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Study Design Retrospective study.

Objective Quantify the effect of obesity on elective thoracolumbar spine surgery
patients.

Methods Five hundred consecutive adult patients undergoing thoracolumbar spine
surgery to treat degenerative pathologies with minimum follow-up of at least 1 year
were included. Primary outcome measures included Numerical Rating Scales for back and
leg pain, the Short Form 36 Physical Component Summary and Mental Component
Summary, the modified Oswestry Disability Index, and patient satisfaction scores collected
preoperatively and at 3, 6, 12, and 24 months postoperatively. Secondary outcome
measures included perioperative and postoperative adverse events, postoperative emer-
gency department presentation, hospital readmission, and revision surgeries. Patients were
grouped according to World Health Organization body mass index (BMI) guidelines to
isolate the effect of obesity on primary and secondary outcome measures.

Results Mean BMIwas 30 kg/m?, reflecting a significantly overweight population. Each
BMI group reported statistically significant improvement on all self-reported outcome
measures. Contrary to our hypothesis, however, there was no association between BMI
group and primary outcome measures. Patients with BMI of 35 to 39.99 visited the
emergency department with complaints of pain significantly more often than the other
groups. Otherwise, we did not detect any differences in the secondary outcome
measures between BMI groups.

Conclusions Patients of all levels of obesity experienced significant improvement
following elective thoracolumbar spine surgery. These outcomes were achieved without
increased risk of postoperative complications such as infection and reoperation. A risk—
benefit algorithm to assist with surgical decision making for obese patients would be
valuable to surgeons and patients alike.
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Introduction

The obesity epidemic in North America continues to worsen.
More than 60% of citizens of the United States and Canada are
overweight; 35 and 25% are obese, respectively.1'2 These
numbers are rising, and projections suggest they will contin-
ue to rise.>* Geographical variability means even greater
rates of obesity in certain regions, thus challenging the
surgical techniques and technologies of surgeons in these
areas.” Care providers need to understand the influence of
body habitus on surgical outcomes to allow for optimal
treatment decision making.

Body mass index (BMI) is presently the most widely used
measure of body habitus.®” It is calculated as weight in
kilograms divided by the square of height in meters
(kg/m?).% Elevated BMI has been identified as an independent
risk factor for perioperative complications for a variety of
surgeries.®~ 10 Specific assessments of the effect of obesity on
spine surgery suggest increased rates of perioperative com-
plications and increased rates of reoperation.'-'2

The effects of obesity on spine surgery success have been
controversial. At best, obesity was not seen to adversely affect
outcomes.'>* Other studies, however, have identified dele-
terious effects of obesity.'> For example, obese patients may
report improvement, but perhaps not to the same level
obtained by patients of normal weight.'® These complications
have been associated with higher costs for obese patients
undergoing spine surgery.17 Furthermore, there is no pre-
dictable weight reduction observed following spine surgery
in the obese patient.18 These mixed results highlight the
complex relationship between obesity and spine surgery
outcomes. It is clear that further investigation is required.

The purpose of this study was to evaluate the relationship
between obesity and patient-reported outcomes following
elective thoracolumbar spine surgery. We hypothesized that
obese patients would demonstrate fewer postoperative ben-
efits than nonobese patients.

Methods

Data was obtained retrospectively from the Canada East Spine
Centre’s database of consecutive patients who had spine
surgery. Patients were treated by one of two fellowship-
trained spine surgeons from a single tertiary-level institution.
Inclusion criteria were patients 18 years of age or older
undergoing elective thoracolumbar spine surgery for degen-
erative pathologies who completed at least 1 year of postop-
erative follow-up. Exclusion criteria were involvement in
spine-related litigation, nondegenerative indication for sur-
gery (malignancy, infection, trauma), or a previous spinal
fusion. Institutional ethical review board approval was
received prior to study commencement.
Data collection included the following variables.

Grouping Variable

The World Health Organization (WHO) has categorized BMI
as normal (18.5 to 24.99), overweight (25 to 29.99), obese
class I (30 to 34.99), obese class II (35 to 39.99), and obese

class 111 (>40).° BMI in our study was calculated according to
WHO standards, by dividing patient weight by the square of
patient height.' The cohort was then divided into four
groups: normal weight (BMI <25, n = 107), overweight
(BMI 25 to 29.99, n = 180), obese (BMI 30 to 34.99,
n = 113), and morbidly obese (BMI >35, n = 100). Obese
classes II and Il were amalgamated into the morbidly obese
category in this study for statistical reasons, due to the limited
number of patients with BMI >40.

