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IDepartment of Orthopaedics, Rutgers University New Jersey Medical School, Newark, NJ, USA; zDepartment of Surgery, Rutgers University New Jersey Medical
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ABSTRACT

Background: For patients with back pain from osteoporotic vertebral compression fractures (VCFs), vertebral
augmentation remains the most utilized surgical intervention. Previous studies report 30-day readmission and mortality rates of
up to 10% and 2%, respectively. These studies, however, have included patients with pathologic fractures and combined patients
in different admission settings. We undertook the current study to address such shortcomings, which make risk stratification and
appropriate counseling difficult.

Methods: Four consecutive years of the National Surgical Quality Improvement Program database were queried. Patients
who underwent vertebral augmentation for osteoporotic VCFs were divided into 3 groups: (1) outpatient group (defined
as patients with same-day discharge), (2) inpatient group (defined as those who were admitted postoperatively), and (3)
preprocedure hospitalized group (defined as those who were already inpatient or were at acute/intermediate care facilities and
transferred). Postoperative 30-day complications and readmission rates were compared between different groups and examined
using multivariate analyses.

Results: A total of 1023 patients underwent outpatient surgery; 503 were admitted on the day of surgery; and 149 patients
were already in-hospital or were transferred from other facility. Mortality rates were 0.68%, 0.60%, and 2.68%, and readmission
rates were 6.26%, 6.76%, and 12.8%, for outpatient, inpatient, and preprocedure hospitalization cohorts, respectively.
Multivariate analyses identified preprocedure hospitalization as an independent risk factor for urinary tract infection (UTI; OR
=3.98,95% CI=1.41-11.20, P = 0.028), pneumonia (OR = 19.69, 95% CI = 3.81-101.65, P < 0.001), readmission (OR = 1.86,
95% CI = 1.06-3.26, P = 0.032), and mortality (OR =4.49, 95% CI = 1.22-16.53, P = 0.024).

Conclusion: Our findings suggest that published rates of complications and mortality are substantially impacted by the
cohort of patients who are already hospitalized or transferred from other facilities. Such patients are at a higher risk of UTI,
pneumonia, readmission, and mortality. Conversely, we show that a relatively healthy patient being offered outpatient same-day
augmentation has a readmission risk 40% lower and a mortality risk 3 times lower than previously reported.

Level of Evidence: 3.

Complications

Keywords: kyphoplasty, vertebroplasty, outpatient surgery, 30-day outcomes, NSQIP

INTRODUCTION

Vertebral compression fracture (VCF) is a common
fracture in elderly populations, accounting for approxi-
mately 700,000 fractures in the United States annually’

vertebra to stabilize the vertebral body and improve pain.
Vertebroplasty is cement augmentation alone without
restoration of vertebral height and has been associated
with a high rate of cement extravasation into the canal,
up to 67% cases in early series,*” though a majority are

and responsible for estimated annual medical costs of
$12.2 to $17.9 billion.” Most patients are initially treated
conservatively with pain management, medical oste-
oporosis treatment, bracing, or physical therapy with
good results. For those with unremitting pain, however,
vertebral augmentation procedures may be an option.’
Vertebral augmentation procedures include verte-
broplasty and kyphoplasty. Vertebroplasty involves
percutaneous injection of bone cement into a collapsed

clinically insignificant. Kyphoplasty utilizes inflation
of a small balloon tamp in the vertebral body to restore
height and create a cavity prior to cement injection.®
The efficacy of vertebral augmentation procedures was
brought into question following 2 double-blind random-
ized trials utilizing sham surgery controls published in
2009. Debate ensued following the studies due to concerns
regarding the low enrollment numbers, inclusion criteria,
and particularities of cement injection techniques. There
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was a sharp decline in the number of both the vertebro-
plasty and kyphoplasty procedures following the publi-
cation; however, kyphoplasty has seen a recent increase
in its utilization with an increasing number of outpatient
procedures performed.

