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determine the effect of modifiable risk factors on post-operative bariatric

impact on complications.

Methods: Electronic literature searches of MEDLINE, PUBMED, OVID and
Cochrane Library databases were performed, including a manual reference check,
over the period of 2010 and 2020. 620 articles were screened according to the
PRISMA protocol.

Results: Twenty articles were included in the meta-analysis of risk factors.
Significant risk factors and the associated effect sizes include: 1. Smoking with
an overall OR of 1.31 [1.06, 1.61] and an OR of 1.72 [1.44, 2.05] in Sleeve
gastrectomy (SG) patient cohorts; 2. Diabetes with an overall OR of 1.23
[1.08, 1.39] and an OR of 1.33 [1.02, 1.73] in Roux-en-Y patient cohorts; 3.
Chronic kidney disease with an overall OR of 2.41 [1.62, 3.59] and 4. Steroid
use with an overall OR of 1.57 [1.22, 2.02]. Non-significant risk factors include
hypertension with an OR of 0.85, 1.83, OSA with an OR of 1.08 [0.83, 1.39]
and hyperlipidemia with an OR of 0.80 [0.61, 1.04]. Combined SG and Roux-
en-Y patient cohorts with hyperlipidemia have shown a protective effect of
0.78 [0.65, 0.94].

Conclusions: Significant risk factors for leak post bariatric surgery are smoking in all
patients and particularly SG patients, diabetes for all patients and particularly Roux-
en-Y patients, and CKD and chronic steroid for all patients. Hyperlipidemia in two
combined patient cohorts (SG and Roux-en-Y) appears to have a weak protective

effect.
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1 | INTRODUCTION

The prevalence of obesity in the United States currently affects 1in 3
adults and is projected to increase to nearly 1 in 2 adults by the year
2030.1 Similarly, 31.3% of Australians aged 18 and over are affected
by obesity, doubling from 4.9% in 1995% to 9.4% in over a decade.?
Being overweight or obese is the cause of 8.4% of the total burden of
disease in Australia and increases the risk of mortality in proportion
to the number of years lived with obesity.® Bariatric surgery is rec-
ommended as the treatment for type 2 diabetes in national and in-
ternational guidelines,*> which confers benefits from associated
metabolic effects.® Patients who have undergone bariatric surgery
were found to have significant risk reduction of major adverse car-
diovascular event such as myocardial infarction (RR = 0.40, 95%
Cl = 0.30-0.52, p < 0.001), stroke (RR = 0.60, 95% Cl 0.46-0.79,
p < 0.001) and cardiovascular death (RR = 0.43, 95% Cl = 0.35-0.54,
p < 0.001).”

Sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB)
are the most prevalent bariatric procedures in Australia, accounting
for over 70% of weight loss procedures recorded by the Bariatric
Surgery Registry in its seventh annual report of 2018/2019.8 Bar-
iatric surgical procedures provide good total weight loss outcomes
and consequent comorbidity improvement, but also carries the risk of
post-operative leak.” Most large-volume or multi-center series have
reported complication rates of less than 2% with decreasing inci-
dence with increasing experience®® and annual caseload.’’ The
impact of leak on patient morbidity and mortality, though rare, is
severe.’? It is the second commonest cause of death in bariatric
surgery and its etiology is multi-factorial.?®

The progression of a post-operative gastric sleeve leak to further
complications can be challenging to manage despite early identifica-
tion and treatment. Numerous well cited publications have eluci-
dated the technical aspects in the prevention of gastric sleeve
leak.'*"1¢ Pre-operative patient risk factors are potentially modifi-
able and can be considered in conjunction with the employment of
various risk-reducing operative techniques. In a multi-disciplinary
environment, risk factors can be rationalized as part of an individu-
alized surgical approach in addition to technical and operative con-
siderations. Risk factors identified in previous publications include:
current smokers within a 1-year period, hypertension requiring
medication, sleep apnea, hyperlipidemia, history of pulmonary
embolus, gastro-esophageal reflux disease, cardiac history, end stage
renal failure or requiring hemodialysis, vascular risk, previous foregut
surgery, severe chronic obstructive pulmonary disease, steroid use
for chronic conditions and patient metrics including age, race, sex and
operation being considered.?”

