0.13, 0.50), 0.34 (0.15,
0.78), 0.19 (0.04, 0.91), and 0.47 (0.22, 1.01) belonged to OM, RM, PM, and IM versus
PSC, respectively (Table 2.9). Nevertheless, the estimated treatment effect of PM versus
PSC was imprecise because the comparison consisted of only 2 studies. Moreover, these
studies came from the same institute in which the estimate might be a reflection of the
institutional effect.

Results did not be substantially altered by the exclusion of studies that
mixed midline and non-midline incisions. Pooled RRs (95% CI) of OM, RM, PM, and
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IM versus PSC were 0.24 (0.12, 0.49), 0.32 (0.15, 0.67), 0.56 (0.21, 1.50), and 0.65
(0.31, 1.34), respectively (Table 2.10). OM, followed by RM, was the best rank for IH
prophylaxis even though the study rated as high RoB was excluded (Table 2.11).

2.3 DISCUSSION

NMA was performed to compare mesh-augmented fascial closure
techniques and PSC using data from 20 RCTs. This study is the first MA comparing
among each other mesh positioning. Results from NMA indicated that only OM and
RM significantly lowered IH occurrence compared with PSC. From OM versus RM
comparison, OM was better than RM for IH prevention but the effect size was not
statistically significant.

Findings from this study contradicted previous evidence of IH repair. When
mesh is used in IH treatment, RM is associated with lower hernia recurrence.®
However, OM yielded lower hernia occurrence than RM when performed in prophylaxis
indication. This astonishing result still required explanation from a further study.

Most of the mesh techniques seemed to increase wound complication rates;
however, results were not statistically significant except in seroma outcomes. A
significantly higher rate of seroma was observed in OM when compared with RM and
PSC. Differences in tissue plane dissection (i.e., subcutaneous plane in OM and
retromuscular plane in RM) might be a reason for this finding. Even though OM better
prevented IH than RM, RM would be a better option considering safety. Therefore,
which mesh technique (i.e., OM or RM) is the most suitable for IH prevention is still
debatable.

Wound infection rates were not significantly increased by any mesh
placement. Again, OM was associated with a 32% higher rate of infection compared
with RM; however, it was not significant. Withal, RM should be better selected in a
contaminated environment. Results from this study should be interpreted with caution
because only a few included RCTs had a substantial number of contaminated wounds.
RCT investigating the effect of prophylactic mesh in a contaminated environment is

required.
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Fascial dehiscence leads to IH. Even though a trend of dehiscence reduction
was observed from OM, PM, and IM, no mesh technique demonstrated significant
dehiscence prevention in this study. We have defined dehiscence per the original
studies’ definition which was not clear whether it occurred at superficial or fascial
levels. This would leave some questions in interpretation.

Chronic pain is also important but is not always reported in studies. As a
result, we could not investigate the effect of mesh in chronic pain outcomes stratified
by mesh position. Mesh was not significantly associated with chronic pain in DMA. We
can investigate the timeliness of closure only in RM in which RM required
approximately 11 minutes more than PSC (unlikely to have clinically meaningful). Due
to data limitations, we could not assess for other rare adverse events (e.g., fistula, wound
sinus, and mesh migration).

Sensitivity analyses were also performed in this study by excluding studies
that were characterized as follows: involving absorbable/biologic mesh use, mixing
midline and non-midline incisions, and having high RoB. Results of hernia prevention
were robust, especially in OM and RM.

Nowadays, open laparotomy is less frequently performed in the elective
setting, whereas it is still a standard approach for urgency/emergency operations.
According to our systematic review, evidence of prophylactic mesh efficacy is lack in
patients undergoing urgency/emergency surgery. A meta-analysis of prophylactic mesh
in emergency surgery,’® which included only 2 non-RCTs, %57 also concluded that better
evidence is required.

Even though this study is the only study that compared available mesh
positioning. Some limitation is inevitable. First, some comparisons (i.e., PM versus PSC
and IM versus PSC) consisted of few studies which would make PM and IM’s effect
size imprecise. When new studies of PM and IM are available, this NMA should be
updated. Second, heterogeneities were even observed but cannot be adjusted in meta-
regression due to the scarcity of covariate data or agreement in reporting. Finally,
publication bias was suggested in some analyses which might undermine the certainty

of synthesized evidence.
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2.4 CONCLUSION

OM and RM were efficacious in IH prophylaxis for patients undergoing
midline laparotomy. However, it is still difficult to conclude which technique should be
recommended considering both benefits and risks. Additional analysis technique is
required to make a conclusion.

Due to a limit number of included studies, this NMA needs update when
more trials are published. Regarding systematic review, evidence of prophylactic mesh
in urgency/emergency surgery is lacking, and this gap should be filled by further RCT.
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Table 2.1 Search terms and strategies

Database

Search term

Medline
(via PubMed)

(((open OR abdominal) AND surgery) OR laparotomies) AND
((mesh* OR prosthe* OR bioprosthe* OR endoprosthe*) AND
(prophyla*OR prevent*)) AND (((incision* OR postoperative OR
ventral) AND hernia*) OR seromas OR (“wound infection” OR

“surgical site infection” OR “mesh infection’))

Scopus

(((open OR abdomen) AND surgery) OR laparotomy) AND
(((TITLE-ABS-KEY(mesh) OR TITLE-ABS-KEY (*prosthe*))
AND  (prophyla* OR prevent*)) AND ((TITLE-ABS-
KEY(“incision* hernia*’) OR TITLE-ABS-KEY (“postoperative
hernia*) OR TITLE-ABS-KEY (“ventral hernia*)) OR seroma* OR
("wound infection” OR "surgical site infection” OR "mesh
infection")) AND ((LIMIT-TO(DOCTYPE, “ar”) OR LIMIT-
TO(DOCTYPE, “re”) OR LIMIT-TO(DOCTYPE, “cp™))




Table 2.2 Characteristics of included studies

Mesh %
Study positioning Mesh type Midline Surgery type Age & BMI Outcomes
_ - (MeanzSD) Male (MeanzSD)
technique incision
Pans (1998) Intraperitoneal Polyglactin 100 Bariatric 36.5 24.7 43.8 Hernia, Wound infection
Pefia (2003) Onlay Polypropylene 73 General 64.3+10.3 67 NR Hernia, Wound infection, Seroma,
Hematoma, Chronic pain
Strzelczyk (2006) Retrorectus Polypropylene 100 Bariatric 39.1 63.5 46.5 Hernia, Seroma, Dehiscence
Portilla (2008) Onlay Polyglycolic 86.7 Colorectal 64+17.3 55.9 NR Wound infection, Seroma, Hematoma,
Dehiscence
El-khadrawy Preperitoneal Polypropylene 100 General 47.7+14.8 45 NR Hernia, Wound infection, Seroma,
(2009) Hematoma, Dehiscence, Chronic pain
Bevis (2010) Retrorectus Polypropylene 100 Aneurysm 73+7.5 91 NR Hernia, Wound infection, Seroma
Abo-ryia (2013) Preperitoneal Polypropylene 100 Bariatric 37.7 20.3 51.8 Hernia, Wound infection, Seroma,
Dehiscence
Sarr (2014) Preperitoneal Porcine 100 Bariatric 449 205 48.2 Hernia, Wound infection, Seroma,
intestinal Dehiscence, Chronic pain
submucosa
Bali (2015) Onlay Bovine 100 Aneurysm 74.3+5.8 90 NR Hernia, Seroma
pericardium
Garcia-urefia Onlay Polypropylene 100 Colorectal 63.5 59.8 NR Hernia, Wound infection, Seroma,
(2015) Dehiscence
Muysoms (2016) Retrorectus Polypropylene 100 Aneurysm 72 921 NR Hernia, Wound infection, Seroma,

Hematoma, Dehiscence, Chronic pain
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Table 2.2 Characteristics of included studies (Cont.)

Mesh %
Study positioning Mesh type Midline Surgery type Age & BMI Outcomes
. - (MeanzSD) Male (MeanzSD)
technique incision

Jairam (2017) Onlay & Polypropylene 100 Aneurysm 64.5+11.2 60.8 30.65.3 Hernia, Wound infection, Seroma,

[Timmermans Retrorectus Hematoma, Dehiscence

(2015)]

Glauser (2019) Intraperitoneal Polyester 100 General 62.5 42 25.4 Hernia, Wound infection, Seroma,

[Brosi (2018)] Hematoma, Dehiscence

Caro-tarrago Onlay Polypropylene 100 General 65.8 56.3 NR Hernia, Wound infection, Seroma,

(2019) Hematoma

[Caro-tarrago

(2014)]

Kohler (2019) Intraperitoneal Polyvinylidene 40.7 General 64.2+11.1 68 27.1 Hernia, Wound infection, Hematoma,

fluoride Chronic pain

Pizza (2019) Retrorectus Gore® Bio-A® 100 General 57+16.5 50 27.545.3 Hernia, Wound infection, Seroma,
Hematoma, Dehiscence

Lima (2019) Onlay Polypropylene 100 General 63.3 57.4 25.5 Wound infection, Seroma, Hematoma,

Dehiscence

NR not reported
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Table 2.3 Heterogeneity and publication bias assessments for direct meta-analyses

Incisional Wound .
- S — Seroma Hematoma Dehiscence
DMA 2 Egger’s 2 Egger’s Egger’s 2 Egger’s 2 Egger’s
(%) test (%) 0 test (%) test (%) test
p-value p-value p-value p-value p-value
oM
Vs 504 0.061 59.8 0855 204 0213 239 0179 518 0.089
PSC
RM
Vs 48.9  0.006 0 0.133 0 0.408 194  0.979 0 0.373
PSC
PM
Vs 56.2 0.049 645 0021 37.6 0.090 N/A N/A 0.9 0.189
PSC
IM
Vs 39.4  0.408 0 0161 N/A NA 0 0.940 N/A N/A
PSC

DMA, direct meta-analysis; IM, intraperitoneal mesh; N/A, not available; OM, onlay mesh; PM, preperitoneal mesh; PSC, primary

suture closure; and RM, retrorectus mesh
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Table 2.4 Heterogeneity exploration by adjusting of covariables in meta-regression

Adjusting covariable

Type of
None Age Percent male L.

. operation
Outcome/Comparison

Number 2 Number 2 Number 2 Number

I R R R
studies studies studies studies

Incisional hernia

OM vs PSC 5 50.4 5 41.7 5 62.6 5 40.2

RM vs PSC 5 48.9 5 60.4 5 55.7 5 65.4

PM vs PSC 3 56.2 3 53.8 3 74.8 3 74.6

IM vs PSC 3 39.4 3 0 3 0 3 0
Wound infection

OM vs PSC 6 59.8 6 67.5 6 67.8 6 36.2

PM vs PSC 3 64.5 3 81.2 3 64.8 3 64.1
Seroma

PM vs PSC 3 37.6 3 65.4 3 67.2 3 67.1
Dehiscence

OM vs PSC 4 51.8 4 44.9 4 0 4 30.9

* Type of operation was defined as follows: aneurysm repair, bariatric surgery, and other abdominal
operations
IM, intraperitoneal mesh; OM, onlay mesh; PM, preperitoneal mesh; PSC, primary suture closure; and

RM, retrorectus mesh
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Table 2.5 Summary data used in network meta-analysis by comparisons and outcomes

Incisional Wound
. . . Seroma Hematoma  Dehiscence
Author . hernia infection
Intervention
(Year) Event Event Event Event Event
N N N N N
(n) (n) (n) (n) (n)
Pefia oM 44 0 44 1 44 1 44 3
(2003) PSC 44 5 44 1 44 3 44 2
Portilla oM 71 3 71 8 71 0 71 1
(2008) PSC 72 2 72 5 72 2 72 4
Caro- oM 80 5 80 23 80 1
tarrago
PSC 80 6 80 9 80 3
(2014)
Bali oM 20 0 20 2
(2015) PSC 20 6 20 1
Garcia- oM 53 6 53 10 53 7 53 2
urefia
PSC 54 17 54 18 54 7 54 2
(2015)
Caro- oM 80 4
tarrago
PSC 80 37
(2019)
Lima oM 63 13 63 12 63 1 63 0
(2019) PSC 52 4 52 3 52 1 52 7
Strzelczyk RM 36 0 36 5 36 0
(2006) PSC 38 8 38 4 38 0
Bevis RM 37 5 40 2 40 2
(2010) PSC 43 16 45 2 45 0
Muysoms RM 56 0 56 1 56 2 56 2 56 1
(2016) PSC 58 16 58 3 58 0 58 0 58 0
Pizza RM 45 3 50 3 50 2 50 1 50 0
(2019) PSC 47 11 50 3 50 3 50 2 50 0
Ei- PM 20 1 20 2 20 4 20 1
khadra
w PSC 20 3 20 4 20 3 20 3
(2009)
Abo-ryia PM 32 1 32 5 32 6 32 1
(2013) PSC 32 9 32 5 32 5 32 2
Sarr PM 185 32 185 22 185 9 185 4
(2014) PSC 195 38 195 7 195 1 195 2
Pans IM 144 33 144 5
(1998) PSC 144 41 144 4
Brosi IM 131 4 131 2 131 3 131 2
(2018) PSC 136 1 136 2 136 3 136 3
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Table 2.5 Summary data used in network meta-analysis by comparisons and outcomes

(Cont.)

Incisional Wound .
. . . Seroma Hematoma Dehiscence
Author . hernia infection
Intervention
(Year) Event Event Event Event Event
N N N N
(n) (n) (n) (n) (n)
Glauser IM 95 26
(2019) PSC 88 46
Kohler IM 69 5 61 7 69 1
(2019) PSC 81 15 69 10 81 1
oM 188 27 188 34 188 11 188 6
Timmermans
RM 185 16 185 13 185 9 185 9
(2015)
PSC 107 4 107 5 107 1 107 1
oM 188 25
Jairam
RM 185 34
(2017)
PSC 107 33

IM, intraperitoneal mesh; OM, onlay mesh; PM, preperitoneal mesh; PSC, primary suture closure; and

RM, retrorectus mesh
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Table 2.6 Estimation of risk ratios for each comparison and outcome in network meta-

analyses
. Incisional Wound .
Intervention Comparator ) . ) Seroma Hematoma Dehiscence
hernia infection
pSC 0.24 1.32 221 1.19 0.64
(0.12,0.46)  (0.69,2.52)  (1.44,3.39)  (0.48,2.94)  (0.20,2.04)
RM 0.73 1.38 2.05 1.04 0.44
oM (0.34,1.57)  (0.54,3.50)  (1.01,4.15) (0.47,2.31) (0.11,1.72)
0.41 0.91 1.30 0.76
PM N/A
(0.14,1.15)  (0.29,2.81)  (0.51, 3.36) (0.14, 4.22)
M 0.41 1.09 2.13 111 0.92
(0.17,0.98)  (0.33,354) (0.28,15.99)  (0.21,5.75)  (0.09,9.47)
e 0.32 0.96 1.08 1.14 1.44
(0.16,0.66)  (0.40,2.29)  (0.56,2.07)  (0.41,3.22)  (0.38, 5.46)
i 1.37 0.72 0.49 0.96 2.25
M (0.64,2.96) (0.29,1.84)  (0.24,0.99)  (0.43,2.13)  (0.58,8.71)
0.56 0.66 0.64 1.71
PM N/A
(0.20,1.58)  (0.18,2.35)  (0.23,1.74) (0.25,11.54)
- 0.56 0.79 1.04 1.07 2.07
(0.23,1.38)  (0.21,2.95)  (0.13,8.27)  (0.19,5.95)  (0.18,23.33)
0.58 1.46 1.70 0.84
PSC N/A
(0.23,1.47)  (0.58,3.65)  (0.75, 3.85) (0.23, 3.13)
247 1.10 0.77 1.32
oM N/A
oM (0.87,7.01)  (0.36,3.41)  (0.30, 1.98) (0.24,7.32)
1.79 1.52 1.57 0.59
RM N/A
(0.63,5.09)  (0.43,5.41)  (0.57, 4.31) (0.09, 3.96)
1.00 1.20 1.64 121
IM N/A
(0.34,2.95)  (0.30,4.71)  (0.19,13.81) (0.11,13.51)
5 0.58 1.22 1.04 1.07 0.69
(0.32,1.06)  (0.45,3.30)  (0.14,7.44)  (0.27,4.22)  (0.09,5.21)
i 247 0.92 0.47 0.90 1.08
" (1.03,5.93)  (0.28,3.00)  (0.06,3.53)  (0.17,4.66) (0.11,11.12)
- 1.79 1.27 0.96 0.94 0.48
(0.73,4.43)  (0.34,4.76)  (0.12,7.66) (0.17,5.22)  (0.04,5.42)
1.00 0.84 0.61 0.82
PM N/A
(0.34,2.95)  (0.21,3.30)  (0.07,5.17) (0.07,9.16)

IM, intraperitoneal mesh; N/A, not available; OM, onlay mesh; PM, preperitoneal mesh; PSC, primary

suture closure; and RM, Retrorectus mesh
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Table 2.7 Pooled risk difference of interventions versus primary suture closure along

with the number needed to treat/harm

e — E-ffect Interventions
sizes OoM RM PM IM
RD -0.2374 -0.2015 -0.1036 -0.1310
Incisional (95% CI) (-0.3238, -0.1510) (-0.2885, -0.1144) (-0.2230, 0.0158) (-0.2407, -0.0214)
hernia NNT 4 5 10 8
(95% CI) 3.7 4,9) (NNT 5, NNH 63) (4, 47)
RD 0.0268 -0.0012 0.0556 0.0102
Wound (95% CI) (-0.0123, 0.0659) (-0.0459, 0.0436) (-0.0164, 0.1276) (-0.0343, 0.0546)
infection NNH 37 8332 18 98
(95% CI)  (NNT81,NNH15)  (NNT22,NNH23)  (NNT61,NNH8)  (NNT 29, NNH 18)
RD 0.0738 0.0163 0.0425 0.0006
Seroma (95% CI) (0.0264, 0.1212) (-0.0305, 0.0630) (-0.0289, 0.1139) (-0.0786, 0.0797)
NNH 14 61 24 1,667
(95% CI) (38, 8) (NNT33,NNH16)  (NNT35 NNH9)  (NNT 13, NNH 13)
RD 0.0024 0.0168 A 0.0015
(95% CI) (-0.0255, 0.0304) (-0.0194, 0.0531) (-0.0354, 0.0384)
Hematoma
NNH 417 60 667
(95% CI)  (NNT 39, NNH33)  (NNT 52, NNH 19) N/A (NNT 28, NNH 26)
RD -0.0184 0.0108 -0.0025 -0.0068
. (95% CI) (-0.0585, 0.0218) (-0.0205, 0.0422) (-0.0521, 0.0471) (-0.0633, 0.0498)
Dehiscence
NNT 54 93" 400 147
(95% CI)  (NNT 17, NNH46)  (NNT 49, NNH24)  (NNT19,NNH21)  (NNT 16, NNH 20)

2 number needed to treat (NNT)

® number needed to harm (NNH)

IM, intraperitoneal mesh; N/A, not available; OM, onlay mesh; PM, preperitoneal mesh; RD, risk difference; and RM, retrorectus

mesh.
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Table 2.8 SUCRA and probability of being the best treatment in lowering each outcome

Incisional Wound Seroma Hematoma Dehiscence
Interventio hernia infection
n SUCR Pr SUCR Pr SUCR Pr SUCR Pr  SUCR Pr
A A A A A
oM 92.5 74. 37.1 6.2 141 0.0 42.5 15. 70.8 33.
6 6 8
RM 74.7 20. 66.1 40. 68.1 26. 45.9 21. 24.7 4.4
8 5 6 3
PM 39.6 3.1 33.6 11. 33.6 5.0 N/A N/ 54.1 23.
1 A 2
IM 38.9 1.5 44.3 20. 59.3 41. 514 34. 57.7 35.
7 2 8 4
PSC 4.2 0.0 68.8 21. 74.9 27. 60.3 28. 42.7 3.2
5 2 3

IM, intraperitoneal mesh; N/A, not available; OM, onlay mesh; PM, preperitoneal mesh; Pr, probability of being the
best treatment; PSC, primary suture closure; RM, retrorectus mesh; and SUCRA, surface under the cumulative

ranking curve
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Table 2.9 Mixed relative treatment comparisons of incisional hernia outcome between

fascial closure techniques considering only the nonabsorbable mesh studies

PSC | 1.4 (0.0)

OM | 0.25 75.7 (28.3)
(0.13, 0.50)

RM | 0.34 1.36 55.5 (8.8)

intervention (0.15,0.78) | (0.60, 3.05)

PM | 0.19 0.74 0.54 79.9 (60.4)
(0.04,0.91) | (0.13,4.18) | (0.09,3.27)

