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Abstract

Study Design: Retrospective cohort.

Objective: The purpose was to investigate the incidence of and risk factors for complications associated with vertebroplasty
(VP) or kyphoplasty (KP) for osteoporotic vertebral compression fracture (OVCF) using the American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP) database.

Methods: A cohort of patients undergoing VP/KP was constructed from the 2011-2013 ACS-NSQIP dataset using Current
Procedural Terminology (CPT) codes. The incidences of minor complications (i.e. urinary tract infection, pneumonia, renal
insufficiency, superficial infection, wound dehiscence), major complications (i.e. reoperation, deep vein thrombosis, pulmonary
embolism, sepsis, dialysis, cardiac arrest, deep infection, stroke), and mortality within 30 days post-surgery were investigated, and
their risk factors were assessed using logistic regression modeling.

Results: Of 1932 patients undergoing VP/KP, 166 (8.6%) experienced a complication, including minor complications in 53
(2.7%), major complications in 95 (4.9%), and death in 40 (2.1%). Multivariate logistic regression analysis indicated that the
adjusted odds ratios (95% confidence interval [CI]) of mortality was significantly associated with ASA 4: 16.604 (1.956-
140.959) and increased creatinine (� 1.3 mg/dL): 3.494 (1.128-10.823). History of chronic obstructive pulmonary disease was
associated with minor complications. Increased WBC count and hypoalbuminemia (<3.0 g/dL) were also associated with
major complications.

Conclusions: The major complication and mortality rates associated with VP/KP were 4.9% and 2.1% respectively,
higher than previous reports. Increased creatinine and ASA 4 were independently associated with mortality after VP/
KP. Therefore, cautious monitoring and counseling is needed for elderly, patients with preexisting kidney disease or
ASA 4 undergoing VP/KP.

1 Department of Orthopedic Surgery, Seoul National University College of Medicine and Seoul National University Bundang Hospital, and Spine Center,

Seongnam, Republic of Korea
2 Division of Spinal Surgery, Department of Orthopedic Surgery, Columbia University, The Spine Hospital at New York-Presbyterian/Allen Hospital, New York,

NY, USA

Corresponding Author:

Lawrence G. Lenke, MD, Division of Spinal Surgery, Department of Orthopedic Surgery, Columbia University, The Spine Hospital at New York-Presbyterian/Allen

Hospital 5141 Broadway, 3 Field West, New York, NY, USA.

Email: ll2989@cumc.columbia.edu

Global Spine Journal

ª The Author(s) 2020
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/2192568220976355

journals.sagepub.com/home/gsj

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the
work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access
pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



1126 Global Spine Journal 12(6)

Results

Demographics and Comorbidities

In total, 1932 patients who underwent VP/KP were registered

in the NSQIP database between 2011 and 2013 (Figure 1).

Table 2 describes the demographic data, medical morbidities,

and surgical characteristics of this cohort. The mean age +
standard deviation was 74.9 + 11.9. Most patients were white

(87.9%) and female (71.0%). Hypertension was the most

prevalent co-existing condition (64.8%). For surgical charac-

teristics, VP and KP were performed in 197 (9.9%) and 1769

(90.1%) patients, respectively. Operation time of less than

30 minutes were observed in 1164 patients (59.1%).

Incidence of Minor Complications, Major Complications,
and Death

Within 30 days after surgery, the overall complication rate was

8.6% (166 patients) with a minor complication rate of 2.7%
(53 patients), a major complication rate of 4.9% (95 patients),

and a mortality rate of 2.1% (40 patients) (Table 1). In the case

of minor complications, the prevalence of urinary tract infec-

tion (UTI) and pneumonia were the highest at 1.6% (30

patients) and 0.9% (18 patients), respectively. Among the

major complications, the prevalence of reoperation was 3.2%
(61 patients), while that of pulmonary embolism was 0.7%
(13 patients). Among 40 patients who died, 5 patients had a

precedent pneumonia, 1 patient had a precedent deep vein

thrombosis, and 4 patients had cardiac arrest. The death-

related events of the other patients were not known.