Our study serves to examine the different risk factors that are
predictive of post-operative bariatric surgery leaks and quantify the
effect size. This is especially important in patients who are awaiting
further treatment upon achieving adequate weight-loss or better
control of associated comorbidities. Potential renal transplant can-
didates awaiting placement on the kidney transplantation wait-list
with stringent body mass index (BMI) cut-off of less than 30 kg/

m?2, can achieve weight-loss and avoid enteric hyperoxaluria post-
Roux-en-Y gastric bypass in a multi-disciplinary setting.® Care
pathways established to manage patients with clinically severe
obesity and advanced heart failure have enabled cardiac trans-
plantation, making metabolic surgery a suitable bridge to therapy.'?
Optimization of identified pre-operative factors, when feasible, can
lead to improved outcomes post-operatively in increasingly complex
patient cohorts.

2 | OBIJECTIVES

This study has identified patient risk factors that contribute to post-
operative bariatric surgery leak, specifically patient co-morbidities,
and non-technical factors. Patient factors can be considered when
rationalizing the most appropriate bariatric procedure for personal-

ized surgical care.

3 | METHODS

This study was performed according to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines. All
authors formed a panel to define the study objective, population,
intervention, comparator, and outcome (PICO) parameters. The pri-
mary authors conducted a literature search according to inclusion
and exclusion criteria, performed critical appraisal and extraction of
the articles selected for this study.

Systematic computerized searches of the PubMed, Medline,
Embase, the Cochrane Library and Google Scholar were undertaken,
limiting articles to those published from 2010 to December 2020. The
following MeSH search terms were used: “SG”, “gastric bypass”,
“bariatric surgery”, “post-operative complications”, “leak” and “risk
factors”.

3.1 | Study selection

The following criteria were used for study inclusion: patients who
underwent (1) bariatric surgery, (2) who developed post-bariatric
surgery leak and (3) whose pre-operative risk factors were
analyzed pertinent to the leak.

The authors excluded articles with (1) single risk factor analysis
alone, (2) of single institution or single surgeon case series, (3) lack of
correlation of leak rates to pre-operative risk factors, (4) lack of
reporting raw data or odds ratio (OR), and (5) non-registry cohort
studies. These stringent exclusion criteria are due to the low incidence
of post bariatric surgery leaks which ranges from 0.5% to 2%.*2 Using a
power calculation in R, the sample sizes ranged from 39,244.3 for an
incidence of leak of 2% to 627,908.8 for a leak rate of 0.5%, using an
alpha of 0.80 and significance level of 0.05 in a two-sided test (Power
calculation in Appendix). Exclusion criteria also extended to non-

original research, research performed in a simulated environment,
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non-human subject research and language of publication other than
English, without an English abstract. The time band for this search was
limited to January 2010 to December 2020 to allow for a contempo-
rary data representation.

After the initial search, duplicates, and non-English studies
(without an English abstract) were removed. Articles were assessed
for eligibility by the title, abstract and full text. Reference lists and
citations of each article were also searched for articles not otherwise
identified. Discrepancies in study selection were discussed by the
authors to reach a consensus. All retrieved titles, abstracts and full
text were managed with reference manager software EndNote®

(Version X9, Thomson Reuters).

3.2 | Data collection process

Two authors (C.S. and S.B,.) extracted the data independently from
the final eligible publications and compared the results. To avoid bias,
discrepancies were adjudicated by a third author. Data was retrieved
from full articles using a standardized data collection form. The
following data were collected from each study: first author's name,
year of publication, number and ages of patients, BMI, risk factors,
rate of post-operative SG leak and follow up. The outcome variables
included BMI, hypertension (HTN), hyperlipidemia, diabetes (DM),
smoking, obstructive sleep apnea (OSA), chronic steroid treatment
(CST), chronic kidney disease (CKD), oxygen dependence and thera-

peutic anticoagulation, where available.

3.3 | Statistical analysis

The forest plots in this meta-analysis were coded and generated
using R?° using the metafor() package.?* Subgroup analysis was per-
formed using code by Wolfgang Viechtbauer.?* Should more than 10
publications participate in a forest plot, a funnel plot will be gener-
ated to check for asymmetry of the Cl and subsequently, an Egger's
test. The full code is available in the appendix section of this
publication.

3.4 | Quality assessment

The methodology quality of the included studies was assessed using
the Oxford Center for Evidence-Based Medicine levels of evidence,
ranging from 1 (systematic review of RCTs) to 5 (expert opinion). To
assess the risk of bias in observational cohort studies, the Method-
ological Index for Non-randomized Studies (MINORS)?? was
employed. The 12 items were considered, and values were assigned
as follows: O (not reported), 1 (reported but inadequate), 2 (reported
and adequate). The global score is calculated by adding the values of
each domain and a grade assigned from A—C where A is ideal or low
risk of bias (score >16), B is likely moderate risk of bias and C is

likely high risk of bias. The studies shortlisted are summarized in
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Table 1, and an evidence grid was generated according to its scores
in 12 critical domains as seen in Table A1 (Appendix). The name of
the first author and year of publication of article were used for
identification.