Demographics

Age, gender, number and type of comorbidities, diagnosis,
symptom profile, and BMI were recorded prospectively at the
patients’ presurgical evaluation.

Surgical Factors

Surgical details including traditional open versus minimally
invasive technique, decompression versus decompression
and fusion, primary versus revision surgery, number of levels
treated, operative time, and blood loss were recorded imme-
diately postoperatively. Length of hospital stay was recorded
upon hospital discharge.

Outcome Measures

Primary study measures were patient-reported outcomes:
Numerical Rating Scale for back pain (NRS-B) and leg pain
(NRS-L), modified Oswestry Disability Index (mODI), Short
Form 36 Physical Component Summary (SF-36 PCS) and
Mental Component Summary (SF-36 MCS). These were eval-
uated preoperatively and at 3, 6, 12, and 24 months postop-
eratively. Patient satisfaction ratings were collected according
to the same follow-up schedule.

Satisfaction scores were calculated using four questions:
(1) “I was helped as much as I thought I would be by my spine
treatment”; (2) “My pain was reduced as much as I expected it
to be after my surgery”; (3) “Overall I am satisfied with the
care I am receiving for my neck and/or back”; and (4) “All
things considered, I would have my spine treatment again for
the same condition.” Patients selected one of five responses:
“definitely true,” “mostly true,” “don’t know,” “mostly false,”
and “definitely false.” Responses were then coded according
to their answer to each question from 1 (definitely true) to 5
(definitely false) and assigned a total score. Scores from 4 to 9
represented satisfied patients, 10 to 14 represented neutral
patients, and 15 to 20 represented dissatisfied patients.

” o«

Perioperative Adverse Events

Secondary outcome measures consisted of any unplanned
surgery-related event. Each adverse event (AE) was recorded
using the validated Spine Adverse Event Severity (v1.1)
collection and scoring instrument.?® Number, type, and tim-
ing of each AE were documented. Perioperative AEs included
any event occurring between incision time and closure (e.g.,
dural tear); postoperative AEs included any surgery-related
complication occurring between surgery and most recent
follow-up (e.g., urinary retention). Revision surgery (per-
formed or scheduled) reason and date was recorded if
applicable.
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Unscheduled emergency department presentation and
hospital readmission were identified via retrospective review
of the provincial electronic health record system. Otherwise,
all data points were collected prospectively.

Statistics
An a priori power analysis was conducted using the minimum
clinically important difference method described by Samsa
et al.>’23 Baseline standard deviations of the main outcome
measures were each multiplied by 0.2 (a small effect size) to
determine the minimum clinically relevant effect size for each
variable. The smallest of these effect size values was then
used, and power was set at 90%, which yielded a minimum
group size of 80 patients per arm. Each of the group sizes in
the present study significantly exceeded this minimum value.
Data was analyzed utilizing BMI SPSS software (v20; IBM
Corp., Armonk, NY, United States). Non-normally distributed
variables were log-transformed. Categorical baseline varia-
bles were assessed using chi-square analyses. Differences in
the pre- versus postoperative SF-36 PCS, SF-36 MCS, mOD],
NRS-L, and NRS-B scores were assessed between BMI groups
while controlling for age, number of levels, surgery type, open

Table 1 Baseline patient demographics

or minimally invasive approach, gender, number of comor-
bidities, primary symptom, primary diagnosis, and physician
using multivariate analysis of covariance analyses. Significant
group main effects were followed up with pairwise compar-
isons and least significant difference post hoc analyses.
Multivariate analysis of covariance was also used to investi-
gate pathology (disk pathology, stenosis, and spondylolis-
thesis) differences in the pre- versus postoperative SF-36 PCS,
SF-36 MCS, mODI, NRS-L, and NRS-B scores between BMI
groups. Significance was considered as p < 0.05.

