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Abstract

Introduction: In older patients with axis fractures, the survival benefit from surgery is unclear due to high baseline mortality.
Comparative effectiveness research can provide evidence from population level cohorts. Propensity weighting is the preferred
methodology for reducing bias when analyzing national administrative cohort data for these purposes but has not yet been utilized
for this important surgical conundrum. We estimate the effect of surgery on mortality after isolated acute traumatic axis fracture in
older adults. Materials and Methods: We used a retrospective population-based cohort of Medicare patients and generated a
propensity score-weighted nonsurgical cohort and compared mortality with and without surgery. This balanced the comorbid
conditions of the treatment groups. Incident fractures were defined using a predetermined algorithm based on enrollment, code
timing, and billing location. The primary outcome was adjusted all-cause |-year mortality. Results: From 12 372 beneficiaries with
| -year continuous enrollment and a coded axis fracture, 2676 patients met final inclusion/exclusion criteria. Estimated incidence was
16.5 per 100 000 person-years overall in 2014 (95% confidence interval [CI]: 15.0-18.0) and was stable from 2008 through 2014.
Patients with axis fracture had a mean age of 82.8 years, 30.2% were male, and 91.9% were Caucasian. Mortality was 3.8 times higher
(Cl 3.6-4.1) compared with the general population of older US adults. Propensity-weighted mortality at | year for nonsurgical
patients was 26.7 of 100 (Cl: 24.5-29.0). Mortality for surgical patients was significantly lower (19.7/100; ClI 14.5-25.0). Risk dif-
ference was 7.0 fewer surgical deaths per 100 patients (Cl: 1.3-12.7). Surgical patients aged 65 to 74 years had the largest difference
in mortality with 1.2 fewer deaths per 100 (Cl: 1.1-21.3). Discussion: Patients with axis fractures are predominantly older
Caucasian women and have a higher mortality rate than the general population. Propensity-weighted mortality at |-year was
lower in the surgical patients with the largest risk difference occurring in patients 65 to 74 years old. Conclusions: Surgery may
provide an independent survival benefit in patients aged 65 to 75 years, and the mortality difference diminishes thereafter.
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cases with severe comminution, displacement, angulation, inabil-
ity to align with external immobilization, disc injury, or severe
ligamentous injury.'®!" A Level IT recommendation advises sur-
gical consideration for patients older than 50 years with certain

Introduction

Axis fractures are the most commonly fractured cervical ver-
tebra in the elderly individuals and are associated with signif-
icant morbidity, mortality, and up to US$1.5 billion in medical
costs annually in the United States.'™ Most axis fractures are
amenable to external immobilization without surgery, but
odontoid fractures, which may represent over 89% of axis
fractures, are prone to nonunion and unresolved atlantoaxial
instability with nonsurgical management.” Stability can be
achieved surgically by a number of techniques depending on
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the location and morphology of the fracture.'” According to
current guidelines, nonsurgical treatment for axis fractures con-
stitutes a reasonable initial course of management, apart from
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odontoid fractures, due to high rates of nonunion with increased
age.'"® However, fusion is not always required for stability
because stable fibrous nonunion may provide adequate biome-
chanical support in the elderly individuals.'*'® Thus, rigid collar
use leading to stable nonunion in elderly patients is a reasonable
outcome.'*'72° A rigid collar is the preferred surgical alternative
in the elderly patients because it is relatively effective and rigid
external immobilization with a halo device carries disproportion-
ate risks in the older adults.'**'-?

Outcomes after surgical stabilization and nonsurgical
management® of odontoid fractures in the elderly patients sug-
gest higher fracture union rates with surgery. Over the past
decade, a number of published reviews'®!7:18:20:29-33 454
guidelines''>* show nonunion rates ranging from 1% to 80%
without surgery depending on fracture type, gender, and
age.'>'>!" Unfortunately, surgery also associates with signifi-
cant perioperative morbidity and mortality in elderly patients,
regardless of fusion success.’**>=” Conflicting and inconclu-
sive data on the survival advantage of surgery in older adults
make it difficult to determine if perioperative mortality in
elderly patients outweighs the risk of mortality associated with
nonunion.?'**-*® Therefore, even if surgery is indicated based
on fracture morphology, it is unclear whether or not surgery
should be recommended.

Publicly available databases constructed with the Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification or International Classification of Diseases, Ninth
Revision (ICD-9) codes are frequently used to support practice
changes based on highly generalizable actual patient-oriented
outcomes.>®362%4! Over the last 2 decades, propensity scores
have emerged as the preferred method for generating causal
inference in comparative effectiveness research using admin-
istrative databases.**® In 2016, Pearson et al®>? used Medicare
claims and regression analyses to estimate survival and com-
pare surgical and nonsurgical management of axis fractures,
but given the nuances of incidence and prevalence cross-over
with International Classification of Diseases-based sampling,
broad inclusion criteria, and insufficient control of confound-
ing (eg, selection bias) we felt more rigid methods were
required to adequately assess outcomes in this cohort of
patients. The current study utilizes a random sample of the
US Medicare population to identify isolated acute traumatic
axis fractures in older US adults. We exercise a strict incidence
definition algorithm to compare surgical and nonsurgical mor-
tality and exploit a robust propensity score-weighted methodol-
ogy. Our null hypothesis was that patients treated with surgery
have equal mortality rate at 1 year compared to nonsurgical
patients; our alternative hypothesis was that surgical mortality
would be lower.