4 | RESULTS

The PRISMA flow diagram for the performed search is detailed in
Figure 1. There were 1079 articles collated from the specified liter-
ature search with an additional 6 articles identified during the hand
search of references. Of these, 254 duplicate, 3 triplicate and 209
non-relevant articles were excluded. 620 abstracts were screened, of
which twenty were included in this meta-analysis. Forest plots for
available risk factors were constructed based on a 2 x 2 table of raw
data. R program?® was used to transform the raw data into odds
ratios (OR), Cl and p-values using the metafor package.?* Sub-group
analyses were performed according to the type of surgery, and the
heterogeneity between publications was calculated for every plot.
The final pooled estimate is demonstrated on a risk grid at the bot-
tom panel of the forest plot. Funnel plots could not be generated for
every risk factor as it required a minimum of ten studies with each

analysis.

41 | Smoking

The forest plot as seen in Figure 2 is subjected to sub-group analysis
according to procedure: SG, RYGB or both, recognizing the impact of
surgery type. Consistently, smoking had demonstrated to be a risk
factor for leak in six SG publications with a pooled OR of 1.72 [1.44,
2.05] in the random effects model. Smoking was not found to be a
clinically significant risk factor in the RYGB sub-group with an OR of
1.09 [0.84, 1.42] or in the publication by Alizadeh et al'® in the
combined sub-group (OR 0.89 [0.72, 1.11]). The overall effect size in
combining all the publications was clinically significant with an OR of
1.31 [1.06, 1.61], with a narrow confidence interval and p < 0.001.
There are significant differences in the effects sizes of the subgroup
analysis (p < 0.001).

A funnel plot, as seen in Figure A1 (Appendix), was constructed
for the 11 studies in the corresponding forest plot analyzing smoking
status as a risk factor. The Eggers test for funnel asymmetry was
performed (code and plot in Appendix), with a p-value of 0.0936. This
suggested that, except for one outlier, the Funnel Plot was relatively

symmetrical.

4.2 | Diabetes mellitus (DM)

Diabetes as a risk factor had an overall OR of 1.23 [1.08, 1.39] as
seen in Figure 3. Sub-group analysis found that DM was not a sig-
nificant risk factor in the SG sub-group, where the effect sizes of

individual publications had wide Cl in smaller patient populations. In
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(Continued)

TABLE 1

MINORS
score

Rate of

complications

Age (years)

BMI (kg/m?)

Surgery

Study type

Time band

Location

Author

Leak:

Smoker:

Smoker:

Laparoscopic SG or SG: 29,165

2015—2016 Retrospective paired analysis of

United States of

Janik et al

20/24

pairs

RYGB

prospective database - (MBSAQIP)

America

202029

Smoker- 0.59%

41.7 + 10.8

460 + 7.6

RYGB: 29,165

Non-smoker-

Non-smoker: Non-smoker:

pairs

0.32%

415 + 116

457 + 78

C

Smoker: 46.2 + 8.2 Deep space

Smoker:

Laparoscopic SG or 133,417

2012—2017 Retrospective analysis of multi-center

United States of

Yuce et al

19/24

SSI:

24.3 + 10.7

RYGB

database- (ACS-NSQIP)

America

202030

Smoker: 0.6%

Non-smoker:

Non-smoker:

455 + 8.0
Non-smoker:

27.9 £ 11.9

0.3%

MINORS Score: A (16/16 or 24/24); B (>12/16 or >20/24); C (<12/16 or <20/24).

SPIRO ET AL

Abbreviations: AGB, adjustable gastric band; BP-DS- biliopancreatic duodenal switch; LAGB, laparoscopic adjustable gastric band.; NR, not reported; RYGB- Roux-en-Y gastric bypass; SG-sleeve gastrectomy.

the RYGB sub-group, the demonstrated OR was 1.33[1.02, 1.73]. The
differences between sub-groups were not significant (p = 0.61) for
the random effects model.

