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ABSTRACT

Background. The association between body mass index
(BMI) and short-term outcomes after esophagectomy
remains controversial.

Methods. A meticulous search for articles describing the
association between BMI and perioperative outcomes after
esophagectomy was conducted using PubMed, EMBASE,
and the Cochrane Library. The study classified BMI
according to the World Health Organization definitions and
Asian-specific BMI cutoff values. Normal weight was
selected as the comparator, and the odds ratio (OR) was
calculated as the primary effect.

Results. This meta-analysis included 13 studies with 5480
patients. Obese patients exhibited higher risks of overall
complication (OR 1.37; P = 0.013), anastomotic leakage
(OR 1.74; P = 0.001), and thromboembolic complications
(OR 2.05; P =0.039). Subgroup analysis indicated that
obese patients from Western countries had a higher risk of
wound infection (OR 2.22; P = (0.022), whereas obese
Asians were more likely to experience pulmonary com-
plications (OR 1.64; P = 0.002). Overweight patients
displayed no significant differences in major complications
relative to normal-weight patients, except for the increased
risk of overall complications (OR 1.32; P = 0.030). Addi-
tionally, underweight patients showed increased incidence
of pulmonary complications (OR 1.92; P =0.020 and
anastomotic leakage (OR 1.64; P = 0.034). Morbid obesity
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also was analyzed separately with limited data, and this
group displayed a higher risk of wound infection (OR 1.62;
P =0.027) and thromboembolic complications (OR 2.65;
P = 0.003). No significant differences in mortality were
observed among patients in different BMI categories.
Conclusions. Obesity and underweight statuses were
confirmed risk factors for several complications after
esophagectomy, whereas overweight patients tended to
experience greater benefit from surgery.

Esophageal cancer is the 11th most common cancer and
the 6th most common cause of perioperative mortality
worldwide'. Esophagectomy or neoadjuvant chemoradio-
therapy followed by surgery is the standard curative
treatment for esophageal cancer.>® Although surgery
techniques and perioperative management have signifi-
cantly improved during the past few decades,
esophagectomy for malignant disease still is associated
with a high incidence of morbidity, with pneumonia, atrial
dysrhythmia, and anastomotic leakage as the most common
individual complications.”

Studies have confirmed that major perioperative com-
plications are associated with early recurrence and
unfavorable long-term survival after esophagectomy.”®
Therefore, patients with esophageal cancer may benefit
from the early prevention and detection of perioperative
complications.

Body mass index (BMI), calculated as weight in kilo-
grams divided by height in square meters (kg/m?), is a
confirmed risk factor for esophageal and gastroesophageal
junction adenocarcinomas (ACs).7’8 However, the associ-
ation between BMI and short-term perioperative outcomes
remains controversial. Differences in demographic data


http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-019-07331-w&amp;domain=pdf
https://doi.org/10.1245/s10434-019-07331-w

Body Mass Index and Surgical Complications

2091

and various BMI categories make it difficult to obtain a
consensus definition among studies.” ' A meta-analysis by
Kayani et al.** did not report significant differences in
perioperative mortality or complications between obese
patients and non-obese patients. A recent meta-analysis
including only Western studies confirmed a higher inci-
dence of anastomotic leakage in obese patients than in non-
obese patients.”® From our perspective, normal weight is a
better comparator for investigating the risks associated
with individual BMI categories.

Disease characteristics differ significantly between
Western and Eastern populations. Whereas obesity in
Western countries is congruously defined as a BMI of
30 kg/m? or higher, a BMI of 25 kg/m* or higher is more
commonly used to diagnose obesity in Asians, according to
the Asian-specific BMI cut-off, and this classification suits
the nutritional status and comorbidities of Asians.**’ In
this meta-analysis, we attempted to combine the obese
patients in Western studies (BMI > 30 kg/m?) and Asian
studies (BMI > 25 kg/mz) to investigate the risks of
mortality and postoperative complications.

This study aimed to investigate the predictive value of
BMI in determining short-term outcomes for patients with
esophageal cancer after esophagectomy.

