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Rates and Causes of Mortality Associated With
Spine Surgery Based on 108,419 Procedures

A Review of the Scoliosis Research Society Morbidity and Mortality Database

Justin S. Smith, MD, PhD,* Dwight Saulle, MD,* Ching-Jen Chen, BA,* Lawrence G. Lenke, MD,t
David W. Polly, Jr, MD,# Manish K. Kasliwal, MD,* Paul A. Broadstone, MD,§ Steven D. Glassman, MD, §
Alexander R. Vaccaro, MD, PhD,|| Christopher P. Ames, MD,** and Christopher I. Shaffrey, MD*

Study Design. A retrospective review of a prospectively collected
database.

Objective. To assess rates and causes of mortality associated with
spine surgery.

Summary of Background Data. Despite the best of care, all
surgical procedures have inherent risks of complications, including
mortality. Defining these risks is important for patient counseling
and quality improvement.

Methods. The Scoliosis Research Society Morbidity and Mortality
database was queried for spinal surgery cases complicated by death
from 2004 to 2007, including pediatric (younger than 21 yr) and
adult (21 yr or older) patients. Deaths occurring within 60 days and
complications within 60 days of surgery that resulted in death were
assessed.

Results. A total of 197 mortalities were reported among 108,419
patients (1.8 deaths per 1000 patients). Based on age, rates of death
per 1000 patients for adult and pediatric patients were 2.0 and 1.3,
respectively. Based on primary diagnosis (available for 107,996
patients), rates of death per 1000 patients were as follows: 0.9 for
degenerative (n = 47,393), 1.8 for scoliosis (n = 26,421), 0.9 for
spondylolisthesis (n = 11,421), 5.7 for fracture (n = 6706), 4.4
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for kyphosis (n = 3600), and 3.3 for other (n = 12,455). The most
common causes of mortality included: respiratory/pulmonary causes
(n = 83), cardiac causes (n = 41), sepsis (n = 35), stroke (n = 15), and
intraoperative blood loss (n = 8). Death occurred prior to hospital
discharge for 109 (79%) of 138 deaths for which this information
was reported. The specific postoperative day (POD) of death was
reported for 94 (48%) patients and included POD 0 (n = 23),
POD 1-3 (n = 17), POD 4-14 (n = 30), and POD >14 (n = 24).
Increased mortality rates were associated with higher American
Society of Anesthesiologists score, spinal fusion, and implants
(P < 0.001). Mortality rates increased with age, ranging from 0.9 per
1000 to 34.3 per 1000 for patients aged 20 to 39 years and 90 years
or older, respectively.

Conclusion. This study provides rates and causes of mortality
associated with spine surgery for a broad range of diagnoses and
includes assessments for adult and pediatric patients. These findings
may prove valuable for patient counseling and efforts to improve the
safety of patient care.

Key words: adult, complications, mortality, pediatric, spine
surgery. Spine 2012;37:1975-1982

Il surgical procedures have inherent risks of compli-
cations, and among the most profound is the risk of
death. Defining the rates and causes of mortality asso-
ciated with surgical procedures is valuable for patient coun-
seling, surgical planning, and efforts to improve the safety
of patient care. However, estimation of mortality rates is
complicated by several factors, the most significant of which
is the relative rarity of this event for most procedures. In
addition, for data to be generalizable, estimations of mortal-
ity rates should include a broad range of surgeons, medical
centers, geographic regions, and patient populations in order
to mitigate potential confounding effects of these factors.
The spine may be afflicted by a remarkably broad spec-
trum of pathologies, and a similarly broad range of surgical
procedures have been developed to address these conditions.
Treatments can range from a relatively straightforward lum-
bar microdiscectomy to complex reconstructions for spinal
deformities, and the acuity can range from purely elective to
urgent or emergent. For procedures that are very commonly

1975

www.spinejournal.com

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



N'00SH SURGERY

Rates of Mortality in Spine Surgery ® Smith et al

performed, the literature offers estimates of mortality.'!

However, for less common procedures, such as those for
spinal deformity, the available literature is limited.!*'$ In
addition, estimates of mortality for pediatric patients, espe-
cially for less common procedures, are very limited.!*2°

The Scoliosis Research Society (SRS) has been collecting
morbidity and mortality (M&M) data from its members for
more than 30 years. Given the relative infancy of modern sur-
gical treatments of spinal deformity, the founding members of
the SRS recognized the importance of collecting and assessing
M&M as a means of improving future care, and this tradition
has continued to the present and has become a hallmark of
membership. Our objective in this study was to use the signifi-
cant breadth and volume of cases reported to the SRS M&M
database from a recent time period in order to provide rates
and causes of mortality associated with spine surgery.