4.3 | Hypertension (HTN)

Hypertension has not been shown to increase the risk of leak
when the effect sizes were pooled with an OR of 1.25 [0.85, 1.83]
as seen in Figure 4. In the combined sub-group, the OR is
modestly increased with an OR of 1.15 over a narrow Cl [1.09,
1.21], indicating a small but significant effect. The differences be-
tween sub-groups were not significant (p = 0.53) for this random-

effects model.

4.4 | Obstructive sleep apnea

Fewer publications reported on OSA as a risk factor for leaks post
bariatric surgery. The forest plot shown in Figure 5 Demonstrated
that OSA was not clinically significant as a risk factor for leaks (OR
1.08 [0.83, 1.39]), and groups were not significantly different in sub-
group analysis (p = 0.81).

4.5 | Hyperlipidemia

Hyperlipidemia had not been shown to a significant affecting post
bariatric surgery leak. Figure 6 Shows that two publications re-
ported on pooled outcomes of RYGB and $G,?>?4 demonstrating a
clinically significant and protective effects size of 0.78 [0.65, 0.94].

's?5 and Masoomi's?®* pub-

However, when combined with Mocanu
lications, the pooled effects size was not significant (OR 0.80 [0.61,
1.04]). The groups were significantly different in sub-group analysis

(p = 0.01).

4.6 | Chronic kidney disease

Chronic kidney disease was considered as a risk factor for post-

242627 as in Figure 7. The

operative leak in three publications
pooled effect size across the three patient cohorts was clinically
significant (OR 2.41 [1.62, 3.59]) and the groups were not signifi-

cantly different in sub-group analysis (p = 0.85).

4.7 | Chronic steroid use

Chronic steroid use had been considered as a risk factor for devel-

oping a leak post bariatric surgery by three publications2>282? as in
Figure 8. The pooled effects size across the three patient cohorts was
clinically significant (OR 1.57 [1.22, 2.02]) and the groups were not

significantly different in sub-group analysis (p = 0.34).
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©
£
Studies included in systematic review (n=20)
N

FIGURE 1 PRISMA diagram

5 | DISCUSSION

Bariatric surgery is an efficient means of treating clinically severe
obesity, affording most patients durable and predictable weight
loss and resolution of comorbidities.>**! Safety has improved in
bariatric surgery over time as procedures become more stan-
dardized with the aid of consensus between surgeons and repre-
sentative bodies.>>3® Indications for bariatric surgery as treatment
include complex patients®* and

continue to expand to

adolescents.®> As obesity surgical management increases in prev-
alence, complications become a greater consideration, as we hope
to give our patients a better quality of life post-surgery. Post-
operative bariatric surgery leaks, although rare, are indeed highly
morbid and can affect patient outcomes severely. This publication
sought to clarify the risk factors and the associated effect sizes
which can allow for pre-operative optimization. Risk reduction is in
keeping with current instituted bariatric surgical practices like

observing a pre-operative very low energy diet and using adjunct



Smoker Non-Smoker

Study Leak+ Leak- Leak+ Leak- Risk Ratio (Random) (95% Cl)

Both

Alizadeh, 2018 76 862 12127 121187 - 0.89[0.72, 1.11]
- 0.89 [0.72, 1.11]

RE Model for Subgroup (Q = 0.00, df = 0, p = 1.00; I = 0.0%)
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Yuce, 2020 45 5000 340 48571 A 1.280.94, 1.75]
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Test for Subgroup Differences: Qy = 10.42, df =2, p = 0.01
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FIGURE 2 Forest plot of multi center publications reporting on the incidence of postoperative leak according to smoking status

surgical techniques to minimize the risk of injury, hemorrhage or
staple line disruption.

Earlier publications have identified pre-operative risk factors
including limitations in mobility, coronary artery disease, age above
50 years, pulmonary disease, male gender and smoking history as
reported by Finks et al of the MBSAQIP database,? and similarly by
Gupta et al®” and Maciejewski et al®® of the ACS-NSQIP database. In
an up-to-date iteration of the MBSAQIP analysis, Grieco et al'”
developed a 30-day risk calculator based upon the demographics and
outcomes of over 700,000 patients in the United States of America.
This calculator is a useful and important tool, and some of the pa-
rameters were, unsurprisingly, identified by our meta-analysis as risk
factors for post-operative complications. The considered risk factors
were: current smoker within 1 year, hypertension requiring medica-
tion, sleep apnea, hyperlipidemia, history of pulmonary embolus,
gastro-esophageal reflux disease, cardiac risk, dialysis, vascular risk,
previous foregut surgery, severe chronic obstructive pulmonary dis-
ease, steroid use for chronic condition and patient metrics including
age, race, sex and operation being considered.” The overlap in the
risk factors identified is reflective that the factors that affect tissue
healing also contribute to post-operative leaks.

