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Abstract

Background As obesity becomes more prevalent, it
becomes more common among patients considering ortho-
paedic surgery, including spinal surgery. However, there is
some controversy regarding whether obesity is associated
with complications, failed reconstructions, or reoperations
after spinal surgery.

Questions/purposes We wished to determine, in patients
undergoing spine surgery, whether obesity is associated
with (1) surgical site infection, (2) mortality and the need
for revision surgery after spinal surgery, and (3) increased
surgical time and blood loss.

Methods A systematic literature search was performed to
collect comparative or controlled studies that evaluated the
influence of obesity on the surgical and postoperative
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outcomes of spinal surgery. Two reviewers independently
selected trials, extracted data, and assessed the methodo-
logic quality and quality of evidence. Pooled odds ratios
(OR) and mean differences (MD) with 95% CIs were
calculated using the fixed-effects model or random-effects
model. Data were analyzed using RevMan 5.1. MOOSE
criteria were used to ensure this project’s validity. Thirty-
two studies involving 97,326 patients eventually were
included.

Results  Surgical site infection (OR, 2.33; 95% CI, 1.94-
2.79), venous thromboembolism (OR, 3.15; 95% CI, 1.92—
5.17), mortality (OR, 2.6; 95% CI, 1.50-4.49), revision rate
(OR, 1.43; 95% CI, 1.05-1.93) operating time (OR, 14.55;
95% CI, 10.03-19.07), and blood loss (MD, 28.89; 95% CI,
14.20-43.58), were all significantly increased in the obese
group.

Conclusion Obesity seemed to be associated with higher
risk of surgical site infection and venous thromboembo-
lism, more blood loss, and longer surgical time. Future
prospective studies are needed to confirm the relationship
between obesity and the outcome of spinal surgery.

Introduction

Obesity has become a global epidemic that is increasing in
prevalence in adults and children. A BMI greater than
30 kg/m” generally is categorized as obese. In 2008, the
global prevalence of obesity was 9.8% in men and 13.0%
in women, which is nearly twice the 1980 prevalence rates
[7]. Obesity is a known risk factor for many chronic con-
ditions including cardiovascular disease, diabetes, stroke,
some forms of cancer, and musculoskeletal disorders such
as knee osteoarthritis and low back pain [12, 18, 36].
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More specifically, patients who are obese may have diffi-
culties with surgical access and there have been reports of an
increased risk of operative complications for surgical proce-
dures such as spinal surgery [4, 6, 8, 17, 22,23, 29, 35]. Some
studies reported that obesity has been associated with unfa-
vorable surgical outcomes such as longer operative times,
greater operative blood loss, and a higher rate of revision for
patients having spinal surgery [10, 14, 31, 32, 35, 39]. How-
ever, other studies did not find significant differences
regarding surgical outcome and complications between
patients who were obese or not obese [2, 5, 9, 26]. Djurasovic
etal. [5] retrospectively reviewed clinical data of a total of 270
patients undergoing lumbar fusion and found that obese
patients achieve similar benefits as nonobese patients. Gep-
stein et al. [9] also investigated the effect of obesity on patients
undergoing lumbar decompressive spinal surgery and sug-
gested that it was reasonable to operate on obese patients with
appropriate indications. Consensus regarding the effect of
obesity on spinal surgery appears to be lacking.

Accordingly, we sought to perform a meta-analysis to
determine whether obesity is associated with (1) surgical
site infection and venous thromboembolism, (2) mortality
and the need for revision surgery after spinal surgery, and/
or (3) increased surgical time and blood loss.

Materials and Methods

We did this meta-analysis in accordance with the Meta-
analysis Of Observational Studies in Epidemiology
(MOOSE) [38] guidelines.

Search Strategy

The databases of PubMed, EMBASE, the Cochrane Library,
Web of Science, and Chinese Biomedical Database were
searched without language restrictions for reports published
between 1970 and November 2012. The search terms were
(obes* OR adiposity OR body mass index OR BMI) AND
(cervical OR thoracic OR lumbar OR sacral OR spine sur-
gery OR spinal surgery). Furthermore, the reference lists of
review articles regarding this topic and included trials were
checked manually to identify additional relevant citations.
Two investigators (JJ, YT) independently reviewed the lit-
erature to identify relevant articles for full-text review.
Disagreements regarding the search were resolved by dis-
cussion with a third author (YX).

