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Abstract
Study Design: Retrospective cohort study.

Objective: To determine if membership in a high-risk subgroup is predictive of morbidity and mortality following anterior lumbar
fusion (ALF).

Methods: The American College of Surgeons National Surgical Quality Improvement Program database was utilized to identify
patients undergoing ALF between 2010 and 2014. Multivariate analysis was utilized to identify high-risk subgroup membership as
an independent predictor of postoperative complications.

Results: Members of the elderly (>65 years) (OR = 1.3, P = .02) and non-Caucasian (black, Hispanic, other) (OR = [.7,
P < .0001) subgroups were at greater risk for a LOS >5 days. Obese patients (>30 kg/m? ) were at greater risk for an operative
time >4 hours (OR = 1.3, P = .005), and wound complications (OR = 1.8, P = .024) compared with nonobese patients. Emergent
procedures had a significantly increased risk for LOS >5 days (OR = 4.9, P = .021), sepsis (OR = 14.8, P = .018), and reoperation
(OR = 134, P < .0001) compared with nonemergent procedures. Disseminated cancer was an independent risk factor for
operative time >4 hours (OR = 84, P <.0001), LOS >5 days (OR = 15.2, P <.0001), pulmonary complications (OR = 7.4,
P = .019), and postoperative blood transfusion (OR = 3.1, P = .040).

Conclusions: High-risk subgroup membership is an independent risk factor for morbidity following ALF. These groups should be
targets for aggressive preoperative optimization, and quality improvement initiatives.
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complications following ALF have been identified in the gen-
eral population, they have not been characterized in high-risk
surgical populations. Aggregated analysis of large surgical
cohorts may mask important differences between high-risk

Introduction

Anterior lumbar fusion (ALF) is a common procedure utilized
to treat spinal deformities and degenerative spine disorders.
While the anterior approach may preserve paravertebral mus-
cles and ligaments, it requires displacement of abdominal vas-
culature and viscera, heightening the risk for visceral and

vascular injury."? Prevalence of vascular injury in ALF has
been reported to be as high 24%, most frequently occurring
in operations at levels L4-5.37 The association between ALF
and postoperative morbidity has been established in the litera-
ture, with complication rates as high as 26.6%."*’ Important
complications include venous injury, unplanned reoperation,
sepsis, and surgical site infection (SSI)."**® While common
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subgroups and the general population, overlooking opportuni-
ties for quality improvement.

In a recent analysis of high-risk subgroups undergoing a
variety of surgical procedures, an increased rate of serious
morbidity or death was found in elderly, cancer, renal insuffi-
ciency, and emergency procedure subgroups, but not obese or
non-Caucasian subgroups.® There is evidence of increased risks
in these groups in the spinal surgery literature. Increasing age
has been associated with increased complications, such as SSI,
venous thromboembolism (VTE), increased length of stay
(LOS), and well as increased likelihood of readmission and
mortality.”'> Non-Caucasian patients are at increased risk for
complications and mortality after spine surgery, with African
American race as a specific risk factor for major complications,
readmission, increased LOS, and discharge to continued
care.'*'%1” Obesity is a risk factor for complications such as
SSI, VTE, blood loss, increased operative time, urinary tract
infection (UTI), acute renal failure (ARF), sepsis, and read-
mission and reoperation.”*>* Emergent procedure is a predictor
of SSI, VTE, wound dehiscence, and increased LOS, and has
been shown to have higher mortality rates than elective proce-
dures.>*?° Patients with diminished renal function have
increased rates of blood transfusion, and renal insufficiency
is a predictor of readmission.?®*’ Finally, history of cancer has
been shown to be a risk factor for readmission after lumbar
spine surgery.'* In sum, this literature implies that high-risk
subgroup membership poses a significant risk for complica-
tions following a variety of spine procedures. Based on the
current evidence, we know that these groups have the highest
complication rates following ALF, and thus we sought to fur-
ther investigate these particular groups.

There is a paucity of literature that directly examines the
influence of high-risk subgroup membership on outcomes fol-
lowing ALF. The distinction of ALF from other spine proce-
dures is important because of the unique risks inherent to the
anterior approach. This analysis utilizes a national database to
examine the effect of membership in the elderly, obese, non-
Caucasian, emergency, cancer, and renal insufficiency sub-
groups on morbidity and mortality in patients undergoing ALF.
These particular high-risk subgroups were selected based on
the groups put forth by Berian et al, who found that member-
ship in these groups are risk factors for poor outcomes in gen-
eral surgical procedures.® The objective of this study was to
determine if these relationships hold in the sphere of spine,
particularly ALF, surgery.

Materials and Methods

Data Source

This study utilized the American College of Surgeons National
Surgical Quality Improvement (ACS-NSQIP) database. ACS-
NSQIP originated as a quality improvement initiative in the
Department of Veteran’s Affairs, and it has grown to include
the private sector.”®° This is a large, national surgical registry
that includes patient demographics, medical comorbidities,

intraoperative variables, and postoperative outcomes. NSQIP
data is prospectively collected 30 days postoperatively by
trained clinical reviewers using a systematic sampling pro-
cess.’® ACS-NSQIP has been previously validated in the sur-
gical literature.”