24-27

Methods
Study Population

We used a 20% random sample of US fee-for-service Medicare
beneficiaries with concurrent Medicare Parts A (inpatient),

B (outpatient), and D (dispensed drugs) coverage in at least
1 month between 2007 and 2014. Medicare is the US national
health insurance program and provides medical coverage for
citizens aged 65 years and older. Once selected into our sample,
we receive all data from beneficiaries until death or disenroll-
ment from fee-for-service Medicare. The institutional review
board at the University of North Carolina, Chapel Hill,
approved the study (IRB #16-0533).

Identification of Incident Fractures

We required beneficiaries to be continuously enrolled in fee-
for-service Medicare Parts, A, B, and D for 12 months in order
to be eligible for our cohort. Among eligible beneficiaries, we
identified incident axis fractures by requiring an inpatient hos-
pitalization with a primary, secondary, or tertiary discharge
diagnosis code for an axis fracture (/CD-9 diagnosis codes
805.02) or a physician claim with a primary diagnosis code for
an axis fracture during a hospitalization. We excluded patients
with any inpatient or outpatient cervical fracture diagnosis code
(ICD-9 diagnosis code 805.0x or 806.0x) during the prior
12 months, except for outpatient cervical fracture codes in
30 days prior to the hospitalization. This ensured patients diag-
nosed as outpatients with subsequent hospitalization were not
missed, but also that only patients requiring hospitalization
within 30 days of their fracture were included in order to pre-
vent cohort contamination with chronic fractures. We also
excluded patients with severe brain injury, skull fracture, coma,
and concurrent or historical pathological vertebrae fracture
(ICD-9 diagnosis code 733.13). Fractured vertebrae were iden-
tified using the fifth digit of the /CD-9 diagnosis code. All
diagnosis codes during initial hospitalization were used to
exclude patients with concurrent atlas and axis fractures and
concurrent axis and subaxial or multiple cervical fractures. The
final cohort was our isolated acute traumatic axis fractures
group and the hospitalization associated with the fracture was
the index hospitalization.

Treatment Identification

We identified whether patients received surgical treatment
based on current procedural terminology (CPT) codes prese-
lected by authors (MPC and DAB) representing surgical pro-
cedures used to treat axis fractures. The surgery must have been
performed during the index hospitalization or else the patient
was placed in the nonsurgical group. Delayed surgery was not
accounted for. Only CPT codes during initial hospitalization
qualified. Patients without a surgery code were grouped as
nonsurgical, irrespective of whether they received a halo or not.

Mortality

The outcome of interest was 1-year, all-cause mortality. Center
of Medicare and Medicaid Services (CMS) obtains mortality
data for all beneficiaries based on a linkage with the National
Death Index, irrespective of enrollment status. Since we had
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data on all-cause mortality for all beneficiaries, we allowed
beneficiaries to disenroll from fee-for-service Medicare during
mortality follow-up. For each analysis, patients were only
included if there was enough follow-up time to assess their
outcome within the window (eg, only patients with incident
fracture dates more than 360 days prior to December 31,
2014, were included in the 360-day analysis).

Analyses

Incidence rates of axis fracture were calculated by dividing the
number of incident fractures by the total eligible person-time
among beneficiaries in our database. Beneficiaries were con-
sidered eligible after at least 12 months of continuous Parts A,
B, and D fee-for-service enrollment with no cervical fracture
diagnosis codes until either the end of their continuous enroll-
ment or a cervical fracture diagnosis code. Rates are presented
per 100 000 person-years along with 95% confidence intervals
(CIs). The estimated 1-year standardized mortality ratio (SMR)
for the isolated acute traumatic axis fracture cohort equaled
observed mortality divided by the expected mortality based
on age and sex-standardized mortality rates in the general US
population.*” We assessed all covariates based on medical
claims during the 12 months prior to index hospitalization.
We report baseline characteristics by fracture type (crude data
from full cohort), as well as by surgery, in the isolated axis
fracture cohort (crude and SMR weighted). For surgical versus
nonsurgical cohorts, we calculated standardized mean differ-
ences for all covariates.

In order to balance comorbid conditions in the treatment
groups, we used propensity scores to control for differences
in measured covariates between surgical and nonsurgical
cohorts. We estimated the probability of receiving surgery
(PS) based on all variables included in Table 1 for each patient.
We then weighted the nonsurgical cohort by SMR weights,
defined as the odds of the estimated probability of receiving
surgery (PS/[1 — PS]). The surgical cohort received weights of
1. This process leads to a pseudopopulation of nonsurgical
patients, whose covariate distribution mimics the one observed
in surgery patients. This not only removes confounding by
measured covariates but also allows us to estimate the associ-
ation between surgery and all-cause mortality in patients who
received surgery (treatment effect in treated). We estimated
inhospital, 30-day, 180-day, and 360-day crude mortality risks
per 100 patients with 95% Cls using Poisson regression and
compared surgical and nonsurgical mortality at 1 year.

Results
Axis Fracture Incidence

We identified 4877 beneficiaries with an incident axis fracture
and 2797 had an isolated axis fracture (Figure 1). The estimated
incidence for isolated axis fractures in 2014 was 16.5 per 100
000 person-years overall (95% CI: 15.0-18.0). This remained
stable from 2008 through 2014, with a peak in 2011 (Figure 2).
Incidence rates strongly associated with age, with rates 10-fold

higher in those aged 854 years compared to those aged 65 to
74 years in 2014. Between the ages of 65 to 74 years, men and
women experienced similar incidence, but rates trended
slightly higher in women older than 85 compared to men.
The mean age of beneficiaries with an incident isolated axis
fracture was 82.8 years. Of the beneficiaries with axis fractures
68.4% were female; 92.3% were white; 36.8% were from the
South, 27.6% from the Midwest, 21.0% from the Northeast,
and 14.6% from the West. The mean Charlson comorbidity
index among those with incident isolated axis fracture was
3.6, and mean frailty score was 0.4. The most common
mechanism of injury was low energy trauma (81.6%).