IM | 0.47 1.88 1.39 2.56 37.5(2.5)
(0.22,1.01) | (0.69,5.13) | (0.47,4.13) | (0.44, 14.95)

comparator PSC OoM RM PM IM

Values off diagonal line are RRs (95%CIl). In diagonal line are SUCRAS, whereas the probability of being

the best treatment is shown in parentheses. IM, intraperitoneal mesh; OM, onlay mesh; PM, preperitoneal

mesh; PSC, primary suture closure; and RM, retrorectus mesh
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Table 2.10 Mixed relative treatment comparisons of incisional hernia outcome between

fascial closure techniques excluding the studies that mixed midline and non-midline

incisions

PSC | 6.2 (0.0)

OM | 0.24 90.6 (69.1)
(0.12, 0.49)

RM | 0.32 1.32 75.4 (24.3)

intervention (0.15,0.67) | (0.58, 3.00)

PM | 0.56 2.33 1.76 43.0 (4.9)
(0.21,1.50) | (0.76,7.11) | (0.59,5.29)

IM | 0.65 2.68 2.03 1.15 34.8 (1.7)
(0.31,1.34) | (0.98,7.33) | (0.72,5.74) | (0.34,3.91)

comparator PSC oM RM PM IM

Values off diagonal line are RRs (95%Cl). In diagonal line are SUCRAS, whereas the probability of being
the best treatment is shown in parentheses. IM, intraperitoneal mesh; OM, onlay mesh; PM, preperitoneal
mesh; PSC, primary suture closure; and RM, retrorectus mesh
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Table 2.11 Mixed relative treatment comparisons of incisional hernia outcome between

fascial closure techniques excluding the studies that rated as high risk of bias

PSC | 7.8 (0.0)

OM | 0.25 94.3 (79.1)
(0.13, 0.45)

RM | 0.34 1.39 76.1(18.9)

intervention (0.18,0.66) | (0.69, 2.79)

PM | 0.79 3.21 2.31 26.9 (0.7)
(0.35,1.78) | (1.20,8.59) | (0.85,6.28)

IM | 059 2.40 1.72 0.75 44.8 (1.3)
(0.34,1.01) | (1.08,5.31) | (0.76,3.92) | (0.28,1.96)

comparator PSC OoM RM PM IM

Values off diagonal line are RRs (95%Cl). In diagonal line are SUCRASs, whereas the probability of being

the best treatment is shown in parentheses. IM, intraperitoneal mesh; OM, onlay mesh; PM, preperitoneal

mesh; PSC, primary suture closure; and RM, retrorectus mesh
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Figure 2.1 PRISMA flow diagram of included studies
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Deviation from the Selection of the

Missing of Overall

Study
Intervention outcome data the outcome reported result

Pans 1998
Pefia 2003
Strzelczyk 2006
Portilla 2008
El-khadrawy 2009
Bevis 2010
Abo-ryia 2013
Sarr 2014
Bali 2015
Garcia-urefia 2015
Muysoms 2016
Jairam 2017

Timmermans 2015

Glauser 2019 &
Brosi 2018
Caro-Tarrago 2014,

Kohler 2019
Pizza 2019

Lima 2019

Figure 2.2 Risk of bias of the included studies assessed by the Cochrane Risk-of-Bias

tool version 2
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a) OM versus PSC

oM PSC Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Pefa, 2003 0 44 5 39 - i 0.09[0.01, 1.60] 5.16
Bali, 2015 0O 20 6 14 = 1 0.08[0.00, 1.28] 5.34
Garcia-urefia, 2015 6 47 17 37 + 0.36[0.15, 0.84] 27.23
Jairam, 2017 25 163 33 74 - | 0.43[027, 0.68] 38.39
Caro-tarrago, 2019 4 76 37 43 —H 0.11[0.04, 0.29] 23.88
Overall - 0.25[0.12, 0.50]

|
Heterogeneity: 12 = 0.27, 12 = 50.41%, H? = 2.02 }
Test of 8, = 6 Q(4) = 8.07, p = 0.09 |

|
Testof 8 =0:z=-3.95, p =0.00 l

T T T T
0.008 0.03 0.125 0.5
Randome-effects DerSimonian-Laird model

b) RM versus PSC

RM PSC Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
|
Strzelczyk, 2006 0 36 8 30 = ; 0.06[0.00, 1.04] 5.75
Bevis, 2010 5 32 16 27 ——0.36[0.15, 0.90] 27.17
|
Muysoms, 2016 0 56 16 42 - : 0.03[0.00, 0.51] 5.85
Jairam, 2017 34 151 33 74 |- 0.60[0.39, 0.90] 40.93
Pizza, 2019 3 42 11 36 +0.28[0.08, 0.95] 20.30
Overall @ 0.33[0.16, 0.68]

Heterogeneity: 12 = 0.29, I? = 48.86%, H?> = 1.96
Testof §,=6,: Q(4) =7.82,p=0.10
Test of 8 = 0: z=-3.00, p = 0.00

T T T
0.002 0.016 0.125 1

Randome-effects DerSimonian-Laird model
c) PM versus PSC
PM PSC Risk Ratio Weight

Study Yes No Yes No with 95% CI (%)
|

El-khadrawy, 2009 1 19 3 17 - 0.33[0.04, 2.94] 21.96
|

Abo-ryia, 2013 1 31 9 23 = ; 0.11[0.01, 0.83] 24.19

Sarr, 2014 32 153 38 157 - 089[058, 1.36] 53.85

Overall —~—ll—  0.43[0.12, 1.59]

Heterogeneity: 12 = 0.77, 12 = 56.15%, H2 = 2.28
Testof 8, = 6;: Q(2) =4.56, p=0.10
Testof 8 =0:z=-1.26, p=0.21

T T
0.016 0.06 0.25 1

Random-effects DerSimonian-Laird model

Figure 2.3 Forest plots of hernia occurrence comparing between: a) onlay mesh (OM)
and primary suture closure (PSC) b) retrorectus mesh (RM) and PSC c) preperitoneal
mesh (PM) and PSC d) intraperitoneal mesh (IM) and PSC
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d) IM versus PSC

IM PSC Risk Ratio Weight

Study Yes No Yes No with 95% CI (%)

Pans, 1998 33 111 41 103 ——J+—0.80[0.54, 1.20] 43.02
|

Glauser, 2019 26 69 46 42 —i— 0.52[0.36, 0.77] 44.36

Kohler, 2019 5 64 15 66 » : 0.39[0.15, 1.02] 12.62
|

Overall - T 0.61[0.42, 0.88]

|
Heterogeneity: 12 = 0.04, |12 = 39.36%, H2 = 1.65 !
Test of 6, = 8 Q(2) = 3.30, p = 0.19 ;
Test of @ = 0: z = -2.65, p = 0.01 |

Random-effects DerSimonian-Laird model

Figure 2.3 Forest plots of hernia occurrence comparing between: a) onlay mesh (OM)
and primary suture closure (PSC) b) retrorectus mesh (RM) and PSC c) preperitoneal

mesh (PM) and PSC d) intraperitoneal mesh (IM) and PSC (Cont.)
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a) OM versus PSC

oM PSC Risk Ratio Weight

Study Yes No Yes No with 95% ClI (%)
Pefia, 2003 1 43 1 43 l i 1.00[0.06, 15.49] 6.22
Portilla, 2008 3 68 2 70 — @ —— 152[026, 883 11.71
Caro-tarrago, 2014 5 75 6 74 —.—%— 0.83[0.27, 2.62] 18.17
Garcia-urefia, 2015 10 43 18 36 — ; 0.57[0.29, 1.11] 24.77
Timmermans, 2015 27 161 4 103 —— 3.84[1.38, 10.68] 19.81
Lima, 2019 13 50 4 48 ——— 268[093, 7.73] 19.32
Overall " 1.39[0.65, 3.00]
Heterogeneity: T2 = 0.50, 2 = 59.81%, H2 = 2.49 |

Test of 6, = 6; Q(5) = 12.44, p = 0.03 i

Testof 6 =0:z=0.85,p=0.39 l

T T
0.125 0.5 2 8

Random-effects DerSimonian-Laird model
b) RM versus PSC
RM PSC Risk Ratio Weight
Study Yes No Yes No with 95% ClI (%)
i
Bevis, 2010 2 38 2 43 L; 1.12[0.17, 7.62] 15.49
Timmermans, 2015 16 169 4 103 ——:rI— 2.31[0.79, 6.74] 49.58
Muysoms, 2016 1 55 3 55 = } 0.35[0.04, 3.22] 11.37
Pizza, 2019 3 47 3 :

47 1.00[0.21, 4.72] 23.56
|
Overall 1.37[0.64, 2.90]
Heterogeneity: 12 = 0.00%, H2 = 0.86

Test of 8, =8 Q(3) =2.58, p = 0.46
Testof 6=0:2=0.82,p=0.42

|
|
|
|
|
|
|
1

T T
0.063 0.25 1 4

Fixed-effects inverse-variance model
c) PM versus PSC
PM PSC Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
El-khadrawy, 2009 2 18 4 16 a : 0.50[0.10, 2.43] 25.49
|
Abo-ryia, 2013 5 27 5 27 —— 1.00[0.32, 3.12] 33.85
Sarr, 2014 22 163 7 188 w—.— 3.31[1.45, 7.57] 40.66
|
Overall —_— T 1.36 [ 0.45, 4.15]
Heterogeneity: 12 = 0.62, |2 = 64.50%, H? = 2.82 !
Testof 6, = 6, Q(2) = 5.63, p = 0.06 i
Test of @ = 0: z = 0.55, p = 0.58 w
T T T
0.125 0.5 2

Random-effects DerSimonian-Laird model

Figure 2.4 Forest plots of wound infection outcome comparing between: a) onlay mesh
(OM) and primary suture closure (PSC) b) retrorectus mesh (RM) and PSC c)
preperitoneal mesh (PM) and PSC d) intraperitoneal mesh (IM) and PSC
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d) IM versus PSC

IM PSC Risk Ratio Weight
Study Yes No Yes No with 95% Cl (%)
Pans, 1998 5 139 4 140 — 1.25[0.34, 4.56] 29.32

Glauser,2019 4 127 1 135 = 4.15[0.47, 36.67] 10.35
Kohler, 2019 7 54 10 59 0.79[0.32, 1.95] 60.33
Overall i 1.07[0.53, 2.17]

Heterogeneity: 1> = 0.00%, H? = 0.99

Testof 6, =6:Q(2) =1.97, p=0.37
Testof 6=0:z=0.20,p=0.84

0.5 2 8 32
Fixed-effects inverse-variance model

Figure 2.4 Forest plots of wound infection outcome comparing between: a) onlay mesh
(OM) and primary suture closure (PSC) b) retrorectus mesh (RM) and PSC c)
preperitoneal mesh (PM) and PSC d) intraperitoneal mesh (IM) and PSC (Cont.)
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a) OM versus PSC

oM PSC Risk Ratio Weight

Study Yes No Yes No with 95% CI (%)
Pefia, 2003 1 43 3 41 —-——}— 0.33[0.04, 3.08] 3.25
Portilla, 2008 8 63 5 67 ——I-‘,— 1.62[0.56, 4.72] 14.10
Caro-tarrago, 2014 23 57 9 71 —-— 256[1.26, 5.17] 32.32
Bali, 2015 2 18 1 19 ——l:— 2.00[0.20, 20.33] 2.99
Garcia-urefia, 2015 7 46 7 47 —H 1.02[0.38, 2.71] 16.86
Timmermans, 2015 34 154 5 102 +I— 3.87[1.56, 9.60] 19.50
Lima, 2019 12 51 3 49 — #@—— 3.30[0.98, 11.08] 10.98
Overall ‘ 2.13[1.42, 3.18]
Heterogeneity: 12 = 20.35%, H2 = 1.26 i

Test of 8, = 6,: Q(6) =7.53, p=0.27 }

Test of 6 = 0: z = 3.69, p = 0.00 l

T T

T T
0.063 0.25 1 4 16

Fixed-effects inverse-variance model

b) RM versus PSC

RM PSC Risk Ratio Weight

Study Yes No Yes No with 95% Cl (%)
Strzelczyk, 2006 5 31 4 34 —H— 1.32[0.38, 4.53] 29.90
Bevis, 2010 2 38 0 45 } 5.61[0.28, 113.47] 5.08
Timmermans, 2015 13 172 5 102 —-—— 1.50 [ 0.55, 4.10] 45.15
Muysoms, 2016 2 54 0 58 } 5.18[0.25, 105.47] 5.00
Pizza, 2019 2 48 3 47 —I——%— 0.67[0.12, 3.82] 14.92
Overall 4“ 1.46[0.74, 2.86]
Heterogeneity: 12 = 0.00%, H2 = 0.56 |

Test of 6, = 6;: Q(4) = 2.25, p = 0.69 i

Testof 8=0:2=1.09,p=0.28 1

0.1‘25 1 é 64

Fixed-effects inverse-variance model

c) PM versus PSC

PM PSC Risk Ratio Weight

Study Yes No Yes No with 95% Cl (%)

El-khadrawy, 2009 4 16 3 17 0 1.33[0.34, 5.21] 35.06
|

Abo-ryia, 2013 6 26 5 27 ; 1.20[0.41, 3.54] 45.07

Sarr, 2014 9 176 1 194 —%—l— 9.49[1.21, 74.15] 19.87
|

Overall 1.88[0.66, 5.33]

Heterogeneity: 12 = 0.32, |12 = 37.61%, H2 = 1.60
Test of 8, = 6;: Q(2) =3.21, p=0.20
Testof 6=0:2=1.18,p=0.24

0.5 2 8 32
Random-effects DerSimonian-Laird model

Figure 2.5 Forest plots of seroma outcome comparing between: a) onlay mesh (OM)
and primary suture closure (PSC) b) retrorectus mesh (RM) and PSC c) preperitoneal
mesh (PM) and PSC.



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Clinical Epidemiology) / 37

a) OM versus PSC

oM PSC Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Pefia, 2003 3 41 2 42 —|-— 1.50[0.26, 8.54] 32.60
Portilla, 2008 0 71 2 70 ——®—f— 0.20[0.01, 4.15] 10.83
Caro-tarrago, 2014 1 79 3 77 —I—*l— 0.33[0.04, 3.14] 19.63
Timmermans, 2015 11 177 1 106 ———6.26[0.82, 47.83] 23.87
Lima, 2019 162 1 :

51 T 0.83[0.05, 12.88] 13.07
Overall 1.17[0.43, 3.16]
Heterogeneity: 12 = 23.87%, H2 = 1.31

Testof 8,=6:Q(4) =5.25,p=0.26
Testof 6=0:z2=0.31,p=0.76

|
|
|
|
|
|
|
1

T T
0.016 0.125 1 8

Fixed-effects inverse-variance model
b) RM versus PSC

RM PSC Risk Ratio Weight

Study Yes No Yes No with 95% CI (%)
|

Timmermans, 2015 9 176 1 106 —+————— 521[067, 40.53] 45.16
Muysoms, 2016 2 54 0 58 — 5.18[0.25, 105.47] 20.93
Pizza, 2019 1 49 2 48 —W+—— 0.50[0.05, 534] 3391
Overall i 2.35[0.59, 9.33]

Heterogeneity: 1> = 19.38%, H> = 1.24
Testof 6, = 8: Q(2) =2.48, p = 0.29
Testof 6 =0:z=1.21,p=0.22

T
0.063 0.5 4 32

Fixed-effects inverse-variance model

c) IM versus PSC

M PSC Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)

Glauser,2019 3 128 3 133
Kohler, 2019 1 68 1 80

1.04[0.21, 5.05] 75.17
1.17[0.07, 18.42] 24.83

Overall

Heterogeneity: 1> = 0.00%, H2 = 0.01
Test of 8, = 6;: Q(1) =0.01, p=0.94
Testof 8 =0:z=0.10, p=0.92

1.07[0.27, 4.22]

Fixed-effects inverse-variance model

Figure 2.6 Forest plots of hematoma outcome comparing between: a) onlay mesh (OM)
and primary suture closure (PSC) b) retrorectus mesh (RM) and PSC c) intraperitoneal
mesh (IM) and PSC.
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a) OM versus PSC

oM PSC Risk Ratio Weight
Study Yes No Yes No with 95% ClI (%)
|
Portilla, 2008 1 70 4 68 ﬂ 0.25[0.03, 2.21] 25.73
Garcia-urefia, 2015 2 51 2 52 : 1.02[0.15, 6.97] 28.59
Timmermans, 2015 6 182 1 106 ~—Jl—341[042, 27.99] 26.45
Lima, 2019 0 63 7 45 —H 0.06 [0.00, 0.94] 19.23
|
Overall —— 0.56[ 0.1, 2.78]

Heterogeneity: 12 = 1.37, 12 = 51.77%, H? = 2.07 i
Testof 6,=6: Q(3) =6.22,p=0.10 |
Testof 8 = 0:z=-0.71, p = 0.48 i

T T
0.004 0.063 1 16

Random-effects DerSimonian-Laird model
b) RM versus PSC
RM PSC Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
|
Strzelczyk, 2006 0 36 0 38 L ; 1.05[0.02, 51.76] 14.09
Timmermans, 2015 9 176 1 106 —+ 5.21[0.67, 40.53] 50.73
Muysoms, 2016 1 55 0 58 i 3.11[0.13, 74.66] 21.13
Pizza, 2019 0 50 0 50 l : 1.00[0.02, 49.44] 14.04
|
Overall e 2.96[0.69, 12.75]

Heterogeneity: 12 = 0.00%, H? = 0.29 i
Test of 6,=8;: Q(3) = 0.86, p = 0.84 |

|
Testof 8 =0:z=1.45,p=0.15 !

T T
0.031 0.25 2 16
Fixed-effects inverse-variance model
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Figure 2.7 Forest plots of dehiscence outcome comparing between: a) onlay mesh (OM)
and primary suture closure (PSC) b) retrorectus mesh (RM) and PSC c) preperitoneal
mesh (PM) and PSC.
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Figure 2.8 Forest plot of chronic pain outcome comparing between mesh placement and

primary suture closure
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Figure 2.9 Forest plot of abdominal wall closure time comparing between mesh
placement and primary suture closure. Only data from retrorectus mesh versus primary

suture closure were available for pooling
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Figure 2.10 Funnel plots for hernia outcome of: a) onlay mesh (OM) vs primary suture
closure (PSC) b) retrorectus mesh (RM) vs PSC c) preperitoneal mesh (PM) vs PSC d)

intraperitoneal mesh (IM) vs PSC
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Figure 2.11 Contour-enhanced funnel plots for hernia outcome of: a) retrorectus mesh

(RM) vs primary suture closure (PSC) b) preperitoneal mesh (PM) vs PSC
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Figure 2.12 Funnel plots for wound infection outcome of: a) onlay mesh (OM) vs
primary suture closure (PSC) b) retrorectus mesh (RM) vs PSC c) preperitoneal mesh

(PM) vs PSC d) intraperitoneal mesh (IM) vs PSC
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Figure 2.13 Funnel plots for seroma outcome of: a) onlay mesh (OM) vs primary suture
closure (PSC) b) retrorectus mesh (RM) vs PSC c) preperitoneal mesh (PM) vs PSC



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Clinical Epidemiology) / 45

a OMvs PSC b RM vs PSC
521 51
© o
el °
3 ]
2 ° 2
3 fo]
@ ° nT °
.
.
L]
0 Q|
- ° - .
T T T T T
-4 -2 0 2 4 -2 2 4
Log risk-ratio Log risk-ratio
Pseudo 95% Cl @ Studies Pseudo 95% CI @ Studies
Estimated 6, Estimated 6,,
Cc IM vs PSC
81
S
2
ks L
c
8
7R
]
0
- T T T T T
-4 2 0 2 4

Log risk-ratio

Pseudo 95% Cl @ Studies
Estimated 6,,

Figure 2.14 Funnel plots for hematoma outcome of: a) onlay mesh (OM) vs primary
suture closure (PSC) b) retrorectus mesh (RM) vs PSC c) intraperitoneal mesh (IM) vs

PSC



Amarit Tansawet Mesh Position for Incisional Hernia Prophylaxis... / 46

a OM vs PSC b RM vs PSC
0
524 5
® 5
° T
= s
[ ° @
° ° 0 |
T »
24 2 o .
- T T T T T T T T T
4 2 0 2 -2 2 4 6
Log risk-ratio Log risk-ratio
Pseudo 95% Cl @ Studies Pseudo 95% Cl @ Studies

Estimated 6, Estimated 6,,

C PM vs PSC

5
|

Standard error

1
L

1.5

Log risk-ratio

Pseudo 95% Cl @ Studies
Estimated 6,,

Figure 2.15 Funnel plots for dehiscence outcome of: a) onlay mesh (OM) vs primary
suture closure (PSC) b) retrorectus mesh (RM) vs PSC c) preperitoneal mesh (PM) vs
PSC
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Figure 2.16 Funnel plot for chronic pain outcome of mesh placement versus primary

suture closure
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a Incisional hernia b Wound infection
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Figure 2.17 Network configurations of different fascia closure techniques a) incisional
hernia b) wound infection ¢) seroma d) hematoma e) dehiscence. Size of nodes was
weighted by numbers of studies. Size of edges was weighted by numbers of subjects in
each comparison. Each number on plots represents numbers of studies and subjects
contributing to the corresponding comparison. (IM intraperitoneal mesh, OM onlay

mesh, PM preperitoneal mesh, PSC primary suture closure, and RM retrorectus mesh)
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Figure 2.18 Scatter plots of SUCRA values for lowering hernia occurrence versus
lowering complications, including wound infection, seroma, and hematoma.
Interventions that fall on the area of the right upper corner are associated with both
higher preventive effects and lower complications. (IM intraperitoneal mesh, OM onlay
mesh, PM preperitoneal mesh, PSC primary suture closure, and RM retrorectus mesh)
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Figure 2.19 Comparison-adjusted funnel plot for a) incisional hernia b) wound infection
c) seroma d) hematoma and e) dehiscence. IM, intraperitoneal mesh; OM, onlay mesh;

PM, preperitoneal mesh; PSC, primary suture closure; and RM, retrorectus mesh
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CHAPTER Il
RISK-BENEFIT ASSESSMENT OF MESH-AUGMENTED FASCIA
CLOSURE FOR INCISIONAL HERNIA PREVENTION

Findings in chapter 2 indicated that OM was superior to RM in IH
prevention. However, OM might carry higher risks of seroma and hematoma than RM.
Consequently, a recommendation for a mesh technique for IH prophylaxis cannot be
made without additional analysis. Risk-benefit assessment (RBA) in this study was
performed to compare the benefits and risks in each mesh technique, and the

recommended technique could be appreciated accordingly.