Inclusion Criteria and Study Selection

Studies were included if they were controlled or comparative
studies that focused on the influence of obesity on complication

rate and outcome of spinal surgery. The outcomes we evalu-
ated were operating time, postoperative blood loss, pain score,
postoperative mortality, revision rate, length of hospital stay,
postoperative complications including surgical site infection,
wound complication, and venous thromboembolism. Studies
involving at least one outcome were included; review articles,
expert opinions, and trials without reporting the outcome
measures of interest were excluded. Two authors (ZF, SK)
independently reviewed all excluded citations and disagree-
ments were resolved by a third reviewer (YX).

Data Abstraction and Quality Assessment

The data from the included studies were extracted using an
Excel database (Microsoft Inc, Redmond, WA, USA) by
two authors (JJ, YT) The available data from the selected
studies were: country, study design, patient characteristics
(age, sex, and other baseline characteristics), spinal level,
and outcomes. Any disagreements in abstracted data were
resolved by a third reviewer (YX).

Two authors (ZF, SK) independently assessed the
methodologic quality of identified studies according to the
Newcastle-Ottawa Scale [41] for observational studies. The
Newcastle-Ottawa Scale assesses population selection,
comparability of exposed (obese) and unexposed (nonob-
ese), and adequacy of outcome assessment (including
outcome ascertainment and attrition). Discrepancy or
uncertainty was discussed with another author (YX).

The quality of the evidence for the overall outcome was
assessed using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach
[3]. The GRADE approach considers the results from the
observational studies as low-quality evidence; however,
there are criteria for rating up the quality level: a large
effect (at least a twofold increase or reduction in risk), a
dose-response gradient, and if all plausible confounding
would decrease an apparent treatment effect or, in case of
no effect, would create a spurious effect. The evidence
quality for each outcome was generally low (Table 1).

Search Results

There were 2804 initial studies found after a comprehen-
sive search. A total of 644 duplicates and 2105 citations
were excluded based on screening the titles and abstracts,
leaving 55 potentially relevant studies. After screening full
texts, 23 citations were not in accordance with the inclu-
sion criteria of our study and were excluded. Finally, 32
studies [1, 2, 5, 6, 8-11, 13-17, 19-28, 30-35, 39, 40, 43]
involving 97,326 patients were included in our study
(Figs. 1, 2).
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Table 1. Results of the meta-analysis

Outcomes Number of studies [references] Number of patients MD or OR Heterogeneity GRADE
————— (95% Q) evidence
Obese Nonobese

Surgical site 24 12,5, 6, 8-10, 13-15, 17, 19, 20, 3493 89,690 2.33 (1.94, 2.79) > = 49%, p = 0.007 Moderate

infection 23, 24, 27, 28, 30-35, 39, 40]

Venous thromboembolism 6 [2, 13, 15, 25, 27, 35] 1643 83,442 3.15 (1.92, 5.17) I’ = 0%, p = 0.63 Moderate

Mortality 62,9, 13, 15, 31, 32] 2172 84,604 2.6 (1.50, 4.49) I =0%,p=090 Moderate

Revision 911, 2,5, 21, 31-33, 39, 40] 1039 1815 1.43 (1.05, 1.93) I* =28%,p=019 Low

Operating time 8 [10, 14, 31, 32, 34, 35, 39, 40] 786 1658 14.55 (10.03, 19.07) > = 44%, p = 0.09 High

Blood loss 7 [10, 14, 27, 31, 32, 35, 40] 748 1548 28.89 (14.20, 43.58) I* = 38%, p = 0.14 Moderate

GRADE Working Group grades of evidence: High quality = further research is very unlikely to change our confidence in the estimate of effect;
Moderate quality = further research is likely to have an important impact on our confidence in the estimate of effect and may change the
estimate; Low quality = further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to

change the estimate; Very low quality = very uncertain about estimate.

Characteristics of Included Studies

The articles were published between 1987 and 2013. Of all
the included studies, eight [2, 8, 9, 13, 16, 27, 34, 43] were
prospective and 24 were retrospective studies. All but five
studies were conducted in the United States; two were from
China [10, 11] and one each was from Israel [9], Sweden
[16], and Austria [35]. All the studies reported the level of
the spine in question: the cervical spine was involved in
eight, the thoracic spine in 13, the lumbar spine in all
included studies, and the sacral spine in five (Table 2).

Quality of Included Studies

According to the Newecastle-Ottawa Scale for observa-
tional studies (Table 2), the overall quality was considered
variable and the studies have some common problems.
Only eight studies used a prospective design. Some studies
used samples that could not represent the injured popula-
tion, and some studies had a sample size smaller than 100
in some groups.

