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Abstract
Study Design: A retrospective multicenter study.

Objective: Routine cervical spine surgeries are typically associated with low complication rates, but serious complications can
occur. Intraoperative death is a very rare complication and there is no literature on its incidence. The purpose of this study was to
determine the intraoperative mortality rates and associated risk factors in patients undergoing cervical spine surgery.

Methods: Twenty-one surgical centers from the AOSpine North America Clinical Research Network participated in the study.
Medical records of patients who received cervical spine surgery from January |, 2005, to December 31, 201 |, were reviewed to
identify occurrence of intraoperative death.

Results: A total of 258 patients across 2| centers met the inclusion criteria. Most of the surgeries were done using the anterior
approach (53.9%), followed by posterior (39.1%) and circumferential (7%). Average patient age was 57.1 + 13.2 years, and there
were more male patients (54.7% male and 45.3% female). There was no case of intraoperative death.

Conclusions: Death during cervical spine surgery is a very rare complication. In our multicenter study, there was a 0% mortality
rate. Using an adequate surgical approach for patient diagnosis and comorbidities may be the reason how the occurrence of this
catastrophic adverse event was prevented in our patient population.
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Low back and neck problems are among the top 5 surgically
treated conditions in the United States. Due to its intricate
structure, the cervical spine is exposed to increased stress and
loads that can lead to various conditions such as degenerative
or herniated discs, stenosis, and osteoarthritis. Depending on

the disease severity, patients can be treated conservatively or
surgically.1 For most of the patients the first line of treatment is
usually the nonoperative management including oral medica-
tion, physical therapy, bracing, and changes in the activity.' It
has been shown that in the 70% to 80% of the patients with
cervical radiculopathy, nonsurgical treatments were success-
ful.?> On the other hand, trauma or chronic conditions can
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require surgical intervention."”> Common primary goals of cer-
vical spine surgery are to decompress spinal cord and nerves
and stabilize the spine when needed.

Although the clinical success of cervical procedures is
very high, several complications have been reported. It has
been show that the type of surgical approach can contribute
to the complication onset. Fager reported that patients who
were treated anteriorly for cervical degenerative conditions
with myelopathy had a 10% higher chance for developing
neurological complications.’ Intraoperative complications
associated with both anterior and posterior approaches
include esophageal and tracheal perforation; injury of main
arteries; hematoma, wound infections; spinal cord and nerve
injury; dura leak; and improper positioning of instrumenta-
tion and graft.** Some of the primary complications can
lead to death. A 5-year report done by the Cervical Spine
Research Society (1982 to 1987) on the death incidence
after cervical spinal surgery demonstrated low mortality
rates, ranging from 0.34% to 0.96%, with 1982/1983 and
1985/1986 having the highest rates (0.95% and 0.96%,
respectively).® They further reported that the cord-related
complications were more prevalent with the posterior
approach and nerve root with the anterior approach.* Even
though death is a secondary adverse event there are several
variables that can influence the mortality rates. First, the
incidence magnitude differs between elective and emer-
gency room procedures.® Second, there are reports that
demographic factors (age and race) play an important
role.”® Skolasky and coworkers have shown an overall
0.42% mortality rate and found that African Americans had
59% higher odds of dying after cervical spine surgery com-
pared to Caucasian patients.” In addition, Alosh et al found
that African Americans had 57% higher odds of death as a
terminal complication after anterior cervical spine surgery.®
Last, an overall mortality incidence will be directly linked
to the patient’s medical condition.

Although there is literature on the death incidence with
spine surgeries, most of the studies focused on the postopera-
tive mortality rates or on the complications leading to death.
The purpose of our multicenter study was to determine the
incidence of intraoperative death in patients undergoing cervi-
cal spine surgery. We also sought to address the correlation
between patient demographics, surgical approach, and intrao-
perative death rates.

Material and Methods

We have conducted a retrospective multicenter case series
study involving 21 high-volume surgical centers from the
AOSpine North America Clinical Research Network, selected
for their excellence in spine care and clinical research infra-
structure and experience. All the centers were academic, teach-
ing hospitals. Medical records for 17 625 patients who received
cervical spine surgery between January 1, 2005, and December
31, 2011, inclusive, were reviewed to identify occurrence of 21
predefined treatment complications. The complications

Table |. Patient Demographics.