3.1 METHODS

RBA shares the same concept of the cost-effectiveness analysis (CEA). In
CEA, incremental benefit (Abenefit) is compared with incremental cost (Acost). Instead
of Acost, incremental risk (Arisk) is used in RBA.”™ When IH occurrence represented
benefits and wound complications (i.e., SSI, seroma, and hematoma) represented risks
in this study, Abenefits, and Arisks were obtained from pooled RDs of each outcome of
mesh techniques versus PSC in NMA (Table 3.1).

To facilitate result interpretation, seroma and hematoma were combined into
a composite outcome. SSI was considered separately. Incremental risk-benefit ratios

(IRBRs) were computed afterward using the following equation:

Arisk __ RDyound

IRBR = — = (D
Abenefit RDiy

Where RDwound = RD of wound complication which can be SSI (RDssi) or composite
seroma and hematoma (CSH) outcome (RDcsH), and RDiw = RD of IH occurrence.
Therefore, both OM and RM had 2 IRBRs each regarding RDwound (i.€.,
RDssior RDcsH) used in the equation (1). Because both mesh techniques can effectively
prevent IH, RDH inevitably had negative signs from subtracting IH risk of PSC from the
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mesh technique. When IRBRs of OM and RM were compared, a higher value (i.e., a
negative value closer to zero) represented more benefits compared to the associated risk.

By using RDs and their associated standard errors (SEs), a Monte-Carlo
simulation with 1000 replications was performed. This procedure provided 2 benefits:
1) 95% CI can be obtained for each IRBR 2) Simulated IRBRs can be compared with
the acceptability threshold (i.e., acceptable risk of the adverse event), then the
probability of being risk-beneficial (PRB), or the chance of IRBR lower than the
threshold, can be computed at each threshold level. In this study, thresholds of 0.05, 0.1,
0.2, and 0.3 were arbitrarily set as references to facilitate data visualization.

Results from Monte-Carlo simulation were plotted on a risk-benefit plane
in which the x-axis and y-axis represented Abenefit and Arisk, respectively. The left
lower quadrant represented where the mesh procedure was superior to PSC, whereas
PSC was superior to the mesh procedure if coordinates fell in the right upper quadrant.
Lines depicting acceptability thresholds of 0.05, 0.1, 0.2, and 0.3 were also drawn on
the same plane. The number of coordinates located below those lines indicated PRB at
the corresponding threshold levels. PRBs were also plotted against varying threshold
levels in the risk-benefit acceptability curve. Results of OM and RM were plotted in the
same risk-benefit plane and acceptability curve for comparison. STATA version 16 was

used in all analyses.

3.2 RESULTS

Both OM and RM significantly reduced IH occurrence with RDs (95% CI)
of -0.237 (-0.324, -0.151) and -0.201 (-0.289, -0.114), respectively. Better IH prevention
could be expected from OM. On the other hand, RM seemed to be safer than OM in
terms of SSI and CSH, see Table 3.1. OM significantly increased CSH risk with RD
(95% CI) of 0.090 (0.052, 0.128).

When RDss) was plugged into equation (1), OM and RM yielded IRBRSs
(95% CI) of -0.118 (-0.124, -0.112) and 0.006 (-0.002, 0.013) relative to PSC,
respectively. These findings mean RM is more risk-beneficial than OM. When results
from a Monte-Carlo simulation were plotted on the risk-benefit plane (Figure 3.1a),

more coordinates from RM fell below the threshold lines than OM, corresponded with
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the risk-benefit acceptability curve that indicated higher PRB from RM than OM in
every threshold level (Figure 3.1b). For instance, PRBs of RM and OM were 0.70 versus
0.24 and 0.82 versus 0.44 at the threshold levels of 0.05 and 0.1, respectively.

When RDcsH was Arisk in equation (1), OM was evidently less risk-
beneficial than RM [IRBRs (95% CI): -0.388 (-0.395, -0.381) versus -0.105 (-0.111, -
0.100), respectively]. Figure 3.2a demonstrates that OM was unlikely to be risk-
beneficial because too many coordinates were located above the threshold lines. From
the risk-benefit acceptability curve (Figure 3.2b), RM yielded PRBs of 0.50 and 0.87 at
the threshold levels of 0.1 and 0.2, respectively. PRB of OM was not considerably higher

than zero until reaching the threshold level of 0.2.

3.3 DISCUSSION
NMA suggested OM and RM as candidates for IH prevention due to their

significant effect sizes. Nevertheless, the recommended technique was controversial,
especially when considering the risks. Results from this RBA suggested that RM was
beneficial when risks of SSI and CSH were considered while OM was not.

Even though a single benefit (i.e., IH occurrence) was evaluated in this
study, it was compared with 2 adverse outcomes (i.e., SSI and CSH). As a result, 2
IRBRs were obtained for each mesh procedure and might suggest the opposite direction.
Fortunately, both IRBRs calculated from RDss and RDcsH suggested that RM was
superior to OM. To avoid misfortune, adverse events should be combined into a single
composite outcome, likewise benefit endpoints. Thus, only one IRBR would be obtained
for each procedure. All adverse outcomes at surgical incision could be combined into
one composite outcome called surgical site occurrence.”> However, the composite
outcome comes with drawbacks. It is difficult to understand or even misleading
interpretations. Moreover, each outcome to be combined should have the same level of
importance.” In this study, we considered SSI separately and combined seroma with
hematoma. While SSI is seriously concerned in surgery involving foreign body
implantation, seroma and hematoma are common and could be managed expectantly.

Clean, clean-contaminated, contaminated, and dirty wounds carried SSI
risks of 1%-5%, 3%-11%, 10%-17%, and > 27%, respectively.”* In modern surgery,
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these rates were reduced to 2.3%, 4.8%, 6.1%, and 7.3%, respectively.”® Given that most
of the included RCTs involved clean and clean-contaminated incisions, the SSI
threshold level of 0.05 should be a proper reference. Because seroma is frequently found
after abdominal wall surgery,” the CSH threshold level of 0.2 seemed appropriate. At
these threshold levels of SSI and CSH, RM was much more risk-beneficial than OM.
Because SSI risk of the included RCTs was relatively low, results from this RBA should
be extrapolated with caution in a more contaminated operation (e.g., in emergency
settings).

RM required some technical expertise that might not be familiar to all
surgical specialists. Moreover, dissection in the retrorectus plane for RM placement will
cause adhesion in that plane and would preclude retrorectus hernia repair if IH occurred
afterward. Albeit these drawbacks cannot be assessed in RBA framework, they should
be acknowledged and weighted against RM’s benefits.

This study provided procedures comparison objectively. PRB is also
comprehensive and could guide decision-making. However, there are some limitations.
This RBA is the secondary analysis of NMA which included a small number of RCTs
that limited the precision of the estimated effect sizes. In addition, rare adverse events
were not included in the analysis due to the unavailability of data. However, such rare
events (e.g., fistula, wound sinus, and mesh migration) are unlikely to affect RBA

results.

3.4 CONCLUSION

OM and RM were suggested by NMA to be used for IH prevention
considering the benefits of lowering IH occurrence. However, OM was unlikely to be
risk-beneficial when SSI and CSH were considered. Thus, RM should be recommended

as a mesh technique of choice used for prophylactic purposes.
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Table 3.1 Pooled risk differences and 95% confidence intervals with standard error of

the risk difference

Outcomes Comparisons RD (95% ClI) SE
OM vs PSC -0.237 (-0.324, -0.151) 0.044
" RM vs PSC -0.201 (-0.289, -0.114) 0.044
ss| OM vs PSC 0.027 (-0.012, 0.066) 0.020
RM vs PSC -0.001 (-0.046, 0.044) 0.023
CcsH OM vs PSC 0.090 (0.052, 0.128) 0.019
RM vs PSC 0.020 (-0.012, 0.051) 0.016

CSH, composite seroma/hematoma; IH, incisional hernia; OM, onlay mesh; PSC, primary suture closure;
RD, risk difference; RM, retrorectus mesh; SE, standard error of risk difference; SSI, surgical site

infection
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Figure 3.1 Risk-benefit analysis of onlay and retrorectus mesh, considering surgical site

infection (SSI) as a risk a) scatter plot of simulated Abenefits and Arisks on the risk-

benefit plane along with reference acceptability thresholds of 0.05, 0.1, 0.2, and 0.3. The

left lower quadrant of the plane represents the area where mesh procedures dominate

primary suture closure b) risk-benefit acceptability curve (OM onlay mesh, RM

retrorectus mesh).
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Figure 3.2 Risk-benefit analysis of onlay and retrorectus mesh, considering composite
seroma/hematoma (CSH) as a risk a) scatter plot of simulated Abenefits and Arisks on
the risk-benefit plane along with reference acceptability thresholds of 0.05, 0.1, 0.2, and
0.3. The left lower quadrant of the plane represents the area where mesh procedures
dominate primary suture closure b) risk-benefit acceptability curve (OM onlay mesh,
RM retrorectus mesh).



Amarit Tansawet Protocol of Randomized Controlled Trial... / 58

CHAPTER IV
PROTOCOL OF RANDOMIZED CONTROLLED TRIAL FOR
PROPHYLACTIC MESH-AUGMENTED FASCIA CLOSURE IN
URGENCY/EMERGENCY MIDLINE LAPAROTOMY

4.1 RELEVANT INFORMATION

4.1.1 Incidence of incisional hernia after emergency/urgency
laparotomy

The incidence of incisional hernia after emergency/urgency laparotomy was
16%- 54%.> 5% From Ramathibodi databases year 2019, 7% of emergency
laparotomies developed IH. Therefore, pooled incidence (95%CI) was 24% (16%,
31%). If the study of Moussavian et al.,®® which reported the highest rate of IH
occurrence (54%), was excluded, the pooled incidence was 19% (13%, 24%).

4.1.2 Synthetic mesh placement in a contaminated environment

Surgeons are reluctant to apply a synthetic mesh in the contaminated area
because a foreign material, left in such an environment, can increase the risk of
infection. Most evidence of mesh placement in the contaminated field came from studies
of hernia repair. Choi et al.”” have reported that ventral hernia repair (VHR) using mesh
in clean-contaminated and contaminated cases significantly increased the risk of
surgical site infection (SSI) compared with clean cases. From this study, the odds ratio
(OR) of combined superficial and deep SSI was calculated. In a clean-contaminated
environment, mesh placement yielded OR (95%Cl) of 1.36 (1.14, 1.63) when compared
to no mesh.

However, this dogma has been challenged in many studies. Carbonell et al.”
reported SSI rates of 7.1% and 19% after VHR using polypropylene mesh in clean-
contaminated and contaminated cases, respectively. These SSI rates were comparable

to those usually observed in other contaminated operations.”® Moreover, no correlation
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between mesh removal and SSI was detected in this study. Emile et al.®° reported no
difference in SSI rates between mesh and non-mesh repair in incarcerated and
strangulated ventral hernia. Recently, Birollini et al.®! found that rates of SSI after
contaminated mesh repair did not significantly differ from mesh repair in a clean
environment (15% versus 10%, respectively). Moreover, a high success rate of
conservative management without mesh removal has been observed in some studies.®*
8 Perhaps, new generation synthetic meshes, engineered to be macroporous, were
responsible for acceptable SSI outcomes.?*

Few studies of prophylactic mesh have been conducted in an emergency
setting, in which contamination is likely. Two retrospective studies® > evaluated the
effectiveness of mesh on midline IH prophylaxis. They found that mesh can be safely
placed even in peritonitis. Prophylactic mesh yielded 82.1% - 88.8% of IH risk reduction
while did not significantly increase the risk of SSI. Contrary, the study of Lima et al.,%’
testing the efficacy of OM on fascial dehiscence prevention, reported significantly
higher SSI rates in OM than PSC (20.6% versus 7.7%, P-value 0.05). In summary, mesh
placement is effective in lowering hernia occurrence and recurrence; however, whether
mesh substantially increases SSI rate in a contaminated environment is still

controversial.

4.2 STUDY DESIGN

This study is a multicenter randomized controlled trial, which was
conducted from January 2021 to December 2024. Six study centers were included, i.e.,
Ramathibodi, Vajira, Bhumibol Adulyadej, Hatyai, Maharaj Nakorn Ratchasima, and
Surin. This study was approved by the ethical committee of the Faculty of Medicine
Ramathibodi hospital and all other study centers. The protocol was registered at Thai
Clinical Trial Registry (TCTR20200924002).
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4.3 STUDY SUBJECTS

All patients who were admitted to the emergency department or surgical
wards due to urgent GI conditions are invited to participate in this study. Eligibility is

checked as follows.

4.3.1 Inclusion criteria

4.3.1.1. Age > 18 years

4.3.1.2. Operation is performed within 24 hours after admission
with the indication of suspected Gl pathology

4.3.1.3. Midline abdominal incision with the incision length of
at least 1/4 of the distance from the xiphoid process to the pubic symphysis

4.3.1.4. Having an American Society of Anesthesiologist (ASA)
physical status class I-1V

4.3.1.5. Not having the following conditions

- septic shock (hemodynamic instability)

- metastasis cancer (stage 1V) before or during the operation

- a dirty surgical wound, which involves severe contamination
of fecal material and frank pus (surgical wound class V)

- massive devitalized bowel ischemia

4.3.1.6. No potential for second-look operation and no planned
definite or revisionary surgery via a midline incision

4.3.1.7. Not a secondary fascial closure

4.3.1.8. No existence of incisional hernia and no history of
incisional hernia repair

4.3.1.9. Not a pregnant woman nor suspected pregnancy

4.3.1.10. No connective tissue disorders

4.3.1.11. No current immunosuppressive use

4.3.1.12. No allergy to polypropylene

4.3.2 Exclusion criterion

4.3.2.1. Become pregnant after the index operation
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4.3.2.2. Newly diagnosed connective tissue disorder after the
index operation
4.3.2.3. Newly administered immunosuppressive agent after the

index operation

4.4 RANDOMIZATION

Participants were randomly allocated to either RM or PSC of the fascia with
a ratio of 1:1. Stratified block randomization is applied with varying block sizes to be 4
to 8, and study centers are considered as strata. The allocation sequence was kept
confidential at the data management unit (DMU) in the clinical epidemiology and
biostatistics department of Ramathibodi hospital. Treatment allocation is concealed in
sequentially numbered, opaque, and sealed envelopes. Both the allocation sequence and
the opaque envelopes were created by a statistician not involved in the trial. All
envelopes were distributed to each study center.

At a surgical ward or an emergency room, eligible patients are invited to
participate after receiving adequate pain control. Surgeons provide information about
the trial, and the information sheet is provided as a companion (Appendix B). All
patients have at least 15 minutes to decide whether she/he would participate in this trial.
Informed consent (Appendix C) is signed by all participants and witnesses. The
concealment would be broken in the operative theatre just before fascial closure if all

inclusion criteria were met. Study flow is demonstrated in Figure 4.1.

4.5 BLINDING

Surgeons are unable to be blinded to whether patients receive RM or PSC.
However, the intervention is assigned just before fascial closure to prevent unequal
delivery of co-interventions between the 2 groups. Patients, outcome assessors, and data

analysts are blinded.
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4.6 INTERVENTIONS AND CO-INTERVENTIONS

4.6.1 Interventions

The operation is conducted under general anesthesia. Abdominal skin is
scrubbed and painted with an antiseptic solution. Surgery is performed via a midline
incision, and linea alba is slit open. The procedure is carried out according to the causal
pathology. The abdominal cavity is decontaminated with at least 3 L of normal saline
before termination.

For the RM group, the retrorectus plane is dissected on all sides to achieve
a 4-cm distance from the incision edge. Posterior rectus sheath and peritoneum are
closed using a running stitch of 3-0 polyglactin 910 suture. A light-weight
polypropylene mesh is placed in the retrorectus plane aimed to overlap the fascial
incision by 3 cm on all sides. The mesh is fixed to posterior rectus fascia with 3-0
polypropylene suture at all four corners and the mid of the long side of the mesh strip.
The 2" piece of mesh would be placed if using a single mesh was unable to reinforce
the length of the fascial incision; however, the 2" piece of mesh would overlap the first
one for at least 2 cm stitched to the first mesh with 3-0 polypropylene suture. The
anterior rectus sheath is closed by small tissue bite continuous stitches (i.e.,
approximately 5-8 mm bites and 5-mm intersuture spacing), using 2-0 monofilament
polydioxanone suture (PDS). If needed, a 2" PDS would be used by overlapping the
first suture for at least 2 cm. Subcutaneous space is toileted with at least 1 L of normal
saline. The skin incision is closed or left open, depending on a surgeons’ decision.

For the PSC group, linea alba is approximated by small tissue bite
continuous stitches, which is the same as previously described. None of the drains are

placed in the incision in both group.

4.6.2 Intervention training

Surgeons and surgical residents, who participate in this trial, must be trained
in the RM and PSC technique. A video clip of the intervention is also be provided for
each center. At least 5 cases of RM augmentation are required for each site before the

start of patient enrollment.
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4.6.3 Co-interventions

Antibiotics were administered to all participants in intravenous form and
switched to oral form after afebrile for 24 -48 hours. The entire course of antibiotics was
at least 7 days. Antibiotic of choice was judged according to the suspected pathogens
and the allergic status of the participants. Antibiotic is changed after the pathogen
susceptibility report is available.

Participants received 0.5 mg/kg of intravenous pethidine or 0.05 mg/kg of
intravenous morphine every 4 hours as standard pain control. Additional doses would
be given as needed to achieve adequate pain relief. This pain control was set for the first
24 hours and was adjusted on the following days depending on the pain level of the
patient. Patient-controlled analgesia (PCA) or epidural analgesia is another option for
pain relief. The oral diet would be advanced if bowel sound was present, or there was
no evidence of intestinal distension. Oral analgesia (i.e., paracetamol 500 mg) was

added after resuming oral intake.

4.7 VARIABLES AND MEASUREMENTS

4.7.1 Primary endpoint

IH occurrence, our primary outcome, is defined as a fascial gap in the area
of a previous incision detectable by clinical examination or imaging. Follow-up time
was set to be 24 months. Participants were assessed for IH occurrence at 1, 3, 2, 12, 18,
and 24 months after the index operation. If the uncertainty of IH occurrence by clinical
examination existed, participants would be further evaluated with ultrasound. Uncertain
ultrasound results will shift to a CT scan. Participants are reminded of a follow-up visit

by telephone to minimize loss to follow-up.

4.7.2 Secondary endpoints
4.7.2.1 Wound infection
Wound infection includes superficial and deep surgical site
infection (SSI) according to the diagnostic criteria from the center of disease control
(CDC)® as follows:
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Superficial SSI

Infection occurs within 30 days after the operation and infection
involves only skin or subcutaneous tissue of the incision and at least one of the
following:

Purulent drainage, with or without laboratory confirmation,
from the superficial incision.

Organisms isolated from an aseptically obtained culture of
fluid or tissue from the superficial incision.

At least one of the following signs or symptoms of infection:
pain or tenderness, localized swelling, redness, or heat, and superficial incision is
deliberately opened by surgeons unless incision is culture-negative.

Diagnosis of superficial incisional SSI by the surgeon or
attending physician.

Deep SSI

Infection occurs within 30 days after the operation if no implant
is left in place or within 1 year if the implant is in place and the infection appears to be
related to the operation and infection involves deep soft tissues (e.g., fascial and muscle
layers) of the incision and at least one of the following:

Purulent drainage from the deep incision but not from the
organ/space component of the surgical site.

A deep incision spontaneously dehisces or is deliberately
opened by a surgeon when the patient has at least one of the following signs or
symptoms: fever (>38°C), localized pain, or tenderness unless the site is culture-
negative.