MATERIALS AND METHODS

Patient Population

Surgeons must complete 5 years of candidate member-
ship prior to application for active membership in the SRS.
Candidate members are required to collect and submit data
on all spine cases performed, including all associated M&M.
Reported complications do not influence whether a candi-
date is offered membership, because the SRS Membership
Committee is only provided with indication as to whether
each candidate member has completed the required case sub-
mission process and not the number or types of complica-
tions for each candidate. Active members, including North
American and non-North American surgeons, are also
encouraged to submit their cases. De-identified data are col-
lected using a questionnaire developed by the SRS M&M
Committee in the 1990s and updated to a secure Internet-
based data entry form in 2001. The M&M data in the SRS
database predominantly reflect short-term complications
associated with the perioperative period, and the means of
data collection do not permit entry of long-term complica-
tions. The SRS has invested substantial resources in this data-
base and emphasizes to its membership the importance of
accurate and consistent reporting. In addition, data submis-
sion includes a process in which members formally attest that
submitted data are true and complete.

The SRS M&M database was queried for all cases
reported from the years 2004 through 2007. Extracted
data included patient age, sex (only collected for the year
2007), American Society of Anesthesiologists (ASA) grade
(only collected for the year 2007), membership status of
the operating surgeon, diagnosis, whether the surgery was
primary versus revision, whether a spinal fusion was per-
formed, whether implants were used, and whether the case
was complicated by death and if so, the reported cause of
mortality. Deaths occurring within 60 days and complica-
tions within 60 days of surgery that resulted in death were
assessed in this study. Patients were stratified on the basis of
age as either pediatric (younger than 21 yr) or adult (21 yr
of age or older).
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The SRS M&M database design was submitted to the
Hospital for Special Surgery (New York, NY) institutional
review board (IRB) and was determined to be exempt from
IRB approval based on use of de-identified data (IRB#29045).

Statistical Analyses

Statistical analysis was performed using SPSS v19.0 software
(SPSS Inc., Chicago, IL). Frequency distributions and sum-
mary statistics were calculated for clinical and demographic
data. Mortality rates were calculated and were reported as
rates of death per 1000 patients. For categorical variables,
cross-tabulations were generated and Fisher exact tests were
used to compare distributions. Nonparametric testing, spe-
cifically the independent-samples Mann-Whitney U test, was
used for statistical assessment of the relationship between
ASA grade and mortality. All statistical analyses were 2-sided.
P value of less than 0.05 was considered significant.

RESULTS

A total of 108,419 surgical cases were reported to the SRS
M&M database from 2004 to 2007. The mean patient age
was 47 years (median: 48, range: 1 mo to 97 yr), with 76%
of cases performed in adult and 24% in pediatric patients.
Active North American members contributed the majority
of cases (71%), followed by candidate members (23%) and
non-North American members (6%). A total of 197 deaths
were reported for an overall mortality rate of 1.8 deaths
per 1000 patients. Among adult (n = 82,082) and pediatric
(n = 25,432) patients, the rates of death per 1000 patients
were 2.0 and 1.3, respectively (P = 0.020). Rates of death for
adult and pediatric patients, stratified on the basis of diagnosis,
are summarized in Table 1. Compared with pediatric patients,
the rates of death for adult patients were significantly higher
for surgical treatment of scoliosis (all subtypes combined; P =
0.002), neuromuscular scoliosis (P = 0.028), and idiopathic
scoliosis (P < 0.001). There were no significant differences in
the rates of death between adult and pediatric patients for the
surgical treatment of congenital scoliosis (P = 1.00), spondy-
lolisthesis (P = 1.00), fracture (P = 0.26), or kyphosis (P =
0.074). Mortality rate per 1000 patients was further stratified
by age groups and ranged from 0.9 for patients 20 to 39 years
of age to 34.3 for patients 90 years of age or older (Figure 1).