Odds Ratio of Risk Factors

Univariate and multivariate logistic regression analysis

identified multiple risk factors for 30-day 1 or more minor com-

plications, 1 or more major complications, and mortality

(Tables 3-5). For minor complications, history of chronic

obstructive pulmonary disease (P ¼ 0.037; OR, 2.599; CI,

1.061-6.367) were significant risk factors (Table 3). Lower level

of albumin (< 3.0 g/dL) (P ¼ 0.005; OR, 2.392; CI, 1.305-

4.383) and increased WBC count (P ¼ 0.004; OR, 1.117; CI,

1.037-1.204) were significant risk factors for major complica-

tions (Table 4). For mortality, ASA 4 (P ¼ 0.010; OR, 16.604;

Figure 1. Flow chart about cohort construction for vertebroplasty or kyphoplasty using current procedural terminology.

Table 1. Incidence of Death, Major, and Minor Complications.

Complication
Value

(no. [%])

Minor complications 53 (2.7)
Urinary tract infection 30 (1.6)
Pneumonia 18 (0.9)
Progressive renal insufficiency 4 (0.2)
Superficial surgical site infection 1 (0.1)
Wound dehiscence 0 (0)

Major complications 95 (4.9)
Return to operation room 61 (3.2)
Deep vein thrombosis 14 (0.7)
Pulmonary embolism 13 (0.7)
Sepsis 9 (0.5)
Septic shock 4 (0.2)
Renal failure requiring dialysis 4 (0.2)
Cardiac arrest 4 (0.2)
Myocardial infarction 1 (0.1)
Cerebrovascular accident with neurologic deficit 1 (0.1)
Deep wound infection 0 (0)
Organ space infection 0 (0)

Death 40 (2.1)
Minor complicationsþ Major complicationsþ

Death
166 (8.6)
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Introduction

Osteoporotic vertebral compression fractures (OVCF) are a

growing public health burden causing chronic back pain, phys-

ical inactivity, and disability, particularly in the elderly popu-

lation.1-4 While OVCF can be managed conservatively with

bed rest, pain medication, and bracing,5,6 vertebral augmenta-

tion procedures, such as vertebroplasty (VP) and kyphoplasty

(KP), are other treatment options that can be employed upon

failure of conservative treatments.7-9

Both VP/KP have been widely performed to alleviate pain

and promote ambulation in patients with OVCF.2,10-12 Though

some debate persists,13,14 both procedures are considered effec-

tive treatments for OVCFs, showing decreased pain and

improved function.11,15,16 Over the past decade, rates of ver-

tebral augmentation procedures have increased, mostly in an

older population. In a study of over 61000 patients, VP/KP was

performed over 40x more often in older patients (>80 years)

compared to younger patients (40-59 years).2

However, previous studies regarding VP/KP have focused

on the efficacy or cost-effectiveness of these procedures rather

than their complications.11,13,14,16 Furthermore, most studies

about complications related to VP/KP have dealt with cement

leakage after the procedure, rather than broader medical com-

plications.17,18 Few meta-analyses and/or systematic reviews

are available regarding general complications after vertebral

augmentation procedures.10,11,15 Therefore, the purpose of this

study was to investigate the incidence of and risk factors for

complications and mortality associated with VP/KP for OVCF

by using the American College of Surgeons National Surgical

Quality Improvement Program (ACS-NSQIP) database.

Materials and Methods

NSQIP Database

The de-identified ACS-NSQIP database was used for the

current retrospective cohort study. ACS-NSQIP prospectively

collects more than 200 variables pertaining to patient charac-

teristics, comorbid conditions, operative details, 30-day post-

operative outcomes, and mortality for many surgical

procedures. In the NSQIP database, preoperative, intraopera-

tive, and 30-day postoperative variables are prospectively col-

lected from operative reports, medical records, and patient

interviews to assess the 30-day adjusted surgical outcomes.19,20

Clinical data are collected throughout the entire 30-day post-

operative period. Over 600 hospitals participate in the NSQIP

registry, and data are collected prospectively by trained and

audited data collection specialists in accordance with rigorous

definitions. Due to the lack of protected health information in

the publicly available database, the institutional review board

(IRB) did not require review.

Study Population and Data Collection

The 2011 to 2013 ACS-NSQIP database was used in this study.