Data Analysis

If there were continuous variables, the weighted mean
difference (MD) was recommended to assess the treatment,
with 95% CI. For dichotomous outcomes, results were
expressed as odds ratio (OR). Data were pooled using the
fixed-effect model, but the random-effects model also was
considered in the event that I* index was less than 50%.
Heterogeneity between trials was assessed by the I? index,
which measures the percentage of the variability in effect
estimates that is attributable to heterogeneity. Subgroup
analysis was conducted to investigate possible reasons for

@ Springer

heterogeneity. A funnel plot based on the primary outcome
was used to evaluate publication bias. The analysis for
publication bias using the surgical site infection end point
showed that there was little evidence for publication bias
among the included studies.

Results

Twenty-three studies [2, 5, 6, 8-10, 13-15, 17, 19, 20, 22,
23, 27, 28, 30-35, 39, 40] including 8576 patients reported
the incidence of surgical site infection. The pooled analysis
showed that obesity was associated with higher rate of
surgical site infection (relative risk [OR] = 1.87, 95% CI
[1.53, 2.29]). A separate analysis of the Levels I and II
studies also showed that a higher rate of surgical site
infections was found in the obese group (MD = 1.83, 95%
CI [1.38, 2.43]) and the result of Level III studies was
consistent with those of Levels I and II studies (MD =
1.91, 95% CI [1.45, 2.52]). Six studies including 85,085
patients reported the risk of venous thromboembolism. The
pooled analysis showed that obesity was associated with
higher risk of venous thromboembolism (OR = 3.15, 95%
CI [1.92, 5.17]). There was no heterogeneity among the
studies with an 1% of 0%.

Five Level I or II studies [2, 9, 13, 31, 32] involving
2169 patients examined the risk of mortality in relation to
obesity. The pooled analysis of data suggested that there
was no significant difference in mortality between obese
and nonobese groups (OR = 2.06, 95% CI [0.52, 8.09]).
These studies had no heterogeneity, with an I? of 0%.

Nine Level I or II studies [1, 2, 5, 21, 31-33, 39, 40]
including 2854 patients reported the rate of revision for
spinal surgery. The pooled analysis revealed that obesity
was associated with high rate of revision (OR = 1.43, 95%
CI [1.05, 1.93)).
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Fig. 1 The flow chart shows the article selection process we performed for this meta-analysis. SCI = Web of Science; CBD = Chinese

Biomedical Database.
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Fig. 2 The funnel plot of the surgical site infection.

Eight Level I or II studies [10, 14, 31, 32, 34, 35, 39, 40]
including 2444 patients reported the results of operating
time. The meta-analysis revealed that obesity was associ-
ated with longer operating time (OR = 14.55, 95% CI
[10.03, 19.07]). Seven studies [10, 14, 27, 31, 32, 35, 40]
involving 2296 patients reported the results of blood loss.
The pooled analysis showed that obesity was associated
with more blood loss (MD = 28.89, 95% CI [14.20,
43.58]). A separate analysis of the Levels I and II studies
also showed that more blood loss was found in obese group
(MD = 30.25, 95% CI [14.86, 45.65]), while analysis of
Level III studies revealed no significant difference in blood

loss between the two groups (MD = 15.00, 95% CI
[—34.08, 64.08]).

Discussion

According to the WHO, at least 2.8 million people
worldwide die every year because of being overweight or
obese, and an estimated 35.8 million (2.3%) of global
Disability Adjusted Life Years (DALYs) are caused by
overweight [42]. Obesity has become more common
among patients considering orthopaedic surgery, including
spinal surgery. Results of the association between obesity
and the outcome of spinal surgery remains a subject for
debate. Our aim in this meta-analysis was to evaluate
surgical site infection, mortality, revision surgery, surgical
time, and blood loss in obese and nonobese patients
undergoing spinal surgery.

The results of our meta-analysis showed that obesity
was associated with longer operating time, more postop-
erative blood loss, higher risk of mortality, and more
postoperative complications including surgical site infec-
tions and venous thromboembolisms.

Our study has several limitations. First, our meta-ana-
lysis incorporates observational studies that are low quality
in design, and as such may have been sensitive to selection,
detection, and performance biases. By conducting an
evaluation for the possible presence of publication bias

@ Springer
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continued

Table 2.