The mortality rates were further analyzed for age sub-
groups for the pediatric patients. The numbers of deaths per
1000 cases for pediatric patients aged 0 to 5, 6 to 10, 11
to 15, and 16 to 20 years were 2.02, 1.91, 1.19, and 0.95,
respectively (P = 0.50). Patients aged 0 to 10 and 11 to 20
years had rates of death of 1.95 and 1.10, respectively, per
1000 patients (P = 0.17).

Causes of mortality were reported for 191 (97%) of the
cases complicated by death. Reported causes of mortality,
stratified on the basis of primary diagnosis, are summarized
in Table 2. The most common causes of mortality included
respiratory/pulmonary causes (n = 83), cardiac causes (n =
41), and sepsis (n = 35). Other less common causes of death
included stroke (n = 15), operative blood loss (n = 8), and
multisystem organ failure (n = 3). Further stratification of
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Rates of Death Based on Patient Age

and Primary Diagnosis*

No. of | No. of | Deaths per
Diagnosis Cases | Deaths | 1000 Cases
Adult (=21 yr)

Degenerative disease 46,434 44 1.0
Cervical 11,674 19 1.6
Thoracic 524 4 7.6
Lumbar 33,910 21 0.6
Spinal level not recorded | 326 0

Scoliosis 5801 20 3.5
Neuromuscular 292 4 13.7
Degenerative 2533 8 3.2
Idiopathic 2488 7 2.8
Post-traumatic 30 0
Congenital 137 0
Other 139 1 7.2
Type not recorded 182 0

Spondylolisthesis 10,529 10 1.0

Fracture 6025 37 6.1

Kyphosis 2012 13 6.5

Other 11,089 39 3.5
Metastatic tumort 726 16 22.0
Acute osteodiscitist 866 10 11.5

Not recorded 192 0

Total 82,082 163 2.0

Pediatric (<21 yr)

Degenerative diseaset 654 0

Scoliosis 20,424 27 1.3
Neuromuscular 4855 17 3.5
Congenital 2045 6 2.9
Idiopathic 11,741 2 0.2
Post-traumatic 35 0
Other 1464 2 1.4

Type not recorded 284 0

Spondylolisthesis 827 0

Fracture 623 1 1.6

Kyphosis 1555 3 1.9

Other 1273 1 0.8

Not recorded 76 0 ...

Total 25,432 32 1.3

*Age not recorded for 905 patients, including 2 cases of mortality (1 patient
each with diagnosis of neuromuscular scoliosis and other. These patients are
not included in this table.

tSelected subgroups within the primary diagnosis of other.

#Cases reported as pediatric degenerative disease predominantly consisted
of disc herniations, stenosis, or degenerative disc disease, with the vast
majority involving the lumbar region.
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Figure 1. Rates of mortality per 1000 patients treated surgically for
spinal pathology, stratified on the basis of patients’ age. Each age
grouping had more than 10,000 patients, except for the group of 80
to 89 years (n = 3430) and the group of 90 years or older (n = 175).
Note the break in the Y-axis to accommodate the mortality rate for the
group of 90 years or older.

respiratory/pulmonary and cardiac causes of death is pro-
vided in Table 2. Compared with pediatric patients, the rate
of cardiac-related deaths for adults was significantly higher (P
= 0.041). The rates of death related to respiratory/pulmonary
conditions (P = 0.072), sepsis (P = 0.24), stroke (P = 0.76),
and intraoperative blood loss (P = 0.40) did not differ signifi-
cantly between adult and pediatric patients.

For a subset of patients, the timing of death relative to the
surgical procedure was reported. Death occurred prior to
hospital discharge for 109 (79%) of 138 deaths for which
this information was reported. The specific postoperative day
(POD) of death relative to surgery was reported for 94 (48%)
patients and was POD 0 (day of surgery) for 23, POD 1-3 for
17, POD 4-14 for 30, and after POD 14 for 24 patients. The
mean POD of death did not differ significantly between pedi-
atric and adult patients (16.7 vs. 13.4, respectively; P = 0.72).

Associations between rates of mortality and clinical, sur-
gical, and membership status parameters are summarized in
Table 3. The rate of mortality did not significantly differ on
the basis of patient’s sex or whether the surgery was primary
versus revision. Significantly higher mortality rates were asso-
ciated with higher ASA grade (P < 0.001), cases requiring
spinal fusion (P < 0.001), and cases requiring use of spinal
implants (P < 0.001). Membership status was significantly
associated with the rates of mortality per 1000 patients, with
active North American members having the lowest rate (1.4),
followed by candidate members (2.4) and then non-North
American members (4.3; P < 0.001).