Gender, n (%)
Male
Female

Smoking status, n (%)
Current smoker
Previous smoker

141 (54.7%)
117 (45.3%)

52 (22.4%)
69 (29.7%)

Never smoked 111 (47.9%)
Mean age (years) (mean + SD) 57.1 + 13.2
Mean BMI (mean + SD) 288 + 6.5

Abbreviations: SD, standard deviation; BMI, bone mass index.

included reintubation requiring evacuation, esophageal per-
foration, epidural hematoma, C5 palsy, recurrent laryngeal
nerve palsy, superior laryngeal nerve palsy, hypoglossal or
glossopharyngeal nerve palsy, dural tear, brachial plexopathy,
blindness, graft extrusion, misplaced screws requiring reopera-
tion, anterior cervical infection, carotid artery injury or cere-
brovascular accident, vertebral artery injuries, Horner’s
syndrome, thoracic duct injury, quadriplegia, intraoperative
death, revision of arthroplasty, and pseudomeningocele.
Trained research staff at each site abstracted the data from
medical records, surgical charts, radiology imaging, narratives,
and other source documents for the patients who experienced
one or more of the complications from the aforementioned list.
Patient demographics were collected at the time of surgery.
Data was transcribed into study-specific paper case report
forms. Copies of case report forms were transferred to the
AOSpine North America Clinical Research Network Methodo-
logical Core for processing, cleaning, and data entry.

Results

From the initial 17 625 patients, 258 patients met the inclusion/
exclusion criteria and were used in the study. There were 141
male (54.7%) and 117 female (45.3%) patients (Table 1). The
average age was 57.1 + 13.2 years, and the mean body mass
index was 28.8 + 6.5. Fifty-two patients were current smokers,
69 were previous smokers and 111 never smoked (Table 1).

The most common procedure was the anterior approach 139
(53.9%), followed by posterior 101 (39.1%) and circumferen-
tial 18 (7%) approaches; and for most of the cases surgery was
done on the left side (65.4%; Table 2). Average length of
surgery was 212.7 + 110.8 minutes, and the average blood
loss was 461.1 + 725.5 (Table 2).

There was no intra-operative death in our study, and the total
incidence of other rare complications was low (Table 3).

Discussion

In the past decades, there has been immense progress in under-
standing the link between pathophysiological changes and
spine biomechanics, leading to defined cervical surgical
approaches. The risk of complications is inevitable but it can
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Table 2. Surgical Characteristics.

Surgical approach, n (%)
Anterior
Posterior
Circumferential
Surgical side, n (%)

139 (53.9%)
101 (39.1%)
18 (7%)

Right 44 (34.6%)

Left 83 (65.4%)
Average operation length (minutes), mean + SD 2127 + 110.8
Average blood loss (mL), mean + SD 461.1 + 7255
Cervical level, n (%)

Cl C2 Cc3 Cc4 C5 Cé c7 Tl

No 253 (98.1%) 213 (82.6%) 128 (49.6%) 74 (28.7%) 27 (10.5%) 31 (12.0%) 92 (35.7%) 207 (80.2%)
Yes 5 (1.9%) 45 (17.4%) 130 (50.3%) 184 (71.3%) 231 (89.5%) 227 (88.0%) 166 (64.3%) 51 (19.8%)

Table 3. Rare Complications.

Type Total Incidence (%)*
Reintubation requiring evacuation 0.10
Esophageal perforation 0.02
Epidural hematoma 0.09
C5 palsy 0.42
Recurrent laryngeal nerve palsy 0.21
Superior laryngeal nerve palsy 0.01
Hypoglossal or glossopharyngeal nerve palsy 0.01
Dural tear 0.77
Brachial plexopathy 0.01
Graft extrusion 0.11
Misplaced screws requiring reoperation 0.08
Anterior cervical infection 0.07
Vertebral artery injuries 0.10
Horner’s syndrome 0.06
Thoracic duct injury 0.0l
Quadriplegia 0.02
Pseudomeningocele 0.09

*Total incidence (%) = (number of patients with given complication/total num-
ber of patients undergoing cervical surgery) x 100.

be reduced with the proper surgical indications that are appro-
priate for the pathology present.