Data Collection and Variable Definition

Adult (>18 years) patients undergoing ALF between 2010 and
2014 were identified in NSQIP using Current Procedural Ter-
minology Code 22558. Patients with concurrent spinal proce-
dures, pneumonia, sepsis, wound class >2, wound infection,
and pregnant patients were excluded from the study to mini-
mize the effects of confounding variables. Demographic vari-
ables collected included age, sex, race, functional status,
alcohol use, and smoking status. Body mass index (BMI) was
calculated using height and weight variables. Preoperative vari-
ables included cardiac comorbidity (hypertension requiring
medication, history of heart failure <30 days prior to surgery),
pulmonary comorbidity (ventilator <48 hours prior to surgery,
chronic obstructive pulmonary disease <30 days prior to sur-
gery), renal comorbidity (dialysis treatment <2 weeks prior to
surgery, ARF <24 hours prior to surgery), steroid use
(<30 days prior to surgery), >10% loss of body weight within
6 months, bleeding disorder (defined as “any chronic, persis-
tent, active condition that places the patient at risk for excessive
bleeding”), preoperative transfusion (72 hours prior to sur-
gery), and American Society of Anesthesiologists (ASA) clas-
sification. These variables were utilized to create 6 patient
subgroups: elderly (>65 years), non-Caucasian race (black,
Hispanic, other [American Indian/Alaska Native, Asian, Native
Hawaiian/Pacific Islander]), obesity (BMI >30 kg/m?), renal
insufficiency (ARF <24 hours prior to surgery, dialysis treat-
ment <2 weeks prior to surgery), emergent cases (derived from
the NSQIP variable “emergency cases,” which is assigned if
the surgeon or anesthesiologist reports the case as emergent),
and cancer patients.>’

Intraoperative variables included osteotomy, bone graft,
pelvic fusion, intervertebral device insertion, fusion length
(short [<3 levels] and long [>4 levels]), and operative time
(>4 hours). Thirty-day postoperative complications included
the following: LOS >5 days, wound, cardiac (cardiac arrest
requiring cardiopulmonary resuscitation, myocardial infarc-
tion), pulmonary (pneumonia, unplanned reintubation,
ventilator-assisted respiration >48 hours), and renal complica-
tions (progressive renal insufficiency, ARF), UTI, postopera-
tive transfusion, sepsis, reoperation (added in 2011), unplanned
readmission (added in 2011), and mortality.

Statistical Analysis

Each subgroup was compared with a control cohort. For exam-
ple, elderly patients were compared with nonelderly patients
(£65), and so on. Bivariate analysis was performed using Pear-
son’s ° test to analyze categorical variables and ¢ test to com-
pare continuous variables. Multivariate logistic regression was
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Table I. Demographic Features by High-Risk Subgroup Membership.

Category Elderly, n (%) Non-Caucasian, n (%) Emergent, n (%) Obese, n (%) Renal Insufficiency, n (%) Cancer, n (%)
Sex

Male 357 (42.2)* 218 (45.7) 4.00 (30.8) 646 (44.8) 4.00 (80.0) 13.0 (61.9)

Female 488 (57.8)* 259 (54.3) 9.00 (69.2) 795 (55.2) 1.00 (20.0) 8.00 (38.1)
Age >65 845 (100) 88.0 (18.4)**+* 5.00 (38.5) 374 (26.0) 2.00 (40.0) 8.00 (38.1)
Race

Other 45.0 (5.30)%+* 182 (38.2)*+* 0.00 (0.00) 77.0 (5.30)%* 0.00 (0.00) 2.00 (9.50)

White 757 (89.6)** 0.00 (0.00)*** 10.0 (76.9) 1210 (83.6)*** 4.00 (80.0) 18.0 (85.7)

Black 40.0 (4.7)*+* 236 (49.5)%F* 2.00 (15.4) 137 (9.5)%+* 1.00 (20.0) 0.00 (0.00)

Hispanic 3.00 (0.400)*** 54.0 (11.3)%F* 1.00 (7.70) 23.0 (1.60)*** 0.00 (0.00) 1.00 (4.80)
Inpatient or outpatient

Inpatient 836 (98.9)* 464 (97.3) 13.0 (100.00) 1410 (97.6)* 5.00 (100.00) 21.0 (100.00)

Outpatient 9.00 (1.10)* 13.0 (2.70) 0.00 (0.00) 35.0 (2.40)* 0.00 (0.00) 0.00 (0.00)
Discharge destination

Home 609 (72.1)%* 420 (88.1) 9.00 (69.2) 1250 (87.0) 4.00 (80.0) 16.0 (76.2)*

Rehab 105 (12.4)*+* 26.0 (5.50) 1.00 (7.70) 89.0 (6.20) 0.00 (0.00) 3.00 (14.3)*

Skilled care 120 (14.2)*+* 29.0 (6.10) 3.00 (23.1) 87.0 (6.00) 1.00 (20.0) 1.00 (4.80)*

Other 10.0 (1.20)*** 1.00 (0.200) 0.00 (0.00) 12.0 (0.800) 0.00 (0.00) 1.00 (4.80)*

*P < .05. ¥P < .001. **P < .0001. P values are in relationship to control cohort for each subgroup.

Table 2. Preoperative Features by High-Risk Subgroup Membership.