MATERIALS AND METHODS

The protocol of this meta-analysis was registered with
the international prospective register of systematic reviews,
PROSPERO, with the identification code
CRD42018085853. The meta-analysis was performed
under the recommendations of Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA).*®

Search Strategy

Two reviewers (Z.Z. and P.W.) independently per-
formed a systematic literature search using the databases
PubMed, EMBASE, and the Cochrane Library for papers
published until May 2018. The following medical subject
headings were combined: “esophageal cancer or esopha-
geal neoplasms”, “esophagectomy or esophageal surgery”,
“body mass index or obese or overweight”, and “compli-
cations or outcomes.” References of retrieved articles were
manually checked for additional relevant studies. Any
disagreement was resolved by an advisory group consisting
of three senior authors (Y.L., H.S. and S.L.). When over-
lapping data from the same patient population were
included in more than one publication, only the most recent
and informative publication was included in the meta-
analysis.

Study Selection

Studies were included if they fulfilled the following
criteria: patients with esophageal cancer who underwent
surgery, a clear definition of individual BMI categories
according to the World Health Organization (WHO) clas-
sification or  Asian-specific BMI cutoff value,
homogeneous cohorts of patients with BMI as an inde-
pendent variable between groups, an analysis of at least
one of the outcomes of interests, and publication in Eng-
lish. The exclusion criteria ruled out reviews or case
reports, studies sharing the same population, studies in
which esophageal cancer could not be independently ana-
lyzed, and studies in which data from normal-weight
patients were unavailable.

Outcomes of Interest

The following outcome measures were used to compare
the different BMI groups: mortality (30-day or in-hospital),
overall complications, pulmonary complications (or pneu-
monia), cardiac complications (or arrhythmia), anastomotic
leakage, wound infection (or surgical-site infection),
thromboembolic complications (or pulmonary embolus),
and anastomotic stenosis. The former measure in each
group was the preferred target for different complication
types, and the latter measure was adopted if the former was
not available.

Data Extraction

The extracted data included the first author, year of
publication, country in which the study was conducted,
study type, inclusion period, population size, demographic
characteristics (age, smoking history, diabetes, weight loss,
American Society of Anesthesiologists [ASA] score and
BMI cutoff), disease characteristics (tumor location, his-
tology, clinical and pathologic stage), multimodal
treatment (neoadjuvant therapies and type of surgical pro-
cedure), and surgical outcomes (operation time, mortality
and complications).

Quality Assessment

The Newcastle-Ottawa Scale (NOS), consisting of eight
clauses and nine scoring points, was used to determine
methodologic quality.”® Studies with a total score higher
than 7 points were considered to have been adequately
conducted. Two authors (Z.Z. and P.W.) independently
extracted the evaluation program and assessed the full
texts. Any disagreement was resolved by discussion with
the advisory group. Additional information and data



2092

P. Wang et al.

needed for the meta-analysis were obtained by e-mailing
the authors.

BMI Categories

In this meta-analysis, BMI was classified according to
the WHO definitions and Asian-specific BMI cutoff as
follows: underweight (BMI < 18.5 kg/m?), normal weight
(BMI 18.5-24.9 kg/m?), overweight (BMI 25.0-29.9 kg/
m? for Western studies), obesity (BMI > 30.0 kg/m2 for
Western population and BMI > 25.0 kg/m* for Asian
population), and morbid obesity (BMI > 35.0 kg/m?).>**°
It was difficult to group obese patients due to the lack of
corresponding BMI categories in original articles. We
attempted to investigate the characteristics of morbidly
obese patients, although some overlap in data existed
between obesity group and morbid obesity group in our
BMI categories. Normal-weight group was selected as the
comparator.