Available literature on short-term complications of
vertebral augmentation utilizing large databases exist and
report a mortality rate of approximately 2% and a read-
mission rate up to 10.8%.7° Most such studies, however,
combined VCFs of all etiologies, including pathologic
fractures secondary to malignancy, which may affect
both measures. Moreover, previous studies did not strat-
ify patients based on different delivery settings. Patients
undergoing same-day surgery as outpatients; those getting
admitted the same-day postprocedure; and those who were
already inpatients due to pain, immobility, or other condi-
tions may have different risk profiles, which may impact
the perioperative course. Such shortcomings make it diffi-
cult for surgeons to accurately counsel individual patients
regarding their risks for the procedure.

The purpose of this study was to compare the 30-day
postoperative complications following vertebral aug-
mentation for osteoporotic VCFs in different admission
settings using a large national database. Our hypothesis
is 2-fold. We hypothesized that (1) patients undergoing
surgery on an outpatient basis and those getting admit-
ted on the day of surgery would have a similar rate of
postoperative complications and (2) preprocedure hos-
pitalized patients would have a higher rate of postoper-
ative adverse outcomes.

MATERIALS AND METHODS
Data Source

The American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) was queried for
database years 2011 to 2014. The database is a collection
of more than 150 patient variables, including demographic
data, comorbid conditions, Current Procedural Termi-
nology (CPT) codes, length of hospital stay, and 30-day
postoperative complications, unplanned reoperation, and
unplanned readmission. The data are abstracted from
medical records, operative reports, and patient interviews.
The NSQIP project began in 1994 as a quality improve-
ment initiative within the Veterans Administration health
system, and the program was subsequently expanded to
include private hospitals starting from 1998.'*!! For year
2014, the most recent database year queried for the study,
the database included more than 750,000 admissions from
approximately 500 hospitals. The CPT codes for vertebral
augmentations have changed in 2015, and the new codes

were not tracked by the NSQIP. Database quality is main-
tained by trained on-site surgical clinical reviewers and an
internal auditing process, which controls inter-rater reli-
ability.

Study Population

Patients who underwent kyphoplasty were identified
using CPT codes 22523, 22524, and 22525, and those
who underwent vertebroplasty were identified using CPT
codes 22520, 22521, and 22522. To identify typical elec-
tive augmentation procedures, patients who underwent
other concurrent spinal procedures or those who were
dependent on a ventilator were excluded. To select only
the osteoporotic VCFs and exclude pathologic fractures,
patients diagnosed with disseminated cancer and those
who underwent recent chemotherapy (<30 days from the
surgery) or radiotherapy (<90 days from the surgery) for
malignancy were excluded.

Patient Cohorts

Patients were divided into 3 groups based on admission
setting: outpatient, inpatient, and preprocedure hospital-
ization groups. The outpatient group was defined as those
who underwent same-day surgery and were discharged
that day. The inpatient group referred to those admitted to
the inpatient hospital postprocedure on the day of surgery.
The preprocedure hospitalization group included patients
who were already inpatient prior to the surgical date, those
who were admitted through the emergency department
and remained as inpatient after the procedure, and those
transferred from an outside facility (acute care facility or
intermediate care facility) prior to the procedure.

Patient Factors and Outcome Variables

Patient variables assessed in the study were age, race,
body mass index, and preoperative functional status.
Dependent functional status was defined as requiring
partial or total assistance for activities of daily living.
Activities of daily living was defined as “the activi-
ties usually performed in the course of a normal day in
a person’s life” and included feeding, dressing, bathing,
toileting, and mobility. Comorbid conditions investigated
included cardiovascular comorbidities (congestive heart
failure, myocardial infarction, previous percutaneous
coronary intervention, previous cardiac surgery, angina,
hypertension, and peripheral vascular disease), pulmonary
comorbidities (smoking status, chronic obstructive pul-
monary disorder, and dyspnea), dialysis, cerebrovascular
comorbidities (stroke with deficits, stroke without deficits,
and transient ischemic attack), recent weight loss, diabetes
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mellitus, and corticosteroid use for chronic conditions.
The type of procedure that a patient underwent (kyphop-
lasty vs vertebroplasty) was also assessed.