Category Elderly, n (%) Non-Caucasian, n (%) Emergent, n (%) Obese, n (%) Renal Insufficiency, n (%) Cancer, n (%)
Diabetic 177 (20.9)*+* 77.0 (16.1)* 1.00 (7.70) 262 (18.2)%F* 1.00 (20.0) 2.00 (9.50)
Smoker 79.0 (9.30)%** 110 (23.1) 0.00 (0.00) 297 (20.6)*** 2.00 (40.0) 3.00 (14.3)
Steroid use 39.0 (4.60)** 13.0 (2.70) 0.00 (0.00) 38.0 (2.60) 0.00 (0.00) 0.00 (0.00)
Recent weight loss 3.00 (0.400) 1.00 (0.200) 1.00 (7.70)*  4.00 (0.300) 0.00 (0.00) 3.00 (14.3)%F*
Bleeding disorders 18.0 (2.10)** 4.00 (0.800) 0.00 (0.00) 19.0 (1.30) 0.00 (0.00) 3.00 (14.3)%+*
Preoperative transfusion 6.00 (0.700) 2.00 (0.400) 0.00 (0.00) 8.00 (0.600) 0.00 (0.0) 0.00 (0.00)
Obese 374 (44.5) 237 (50.0)* 4.00 (30.8) 1440 (100.00) 3.00 (60.0) 7.00 (33.3)
Dyspnea 53.0 (6.30)** 19.0 (4.00) 0.00 (0.00) 79.0 (5.50)%** 1.00 (20.0) 1.00 (4.80)
Functional status

Independent 810 (95.9)* 462 (96.9) 13.0 (100) 1410 (97.4) 5.00 (100.00) 19.0 (90.5)*

Dependent 28.0 (3.30)* 11.0 (2.30) 0.00 (0.00) 30.0 (2.10) 0.00 (0.00) 2.00 (9.50)*
Pulmonary comorbidity  83.0 (9.80)** 23.0 (4.80) 0.00 (0.00) 113 (7.80) 1.00 (20.0) 1.00 (4.80)
Cardiac comorbidity 606 (71.7)%F* 231 (48.4)* 8.00 (61.5) 794 (55.1)%** 3.00 (60.0) 10.00 (47.6)
Renal comorbidity 2.00 (0.200) 1.00 (0.200) 0.00 (0.00) 3.00 (0.200) 5.00 (100.00) 0.00 (0.00)
ASA class >3 506 (60.0)*** 191 (40.0) 5.00 (41.7) 688 (47.8)*** 5.00 (100.00)* 18.0 (85.7)*+*

Abbreviation: ASA, American Society of Anesthesiologists.

*P < .05. ¥P < .001. *P < .0001. P values are in relationship to control cohort for each subgroup.

Table 3. Intraoperative Features by High-Risk Subgroup Membership.

Category Elderly, n (%) Non-Caucasian, n (%) Emergent, n (%) Obese, n (%) Renal Insufficiency, n (%) Cancer, n (%)
Osteotomy 26.0 (3.10) 15.0 (3.10) 1.00 (7.70) 44.0 (3.10) 2 (40.0)** 1.00 (4.80)
Intervertebral device insertion 576 (68.2) 295 (61.8)*F* 7.00 (53.8) 1010 (69.7) 3 (60.0) 14.0 (6.70)
Pelvic fusion 8.00 (0.900)* 1.00 (0.200) 0.00 (0.00) 2.00 (0.100) 0.00 (0.00) 1.00 (4.80)**
Bone graft 408 (48.3) 197 (41.3)%F* 9.00 (69.2) 748 (51.9) 3.00 (60.0) 11.0 (52.4)
Fusion length

Short 782 (92.5)%F* 459 (96.2) 12.0 (92.3) 1382 (95.9) 5.00 (100.00) 20.0 (95.2)

Long 63.0 (7.50)%** 18.0 (3.80) 1.00 (7.70) 59 4.1) 0.00 (0.00) 1.00 (4.80)

*P < .05. ¥P < .001. **P < .0001. P values are in relationship to control cohort for each subgroup.

utilized to determine whether membership in the defined sub-
groups was an independent risk factor for adverse outcomes,
and controlled for other subgroup membership (ie, when exam-
ining one subgroup, we controlled for membership in the other

5 subgroups). P value <.05 was considered significant. The
C-statistic was utilized to determine the accuracy of the model.
All statistical analyses were conducted using SPSS 20 for Win-
dows (IBM SPSS Statistics, Armonk, NY).
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Table 4. Thirty-Day Postoperative Outcomes by High-Risk Subgroup Membership.