DISCUSSION

The rate at which mortality occurs in association with spi-
nal procedures is difficult to estimate, owing to its relatively
uncommon occurrence. This study capitalizes on the collec-
tive and long-standing efforts of the membership of the SRS to
report M&M for spinal procedures. Among a broad range of
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Reported Causes of Mortality, Stratified on the Basis of Primary Diagnosis*

Primary Diagnosis (No. of Cases)*
Reported Causes of Degenerative | Scoliosis Spondylo- Fracture | Kyphosis Other Total
Mortality (47,393) (26,421) | listhesis (11,421) (6706) (3600) (12,455) | (107,996)
Respiratory/pulmonary 17 18 3 19 8 18 83
Respiratory failure 1 6 7 1 8 (23)
PE 5 1 2 2 1 (11)
Presumed PE 3 2 1 2 1 9)
Pneumonia 1 2 2 2 2 9)
Aspiration 2 2 1 1 1 2 (9)
ARDS 2 1 (3)
Other 3 3)
Not specified 2 4 1 5 4 (16)
Cardiac 12 8 6 7 2 6 41
Myocardial infarction 8 2 3 1 2 (16)
Cardiac arrest 3 3 1 4 2 (13)
Cardiac arrhythmia 1 1 1 1 (4)
Not specified 1 4 2 1 (8)
Sepsis 8 7 6 3 11 35
Stroke 5 3 1 2 4 15
Operative blood loss 1 5 1 1 8
MSOF 2 1 3
Other 4 1 1 6
Not indicated/unknown 1 3 1 1 6
Total 44 48 10 38 16 41 197
Deaths per 1000 cases 0.9 1.8 0.9 5.7 4.4 3.3 1.8
Bold values reflect the total mortalities for the main diagnosis categories and the indented (nonbold values) are subcategories.
*The 423 cases for which primary diagnosis was not reported are not included. Among these cases, there were no mortalities reported.
PE indicates pulmonary embolism; ARDS, acute respiratory distress syndrome; MSOF, multisystem organ failure.

spinal disorders and procedures, the overall rate of mortality
was 1.8 per 1000 patients. This rate was higher for adults than
for pediatric patients (2.0 vs. 1.3 per 1000 patients, respec-
tively) and varied on the basis of diagnosis, ranging from 0.9
per 1000 patients for degenerative conditions to 5.7 per 1000
patients with spine fractures. Furthermore, we have assessed
the rates of mortality on the basis of clinical and surgical fac-
tors as well as membership status of the contributing surgeons.
Collectively, these findings may prove valuable for patient
counseling and efforts to improve the safety of patient care.
Prior efforts have documented the general validity of the
SRS M&M data, based on comparison of the rates of compli-
cations in the database with rates reported in the literature for
the most common procedures and complications.?! Validation
of the database for common procedures and complications
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has enabled assessments of less common procedures and rare
complications.?>* As with any large data set, there are poten-
tial limitations to the data integrity; however, it is the authors’
opinion that major complications, such as mortality, are likely
the most reliably reported in the database and the least prone
to recall bias. In addition, in contrast to the determination
of some other complications, such as dysphagia after ante-
rior cervical surgery, the occurrence of death is not subject to
interpretation.

Many previous reports that provide rates of mortality in
spine surgery are limited by insufficient numbers of patients
to adequately estimate uncommon events or by confinement
of patient populations to a single surgeon or institution.>*3$
For select diagnoses, the literature offers mortality rates
for comparison with this study, and in general the rates are
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Rates of Mortality Stratified on

the Basis of Clinical, Surgical, and
Membership Status Parameters

Mortality
No. of | (per 1000
Parameters N Deaths cases) P
Sex (year 2007 0.18
only)
Male 9967 19 1.9
Female 12,802 17 1.3
ASA grade (year <0.001
2007 only)
1 11,101 3 0.3
2 7408 8 1.1
3 3879 13 3.4
4 463 10 21.6
5 6 2 333.3
Spinal fusion <0.001
performed
Yes 72,534 176 2.4
No 35,877 21 0.6
Not recorded 8 0 0
Implants <0.001
Yes 74,114 170 2.3
No 34,305 27 0.8
Revision surgery 0.84
Yes 16,503 32 1.9
No 91,916 165 1.8
Membership <0.001
status
North American | 76,748 110 1.4
member
Candidate 24,901 59 2.4
member
Non-North 6534 28 4.3
American
member
Other/not 236 0 0
recorded
Significant P-values are shown in bold face.
ASA indicates American Society of Anesthesiologists.