An abscess or other evidence of infection involving the deep
incision is found on direct examination, during reoperation, or by histopathologic or
radiologic examination.

Diagnosis of a deep incisional SSI by a surgeon or attending

physician.
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4.7.2.2 Seroma

Seromais defined as a fluid collection or serous fluid leakage in
the incision area. The diagnosis could be made by physical examination and confirmed
with ultrasound.

4.7.2.3 Hematoma

Hematoma is defined as the accumulation of a blood clot in the
area of the incision, which can be detected by physical examination, and needs
evacuation.

4.7.2.4 Burst abdomen

This condition is defined as a gap in fascial wound combined
with skin and subcutaneous tissue dehiscence, which occurs within 30 days after the
index surgery.

4.7.2.5 Acute postoperative pain

Pain intensity is measured with 10-cm visual analog scale
(VAS) at postoperative day 1 and day 3.

4.7.2.6 Chronic pain

Participants are asked whether he/she experienced any pain or
discomfort in the area of the incision. Data are collected at 3, 6, 12, 18, and 24 months
after index operation.

4.7.2.7 Enterocutaneous fistula and wound sinus

Enterocutaneous fistula is diagnosed when there is continuity
between Gl mucosa and skin, causing Gl content leakage. Wound sinus is defined as a
chronic sinus tract at the incision with or without serous discharge.

4.7.2.8 Abdominal wall closure time

This outcome is defined as the time from the starting of
abdominal wall closure to completing skin approximation. Abdominal wall closure time
is recorded in minutes.

4.7.2.9 Length of hospital stay

This outcome is recorded in days from the operation date until
the discharge date.

4.7.2.10 Mesh removal rate (from any reason)

4.7.2.11 Cost
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Direct medical (e.g., operation, hospital admission, medication),
direct non-medical (e.g., transportation, informal care), and indirect costs (e.g., income
lost) were collected in Thai Baht at admission, follow-up, and any visit related to

surgical wound complications.

4.7.3 Co-variables

Data of the following co-variables were collected: age, gender, body mass
index (BMI), ASA classification, co-morbidities (i.e., diabetes, malnutrition, chronic
obstructive pulmonary disease), smoking status, pathological cause of the operation,
operative procedure, wound classification, incision length, and the length of suture used

for fascial closure.

4.8 DATA COLLECTION

4.8.1 Case record form
Case record forms (CRFs), see Appendix D, were prepared by the DMU at
Department of Clinical Epidemiology, Ramathibodi hospital. CRFs were then

distributed to all study centers.

4.8.2 Training

A meeting among researchers was scheduled before subject recruitment.
The objectives, the research protocol, the process, and the CRF were clarified and
discussed at the meeting. Research assistants were trained in data collection and query,
whereas doctors were trained and guided about the eligible criteria, information sheet,
informed consent form, and clinical outcome assessment. Trainings were conducted

every 6 months.

4.8.3 Non-participation
To compare with the subjects who participate in the study, patients who
decided not to participate would be asked to retrieve their demographic and clinical data

for further analysis.
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4.8.4 Data flow and monitoring

Research assistants retrieved demographic and related clinical data from
participants and medical records. Information about the operation was collected from
operative notes. Primary and secondary outcomes were assessed by investigators or
research assistants at the surgical ward and outpatient clinic.

Participants were scheduled to follow up at approximately 1 month, 3, 6, 12,
18, and 24 months after surgery. The outcomes, including hernia occurrence, SSI,
seroma, and chronic pain, were assessed at an outpatient surgery clinic according to the
follow-up protocol (Table 4.1) and documented by investigators.

Completeness of CRFs was daily checked by the research assistants and
investigators. All problems on data recording and queries were solved at each study site.
All CRFs and patients’ log sheets were delivered to the central DMU at Ramathibodi
Hospital. CRFs were inspected by the principal investigator before the process of data
entry. Data quality and research progression were also monitored by the data manager.
Patients’ flow and trial activity is demonstrated in Figure 4.2 and Figure 4.3,
respectively.

During the trial, site monitoring was conducted every 6 months. All trial
activities, including enrollment and consent process, protocol adherence, and data
collection were audited. Completeness of eligibility and consent forms was checked
weekly. The following key performance indices were monthly reported to a committee.

- Screening rate = Number of screened patients/Number of
emergency and urgency exploratory laparotomy patients

- Eligibility rate = Number of eligible patients/Number of
screened patients

- Rate of completion of informed consent = Number of patients
whose informed consent was obtained/Number of eligible patients

- Number of enrolled participants

- Number of protocol violations

4.8.5 Databases and data entry
Databases were constructed using EpiData version 3.1. The databases

contain the eligible criteria, demographic and related clinical data, operative data, and
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all study outcomes. Interactive quality control is set within the databases to control data
entry.

Before data entry, all CRFs were approved by the principal investigator.
Unclear, missing, or non-sensible data are compared with medical records. Double data
entry was performed with 2 independent staff for further data validation. Any
discrepancy in data validation was compared with the original CRF. Data consistency
checking was also performed. The databases are checked and cleaned every month. All
paper and electronic documents are kept in a safe location. By using a password, only
the principal investigator and an authorized person could access the databases. The
databases were automatically real-time backed up at the DMU server to prevent data

loss.

4.8.6 Data safety and monitoring board (DSMB)

DSMB was set and consisted of a surgeon, epidemiologist, and
biostatistician who did not involve in the study. This board’s role was to monitor the
study process, audit data validity and integrity, and observe an unexpected serious

adverse event (Figure 4.3).

4.9 SAMPLE SIZE ESTIMATION

According to our systematic review, 69.7% (49.5%, 90.0%) of IH risk was
lowered by RM. By this evidence, we believe that RM could reduce IH incidence by at
least 50% approximately. The pooled incidence of IH was 7.1% after RM augmentation
or 7.4% regardless of mesh technique. Incidence of IH in emergency/urgency patients
was approximately 19% from our pooling, see section 4.1.1. Thus, estimated IH
incidence after RM augmentation could be 9.5%, which is still higher than pooled IH
incidence (7.4%) after prophylactic nonabsorbable mesh placement. The type | error
and the power of the test were set as 0.05 and 0.80, respectively. The randomization
ratio was 1:1 (RM: PSC). Therefore, the total number of subjects was 424. A loss to
follow-up rate of 10% was added to the subject pool; thus, we have to recruit 470

participants. Because emergency/urgency gastrointestinal conditions are relatively
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common, we expect the recruitment rate of 30-40 cases/month. Thus, the recruitment

period would be around 18-24 months. See Table 4.2 for sample size calibration.

4.10 DATA ANALYSIS

4.10.1 Statistical analysis

Mean and standard deviation (SD) were used to describe continuous data.
Categorical data were presented as frequency and percentage. The balance of co-
variables between the two intervention groups was tested using independent student t-
test and chi-square/Fisher’s exact test for continuous and categorical data, respectively.

Categorical outcome variables, including primary endpoint, were compared
between groups using chi-square or Fisher’s exact test, whereas independent t-test
would be used for continuous outcome variables. The relative intervention effect was
estimated using RR or MD along with 95% CI depending on the types of outcomes. In
case of an imbalance of co-variables, an adjustment would be performed using

multivariate regression.

4.10.2 Protocol violation

Protocol violation dealt with four analyses: intention-to-treat (ITT), per-
protocol (PP), and as-treated (AT). Each analysis has its benefits and limitations. In ITT
analysis, participants are analyzed in their allocated group, regardless of what treatment
they actually received. ITT analysis preserves randomization, but it could result in bias
to null if protocol violation is critical. Contrastingly, PP considered only participants
who have adhered to the trial protocol, therefore those patients who have not adhered
well will be excluded.

AT would consider both ITT and PP together, i.e., initially random
allocation and the actual received intervention. The counterfactual approach® would be
applied to estimate the relative treatment efficacy for AT approach. The concept is that
an instrumental variable (IV)® regression will be applied to estimate the probability of
receiving treatment, then adjusts by this probability while estimating the treatment

effect. The randomly assigned treatment was selected as 1V, whereas the actual received
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treatment was the endogenous variable in the bivariate probit or multivariate logistic
model. Randomization can be preserved in this analysis technique, while treatment
contamination is adjusted.®

All analyses were performed using STATA wversion 17. Statistical

significance was considered when P-value < 0.05.

4.10.3 Imputation

All missing data will be checked with CRFs or medical records. Telephone
interview was used to retrieve some missing co-variables. If such procedures could not
solve the problem, missing data would be assumed missing at random (MAR), and data
imputation will be performed. The missing data would be regressed on complete data
using linear truncated/interval or logistic regression with 10 imputations for continuous
and categorical data, respectively. Missing data would be imputed accordingly. The
fraction of missing information (FMI) and relative variance increase (RVI) were used

as assessment tools for imputation performance.

4.10.4 Interim analysis

Interim analysis was planned and will be conducted by the DSMB when the
number of subjects reached 30% and 60% of the total sample size. Considering the harm
of mesh placement, the rate of SSI would be compared between 2 interventions. The
analysis would be adjusted by O’Brien and Fleming’s method to prevent inflation of the
type | error.8° If the difference in the rate of SSI reached a statistically significant level,

enrollment would be terminated.

4.10.5 Cost-effectiveness analysis (CEA)

Analyses would be performed from societal and provider perspectives. All
data were retrieved from each participant; thus, no economic model was needed for
analysis. The time horizon was one year, so no discounting would be applied to costs.
Costs were included with direct medical, direct non-medical, and indirect costs. Costs,
occurring from the treatment of complications, were included in direct medical costs.

Both Aeffectiveness and Acost were calculated by subtracting the incidence of IH and
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the cost of RM with PSC. The incremental cost-effectiveness ratio (ICER) was

calculated by dividing Acost by Aeffectiveness as the following equation:

ICER = Acost

Aef fectiveness
The replications of 1000 Monte-Carlo simulation were performed to
estimate ICER. Simulated ICERs were plotted on the cost-effectiveness plane and
compared with the different levels of the willingness-to-pay threshold. By plotting the
probability of being cost-effectiveness against each threshold level, the cost-
effectiveness acceptability curve was constructed accordingly. At each threshold level,
the net monetary benefit (NMB) was computed as follows:
NMB = RxAef fectiveness — Acost
where R = the willingness-to-pay thresholds
One-way sensitivity analyses was performed by varying variables once at a

time. Results of the sensitivity analyses are demonstrated in the tornado diagram.

4.11 ETHIC CONSIDERATION

This study was conducted concerning the Helsinki declaration principles
and medical research involving human subjects act. Before the subject recruitment, the
study protocol was submitted to the ethical committee of all study centers. The first
subject was recruited after approval from IRB. The ethical principles from the Belmont

report were applied in this study as follows:

4.11.1 Respect for persons

The study’s aim, risks and benefits, and detail of each surgical procedure
are informed to the eligible patient along with the information sheet (Appendix B). Any
question from the eligible patients was welcome. The eligible patients were allowed for
at least 15 minutes to decide whether to participate. The consent form (Appendix C) was
signed by the patient (or representative) if he/she decided to participate. The right to
withdraw from the study at any time was reserved for all participants without any

influence on the treatment.
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If the patient decided not to participate, the surgical procedure would be
selected according to share decision-making between the patient and doctor. However,
baseline characteristics of non-participant were recorded after receiving permission
from the patient, so no vulnerable subject was recruited in this study.

Participant identification is protected. By using the study ID, neither the
name nor hospital number of participants appears in the CRFs. The patient’s log sheet,
which contains participant identification and contact information, can be accessed only
by the principal investigator and the permitted research assistant. The document is kept
in the safe-locked cabinet, and the electronic database is protected using the password.
Only the principal investigator and the database manager have the access to these
databases. After 5 years, all CRFs will be destroyed by shredding. None of the
participant identification will be appreared in reports and publications from this study.

4.11.2 Beneficence and non-maleficence

The minimal increment of the risk of infection, seroma, hematoma, and
postoperative pain might be observed in the RM group when compared with the PSC
group; however, no significant difference has been reported in our meta-analysis. If the
study hypothesis was true, the risk of IH occurrence in the RM would be lower than the
PSC group. Therefore, the study risk could be considered “more than minimal risk
without direct benefit to the subject but benefits to the science”. However, participants
receive physical examination and investigation might increase the chance of early IH
detection during the follow up visit.

All complications, if occurred, would be treated according to the standard
guideline. Any unexpected complications that might be associated with the study
procedure were reported to the DSMB.

4.11.3 Justice

The studied procedure is randomly assigned to the participant. The same
standard co-interventions were provided for participants regardless of their allocated
procedure. The participant would receive 200 THB per visit as compensation for their
time loss and travel cost. This study’s results would bring advantages to all

emergency/urgency laparotomy patients who are the same population as the participant.



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Clinical Epidemiology) / 73

4.12 BUDGET

The total budget was 1,078,015 Baht in total. Details are provided in Table
4.3.

4.13 PRELIMINARY RESULTS OF THE ENROLLMENT

Enroliment had been started since January 1, 2021. Among 6 centers, 3 of
them (Vajira, Hatyai, and Bhumibol Adulyadej Hospital) were actively recruiting
participants. Fifty-two participants (11.1% of estimated sample size) were enrolled; 41,
5, and 6 participants were from Vajira, Hatyai, and Bhumibol Adulyadej Hospital,
respectively. Mean age (SD) was 57.9 (14.8) years and 63.5% of participants were male.
Mean BMI (SD) was 23.4 (4.6) kg/m?. Prevalence of diabetes and COPD was 19.6%
and 3.9%, respectively. Participants were classified as having ASA class I, 11, IlI, IV in
15.4%, 48.1%, 34.6%, and 1.9%, respectively. Most of the participants have never
smoked or quit smoking more than 6 months before the operation (55.3% and 14.9%).
Mean preoperative albumin level (SD) was 3.8 (0.6) g/dL. Missing data were observed
for diabetes, COPD, smoking status, and aloumin level in 1.9%, 1.9%, 9.6%, and 9.6%,
respectively. Most of the participants (61.4%) were classified as having nutrition status
class B (i.e., moderate malnutrition) using the nutrition alert form. Prevalence of severe
malnutrition was 18.2%. Nutritional status was not assessed using nutrition alert form
in eight participants (15.4%), especially in participants from Bhumibol Adulyadej
Hospital (six from eight participants) because nutritional alert form and classification
were not routinely used in this institute.

Benign perforation, benign obstruction, cancer, and inflammation were the
leading causes of emergency/urgency operation; 48.1%, 34.6%, 7.7%, and 5.8%,
respectively. Frequently performed procedures are listed as follows: local repair of
perforation (46.2%), adhesiolysis (23.1%), small intestinal resection (13.5%), large
intestinal resection (7.7%), and gallbladder and biliary tract surgery (3.9%). Incisional
wounds were classified as clean-contaminated, contaminated, and clean in 61.5%,
30.8%, and 7.7% of participants, respectively. Mean incisional length (SD) was 15.3
(3.8) cm.
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Length of the follow-up ranged from 1 to 18 months. Due to the severity of
comorbid disease and surgical complications, two participants died after 1 month. Thus,
50 participants were left to be followed for 1 month. Our research assistants contacted
all participants by telephone call to remind their appointment, but some participants
could not be contacted or did not attend follow-up. According to our follow-up protocol,
52, 47, 45, 37, and 18 participants should visit 1-, 3-, 6-, 12-, and 18-month follow-up,
respectively. Until now, none of the participants reached 24-month follow-up.
Unfortunately, only 66.7% to 88.5% of participants attended each follow-up

appointment, see Table 4.4.

4.14 DISCUSSION

Even though evidence of prophylactic mesh efficacy has been confirmed,
no study focuses on emergency/urgency patients. Regarding systematic review in
Chapter 2, this trial would be the first study in this particular population. RM’s efficacy
in IH prevention is less than OM but has less wound-related complications. Therefore,
RM is the intervention of interest selected by balancing between benefits and risks, see
Chapter 3. PSC with small-bites continuous technique is a comparator following
abdominal wall closure recommendation.?®

This RCT has several strengths. First, the sample size is relatively large
compared to previously published trial#0-4447.48.50-52 Second, all outcomes were blindly
assessed and analyzed to minimize bias. Third, the primary outcome (i.e., IH) would be
assessed for 24 months corresponding with the recommendation from European Hernia
Society.?® Finally, an economic evaluation would be performed alongside a clinical
outcome assessment to inform policymakers.

Some challenges are acknowledged. Results could be affected by surgeons’
experience. However, surgeons involved in this trial were trained for both RM and PSC
to standardize closure techniques. Protocol violation could be anticipated but ITT was
selected to be the primary analysis, whereas AS and PP would be performed as
sensitivity analysis. Intervention adherence would also be assessed using IV regression,

in which the benefit of randomization would be maintained.
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The enrollment was started since January 2021. However, the enrollment
rate was poor. Subsequently, all surgical procedures were affected by COVID-19
pandemic which consumed most of the healthcare resources. Therefore, hospital beds
and intensive care units were overwhelmed by COVID-19 patients. In addition, a
significant number of healthcare personnel were shifted to COVID-19 section. As a
result, care delivered to surgical patients was less optimal. This situation directly
affected participant enrollment. Surgeons were unwilling to enroll patients to receive
intervention which might be associated with additional risks. Even though COVID-19
infection is not an exclusion criterion, no investigator enrolled patients with COVID-19
infection because of the limited ability of post-operative care and assessment in these
patients. In some situations, non-operative management was preferred if it was feasible
and safe. Altogether, a poor enrollment rate was inevitable.

Another reason for poor enrollment rate is that this trial involves emergency
surgery, which increases the risk of SSI. Applying foreign material (i.e., synthetic mesh)
in this situation, though many studies® " & 81 demonstrated safe mesh use in a
contaminated surgical environment, contradicts long-standing dogma of avoiding
foreign material in such an environment. Therefore, only a limited number of surgeons
in each center participated in this study. Moreover, some eligible patients missed trial
enrollment given the intense workloads on the nightshifts and the nature of emergency
conditions that require time management. As such, high enrollment rate is difficult to
achieve. This RCT was designed to be a multicenter study considering this inconvenient
situation. However, until now, only some centers actively enroll participants. Most of
the time, enrollment occurred at Vajira hospital, the principal investigator’s institute. To
overcome this problem, more centers must be persuaded to participate in this trial.

Affirmatively, it would significantly increase the cost of conducting the study.
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Table 4.1 Time table of the clinical outcome measurement

Within 1
Outcome PO D1,3 Ve 3 MO 6 MO 12 MO 18 MO 24 MO
IH v N4 N4 v v
Wound
. ] N N N N N
infection
Seroma v v
Burst abdomen v v
Hematoma v
Enterocutaneous
fistula and N N N4 N4 N N
wound sinus
Acute pain v
v N4
Chronic pain v v y

MO, month; PO D, post-operative day
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Control Intervention
% risk . Total
group event  group event . a power ratio ;
reduction sample size
rate rate
0.19 0.095 50 0.05 0.8 1:1 424
0.19 0.114 40 0.05 0.8 1:1 700
0.19 0.133 30 0.05 0.8 1:1 1,308
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Activity Unit No. of Units Unit cost Total (THB)
(THB)

1. Study-related costs
1.1 Creating the protocol Protocol 1 No charge -
1.2 Creating the CRF CRF 1 No charge -
1.3 Document preparation | Case 470 10 4,700
1.4 IRB/Ethics committee | Site 6 No charge -
1.5 Investigator fee site 4 10,000 40,000
(exclude Ramathibodi and
Vajira)
1.6 Manager fee Person 1 No charge -
1.7 Statistical plan

1.7.1 consultation Person 1 No charge -

1.7.2 report Report 1 No charge -
1.8 Manuscript

1.8.1 writing Manuscript 1 No charge -

1.8.2 English proving & | Manuscript 1 No charge -
editing

1.8.3 submission fee Manuscript 1 40,000 40,000

Total 84,700

2.Participant-related costs
2.1 Research assistant fee | Case 470 500 235,000
2.2 Telephone call Case 470x 3 1.50 2,115
(3 times/case)
2.3 Mesh Mesh 260 570 148,200
2.4 Anesthesia fee Case 235 400 94,000
2.5 Ultrasound Case 470 No charge -
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Activity Unit No. of Units Unit cost Total (THB)
(THB)
2.6 Compensation for Case 470 x5 200 470,000
follow-up visit
Total 949,315
3. Data-related costs
3.1 Data entry (double) Record 470 x 2 No charge -
3.2 Data cleaning Record 470 No charge -
3.3 Database programing Person 1 No charge -
3.4 Generation & Review | Person 1 No charge -
of tables
Total -
4. Site-related costs
4.1 Initiating (exclude Site 4 1,000 4,000
Ramathibodi and Vajira)
4.2 Training (twice a year) | Site 6Xx2x2 1,000 24,000
4.3 Investigator meeting Site 6 No charge -
(online)
4.4 Monitoring (twice a
year) (exclude Visit 4x2x2 1,000 16,000
Ramathibodi and Vajira)
4.5 Closing site 6 No charge -
Total 44,000
Grand Total 1,078,015
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Table 4.4 Total number of participants at each follow-up period and the percentage of
participants attending follow-up visit

Follow-up period, Total participants, Visiting participants,
Months N N (%)
1 52 46 (88.5)
3 47 41 (87.2)
6 45 33(73.3)
12 37 30 (81.1)
18 18 12 (66.7)

24 0 0
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PART Il
HERNIA PREDICTION

CHAPTER V
RATIONALE AND SYSTEMATIC REVIEW OF HERNIA
PREDICTION MODEL

Even if prophylactic mesh shows benefits in the prevention of IH, it is still
expensive and its accessibility is still limited particularly where resources are limited.
Therefore, identifying individualized patients who are at high risk of IH occurrence
should be useful. By applying a risk prediction model, mesh intervention could be

allocated to patients, who are likely to gain benefits from IH prophylaxis.