Category Elderly, n (%) Non-Caucasian, n (%) Emergent, n (%) Obese, n (%) Renal Insufficiency, n (%) Cancer, n (%)
Operative time >4 hours 224 (26.5)%"* 117 (24.5) 4.00 (30.8) 355 (24.6)*+* 0.00 (0.00) 15.0 (71.4)++*
Length of stay >5 days 311 (36.8)¥* 149 (31.2)%+* 9.00 (69.2)** 383 (26.6)* 2.00 (40.0) 18.0 (85.7)*+*
Wound complication 20.0 (2.40) 1.0 (2.30) 1.00 (7.70) 44.0 (3.10)* 0.00 (0.00) 0.00 (0.00)
Pulmonary complication 24.0 (2.80)*** 9.00 (1.90) 0.00 (0.00) 24.0 (1.70) 0.00 (0.00) 2.00 (9.50)*
Cardiac Complication 10.00 (1.20)** 3.00 (0.600) 0.00 (0.00) 8.00 (0.600) 0.00 (0.00) 0.00 (0.00)
Renal complication 3.00 (0.400) 1.00 (0.200) 0.00 (0.00) 2.00 (0.100) 0.00 (0.00) 0.00 (0.00)
UTI 21.0 (2.50)* 8.00 (1.70) 0.00 (0.00) 21.0 (1.50) 0.00 (0.00) 0.00 (0.00)
Intra-/postoperative 119 (14.1)*FF* 37.0 (7.80) 4.00 (30.8)* 131 (9.10) 0.00 (0.00) 6.00 (28.6)*
transfusion
Sepsis 7.00 (0.800) 1.00 (0.200) 1.00 (7.70)* 14.0 (1.00) 1.00 (20.0)* 0.00 (0.00)
Reoperation 39.0 (4.60)** 15.0 (3.10) 3.00 (23.1)* 48.0 (3.30) 0.00 (0.00) 0.00 (0.00)
Unplanned readmission 49.0 (5.80)* 19.0 (4.00) 1.00 (7.70) 68.0 (4.70) 1.00 (20.0) 2.00 (9.50)
Mortality 5.00 (0.600)* 1.00 (0.200) 0.00 (0.00) 5.00 (0.300) 0.00 (0.00) 1.00 (4.08)*
Abbreviation: UTI, urinary tract infection.
*P < .05. ¥P < .001. **P < .0001. P values are in relationship to control cohort for each subgroup.
Table 5. High-Risk Subgroup Membership as a Risk Factor for 30-Day Postoperative Outcomes Following ALF.
Outcome Odds Ratio Lower Confidence Limit Upper Confidence Limit P Value C-statistic
Elderly vs nonelderly
Length of stay >5 days 1.29 1.04 1.60 .020 0.738
Caucasian vs non-Caucasian
Length of stay >5 days 1.71 1.35 2.16 <.0001 0.739
Emergency vs nonemergency
Length of stay >5 days 491 1.27 19.0 .021 0.741
Sepsis 14.8 1.60 137 0l8 0.758
Reoperation 13.4 3.17 56.3 <.0001 0.743
Obese vs nonobese
Operative time >4 hours 1.30 1.35 2.16 .005 0.687
Wound complications 1.80 1.08 2.99 .024 0.697
Cancer vs noncancer
Operative time >4 hours 8.37 2.98 23.5 <.0001 0.501
Length of stay >5 days 152 421 54.6 <.0001 0.628
Pulmonary complications 7.35 1.39 388 019 0.792
Transfusion 3.12 1.06 9.20 .040 0.735

Abbreviation: ALF, anterior lumbar fusion.

Results

A total of 3313 patients met the inclusion criteria for the study:
845 (25.5%) were elderly, 477 (14.4%) were non-Caucasian,
1440 (43.5%) were obese, 21 (0.600%) had cancer, 5 (0.200%)
had preoperative renal insufficiency, and 13 (0.400%) were
emergent procedures. The average age of the sample was
54.2 years. Females were overrepresented, comprising 54.6%
of the sample, and the average BMI was 29.8 kg/m”. Demo-
graphic characteristics, preoperative comorbidities, and intrao-
perative variables by cohort are illustrated in Tables 1, 2, and 3.

Bivariate Analysis

Prior to risk adjustment, there were significant differences
between subgroups in 30-day postoperative complications
(Table 4). Overall complication rates were high: 59.1% in the

elderly subgroup, 52.8% in the non-Caucasian subgroup,
51.5% in the obese subgroup, 61.5% in the emergent subgroup,
61.9% in the cancer subgroup, and 60% in the renal insuffi-
ciency subgroup. Elderly patients were more likely than none-
Iderly patients to experience an increased operative time
(26.5% vs 19.8%), increased LOS (36.8% vs 19.5%), cardiac
complication (1.20% vs 0.200%, P = .001), pulmonary com-
plication (2.80% vs 0.900%), UTI (2.50% vs 1.00%, P = .003),
intra-/postoperative red blood cell (RBC) transfusion (14.1% vs
7.40%), reoperation (4.60% vs 2.20%, P = .001), unplanned
readmission (5.80% vs 3.40%, P = .003), and mortality
(0.600% vs 0.100%, P = .011). Non-Caucasian patients were
more likely to have an increased LOS (31.2% vs 22.7%).
Patients with emergent procedures were more likely than those
undergoing nonemergent procedures to have an increased LOS
(69.2% vs 23.8%, P = .001) and were more likely to require
reoperation (23.1% vs 2.80%). Obese patients were more likely
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Figure 1. Odds ratios for adverse outcomes in high-risk patients following elective ALF.

to have an increased operative time (24.6% vs 18.9%). Patients
with renal insufficiency were more likely to have postoperative
sepsis (20.0% vs 0.700%, P = .002) than were patients with
normal renal function. Cancer patients were more likely to have
increased operative time (71.4% vs 21.2%), increased LOS
(85.7% vs 23.6%), pulmonary complication (9.50% vs
1.40%, P = .008), intra-/postoperative RBC transfusion
(28.6% vs 9.00%, P = .004), and mortality (4.80% vs
0.200%, P = .003) than were noncancer patients. All P values
are <.0001 unless otherwise noted.