Smokers had been found to have an increased risk in developing
post-operative leak undergoing a SG with an OR of 1.71 [1.44, 2.05]

compared to those undergoing a laparoscopic RYGB, 1.09 [0.82,
1.42]. It is interesting to note that when combining these effect sizes,
the OR was 1.31 [1.06, 1.61], which could be a product of the SG
being a more commonly performed procedure than RYGB, and
therefore overwhelming the non-significant effect size of smoking on
RYGB in developing post-operative leak. The exposure of toxic
compounds from smoking causes increased oxidative stress, inflam-
mation and atherogenesis thereby inducing apoptosis of vascular
endothelial cells, which leads to vascular dysfunction.® Nicotine is a
potent vasoconstrictor through endothelium-dependent and
endothelium-independent mechanisms.*® It also causes vascular
remodeling leading to arterial stiffness and decreased compliance.*!
Nicotine affects the gastric mucosa by inhibiting mucous synthesis,
impairing angiogenesis and promoting gut ischemia by altering its

microvasculature,*2

in addition to the relative hypoxia and hyper-
coagulability caused by chronic carbon monoxide exposure.*®
Smoking thus, renders a new gastric staple-line susceptible to non-
healing of the staple line, especially in areas of relative ischemia
proximally, in keeping with current The American Society for Meta-
bolic and Bariatric Surgery guidelines.**

The potential manifestation of mucosal injury in RYGB patients is
marginal ulcers, which have not been considered in this meta-analysis

due to lack of comparative data and selection criteria that is,
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Study Leak+ Leak- Leak+ Leak- Risk Ratio (Random) (95% Cl)
Both

Saleh, 2016 i 1.21[1.08, 1.36]
Alizadeh, 2018 299 639 35759 96781 - 1.18[1.08, 1.30]
RE Model for Subgroup (Q = 0.10, df = 1, p = 0.75; 12 = 0.0%) e 1.19[1.11, 1.28]
Roux-en-Y Bypass :

Vidarsson, 2019 67 195 5901 34943 ; HH 1.77[1.44,2.18]
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Stenberg, 2014 P 1.64 [1.22, 2.20]
Masoomi, 2011 - 1.10[0.97, 1.24]
RE Model for Subgroup (Q = 24.25, df =3, p = 0.00; 12 = 90.2%) - 1.33[1.02, 1.73]
Sleeve Gastrectomy

Cesana, 2017 3 45 225 1465 —— 0.47 [0.16, 1.41]
Benedix, 2017 101 140 5849 9666 Y 1.11[0.96, 1.29]
SanchesSantos, 2016 29 828 52 1925 —-— 1.29[0.82, 2.01]
RE Model for Subgroup (Q = 2.76, df = 2, p = 0.25; I = 0.0%) »> 1.11[0.97, 1.28]
RE Model for All Studies (Q = 27.87, df = 8, p = 0.00; I? = 79.7%) o 1.23[1.08, 1.39]

Test for Subgroup Differences: Qy = 0.99, df =2, p = 0.61
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FIGURE 3 Forest plot of multi center publications reporting on the incidence of postoperative leak according to diabetes status

perforated marginal ulcer manifesting as a leak. For patients in whom
smoking may be a concern, SG carries a higher risk than a Roux-en-Y
gastric bypass, and a longer gastric pouch has an increased risk of
ulceration.*® Factors associated with metabolic syndrome tended to
exert a small but significant effect, which can be compounded in
patients with multiple comorbidities.

Diabetic status had not increased the risk of post-operative leak
in SG patients (OR = 1.11 [0.97, 1.28]), however, in cohorts including
RYGB patients the effect size was found to be significant with an OR
of 1.33 [1.02, 1.73]. It is important to note, however, that the effect

sizes of two of the four studies?+?°

reporting on DM status affecting
leak post RYGB were not significant. Both publications had sub-
stantial patient populations of 77,596 and 226,452. In patient co-
horts where outcomes of both RYGB and SG patients were combined,
the effect size was still significant, albeit over a narrower interval
1.19 [1.11, 1.28]. Data was not available to study the effect of insulin
dependence or Hbalc control on post-operative leak. The duration of
diabetes and therefore the impact on microvasculature in surgical
healing, should be a consideration but is under-reported. Diabetic
murine models of injury have demonstrated that reduced nascent
microvasculature, delayed pruning and refinement of new capillary
beds, impairment of capillary maturation resulted in tortuous capil-
laries and tissue hypoxia.*® To improve neo-angiogenesis and tissue

healing, monitoring Hbalc and optimized blood glucose level control

may be helpful. Patients with poorly controlled diabetes or lacking
optimal management may benefit from engaging physicians or en-
docrinologists in the pre-operative for optimisation.