comparable. For example, modern reports of cervical proce-
dures in adults, predominantly for degenerative conditions,
document mortality rates ranging from 1.0 to 4.3 per 1000
patients,”'%¥ which is comparable with the rate of 1.6 per
1000 patients in this study. Modern reports of thoracic proce-
dures in adults, primarily for degenerative conditions, indicate

Spine

mortality rates ranging from 2.6 to 74 per 1000 patients, 4043
which, although a broad range, is inclusive of the rate of 7.6
per 1000 patients in this study. Modern reports of mortal-
ity for lumbar degenerative procedures in adults document
rates ranging from 0 to 5.2 per 1000 patients,>** which is
inclusive of the 0.6 per 1000 patients in this study.>**¢
The SRS M&M data set includes a substantial number of
pediatric patients and permits assessment of mortality rates
for subtypes of scoliosis. Although there are few comparable
reports in the literature for comparison, previous assessments
of mortality for the most common form of pediatric defor-
mity, adolescent idiopathic scoliosis, suggest that the rate is
between 0 and 0.32 per 1000 patients,'** which is compa-
rable with the rate of 0.2 per 1000 patients in this study.
Based on the SRS M&M database, the rates of mortality are
significantly higher for cases in which spinal fusion was per-
formed or implants were used. It is important to recognize that
these data do not necessarily suggest a causation link between
death and the performance of fusion or use of implants but
rather likely reflect greater complexity and inherent risk fac-
tors for cases that required spinal fusion or use of implants. In
addition, the SRS M&M database also demonstrates signifi-
cantly higher rates of mortality for candidate and non-North
American members than for active North American mem-
bers. Although the database does not permit detailed analy-
sis of this association, differences in mortality rates between
candidate and active North American members could reflect
a combination of experience levels and case selection. Pos-
sible explanations for the more than 3-fold higher mortality
rate of non-North American members compared with North
American members could include differences in patient and
case selection, experience levels, and available resources.
During the time period during which data were collected
for this study, candidate members were required to submit
all cases, and active and international members were strongly
encouraged to report their cases. Although this may raise con-
cerns of a bias toward reporting from younger surgeons and
resulting mortality rates that represent a “worst case” sce-
nario, more than 70% of the cases in this study were submit-
ted by active North American members. In addition, concern
may arise over under-reporting of major complications by
candidate members who wish to become full members and by
active members who may not be eager to share their less than
optimal outcomes. However, in an effort to help mitigate these
concerns, the SRS uses a de-identified submission process and
only provides the membership committee with a simple listing
of surgeons who have and have not provided case submissions.
This study has several strengths, including the large num-
ber of cases that include both low- and high-complexity
procedures. Although most of the contributing surgeons are
fellowship-trained spine surgeons or pediatric orthopedists,
they represent a broad range of experience levels, which
enhances the generalizability of the findings. The multicenter
design, which includes private and academic practices predom-
inantly from throughout North America, helps mitigate the
effects of differences in patient populations and practice pat-
terns and further enhances the generalizability of the results.
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In addition, collection of clinical and surgical details, including
patient age, ASA grade, performance of spinal fusion, and use
of spinal implants, permits stratification of the mortality data
based on these parameters. Data collection also included cause
of mortality, which provides some insight into the events and
pathologies that resulted in death.

This study also has limitations. Although the data were
collected using a prospective approach, the study was designed
and conducted retrospectively. Because of the de-identified
data submission process, it is not possible to determine the
number of deaths per institution or per surgeon, and there is
currently no means of determining the completeness of the
data submission, nor the accuracy of reporting. Risk stratifica-
tion cannot be performed, because patient comorbidities were
not collected. Although performance of a fusion and use of
implants may serve as general surrogates for case complexity,
the database does not otherwise provide an effective means
of stratifying case complexity beyond the diagnosis. There is
also the possibility of under-reporting the mortality rate due to
the optional submission of data for noncandidate members. In
addition, there is a tendency for retrospective reviews to under-
estimate complication rates compared with true prospectively
acquired and documented studies. Furthermore, given that
many of the patients likely did not undergo formal autopsy, it
is possible in some cases that the reported causes of death may
not fully or accurately reflect the true causes of death.