Postoperative complications investigated were mortal-
ity, sepsis/septic shock, myocardial infarction, unplanned
reintubation, pneumonia, renal complications (acute
renal failure or progressive renal insufficiency), hospital-
acquired conditions (wound infection, wound dehiscence,
urinary tract infection [UTI], deep vein thrombosis, and
pulmonary embolism), and intraoperative/postopera-
tive transfusion. Other outcome variables assessed were
unplanned readmission, unplanned reoperation, and dis-
charge destination. Nonhome discharge to facility included
skilled care facility (acute care facility, transitional care
unit, subacute hospital, ventilator bed, or skilled nursing
home), unskilled facility (nursing home or assisted facil-
ity, if not patient’s home preoperatively), or rehabilitation
facility.

Statistical Analysis

Patient demographics, comorbid conditions, periopera-
tive characteristics, and postoperative complications were
compared between the inpatient vs outpatient cohort and
the preprocedure hospitalized vs outpatient cohort. The
outpatient cohort was selected as a reference since the
majority of patients underwent vertebroplasty on outpa-
tient basis. Student ¢ test was employed for continuous
variables, and y* test was used for categorical variables.
Statistical significance level was set at 2-sided alpha level
0of 0.05. The SAS software (version 9.3, SAS Institute Inc.,
Cary, NC, USA) was utilized for statistical analyses.

Multivariate logistic regressions were performed to
evaluate whether inpatient and preprocedure hospitaliza-
tion status were independent risk factors for postoperative
adverse events found to be significantly associated with
admission settings. For each multivariate analysis, patient
variables and comorbid variables found to be moderately
associated (P < 0.2) were included in the model to control
for confounding variables. Multivariate logistic regres-
sion’s predictive accuracy was measured with c-statistic,
and the cutoff was set at 0.65.

RESULTS

Patient Demographics

Over the database years analyzed, the proportion
of outpatient cases increased from 53.9% in 2011 to
64.1% in 2014. The proportion of same-day admis-
sion inpatient group decreased from 33.3% in 2011 to
28.6% in 2014, while the proportion of patients in the

preprocedure hospitalization cohort decreased from
12.8% to 7.4% (Figure).

A total of 1675 patients satisfying our inclusion and
exclusion criteria were identified. Of those patients,
1023 patients underwent vertebral augmentation on
an outpatient same-day basis. Also, 503 patients were
admitted as inpatients on the day of surgery, and 149
patients were in the preprocedure hospitalization group.
The mean ages for the outpatient, inpatient, and prepro-
cedure hospitalization groups were 74.0, 75.9, and 79.6
years, respectively. Each group consisted of approx-
imately 70% of female patients, with no significant
difference. Preinjury functional status did not differ
significantly between the outpatient and the inpatient
cohorts, with approximately 90% in each group having
independent functional status. However, only 66.4% of
patients in the preprocedure hospitalization group were
functionally independent, which was significantly lower
than the percentage for the outpatient cohort (Table 1).
Approximately 90% of patients underwent kyphoplasty
instead of vertebroplasty, and this proportion did not
differ significantly across surgical settings.

Patient Comorbidities by Surgical Setting

The complete profiles of comorbidities for each
group are presented in Table 2. The inpatient group had
a significantly higher rate of chronic obstructive pulmo-
nary disease (COPD) at 14.5% compared with that of
the outpatient cohort at 10.6% (P = 0.025). Compared
with the outpatient cohort, the preprocedure hospital-
ized group had significantly higher rates of hyperten-
sion that required medication (73.8% vs 62.1%, P =
0.005) and significantly higher rates of COPD (20.8%
vs 10.6%, P < 0.001). Other comorbid variables were
not found to be significantly different.