Results

Between 2008 and 2013, 500 consecutive patients (50.4%
female) met the study inclusion criteria. The mean age was
55.16 years with a mean number of comorbidities of 0.44 per
patient (range: 0 to 5). The mean BMI measured 30 kg/m?,
reflecting a significantly overweight population. The average
postoperative follow-up was 21 months, with a 1-year follow-
up rate of 95%. The surgeon-reported primary indication for
surgery included leg pain (40.4%), claudication (30.3%), equal
back and leg pain (23.2%), or other symptoms (6.1%; back pain,

Measure Sample total | NW ow OB MO (BMI > 35; | p Value
(n =500) (BMI 18.5- | (BMI 25.00- | (BMI 30.00- | n = 100)
24.99 kg/m?; | 29.99 kg/m?; | 34.99 kg/m?;
n = 107) n = 180) n=113)
Mean age (SD) 55.16 (14.70) | 50.49 (16.56) | 55.83 (14.69) | 57.55 (14.47) | 55.83 (11.62) | NW-OW: 0.003
NW-0B: <0.001
NW-MO: 0.009
OW-08B: 0.324
OW-MO: 0.999
OB-MO: 0.389
% Female 50.4 65.4 44.4 45.1 52.0 NW-0OW: 0.001
NW-OB: 0.004
NW-MO: 0.050
OW-0B: 0.908
OW-MO: 0.225
OB-MO: 0.317
Comorbidities (%) NW-OW: 0.898
1 23 17.8 18.9 31.9 27.0 NW-0B: 0.009
2 5.9 2.8 4.4 8.8 10.0 NW-MO: 0.014
>3 2.5 1.8 1.7 2.7 5.0 OW-08B: 0.013
OW-MO: 0.017
OB-MO: 0.731
Primary symptom (%) NW-0OW: 0.001
Leg pain 40.7 43.0 43.9 40.7 333 NW-0B: <0.001
Neurogenic 30.5 14.0 32.8 38.1 37.4 OW-0B: 0.785
Back and leg pain | 23.4 32.7 18.3 17.7 27.3 NW-MO: <0.001
Claudication 5.4 10.3 5.0 3.6 2.0 OW-MO: 0.113
Other 0.0 0.0 0.0 0.0 0.0 OB-MO: 0.335
Primary diagnosis (%) NW-0OW: 0.025
Stenosis 43.5 28.0 42.2 53.0 53.0 NW-MO: 0.001
Disk pathology 39.7 44.9 42.2 38.1 30.0 NW-0B: <0.001
Spondylolisthesis 11.8 15.9 11.1 8.0 14.0 OW-0B: 0.131
Other 5.0 11.2 4.5 0.9 4.0 OW-MO: 0.176
OB-MO: 0.255

Abbreviations: BMI, body mass index; MO, morbidly obese; NW, normal weight; OB, obese; OW, overweight; SD, standard deviation.
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deformity, neurologic deficit). The primary pathologies includ-
ed stenosis (43.3%), disk pathology (39.5%), spondylolisthesis
(11.7%), and other (5.5%; deformity, instability other than
spondylolisthesis, failed fusion). Aside from BMI, there were
some other statistically significant differences in demographic
variables (~Table 1), thereby justifying our controlled model.

There were also some statistically significant differences in
the surgical factors between groups, including primary sur-
geon (chi-square [3,n = 500] = 10.681,p = 0.014) and num-
ber of levels of intervention (F[3,452] = 3.972, p = 0.008),
which were accounted for in our model. There were no
significant differences in the frequency of minimally invasive
surgery versus open approach, percent of patients who had
previous lumbar surgery, type of surgery (fusion versus
nonfusion), surgical time, estimated blood loss, or length of
stay between groups (~Table 2).

The primary end points were patient satisfaction and
change in SF-36 PCS, SF-36 MCS, mODI, NRS-B, and NRS-L
scores. All the groups demonstrated statistically significant
improvement for all primary outcome measures (mean A
[standard deviation]: SF-36 PCS: 10.48 [10.37]; SF-36 MCS:
6.47 [12.86]; mODI: —22.35 [20.28]; NRS-B: —3.68 [2.88];
NRS-L: —4.15 [3.27]; satisfaction: 74.9% satisfied, 16.5% neu-
tral, 8.6% dissatisfied). Contrary to our hypothesis, BMI was
not associated with the degree of change for any primary
outcome measures (=Table 3 and ~Figs. 1A to E).