Statistical Analysis

We assessed and quantified statistical heterogeneity for
each pooled estimate using Cochran’s Chi square (*-based
Q statistical test and the I-squared (1) statistic. Significant
heterogeneity was confirmed if P was 0.1 or less or I* was
50% or more. Once high heterogeneity was confirmed, a
random effects model was adopted or a subgroup analysis
was performed. Otherwise, a fixed effects model was used.
Pooled analysis was performed using the Mantel-Haenszel
(MH) model, and the data are reported as odds ratios (ORs)
with 95% confidence intervals (Cls). A two-tailed P value
lower than 0.05 was considered statistically significant. A
funnel plot was used to assess publication bias. Sensitivity
analyses were conducted to evaluate the overall results
after specific studies were omitted. All analyses were
conducted with STATA version 12 software (Stata Cor-
poration, College Station, TX, USA).

RESULTS
Search Results and Included Trials

During the initial screen, 250 articles were identified. A
review of titles and abstracts led to the exclusion of 170
articles, and 13 articles were ultimately eligible after the
evaluation of full articles.”?' The meticulous literature
search and filtering process are shown in the PRISMA
flowchart (Fig. 1).

This meta-analysis involved 5480 patients, with 3528
patients from nine Western studies and 1952 patients from
four Asian studies. The NOS quality scores ranged from 6

to 7 points, suggesting that the quality of the eligible
articles was moderate to high. The characteristics of the
patients examined in the selected articles are shown in
Table 1.

Meta-analysis of Patient Characteristics

Compared with patients of normal weight, prominent
differences were detected in the clinical characteristics of
obese and underweight patients. Considering the influence
of these confounding factors, we performed meta-analyses
to investigate the differences in these factors among dif-
ferent BMI categories, and the outcomes are shown in
Table 2.

Obese patients were more likely to experience diabetes
than normal-weight patients,'®~'%'5'? with fewer having a
history of smoking”'*'""' before surgery (OR 2.52;
P < 0.001 and OR 0.77; P = 0.006, respectively). Addi-
tionally, this group displayed a greater percentage of
AC’ '3 (OR 4.92; P <0.001) and an earlier clinical
tumor stagelo_'(’ (OR 1.67; P < 0.001). Similar character-
istics were observed among morbidly obese patients, but an
increased rate of cardiac disease'®*° (OR 1.52; P = 0.030)
was identified than for normal-weight patients. Compared
with normal-weight patients, overweight patients also dis-
played a greater prevalence of diabetes'*'>!> (OR 1.62;
P = 0.011) and a greater percentage of AC°~'"'* (OR 2.67;
P < 0.001) but a smaller scale of ASA scores (3—4)9’“*13
(OR 0.70; P =0.003). A meta-analysis of underweight
patients showed a greater percentage of patients with a
history of smoking,”'""'"""” (OR 1.63; P =0.001) a
greater percentage of squamous cell carcinoma (SCC),”""
(OR 0.23; P < 0.001), and more advanced pathologic
tumor stagesm’”’l(’_19 (OR 0.63; P < 0.001) than normal-
weight patients.

Meta-analyses of the Incidence Rates (IRs)
for Mortality and Postoperative Complications

Meta-analyses of the IRs for mortality and postoperative
complications were performed, and the outcomes are
shown in Table 3. Normal-weight patients displayed the
lowest IRs for most postoperative complications, whereas
the lowest IR for pulmonary complications was observed in
the overweight group. Obese patients showed the highest
IRs for thromboembolic complications (IR, 7.1%; 95% CI
1.3-12.8%) and anastomotic stenosis (IR, 12.6%; 95% CI,
8.7-16.5%) but the lowest IR for mortality (IR, 2.0%; 95%
CI 1.1-3.0%). Underweight patients displayed higher IRs
for overall complications (IR, 62.3%; 95% CI 35.2-89.4%)
and pulmonary complications (IR, 25.6%; 95% CI
15.8-35.5%) than the other groups. Morbidly obese
patients were more likely to experience anastomotic
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FIG. 1 Literature search/PRISMA flow-chart displaying the meticulous literature search and filtering process used in the meta-analysis without
special instructions. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

leakage (IR, 12.7%; 95% CI 0.8-24.7%) and wound
infection (IR, 9.9%; 95% CI 1.7-18.1%) after
esophagectomy.