Mortality

Inhospital, 30-day, 180-day, and 360-day mortality for isolated
axis fractures was 5.6 (95% CI 4.8-6.5), 12.6 (11.3-14.0), 24.6
(22.8-26.6), and 32.5 (30.3-34.9) per 100 beneficiaries, respec-
tively. The SMR was 3.8 (95% CI: 3.6-4.1) for isolated axis
fractures compared to mortality in the general US population
aged 65+ years in 2007. We found that mortality accelerates as
age increases (Supplemental Figure).

Surgical and Nonsurgical Treatment Outcomes

We included 2320 incident fractures with at least 360 days of
follow-up in our treatment analyses. Of those, 223 (9.6%)
received surgical treatment. In this group, the most common
surgical CPT code was 22318, “anterior odontoid fracture
reduction,” occurred in 50% of cases. The second most com-
mon CPT code was 22595, “posterior C1-2 fusion,” and
occurred in about 30% of index admissions. Compared to non-
surgical patients, surgical patients were younger, more likely to
be white, had a lower baseline frailty score, and were less likely
to have home health claims in the year prior to fracture (Table
1). Baseline characteristics used to estimate the propensity
weights were determined a priori and included baseline pre-
scription medications and health-care utilization variables. We
present the distribution of these covariates in the nonsurgical
cohort after reweighting the nonsurgical cohort based on the
propensity score to mimic the distribution of covariates
observed in the surgery group (Table 1). Weighted standar-
dized differences were all <0.1, which indicates our propensity
score model balances all these measured covariates.

Mortality for surgical patients was 19.7 deaths per 100 ben-
eficiaries at 1 year (95% CI: 14.5-25.0). Crude nonsurgical
mortality rate was significantly higher at 33.9 (95% CI 31.8-
35.9), but using our propensity weights, this rate dropped to
26.7 (95% CI: 24.5-29.0; Supplemental Table). This suggests
that there was substantial confounding, which favors healthier
patients for surgery, and that we were able to adjust for at least
some of it. Propensity-weighted risk difference (RD) showed
7.0 fewer surgical deaths per 100 patients at 1 year (95% CI:
1.3-12.7), and a risk ratio (RR) of 0.7 favoring surgery (95%
CI: 0.6-1.0). Table 2 shows inhospital, 30-day, 180-day, and
360-day mortality for the 2 groups. There was no difference in
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Table . Baseline Characteristics by Treatment for Isolated Axis Fractures only for Patients With at Least |-Year Follow-Up Available Treated
Operatively or Nonoperatively.®

Unweighted No Surgery Weighted

Characteristic Surgery, N = 223 No Surgery, N = 2097 Std Diff Weighted Std Diff
Age group

65-74 52 (23.3%) 356 (17.0%) 0.159 61 (27.3%) 0.091

75-84 107 (48.0%) 747 (35.6%) 0.253 92 (41.0%) 0.141

85+ 64 (28.7%) 994 (47.4%) 0.393 71 (31.7%) 0.066
Age, mean (SD) 80.1 (7.19) 83.0 (7.91) 0.385 80.0 (7.79) 0.013
Sex, male 75 (33.6%) 613 (29.2%) 0.095 77 (34.6%) 0.020
Race, nonwhite 12 (5.4%) 173 (8.2%) 0.114 12 (5.4%) 0.001
Region

Northeast 29 (13.0%) 435 (20.7%) 0.208 28 (12.5%) 0.014

Midwest 67 (30.0%) 562 (26.8%) 0.072 67 (30.1%) 0.002

South 87 (39.0%) 803 (38.3%) 0.015 88 (39.5%) 0.010

West 40 (17.9%) 297 (14.2%) 0.103 40 (17.8%) 0.002
Charlson comorbidity index, mean (SD) 3.3 (2.58) 3.7 (2.69) 0.141 3.3 (2.60) 0.011
Frailty score, mean (SD) 0.3 (0.26) 0.4 (0.30) 0.407 0.3 (0.26) 0.003
Mechanism

High energy 22 (9.9%) 276 (13.2%) 0.103 22 (10.0%) 0.005

Low energy 179 (80.3%) 1645 (78.4%) 0.045 180 (80.2%) 0.001

No E code 22 (9.9%) 176 (8.4%) 0.051 22 (9.8%) 0.004
Baseline outpatient office visits

0-6 75 (33.6%) 848 (40.4%) 0.141 75 (33.4%) 0.006

7-12 73 (32.7%) 572 (27.3%) 0.119 73 (32.6%) 0.002

13+ 75 (33.6%) 677 (32.3%) 0.029 76 (34.0%) 0.008
Baseline home health claims

0 176 (78.9%) 1485 (70.8%) 0.188 177 (78.9%) 0.001

I 25 (11.2%) 311 (14.8%) 0.108 25 (11.1%) 0.003

2+ 22 (9.9%) 301 (14.4%) 0.138 22 (10.0%) 0.005
Days in hospital during baseline

<I week 174 (78.0%) 1564 (74.6%) 0.081 175 (78.0%) 0.001

| to <2 weeks 19 (8.5%) 285 (13.6%) 0.162 19 (8.5%) 0.002

2+ weeks 30 (13.5%) 248 (11.8%) 0.049 30 (13.5%) 0.003
Any SNF stay during baseline 27 (12.1%) 387 (18.5%) 0.177 27 (11.9%) 0.006
Baseline DME claims