VP/KP cases were identified using primary Current Procedural

Terminology (CPT) codes: 22 520, 22 521, 22 522, 22 523,

22524, and 22525. Among these, the patients who underwent

other spine surgeries, including laminectomy, discectomy, and/

or spine fusion with VP/KP, were excluded using other CPT

codes. Furthermore, patients with contaminated and/or open

wound were excluded. Thus, 1932 patients who underwent

VP/KP were included in this study (Figure 1).

Variables

Several independent variables were collected including demo-

graphic data, medical comorbidities, preoperative conditions

(e.g. American Society of Anesthesiologist classification of

physical health [ASA], and smoking), medical history, 10%
loss of body weight in the 6 months prior to surgery, body mass

index (BMl) (kg/m2), preoperative platelet count (� 1000 cells/

mcL), preoperative white blood cell (WBC) count (cells/mL),

preoperative blood urea nitrogen (BUN) (mg/dL), preoperative

creatinine (Cr) (mg/dL), preoperative albumin (g/dL), preo-

perative hematocrit (%), and surgical characteristics, including

methods (VP/KP), and operative time (� 30 minutes or > 30

minutes), were obtained.

The primary outcomes were the incidence of minor compli-

cations, major complications, and mortality within 30-days post-

surgery. In addition, risk factors for each outcome after VP/KP

were identified. The complications were categorized into minor

and major based on previous studies.21,22 The list of minor and

major complications is presented in Table 1.

Statistical Analysis

The influence of potential risk factors for minor complications,

major complications, and death was initially evaluated using

univariate logistic regression analysis and/or the chi-square

test. The variables that were significantly associated with com-

plications and/or mortality at P < 0.20 in the univariate anal-

ysis were entered into the multivariate logistic regression

model, along with age, sex, and potentially important variables

as significant predictors for complications and/or mortality.

The a level was set at 0.05 for significance. All statistical

analyses were performed using the SPSS, version 20.0.0 statis-

tical software package (SPSS, Inc., Chicago, IL, USA).
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Results

Demographics and Comorbidities

In total, 1932 patients who underwent VP/KP were registered

in the NSQIP database between 2011 and 2013 (Figure 1).

Table 2 describes the demographic data, medical morbidities,

and surgical characteristics of this cohort. The mean age +
standard deviation was 74.9 + 11.9. Most patients were white

(87.9%) and female (71.0%). Hypertension was the most

prevalent co-existing condition (64.8%). For surgical charac-

teristics, VP and KP were performed in 197 (9.9%) and 1769

(90.1%) patients, respectively. Operation time of less than

30 minutes were observed in 1164 patients (59.1%).

Incidence of Minor Complications, Major Complications,
and Death

Within 30 days after surgery, the overall complication rate was

8.6% (166 patients) with a minor complication rate of 2.7%
(53 patients), a major complication rate of 4.9% (95 patients),

and a mortality rate of 2.1% (40 patients) (Table 1). In the case

of minor complications, the prevalence of urinary tract infec-

tion (UTI) and pneumonia were the highest at 1.6% (30

patients) and 0.9% (18 patients), respectively. Among the

major complications, the prevalence of reoperation was 3.2%
(61 patients), while that of pulmonary embolism was 0.7%
(13 patients). Among 40 patients who died, 5 patients had a

precedent pneumonia, 1 patient had a precedent deep vein

thrombosis, and 4 patients had cardiac arrest. The death-

related events of the other patients were not known.

Odds Ratio of Risk Factors

Univariate and multivariate logistic regression analysis

identified multiple risk factors for 30-day 1 or more minor com-

plications, 1 or more major complications, and mortality

(Tables 3-5). For minor complications, history of chronic

obstructive pulmonary disease (P ¼ 0.037; OR, 2.599; CI,

1.061-6.367) were significant risk factors (Table 3). Lower level

of albumin (< 3.0 g/dL) (P ¼ 0.005; OR, 2.392; CI, 1.305-

4.383) and increased WBC count (P ¼ 0.004; OR, 1.117; CI,

1.037-1.204) were significant risk factors for major complica-

tions (Table 4). For mortality, ASA 4 (P ¼ 0.010; OR, 16.604;

Figure 1. Flow chart about cohort construction for vertebroplasty or kyphoplasty using current procedural terminology.