During the initial statistical analysis, hypertension did not appear
to increase the risk of leak in patients undergoing SG (1.60 [0.70,
3.63]) or RYGB (0.97 [0.61, 1.54]). Re-analysis of the studies identi-

I?* as seen in Table A2 (Ap-

fied an outlier study by Masoomi et a
pendix), which prompted a repeat analysis of HTN as a risk factor for
patient populations including RYGB as the primary bariatric pro-
cedure. To perform the analysis without conflating the effect sizes
from MBSAQIP populations included, only one MBSAQIP publication
dataset was included. The result can be seen in Figure A1 (Appendix),
which demonstrates that HTN as a risk factor confers a risk ratio of
1.17 [1.10, 1.24]. This risk ratio is again both narrow and significant.
The publications included in our meta-analysis did not distinguish
patients with or without hypertension-mediated organ dysfunction,
which is an umbrella term covering renal impairment, cardiovascular
and cerebrovascular disease.*” Hypertension is an established risk
factor for cardiovascular disease and cerebrovascular events and is
an established risk factor for post-operative morbidity and mortal-
ity. #8750 The term “hypertension” broadly covers patients in varying
stages or severity of hypertension, which makes analysis of hyper-
tension as a risk factor for post-operative leak difficult. This cate-

gorization confers heterogeneity to the data presented in this
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Study Leak+ Leak- Leak+ Leak- Risk Ratio (Random) (95% Cl)
Both i
Saleh, 2016 1 1.20 [1.08, 1.34]
Alizadeh, 2018 531 407 66198 66363 n 1.13[1.07, 1.20]
RE Model for Subgroup (Q = 0.83, df = 1, p = 0.36; 12 = 0.0%) " 1.15[1.09, 1.21]
Roux-en-Y Bypass :
Stenberg, 2014 HH 1.32[1.08, 1.62]
Mocanu, 2019 283 193 41173 35947 - 1.11[1.08, 1.20]
Masoomi, 2011 - 0.59 [0.43, 0.81]
RE Model for Subgroup (Q = 18.38, df = 2, p = 0.00; I? = 94.7%) - 0.97 [0.61, 1.54]
Sleeve Gastrectomy :
Dhar, 2018 127 155 140 1316 : >t 4.68[3.82, 5.74]
Cesana, 2017 12 36 528 1162 —m— 0.80[0.49, 1.31]
Benedix, 2017 175 66 9774 5725 - 1.15[1.06, 1.25]
SanchesSantos, 2016 3 78 76 2725 — 1.37[0.44, 4.24]
RE Model for Subgroup (Q = 163.49, df = 3, p = 0.00; I? = 97.6%) ——ce—— 1.60 [0.70, 3.63]
RE Model for All Studies (Q = 203.25, df = 8, p = 0.00; I = 98.9%) <':> 1.25[0.85, 1.83]
Test for Subgroup Differences: Qy =1.26, df =2, p =0.53 :
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FIGURE 4 Forest plot of multi center publications reporting on the incidence of postoperative leak according to hypertensive status

publication and diminishes its true effect size in patients who have
more severe grades of hypertension. In general half of patients with
pre-operative hypertension achieve clinical blood pressure mea-
surements of 140/90 mmHg.>? Whilst there is little evidence sup-
porting the delay of elective surgery for class | or Il hypertension
patients,*”>? the extremes of blood pressure are predictive of poorer
post-surgical outcomes.*” In a multi-disciplinary setting, patients
being considered for bariatric surgery can be assessed by a bariatric
physician who can initiate or optimize treatment as well as assess for
cardiovascular risk factors.