0 109 (48.9%) 1088 (51.9%) 0.060 110 (49.1%) 0.004

| 39 (17.5%) 263 (12.5%) 0.139 39 (17.4%) 0.003

2+ 75 (33.6%) 746 (35.6%) 0.041 75 (33.6%) 0.001
Baseline ED visits

0-1 104 (46.6%) 769 (36.7%) 0.203 105 (46.9%) 0.005

2-5 104 (46.6%) 1124 (53.6%) 0.140 104 (46.3%) 0.007

6+ 15 (6.7%) 204 (9.7%) 0.109 15 (6.8%) 0.003
Distinct generic drugs at baseline

0-4 26 (11.7%) 239 (11.4%) 0.008 26 (11.5%) 0.006

5-9 74 (33.2%) 576 (27.5%) 0.125 75 (33.7%) 0.011

10+ 123 (55.2%) 1282 (61.1%) 0.121 123 (54.8%) 0.007
ACE inhibitors 83 (37.2%) 740 (35.3%) 0.040 83 (37.2%) 0.000
Antiarrhytmics 30 (13.5%) 237 (11.3%) 0.065 30 (13.3%) 0.003
Anticoagulants 70 (31.4%) 737 (35.1%) 0.080 70 (31.3%) 0.003
B-Blockers 111 (49.8%) 1094 (52.2%) 0.048 112 (50.0%) 0.005
Bisphosphonates 36 (16.1%) 351 (16.7%) 0.0l16 35 (15.6%) 0.014
Calcium-channel blockers 61 (27.4%) 675 (32.2%) 0.106 60 (27.0%) 0.009
Loop diuretics 57 (25.6%) 736 (35.1%) 0.209 56 (25.2%) 0.008
NSAIDs 61 (27.4%) 457 (21.8%) 0.129 61 (27.2%) 0.002
PPI 76 (34.1%) 776 (37.0%) 0.061 76 (33.9%) 0.003
Statin 106 (47.5%) 950 (45.3%) 0.045 106 (47.5%) 0.001
Thiazides 50 (22.4%) 400 (19.1%) 0.083 49 (22.0%) 0.010

Abbreviations: ACE, acetylcholinesterase; DME, durable medical equipment; ED, emergency department; NSAIDs, nonsteroidal anti-inflammatory drugs; PPI,
proton pump inhibitor; SD, standard deviation; Std Diff, standardized absolute mean difference; SNF, skilled nursing facility.
*Weighted standardized differences for nonsurgical cohort included for nonsurgical group.
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Included Excluded
12,372 — 5,227
ICD-9 805.02 Qutpatient diagnosis
- 7; 1;5 — 1,041
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1,227
. 6,104 ’ Pathologic fracture, coma, scvere
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Isolated axis fracture -— Less than 1-year of follow-up
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occurrence is the incident isolated index
admission

Figure |. Flow chart for determination of isolated acute axis fractures.
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Figure 2. Bar and line graphs for age stratified fracture incidence and
rate of surgical intervention during study period showing increasing
incidence with age and stable rate of surgery.

inhospital mortality, but the 2 groups diverge by 30 days and
thereafter, in which the surgical group maintains a lower mor-
tality rate. Given the impact of age on mortality, we also stra-
tified by age. Those 65 to 74 years experienced the lowest
mortality (Figure 3). Propensity-weighted mortality for this
group was 7.7 (95% CIL: 0.5-14.9) and 18.9 (95% CI: 11.9-
26.0) deaths per 100 at 1 year for surgery and nonsurgical
cohorts, respectively. This resulted in an RD of 11.2 (95%
CI: 1.1-21.3) and RR of 0.4 (95% CI: 0.1-1.1). For other age-
groups, weighting eliminated the difference in mortality.

Discussion

Isolated acute axis fractures in older adults was associated with
a high 1-year mortality. Uniformly, there was a lower mortality
among those who had surgery during the years, and both
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Table 2. Crude Mortality Rate Presented as Deaths Per 100 Patients.”

Group Inhospital 30 Days 180 Days 360 Days
No surgery 5.8 (4.9-6.7) 13.3 (12.0-14.6) 25.7 (23.9-27.4) 33.9 (31.8-35.9)
Surgery 3.6 (1.4-5.8) 6.3 (3.4-9.1) 15.1 (10.7-19.6) 19.7 (14.5-25.0)

295% Confidence intervals.

Axis Fracture 1-year Mortality*
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Figure 3. Bar and line graphs showing |-year mortality in patients
with isolated acute traumatic axis fractures stratified by age as well as
propensity-weighted risk difference comparing mortality in surgical
patients with nonsurgical patients. Poisson regression was used to
estimate the rates and risk differences. It shows 95% confidence
intervals and significantly decreased mortality in the 65 to

74 age-group.

fracture and surgical treatment incidence rates were relatively
stable, which is what others have found.>® Overall survival data
demonstrate congruence showing high 1-year mortality (32
deaths per 100 beneficiaries; SMR 3.8 compared to general
population). Patients older than 85 years, who did not receive
surgery, experienced the highest mortality. Using a propensity-
weighted nonsurgical cohort for comparison, surgery was asso-
ciated with a 20% relative risk reduction, and 7 fewer deaths
per 100 at 1 year. Age profoundly impacted mortality. Surgical
mortality was 7.7 for 65 to 74 age-group compared to 32.8 in
the 85+ group per 100 beneficiaries at 1 year, which suggests
that surgery may have provided a survival benefit, especially in
the youngest patients, although considerable selection bias
likely contributes to lower surgical mortality rates.