30-Day Postoperative Outcomes by Surgical
Setting

Compared with the outpatient cohort, the inpatient
cohort had significantly higher rates of sepsis/septic
shock (1.19% vs 0.1%, P =0.003), myocardial infarction
(0.4% vs 0%, P = 0.044), and perioperative transfusion
(0.6% vs 0%, P = 0.013). Compared with the outpa-
tient cohort, the preprocedure hospitalization group had
higher incidences of mortality (2.68% vs 0.68%, P =
0.018), sepsis/septic shock (1.34% vs 0.1%, P = 0.005),
pneumonia (4.03% vs 0.2%, P < 0.001), UTI (4.03% vs
0.98%, P = 0.003), perioperative transfusion (0.67% vs
0%, P = 0.009), and readmission (12.08% vs 6.26%, P
=0.009) (Table 3).
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Figure. Percentages of inpatient vs outpatient vs preprocedure hospitalized cohorts who underwent vertebral augmentations by year. From 2011 to 2014, the
percentage of patients who recieved outpatient vertebral augmentation increased from 53.9% in 2011 to 64.1% in 2014. The percentage of patients who underwent
the procedure as inpatients decreased from 33.3% in 2011 to 28.6% in 2014. The proportion of patients who were hospitalized before the procedure decreased

from 12.8% in 2011 to 7.4% in 2014.

Table 1. Demographics of patients receiving vertebral augmentation by surgical setting.

Cohorts Comparison P Values
Outpatient vs
Preprocedure Outpatient vs Preprocedure
Patient Demographic Outpatient Inpatient Hospitalization Inpatient Hospitalization
Total, n (%) 1023 (61.1%) 503 (30.0%) 149 (8.9%)
Age, y, mean (SD) 74.0 (12.1) 75.9 (10.3) 79.6 (10.5)
Sex, % 0.181 0.341
Female 68.6 72.0 72.5
Male 314 28.0 27.5
Race, % 0.089 0.355
American Indian or Alaska Native 0.1 0.4 0.7
Asian 53 24 2.7
Black or African American 1.8 1.0 2.0
Native Hawaiian, Pacific Islander 0.2 0.0 0.0
White 88.1 91.7 88.6
Unknown 4.6 4.6 6.0
Body mass index, % 0.047 0.250
Underweight (<18.5 kg/m?) 6.1 32 47
Nonobese (18.5-29.9 kg/m?) 71.8 75.4 77.9
Obese I (30.0-34.9 kg/m?) 14.9 13.9 9.4
Obese 11 (35.0-39.9 kg/m?) 5.5 44 4.7
Obese 111 (240 kg/m?) 1.9 32 34
Functional status before surgery, % 0.122 <0.001
Independent in ADL 90.0 87.3 66.4
Partially/totally dependent in ADL 6.3 9.2 31.5
Unknown 3.7 3.6 2.0

Abbreviation: ADL, activities of daily living.
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Table 2. Comorbidities and operative variables by surgical setting.

Cohorts Comparison P Values
Outpatient vs
Preprocedure Outpatient vs Preprocedure
Comorbidity Outpatient Inpatient Hospitalization Inpatient Hospitalization
Total, n (%) 1023 (61.1%) 503 (30.0%) 149 (8.9%)
Cardiovascular, %
Congestive heart failure 1.08 0.99 2.68 0.884 0.103
Myocardial infarction 0 0.20 0 0.345 0.499
Previous percutaneous coronary intervention 1.27 0.99 1.34 0.894 0.786
Previous cardiac surgery 0.98 0.99 0.67 0.977 0.673
Angina 0.20 0 0 0.609 0.654
Hypertension requiring medication 62.07 64.02 73.83 0.461 0.005
Peripheral vascular disease 0.20 0.60 0.67 0.399 0.490
Pulmonary, %
Current smoker 13.59 10.54 13.42 0.091 0.956
Dyspnea 11.24 13.92 12.75 0.132 0.588
Chronic obstructive pulmonary disorder 10.56 14.51 20.81 0.025 0.000
Renal, %
Currently on dialysis 0.78 0.20 1.34 0.162 0.487
Cerebrovascular, %
Stroke with neurologic deficits 0.20 0.40 0.00 0.732 0.654
Stroke with no neurologic deficits 0.68 0 0.67 0.175 0.782
Transient ischemic attacks 0.78 0.20 0.67 0.373 0.754
Other, %
Weight loss, unintentional 0.68 1.19 0.67 0.310 0.986
Diabetes 14.96 16.30 16.78 0.399 0.093
Alcohol use 0.68 0.20 0 0.466 0.389
Chronic corticosteroid use 9.19 10.54 13.42 0.401 0.103
Procedure type, %
Kyphoplasty 90.81 90.85 89.93 0.978 0.730
Vertebroplasty 9.19 9.15 10.07
American Society of Anesthesiologists class, % 0.005 <0.001
1—A normal healthy patient 1.17 0.60 0.67
2—A patient with mild systemic disease 32.75 24.65 9.40
3—A patient with severe systemic disease 59.82 68.79 64.43
4—A patient with life-threatening disease 6.26 5.96 25.50