Meta-analyses of Mortality and Postoperative
Complications for Different BMIs Compared
with the Normal-Weight Group

Pooled outcomes for obese patients compared with
outcomes for normal-weight patients are shown in Fig. 2.
For obese patients, studies show significantly increased
risks of overall complications,w_m’l(’ (OR 1.37; P = 0.013)
anastomotic 1<=,al<21gf:,9’12_19 (OR 1.74; P =0.001), and
thromboembolic complications 10,12-14 (OR 2.05;
P = 0.039). Additionally, this group has displayed trends
toward higher risks of pulmonary complications,”"® (OR
1.18; P =0.050) cardiac complications,10*14’17*19 (OR

1.32; P =0.071), and wound infection,”'*'*!"18 (OR
1.35; P = 0.155) but the differences have not been statis-
tically significant.

Considering the substantial heterogeneity in the com-
parison of pulmonary complications (% = 37.0%;
P =0.270), a subgroup analysis examined the country of
each study. Asian studies'®"'® showed a significant increase
in pulmonary complications (OR 1.64; P = 0.002) for
obese patients compared to the normal-weight patients,
whereas Western studies’ > did not report significant dif-
ferences between the two groups (OR 0.91; P = 0.528). A
subgroup analysis of wound infection also was performed,
but only Western studies”'*™'* showed an increased risk
(OR 2.22; P =0.022) for obses patients. No significant
publication bias was observed for any comparisons, nor
was the positive outcome affected by the sensitivity
analysis.
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TABLE 2 Meta-analysis of characteristics of patients with different categories of BMI
Comparisons (vs NW) No. of studies No. of cases P value OR (95% CI) Heterogeneity
I (%) P value®
Smoking history
OB 7 2577 0.006 0.77 (0.63-0.93) 423 0.109
ow 3 1019 0.307 0.87 (0.67-1.14) 0 0.667
uw 6 1975 0.001 1.63 (1.23-1.25) 16.5 0.307
MO 2 944 < 0.001 0.46 (0.32-0.66) 0 0.435
Diabetes
OB 8 3047 < 0.001 2.52 (1.91-3.31) 0 0.858
ow 4 1439 0.011 1.62 (1.12-2.36) 0 0.825
uw 6 2031 0.088 0.65 (0.40-1.07) 0 0.887
MO 2 944 < 0.001 2.15 (1.45-3.19) 0 0.475
Cardiac disease
OB 6 1397 0.175 1.24 (0.91-1.70) 0 0.720
ow 3 779 0.683° 1.15 (0.59-2.22)° 68.4 0.042
uw 5 966 0.319° 0.61 (0.23-1.62)° 57.6 0.051
MO 2 944 0.030 1.52 (1.04-2.22) 0 0.629
ASA score (3-4)
OB 5 1080 0.937 1.01 (0.75-1.36) 0 0.514
ow 5 1469 0.003 0.70 (0.55-0.88) 0 0.941
uw 2 251 0.765 1.12 (0.53-2.39) 0 0.905
Histopathology (AC)?
OB 4 962 < 0.001 4.92 (2.93-8.25) 0 0.478
ow 5 1349 < 0.001 2.67 (2.06-3.47) 14.7 0.320
Uw 3 354 < 0.001 0.23 (0.12-0.45) 15.2 0.307
Clinical stage (early stage)®
OB 6 1263 < 0.001 1.67 (1.25-2.23) 44.5 0.109
ow 6 1546 0.116 1.24 (0.95-1.61) 0 0.664
uw 3 422 0.068 0.46 (0.20-1.06) 33 0.225
MO 2 252 0.006 2.38 (1.29-4.41) 0 0.860
Pathologic stage (early stage)
OB 7 2666 0.143 1.16 (0.95-1.41) 29.4 0.204
ow 3 1072 0.191 1.23 (0.91-1.64) 334 0.223
uw 6 2001 < 0.001 0.63 (0.49-0.80) 0 0.642