Previous work in this area includes landmark studies from
the AO Spine group and the associated odontoid fracture reg-
istry analysis.'*?'~%% Each of these well-constructed analyses
utilizes a similar cohort of about 640 patients included in the
AO Spine registry from roughly 1990 to 2010. Schoenfeld
et al*! reported a mortality RR of 0.4 (CI: 0.1-1.5) for type 2
odontoid fractures, favoring surgery. Vaccaro et al'* also found
clinically significant improvement in neck disibility index and
short form-36v2 as well as lower surgical mortality compared
to nonsurgical management of type 2 odontoid fractures at 1
year (14% vs 26%). Chapman et al*’ calculated a mortality RR
for nonsurgical management of 1.35 (CI: 0.97-1.89), also
favoring surgery. These data suggest that surgical patients aged

65 to 74 years with odontoid fractures have lower mortality and
better functional outcomes compared to nonsurgical patients.
However, nonrandomized cohort studies of institutional data
have limited generalizability with inherent selection bias, and,
therefore, guidelines have been slow to recommend surgery in
older patients, favoring the “consideration” of surgical stabili-
zation in patients aged 50 years and older.'*"!

Over the last 2 decades, propensity score methods have been
increasingly used in comparative effectiveness research, espe-
cially when the ratio of events to confounders is low.**"*°
Ghaferi and Dimick suggested using propensity scores or
instrumental variable analyses for generating causal inference
from administrative databases such as Medicare.*® Pearson
et al were the first to utilize the Medicare data to analyze axis
fracture outcomes and used logistic regression to control for
confounding.*® Analyses using propensity score weights retain
more robust ability for casual inference compared to logistic
regression in these data. Using propensity scores, the current
study balanced 26 covariates spanning patient demographics,
health-care utilization parameters, durable medical equipment
claims, medication use, frailty, and geography to control for
large unmeasured sources of bias. A strict definition of inci-
dence was used to prevent cross-over with prevalent fractures
and multiple counts of a single patient. Pearson et al utilized
published algorithms from the spine patient outcomes research
trial (SPORT) to identify those who had surgery,>”*® but
SPORT trial validations were for the identification and classi-
fication of surgery for degenerative lumbar disease, not trau-
matic fractures, and no mention was made as to how the authors
distinguished incident fractures from prevalent fractures. The
AO Spine registry appropriately attempted to control for a few
measurable covariates in patients with traumatic axis fractures
receiving surgical or nonsurgical management but, unfortu-
nately, this registry was not necessarily representative of the
general US population. Therefore, from a methods perspective,
propensity-weighted analyses of representative population-
based databases may generate the strongest real-world observa-
tional evidence for mortality associated with surgical treatment
of axis fractures. Causal inference for comparative efficacy is
limited in the absence of a randomized control trial.

Others have used inpatient claims data to estimate burden of
axis fractures and effectiveness of surgery in the elderly
patients,!!-27-36-39:4049 AJthough previous studies report a
potential survival advantage for all surgical patients older than
65 years, after stratifying for age, this advantage is questioned
in patients aged 75 years and older.® Regardless of age,
unmeasured variables impacting a surgeon’s willingness to
offer surgery likely confounds the survival advantage observed
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in observational studies. The current study shows that surgeon
ability to select patients who would benefit from surgery
appears to be more reliable in younger patients. Surgical mor-
tality increased with age, which shows either diminished pro-
tective effect of surgery or poor patient selection in older
patients. A possible explanation for poorer surgical outcomes
in the older age-groups, from a biomechanical standpoint at
least, is that the risk of delayed myelopathy from nonunion
eventually is balanced by lower demands on the atlantoaxial
joint. Thus, a stable nonunion may be considered a safe
fracture-healing outcome and thus surgical mortality would
approximate nonsurgical mortality.'">° It should be noted that
the propensity score weights adjusted more substantially with
increasing age but were still able to identify a potential treat-
ment effect from surgery. The 64 to 74 age-group retained
significant treatment effect even after adjusting for measured
confounding supporting better surgeon prediction of good out-
come in this age-group. A possible explanation for treatment
effect in this group is that between 65 and 74 years, patients can
tolerate surgery and due to poor fracture healing, surgical sta-
bilization aids in creating a more stable union. Finally, a well-
tolerated surgery may still associate with improved survival,
even in the oldest patients, but the current data suggest caution
as age and comorbidities increase. Only a randomized trial
could balance potentially unmeasured covariates adequately.