From the multivariate analyses, the surgery in inpa-
tient setting was not found to be an independent pre-
dictor for any of the tracked postoperative adverse
outcomes. However, preprocedure hospitalization,
when compared with outpatient setting, was found to
be an independent risk factor for UTI (OR = 3.98, 95%
CI=1.41-11.20, P = 0.028), pneumonia (OR = 19.69,
95% CI = 3.81-101.65, P < 0.001), readmission (OR
=1.86, 95% CI = 1.06-3.26, P = 0.032), and mortality
(OR =4.49,95% CI =1.22-16.53, P =0.024) (Table 4).
Similarly, when compared with surgery in the inpatient
setting, surgery in the preprocedure hospitalized setting
was found to be an independent risk factor for pneumo-
nia (OR =7.22, 95% CI = 1.70-30.69, P = 0.007) but
not for UTI, readmission, or mortality (Table 4).

DISCUSSION

VCEF is one of the more common fractures, account-
ing for approximately 700,000 fractures in the United
States with associated annual medical costs of $12.2
to $17.9 billion.” VCFs can cause pain and deformity,
which in turn may lead to reduced function and increased

mortality in those affected. While many patients may
improve with conservative modalities, including pain
control, medical treatment of osteoporosis, bracing, or
physical therapy, those with debilitating back pain often
undergo vertebral augmentation.

Two recent double-blinded studies that used a sham
surgery group as the control group have brought into
question the efficacy of vertebral augmentation proce-
dures.'>"* After these studies were published, there was
a marked drop in the utilization of kyphoplasties and
vertebroplasties in the United States.'"* Much debate on
the subject ensued, particularly regarding the method-
ologies, low patient enrollment numbers, inclusion cri-
teria, and the cement injection techniques.'>'® Despite
the controversy, there has been a recent rebound in the
utilization of vertebral augmentation procedures,'” and
the procedures remain the most utilized surgical inter-
vention for VCFs.

Several recent studies have investigated short-term
postoperative adverse events following vertebral aug-
mentation.”™ However, these studies were limited in 2
regards. The investigators did not differentiate patients
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Table 3. Short-term postoperative outcomes by surgical setting.

Cohorts Comparison P Values
Preprocedure Outpatient vs Outpatient vs Preprocedure

Outcome Outpatient Inpatient Hospitalization Inpatient Hospitalized
Total, n (%) 1023 (61.1%) 503 (30.0%) 149 (8.9%)
Mortality, % 0.68 0.60 2.68 0.842 0.018
Sepsis, % 0.10 1.19 1.34 0.0029 0.005
Cardiovascular, %

Myocardial infarction 0 0.40 0 0.044 N/A
Pulmonary, %

Unplanned intubation 0.10 0.20 0.67 0.608 0.113

Pneumonia 0.20 0.60 4.03 0.198 <0.001
Renal, %

Acute renal failure 0.10 0.20 0.67 0.608 0.113

Progressive renal insufficiency 0 0.20 0 0.154 N/A
Hospital-acquired conditions, %