Table 1. Incidence of Death, Major, and Minor Complications.

Complication
Value

(no. [%])

Minor complications 53 (2.7)
Urinary tract infection 30 (1.6)
Pneumonia 18 (0.9)
Progressive renal insufficiency 4 (0.2)
Superficial surgical site infection 1 (0.1)
Wound dehiscence 0 (0)

Major complications 95 (4.9)
Return to operation room 61 (3.2)
Deep vein thrombosis 14 (0.7)
Pulmonary embolism 13 (0.7)
Sepsis 9 (0.5)
Septic shock 4 (0.2)
Renal failure requiring dialysis 4 (0.2)
Cardiac arrest 4 (0.2)
Myocardial infarction 1 (0.1)
Cerebrovascular accident with neurologic deficit 1 (0.1)
Deep wound infection 0 (0)
Organ space infection 0 (0)

Death 40 (2.1)
Minor complicationsþ Major complicationsþ

Death
166 (8.6)
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95% confidence interval [CI], 1.956-140.959), increased level of

creatinine (� 1.3 mg/dL) (P ¼ 0.030; OR, 3.494; CI, 1.128-

10.823), and MAC or local anesthesia (P ¼ 0.019; OR, 3.049;

CI, 1.197-7.762) were significant risk factors (Table 5).

Discussion

The present study intended to identify the incidences of and

risk factors for complications and mortality after VP/KP. Over-

all complication rates were 8.6%: the rate of minor complica-

tions, major complications, and mortality were 2.7%, 4.9%,

and 2.1%, respectively. Mortality was independently associ-

ated with an ASA 4 or above and increased creatinine. Major

complications were independently associated with lower albu-

min and increased WBC count.

The current complication andmortality rates in patients under-

going VP/KP were higher than those in previous systematic

reviews and meta-analyses,11,17,23-25 which have shown a

perioperative complication rate of 0.9% and a mortality rate of

0.01%. These differences can be explained by 2 reasons. First, it

should be acknowledged that previous systematic reviews and

meta-analyses used case series or comparative studies with a

small numbers of patients—most of them had less than 100

patients.17,23 Therefore, complication and/or mortality rates

might be underestimated due to insufficient sample sizes.

Second, meta-analyses and systematic reviews may be subject

to publication bias, which means a “positive” result (usually in

favor of a new treatment) are more likely to be published.26

Therefore, general complications after vertebral augmentation

procedures may neglected in previous studies. Interestingly, a

recent study using a large, national database reported a 1.5%
mortality rates after vertebral augmentation, confirming that

larger samples may have the power to detect higher

complication and mortality rates.27

Table 2. Patients’ Demographic and Characteristics.

No. with
available
data Value

Demographic data
Age (year) 1932 74.9 + 11.9
< 64 - 344 (17.8)
65-74 - 458 (23.7)
75-84 - 688 (35.6)
� 85 - 442 (22.9)

Female sex 1932 1372 (71.0)
Race (no. [%]) 1932
White - 1699 (87.9)
Black - 39 (2.0)
Hispanic - 107 (5.6)
Asian - 84 (4.3)
Unknown - 3 (0.2)

BMI (kg/m2) 1904 26.6 + 6.0
Under weight (< 17.9) - 60 (3.1)
Normal (18.0-24.9) - 809 (42.5)
Overweight (25.0-29.9) - 579 (30.4)
Moderate obese (30-35) - 293 (15.4)
Severe obese (� 35) - 163 (8.6)

Preoperative laboratory data
White blood cell count (cells/mL) 1805 7.6 + 3.0
Blood urea nitrogen (mg/dL) 1783 18.3 + 9.1
Increased blood urea nitrogen
(� 20.0 mg/dL)

- 614 (34.4)

Creatinine (mg/dL) 1794 0.9 + 0.6
Increased creatinine (� 1.3 mg/dL) - 211 (11.8)

Hematocrit (%) 1805 37.4 + 5.1
Platelet count (� 1000 cells/mcL) 1802 243.2 + 83.7
Albumin (g/dL) 1052 3.6 + 0.6
Hypoalbuminemia (< 3.0 g/dL) - 198 (18.8)