Studies relying on large administrative databases have
inherent limitations because estimates depend on accuracy of
the database and coding integrity. Using linked mortality data
from CMS and National Death Index increases accuracy of
mortality data. Surgical decision-making has unmeasurable
variables not included here, but important comorbid conditions
and baseline predictors of mortality were adjusted for in this
study. Despite expected selection bias, crude mortality (Table
2) shows overlapping Cls for inhospital mortality and diver-
gence thereafter, which supports the expected delayed benefit
from surgery. Furthermore, surgical management of axis frac-
tures depends on fracture morphology (eg, type 2 odontoid
fractures are the axis fracture morphology in which surgery is
most likely considered whereas fractures involving the verteb-
ral body, pedicles, articular pillars, or lamina are less likely to
require surgery).'" Our analysis cannot distinguish among var-
ious morphologies of fractures due to the single /CD-9 code for
axis fracture. While most axis fractures are odontoid fractures,
definitive conclusions about a specific fracture pattern cannot
be directly made. Finally, the inclusion of multiple fracture
types improves the sensitively but hinders specificity of our
results and makes it impossible to compare different surgical
approaches for specific fracture type. Further studies using
International Classification of Diseases, 10th Revision codes
and anterior versus posterior comparisons are needed in order
to draw further conclusions about comparative mortality in this
cohort of patients.

The complex multifaceted nature of spine trauma in the
elderly patients presents a management conundrum. This study
is highly generalizable to the US population for outcomes after
surgical intervention for isolated acute traumatic axis fractures

in the elderly patients. Given the rates of stable nonunion and
high surgical mortality in patients aged 75+ years, the authors
suggest a more cautious approach to surgical intervention in
these patients'?; stable nonunion may be the safest outcome.
For patients aged 65 to 74 years, the authors agree with others
that surgery should be strongly considered.

Conclusion

Based on a representative sample of US Medicare patients,
those selected for surgery were found to have improved sur-
vival. The differences between groups were attenuated with
age. Isolated acute axis fracture incidence increases with age,
is highly fatal, and standardized mortality weighted survival
data suggest an association between surgery and survival ben-
efit in patients aged 65 to 74 years, which decreases with
increasing age. Despite the challenges of accurately comparing
the effectiveness of surgical interventions based on /CD-9 and
CPT coding methods, these generalizable and well-adjusted
observational data provide meaningful evidence.

Authors’ Note

Abstract presented at the American Association of Neurological Sur-
geons Annual Meeting; New Orleans, LA; April 2018.

Acknowledgments

The authors would like to thank Kathryn Pietrosimone, PhD, for edit-
ing the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: The
database infrastructure used for this project was funded by the Phar-
macoepidemiology Gillings Innovation Lab (PEGIL) for the
Population-Based Evaluation of Drug Benefits and Harms in Older
US Adults (GIL200811.0010), the Center for Pharmacoepidemiology,
Department of Epidemiology, UNC Gillings School of Global Public
Health, the CER Strategic Initiative of UNC’s Clinical Translational
Science Award (UL1TR002489), the Cecil G. Sheps Center for Health
Services Research, UNC, and the UNC School of Medicine. Michael
Catalino receives investigator-initiated research funding from the
North Carolina Spine Society. Til Stiirmer receives investigator-
initiated research funding and support as principal investigator
(AG056479) from the National Institute on Aging (NIA), and as coin-
vestigator (RO1 CA174453; RO1 HL118255), National Institutes of
Health (NIH). He also receives salary support as director of the Com-
parative Effectiveness Research (CER) Strategic Initiative, NC TraCS
Institute, UNC Clinical and Translational Science Award
(UL1TR002489) and from the Center for Pharmacoepidemiology
(current members: GlaxoSmithKline, UCB BioSciences, Merck, and
Shire) and research support from pharmaceutical companies (Amgen,
AstraZeneca) to the Department of Epidemiology, University of North
Carolina at Chapel Hill. Dr. Stiirmer does not accept personal



Geriatric Orthopaedic Surgery & Rehabilitation

compensation of any kind from any pharmaceutical company. He
owns stock in Novartis, Roche, BASF, AstraZeneca, and Novo
Nordisk.

Deb Bhowmick is an educational consultant for Medtronic, PLC.
He receives investigator-initiated research funding from NC TraCS
Institute; he has received contracted educational compensation from
Medtronic Inc.

ORCID iD

Michael P. Catalino, MD, MSc
6903

https://orcid.org/0000-0002-0411-

Supplemental Material

Supplemental material for this article is available online.

References

1. Ryan MD, Henderson JJ. The epidemiology of fractures and frac-
ture- dislocations of the cervical spine. Injury. 1992;23(1):38-40.

2. Kaesmacher J, Schweizer C, Valentinitsch A, et al. Osteoporosis
is the most important risk factor for odontoid fractures in the
elderly. J Bone Miner Res. 2017;32(7):1582-1588. doi:10.1002/
jbmr.3120.

3. Watanabe M, Sakai D, Yamamoto Y, Nagai T, Sato M, Mochida
J. Analysis of predisposing factors in elderly people with Type II
odontoid fracture. Spine J. 2014;14(6):861-866. doi:10.1016/].
spinee.2013.07.434.

4. Leucht P, Fischer K, Muhr G, Mueller EJ. Epidemiology of trau-
matic spine fractures. Injury. 2009;40(2):166-172. doi:10.1016/j.
injury.2008.06.040.

5. Hadley MN, Sonntag VKH, Grahm TW, Masferrer R, Browner C.
Axis fractures resulting from motor vehicle accidents. Spine J.
1986;11(9):861-864.

6. Zusman NL, Ching AC, Hart RA, Yoo JU. Incidence of second
cervical vertebral fractures far surpassed the rate predicted by the
changing age distribution and growth among elderly persons in
the United States (2005-2008). Spine J. 2013;38(9):752-756. doi:
10.1097/BRS.0b013e31827ab62a.