5.1 SYSTEMATIC REVIEW

A systematic review was conducted to identify existed IH prediction model.
Models were reviewed and their model performance and prediction variables were
extracted. Since IH might be predetermined by fascial dehiscence (FD),*® FD prediction
models were also included in the review to identify predictor variables that could be
added during IH prediction model revision. Review protocol followed PRISMA
guideline®! and was registered at PROSPERO (CRD42021282463).

5.1.1 Review methods

Searching was performed in Scopus, Medline (via PubMed), and Web of
Science from inception to September 2021. Terms used for identifying studies
constructed from the following keywords: incisional hernia, dehiscence, prediction
model, receiver operating characteristic (ROC) curve, concordance statistic (C-

statistic), sensitivity, specificity, derivation, and validation (Table 5.1). No language
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limitation was applied. Studies would be eligible if they studied IH or FD prediction
models in adult patients undergoing any abdominal operation, derived or validated
models which consisted of more than one predictor variable, and reported at least one
of the following model performances: C-statistic, sensitivity, specificity, predictive
values (positive and negative), and observed/expected (O/E) outcome ratio. Models that
predicted hernia recurrence after IH or parastomal hernia repair or hernia occurrence
after open abdomen closure were excluded.

Studies’ title, the first author’s name, year of publication, study design,
study phase (i.e., derivation or validation), model’s name (if any), model derivation
method (i.e., conventional statistic model or machine learning (ML)), the number of
patients and events (i.e., [H or FD), demographic data and patients’ characteristics were
extracted.

Predictor variables and model’s discrimination performances with 95% CI
were extracted. When there was no reported 95% CI of C-statistics, it would be
calculated from Hanley and McNeil’s method.® If calibration performance (e.g., O/E
ratio) was reported, it would also be retrieved.

RoB of each study was evaluated using PROBAST tool.®* This tool
evaluates 4 domains as follows: participants, predictors, outcome, and analysis. Each
study was assessed as high, low, and unclear RoB. Screening for eligible studies, data
extraction, and RoB assessment were performed by 2 independent reviewers.

5.1.2 Review results

Seven IH prediction models were identified from 7 studies.” %2 Five of
them were developed by the research team of University of Pennsylvania.> %" All
studies were derivation-internal-validation phase. No external-validation study was
eligible (Figure 5.1). The mean age ranged from 45.3 to 60.7 years; male was 26.6% to
93.9% (Table 5.2). BMI was reported in 3/7 studies which ranged from 28.2 to 56.8
kg/m?. Follow-up time ranged from 6 to 57.9 months. RoB assessment was omitted in
one study®® due to the unavailability of full-text. The rest were judged as having a high
risk of bias, especially in the participants and data analysis domains (Table 5.3).

Four models® 9 9 % were developed to predict IH occurrence after a

general abdominal operation, whereas IH occurrence after bariatric,* colorectal,® and
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gynecologic surgery®’ was specifically predicted by one model each. Equations of IH
prediction models are shown in Table 5.4. Their C-statistics are displayed in Figure 5.2.

Veljkovic et al.’s model®? came from logistic regression using data from 603
patients. Four predictor variables (i.e., BMI, SSI, suture length to incision length ratio,
and time to suture removal) were used to construct this model. Its C-statistic (95% CI)
was 0.92 (0.88, 0.96). This model was developed for IH prediction in midline
laparotomy patients.

The well-known IH prediction model named HERNIA score was developed
by Goodenough et al. using Cox regression. The model was derived from and internally
validated in data from 428 and 197 patients, respectively. BMI, COPD, and surgical
approach were included in the model which yielded C-statistic (95% CI) of 0.77 (0.68,
0.86) in the internal-validation sample.

Among models from University of Pennsylvania, 2 models> % were
developed for general abdominal surgery. Fischer et al.’s model®® was developed for
only elective open surgery, whereas Basta et al.’s model named Penn hernia risk
calculator® is more general. The Penn hernia risk calculator is the most recent model
from the University of Pennsylvania’s research group which was deployed as a mobile
application. Its C-statistic (95% CI) was 0.83 (0.81, 0.85) in the combined derivation-
validation cohort. This model consists of sixteen prediction variables.

All existing IH prediction models were reported of having good calibration
performance. Predictor variables used in each IH prediction model were listed in Table
5.5. Predictor variables from 3 identified FD prediction models were also listed in the

same table.

5.2 CONCLUSION FROM SYSTEMATIC REVIEW

After a careful review of the candidate prediction models, Penn Hernia Risk
Calculator® might be the most suitable model to adopt for our practice in terms of model
performance and predictor variables. However, risk prediction model’s performance
usually drops from what was originally reported. Embracing any risk prediction model
in a new clinical setting, and so it requires validation or even revision.% % Therefore,

Penn Hernia Risk Calculator® was selected by this study for external validation and
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revision using the Ramathibodi surgery dataset. This study derived IH risk prediction

model that could be used in Thai setting

5.3 RESEARCH QUESTION

How about the performance of IH prediction tool in Thai patients

undergoing abdominal surgery? Is revision required?

5.4 RESEARCH OBJECTIVE

To validate the existing IH prediction tool and revised it if needed.



Table 5.1 Search terms

Database Search term
Scopus TITLE-ABS-
KEY ((((((((incision*) OR (postoperative)) OR (ventral)) OR (scar)) AND (hernia*)) OR (((dehiscence) OR (eviscerat*)) OR ("burst
abdomen™))) AND (((((predict*) OR (prognos*)) OR (risk)) OR (stratif*)) AND (((model) OR (score)) OR (index)))) AND (((((((((("rece
iver operating characteristic") OR (roc)) OR (auc)) OR (auroc)) OR (“concordance statistic™)) OR ("c-
statistic")) OR (accuracy)) OR (sensitivity)) OR (specificity)) OR (((validat*) OR (deriv*)) OR (develop*)))) AND (LIMIT-
TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, "re"))
Medline (((((((incision*) OR (postoperative)) OR (ventral)) OR (scar)) AND (hernia*)) OR (((Dehiscence) OR (eviscerat*)) OR ("burst abdomen™))) AND
(PubMed) (((((Predict*) OR (prognos*)) OR (risk)) OR (stratif*)) AND (((model) OR (score)) OR (index)))) AND (((((((((("'receiver operating
characteristic) OR (ROC)) OR (AUC)) OR (AUROC)) OR ("concordance statistic™)) OR ("c-statistic™)) OR (accuracy)) OR (sensitivity)) OR
(specificity)) OR (((validat*) OR (deriv*)) OR (develop*)))
Web of (((((((incision*) OR (postoperative)) OR (ventral)) OR (scar)) AND (hernia*)) OR (((Dehiscence) OR (eviscerat*)) OR ("burst abdomen™))) AND
Science (((((Predict*) OR (prognos*)) OR (risk)) OR (stratif*)) AND (((model) OR (score)) OR (index)))) AND (((((((((("receiver operating characteristic")

OR (ROC)) OR (AUC)) OR (AUROC)) OR ("concordance statistic")) OR ("c-statistic")) OR (accuracy)) OR (sensitivity)) OR (specificity)) OR
(((validat*) OR (deriv*)) OR (develop*)))
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Table 5.2 Characteristics of the included studies

. . Age, Sex, BMI,
) Incision Study Patients Events Follow-up,
Study Population Data source . Phase year male kg/m
(approach) design (n) (n) month
(mean) (%) (mean)
Mixed .
o ] Prospective o
Veljkovic, 2010 abdominal Open dat Cohort Derivation 603 81 59 53.7 n/a >6
ata
surgery
Mixed . Derivation 428 70 60.7 93.9 28.2 41
Goodenough, 2015 ] Prospective
abdominal Open/Lap Cohort Internal-
(HERNIAscore) data o 197 23 n/a n/a n/a 41
surgery validation
o Medical o
Basta, 2016 Bariatric Open/Lap d Cohort Derivation 2,161 52 453 26.6 56.8 28.3
records
Mixed
. . Medical o
Fischer, 2016 abdominal Open d Cohort Derivation 12,373 436 55.9 334 n/a 32.2+26.6
records
surgery
) Medical o
Lanni, 20162 Colectomy Open/Lap y Cohort Derivation 30,865 1,698 n/a n/a n/a 30
records
Medical o
Tecce, 2017 Hysterectomy Open d Cohort Derivation 2,145 76 52.6 n/a n/a n/a
records
) Mixed
Basta, 2019 Mixed . o
. . Medical derivation and 29,739
(Penn risk abdominal Open/Lap Cohort ) 1,127 52.6 36.6 30.1 57.9
records internal- 19,799/9,940°
calculator) surgery o
validation

BMI, body mass index; FD, fascial dehiscence; IH, incisional hernia; Lap, Laparoscopic surgery; n/a, not available; NSQIP, National Surgical Quality Improvement Program; VAMC,

Veteran Affairs Medical Centre

aNo full-text available, ® Derivation/Internal-validation
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Table 5.3 Risk of hias of the included studies

PROBAST Incisional hernia
Veljkovic Goodenough Basta  Fischer Lanni  Tecce Basta
Domain Signal question 2010 2015 2016 2016 2016~ 2017 2019
Were appropriate Y Y N N N N

data sources used?
Were all inclusions
Participants  and exclusions of Y Y Y Y Y Y
participants
appropriate?

Were predictors

defined and

assessed in a similar PY PY PY PY PY PY

way for all

participants?

Were predictor

assessments made PY Y Y Y Y Y
Predictors  without knowledge

of outcome data?

Are all predictors

available at the time

the model is Y Y Y Y Y Y

intended to be

used?

Summary domain 2 A A + + + s

Was the outcome

determined NI Y PY PY PY PY
appropriately?

Was a pre-specified

or standard NI Y v v v v
outcome definition

used?

Were predictors

excluded from the Y Y Y Y Y Y
outcome definition?

Was the outcome

defined and

determined in a PY N NI NI NI NI
similar way for all

participants?

Was the outcome

determined without

knowledge of NI NI Y Y Y Y
predictor

information?

Was the time

interval between

predictor

assessment and N PY Y Y Y Y
outcome

determination

appropriate?

Outcome
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Table 5.3 Risk of bias of the included studies (Cont.)

PROBAST Incisional hernia
Domain Signal question Veljkovic Goodenough Basta  Fischer | Lanni | Tecce Basta
2010 2015 2016 2016 2016 2017 2019
Were there a N N N Y N Y

reasonable number
of participants with
the outcome?
Were continuous
and categorical N N PN PN PN PN
predictors handled
appropriately?
Were all enrolled
participants N NI Y Y Y Y
included in the
analysis?
Were participants
with missing data N PN NI NI NI N
handled
appropriately?
Was selection of
predictors based on N N N N N N
univariable analysis
avoided?

Analysis  Were complexities
in the data Y Y Y Y Y Y
accounted for
appropriately?
Were relevant
model performance N N N N N N
measures evaluated
appropriately?
Were model
overfitting and
optimism in model N N Y Y Y PN
performance
accounted for?
Do predictors and
their assigned
weights in the final
model correspond to N Y Y Y Y Y
the results from
multivariable
analysis?
Summary domain 4

Overall high high

* No available full-text



Table 5.4 Risk score equations

Study

Equation

Veljkovic, 2010

Score = 32*(Suture incision ratio < 4.2) + 30*(SSI CDC 2 or 3) + 9*(Time to suture removal > 16 d) + 2*(BMI > 24 kg/m?)

Goodenough, 2015

Score = 4*(Laparotomy) + 3*(HAL) + 1*(COPD) + 1*(BMI > 25 kg/m?)

Basta, 2016

Score = 5%(Open bariatric approach) + 2*(Malnutrition) + 2*(History of abdominal surgery) + 2*(BMI > 60 kg/m?) + 1*(Age 45-65)

Fischer, 2016

Score = 3*(Hispanic or Native American) + 2*(White) — 1*(Asian) + 3*(Concurrent ostomy/fistula takedown) + 1*(Concurrent ostomy
creation) + 2*(Recent chemotherapy) + 2*(Obesity) — 1*(Normal weight) + 2*(Bariatric procedure) + 2*(Proctectomy) + 1*(Partial
colectomy) + 1*(Small bowel resection) + 2*(History of alcohol abuse) + 2*(History of smoking) + 2*(History of liver disease) +
1*(Acute inflammatory process) + 1*(History of surgical wound complication) + 1*(Malnutrition) + 1*(Age > 45 yr) — 1*(Benign

gynecologic mass)

Tecce, 2017

Score = 2*(Vertical incision) + 1*(Ascites) + 1*(Gynecologic malignancy) + 1*(BMI > 30 kg/m?) + 1*(Acute inflammatory process) +

1*(Anemia) + 1*(Smoking history) + 1*(Concurrent GI procedure)

Basta, 2019

Score = 4*(Emergency laparotomy) + 2*(History of abdominal surgery) + 2*(Emergent vascular procedure) + 2*(Caucasian) +
1*(Indication: SBO) + 1*(Smoker) + 1*(2+ Elixhauser comorbidities) + 1*(Open approach) + 1*(BMI > 30 kg/m?) — 2*(BMI 18-25
kg/m?) — 4*(BMI < 18 kg/m?) + 1*(Chronic liver disease) + 1*(History of cancer) + 1*(History of chemotherapy/XRT) + 1*(Concurrent

fistula/ostomy procedure) + 1*(ASA/Anticoagulant use) + 1*(Chronic pulmonary disease) — 2*(Laparoscopic hysterectomy)

JamMmesue | 1llewy
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Table 5.5 Included prediction variables in each prediction model

Study
Fascial dehiscence Incisional hernia
= 2
Predictor variable § § N % 8_ © § o 5 S
5 g 8 ¢ & &8 ¢ 8 & &
o
Age @# ® ®# @#
Sex ® ®
Ethnicity O] ® ®
BMI ® @# @©# @# ©# @©# @©# @©#
ASA status ®
2+ Elixhauser Comorbidity ®
Chronic obstructive pulmonar
disease P ’ ® © © © ©
Smoking ® O] ® ®
Coughing @
Cerebrovascular accident @
Ascites ® @
Jaundice ®
Anemia @ ®
Hypertension @
Cancer @ O]
Chemotherapy @ O]
Malnutrition @ @
Chronic liver disease @
Alcohol abuse @
Antiplatelet/anticoagulant ®
Steroid @
Prior hernia @
History of abdominal surgery ® ®
Emergency operation ® @ @ @
Open surgery ® @ @ ®
Midline incision ®
Hand-assisted laparoscopy @
Organ of surgery ® @
Concurrent fistula/ostomy @ @
Concurrent gastrointestinal ®
procedure
Emergent vascular procedure ®

Laparoscopic hysterectomy @
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Table 5.5 Included prediction variables in each prediction model (Cont.)

Study
Fascial dehiscence Incisional hernia
@ = S g © .
Predictor variable § 8_ § 8_ Z § § § 5 %
s &2 03 € 2 % 5 T & 4
= E g S i - =
o
Small bowel obstruction ®
Gynecologic pathology @ ®
Acute inflammation @ ®
Operative time @# @
Suture length: Incision length @#
Surgeon’s experience ®
Wound class ® ®
Reoperation ®
Time to stitch removal @#
SSI ® ® ® @
Wound complication @
Pneumonia ®
Failure to wean ®
Any complication @
Sodium @
Creatinine ®
Hematocrit @

ASA, American Society of Anesthesiologists; BMI, body mass index; SSI, surgical site infection
# Used in categorized form, @ Full-text not available — not all predictors reported
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Identification of studies via databases

c . " .
.(% Records identified from: Records removed before
3 Scopus (n = 2198) - screening:
= Medline (n = 1644) d ) :
g Web of Science (n = 1113) Duplicate records (n = 2007)
o
VY Y Records excluded:
not population of interest
Records screened
(n = 2948) > (n = 2838)
- not FD/IH prediction model (n = 93)
not eligible study design (n=1)
\ 4
=
'g Reports sought for retrieval N Reports not retrieved
o (n=16) 7 (n=0)
(5]
(%]
4
Records excluded:
- not FD/IH prediction model (n = 2)
Reports assis_sicéfor eligibility > suspected duplicate data (n = 1)
(n=16) not outcome of interest, i.e., diagnostic
\ J accuracy. (n=1)
Y
o Studies included in review
[0}
S (n=12)
© Reports of included studies
c
= (n=12)
Fascial dehiscence Incisional hernia
(n=5) (n=7)
Derivation/Internal-validation
(n=3) Derivation/Internal-validation
External-validation (n=7)
(n=2)

Figure 5.1 PRISMA flow of study selection
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C-—statistic
Study Phase [95% CI]
Veljkovic, 2010 Derivation —il— 0.92[0.88, 0.96]
Goodenough, 2015  Internal-validation L 0.77 [ 0.68, 0.86]
Fischer, 2016 Derivation —— 0.77[0.74, 0.80]
Basta, 2019 Overall = 0.83[0.81, 0.85]
Basta, 2016 Derivation —i— 0.85[0.78, 0.92]
Lanni, 2016 Derivation . 3 0.70[0.69, 0.71]
Tecce, 2017 Derivation —— 0.82[0.76, 0.88]

Figure 5.2 Incisional hernia prediction models’ C-statistics
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CHAPTER VI
EXTERNAL VALIDATION AND REVISION OF THE
INCISIONAL HERNIA PREDICTION MODEL

Even though RM was efficacious for IH prevention, applying mesh-
augmented fascia closure in all abdominal operated patients might not be cost-effective.
Therefore, IH risk prediction model is required to target patients who are at high risk of
IH occurrence and could be benefited from prophylactic strategy. Mesh’s cost-
effectiveness could be enhanced accordingly.

According to our review, Penn hernia risk calculator® was selected for

further external validation based on its performance and included predictor variables.

6.1 METHODS

6.1.1 Study design and population

A retrospective cohort study was conducted on patients who underwent
abdominal surgery in Ramathibodi Hospital from January 2010 to August 2021. The
International Statistical Classification of Diseases and Related Health Problems (ICD)
codes for the procedure (ICD-9-CM) related to the abdominal operation were used to
identify target patients (Figure 6.1). Then, demographic, diagnosis (ICD-10), operative,
hospital visit, hospital admission, laboratory, medication, and billing data were linked
using an encrypted patient identification number. Patients would be eligible if they met
the following criteria: age > 18 years old, not pregnant nor in the postpartum period, and
underwent intra-abdominal surgery. Incisional hernia diagnosed before or at the index
operation was an exclusion criterion. Records that related to iatrogenic injury or post-
operative complications were also excluded (Figure 6.1). Characteristics of our data
were compared with the Penn cohort which included 29,739 abdominal operated

patients from January 2005 to June 2016.
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6.1.2 Retrieved data

Sixteen predictor variables were included in the Penn model and listed as
follows: race, BMI, smoking status, COPD, chronic liver disease, cancer, the Elixhauser
comorbidity score, history of chemotherapy/radiation therapy, antiplatelet/anticoagulant
use, previous abdominal surgery, open approach, emergency surgery, emergency
vascular surgery, laparoscopic hysterectomy, concurrent ostomy procedure, and small
bowel obstruction. Race was not applied because only Thai nationals were included.
The Elixhauser comorbidity score was absent because it is not routinely used in Thai
practice. Therefore, only 14 predictor variables were retrieved. We decided to perform
the complete case analysis. As a result, records that contained missing data on the
mentioned variables were excluded.

Other variables which might be associated with IH were retrieved and later
considered in the revision step. These variables included age, sex, the American Society
of  Anesthesiologists (ASA) physical status classification, comorbidity,
immunosuppressive medication, wound classification, ostomy reversal, surgical
procedure, intra-operative pathology, transfusion, intensive care unit admission, post-
operative complications (i.e., SSI, wound complication, pneumonia). IH occurrence
after the index operation was the outcome of interest identified by diagnosis (ICD-10:
K43.0, K43.1, K43.2, K43.6, K43.7, and K43.9) and repair surgery (ICD-9-CM: 53.5,
53.6). Databases and modes of identification used for data retrieval were listed in Table
6.1. By rule-based decision, doubtful data were sought and verified with medical
records. If this procedure could not clarify those data, they would be replaced with a

missing value.