The secondary end points included any unplanned surgery-
related events. For the entire study population, the average

Table 2 Surgical factors

number of events per 100 patients was observed as follows:
perioperative AE: 4 events/100 patients; postoperative AE: 19
events/100 patients; postoperative emergency department as-
sessment: 35 visits/100 patients; reoperation: 13 revisions/100
patients; and readmission: 79 readmission days/100 patients.
None of these were significantly different between groups.
However, when we broke emergency department visits down
by primary complaint (pain-related, physiology-related, psy-
chology-related, and other), we observed that morbidly obese
patients presented to the ER for pain-related complaints signifi-
cantly more frequently than normal-weight patients (p = 0.043)
and overweight patients (p = 0.005; =Table 4 and =Figs. 2A
to E). To explore this aspect further, we conducted a regression
analysis between preoperative MCS values and postoperative
emergency department utilization. The results suggest that
preoperative MCS values may be a risk factor for postoperative
emergency department utilization, even though there were no
differences in baseline MCS values between groups (R*> = 0.013,
F1,500] = 6.80, p = 0.009).

Results by primary pathology showed no statistically
significant differences within disk pathology (p = 0.204),
stenosis (p = 0.088), or spondylolisthesis (p = 0.642).

Discussion

The Center for Disease Control reported the U.S. national
obesity rate as 35%.24 Similarly, the Canadian Institute for
Health Information reported their national obesity rate as

Measure Sample total NW (BMI 18.5- | OW (BMI 25.00- | OB (BMI 30.00- | MO (BMI > 35; p Value
(n = 500) 24.99 kg/m?; 29.99 kg/m?; 34.99 kg/m?; n = 100)
n =107) n = 180) n=113)
Surgical access (%) 0.142
MIS 333 23.6 33.7 35.4 37.4
Open 66.7 76.4 66.3 64.6 62.6
Primary surgeon (%) NW-0OW: 0.231
1 61.3 72.9 66.1 56.6 54.0 NW-0B: 0.012
2 38.7 271 33.9 43.4 46.0 NW-MO: 0.005
OW-0B: 0.103
OW-MO: 0.046
0B-MO: 0.669
Number of levels (SD) | 1.76 (1.78) 2.30 (2.97) 1.63 (1.59) 1.58 (0.87) 1.70 (1.12) NW-OW: 0.002
NW-0B: 0.003
NW-MO: 0.016
OW-0B: 0.802
OW-MO: 0.763
0B-MO: 0.622
% Previous surgery 13.4 14.0 13.4 9.1 15.2 0.568
Surgery type (%) 0.389
Nonfusion 39.5 35.8 45.5 38.9 354
Fusion 60.5 64.2 54.5 61.1 64.6
Mean OR time (SD) 125.75 (61.20) 127.22 (75.25) 121.13 (65.50) 121.64 (54.90) 136.00 (58.00) 0.335
Mean estimated 353.58 (471.56) | 391.99 (605.58) | 302.85 (403.62) | 351.03 (433.81) | 413.45 (480.65) | 0.238
blood loss (SD)
Mean length of 3.78 (4.18) 4.2 (5.01) 3.6 (3.83) 4.1 (4.36) 3.1 (3.69) 0.209
hospital stay (SD)

Abbreviations: BMI, body mass index; mis, minimally invasive surgery; MO, morbidly obese; NW, normal weight; OB, obese; OR, operating room; OW,
overweight; SD, standard deviation.
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Table 3 Primary outcome measure results

Measure Sample total Normal Overweight Obese Morbidly obese p Value
(n = 500) (BMI 18.5-24.99 (BMI 25.00-29.99 (BMI 30.00-34.99 (BMI > 35 kg/m>%;
kg/m?; n = 107) kg/m?; n = 180) kg/m?; n = 113) n = 100)

ASF-36 PCS (SD) 10.48 (10.37) 10.12 (12.43) 11.47 (9.74) 9.67 (9.56) 11.08 (10.01) 0.525
ASF-36 MCS (SD) 6.47 (12.86) 8.84 (12.42) 6.81 (12.79) 3.92 (13.34) 6.51 (12.85) 0.168
A mODI (SD) ~22.35(20.28) —24.75 (21.44) ~23.47 (19.57) ~20.07 (18.55) ~22.17 (21.07) 0.895
ANRS back (SD) —3.68 (2.88) ~3.72 (2.86) ~3.80 (2.71) ~3.53(3.14) ~3.75(2.92) 0.975
ANRS leg (SD) ~4.15 (3.27) ~4.15 (3.20) ~4.37 (3.20) ~3.98 (3.50) ~4.07 (3.25) 0.992
Patient satisfaction (%) 0.162

Satisfied 74.9 79.0 79.4 68.5 68.8

Neutral 16.5 13.4 14.9 22.2 18.3

Dissatisfied 8.6 8.6 5.7 9.3 12.9

Abbreviations: BMI, body mass index; MCS, Mental Component Summary; mODI, modified Oswestry Disability Index; NRS, Numerical Rating Scale;
PCS, Physical Component Summary; SF-36, Short Form 36; SD, standard deviation.