7. He W, Goodkind D, Kowal P. An Aging World: 2015. 95 ed.
Washington, DC: US Government Publishing Office; 2016.

8. Daniels AH, Arthur M, Esmende SM, Vigneswaran H, Palumbo
MA. Incidence and cost of treating axis fractures in the United
States from 2000 to 2010. Spine J. 2014;39(18):1498-1505. doi:
10.1097/BRS.0000000000000417.

9. Robinson A-L, Mdller A, Robinson Y, Olerud C. C2 Fracture
subtypes, incidence, and treatment allocation change with age: a
retrospective cohort study of 233 consecutive cases. Biomed Res
Int. 2017;2017(3):9. doi:10.1155/2017/8321680.

10. Pryputniewicz DM, Hadley MN. Axis fractures. Neurosurgery.
2010;66(3 suppl):68-82. doi:10.1227/01.NEU.0000366118.
21964.A8.

11. Ryken TC, Hadley MN, Aarabi B, et al. Management of isolated
fractures of the axis in adults. Neurosurgery. 2013;72(suppl 2):
132-150. doi:10.1227/NEU.0b013e318276ee40.

12. Hadley MN, Dickman CA, Browner CM, Sonntag VKH. Acute
axis fractures: a review of 229 cases. J Neurosurg. 1989;71:
642-647.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Koech F, Ackland HM, Varma DK, Wllliamson OD, Malham
GM. Nonoperative management of type II odontoid fractures in
the elderly. Spine J. 2008;33:2881-2886.

Vaccaro AR, Kepler CK, Kopjar B, et al. Functional and quality-
of-life outcomes in geriatric patients with type-II dens fracture.
J Bone Joint Surg Am. 2013;95(8):729-735. doi:10.2106/JBJS.K.
01636.

Fehlings MG, Arun R, Vaccaro AR, Arnold PM, Chapman JR,
Kopjar B. Predictors of treatment outcomes in geriatric patients
with odontoid fractures. Spine J. 2013;38(11):881-886. doi:10.
1097/BRS.0b013e318283 14ee.

Panjabi MM, Lydon C, Vasavada A, Grob D, Crisco JJ III,
Dvorak J. On the understanding of clinical instability. Spine J.
1994;19(23):2642-2650.

Shears E, Armitstead CP. Surgical versus conservative manage-
ment for odontoid fractures. Cochrane Database Syst Rev. 2008;
4:CD005078.

Pal D, Sell P, Grevitt M. Type II odontoid fractures in the elderly:
an evidence-based narrative review of management. Eur Spine J.
2010;20(2):195-204. doi:10.1007/s00586-010-1507-6.

Rizvi SAM, Frede HL, Lied B, Nakstad PH, Renning P, Helseth
E. Surgical management of acute odontoid fractures: surgery-
related complications and long-term outcomes in a consecutive
series of 97 patients. J Trauma Acute Care Surg. 2012;72(3):
682-690. doi:10.1097/TA.0b013e318236b675.

Huybregts JGJ, Jacobs WCH, Vleggeert-Lankamp CLAM. The
optimal treatment of type II and III odontoid fractures in the
elderly: a systematic review. Eur Spine J. 2013;22(1):1-13. doi:
10.1007/s00586-012-2452-3.

Schoenfeld AJ, Bono CM, Reichmann WM, et al. Type Il odon-
toid fractures of the cervical spine. Spine J. 2011;36(11):879-885.
doi:10.1097/BRS.0b013e3181e8e77c.

Boakye M, Arrigo RT, Kalanithi PSA, Chen YR. Impact of age,
injury severity score, and medical comorbidities on early compli-
cations after fusion and halo-vest immobilization for C2 fractures
in older adults. Spine J. 2012;37(10):854-859. doi:10.1097/BRS.
0b013e3182377486.

Smith JS, Kepler CK, Kopjar B, et al. Effect of type II odontoid
fracture nonunion on outcome among elderly patients treated
without surgery. Spine J. 2013;38(26):115-212.

Ishak B, Schneider T, Gimmy V, Unterberg AW, Kiening KL.
Early complications, morbidity, and mortality in octogenarians
and nonagenarians undergoing posterior intra-operative spinal
navigation-based C1/2 fusion for type II odontoid process frac-
tures. J Neurotrauma. 2017;34(24):3326-3335. doi:10.1089/neu.
2017.4968.

Dobran M, Nasi D, Esposito DP, lacoangeli M. Posterior fixation
with Cl1 lateral mass screws and C2 pars screws for type II
odontoid fracture in the elderly: long-term follow-up. World
Neurosurg. 2016;96:152-158. doi:10.1016/j.wneu.2016.08.100.
Ryang Y-M, To6rok E, Janssen I, et al. Early morbidity and mor-
tality in 50 very elderly patients after posterior atlantoaxial fusion
for traumatic odontoid fractures. World Neurosurg. 2016;87:
381-391. doi:10.1016/j.wneu.2015.12.026.

Woods BI, Hohl JB, Braly B, Donaldson W 111, Kang J, Lee JY.
Mortality in elderly patients following operative and nonoperative


https://orcid.org/0000-0002-0411-6903
https://orcid.org/0000-0002-0411-6903
https://orcid.org/0000-0002-0411-6903
https://orcid.org/0000-0002-0411-6903

Catalino et al

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

management of odontoid fractures. J Spinal Disord Tech. 2014;
27(6):321-326.