The strongest risk factor for post-operative leak is CKD with an
OR of 2.41 [1.42, 3.99]. Chronic kidney disease is most commonly
caused by DM followed by HTN, which can be viewed as one of the
end-stage manifestations of both of these disease processes. The
severity of CKD can cause proteinuria, edema and protein malnu-
trition in the earlier stages (Stage 1-3) and in more advanced stages
(Stage 4-5) substantial edema, electrolyte abnormalities, acid-base
disorders, relative tissue hypoxia anemia, and secondary or tertiary
hypoparathyroidism.>® Consequent uremia affects the tissue healing

of human mesenchymal cells,>*

which can further compound the
pathophysiology of advanced kidney disease. It would have been of
interest to have enough data to subdivide CKD patients into dialysis
and non-dialysis dependent patients. When offering a bariatric pro-

cedure in patients with CKD, the complication profile, operative

technique and use of safe guards such as leak testing, drains and
intra-operative perfusion studies could be considered with the pa-
tient and with colleagues in a multi-disciplinary setting.

Patients on chronic steroids also had an increased risk of post-
operative leak with an OR of 1.57 [1.22, 2.02], which is in keeping
with the hypothesis that steroids affect tissue healing by modulating
the cellular signaling involved in angiogenesis.>®>>¢ Concurrent use of
other immunosuppressive agents as well as immuno-modulators
could not be considered due to lack of data within our search
criteria and may impact further on tissue healing. The chronicity of
steroid usage may also impact on tissue healing as it changes the
ratio of type | and Il collagen, reduces the migration of macrophages
and impedes tissue modeling.®>” Patients on CST are also a hetero-
geneous population with differing disease processes like auto-
immune conditions or status post-orthotic organ transplantation,
adds to the difficulty of determining the effect of chronic steroid
therapy versus the treated primary pathology. Rationalizing immu-
nosuppressive treatment or the weaning period pre-operatively can
be attended in conjunction with the treating rheumatologist or
specialist physician, in a bid to improve tissue healing in the post-
operative period. The authors could not identify an adequate num-
ber of publications that reported on the use of non-steroidal medi-
cation on the development of post-operative leak in patients

undergoing bariatric surgery to be included for meta-analysis.
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Study Leak+ Leak- Leak+ Leak- Risk Ratio (Random) (95% Cl)
Both i
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Sleeve Gastrectomy
Cesana, 2017 4 44 338 1352 —s— 0.42[0.16, 1.07]
Benedix, 2017 77 164 4034 11481 e 1.23[1.02, 1.48]
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FIGURE 5 Forest plot of multi center publications reporting on the incidence of postoperative leak according to obstructive sleep apnea

(OSA) status

Obstructive sleep apnea was only found to be significant in the
subgroup analysis including both SG and RYGB with an OR of 1.21
[1.10, 1.33], which is difficult to interpret when other publications did
not report a significant relationship. Our literature search has not
identified publications on the use of positive pressure ventilation
affecting the outcomes post bariatric surgery, though this is a topic
the authors found of interest. The utilization of CPAP and the set-
tings at which the machine was used was not able to be analyzed in
this meta-analysis, and the negative effects of positive airway
ventilation have been refuted in an earlier publication.>® Hyperlip-
idemia was found to be a protective factor in the same publications
by Alizadeh et al*® and Saleh et al?” with an OR of 0.78 [0.65, 0.94].
This protective effect, however, was not demonstrated when
combining other relevant publications.

The power calculation performed suggested that patient cohorts
of 392,443-627,909 would be required to adequately analyze post-
operative leak patients at an incidence of 2% and 0.5% respectively.
As such, the studies identified were largely skewed in geography, due
to the establishment of large databases like ACS-NSQIP and MBSA-
QIP. Our publication has been inclusive of multi-center publications to
examine a variety of pooled effects sizes in different countries. The
databases with associated publications available for analysis were

few, and it was difficult to get a fair representation across the different

institutions globally. The funding and effort required for the upkeep of
large databases may be reflective on the affluence and size of the
surgical center, which could be a factor in less endowed health sys-
tems and the lack of resulting publications. The small number of
publications included in our meta-analysis did not allow for funnel plot
generation for each risk factor as more than ten publications were
required to do so. The results of this analysis, though significant, did
not allow for the establishment of a risk calculator. This is due to the
heterogeneity identified in some of the sub-group analyses and the
study design could not assess if individual risk factors are actually
correlated with post-operative leak or exert a compounding effect.
Analyses of multiple databases with machine learning can help
generate a best fit model that can be validated with a test population
to give the most accurate and meaningful risk calculator.