BMI body mass index, OR odds ratio, CI confidence interval, NW normal weight (BMI 18.5-24.9 kg/mz), OB obesity (BMI > 30.0 kg/m2 for
western studies and BMI > 25.0 kg/m2 for Asian studies), OW overweight (BMI 25.0-29.9 kg/mz), UW underweight (BMI < 18.5 kg/mz), MO
morbid obesity (BMI > 35.0 kg/m?), ASA American Society of Anesthesiologists, AC adenocarcinoma

dCalculated with I-square (1) statistic
®Calculated with Cochran’s Chi square (x?)-based Q statistic test
“Calculated with random-effects Mantel-Haenszel model

90nly Western studies were included, and the histopathology types were restricted to adenocarcinoma and squamous cell carcinoma

“Defined as American Joint Committee on Cancer (AJCC) stage 0-2 or T stage 0-2

Defined as AJICC stage 0-2

Figure 3 shows the forest plots for mortality and com-
plications in overweight patients and normal-weight
patients after esophagectomy. No significant difference in
complications was observed for overweight patients

compared with normal-weight patients, except for an
increased risk of overall complications'®'* (OR 1.32;
P = 0.030). Moreover, overweight patients showed trends
toward lower risks of mortalitylo_15 (OR 0.66; P =0.137)
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TABLE 3 Meta-analysis of the incidence rates (IRs)* for motility and postoperative complications of patients in different BMI categories

Outcomes All patients uw NW ow OB MO
IRs 95% CI IRs  95% CI IRs 95%CI IRs 95%CI IRs 95%CI IRs 95% CI
Mortality 25 1832 22° 0043 27 1637 23> 1333 20 1.1-30 24" 0840
Overall complications  42.6 33.5-51.7 62.3 35.2-89.4 37.8 28.3-473 444 303-58.6 447 33.3-56.1 54.4® 48.7-60.1
Pulmonary 16.2 12.3-20.1 25.6 15.8-355 167 124-21.1 152 7.6-22.7 172 13.0-21.5 173 11.2-233
complications
Cardiac complications 11.1  7.5-14.6 12.6 4.4-20.8 89 6.0-11.8 155 9.5-21.5 12.0 6.5-17.5 122 24-220
Anastomotic leakage 62 5569 7.8° 48-10.7 48 3.9-5.6 5.1 1.6-8.6 10.3 6.6-13.9 12.7 0.8-24.7
Wound infection 64 3890 7.1 —08-151 6.1 35-87 6.8° 4493 6.3 2.9-9.2 9.9 1.7-18.1
Thromboembolic 36 1.7-55 - - 2.1 0.5-3.6 29°  1.4-44 7.1 13-12.8  5.8° 3.1-8.5
complications
Anastomotic stenosis 6.0 1.2-10.8 - - 45 0.6-83 7.3 1.0-156 12.6° 87-165 7.6 —0.6-21.2

UW underweight (BMI < 18.5 kg/m?), NW normal-weight (BMI 18.5-24.9 kg/m?), OW overweight (BMI 25.0-29.9 kg/m?), OB obesity
(BMI > 30.0 kg/m2 for western studies and BMI > 25.0 kg/m2 for Asian studies), MO morbid obesity (BMI > 35.0 kg/mz), IRs incidence

rates, CI confidence interval

?All IRs were expressed as percentages

®Calculated with fixed-effect Mantel-Haenszel model; other values calculated with random-effects Mantel-Haenszel model

and pulmonary complications’ ™' (OR 0.86; P = 0.187) but
higher risks of cardiac complications'®'* (OR 1.40;
P =0.066) and wound infection”!>!* (OR 1.81;
P =0.071), but the differences were not statistically sig-
nificant. Notably, significant publication bias was observed
in the comparison of wound infection, thromboembolic
complications, and anastomotic stenosis, according to the
funnel plots.