Preoperative condition
ASA classification 1932
1 and 2 - 501 (26.0)
3 - 1232 (63.9)
4 - 195 (10.1)
Smoking* 1932 250 (12.9)

Medical comorbidities
Diabetes 1932 332 (16.7)
Dyspnea 1932 253 (13.1)
Functional status prior to surgery 1932
Independent - 1640 (84.9)
Partially dependent - 200 (10.4)
Totally dependent - 26 (1.3)
Unknown 66 (3.4)
History of Chronic Obstructive
Pulmonary Disease

1932 263 (13.9)

History of Congestive Heart Failure in
30 days before surgery

1932 29 (1.5)

Hypertension requiring medication 1932 1251 (64.8)
Current dialysis 1932 17 (0.9)
Steroid use§ 1932 231 (12.0)
Bleeding disorder 1932 139 (7.2)
Transfusion within 72 hours before
surgery

1932 16 (0.8)

> 10% loss of body weightz 1932 26 (1.3)

(continued)

Table 2. (continued)

No. with
available
data Value

Surgical Characteristics
Method of Anesthesia
General anesthesia

1932 1712 (88.6)

MAC or local anesthesia 220 (11.4)
Method 1932
Vertebroplasty - 191 (9.9)
Kyphoplasty - 1741 (90.1)

Operation time (minutes) 1932 33.0 + 23.0
� 30 minutes - 1142 (59.1)
> 30 minutes - 790 (40.9)

The values are given as the mean + the standard deviation or numbers (%).
BMI, Body Mass Index; ASA, American Society of Anesthesiologist; no, num-
bers, * means smoking within the past year. § means oral or parenteral use of
steroid in 30 days before surgery for a chronic medical condition. z means 10%
loss of body weight in the 6 months prior to surgery.
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Table 3. Risk Factors for Minor Complications by Univairate Logistic Regression Analysis and Multivariate Logistic Regression Analysis After
Vertebroplasty or Kyphoplasty.

Univariate analysis Multivariate analysis

Risk factors for minor complications P value
Odds Ratio
(95% CI) P value

Odds Ratio
(95% CI)

Age
(< 64 vs. 65-74)
(< 64 vs. 75-84)
(< 64 vs. � 85)

0.423
0.198
0.160
0.096

1.981
(0.699-5.610)

2.030
(0.755-5.456)

2.382
(0.857-6.619)

0.732
0.764
0.455
0.319

1.249
(0.293-5.327)

1.690
(0.427-6.694)

2.090
(0.490-8.912)

Male gender 0.184 1.576
(0.805-3.084)

0.295 0.601
(0.231-1.558)

BMI
Normal vs. Underweight
Normal vs. Overweight
Normal vs. Moderate obese
Normal vs. Severe obese

0.581
0.533
0.127
0.218
0.778

1.606
(0.362-7.123)

1.667
(0.865-3.211)

1.646
(0.745-3.637)

1.172
(0.389-3.530)

0.238
0.604
0.022
0.137
0.594

1.567
(0.202-15.151)

2.972
(1.168-7.563)

2.368
(0.760-7.383)

1.576
(0.296-8.380)

ASA classification
(1 and 2 vs. 3)
(1 and 2 vs. 4)

0.184
0.086
0.113

1.961
(0.908-4.234)

2.295
(0.821-6.416)

0.967
0.858
0.978

1.101
(0.381-3.184)

0.980
(0.237-4.046)

Albumin (< 3.0 g/dL) 0.211 1.647
(0.753-3.600)

0.181 1.777
(0.765-4.131)

Blood urea nitrogen (� 20.0 mg/dL) 0.028 1.866
(1.068-3.260)

0.813 1.100
(0.498-2.429)

Creatinine (� 1.3 mg/dL) 0.412 1.378
(0.640-2.969)

White blood cell count 0.002 1.103
(1.038-1.172)

0.076 1.093
(0.991-1.206)

Smoking* 0.636 1.203
(0.560-2.582)

Diabetes 0.239 1.481
(0.770-2.851)