Multivariate Analysis

Multivariate logistic regression was utilized to identify high-
risk subgroup membership as an independent risk factor for
postoperative morbidity and mortality. Our multivariate model
included all demographic, preoperative, and intraoperative
variables to control for potential confounders. Membership in
5 of the 6 subgroups was an independent predictor of at least
one serious postoperative complication (Table 5 and Figure 1).
Compared with controls, members of the elderly (odds ratio
[OR] = 1.29 [95% confidence interval 1.04, 1.60], P = .02) and
non-Caucasian (OR = 1.71 [1.35, 2.16], P <.0001) subgroups
were at greater risk for LOS >5 days. Obese patients were at
greater risk for an operative time >4 hours (OR = 1.30
[1.35, 2.16], P .005), and wound complications
(OR = 1.80 [1.08, 2.99], P = .024) compared with nonobese
patients. Emergent procedures had an increased risk of
LOS >5 days (OR = 4.91 [1.27, 19.0], P = .021), sepsis
(OR = 14.8 [1.60, 137], P = .018), and reoperation (OR =
13.4[3.17, 56.3], P <.0001) compared with nonemergent pro-
cedures. Cancer was an independent risk factor for operative
time >4 hours (OR = 8.37 [2.98, 23.5], P <.0001), LOS >5
days (OR = 15.2 [4.21, 54.6], P < .0001), pulmonary
complications (OR = 7.35 [1.39, 38.8], P = .019), and
blood transfusion (OR = 3.12 [1.06, 9.20], P = .040).
Renal insufficiency was not a risk factor for complications.
High-risk subgroup membership was not a risk factor for
mortality after risk adjustment.

Discussion

Understanding which patient subgroups are at higher risk for
postoperative complications is necessary from not only a
patient safety and satisfaction perspective but also an economic
one. The US health care landscape is changing rapidly, with
large national payers holding health care providers accountable
for some adverse outcomes of patients under their care.’!

There is little literature that primarily examines high-risk
subgroup membership as a predictor for complications follow-
ing ALF. This study not only shows that higher risk patients
have higher rates of complications, but also the extent to which
these factors, many of which are unmodifiable, independently
predict adverse events following ALF. In the current study, we
explicitly investigate postoperative complications in 6 high-
risk subgroups: elderly, non-Caucasian, obese, cancer, renal
insufficiency, and emergent procedures, as they are groups
with either high prevalence or morbidity. High-risk subgroup
membership was found to be an independent risk factor for
complications as varied as wound complications, pulmonary
complications, transfusion, sepsis, increased operative time,
reoperation, and increased LOS (Table 5 and Figure 1). Insight
into these risks may enable the development of more accurate
preoperative risk stratification and subgroup-specific quality
initiatives.

Complication rates for each high-risk subgroup were higher
than previously reported in the spine literature. We found
an overall complication rate of 59.1% in elderly patients
(vs 46.1% nonelderly) who underwent ALF. Membership in
the elderly subgroup was found to be an independent predictor
of LOS >5 days. This is consistent with literature reporting on
a variety of spine procedures, but this study is the first to report
this finding in ALF surgery.'*>7 Increased age is associated
with a greater number of comorbidities and complications.®’
However, this study found that age was a predictor of increased
LOS even after controlling for comorbidities, suggesting that
the elderly may have vulnerabilities not captured in NSQIP.
LOS is an important outcome to monitor, as it is associated
with high costs as well as increased complications, such as
hospital-acquired infections and VTE.*®° Identification of
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drivers of increased LOS can help identify targets for cost
containment and quality improvement.

The present study found a complication rate of 52.8% in the
non-Caucasian subgroup (vs 48.8% in Caucasians). Member-
ship in this subgroup was an independent predictor of increased
LOS. This is consistent with the spine surgery literature.'”*!
It is important to note that those studies specifically examine
African American patients, whereas this study includes African
American, Hispanic, and other races in our non-Caucasian
cohort. Studies in the general surgical literature have noted that
African American patients are less likely to be treated at high
volume, academic medical centers (AMCs), which may con-
tribute to increased LOS, as community hospital or other lower
volume settings may lack the expertise present in AMCs.** It is
unclear how other factors influence LOS in this population.
Importantly, this analysis did not control for socioeconomic
status, which has been shown to be associated with race, and
which may be a confounding variable.** Lad et al speculate that
these differences are multifactorial, and provide a 3-pronged
framework through which we may conceptualize differences
between Caucasian and non-Caucasian patient outcomes:
patient-associated (genetic and cultural differences, trust in
health care providers, expectations of outcome), provider-
associated (bias, lack of cross-cultural communication strate-
gies), and systemic causes (access to health care services).'”

Obese patients had an overall complication rate of 51.5% (vs
47.8% in nonobese). Obesity was an independent risk factor for
operative time >4 hours and wound complications. The liter-
ature on outcomes of obese patients following spine surgery is
inconsistent, with many studies finding a relationship between
obesity and complications, but a significant minority showing
little difference between obese and nonobese patients. Buerba
et al argue that the variation in results may be due to incon-
sistency in the way obesity and comparison groups are defined,
and they suggest that degree of obesity is critical to understand-
ing of complications in this population.”® They further show
that obesity IT (35-39.9 kg/m?) and III (>40 kg/m?) is a pre-
dictor of wound complications and that obesity III is a risk
factor for increased operative time.>’ The current results cor-
roborate these and other studies that show obese patients to be
at increased risk for wound complication and increased opera-
tive time; however, we do not segregate by extent of obe-
si‘ty.20’44'48 One explanation for increased operative duration
is the presence of a large amount of soft tissue, making both
the approach and closure more time-intensive. Additionally,
obese patients may have greater deformities or degeneration,
which often require larger surgical procedures. Wound compli-
cations in obese patients have been well documented in the
literature, though the biological mechanisms have yet to be
fully described. Potential explanations for this finding include
that obese patients have thicker subcutaneous fat, which
requires greater retraction time, raising the risk of soft tissue
necrosis as well as poor vascularization, which may interfere
with neutrophil antimicrobial function.>**’ Obese patients
have a greater amount of adipose tissue, which contains pro-
inflammatory cytokines that confer insulin resistance,

increasing infection risk.>® It is important to note that obesity
is the single modifiable risk factor examined in this study. This
data adds to the evidence that weight reduction, including
movement from higher to lower obesity categories, represents
an important mechanism by which patients can attenuate their
preoperative risk profiles.