6.1.3 Statistical analysis

Data were described as mean and SD or median and interquartile range
(IQR) depending on whether they were normally distributed or not. Otherwise,
frequency and percentage were used. Because variables in the article on the Penn hernia
risk calculator were described in the categorical form, chi-square test was used to
compare between Ramathibodi and Penn cohorts. The Penn IH prediction model was
validated and revised in Ramathibodi data by fitting logistic regression which had IH
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occurrence as an outcome. Validation and revision were performed in the following

step.®®

Step 1: Model performance
The Penn hernia prediction score was computed using S-coefficients (Score
A) and weighted scores (Score B) as originally proposed. Score A and B were as
follows:
Score A=- 1.61x (BMI < 18)- 0.65x (BMI 18 — 25) + 0.35x (BMI > 30)
+ 0.50 x (Smoking) + 0.22 x (COPD) + 0.31 x (Cirrhosis)
+ 0.29 x (Cancer) + 0.29 x (Chemotherapy or RT)
+ 0.25 x (Antiplatelet or Anticoagulant) + 1.54 x (Emergency)
+ 0.35x (Open surgery) + 0.25 x (Ostomy)
+ 0.85 x (Previous surgery) + 0.51 x (SBO)

Score B=- 4x (BMI < 18)- 2x (BMI 18 — 25) + 1x (BMI > 30)
+ 1 x(Smoking) + 1 x (COPD) + 1 x (Cirrhosis) + 1 x (Cancer)
+ 1 x (Chemotherapy or RT) + 1 x (Antiplatelet or Anticoagulant)
+ 4 x (Emergency) + 1 x (Open surgery) + 1 x (Ostomy)
+ 2 x (Previous surgery) + 1x (SBO)

Then, scores were regressed on the IH outcome in the following equation.

Model 1.1:
1 P l b, + by x [Score A]
nl———| = x [Score
Model 1.2:
In I Fiky l— b, + by x[Score B]
(1 _ P]-l]_—]) 0 1

Step 2: Model revision
Each original predictor variable was added to the model from step 1. Only

significant variables remained in the models.
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Model 2.1:
Piy
In m = bO + b1 X [SCOFC A] + z bixi
IH -
Model 2.2:

1 Py _
Nl pry = by + b; x[Score B] + bxl
(1—-Pp)

Step 3: Model update
Predictor variables significantly associated with IH occurrence in the Ramathibodi
cohort but not included in the original models (i.e., step 1 models) were added in this
step.

Model 3.1:

PIH
ln +) = by, + by x[Score Al + ) b,z
IH -
L

Model 3.2:

P
In I IH +)I = by, + by x[Score B] + Z b;z;
H -

Step 4: Model update
All original predictor variables were included and regressed on the IH
outcome. However, new B-coefficients were estimated based on Ramathibodi data.

PIH

e lel

by - by x (BMI < 18) - b, x (BMI 18 — 25) + bs x (BMI > 30)

+ b, x (Smoking) + bg x (COPD) + b, x (Cirrhosis)

+ b, x (Cancer)- bg x (Chemotherapy or RT)

+ by x (Antiplatele or Anticoagulant) + b;, x (Emergency)
+ b;; X (Open surgery) + by, x (Ostomy)

+ b;3 X (Previous surgery)- by, X (SBO)
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Step 5: Model update

From step 4, only significant predictor variables remained in the equation.

P+
In [%l = by + Z byx;
(1 - P]H) ;

Where X; = significant predictors

Step 6: Model update
The predictor variables in step 3 and 5 were fitted simultaneously; however,

only significant ones were retained in the equation.

P+
In ﬁl = bO + Zbixl- +ZbiZi
IH i i

Where xi = significant predictors from step 5

Step 7: Model update

From step 6, only pre-operative and intra-operative predictors were retained.

Each model from steps 1 to 7 was assessed for its discrimination and
calibration performance. C-statistic (i.e., area under the receiver operating characteristic
curve) was used to assess discrimination performance, whereas calibration performance
was assessed by Hosmer-Lemeshow goodness-of-fit chi-square tests of O/E outcome
ratio and the O/E plot. Then, the best model was selected based on performance, and a
composite risk score was constructed using the model’s coefficients. By using 25, 501",
and 75" percentiles of the distribution, the new composite risk score was categorized
into 4 levels of IH risk (i.e., very low, low, moderate, moderate-high). At each cut-off,
sensitivity, specificity, positive predictive values (PPVs), and likelihood ratios were
estimated. We considered significance at p-value < 0.05. STATA version 17 was used

in statistical analysis.

6.2 RESULTS

From 423,704 records in the Ramathibodi surgery database (January 2010 -
August 2021), 18,358 records underwent abdominal operation and 16,731 of them met
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our eligibility criteria. However, only 12,155 records (11,617 patients) had complete
data and were used in this analysis (Figure 6.1). The median follow-up time (IQR) was
23.4 (6.3 — 52) months. The mean age (SD) was 57 (16.1) years, and 38.4% of them
were male. Frequently performed procedures in this database included biliary (41.5%),
gastrointestinal (24%), colorectal (19.5%), and gynecologic procedures (10.2%).

Ramathibodi cohort substantially differed from the Penn cohort in terms of
patients’ characteristics (Table 6.2). More than half of the patients in Ramathibodi
cohort had BMI in normal range, whereas approximately one quarter of the Penn cohort
had a normal BMI. COPD and smoking prevalence were extremely low in Ramathibodi
cohort when compared with Penn cohort (1.7% versus 27.2% and 0.2% versus 29.0%,
respectively). Prevalence of hypertension and diabetes were also higher in the Penn than
Ramathibodi cohort; 49.6% versus 31.3% and 19.2% and 12.0%, respectively. Contrary,
Ramathibodi cohort had a significantly higher prevalence of cancer (31.7%) and
chemotherapy/radiotherapy (16.1%) than the Penn cohort (22.3% and 4.4%,
respectively). A higher prevalence of previous abdominal surgery was observed in the
Penn cohort (12.7% versus 5.4%). While rates of surgery performed via open approach
were similar, the emergency surgery rate was 2.4-fold higher in Ramathibodi than Penn
cohort (28.3% versus 11.8%). IH incidence was substantially lower in Ramathibodi than
Penn cohort (1.5% versus 3.8%).

The original Penn hernia risk calculator consists of 16 predictor variables
but only 14 variables were used in validation in Ramathibodi cohort. Laparoscopic
hysterectomy and emergency vascular surgery patients in Ramathibodi cohort had no
IH occurrence. Thus, the coefficients of these 2 variables were not used in the model.
Only 12 predictor variables remained. Among these variables, BMI, chronic liver
disease, antiplatelet/anticoagulant use, open surgery, concurrent ostomy, and previous
abdominal surgery (6 predictor variables) were significantly associated with IH
occurrence (Table 6.3). Of these 6 variables, similar coefficients of open surgery and
previous abdominal surgery in Ramathibodi and the Penn data were observed; 0.36
versus 0.35 and 0.82 versus 0.85, respectively. Coefficients of the rest variables (i.e.,
BMI, chronic liver disease, antiplatelet/anticoagulant use, and concurrent ostomy)
substantially differed between the 2 datasets.
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constructed from each step and both discrimination and calibration performance were
assessed by C-statistic and O/E ratio, respectively (Table 6.4). In steps 1 to 3, models
were constructed by both variable coefficients and weighted scores. Steps 4 to 7 resulted

Validation and revision were performed in steps.

in only 1 model per step.

In

In

Step 1:
Model 1.1:
In P’—”l - 452 + 0.48x [Score A]
(1-Pj)
Model 1.2:
In Pi l - 455 + 0.19 x [Score B]
(1-Pg) ' '
Step 2:
Model 2.1:
PIH
ml - 4.54 + 0.47 x [Score A] + 1.08 x (Cirrhosis)
— YIH
Model 2.2:
PIH
In a P+) - 4.50 + 0.30x [Score B]
R
+ 0.87 x (Cirrhosis) - 0.89 x (Emergency)
Step 3:
Model 3.1:
Py
m = - 5.84 + 0.41x [Score A] + 1.14 x (Age 45 — 65)
— YIH

+ 1.64 x (Age > 65) + 0.96 x (SSI)

+ 0.74 x (Immunosuppression) + 1.89 x (Ostomy reversal)

Ph.D. (Clinical Epidemiology) / 103

Equations were
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Model 3.2:
n l Py l
1-P5)
+ 1.61x (Age > 65) + 0.94 x (SSI)

- 5.84 + 0.16 x [Score B] + 1.13 x (Age 45 — 65)

+ 0.73 x (Immunosuppression) + 1.91 x (Ostomy reversal)

Step 4:
In PI—Hl -4.57 - 0.52x (BMI < 18) - 0.60 x (BMI 18 — 25)
(1-Px)
+ 0.52x (BMI > 30) + 0.96 x (Smoking) + 0.38 x (COPD)
+ 1.13 x (Cirrhosis)
+ 0.30 x (Cancer)- 0.18 x (Chemotherapy or RT)
+ 0.58 x (Antiplatele or Anticoagulant) + 0.27 x (Emergency)
+ 0.36 x (Open surgery) + 0.52 x (Ostomy)
+

0.82 x (Previous surgery)- 0.02 x (SBO)

Step 5:
P
In %l -4.49 - 0.48x (BMI < 18) - 0.58 x (BMI 18 — 25)
(1—Pp)
+ 0.52x (BMI > 30) + 1.13 x (Cirrhosis)
+ 0.62 x (Antiplatelet or Anticoagulant) + 0.49 x (Open surgery)

+ 0.81 x (Previous surgery) + 0.56 x (Ostomy)

Step 6:
PIH
In|———r~ -5.72- 0.37x (BMI < 18) - 0.56 x (BMI 18 — 25)
aA-rp]
+ 0.63 x (BMI > 30) + 1.09 x (Age 45 — 65)
+ 1.61 x (Age > 65) + 0.93 x (Cirrhosis)
+ 0.69 x (Immunosuppression) + 0.46 x (Open surgery)

+ 1.96 x (Ostomy reversal) + 0.50 x (Transfusion) + 0.96 x (SSI)
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The original models (step 1) demonstrated fair discrimination performance
in both weighted score and coefficient models. C-statistics (95% CI) were 0.645 (0.607,
0.683) and 0.634 (0.595, 0.674), respectively. Better performance of weighted score
models was also observed in steps 2 and 3. Coefficient adjustment in steps 2, 4, and 5,
which still focused on original predictors, could improve C-statistics (95% CI) to 0.679
(0.641, 0.717), 0.692 (0.655, 0.729), and 0.689 (0.652, 0.726), respectively.

Substantial improvement was observed when new variables were added to
the model. Additional predictors, obtained from a systematic review (section 5.2) and
clinical knowledge, would be included in the original model if they were significantly
associated with IH occurrence in univariate analysis. These new predictor variables
along with their coefficients are displayed in Table 6.5. Only significant variables in the
multivariate equation (i.e., age, immunosuppressive medication, ostomy reversal, and
SSI) were kept in the step 3 model. This model yielded a C-statistic (95% CI) of 0.729
(0.693, 0.765). In step 6, variables that were considered to add in step 3 and that
remained in step 5 were fitted together in the equation. By stepwise elimination, age,
BMI, cirrhosis, immunosuppressive medication, open surgery, ostomy reversal,
transfusion, and SSI remained in the model. Step 6’s C-statistic was 0.743 (0.707, 0.778).
Good model calibration was observed from each step with the O/E ratios ranging from
0.967 to 1.031.

Prediction model can predict a patient’s prognosis but it would be more
advantageous if it could also guide treatment allocation. When mesh-augmented fascia
closure, which can be delivered in the operation room, can effectively prevent IH, the
model that includes only pre-operative and intra-operative but not post-operative
predictors would be beneficial. Therefore, we decided to remove SSI from the step 6
model. Only pre-operative and intra-operative predictors were retained in the step 7

model as described below.
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Step 7:
Pk
la=rh
+ 0.64 x (BMI > 30) + 1.11 x (Age 45 — 65)
+ 1.63 x (Age > 65) + 0.92 x (Cirrhosis)

1 l = -5.71- 0.39x (BMI < 18) - 0.57 x (BMI 18 — 25)

+ 0.74 x (Immunosuppression) + 0.50 x (Open surgery)
+ 2.06 x (Ostomy reversal) + 0.60 x (Transfusion)

C-statistic (95% CI) of 0.733 (0.698, 0.768) and the O/E ratio (95% CI) of
0.968 (0.848, 1.088) were indicated (Table 6.4 and Figure 6.2). Coefficients and their
95% Cls are described in Table 6.6. The risk scores computed from this final model
ranged from -6.28 to 1.38, which were stratified into very low, low, moderate, and
moderate-high by the cut-off of -5.17, -4.60, and -4.07 (i.e., 25th, 50th, and 75th
percentiles). Table 6.7 presents sensitivity, specificity, PPVs, and likelihood ratios
according to each stratum. At the cut-off of -4.07, sensitivity and specificity were 58.4%
and 74.1%, respectively. Because of the low incidence of IH in Ramathibodi dataset,
PPVs were low in all strata. Patients who later developed IH were 2.26 times more likely

to have a risk score > -4.07 compared with patients who did not experience IH.

6.3 DISCUSSION

We performed a systematic review to identify existing IH prediction models
and selected a model for further validation. Seven models® °2°7 were reviewed, in which
4 of them® 929395 were derived for patients undergoing a general abdominal operation.

Among 4 models for general abdominal surgery, the best discrimination
performance belonged to the Veljkovic et al.’s model® (C-statistic = 0.92). However, it
is questionable whether the time to suture removal or complete epithelialization affects
fascia healing and should be presented in the IH prediction model. This variable was
also unavailable in Ramathibodi’s data. In addition, follow-up time in Veljkovic et al.’s
study was too short. Therefore, this model was not selected for validation.

HERNIAscore, which yielded a C-statistic of 0.77, was constructed from

3 predictor variables. One of them is a surgical approach which has 3 categories
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including total laparoscopy, hand-assisted laparoscopy, and open surgery. Given that
hand-assisted laparoscopy is almost replaced by total laparoscopy, this model might be
considered out of date. Both Veljkovic et al.’s model and HERNIAscore derived from
a small number of patients (603 and 428 patients, respectively).

Fischer et al.®® from University of Pennsylvania developed IH prediction
model that was specific to elective open abdominal surgery. Its C-statistic was also 0.77.
A few years later, this model was replaced by a newer version named Penn hernia risk
calculator.® This new model derived from data from 19,799 patients, aimed for both
elective and emergency surgery, was not limited to open approach, and yielded a C-
statistic of 0.84 in the derivation cohort.

Considering that a prediction model usually performs less well outside the
derivation population, it should be validated or even revised before using in a new
setting.®® Among 4 models for general abdominal surgery, only HERNIAscore has been
externally validated and revised in Cherla et al.’s study'® (this study was not eligible in
our systematic review due to outcome reporting). In our study, Penn hernia risk
calculator was selected for validation and revision according to its performance and
availability of predictor variables’ data in Ramathibodi database.

We started with validation of the Penn hernia risk calculator, then derived
a new model finally. Our approach followed recommendations in the Moons et al.’s
article.®® Only fair discrimination performance was observed when Penn hernia risk
calculator was applied to Ramathibodi data (step 1 C-statistic = 0.645). Performance
discrepancy could be explained by the difference in characteristics between
Ramathibodi and the Penn cohort which was obvious when both cohorts were compared
with each other. In addition, a markedly lower IH incidence was observed in
Ramathibodi data. These findings suggested model revision. Model performance was
improved with C-statistics ranging from 0.679 to 0.692 by model revision using only
original predictor variables. However, only six of 14 original predictors were
significantly associated with IH occurrence in Ramathibodi cohort (step 5). Emergency
surgery which had the strongest association with the IH occurrence was eliminated from
the model in this step.

Further improvement was achieved by adding new predictor variables into

the model (steps 3 and 6). Three more original predictors were eliminated and 4 new
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predictors were included in step 6 to achieve acceptable discrimination and calibration
performance (C-statistic = 0.743, O/E ratio = 0.967). Among predictors included in step
6, only SSI was the post-operative factor. When SSI was removed in step 7, we arrived
at the final model with a little lower C-statistic (0.733) and higher calibration (O/E ratio
= 0.968), but could guide adding a preventive procedure (e.g., mesh-augmented fascia
closure) right during surgery. In the end, our updated model substantially differed from
the original Penn model.

Even though the efficacy of prophylactic mesh in hernia prevention was
indicated in many trials. Surgeons are still reluctant to adopt mesh-augmented fascial
closure in their practice. Prediction model that could inform patients’ risk of hernia
occurrence might increase the adoption rate by suggesting patients at high IH risk who
would benefit from prophylactic mesh.

Prediction model could be further improved in a way that might increase
surgeons’ adoption rate of prophylactic mesh by applying a counterfactual approach.
Whether treatment effect has been confirmed in the clinical trial or not, it is the
population-level effect which can significantly differ from an individual effect. In other
words, individual patients that have different pattern of risk factors respond to treatment
differently. The counterfactual prediction model considering treatment level (i.e.,
receiving or not receiving treatment) and other covariates in the model allow clinicians
to estimate treatment effect for individual %% 1% This approach supports a personalized
medicine paradigm and has been applied in other medical fields. %% If prophylactic
mesh was considered in the prediction model, surgeons would easily estimate benefits
of mesh use in each patient and decide whether to implant mesh or not. This
counterfactual prediction model will be a future work because more data from patients
who received mesh placement must be collected. Given that few patients underwent
mesh-augmented fascial closure, multicenter data collection is necessary.

Strengths of this study are that IH prediction models were systematically
reviewed and the most promising model was selected for further validation. The
validation and revision steps were also performed systematically. Additional predictors
came from a thorough review of IH and FD prediction models. However, there were
some limitations that we acknowledged. First, we did not include race and the

Elixhauser comorbidity score in the model due to the unavailability of data. In addition,
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emergency vascular surgery and laparoscopic hysterectomy were not associated with
IH. These variables were omitted from the model because their coefficients cannot be
estimated. Therefore, only 12 out of 14 original predictors were used. Second, we
performed complete case analysis. A significant number of patients were excluded

(4,576 records) because of BMI missing, and this might cause some bias.

6.4 CONCLUSION

Among IH prediction models, Penn hernia risk calculator was selected for
validation and revision in this study. Even though the performance of the model was not
satisfactory at the beginning, a new model with an acceptable performance can be
derived from a systematic approach. This new model consists of only pre-operative and
intra-operative factors. Therefore, it could help identify patients at high IH risk and
suggests intra-operative IH prophylaxis to those patients. Given that prophylactic
procedures including mesh-augmented fascia closure are efficacious, applying this tool
in clinical practice could enhance the efficacy and cost-effectiveness of IH prophylactic

measures.
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Table 6.1 List of databases and mode of identification used for data retrieval

Variable Database Mode of identification
Age Demographic Date of surgery — Date of birth (in years)
Sex Demographic  As recorded in database
) o Average,
BMI Hospital visit .
365 days before to 90 days after the index record
Smoking Demographic ~ As recorded in database
ASA class Operative As recorded in database
. . ICD-10: J44.0, J44.1, J44.8, J44.9
COPD Diagnosis .
Diagnosed surgery date
o _ _ ICD-10: K70.3, K74.3, K74.4, K74.5, K74.6
Chronic liver diseases Diagnosis ]
Diagnosed before surgery date
ICD-10: N18, N19
CKD Diagnosis )
Diagnosed before surgery date
_ _ _ ICD-10: E10, E11, E12, E13
Diabetes Diagnosis ]
Diagnosed before surgery date
Keyword: Aspirin, Clopidogrel, Heparin, warfarin,
Antiplatelet/Anticoagulant Medication Clexane, Fraxiparine, Enoxaparin, etc.
From admission to 90 days after surgery date
) Keyword: Prednisolone, Ciclosporin,
Immunosuppressive o )
o Medication Mycophenolate, Tacrolimus, etc.
medication -
From admission to 90 days after surgery date
) _ ICD-10: Z51.1, Z92.6, Z08.2
Chemotherapy Diagnosis ) )
Diagnosed in 365 days after surgery date
. _ _ ICD-10: Z51.0
Radiotherapy Diagnosis ] .
Diagnosed in 365 days after surgery date
) ) ) ICD-9-CM listed in Figure 5.2
Previous abdominal surgery Operative )
Performed before the index record
Emergency surgery Operative As recorded in database
Open surgery Operative Not recorded as laparoscopic surgery in database
Ostomy Operative ICD-9-CM: 46.1x, 46.2X
Ostomy reversal Operative ICD-9-CM: 46.5x
ICD-9-CM: 45.03, 45.4x, 45.52, 45.7x, 45.8x,
Colorectal surgery Operative 45.92 — 45.95, 46.63, 46.64, 46.75, 46.76, 46.94,

Small intestinal resection

Operative

48.0, 48.1, 48.3x — 48.9x
ICD-9-CM: 45.6x
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Table 6.1 List of databases and mode of identification used for data retrieval (Cont.)