25%.2% The United States ranked first and Canada fourth in
obesity prevalence of the Organization for Economic Co-
operation and Development countries. As there is no pro-
jected improvement in population health regarding BMI,
understanding its effect on surgery is essential.

There are two main patterns in the body of research
assessing BMI and spine surgery outcomes: studies assessing
complications and those assessing subjective patient out-
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comes. This study enhances our understanding of patient-
reported outcomes while also allowing us to observe post-
operative complications.

Three systematic reviews and one large population-based
study have identified obesity as a strong risk factor for the
occurrence of postoperative spine surgical site infec-
tion.®1%2% Two additional large population-based studies
identified obesity as a strong risk factor for the occurrence

80
&0.
w 1
0.
Pre-Operative Post-Operative
& Normal =Normal
Overweight Overweight
=(0hese
 Dbese
—Morbidly Obese

& Morbidly Obese

1am

75

I

Past-Operative E Pre-Operative Past-Operative

=Normal & MNormal =Mormal
Overwelght Overweight Overweight

=(bese & Obese ~Dbhese

—Morbidly Obese —Morbidly Obese

& Morbidly Obese

Fig. 1 (A) Short Form 36 Physical Component Summary scores. (B) Short Form 36 Mental Component Summary scores. (C) Numerical Rating
Scale back pain scores. (D) Numerical Rating Scale leg pain scores. (E) Modified Oswestry Disability Index scores.
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Fig. 2 (A) Perioperative adverse events. (B) Postdischarge emergency department utilization. (C) In-hospital adverse events. (D) Reoperation

rate. (E) Hospital readmissions.

of any perioperative complication for spine surgery.'”-27-2 A

third such study by Gaudelli and Thomas reported greater
reoperation rates in obese patients.12

A meta-analysis by Abdallah et al evaluated 10 studies and
demonstrated a log-linear relationship between obesity and
surgical site infection; for each 5-point increase in BMI, there
was a 21% increase in risk for surgical site infection.!
However, some authors reported no difference in complica-
tions between obese and nonobese patients, attributing this
discrepancy to the use of minimally invasive techniques.3932

Although the correlation of elevated BMI and surgical
complications appears strong, the effect of obesity on post-
operative outcomes remains controversial. Swedish Spine
Registry stenosis data and Spine Patient Outcomes Research
Trial (SPORT) disk herniation data both demonstrated greater
improvement in the nonobese patients undergoing surgery
for lumbar disk herniation."

Conversely, the SPORT spondylolisthesis data demonstrat-
ed no difference in outcomes based on obesity. Several other
authors have identified no deleterious effect of elevated BMI
on patient-reported outcomes following spine surgery, sug-
gesting the success may be related to the use of minimally
invasive techniques.13'33'34

The present study assessed a real-world sample of patients
having spine surgery for a variety of pathologies, which is
valuable for the generalizability of the results. However, if the
relationship between BMI and outcomes is mediated by

Global Spine Journal  Vol. 6 No. 2/2016

pathology, that might explain why we did not detect signifi-
cant differences in the present study. The current study found
that BMI did not have a statistically significant effect on
surgical outcomes within specific pathologies. The current
study was powered with pathologies collapsed; further in-
vestigation where analysis by pathology is the primary goal of
the study is warranted.

It is also important to note that we did detect significant
differences in the number of levels of surgical intervention
between groups, which was controlled for in our statistical
model but may indicate a surgical selection bias. The study is
unable to quantify the conscious and unconscious decision
making involved in selecting an obese patient for surgery.
Surgeon perceptions are prone to change based on the physical
appearance and fitness of the patient being considered for
surgery.>>—8 Surgeon-perceived risk versus benefit may bias
surgeons toward nonoperative care in obese patients. Thus,
this study may simply include a subset of obese patients who
present the lowest risk for surgical complications. Future
research should aim to compare patients with elevated BMI
who are managed both operatively and nonoperatively.