The emergent subgroup had a complication rate of 61.5%
(vs 49.3% in nonemergent), and membership in this group was
an independent risk factor for increased LOS, sepsis, and
reoperation, with odds ratios of 4.91, 14.8, and 13.4, respec-
tively. There is little literature on outcomes after emergency
spine surgery, but our finding of increased LOS in this pop-
ulation is consistent with Kukreja et al, who found that
patients with emergent admissions had longer LOS.** Our
findings differ from the results reported by Karstensen et al,
who found that patients undergoing emergent procedures had
higher mortality rates.>> Our finding of a 13- to 14-fold risk of
sepsis and reoperation in the emergent subgroup are novel and
may help explain our finding of increased LOS. Possible
explanations for these findings include lack of preoperative
optimization in an emergency situation, as well as clinician
fatigue and involvement of resident physicians during emer-
gency hours. Drivers of risks of these magnitudes must be
investigated further.

Finally, the cancer subgroup had a 61.9% complication rate
(vs 49.3% in noncancer patients), the highest of any subgroup.
Membership in the cancer subgroup was an independent risk
factor for increased operative time, increased LOS, pulmonary
complications, and transfusion. Few studies comment on out-
comes of cancer patients following non—cancer-related spine
surgery. Pugely et al found that history of cancer was an inde-
pendent predictor of 30-day unplanned readmission after lum-
bar spine surgery, and noted that this risk factor correlated with
procedure invasiveness, which a known risk factor for
increased operative time and complications such as blood
loss.'**! This could explain our findings of increased operative
time and transfusion and may contribute to an increased LOS in
this population. The spinal neoplasm literature shows that can-
cer patients have high rates of perioperative blood transfusion,
but transfusion was not found to be associated with decreased
survival.’® The literature does not provide a clear explanation
for why cancer patients would be at an increased risk for pul-
monary complications following spine surgery; this finding
warrants future exploration.

While NSQIP is a large, standardized, validated surgical
database, it presents some limitations. Data is only collected
30 days postoperatively, limiting our ability to examine long-
term complications. Variables collected are deliberately vague;
NSQIP lacks information pertinent to ALF procedures, such as
vascular injury and the vertebral level at which the procedure
was performed. Though NSQIP samples from hospitals across
the country, AMCs are overrepresented. Hospital geography is
not identified in this database, which limits comment on hos-
pital level and regional patterns, which may vary. The retro-
spective nature of this analysis limits the ability to establish
causality. Finally, it is important to note that the number of
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subjects in the cancer, renal insufficiency, and emergent pro-
cedure subgroups were small, and are therefore subject to sam-
pling error.

Despite these limitations, this is the first study to specifi-
cally investigate complications in a variety of high-risk sub-
groups following ALF. This study adds to the evidence that
members of these groups require more aggressive and specific
care in the perioperative period. Membership in most of these
groups is not a modifiable risk factor, but consideration of these
characteristics may enable more accurate preoperative optimi-
zation, risk stratification, and can allow for targeted quality
improvement in high-risk populations. In addition, the results
of these studies can help physicians more clearly explain the
risks of ALF to patients in a given subgroup, rather than detail-
ing the general risks of the procedure.

Authors’ Note

The article does not contain information about medical device(s)/
drug(s). This study was qualified as exempt by the Mount Sinai Hos-
pital Institutional Review Board.

Declaration of Conflicting Interests
The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Dr Cho reports personal fees from Stryker and nonfinancial
support from Zimmer, outside the submitted work. The remaining
authors have no conflicts of interest to report.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Quraishi NA, Konig M, Booker SJ, et al. Access related compli-
cations in anterior lumbar surgery performed by spinal surgeons.
Eur Spine J. 2013;22(suppl 1):S16-S20.

2. Fantini GA, Pappou IP, Girardi FP, Sandhu HS, Cammisa FP Jr.
Major vascular injury during anterior lumbar spinal surgery: inci-
dence, risk factors, and management. Spine (Phila Pa 1976).
2007;32:2751-2758.

3. Brau SA, Delamarter RB, Schiffman ML, Williams LA, Watkins
RG. Vascular injury during anterior lumbar surgery. Spine J.
2004;4:409-412.

4. Chiriano J, Abou-Zamzam AM Jr, Urayeneza O, Zhang WW,
Cheng W. The role of the vascular surgeon in anterior retroper-
itoneal spine exposure: preservation of open surgical training.
J Vasc Surg. 2009;50:148-151.

5. Inamasu J, Guiot BH. Vascular injury and complication in neu-
rosurgical spine surgery. Acta Neurochir. 2006;148:375-387.

6. Abt NB, De la Garza-Ramos R, Olorundare 10, et al. Thirty day
postoperative outcomes following anterior lumbar interbody
fusion using the national surgical quality improvement program
database. Clin Neurol Neurosurg. 2016;143:126-131.