Compared with the normal-weight group, the under-
weight group exhibited increased risks of pulmonary
complicationsgf“’mf19 (OR 1.92; P =0.020) and anasto-
motic leakage”'®™'” (OR 1.64; P = 0.034) (Fig. 4). No
significant differences in mortality,''"'""' (OR 1.04;
P =0.921) cardiac complication,'™'"'"""" (OR 1.63;
P = 0.163) or wound infection®'”'® (OR 0.93; P = 0.824)
were observed between the two groups. Additionally, the
underweight group displayed a trend toward a higher
incidence of overall complicationm’”’16 (OR 2.31;
P = 0.051) but the difference was not significant according
to the random effect model. Significant publication bias
and positive outcomes for the sensitivity analysis were not
observed for any comparisons. We did not perform a meta-
analysis of thromboembolic complications and anastomotic
stenosis due to the lack of corresponding data in the
included studies.

We also investigated the risks of mortality and postop-
erative complications for morbidly obese patients, and the
outcomes are shown in Fig. 5. This group displayed higher
risk of wound infection'**>*' (OR 1.62; P = 0.027) and
thromboembolic complicationslo’“"20 (OR 2.65;
P = 0.003) than the normal-weight group. No significant

differences in mortality (OR 0.69; P = 0.303), pulmonary
complications (OR 1.06; P = 0.723), or cardiac (OR 0.90;
P = 0.647) complications were identified between the two
groups.' #2921 In addition, the morbidly obese group
showed a trend toward an increased incidence of overall
complication'®'*?° (OR 1.30; P = 0.055), but the differ-
ence was not statistically significant.

DISCUSSION

The incidence of obesity is rapidly increasing in Wes-
tern countries and is widely reported to be associated with a
high risk of major complications after surgery.***' A meta-
analysis by Kayani did not report significant differences in
perioperative mortality or complications between obese
patients and non-obese patients,”> whereas a recent meta-
analysis including only Western studies confirmed a higher
incidence of anastomotic leakage in obese patients than in
non-obese patients.”

Our meta-analyses demonstrated higher incidence of
overall complications, anastomotic leakage, and throm-
boembolic complications for obese patients than for
normal-weight patients. Moreover, obese patients in Wes-
tern countries had a higher risk of wound infection,
whereas obese Asians were more likely to experience
pulmonary complications. An increased incidence of dia-
betes among obese patients was observed, and diabetes was
confirmed to be a risk factor for wound infection and
anastomotic leakage in previous studies.***® The similar
percentage of subjects with cardiac disease and ASA scores
of 3 to 4 among obese and normal-weight patients may
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FIG. 2 Forest plots of mortality and complications among obese
patients (OB) and normal-weight (NW) patients treated with
esophagectomy. a Meta-analyses of mortality, b overall
complications, ¢ pulmonary complications, d cardiac complications,
e anastomotic leakage, f wound infection, g thromboembolic
complications, and h anastomotic stenosis are shown. The right

confirm the “obese paradox”* in which obese patients
have a lower adjusted risk of mortality and complications
than normal-weight patients.

Studies have confirmed Barrett’s esophagus in the set-
ting of gastroesophageal disorders, found primarily among
obese individuals, to be the most important etiologic factor
contributing to AC, accounting for the higher percentage of
AC among obese patients.> >’ Additionally, symptoms
from gastroesophageal reflux may motivate patients to seek
further evaluation, resulting in a diagnosis at earlier stages.

Immune cells are believed to play an important role in
protecting and maintaining the integrity of epithelial bar-
riers, and a reduction in the function of immune cells has

panel presents the outcomes of funnel plots and the sensitivity
analysis corresponding to the forest plots shown in the left panel. A
subgroup analysis according to the region involved in the study was
performed for ¢ pulmonary complications and f wound infection. OR
odds ratios, CI confidence interval

been confirmed in obese patients, likely contributing to the
increased incidence of wound infection after surgery.®'~®
According to previous studies, obesity is an important risk
factor for venous thromboembolism in hospitalized
patients, consistent with the results from our meta-
analysis.>”*"