Fam MD, Zeineddine HA, Nassir RM, Bhatt P, Kamel MH.
Patient-reported outcome following nonsurgical management of
type Il odontoid process fractures in adults. J Craniovertebr Junc-
tion Spine. 2017;8(1):64-69. doi:10.4103/0974-8237.199871.
White AP, Hashimoto R, Norvell DC, Vaccaro AR. Morbidity
and mortality related to odontoid fracture surgery in the elderly
population. Spine J. 2010;35(9 suppl):S146-S157.

Robinson Y, Robinson AL, Olerud C. Systematic review on sur-
gical and nonsurgical treatment of type II odontoid fractures in the
elderly. Biomed Res Int. 2014;2014(8):9. doi:10.1155/2014/
231948.

Delcourt T, Bégué T, Saintyves G, Mebtouche N, Cottin P. Man-
agement of upper cervical spine fractures in elderly patients: cur-
rent trends and outcomes. Injury. 2015;46(suppl 1):S24-S27. doi:
10.1016/S0020-1383(15)70007-0.

Schroeder GD, Kepler CK, Kurd MF, et al. A systematic review
of the treatment of geriatric type II odontoid fractures. Neurosur-
gery. 2015;77(4):6-14. doi:10.1227/NEU.0000000000000942.
Yang Z, Yuan ZZ, Ma JX, Ma XL. Conservative versus surgical
treatment for type II odontoid fractures in the elderly: grading the
evidence through a meta-analysis. Orthop Traumatol Surg Res.
2015;101(7):839-844. doi:10.1016/j.0tsr.2015.08.011.

Ryken TC, Hadley MN, Aarabi B, et al. Management of acute
combination fractures of the atlas and axis in adults. Neurosur-
gery. 2013;72(3 suppl):151-158. doi:10.1227/NEU.0b013e318
276ee55.

Graffeo CS, Perry A, Puffer RC, et al. Deadly falls: operative
versus nonoperative management of type II odontoid process frac-
ture in octogenarians. J Neurosurg Spine. 2017;26(1):4-9. doi:10.
3171/2016.4.SPINE16333.

Dhall SS, Yue JK, Winkler EA, Mummaneni PV, Manley GT,
Tarapore PE. Morbidity and mortality associated with surgery of
traumatic C2 fractures in octogenarians. Neurosurgery. 2017,
80(6):854-862. doi:10.1093/neuros/nyw168.

Radcliff K, Ong KL, Lovald S, Lau E, Kurd M. Cervical spine
surgery complications and risks in the elderly. Spine J. 2017;
42(6):E347-E354. doi:10.1097/BRS.0000000000001799.

Harris MB, Reichmann WM, Bono CM, et al. Mortality in elderly
patients after cervical spine fractures. J Bone Joint Surg. 2010;
92(3):567-574. doi:10.2106/JBJS.1.00003.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Pearson AM, Martin BI, Lindsey M, Mirza SK. C2 Vertebral
fractures in the medicare population. J Bone Joint Surg. 2016;
98(6):449-456. doi:10.2106/IBJS.0.00468.

Chapman J, Smith JS, Kopjar B, et al. The AOSpine North Amer-
ica geriatric odontoid fracture mortality study. Spine J. 2013;
38(13):1098-1104. doi:10.1097/BRS.0b013e318286f0cf.
Kukreja S, Kalakoti P, Murray R, et al. National trends of inci-
dence, treatment, and hospital charges of isolated C-2 fractures in
three different age groups. Neurosurg Focus. 2015;38(4):9. doi:
10.3171/2015.1.FOCUS14825.

Austin PC, Grootendorst P, Anderson GM. A comparison of
the ability of different propensity score models to balance
measured variables between treated and untreated subjects: a
Monte Carlo study. Stat Med. 2007;26(4):734-753. doi:10.
1002/sim.2580.

Cepeda MS. Comparison of logistic regression versus propensity
score when the number of events is low and there are multiple
confounders. Am J Epidemiol. 2003;158(3):280-287. doi:10.
1093/aje/kwgl15.

Sturmer T, Wyss R, Glynn RJ, Brookhart MA. Propensity scores
for confounder adjustment when assessing the effects of medical
interventions using nonexperimental study designs. J Intern Med.
2014;275(6):570-580. doi:10.1111/joim.12267/pdf.

Glynn RJ, Schneeweiss S, Stiirmer T. Indications for propensity
scores and review of their use in pharmacoepidemiology. Basic
Clin Pharmacol Toxicol. 2006;98:253-259.

Ghaferi AA, Dimick JB. Practical guide to surgical data sets:
medicare claims data. JAMA Surg. 2018;153(7):677-678.
doi:10.1001/jamasurg.2018.0489.

Compressed Mortality File 1999-2015. http://wonder.cdc.gov/
cmf-icd10.html; 2016. Accessed June 20, 2017.

Martin BI, Lurie JD, Tosteson ANA, et al. Indications for spine
surgery. Spine J. 2014;39(9):769-779. doi:10.1097/BRS.
0000000000000275.

Barlow DR, Higgins BT, Ozanne EM, Tosteson ANA, Pearson
AM. Cost effectiveness of operative versus non-operative treat-
ment of geriatric type-II odontoid fracture. Spine J. 2016;41(7):
610-617. doi:10.1097/BRS.0000000000001275.

Graffeo CS, Perry A, Puffer RC, et al. Odontoid fractures and
the silver tsunami: evidence and practice in the very elderly.
Neurosurgery. 2016;63(1):113-117.


http://wonder.cdc.gov/cmf-icd10.html
http://wonder.cdc.gov/cmf-icd10.html


<<
  /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 1.4
  /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