Variable Database Mode of identification
ICD-9-CM: 38.04, 38.06, 38.14, 38.16, 38.44,
Emergency vascular surgery Operative 38.46

+ “emergency”

ICD-9-CM: 68.3, 68.4, 68.6, 68.9

Laparoscopic hysterectomy Operative
+ “laparoscopic surgery”
Wound class Operative As recorded in database
) Keyword: Malignant neoplasm, neoplasm,
Cancer Operative )
carcinoma, sarcoma
Small bowel obstruction Operative ICD-10: K56.1-K56.6
) ) ICD-10: T81.4
SSI Diagnosis ) )
Diagnosed in 365 days after surgery date
_ _ _ ICD-10: E10, E11, E12, E13
Pneumonia Diagnosis ] .
Diagnosed in 90 days after surgery date
Transfusion Billing As recorded in database
ICU stay Operative As recorded in database (refer to)

ASA, American society of anesthesiologists; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; ICU, intensive care unit; SSI, surgical site infection
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Table 6.2 Summary characteristics for Ramathibodi and Penn cohorts

Penn cohort Ramathibodi cohort

Predictors, n (%) (N = 29,739) (N = 12,155) P-value
Incisional hernia 1,127 (3.8) 178 (1.5) <0.001
Race, Caucasian 18,702 (62.8) NA
Age, years

<45 8,837 (29.7) 2,887 (23.8) <0.001

45— 65 13,895 (46.7) 5,168 (42.5)

> 65 7,007 (23.5) 4,100 (33.7)
Sex, male 10,894 (36.6) 4,667 (38.4) 0.001
BMI, kg/m?

<18 1,103 (3.7) 662 (5.5) <0.001

18 -25 8,021 (26.9) 6,811 (56.0)

>25-30 9,928 (33.4) 3,451 (28.4)

> 30 10,687 (35.9) 1,231 (10.1)
Smoker 8,102 (27.2) 27 (0.2) <0.001
COPD 8,632 (29.0) 207 (1.7) <0.001
Hypertension 14,776 (49.6) 3,798 (31.3) <0.001
Diabetes 5,720 (19.2) 1,463 (12.0) <0.001
Cirrhosis NA 206 (1.7) NA
2+ Elixhauser comorbidity score 18,711 (62.9) NA NA
Cancer 6,654 (22.3) 3,853 (31.7) <0.001
Chemotherapy/Radiotherapy 1,306 (4.4) 1,954 (16.1) <0.001
Antiplatelet/Anticoagulant 3,016 (10.1) 1,572 (12.9) <0.001
Emergency surgery 3,523 (11.8) 3,434 (28.3) <0.001
Open surgery 11,628 (39.1) 5,431 (44.7) <0.001
Concurrent Ostomy NA 753 (6.2) NA
Ostomy reversal NA 56 (0.5) NA
Small bowel resection NA 416 (3.4) NA
Large bowel surgery

Partial colectomy NA 1,902 (15.7) NA

Proctectomy NA 288 (2.4) NA
Emergency vascular procedure 354 (1.2) 2 (0.02) <0.001
Laparoscopic hysterectomy 2,446 (8.2) 92 (0.8) <0.001
History of abdominal surgery 3,781 (12.7) 652 (5.4) <0.001
Small bowel obstruction 3,561 (11.9) 508 (4.2) <0.001
Wound complication NA 660 (5.4) NA

BMI, body mass index; COPD, chronic obstructive pulmonary disease; NA, not available



Table 6.3 Estimation of Penn model predictor coefficients based on Ramathibodi surgical cohort data

Variables, n (%)

Ramathibodi data

Penn IH prediction model

IH Univariate Multivariate
Yes No Coef (95% CI) p-value Coef (95% CI) p-value % IH  Coef (95% CI) OR (95% CI)  Score
N=178 N=11977
Caucasian
Yes 45 0.67 1.95 ,
(0.49, 0.84) (1.63,2.32)
No 2.7 0 1 0
BMI, kg/m?
<18 653 0.27 052 18 161 0.20
9 (14) (98.6) (-0.97, 0.44) 0.458 (-1.23, 0.20) 0.154 (-221,-099)  (0.11,037) 4
18-25 -0.49 -0.60 2.9 0.65 0.52
7411 6737(989) (g4 915 0005 (-094,-025) 0001 (-0.87,-045)  (0.42,064) 2
25-30 61(1.8) 3,390 (98.2) 0 0 - 0 1 0
>30 0.46 0.52 5.1 0.35 1.42
3428 L17(72) (503 088) 0.035 (0.10, 0.95) 0.017 (0.16, 0.54) (117, 1.72) 1
Smoker
Yes 26 0.95 0.96 6.7 0.50 1.65
1@7) (96.3) (-L.05, 2.96) 0.350 (-1.06, 2.97) 0.353 (0.34, 0.66) (1.40, 1.94) 1
No 11,951 27
1778 gpe) 0 0 0 1 0
COPD
Yes 201 0.71 0.38 6.3 0.22 124
6(29) (97.1) (-0.11, 1.54) 0.09 (-0.46, 1.23) 0.378 (0.05,0.38) (1.05, 1.46) !
No 11,776 28
1204 oy 0 0 0 1 0
Chronic liver disease
Yes 196 127 113 NA 0.31 1.36
10(49) (95.2) 062,193 <9001 546 180) 0.001 (0.11, 050 (112, 1.65) .
No 11,781 NA
168(149)  gp0) 0 0 0 1 0
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Table 6.3 Estimation of Penn model predictor coefficients based on Ramathibodi surgical cohort data (Cont.)

Variables, n (%)

Ramathibodi data

Penn IH prediction model

IH Univariate Multivariate
Yes No Coef (95% ClI) p-value Coef (95% ClI) p-value % IH Coef (95% CI) OR (95% CI) Score
N=178 N=11977
2+ Elixhauser score
Yes 5.1 0.41 151 1
(0.17, 0.65) (1.18,1.91)
No 16 0 1 0
Cancer
Yes 0.36 0.30 5.7 0.29 1.34
71(18)  3782(%82) (406 067) 0.019 (-0.09, 0.69) 0.127 (0.10, 0.47) (1.11, 1.60) 1
No 107 (1.3) 8,195 (98.7) 0 0 32 0 1 0
Chemo/RT
Yes 0.25 -0.18 9.6 0.29 1.33
(18 1919082 515 062) 0.190 (-0.61, 0.26) 0.427 (0.01, 0.57) (1.01, 1.76) 1
No 143 (1.4) 1(8'530.2? 0 0 35 0 1 0
Antiplatelet
/anticoagulant
Yes 0.78 0.58 8.2 0.25 1.28
43@7)  1529073)  (h43113) <0.001 (0.21, 0.94) 0.002 (0.04, 0.31) (1.04, 1.36) 1
No 135 (1.3) 1(8;34%3 0 0 33 0 1 0
Emergency surgery
Yes 0.31 0.27 15.8 1.54 4.65
62(18) 3372(982) 4001, 0.62) 0.050 (-0.10, 0.63) 0.155 (1.36, 1.71) (3.90, 5.55) 4
No 116 (1.3) 8,605 (98.7) 0 0 2.2 0 1 0
Open surgery
Yes 0.49 0.36 6.3 0.35 1.42
101(1.9)  5330(%81) 549 079 0.001 (0.02,0.70) 0.039 (0.17, 0.54) (118, 1.72) !
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Table 6.3 Estimation of Penn model predictor coefficients based on Ramathibodi surgical cohort data (Cont.)

Variables, n (%)

Ramathibodi data

Penn IH prediction model

IH Univariate Multivariate
Yes No Coef (95% ClI) p-value Coef (95% ClI) p-value % IH Coef (95% ClI) OR (95% Cl) Score
N =178 N = 11,977
No 77(1.2) 6,647 (98.9) 0 0 22 0 1 0
Ostomy
Yes 732 0.72 052 NA 0.25 1.28
21(28) (97.2) (0.26, 1.18) 0.002 (0.03,1.02) 0.039 (0.02, 0.46) (1.02, 1.59) !
No 157 (1.4) 11,245 (98.6) 0 0 NA 0 1 0
Emergency vascular surgery
Yes 2 11.9 0.79 221
000 (100) NA NA NA NA (0.33,1.25) (1.39, 3.50) 2
No 178 (15) 11,975 (98.5) NA NA 37 0 1 0
Laparoscopic hysterectomy
Yes 92 0.8 -0.58 0.56
000 (100) NA NA NA NA (1.1, -0.05) (0.33, 0.95) 2
No 178 (15) 11,885 (98.5) NA NA 41 0 1 0
History of abdominal surgery
Yes 629 0.98 0.82 111 0.85 233
23(39) (96.5) (0.54, 1.43) <0001 (0.34, 1.29) 0.001 (0.67,1.03) (1.95, 2.79) 2
No 155 (1.4) 11,348 (98.7) 0 0 27 0 1 0
Small bowel obstruction
Yes 498 0.32 -0.02 10.7 051 1.66
10(20) (98.0) (-0.33, 0.96) 0.336 (-0.71, 0.67) 0954 (0.32, 0.69) (1.38, 2.00) .
No 168 (1.4) 11,479 (98.6) 0 0 28 0 1 0

BMI, body mass index; Chemo/RT, chemotherapy or radiation therapy; CI, confidence interval; Coef, coefficient; COPD, chronic obstructive pulmonary disease; IH, incisional hernia; NA, not available; OR,

odds ratio
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Table 6.4 Penn model performance validation in the Ramathibodi cohort data

Step il C-statistic O/E
(95% ClI) (95% ClI)
Coefficient 0.634 (0.595, 0.674) 1.031 (0.930, 1.132)
. Weighted score 0.645 (0.607, 0.683) 1.021 (0.897, 1.145)
Coefficient 0.646 (0.607, 0.684) 1.026 (0.919, 1.134)
? Weighted score 0.679 (0.641, 0.717) 1.006 (0.906, 1.106)
Coefficient 0.727 (0.691, 0.763) 0.984 (0.847, 1.120)
: Weighted score 0.729 (0.693, 0.765) 0.984 (0.894, 1.074)
4 0.692 (0.655, 0.729) 0.978 (0.875, 1.081)
5 0.689 (0.652, 0.726) 0.995 (0.891, 1.100)
6 0.743 (0.707, 0.778) 0.967 (0.861, 1.072)
7 0.733 (0.698, 0.768) 0.968 (0.848, 1.088)

Cl, confidence interval; O/E, the observed/expected outcome ratio
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Table 6.5 Additional predictor variables significantly associated with incisional hernia

occurrence in Ramathibodi surgical cohort data

Univariate analysis

Variables
Coefficient (95% CI) p-value

Age, years

<45 0

45 - 65 1.18 (0.56, 1.79) <0.001

> 65 1.76 (1.16, 2.36) <0.001
ASA classification

Class 1 0

Class 2 -0.28 (-0.71, 0.16) 0.215

Class 3-5 0.70 (0.34, 1.05) <0.001
Diabetes 0.83 (0.48, 1.18) <0.001
Immunosuppressive drug 0.99 (0.53, 1.45) <0.001
Small bowel resection 1.12 (0.61, 1.63) <0.001
Colorectal procedure 0.60 (0.28, 0.92) <0.001
Ostomy reversal 2.12 (1.26, 2.98) <0.001
Wound classification

Clean and Clean-contaminated 0

Contaminated and Dirty 0.65 (0.06, 1.24) 0.032
Wound complication 1.45 (1.07, 1.84) <0.001
Surgical site infection 1.35(0.93, 1.77) <0.001
Transfusion 0.88 (0.56, 1.19) <0.001
ICU stay 0.85(0.52, 1.19) <0.001

ASA, American Society of Anesthesiologist; Cl, confidence interval; ICU, intensive care unit
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Table 6.6 Final validation step multivariable predictor coefficients and 95% confidence

intervals

Variables Coefficient (95% CI) p-value
Age, years

<45 0

45 - 65 1.11 (0.49, 1.73) <0.001

> 65 1.63 (1.03, 2.24) <0.001
BMI, kg/m?

<18 -0.39 (-1.11, 0.33) 0.285

18 -24.9 -0.57 (-0.91, -0.22) 0.001

25-29.9 0

> 30 0.64 (0.21, 1.07) 0.004
Cirrhosis 0.92 (0.25, 1.59) 0.007
Immunosuppressive drug 0.74 (0.27, 1.22) 0.002
Open surgery 0.50 (0.19, 0.81) 0.002
Ostomy reversal 2.06 (1.18, 2.95) <0.001
Transfusion 0.60 (0.26, 0.93) <0.001
Constant term -5.17 (-6.35, -5.07) <0.001

BMI, body mass index; Cl, confidence interval
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Table 6.7 Revised Ramathibodi incisional hernia risk classification score using only

pre- and intra-operative predictor variables

Cut-off  Sensitivity (%)  Specificity (%) PPV (%) LR (+)
6.28 100 5.9 1.6 1.06
(97.9, 100) (5.5, 6.3) (1.3,1.8) (1.06, 1.07)
97.2 19.9 1.8 121
oA (93.6, 99.1) (19.2, 20.6) (15,2.1) (1.18, 1.25)
77.5 55.6 2.5 1.75
460 (70.7, 83.4) (54.7, 56.5) (2.1, 3.0) (161, 1.89)
58.4 74.1 3.3 2.26
07 (50.8, 65.8) (73.3, 74.9) (2.7, 3.9) (1.99, 2.57)

LR, likelihood; PPV, positive predictive value; 95% confidence intervals are shown in parentheses
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ICD-9-CM
41.2,41.4,41.5,41.95, 41.99, 44.40, 44.42, 44.43,
44.61, 45.00, 45.01, 45.02, 45.03, 45.61, 45.62,
45.63, 45.71, 45.72, 45.73, 45.74, 45.75, 45.76,
45.79, 45.81, 45.82, 45.83, 46.10, 46.11, 46.13,
46.20, 46.21, 46.23, 46.71, 46.73, 46.75, 47.01,
47.09, 50.61, 50.69, 51.21, 51.22, 51.23, 51.24,
51.41,51.49, 54.11, 54.12, 54.19, 54.51, 54.59

missing Body Mass Index
(4,576 records)

Data using for
17,511 records 16,731 records model validation
(12,155 records)

Ramathibodi
Hospital Database
2010 -2021

Abdominal surgery
(18,385 records)

Surgery
2010 -2021
(423,704 records)

Excluding subjects Excluding records with
younger than 18 years - latrogenic injury, complication, and planned surgery (n=430)
(874 records) - Unclear diagnosis or procedure (n=248)
- Pregnancy and delivery related condition (n=33)
- Non-operative procedure (n=5)
- Abdominal wall hernia related condition (n=3)
- Outcome occuring before operation (n=61)

Figure 6.1 Ramathibodi surgical data extraction
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CHAPTER VII
SUMMARY

This study aimed to fill gaps of knowledge in IH prevention and prediction.
We believe that prevention and prediction are just different faces of the same coin. IH
prediction model would be worth its existence if there is an effective IH preventive
strategy. Without effective intervention, knowing the patient’s prognosis is not much
useful. On the other hand, IH prediction models using in clinical practice could increase
the efficacy and cost-effectiveness of prophylactic interventions by targeting patients at
high risk of IH development.

We conducted a systematic review and found that fascia-enhanced mesh
placement is efficacious in IH prevention However, which techniques should be
recommended is still pending. If RCT could be conducted to compare all available mesh
techniques, it would be the strongest evidence. Unfortunately, that RCT will be a multi-
arm trial. Even though only a pair of mesh techniques are selected to compare in 2
parallel arms RCT, due to a small difference between techniques’ efficacy, that RCT
will have to enroll a large number of participants and would consume a significant
budget and time. Instead of RCT, NMA can compare multiple treatment options by
borrowing information via a common comparator. As a result, we decided to conduct
NMA to answer this question. Results indicated that only OM and RM significantly
reduced IH occurrence. OM was more efficacious than RM but no significant difference
in efficacy was indicated between these 2 techniques. OM seems to have more SSI risk
than RM but this finding was also not significant. Only seroma was observed more
frequently in OM than RM significantly. Because superior benefits came along with
higher risks, pinpointing the best technique to recommend was still difficult. That was
when RBA played an important role.

RBA allows us to compare interventions by simultaneously considering
benefits and risks. The concept of RBA is analogous to cost-effectiveness analysis
frequently used in health technology assessment. Instead of the incremental cost,
incremental risk is considered with the incremental benefit. Our analysis indicated that
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RM was more beneficial (i.e., reducing IH occurrence) than OM at the same level of
incremental risk (i.e., SSI and CSH). These results might conclude that RM should be
the recommended technique considering mesh-augmented hernia prophylaxis.

Another gap of knowledge is that the evidence of mesh-augmented hernia
prophylaxis is lack in urgency/emergency operated patients in whom open midline
incision is still popular. This population should gain benefits from IH prevention.
Therefore, we designed an RCT protocol to examine mesh’s efficacy in this setting. It
is a multicenter RCT comparing RM with PSC and requires 470 participants to be
enrolled. Since enrollment had been started, the recruitment rate was poor due to
COVID-19 situation.

As mentioned earlier, another aspect that we would like to study was IH
prediction model. Our goal was to find a high-performance prediction model and then
subsequently validate and revise it to use in our practice. Systematic review was
conducted to identify existing IH prediction models. Among these models, Penn hernia
risk calculator was selected for further validation and revision. When the original model
was applied in the Ramathibodi dataset, just fair discrimination performance was
achieved. However, the model’s performance was improved to an acceptable level after
revision. Model revision led to a new model which substantially differed from the
original version. This model included only pre-operative and intra-operative predictor
variables as follows: age, BMI, cirrhotic status, immunosuppressive medication, open
surgery, ostomy reversal, and transfusion. Hence, this model could guide intra-
operatively whether patients have high IH risk and should receive prophylactic
intervention. Better patient selection could enhance the intervention’s efficacy.

In summary, outputs from this study are listed as follows: 1) RM should be
recommended as a meh-augmented hernia prophylaxis, 2) an ideal RCT protocol was
developed and enrollment is ongoing, 3) the IH prediction model with an acceptable
performance was derived and ready for use in our setting. These findings would affect

global guideline updates and benefit surgical practice, especially for Thai patients.
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Reviewer: [ Amarit [ Suphakarn Study ID:
General Characteristic of study
Title
1 Author
name
Corresponding | Name: | Email:
Country
Journal
Year
Population O 1. General 03. AAA O 5. Bariatric
O 2. High-risk O 4. AAA & Obese 6. Colorectal
Intervention/Comparator
Mesh type
Mesh position O 1. Non-| O 2.0 3.
absorbable | Absorbable | Biologic
O 1. Onlay 011 021 031
[ 2. Sublay 12 22 32
1 3. Pre-peritoneal 13 23 133
1 4. Intra-peritoneal 14 024 34
Primary suture 00
If Non-absorbable O 1. Polypropylene 0 3. PTFE
major polymer =? | 2 polyester O 4. PVDF
If Absorbable O 1. Vicryl O3.TIGR
1 2. Phasix 4. BIO-A
Mesh If Biologic | Species 0 1. Human O 2. Porcine [ 3.Bovine O 4.
Equine
Tissue O 1. Dermis [ 2. Intestinal submucosa
1 3. Pericardium
Processing | O 1. Crosslinked O 2. Non-
crosslinked
Fixation O 1. Suture O 2. Glue O 3. Combined
1 4. No-fixation
Outcome >>> | IfYES...




Fac. of Grad. Studies, Mahidol Univ.

Ph.D. (Clinical Epidemiology) / 137

Incisional hernia O1LYES O2NO|O1l.Freq O2RR

3. HR

Imaging? | 0 1. YES O 2.NO

0 3. UNCLEAR

Kaplan-Meier curve O1.YES [O2.NO | Withrisk table?

O1.YES [O2.NO
Wound infection O1YES [O2.NO|O1.Freq O2RR
(Superficial & Deep)
Seroma O1YES [2 NO |[O1. Freq O2.RR
Hematoma O1YES [O2NO|O1.Freq [O2RR
Dehiscence/Evisceration O1.YES [O2.NO|O1l.Freq [O2RR
Chronic pain O1.YES O2.NO|OLlFreq O2RR

aa__  mo. tool

criteria
Pain score at 24 hr. (VAS) O1.YES [O2.NO
Mesh removal O1LYES [O2.NO

0 MEAN (SD) | Planned period of FU:
Follow up (mo.) O MEDIAN (IR) mo.
] Range

Loss to follow up (number)/ (total)= %
Analysis O1ITT 2. PP
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characteristics

Intervention

total

Arm 1:

Arm 2:

Arm 3:

N

Age

Mean, SD
(95%ClI, range —
pls specify)
or
Age group

1.

No., %

2.

No., %

3.

No., %

4.

No., %

Sex, Male
No., %

BMI

Mean, SD
(95%ClI, range —
pls specify)

or

BMI group

1.

No., %

2.

No., %

3.

No., %

4.

No., %

5.