Wound infection 0.10 0 0 0.483 0.703

Wound dehiscence 0.10 0 0 0.483 0.703

Urinary tract infection 0.98 1.99 4.03 0.103 0.003

Deep venous thrombosis 0.10 0 0.67 0.483 0.113

Pulmonary embolism 0.29 0.40 0 0.737 0.508
Other, %

Transfusion, perioperative 0 0.60 0.67 0.013 0.009

Readmission 6.26 6.76 12.08 0.706 0.009

Reoperation 2.93 3.18 1.34 0.790 0.266
Discharge destination, % <0.001 <0.001

Home 99.32 93.44 59.73

Facility 0.59 571 40.27

Unknown 0.10 0.80 0

Abbreviation: N/A, not applicable.

based on etiologies of VCFs and combined pathologic
and osteoporotic VCFs, while patients undergoing sur-
geries for spinal tumor tend to be associated with worse
postoperative outcomes.'® Additionally, these investi-
gations combined patients in different surgical settings.
These shortcomings make precise informed consent
more elusive since the risk profiles may differ given
these circumstances.

To address this, we excluded VCFs due to pathologic
fractures and divided patients into 3 cohorts: those
undergoing the procedure on an outpatient same-day
basis, those who were admitted as inpatients postopera-
tively, and those who were hospitalized preoperatively.

More precisely, the preprocedure hospitalized cohort
consisted of those who were inpatient preoperatively
and those who were transferred from other facilities or
emergency departments.

We report the 30-day postoperative mortality rates of
approximately 0.6% for both the outpatient and the inpatient
groups. This is much lower than the previously reported
30-day mortality rates of 1.5% to 2.0% following verte-
bral augmentation.®® The difference could be attributed
to the stratification of surgical setting and the exclusion of
pathologic VCF cases. On the other hand, the mortality rate
for the preprocedure hospitalized group was found to be
2.68%, and preprocedure hospitalization was found to be

Table 4. Evaluation of surgical setting as a risk factor for selected postoperative complications.

Surgical Setting OR Lower 95% CI Upper 95% CI P Value
Mortality

Inpatient vs outpatient 1.11 0.27 4.52 0.343

Preprocedure hospitalized vs outpatient 4.49 1.22 16.53 0.024

Preprocedure hospitalized vs inpatient 4.78 0.99 23.22 0.052
Pneumonia

Inpatient vs outpatient 2.77 0.45 17.00 0.513

Preprocedure hospitalized vs outpatient 19.69 3.81 101.65 <0.001

Preprocedure hospitalized vs inpatient 7.22 1.70 30.69 0.007

Urinary Tract Infection

Inpatient vs outpatient 1.93 0.79 4.70 0.934

Preprocedure hospitalized vs outpatient 3.98 1.41 11.20 0.028

Preprocedure hospitalized vs inpatient 1.98 0.68 5.73 0.211
Readmission

Inpatient vs outpatient 1.05 0.68 1.62 0.255

Preprocedure hospitalized vs outpatient 1.86 1.06 3.26 0.032

Preprocedure hospitalized vs inpatient 1.83 0.99 3.36 0.053
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an independent risk factor for mortality from multivariate
analysis. Considering the mortality rate of 0.23% in elec-
tive spinal surgeries as reported by Ottesen and colleagues’
analysis of 173,778 patients," the mortality rate of 2.68%
from a minimally invasive surgery is significant.

Thirty-day readmission rates were found to be 6.26%,
6.76%, and 12.08% for the outpatient, inpatient, and pre-
procedure hospitalized cohorts, respectively. The read-
mission rates for the outpatient and inpatient groups were
significantly less than the previously reported rates of
10.6% to 10.8%.3° Again, the disparity is attributable to
more focused patient selection and stratification of surgical
settings. The readmission rates of 6.26% to 6.76% are in
line with the reported readmission rates of various lumbar
spinal surgeries reported by Pugely et al.”* In their analy-
sis of more than 15,000 patients who underwent lumbar
spinal surgery, the readmission rates ranged from 3.3% for
lumbar discectomy and 8.95% for deformity correction. In
our study, the readmission rate of 12.08% for the prepro-
cedure hospitalized cohort is substantial and may be attrib-
utable to higher comorbidity and lower baseline function.
While the preprocedure hospitalization status was found to
be an independent risk factor for readmission (OR = 1.86,
95% CI = 1.06-3.26, P = 0.032), we believe that numerous
factors in this subset cumulatively resulted in its distinctly
higher perioperative adverse outcomes. For example, there
was a very strong association between functional status and
surgical setting, and, to correct for potential multicollinear-
ity, we opted to exclude the functional status variable in the
multivariate analysis.