Overweight status was confirmed to confer the largest
benefit on perioperative outcomes after esophagectomy. No
significant difference was observed in short-term outcomes
between overweight and normal-weight individuals, except
for a higher incidence of overall complications, with trends
toward lower incidences of mortality and pulmonary
complications. Moreover, this group showed the lowest
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FIG. 3 Forest plots of mortality and complications among complications, and h anastomotic stenosis are shown. The right

overweight (OW) and normal-weight (NW) patients treated with
esophagectomy. Meta-analyses of a mortality, b overall
complications, ¢ pulmonary complications, d cardiac complications,
e anastomotic leakage, f wound infection, g thromboembolic

risk of pulmonary complications among different BMIs
regarding the meta-analyses of the IRs. Our meta-analyses
of comorbidities showed a higher prevalence of diabetes,
but significant differences in smoking history and cardiac
diseases between overweight and normal-weight patients
were not observed. Interestingly, the incidence of an ASA
score 3 or 4 was lower for overweight individuals than for
normal-weight individuals, which may account for the
better short-term outcomes recorded after surgery.** One
study involving 529,955 samples obtained from the major
resection of cancer from ACS-NSQIP (2005-2012) showed
lower incidences of mortality, reoperation, and overall
morbidity, but higher incidences of wound infection and

panel presents the outcomes of funnel plots and the sensitivity
analysis corresponding to the forest plots shown in the left panel. OR
odds ratios, CI confidence interval

thromboembolic complications for overweight patients
than for normal-weight patients.®’ Further studies are
needed to investigate the benefits of overweight status.
Due to the small percentage of patients, underweight
status has been rarely investigated in Western studies.'>*!
In our analysis, underweight patients had a higher inci-
dence of smoking habits, which surely contribute to the
increased incidence of pulmonary complications.***?
Current smoking also is reported to be a dominant risk
factor for anastomotic leakage in patients undergoing
esophageal surgery and other types of gastrointestinal
surgery.***> A BMI lower than 18.5 kg/m? and weight loss
of 5% or more during the 3 months before surgery are
strong indicators of malnutrition, which studies have con-
firmed to be a risk factor for postoperative complications,
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FIG. 4 Forest plots of mortality and complications among
underweight (UW) and normal-weight (NW) patients treated with
esophagectomy. Meta-analyses of a mortality, b overall
complications, ¢ pulmonary complications, d cardiac complications,

particularly anastomotic leakage.**™*® Additionally, the
underweight population experiencing esophageal cancer
likely will face extreme nutritional risk for a high incidence
of preoperative weight loss.”>*' Moreover, patients with
severe preoperative weight loss and advanced tumor stage
are more likely to face risks of cachexia and sarcope-
nia,49’5° which are reported to be associated with increased
risks of pulmonary complications and anastomotic leakage
after esophagectomy.’’™* Therefore, underweight status
can be recognized as a preliminary screening condition for
intensive perioperative management to reduce the risk of
postoperative complications.

Morbid obesity was analyzed independently and shown
to be associated with increased IR of wound infection and
thromboembolic complications, with the highest IR of
anastomotic leakage among different BMIs. According to
our analysis, this group displayed a higher incidence of
comorbidities, including diabetes and cardiac diseases,
consistent with a previous study.’' Morbidly obese patients
likely face problems with undertreatment, including oper-
ation and radiation therapy, because of the comorbidities
associated with obesity.”” Surgeons may decide against
performing more challenging surgical procedures for these
patients due to a higher risk of anesthetic and surgical

e anastomotic leakage, and f wound infection are shown. The right
panel presents the outcomes of funnel plots and the sensitivity
analysis corresponding to the forest plots shown in the left panel. OR
odds ratios, CI confidence interval

complications, longer operative times, and greater esti-
mated intraoperative blood loss.>*® However, our
analysis did not demonstrate a significant difference in
mortality and cardiopulmonary complications between
morbidly obese individuals and normal-weight individuals.
From our perspective, patients with esophageal pathologic
conditions should not be prevented from undergoing
resection based on morbid obesity alone, although more
careful perioperative management is necessary to reduce
the incidences of postoperative complications.