NOS Level of

Mean age (years)

Number of patients

Surgery

Spinal

Diagnosis

Study

Location Years

Study

score evidence

Obese Nonobese Combined

Nonobese

Obese

levels

design

I

62.9

157 58.9

156

T,L Extreme lateral interbody

2006-2008  Retrospective DD

USA

Rodgers et al. [33]

fusion

56

72
45

35
27

Fusion

2002-2006  Prospective DD
Retrospective DD

2010-2011

USA

Rosen et al. [34]

I
I

61.8

Fusion, laminotomy

L
L

Austria

USA

Senker et al. [35]

474 513

Laminectomy, 79

Retrospective SS, LDH

2004-2007

Tomasino et al. [39]

discectomy

1T

14.3

193

48

C, T,L, S Fusion, thoracotomy

DD, trauma T, L

1995-2004  Retrospective AIS

May 2008—

USA

Upasani et al. [40]
Yadla et al. [43]

52.8

42

45

Laminectomy,

Prospective

USA

discectomy, fusion

Dec 2008

sacral; DD = degenerative disease; SS = Spinal stenosis; DS = degenerative spondylolisthesis;

S: =

lumbar;

L=

cervical; T: thoracic;

C
lumbar disc herniation; AIS = adolescent idiopathic scoliosis; NR = not reported.

NOS = Newecastle-Ottawa scale;

LDH

using a funnel plot on the surgical site infection end point,
we observed that the plot was not symmetric, which sug-
gests that publication bias might have affected the literature
on this point. If it affected the literature on this point, it is
conceivable that it could have affected the literature on our
other end points as well. In general, publication bias results
in the nonpublication of smaller studies that conclude no
difference between groups, and so suggests that the find-
ings with respect to obesity may have been overstated in
our evaluation. Second, heterogeneity of included studies
was induced by many factors such as different surgical
procedures and different spine levels. However, as a result
of limited data, we did not conduct subgroup analyses of
different surgical procedures and different spine levels.
Third, most of the studies were from the United States
(n = 27); the results may or may not generalize well to
other populations.

Like some previous studies [6, 8, 14, 17, 22, 23, 31-33,
35, 39] in this genre, our study found that obese patients
had worse surgical outcomes including longer operating
time, more postoperative blood loss, and a higher rate of
revision than nonobese patients undergoing spinal surgery.
Generally, patients with higher BMIs have a thicker layer
of subcutaneous tissue, increasing the need for retraction
and duration of surgery, consequently increasing the
operating time [20]. The reason for more blood loss is
presumably the larger corridor to the spine, which causes
more tissue trauma. In addition, prolonged operative time
may result in increased blood loss [14, 32, 35]. Length of
hospital stay was not a statistical difference between obese
and nonobese patients, which is consistent with previous
studies [14, 27]. The rate of revision is greater in obese
patients than in nonobese patients. Most of the revisions
were the result of recurrent disc herniations. In obese
patients, normal anatomy and physiology are altered to
accommodate excess mass. When excess weight is carried,
the spine is forced to sustain increased or altered stress,
which may lead to advanced degeneration [43]. Meredith
et al. [21] reviewed all cases of patients with a minimum
followup of 6 months who had one- or two-level lumbar
microdiscectomies from L2 to S1 performed by one sur-
geon, and reported that obesity was a strong and
independent predictor of recurrent herniation of the nucleus
pulposus after lumbar microdiscectomy.

Numerous authors have suggested that obesity is associ-
ated with a poor prognosis owing to associated comorbidities
that might be linked to higher postoperative complication
rates [9, 16, 26, 35, 43]. We found a higher risk of mortality
and more postoperative complications including surgical site
infections, wound complications, and venous thromboem-
bolisms in obese patients than in normal-weight patients. The
obese patients have thick subcutaneous adipose layers that
form dead space after closure of the surgical wound.
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Therefore, the necrosis of local fat can result in a localized
wound infection [20, 28]. In addition, this larger layer of
subcutaneous tissue can lead to a potential dead space after
closure, which may increase the risk of a complication such as
a surgical site infection or wound complication. Venous
thromboembolisms are a challenging problem for orthopaedic
surgeons. Stein et al. [37] investigated the potential risk of
obesity in patients with venous thromboembolism based on
the database of the National Hospital Discharge Survey and
indicated that obesity was a risk factor for men and women.
Results of our meta-analysis were consistent with their study
and showed that obesity was associated with a higher risk of
venous thromboembolism.

Some outcomes we evaluated were influenced not only
by minimally invasive surgeries or open procedures, but
also the different levels of spinal surgery. Future studies
need to investigate the influence of obesity, particularly in
cervical or thoracic spine surgery. Because most of the
studies were from the United States, whether the results of
our meta-analyses could be applied to other countries was
not clear. As a result, future studies conducted in other
countries are needed. Most of the current studies were
retrospective, which could introduce bias during data col-
lection. In the future, studies should be conducted and data
should be collected prospectively.

Based on the results of our meta-analysis, patients who
were obese had a longer operation time, more postoperative
blood loss, and higher risk of complications including
surgical site infections and venous thromboembolisms than
patients who were not obese.
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