Surgical complications have been linked to increased care
costs.>? It is reasonable to conclude that there may be a link
between elevated BMI and elevated cost of care in light of the
findings reviewed here. Kalanithi et al identified a 28%
increase in perioperative costs for the morbidly obese pa-
tient."”” These costs were attributable to greater resource
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utilization for care of complications and length of hospital
stay.

Our findings suggest that all other factors being equal (age,
gender, number of levels, comorbidities, etc.), obese patients
may obtain spine surgery outcomes that are as good as those
reported by normal-weight patients. In light of this observation,
BMI alone may not be an appropriate discriminator in surgical
decision making. Although the magnification of risk and read-
mission and reoperation rates found in previous research need to
be disclosed during the consent process, the potential for
equivalent improvement is supported by this study. Surgeons
prove sound decision makers in selecting those patients who will
benefit from surgery, despite their body habitus.

There are several possible reasons for the discrepancy
between our results and previous research.'”'® Patients of
normal weight comprised only 21.4% of our total study
population. It is possible this high volume of obesity makes
the team more proficient at mitigating problems and maxi-
mizing surgical success in these patients. Case volume has
been reported as an advantage in improved outcomes and
decreased complications in several clinical scenarios.*0:4!

Similar findings have been reported previously in the
orthopedic joint arthroplasty literature. Multiple authors
have confirmed equal or greater success in the obese patient
following total knee or total hip arthroplasty despite a less
favorable complication profile.*? So far, no one has defined a
BMI above which surgical risk is too great or surgery is
precluded.

The progression toward greater body habitus requires medi-
cal providers to reevaluate the provision of care in all areas of
medicine and in spine care specifically. Clinical symptoms may
present earlier, physical examination will be more challenging,
diagnostic accuracy may be altered, and treatment efficacy may
change. Surgical success will need reevaluation to understand
the outcomes and complications specific to this new physiology.
Technique modification may improve success—for example, the
use of minimally invasive techniques. Payers should expect the
evaluation and treatment of these patients to cost more. Ulti-
mately, the care landscape must change to accommodate this
new medical environment.

Advantages

The study outline follows the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines for report-
ing observational studies.*> The sample size is large and well
beyond the participant and group numbers needed to prevent
type II error for primary outcomes. Perioperative measures,
complications, revision surgery rates, and patient-reported
outcomes are provided at minimum 1-year follow-up. The
literature to date is limited on this outcome data and on
medium-term follow-up. Finally, all surgical types were
included, improving the generalizability of the data for
surgical decision making.

Limitations
The study was designed to evaluate outcomes. It was not
powered specifically to address the secondary measures of

unplanned surgery-related events, and thus a type II error
may be possible for detecting differences in variables such as
readmission rates and revision surgery. The current study
was also not powered by pathology; the ability to make
conclusions by pathology could lead to enhanced under-
standing of the role of BMI in the surgical outcomes.

This study is also limited by the length of follow-up. Obese
patients could be at greater risk of declined function, adjacent
segment breakdown, and instrumentation/implant failure
occurring beyond the period measured. Future research
following patients for longer would be valuable.

At present, BMI represents the most widely used and easily
obtained measure of obesity. However, measures such as
subcutaneous fat thickness over the lumbar spine or percent
body fat may be more accurate in correlating obesity and
surgical complications.***> No correlation has been found
between these measures and BMI in the literature.

The study was unable to quantify the surgical challenges
associated with treating obese patients. Obesity may increase
the difficulty of certain technical aspects of the surgery.
Obesity also often increases the nursing care burden postop-
eratively. Increased efforts required to achieve success are
often absorbed by the individual providers and the system in
general and thus are more difficult to identify.

Conclusions

Patients of all levels of obesity experienced significant
improvement following elective thoracolumbar spine sur-
gery. These outcomes were achieved without increased risk
of postoperative complications such as infection and reop-
eration. Therefore, obesity alone may not be enough to
preclude patients from elective thoracolumbar spine
surgery.

Future research should address (1) the effect of BMI on
surgical decision making, (2) surgical team volumes/surgical
techniques best suited to patients with elevated BMI, and (3)
the relationship between elevated BMI and postoperative
emergency department presentation.

Multicenter studies with longer follow-up would help
elucidate long-term outcomes. A risk-benefit algorithm based
on large population-based data sets to assist with surgical
decision making would be valuable.
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