Our data shows that among 21 centers, there was no case of
intraoperative deaths in elective cervical spine surgeries. We
did not measure the mortality rate of postoperative deaths in
our series of patients. The low risk of postoperative death has
been previously reported. Goz and coworkers indicated that the
mortality rates after spine surgery remained constant over a 10-
year period.” Thoracic spine surgery had the highest death
incidence (1.2%), followed by cervical (0.46%) and lumbar
(0.14%). A similar pattern was observed in another database
study, with the mortality incidence being 0.57%, 0.13%, and
0.11% for the thoracic, cervical, and lumbar regions, respec-
tively.'” Both studies found that older age (>65 years), male
patients, and various comorbidities (congestive heart failure,
chronic pulmonary disease, neurological disorders, metastatic
cancer, renal failure, weight loss) strongly correlated with the
risk of in-hospital death. In our study, the mean patient age was
54 years, and 54.7% were male patients.

One of the key factors that can lead to an increase in death
incidence is the nature of the surgery, whether it is emergent or
elective. A prospective study on spinal surgery with 471
patients receiving elective surgery and 471 patients receiving
emergency surgery reported an overall 2.1% mortality rate.® In
the study by Street et al,® there was only one death in the
elective surgery group, and 19 in the emergency group, mainly
in patients with trauma or spinal tumors. In our retrospec-
tive study, all the surgeries were elective and no intraoperative
death was observed. Furthermore, a retrospective database
study reported 0% postoperative mortality rates after ambula-
tory cervical surgeries over a 5-year time period.'' The major-
ity of these cases (68%) were done using the anterior cervical
discectomy and fusion, similar to our study where 53.9% of the
patients underwent an anterior approach.

The impact of teaching and nonteaching hospitals on the
death incidence rates after spine surgery has been an extensive
ongoing debate. Numerous studies have shown that teaching
hospitals in general perform better when it comes to the more
complex surgeries and that mortality rates are lower or similar
to nonteaching hospitals.'*'* However, Fineberg et al found a
significant difference in mortality rates between teaching and
nonteaching hospitals (1.2 vs 0.6 per 1000)."> Some of the
predictors for this high incidence were patient age, weight loss,
neurological, pulmonary, and cardiac comorbidities and com-
plications. Another contributing factor in this study was the
surgery complexity, which was higher at the teaching hospi-
tals.'> Our data is in agreement with these reports; all the
centers in our study were teaching institutions and the compli-
cation rates were low.

One of the most common complications after cervical sur-
gery occurs in the region of the esophagus. Patients with ante-
rior cervical discectomy and fusion procedures in particular are
at a higher risk of dysphagia, laryngeal nerve injury, and phar-
ynx wall swelling. Those complications can lead to aspiration
pneumonia, which can be fatal. Fineberg et al looked at the
influence of aspiration on the death incidence after anterior
fusion, posterior fusions, or posterior decompression.'® The
aspiration incidence was 5.3 per 1000, and it was more com-
mon in older patients and male patients. Mortality rates were
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significantly higher in patients with aspiration compared to
those without (34.4 vs 0.7 per 1000). The highest mortality
rates were observed in multilevel surgeries (3 or more levels)
and in posterior cervical fusions. The aspiration and mortality
rates were strongly correlated with older age and male gender.
In our study, the incidence of esophageal perforation was very
low (0.02%), and most of the cases were done using the anterior
approach. Another study looking at the trends of cervical sur-
gery with and without human recombinant bone morphogenetic
protein 2 (thBMP2) found that posterior cervical fusion had the
highest mortality rate of 12.6 per 1000 compared to 2.9 per
1000 for anterior cervical fusion and 3.2 per 1000 for posterior
cervical decompression.'’

Injury of the vertebral artery during anterior cervical fusion
can lead to a fatal outcome. A systematic review done by Park
and Jho'® found that among 39 cases (17 studies) that under-
went anterior cervical approach only one case ended up fatally
due to excessive bleeding and 45% of the patients had delayed
vascular complications.

Myelopathy is possibly the comorbidity with the highest
influence on morbidity rates associated with cervical surgery.
Patients who had myelopathy and an anterior cervical proce-
dure had a higher mortality rate compared to nonmyelopathy
patients (0.52% vs 0.05%). The posterior approach was not
strikingly different, but the mortality rates were higher overall
in myelopathy patients (0.67% vs 0.36% respectively).'® One
of the most probable explanations is that myelopathy can lead
to a sequel of perioperative complications obstructing vital
functions. Similar findings with a 0.8% mortality were reported
by other investigators.”’ Wang and coauthors further found that
patients over 75 years of age and with myelopathy had a 19
times higher chance of dying after cervical spine surgery, pos-
terior or circumferential !