Perhaps the optimal mortality estimates would come from
patient medical condition risk stratification and procedure
stratified information, as has been done by the Society of Tho-
racic Surgeons.** Although the SRS M&M database does
not allow this level of detail, it gives a crude age-based (adult
vs. pediatric) and crude procedure-based rate (spinal surgery).

Mortality rates are affected by the patient’s medical condi-
tion, the procedure being performed, the skill of the surgical
team, and the skill of the team providing postsurgical care. All
of these factors will most certainly affect mortality. Attempts
at medical comorbidity stratification have been ongoing. To
date, the ASA grade* and Charlson comorbidity indices®
seem to have some utility for crude prognostication. Measure-
ment of surgeon-controlled factors (learning curve/experience
level) has not been well delineated in spine surgery to date.
The variability of the skill and effect of the care team have yet
to be investigated in detail in spine surgery as well. Although
this study does not allow investigation of these factors in any
detail, it gives a crude overall estimate of effect size that can
inform future efforts.

Crude comparisons with other reported rates of mortal-
ity may help provide perspective to the overall mortality rate
of 1.8 per 1000 spine surgery cases reported in this study.
In an assessment of hospital volume and surgical mortality
in the United States, Birkmeyer et al’! reported mortality
rates for carotid endarterectomy (range of 1.5-1.7 per 1000
cases), elective repair of abdominal aortic aneurysm (range
of 3.9-6.5 per 1000 cases), coronary artery bypass grafting
(range of 45-56 per 1000 cases), esophagectomy for cancer
(84-203 per 1000 cases), and pancreatic resection for can-
cer (range of 38-163 per 1000 cases). A systematic review of
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early postoperative mortality after joint arthroplasty by Singh
et al’* found an overall 90-day mortality rate of 7 per 1000
cases across all types of arthroplasties. Yoho et al*> reviewed
rates of mortality associated with cosmetic surgery and sug-
gested that the true rate of mortality associated with liposuc-
tion may be as high as 1 per 1000 cases.

The results of this study have many potential applications.
The rates of mortality can be used to help anchor benchmarks
for future quality improvement. In addition, the reported
causes of mortality may prove helpful in focusing future quality
improvement efforts in areas of higher risk. For example, the
most common reported causes of death were respiratory/pul-
monary related, suggesting possible opportunities for improve-
ment of postoperative critical care. Furthermore, the data pro-
vide an important reminder for surgeons, patients, and society
that spine surgery, regardless of complexity and medical and
surgical advances, does have inherent risk of mortality.

CONCLUSION

Based on 108,419 spine surgery cases from the SRS M&M
database, the overall rate of mortality within 60 days of sur-
gery was 1.8 per 1000 patients. This rate was higher for adults
than for pediatric patients (2.0 vs. 1.3 per 1000 patients,
respectively) and varied on the basis of diagnosis, ranging from
0.9 per 1000 patients with degenerative conditions and spon-
dylolisthesis to 5.7 per 1000 patients with spine fractures. The
most common causes of death were respiratory/pulmonary
causes, cardiac causes, sepsis, stroke, and intraoperative blood
loss. Increased mortality rates were associated with higher
ASA score, spinal fusion, and implants (P < 0.001). Mortality
rates increased with age, ranging from 0.9 per 1000 to 34.3 per
1000 for patients aged 20 to 39 years and 90 years or older,
respectively. These findings may prove valuable for patient
counseling and efforts to improve the safety of patient care.

> Key Points

U Based on 108,419 spine surgery cases from the SRS
M&M database, the overall rate of mortality within
60 days of surgery was 1.8 per 1000 patients, with
higher rates for adults than for pediatric patients (2.0
vs. 1.3 per 1000 patients, respectively).

U Mortality rates varied on the basis of diagnosis,
ranging from 0.9 per 1000 patients for degenerative
conditions and spondylolisthesis to 5.7 per 21000
patients with spine fractures.

U The most common causes of death were respiratory/
pulmonary causes, cardiac causes, sepsis, stroke, and
intraoperative blood loss.

U Increased mortality rates were associated with higher
ASA score, spinal fusion, and implants (P < 0.001)
but not with patient sex or whether the surgery was a
revision (P > 0.05).

U Mortality rates increased with age, ranging from 0.9
per 1000 to 34.3 per 1000 for patients aged 20 to 39
years and go years or older, respectively.
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