As databases are prospective with retrospective analysis, there is
potential bias and confounding factors. It is assumed that the ethics
involved in blinding and randomization diminishes the quality of the
evidence presented by this meta-analysis. The authors are cognisant
of other factors that may affect choice of operation and access to
care such as patient and surgeon preference, the healthcare struc-
ture of the country of publication, and the medical industrial regu-
lations specific to each country that can affect choice of surgical

instruments and adjunctive treatments. As a result, heterogeneity
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HyperLipids Normal Lipids
Study Leak+ Leak- Leak+ Leak- Risk Ratio (Random) (95% CI)
Both
Alizadeh, 2018 201 737 33796 98744 ll|_ 0.84[0.74, 0.95]
Saleh, 2016 - 0.69 [0.55, 0.86]
RE Model for Subgroup (Q = 2.34, df = 1, p = 0.13; I? = 57.2%) QE 0.78 [0.65, 0.94]
Roux-en-Y Bypass
Mocanu, 2019 155 321 22807 54313 . 1.10[0.97, 1.25]
Sleeve Gastrectomy
Masoomi, 2011 . 0.58[0.42, 0.80]
RE Model for All Studies (Q = 22.96, df = 3, p = 0.00; 12 = 88.9%) <> 0.80[0.61, 1.04]
Test for Subgroup Differences: Qy = 8.91, df =2, p = 0.01 :
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FIGURE 6 Forest plot of multi-center publications reporting on the incidence of postoperative leak according to hyperlipidemia status

CKD No CKD
Study Leak+ Leak- Leak+ Leak- Risk Ratio (Random) (95% Cl)
Both
Saleh, 2016 — 4.96[1.91, 12.87]
Mazzei, 2018 11 752 2239 277765 l—l—i 1.80 [1.00, 3.25]
RE Model for Subgroup (Q = 3.13, df =1, p = 0.08; 12 = 68.1%) -—.— 2.78[1.04, 7.42]
Roux-en-Y Bypass
Masoomi, 2011 I — 2.38[1.42, 3.99]
RE Model for All Studies (Q = 3.13, df =2, p = 0.21; I = 14.8%) = 2.41[1.62, 3.59]

Test for Subgroup Differences: Qy =0.04, df =1, p=0.85
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FIGURE 7 Forest plot of multi center publications reporting on the incidence of postoperative leak according to chronic kidney disease
(CKD) status
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Study Leak+ Leak- Leaks+ Leak- Risk Ratio (Random) (95% CI)

Both

Andalib, 2016 12 578 1265 113591 4—-—| 1.85[1.05, 3.24]
Mocanu, 2019 13 1072 463 76048 —e— 1.98[1.14, 3.42]
RE Model for Subgroup (Q = 0.80, df =1, p = 0.37; 12 = 0.0%) - 1.47[1.13,1.92]
Roux-en-Y Bypass

Heffler, 2019 ,_H 1.38[1.02, 1.87]
RE Model for All Studies (Q = 1.70, df = 2, p = 0.43; I” = 6.5%) < 1.57 [1.22, 2.02]

Test for Subgroup Differences: Qy =0.90, df =1, p =0.34
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FIGURE 8 Forest plot of multi center publications reporting on the incidence of postoperative leak according to chronic steroid use status

was present in several analyses, which is to be noted when inter-
preting results. Large cohorts of patients were required to identify
the true effect size of patient factors due to the relatively rare
occurrence of post-operative leaks.

There is of course a positive publication bias and a lack of
reporting of negative results, that can be seen even in the publica-
tions selected for this meta-analysis. Factors that were not significant
were often not assigned a value or reported as “not significant”. The
authors have attempted to incorporate non-significant results into
the meta-analyses to give a comprehensive assessment on the effect
size. There were multiple publications on the same database
(MBSAQIP) by different authors, so care needed to be taken to
ensure that only one patient cohort in a single time band was rep-
resented in each forest plot.

Smokers undergoing SG have an increased risk of post-operative
leak compared to smokers undergoing Roux-en-Y gastric bypass.
Considering a relatively safer procedure such as RYGB with a shorter
pouch, may be reasonable but there is no direct evidence to support
this. Patients with metabolic syndrome also have an increased risk
regardless of the procedure undergone as each condition associated
with metabolic syndrome exerts a small but significant standalone
risk factor. Optimization of diabetic factors may improve patient
outcomes in either SG or RYGB patients. Validation studies of the
treatment of risk factors on post-operative complications would be
helpful in terms of patient selection or deferring surgery. Patients

with chronic conditions, such as CKD and conditions associated with
chronic steroid use, also have an increased risk of post-operative
leak, which affects patients undergoing either SG or RYGB. In
heavily comorbid patients, a simpler procedure with a smaller risk

profile may be the more practical solution.
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