Even though there is data on death after cervical spine sur-
gery, several reports have shown that those trends are stable or
declining. Patil et al have shown that despite the 2-fold increase
in the number of cervical procedures over a decade, the average
mortality and length of stay decreased, suggesting improve-
ment in surgical approach and patient care.*

There are several limitations to our study, including that it
was retrospective. The major limitation was the study size, as
only 258 patients met the inclusion criteria. Within each cen-
ter, cases originated from a single surgeon potentially intro-
ducing bias due to the highly defined surgical setting.
Furthermore, other demographic data known to affect mortal-
ity rates such as ethnicity or previous conditions was not
collected. Despite those limitations and no death cases, our
study suggests that using an adequate surgical approach for
patient diagnosis and comorbidities may prevent the occur-
rence of this intraoperative death.

Conclusions

Death after cervical spine surgery is a very rare complication.
In our multicenter study, there was no incidence of intraopera-
tive death. Our findings further strengthen the notion that low

complication rates and proper surgical skills can diminish the
circumstances that could lead to intraoperative death.

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: Jeffrey C. Wang reports royalties (Aesculap, Biomet, Ame-
dica, Seaspine, Synthes), stock ownership (Fziomed), private invest-
ments (Promethean Spine, Paradigm spine, Benevenue, NexGen,
Vertiflex, electrocore, surgitech, corespine, expanding orthopaedics,
osprey, bone biologics, curative biosciences, pearldiver), Board of
Directors (North American Spine Society [nonfinancial, reimburse-
ment for travel for board meetings, courses, etc.], North American
Spine Foundation [nonfinancial], Cervical Spine Research Society
[nonfinancial, reimbursement for travel for board meetings],
AOSpine/AO Foundation [honorariums for board position], fellow-
ship support (AO Foundation [spine fellowship funding paid to
institution]; Zorica Buser reports Xenco Medical (consultancy),
AOSpine (consultancy, past) Zorica Buser reports grants from AOS-
pine North America during the conduct of the study; David Fish
reports grants from AOSpine North America during the conduct of
the study; Elizabeth L. Lord reports grants from AOSpine North
America during the conduct of the study; Allison Roe reports grants
from AOSpine North America during the conduct of the study; Dha-
nanjay Chatterjee reports grants from AOSpine North America during
the conduct of the study; Erica Gee reports grants from AOSpine
North America during the conduct of the study; Erik Mayer reports
grants from AOSpine North America, during the conduct of the study;
Marisa Yanez reports grants from AOSpine North America during the
conduct of the study; Owen McBride reports grants from AOSpine
North America during the conduct of the study; Peter Cha reports
grants from AOSpine North America during the conduct of the study;
Paul Arnold reports grants from AOSpine North America during the
conduct of the study; other from Z-Plasty, other from Medtronic Sofa-
more Danek, other from Stryker Spine, other from FzioMed, other
from AOSpine North America, other from Life Spine, other from
Integra Life, other from Spine Wave, other from MIEMS, other from
Cerapedics, other from AOSpine North America, outside the sub-
mitted work; Michael G. Fehlings reports grants from AOSpine North
America during the conduct of the study; Thomas E. Mroz reports
other from AO Spine, grants from AOSpine North America during the
conduct of the study; personal fees from Stryker, personal fees from
Ceramtec, other from Pearl Diver, outside the submitted work; K.
Daniel Riew reports personal fees from AOSpine International, other
from Global Spine Journal, other from Spine Journal, other from
Neurosurgery, personal fees from Multiple Entities for defense, plan-
tiff, grants from AOSpine, grants from Cerapedics, grants from Med-
tronic, personal fees from AOSpine, personal fees from NASS,
personal fees from Biomet, personal fees from Medtronic, nonfinan-
cial support from Broadwater, outside the submitted work.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This study
was sponsored by AOSpine North America Inc, a 501(c)3 nonprofit
corporation.

References

1. Todd AG. Cervical spine: degenerative conditions. Curr Rev
Musculoskelet Med. 2011;4:168-174.



Wang et al

131S

10.

11.

. Grob D. Surgery in the degenerative cervical spine. Spine (Phila

Pa 1976). 1998;23:2674-2683.