No., %

ASA status
I: No., %
II: No., %
11I: No., %
1IV: No., %
V:No., %

DM: No., %

COPD: No., %

Smoking: No., %

Malignancy:
No., %

Emergency Sx:
No., %

Previous midline
laparotomy
No., %

Wound
contamination
Clean
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No., %
Clean-
contaminated
No., %
Contaminated
No., %
Dirty
No., %
Wound drain;
No., %

QOutcome data (frequency)
Arm 1: Arm 2: Arm 3:
Outcomes N YES NO N YES NO N YES NO

Incisional hernia

Wound infection
(superficial + deep)
Seroma
Hematoma
Dehiscence/
Evisceration
Chronic pain

QOutcome data (summary statistics)
Arm 1: Arm 2: Arm 3:

Outcomes

RR 95%ClI RR 95%ClI RR 95%ClI

LL UL LL UL LL UL

Incisional hernia

Incisional hernia (HR)

Wound infection

Seroma

Hematoma

Dehiscence/

Evisceration

Chronic pain

Continuous outcomes

Arm 1: Arm 2: Arm 3:

N Mean SD N Mean SD N Mean SD

Acute pain
(VAS)
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Mesh removal rate

intervention

Removal rate

total

n

Arm 1:

Arm 2:

Arm 3:
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APPENDIX C
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APPENDIX D
CASE RECORD FORM FOR RANDOMIZED CONTROLLED
TRIAL
Site  Patient No. Sign

ID 0o =000

Date of Screening  CI/010/25007  (DD/IMM/YYYY)
ﬂgmwﬁuﬂémwmagﬂ ) lugoq

d o
(1) NAUNAAARNND UK

1.1, 019>187)

Fl )
12, dosrdanialy 24 w1, ¥d1 N9 HBannenTanInves

NMVAUDINIT

I - e .
1.3.  WIAARY midline incision 81708191100 1/4 V035282910 xyphoid GN

pubis

1.4. "liﬂ"ﬁril’:ﬂ’flﬂmnizﬁ'u American Society of Anesthesiologist (ASA)

physical status class 5 (Moribund)

[ < a {
15, lieglunizdenninmsaaiie (Septic shock)

1.6, laily secondary closure (310 open abdomen, temporary closure, fascial

dehiscence)

' aa o 1 & < ' 1
17. lignitineniduuzGaluszozuninszaenso unresectable 0gnow

1.8. 1909 mesenteric ischemia

1.9. il incisional hernia @Ejﬁ@u WIDIAUHIAR incisional hernia repair

[ 1 ¥ I A ' ] o = v 1w
1.10. "liJE]Qim’i’JN@Nﬂiiﬂ Tii’é)ﬂWYﬂﬁ]%@Nﬂiiﬂiui%ﬂgl’m'] 2 Unasida

1.11. ”lu'flmaz connective tissue disorder

1.12. ”lajaz_jiwinmﬂ%m immunosuppressive

1.13. lifidseSaud polypropylene

a a o I |
1.14. gugouaaaIumMssnyuilunal 23
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(flognau “gnéies” Nndedsazrdngvuneune lf1é)
a Y 1 Ao ' il
(2) 3 consent form HAAIANNTUIONTITINITENT 0 13) WY (] i

J v 1 1w
3) mmmmxﬁamzmwmm

3.1, lilyuwa dirty surgical wound (severe fecal and frank pus contamination)

= ] o ' I '
3.2. vllliJﬂTZIZLu?@]?ﬂﬂl@ﬂﬂ?ﬂiﬁﬂu%'ﬂﬂﬁ}'ﬂﬂL‘l_]u@ﬂNlﬂﬂ (bowel necrosis)

1 1A < 1 1 Y . . A g
3.3. VliJ‘W‘lJ’JWNN%LNL!‘Wiﬂi&’iﬂtlclu‘]f@WlEN (perltoneal metastasis) mmﬂu

incomplete resection (R2)

34, liifiuwu re-operation/second-look WULAHA midline Meluszeziial 21

HOIHIAA

] J o & "o a [l q 1
NN AAERDNNINY (1) 1azszrig 3) Mmikdauazll consent form 2) [ 1y [ 1aila

Baseline sign

Site  Patient No.

D L =]

Date of Admission LI/ 2500 ] (DD/MM/YYYY)

Tuna L/ (DDMMAY Y Y Y : et
(WA L1 ngge L2, 908
“L?i’mﬁ'ﬂ LI kg (999.9 not available)
fhuqa L em (999.9 not available)
ASA status L]1.Class 1 L]2. Class 2
[]3. Class 3 [ 4. Class 4 [ ]9. Not available
STRIZERY! L1 Yes L]2.No [ 19. Not available
COPD 11, Yes 12.No 19. Not available
miquu‘lﬁ' L1 Taigu [ 2. 1negu vigauuInna 6 Houan
[]3. ETQQU@EJ [ ]9. Not available
INYAAAYDITTDY (WA midline) 1NOU (11, Yes[]2.No [ 19. Not available

52A1 Albumin nouraa [ 1.[] g/dL (99.9 not available)
Nutrition status

NAF (perioperative period) L] 1.A  [12.B HENe [ ]9. Not available
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Intra-operative data sign

Site  Patient No.
ID HEEEEE
Date of Operation LJLI/LI 12511 (DDMM/YYYY)

81MUV99 Randomization (sequence number) RN

Random 18 1. Suture L] 2. Retrorectus mesh

Pathology L] 1. Cancer L]2. Benign obstruction L]3. Benign perforation
[| 4. Inflammation L] 5. GI hemorrhage L] 6. Ischemia
17. Others

Operation L] 1. Small intestinal resection L]2. Large intestinal resection
3. Gastric resection L] 4. Anastomosis of hollow viscus
[ ]5. Local repair of perforation Le. Appendectomy
(17. Gallbladder and biliary tract surgery []8. Another solid organ surgery

L. Adhesiolysis (] 10. Hemostasis for bleeding ulcer

] 11. Intra-abdominal drainage L1 12. Others

Wound classification [ | 1. Clean [ ]2. Clean-contaminated [ | 3. Contaminated

M3tlaupa (1. duila 2. Alauma

AIVENIVDALNA fascia IR em

ANV PDS loop 2-0 11% [ em

$1U2U mesh 1 ueiv (0 = 13879 (suture))

NANINeINIAR OO0 0-23 waikn)

138194 incision CIELEIED (0-23 wannn)
na3uila abdominal wall CIELEIET (0-23 waninn)
a1l abdominal wall 1239 CIELEIED (0-23 wannn)

Y
a5 9UUADY anesthesia 0T (0-23 wiwnn)
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Post-op Day 1, 3

Site  Patient No.
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sign

D OO0 —-000 Date  LILVILI2sL] (DD/MM/YYYY)
Post-op day: O day 1 O day 3
Pain score (1-10; 1 = loega, 10 = 1nAga, 99 = liaunsodsziine) 00

1 v
YUIAVYDY Opioid (mg) N 1FTWNIMUA

1. Morphine
2. Pethidine

3. Fentanyl (microgram)

Summary on discharge

Site  Patient No.

D L =]

Hod.o
Hoon
Hod.o

Date of Discharge [ILI/LI 12511 (DDMM/YYYY)

i;huﬁ 1 Clinical outcome and Medications

Ty 24 2109 Ty 72 2w
o000
0.0
o000
sign

COMPLICATION 3/%a0% il
Fufiny (DD/MM/YYYY)

Incisional hernia L1, Yes [12.No /s
Superficial SSI (l3ispu 30 ) L1, Yes L]2.No LA R»sH0
Deep SSI (laitnu 1)) 11, Yes [12.No OO/00»2s00
Burst abdomen ( 13ty 30 $1) (11, Yes [12.No O0/00Rs00
Seroma (Ulajgﬁu 3 Lﬁau) []1. Yes []2.No L0250
Hematoma (lsiifiu 1 d1lan) (1. Yes [12.No 0000500
Enterocutaneous fistula []1. Yes []2.No L0250
(laispu 13))

Wound sinus (lsisiu 1) L)1, Yes []2.No LOA0»sU0
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Duration of IV antibiotic L
Type of antibiotic (1 1A1INAI 1 ¥09)
Cephalosporin "] Cefazolin [ Cefoxitin L] Cefotaxime [] Ceftriaxone
L] Other Cephalosporins
Quinolone O Ciprofloxacin (| Levofloxacin [_| Other Quinolones

[ ] Metronidazole

FIuN 2 M3enaat 1y admission 1A8INU
1] % %’ 5 4 1
2.1 IM3raasn 11 admission ReuTn3e 'l 1.3 (lde 2.2)
T2, i (ludeaneudene 1))

Y o o 2
2.2 MUNTHNINANR

Fui (DDMM/YYYY) | Readosfunnzunsndouueduna? | #4101 mesh oon?

UO/O0RsU0 L)1, Yes []2.No L)1, Yes []2.No []9. Not applicable
O/ L1, Yes L12.No L 11. Yes [12.No []9. Not applicable
L2500 L1 Yes L12.No L 11.Yes [12.No []9. Not applicable

\J t-!' w Aa d‘ v ¢4 L
AIUN 3 NTATIVNNIIAINYUUDIVINAIAUN1ISHUNINBDHUDIUNANINA

Fuil (DDMM/YYYY) US or CT?

CE/E 2500 lus la.cr
LI 2500 lusl2.cr
CE/E 2500 lus la.cr

Y Y 1 .
*ANZUNTAFOUVDINE IR SSI, Burst abdomen, Seroma, Hematoma, Fistula

voa
aIUN 4 Cost

ﬁ'uvgumamqﬁ"laﬂﬂ% WIUNYIY | 531 (W) | 511590 (UIN)
UG Wi

AnAuNveadle Oo0a
Anauntveduudh L0 3 D00 | 0000
Mo d T LT Lo | Hoo
yoruudh

mfinveaduudh EREEY D000 | 00000

A AQUanAY 4 ) aid] C00 5 D000 | 00000
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ﬁ’unuvmayau FIUIUHUIY 51071 (UN)/ | 9101530 (UIN)
N
agudoneslavesdihe | (13 (1 i L0 Fu 0000 | OO0
mgydeseldvesdgua | (13 Ry L0 3 N000 | 00000
Outcome assessment (OPD 1 mo) sign

Site  Patient No.

D BREIN RN

aIun 1 Follow-up

Date of Follow-up LJLI/IL125L 1] (DDMM/YYYY)

Visit Outcome

Superficial SSI L1, Yes []2.No
Deep SSI L1 Yes [12.No
Seroma L1, Yes []12.No
Burst abdomen L1, Yes []12.No
Fistula L1, Yes []12.No

\J ‘!‘ L v Aa Y IS
AIUN 2 NITUHANTIDNNIIAINGT (D1H1DN)

@

Imaging [/ 1.US []2.CT

uﬁﬁ L2500 (DD/MMYYYY)

Hartlosnnasdenzunsndounuwarda [ 1. Ty [12. Taily

Outcome assessment (OPD 3 mo)

Site  Patient No.

D L =100

aIun 1 Follow-up

sign

Date of Follow-up [l /LI 125[ ][] (DD/MM/YYYY)

Visit Outcome

Incisional hernia (11.Yes []2.No
Superficial SST L1, Yes []2.No
Deep SSI [11.ves [12.No
Seroma (1. ves [J2.No
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Fistula [J1.Yes [12.No

Wound sinus []1.Yes [12.No

. . a o w < [ ]
Chronic pain T sunudiadsedriu 2. duamise [13. 13

i

J 4' U w Aa b4 =
FINN 2 MIUANTIIN5ITINE (1¥PI)
wida [LU2sLIL] (DDMM/YYYY)

Imaging [/ 1.US []2.CT

Hartlosnnasdenzunsndounuwarda 1. Ty [12. Taily

Outcome assessment (OPD 6, 12 mo) sign

Site  Patient No.
ID HEEEEE Date of Follow-up LJLI/IL125L 1] (DDMM/YYYY)

Follow-up: L] 6 mo. [ 112 mo.

aIun 1 Follow-up

Visit Outcome

Incisional hernia (1. ves []2.No

Deep SSI L1, Yes []12.No

Fistula L1, Yes []12.No

Wound sinus (11 ves []2.No

Chronic pain T 1 sunudiatlsgsriu L2, dwdmies [13. 1
1

U d‘ U w Aa %4 =
AIUN 2 MIUANTIINIIAING (D1HINN)
winda LU 2s000] (DD/MM/YYYY)
Imaging [ | 1.Us [J2.CT

Wartloannasdonzunsndounuwarda [ 1. e [12. Taily

Outcome assessment (OPD 18, 24 mo) sign

Site  Patient No.
ID 00 —-004 Date of Follow-up LI/ 125L 1] (DDMM/YYYY)
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Follow-up: L] 18 mo.

aIun 1 Follow-up

[] 24 mo.
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Visit

Outcome

Incisional hernia

[]1.Yes [12.No

Chronic pain

=
y

a o w <3 < [
1 sumuaiailszsriv 2. dudanides [13. 1u

J d' £ w Aa 4 =
AIUN 2 NTUHANTIDNNIIAINGT (D1H1DN)

@

Imaging L/ 1.US []2.CT

uﬁﬁ_ﬂ L2250 (DD/MMYY YY)

Hartlosnnasdenzunsndounuwarda 1. Ty [12. Taily

Outcome assessment (BN protocol)

Site  Patient No.

D L =]

U 1 Follow-up

sign

Date of Follow-up [l /L[ 125[ ][] (DD/MM/YYYY)

(lithu 13lndarda)

Complication W1 complication?

Incisional hernia L1 Yes L 12.No
Superficial SSI L1 Yes [12.No
(LA 30 Sundaringa)

Deep SSI L]1. Yes [12.No
(lutpu 13lvdarda)

Seroma L]1. Yes [12.No
(liAv 3 1foundarag)

Burst abdomen L1 Yes L 12.No
(LA 30 Sundaringa)

Fistula L]1. Yes [12.No
(lupu 13lvdarda)

Wound sinus (11, Yes [12.No
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v 4' L% v Aa Y =
AIUN 2 NMITUANTIDNNIIAINGT (D1H1DN)

@

Imaging 1.us [la.cT

uﬁﬁ_ﬂ L2500 (DD/MM/YY YY)

Warlesnnasdennzunsndoununarman [ 1. 19 [12. Taly

a3uii 3 Cost’ (@W3UNNMIAAAINT OPD)

Vg Yl Aa 2 A
3.1 ﬂ’]i%%’]ﬂﬂlﬂﬂﬂlu‘ﬂ OPD
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9 Ay 19 1 o [

Aununiensa lily WMWK | T W)/ | I3 (L)

MIUNNEG N1y

ANAUNI HEEN

ANND LT OO0 | DOOo0

AesaIuiiiuiu RRRE:T 000 | OOoOod

M dquanaY [ Taid] 00 5 D000 | 00000

Y Y ° ]

AUNUNNDON UIUNUIY 51071 (UN)/ | 5101530 (UIN)
ATRY

mgaydese lavesdile Ry Y D000 | 00000

mgaydose ldvesdgua ) 'si% g D000 | 00000

3.2 mldneszrnahegniiu

?\'uuumamqmmwmf NUIUHUIY 5101 (UIN)/ | 9191530 (UN)
ATRY

ALK WAt HRRET OO0 | oo

MENG0I04 (antibiotic + WAt ] asa 000 | OO0

pain killer)

Y = g v ° 1

Aununiensan luly MWK | 11 W)/ | 51139 (1)

MIUNNG M

anauma llviuma RRRE:Y 0000 | OO00o0

M gguaiey [ Taid] EREEY DO0O0 | 00000

Y v o [

AUNUNNDON IUIUNUIY 5101 (UIN)/ | 9191530 (UIN)
11

mgaydese lavesdile )i I Y OO00 | DO000

mgaydose lavesdqua Ry (00 Fu D000 | DO000
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Re-admission sign

Site  Patient No.

D HRE NN Date of Admission_|[ /L[ 25[ ][] (DD/MM/YYYY)
Date of Dischargel | I/ [ ]25L 1] (DD/MM/YYYY)

i;’hu‘ﬁ 1 (clinical)

U3 re-admission 4UV? [ 1. Elective L2 Emergency

Re-admission ﬂ%ﬂﬁxﬁmﬁumazLmﬂ«i’f’aumamwamﬁw%‘laj
(1. fedea
2. Wiferdos

¥ re-admission (NEIVOINUAIZUNTNFOUVDWNAAIAA AUNAAD

Complication WU complication?

Incisional hernia L)1, Yes L 12.No

Burst abdomen L)1, Yes L 12.No

Superficial SSI L1 Yes [12.No

Deep SSI L)1, Yes [ 12.No

Seroma L)1, Yes [ 12.No

Chronic pain L1 Yes [12.No

Outcome éuq L] 1. Fistula [ ]2. Wound sinus

13, None
Smsedaimasuly admission 1 w3l R 2. Taid]
WINIMIAIAR #4101 mesh 09NH3 0 i [11. 191000 [12. lildee0n

MIATIINNSITING U 0INAIFINIZUNTAFOUVDIUNANIAA

Fuit (DDMM/YYYY) US or CT?

CE/H 2500 rus l2.cr
L 2500 lusl2.cr
L 2500 lusl2.cr

@3UN 2 Cost IRWIZ13ID readmission (DYIVBINVNMIUNITNFOUVDWHWANINA

Y A ] ] o ]
ﬂunumamm"lﬂ% MUIUNUIY 3101 (U)/ | 311590 (WD)

MIUNNG e

AnAUN1vo e 0000




Fac. of Grad. Studies, Mahidol Univ.

Ph.D. (Clinical Epidemiology) / 161

Anaun1veguudh Y 000 | 0000

memnsdaniiiiuiu CIOIET 5 H00 | 0000

Yoruueh

mfinveaduudh EREEY D000 | 00000

M HguaNAY 4 ) Taidl LI 5 D000 | 00000

AunuN1Idou fumize | e Wy | 5159 ()

N1i28

mgaydeselavesdile | (13 Rty Y 000 | 00000

agudonelavesdaua | (13 [ i) L0 Au D000 | 00000
Direct medical cost (UBY FN. ﬂ%ﬂuiﬂ) sign

Patient No.

ID UL =]

Site

Date of admission LI /LI 125 ] (OD/MM/YYYY)

?\'uuumamqmmwmf FIUIUHUIY ﬂm(m‘n)/mhﬂ 5101534 (U N)
AUTMIHIAA EREEN
AUTMIITRYQY ERREN
Midonifuesiedui ERREEN
fatulunedihe

(lusruaen uazAngdv

NFIAIN)

f1 antibiotic IV

1. CICC] vial OO0 | DOO0O
2 0 vial EERE

3 0000 viat —

4. L vial —

A1 antibiotic PO

1. [0 tabr/cap OO0 | DO00O
2 T ab/eap EEEE

3 0 ableap —
MENBUTENIUOU TN, HN RN
A1eINAUIU (antibiotic + 00000
pain killer)
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ANTIIN5TITINN
A v
1BIDINANIZUNITNGOU
YDINA
1. Ultrasound v [y | Clesa HRRRN ERRNNN
Y
2. CT m L] asq HEEEN
i [y
m
Y
mlgaenanualuios 1 fimseaa RN ERRN
[ 4 o H
MAAIDINIAMSHIAR | 9
5 P - Vo
dunwsizanzunsngeon | [ulimsiida
Ed
INUMA o1
Direct medical cost (OPD follow-up) sign

RWZAANMNEINVUIY)

Site  Patient No.

D ERESN RN

Date [ /L1125l ] (ODD/MM/YYYY)

Follow-up: 11 mo. 13 mo. L6 mo. (112 mo.
118 mo. (124 mo. [uon protocol
?\'uuumamqmmwmf NUIUHUIY 51071 (W) | 5191530 (UIN)
U
aiFonnumsusmafihe EREN
Uon
AeINaVTY (antibiotic + EREN

pain killer)

AINTIINITITINN
A v
19NN NIZUNITNHOU
YDIUNA

1. Ultrasound

2. CT

Ov Ohivh | 000 8% | 00000 | D000OO
O Ol | D00 af | DOOCO
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Direct medical cost (Re-admission)

Site  Patient No.

D EREIN RN

Date of Admission ][ /][ 12501[]

sign

Ph.D. (Clinical Epidemiology) / 163

(DD/MM/YYYY)

2. CT

ﬁ’unummaqmmwmf IUIUKUIY 5101 (U)/ | 5191531 (UN)
Ny

aleiiRatun e 000000
Turtesrda sauAIUTMI
ey
MR oniuet1eauTRaY 000000
lunedihe
(lusruaen  uazAngde
NNTIqIN0T)
f1 antibiotic IV
1. I vial D000 | OO000
2 L vial RN
3. 000 vi | 50U
4. L] vial —
f1 antibiotic PO
1. L) Jtabreap LOOH | OodoO
2. L) Jtabreap Hotd
3. DDDtab/cap SRS
A11DUTENINUDU TN, o000
MY (antibiotic + 00000
pain killer)
AINTIVNNSITIN
ileaninanzumsndou
Yo IUNE o [ laivh (0 ada 00000

1. Ultrasound i [ T Lo ﬂ%ﬂ HEEEN RN
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