7. Hrabalek L, Adamus M, Gryga A, Wanek T, Tucek P. A compar-
ison of complication rate between anterior and lateral approaches

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

to the lumbar spine. Biomed Pap Med Fac Univ Palacky Olomouc
Czech Repub. 2014;158:127-132.

. Berian JR, Paruch JL, Cohen ME, et al. Does performance vary

within the same hospital when separately examining different
patient subgroups? J Am Coll Surg. 2016;222:790-797.

. Schoenfeld AJ, Carey PA, Cleveland AW 3rd, Bader JO, Bono CM.

Patient factors, comorbidities, and surgical characteristics that increase
mortality and complication risk after spinal arthrodesis: a prognostic
study based on 5,887 patients. Spine J. 2013;13:1171-1179.
Schoenfeld AJ, Ochoa LM, Bader JO, Belmont PJ Jr. Risk factors
for immediate postoperative complications and mortality follow-
ing spine surgery: a study of 3475 patients from the National
Surgical Quality Improvement Program. J Bone Joint Surg Am.
2011;93:1577-1582.

Puvanesarajah V, Jain A, Shimer AL, et al. Complications and
mortality following 1 to 2 level lumbar fusion surgery in patients
above 80 years of age [published online June 29, 2016]. Spine
(Phila Pa 1976). doi:10.1097/BRS.0000000000001759.
Basques BA, Fu MC, Buerba RA, Bohl DD, Golinvaux NS,
Grauer JN. Using the ACS-NSQIP to identify factors affecting
hospital length of stay after elective posterior lumbar fusion.
Spine (Phila Pa 1976). 2014;39:497-502.

Desai R, Nayar G, Suresh V, et al. Independent predictors of
mortality following spine surgery. J Clin Neurosci. 2016;29:
100-105.

Pugely AJ, Martin CT, Gao Y, Mendoza-Lattes S. Causes and risk
factors for 30-day unplanned readmissions after lumbar spine
surgery. Spine (Phila Pa 1976). 2014;39:761-768.

. Winkler EA, Yue JK, Birk H, et al. Perioperative morbidity and

mortality after lumbar trauma in the elderly. Neurosurg Focus.
2015;39:E2.

Seicean A, Seicean S, Neuhauser D, Benzel EC, Weil RJ. The
influence of race on short-term outcomes after laminectomy and/
or fusion spine surgery. Spine (Phila Pa 1976). 2017;42:34-41.
Lad SP, Bagley JH, Kenney KT, et al. Racial disparities in out-
comes of spinal surgery for lumbar stenosis. Spine (Phila Pa
1976). 2013;38:927-935.

Schoenfeld AJ, Tipirneni R, Nelson JH, Carpenter JE, Iwashyna
TJ. The influence of race and ethnicity on complications and
mortality after orthopedic surgery: a systematic review of the
literature. Med Care. 2014;52:842-851.

Skolasky RL, Thorpe RJ Jr, Wegener ST, Riley LH 3rd. Com-
plications and mortality in cervical spine surgery: racial differ-
ences. Spine (Phila Pa 1976). 2014;39:1506-1512.

Buerba RA, Fu MC, Gruskay JA, Long WD 3rd, Grauer JN.
Obese class III patients at significantly greater risk of multiple
complications after lumbar surgery: an analysis of 10,387 patients
in the ACS NSQIP database. Spine J. 2014;14:2008-2018.
Seicean A, Alan N, Seicean S, et al. Impact of increased body
mass index on outcomes of elective spinal surgery. Spine (Phila
Pa 1976). 2014;39:1520-1530.

Jiang J, Teng Y, Fan Z, Khan S, Xia Y. Does obesity affect the
surgical outcome and complication rates of spinal surgery? A
meta-analysis. Clin Orthop Relat Res. 2014;472:968-975.
Marquez-Lara A, Nandyala SV, Sankaranarayanan S, Noureldin
M, Singh K. Body mass index as a predictor of complications and



Bronheim et al

769

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

mortality after lumbar spine surgery. Spine (Phila Pa 1976).
2014;39:798-804.

Kukreja S, Ambekar S, Ahmed OI, Menger RP, Sin AH, Nanda A.
Impact of elective versus emergent admission on perioperative
complications and resource utilization in lumbar fusion. Clin Neu-
rol Neurosurg. 2015;136:52-60.

Karstensen S, Bari T, Gehrchen M, Street J, Dahl B. Morbidity and
mortality of complex spine surgery: a prospective cohort study in
679 patients validating the Spine AdVerse Event Severity
(SAVES) system in a European population. Spine J. 2016;16:
146-153.

Martin CT, Pugely AJ, Gao Y, Mendoza-Lattes SA, Weinstein
SL. The impact of renal impairment on short-term morbidity risk
following lumbar spine surgeries. Spine (Phila Pa 1976). 2015;
40:909-916.

Choy W, Lam SK, Smith ZA, Dahdaleh NS. Predictors of thirty
day hospital readmission following posterior cervical fusion in
3401 patients [published online January 14, 2016]. Spine (Phila
Pa 1976). doi:10.1097/BRS.0000000000001450.

Khuri SF, Henderson WG, Daley J, et al. Successful imple-
mentation of the Department of Veterans Affairs’ National
Surgical Quality Improvement Program in the private sector:
the Patient Safety in Surgery study. Ann Surg. 2008;248:
329-336.