We were not able to conduct a subgroup analysis by
ASA score, tumor stage, neoadjuvant therapy, surgical
techniques, and other important confounding factors due to
the lack of original data in the enrolled studies. However,
the impacts of these factors on mortality and postoperative
complications should be carefully considered. Patients with
an ASA score of 3 or 4 always experience severe systemic
diseases and dysfunction before surgery, which appear to
affect postoperative complications and mortality after
esophagectomy.”’>° The impact of advanced tumor stage
on short-term outcomes remains controversial, and it is
more likely to be associated with long-term survival.®*~%*
Neoadjuvant therapy is reported to cause skeletal muscle
loss in esophageal cancer patients and reduce their
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FIG. 5 Forest plots of mortality and complications among morbidly
obese (MO) and normal-weight (NW) patients treated with
oesophagectomy. Meta-analyses of a mortality, b overall
complications, ¢ pulmonary complications, d cardiac complications,

cardiopulmonary function.®*** A meta-analysis including
1058 patients demonstrated that neoadjuvant chemoradia-
tion for esophageal SCC patients significantly increased
postoperative mortality and cardiopulmonary complica-
tions.®> However, this was not reported in some other
studies.®®®” The impacts of surgical approach on postop-
erative complications also have been widely studied. A risk
adjustment model based on the Society of Thoracic Sur-
geons (STS) database (2011-2014) demonstrated that
McKeown esophagectomy is an independent predictor of
combined postoperative morbidity or mortality compared
with the Ivor Lewis esophagectomy.®” A study by
Schiottmann et al.”® with 4053 patients reported that
transthoracic esophagectomy was associated with higher
incidences of postoperative pneumonia, whereas transhiatal
esophagectomy had higher incidences of infection and
sepsis. A nationwide study conducted in France demon-
strated that intrathoracic anastomosis has a lower 30-day
postoperative mortality rate than cervical anastomosis, and
that performing a thoracotomy is not associated with the
postoperative mortality rate.%®

Our meta-analysis confirmed the prognostic value of
preoperative BMI for several perioperative complications
to some extent. Individualized management during the

T
%

e wound infection, and f thromboembolic complications are shown.
The right panel presents the outcomes of funnel plots and the
sensitivity analysis corresponding to the forest plots shown in the left
panel. OR odds ratios, CI confidence interval

perioperative period is thus recommended for patients with
different BMIs. Obese and underweight patients should
receive extra attention for the early detection and prompt
treatment of anastomotic leakage. Timely wound care and
strict sterilization procedures may be beneficial to prevent
wound infection. Moreover, a weight-based regimen of
low-molecular-weight heparin may be a good choice to
prevent perioperative venous thromboembolism after
esophagectomy in obese individuals.**®® Systematic
cooperation of surgical and intensive care teams is vital for
the smooth discharge of underweight patients. Addition-
ally, underweight patients may benefit from preoperative
nutritional assessments and nutritional supplementation
due to their higher risk of malnutrition and cachexia.”®”"
Preoperative pulmonary promotion and perioperative pul-
monary care may be helpful in reducing pulmonary
complications for underweight patients, particularity cur-
rent smokers.

Several limitations in this meta-analysis must be con-
sidered. Most of the studies included in this meta-analysis
were retrospective and uncontrolled. A consensus on the
standardization of perioperative complications among the
involved articles was not achieved. Only four Eastern
studies were included in this meta-analysis. Thus a
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comprehensive comparison between Western and Eastern
patients was difficult to conduct. The obesity paradox may
reduce the real risk of extreme BMI, which must be noted.
Adjustment of confounding factors for BMI must be per-
formed to obtain more accurate outcomes.

CONCLUSIONS

Obesity was found to be a risk factor for overall com-
plications, anastomotic leakage, and thromboembolic
complications. Obese patients in Western countries had a
higher risk of wound infection, whereas obese Asians were
more likely to experience pulmonary complications.
Overweight patients may experience the greatest benefit
from surgery, without increased risks of mortality or major
complications. Moreover, underweight status was a risk
factor for pulmonary complications and anastomotic leak-
age, and this group had the highest IR of overall
complications. The morbid-obesity group had a higher risk
of wound infection and thromboembolic complications
than the normal-weight group, with the highest IR of
anastomotic leakage among different BMIs. Individualized
management during the perioperative period is thus rec-
ommended for patients with different BMIs.
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