. Fager CA. Failed neck syndrome: an ounce of prevention. Clin

Neurol. 1980;27:450-465.

. Graham JJ.Complications of cervical spine surgery. A five-year

report on a survey of the membership of the Cervical Spine
Research Society by the Morbidity and Mortality Committee.
Spine (Phila Pa 1976). 1989;14:1046-1050.

. Daniels AH, Riew KD, Yoo JU, et al. Adverse events associated

with anterior cervical spine surgery. J Am Acad Orthop Surg.
2008;16:729-738.

. Street JT, Lenchan BJ, DiPaola CP, et al. Morbidity and mortality

of major adult spinal surgery. A prospective cohort analysis of
942 consecutive patients. Spine J. 2012;12:22-34,

. 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.

. Alosh H, Riley LH 3rd, Skolasky RL. Insurance status, geogra-

phy, race, and ethnicity as predictors of anterior cervical spine
surgery rates and in-hospital mortality: an examination of United
States trends from 1992 to 2005. Spine (Phila Pa 1976). 2009;34:
1956-1962.

. Goz V, Weinreb JH, McCarthy I, Schwab F, Lafage V, Errico TJ.

Perioperative complications and mortality after spinal fusions:
analysis of trends and risk factors. Spine (Phila Pa 1976). 2013;
38:1970-1976.

Shen Y, Silverstein JC, Roth S. In-hospital complications and
mortality after elective spinal fusion surgery in the United States:
a study of the nationwide inpatient sample from 2001 to 2005.
J Neurosurg Anesthesiol. 2009;21:21-30.

Baird EO, Egorova NN, McAnany SJ, Qureshi SA, Hecht AC,
Cho SK. National trends in outpatient surgical treatment of degen-
erative cervical spine disease. Global Spine J. 2014;4:143-150.

. Dimick JB, Cowan JA Jr, Colletti LM, Upchurch GR Jr. Hospital

teaching status and outcomes of complex surgical procedures in
the United States. Arch Surg. 2004;139:137-141.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hyder O, Sachs T, Ejaz A, Spolverato G, Pawlik TM. Impact of
hospital teaching status on length of stay and mortality among
patients undergoing complex hepatopancreaticobiliary surgery in
the USA. J Gastrointest Surg. 2013;17:2114-2122.

Gopaldas RR, Bakaeen FG, Dao TK, et al. Outcomes of conco-
mitant aortic valve replacement and coronary artery bypass graft-
ing at teaching hospitals versus nonteaching hospitals. J Thorac
Cardiovasc Surg. 2012;143:648-655.

Fineberg SJ, Oglesby M, Patel AA, Pelton MA, Singh K. Out-
comes of cervical spine surgery in teaching and non-teaching
hospitals. Spine (Phila Pa 1976). 2013;38:1089-1096.

Fineberg SJ, Oglesby M, Patel AA, Singh K. Incidence, risk
factors, and mortality associated with aspiration in cervical
spine surgery. Spine (Phila Pa 1976). 2013;38:E1189-E1195.
Marquez-Lara A, Nandyala SV, Fineberg SJ, Singh K.
Current trends in demographics, practice, and in-hospital
outcomes in cervical spine surgery: a national database
analysis between 2002 and 2011. Spine (Phila Pa 1976).
2014;39:476-481.

Park HK, Jho HD. The management of vertebral artery injury in
anterior cervical spine operation: a systematic review of published
cases. Eur Spine J. 2012;21:2475-2485.

Shamji MF, Cook C, Tackett S, Brown C, Isaacs RE. Impact of
preoperative neurological status on perioperative morbidity asso-
ciated with anterior and posterior cervical fusion. J Neurosurg
Spine. 2008;9:10-16.

Zeidman SM, Ducker TB, Raycroft J. Trends and complications
in cervical spine surgery: 1989-1993. J Spinal Disord. 1997;10:
523-526.

Wang MC, Chan L, Maiman DJ, Kreuter W, Deyo RA. Compli-
cations and mortality associated with cervical spine surgery for
degenerative disease in the United States. Spine (Phila Pa 1976).
2007;32:342-347.

Patil PG, Turner DA, Pietrobon R. National trends in surgical
procedures for degenerative cervical spine disease: 1990-2000.
Neurosurgery. 2005;57:753-758.




<<
  /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