The comparison of the outpatient and inpatient
cohorts is worth noting. Although patients who were
admitted postoperatively had higher rates of COPD
and a higher percentage of patients with the American
Society of Anesthesiologists 3 or higher compared with
those who were discharged the same day, the rates of
mortality and readmission between the 2 groups were
similar. The inpatient cohort, however, had higher
rates of sepsis (1.19% vs 0.1%, P = 0.003), myocar-
dial infarction (0.4% vs 0%, P = 0.044), and perioper-
ative transfusion (0.6% vs 0%, P = 0.013). Altogether,
this implies that the current level of clinical decision-
making on postoperative admission is sound and ade-
quate and that there is a subset of patients who would
benefit from inpatient care after surgery.

If the comparison between the outpatient and inpatient
cohorts reflects the sound level of clinical acumen in decid-
ing whom to discharge and keep in-house postoperatively,
the comparison between the inpatient and preprocedure
hospitalized groups highlights that those who were hospi-
talized prior to surgery may benefit from closer observation.

When compared with those who were admitted postoper-
atively, preprocedure hospitalization was found to be an
independent risk factor for postoperative pneumonia (OR =
7.22,95% CI = 1.70-30.69, P = 0.007). Though not found
to be a significant risk factor for mortality (OR = 1.86, 95%
CI=1.06-3.26, P =0.032) and readmission (OR =4.78.86,
95% CI = 1.06-3.26, P = 0.032), it is worth noting that the
preprocedure hospitalization status was reaching signifi-
cance as an independent risk factor (Table 4).

There are limitations to the study that should be taken
into account when interpreting the findings. The study was
limited by the retrospective study design. Although asso-
ciations could be elucidated between variables, no defin-
itive conclusion could be drawn regarding causation. In a
way, the surgical setting is an optimal proxy for evaluating
one’s functional status. The study was also limited by the
use of the NSQIP database. Though comprehensive, the
NSQIP database may not be granular enough to capture
all the variables related to surgical decision-making. For
example, patient’s social circumstances, individual pain
tolerance level, and physician’s preference and experience
could potentially affect the decision. Moreover, the NSQIP
database does not collect variables specific to vertebral
augmentation such as duration and modalities of nonoper-
ative management a patient may have had preoperatively.
This limitation prevented the analysis of surgical timing
from fracture to intervention as a variable that could affect
postoperative complications. This question warrants future
research utilizing a different study design. Additionally, the
postoperative complications are only tracked up to 30 days
postoperatively, and long-term prognosis or the efficacy of
vertebral augmentation could not be evaluated.

CONCLUSION

Despite the limitations, the current study is the first to our
knowledge to analyze the short-term adverse events focus-
ing on the osteoporotic VCF cases, stratified by different
admission settings. Our findings suggest that the patients
who are being transferred from other facilities, including
emergency departments, and those who are already hos-
pitalized are at a higher risk of sustaining multiple post-
operative adverse outcomes, including UTI, pneumonia,
readmission, and mortality. Specifically, we showed that
a relatively healthy patient being offered outpatient same-
day augmentation has a readmission risk 40% lower and
a mortality risk 3 times lower than previous studies have
reported. Given the prevalence of osteoporotic VCFs and
increasing utilization of vertebral augmentation, the lack of
accurate data to serve as a basis for informed consent has
been concerning. The current study should aid surgeons in
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stratifying risk and in appropriately counseling patients and
their families.
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