Fink AS, Campbell DA Jr, Mentzer RM Jr, et al. The National
Surgical Quality Improvement Program in non-veterans adminis-
tration hospitals: initial demonstration of feasibility. Ann Surg.
2002;236:344-353.

American College of Surgeons. User Guide for the 2013 ACS
NSQIP Participant Use Data File. Chicago, IL: American Col-
lege of Surgeons; 2013.

Cassidy A. Health policy brief: Medicare’s Hospital-Acquired
Condition Reduction Program. Health Affairs. http://www
.healthaffairs.org/healthpolicybriefs/brief.php?brief_id=142

De la Garza-Ramos R, Goodwin CR, Abu-Bonsrah N, et al. Pro-
longed length of stay after posterior surgery for cervical spondy-
lotic myelopathy in patients over 65years of age. J Clin Neurosci.
2016;31:137-141.

Minhas SV, Chow I, Jenkins TJ, Dhingra B, Patel AA. Preopera-
tive predictors of increased hospital costs in elective anterior
cervical fusions: a single-institution analysis of 1,082 patients.
Spine J. 2015;15:841-848.

Herren C, Aghayev E, Kaulhausen T, et al. Influencing factors on
the length of stay in lumbar spine surgery: analysis of the German
spine registry. Orthopade. 2014;43:1043-1051.

Gruskay JA, Fu M, Bohl DD, Webb ML, Grauer JN. Factors
affecting length of stay after elective posterior lumbar spine sur-
gery: a multivariate analysis. Spine J. 2015;15:1188-1195.
Kilincer C, Steinmetz MP, Sohn MJ, Benzel EC, Bingaman W.
Effects of age on the perioperative characteristics and short-term
outcome of posterior lumbar fusion surgery. J Neurosurg Spine.
2005;3:34-39.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Zheng F, Cammisa FP Jr, Sandhu HS, Girardi FP, Khan SN.
Factors predicting hospital stay, operative time, blood loss, and
transfusion in patients undergoing revision posterior lumbar spine
decompression, fusion, and segmental instrumentation. Spine
(Phila Pa 1976). 2002;27:818-824.

Browne JA, Cook C, Pietrobon R, Bethel MA, Richardson W1J.
Diabetes and early postoperative outcomes following lumbar
fusion. Spine (Phila Pa 1976). 2007;32:2214-2219.

Gephart MG, Zygourakis CC, Arrigo RT, Kalanithi PS, Lad SP,
Boakye M. Venous thromboembolism after thoracic/thoracolum-
bar spinal fusion. World Neurosurg. 2012;78:545-552.

Sutcliffe SA, Vincent P. Factors related to length of stay of lami-
nectomy patients. J Neurosurg Nurs. 1985;17:175-178.

Walid MS, Hyer L, Ajjan M, Barth AC, Robinson JS Jr. Preva-
lence of opioid dependence in spine surgery patients and correla-
tion with length of stay. J Opioid Manag. 2007;3:127-128.

Liu JH, Zingmond DS, McGory ML, et al. Disparities in the
utilization of high-volume hospitals for complex surgery. JAMA.
2006;296:1973-1980.

Krause JS, Broderick LE, Saladin LK, Broyles J. Racial dispari-
ties in health outcomes after spinal cord injury: mediating effects
of education and income. J Spinal Cord Med. 2006;29:17-25.
Kalanithi PA, Arrigo R, Boakye M. Morbid obesity increases cost
and complication rates in spinal arthrodesis. Spine (Phila Pa
1976). 2012;37:982-988.

Djurasovic M, Bratcher KR, Glassman SD, Dimar JR, Carreon
LY. The effect of obesity on clinical outcomes after lumbar
fusion. Spine (Phila Pa 1976). 2008;33:1789-1792.

Patel N, Bagan B, Vadera S, et al. Obesity and spine surgery:
relation to perioperative complications. J Neurosurg Spine.
2007;6:291-297.

Shamji MF, Parker S, Cook C, Pietrobon R, Brown C, Isaacs RE.
Impact of body habitus on perioperative morbidity associated
with fusion of the thoracolumbar and lumbar spine. Neurosur-
gery. 2009;65:490-498.

Vaidya R, Carp J, Bartol S, Ouellette N, Lee S, Sethi A. Lumbar
spine fusion in obese and morbidly obese patients. Spine (Phila
Pa 1976). 2009;34:495-500.

Abdallah DY, Jadaan MM, McCabe JP. Body mass index and risk
of surgical site infection following spine surgery: a meta-analysis.
Eur Spine J. 2013;22:2800-2809.

Wisse BE. The inflammatory syndrome: the role of adipose tissue
cytokines in metabolic disorders linked to obesity. J Am Soc
Nephrol. 2004;15:2792-2800.

Mirza SK, Deyo RA, Heagerty PJ, et al. Development of an index
to characterize the “invasiveness” of spine surgery: validation by
comparison to blood loss and operative time. Spine (Phila Pa
1976). 2008;33:2651-2661.

Paulino Pereira NR, Beks RB, Janssen SJ, et al. Are allo-
geneic blood transfusions associated with decreased survival
after surgical treatment for spinal metastases? Spine J. 2016;
16:951-961.


http://www.healthaffairs.org/healthpolicybriefs/brief.php?brief_id=142
http://www.healthaffairs.org/healthpolicybriefs/brief.php?brief_id=142
http://www.healthaffairs.org/healthpolicybriefs/brief.php?brief_id=142


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