0.704 1.210
(0.466-3.094)

Dyspnea 0.040 1.989
(1.031-3.839)

0.783 1.157
(0.411-3.255)

Functional status prior to surgery
(Independent vs. partially and totally dependent)

0.033 2.100
(1.060-4.163)

0.838 0.893
(0.304-2.628)

History of Chronic Obstructive Pulmonary Disease 0.026 2.070
(1.092-3.923)

0.037 2.599
(1.061-6.367)

Hypertension requiring medication 0.014 2.388
(1.193-4.784)

0.863 1.087
(0.422-2.802)

History of Congestive Heart Failure in 30 days before surgery 0.815 1.271
(0.170-9.522)

Current dialysis 0.999
Steroid use 0.049 1.975

(1.002-3.893)
0.829 1.117

(0.410-3.045)
Bleeding disorder 0.920 1.055

(0.375-2.966)
Transfusion within 72 hours before surgery 0.403 2.390

(0.310-18.432)
> 10% loss of body weightz 0.998
MAC or local anesthesia 0.988 0.993

(0.420-2.351)
Procedure methods
(Kyphoplasty vs. Vertebroplasty)

0.202 0.607
(0.282-1.307)

0.192 0.506
(0.182-1.407)

Operation time
(� 30 minutes vs. > 30 minutes)

0.111 0.617
(0.341-1.118)

0.673 0.841
(0.337-1.721)

CI, confidence interval; BMI, Body Mass Index; ASA, American Society of Anesthesiologist; * means current smoking for recent 1 year. Hypoalbuminemia was
defined as a serum albumin of less than 3.0 g/dL. z means 10% loss of body weight in the 6 months prior to surgery.
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Table 4. Risk Factors for Major Complications by Univairate Logistic Regression Analysis and Multivariate Logistic Regression Analysis After
Vertebroplasty or Kyphoplasty.

Univariate analysis Multivariate analysis

Risk factors for major complications P value
Odds Ratio
(95% CI) P value

Odds Ratio
(95% CI)

Age
(< 64 vs. 65-74)
(< 64 vs. 75-84)
(< 64 vs. � 85)

0.577
0.730
0.918
0.374

0.887
(0.449-1.752)

1.033
(0.560-1.904)

1.334
(0.707-2.517)

0.724
0.404
0.605
0.927

0.671
(0.264-1.710)

0.798
(0.340-1.874)

1.043
(0.423-2.576)

Male gender 0.568 1.138
(0.730-1.775)

0.610 0.847
(0.448-1.601)

BMI
Normal vs. Underweight
Normal vs. Overweight
Normal vs. Moderate obese
Normal vs. Severe obese

0.377
0.777
0.054
0.612
0.410

0.811
(0.190-3.464)

1.605
(0.991-2.599)

1.180
(0.622-2.238)

1.374
(0.645-2.930)

0.305
0.760
0.139
0.660
0.058

0.772
(0.090-5.816)

1.650
(0.850-3.202)

1.229
(0.491-3.076)

2.465
(0.970-6.267)

ASA classification
(1 and 2 vs. 3)
(1 and 2 vs. 4)

0.081
0.641
0.037

1.129
(0.678-1.881)

2.043
(1.043-4.003)

0.518
0.929
0.363

1.036
(0.473-2.271)

1.571
(0.593-4.158)

Albumin (< 3.0 g/dL) 0.001 2.620
(1.497-4.585)

0.005 2.392
(1.305-4.383)

Blood urea nitrogen (� 20.0 mg/dL) 0.292 1.262
(0.819-1.943)

Creatinine (� 1.3 mg/dL) 0.088 1.627
(0.930-2.847)

0.467 1.312
(0.631-2.727)

White blood cell count 0.001 1.095
(1.040-1.153)

0.004 1.117
(1.037-1.204)

Smoking* 0.825 1.070
(0.587-1.952)

Diabetes 0.962 1.013
(0.584-1.758)

Dyspnea 0.157 1.479
(0.860-2.543)

0.508 1.285
(0.611-2.701)

Functional status prior to surgery
(Independent vs. partially and totally dependent)

0.125 1.547
(0.886-2.701)

0.309 1.474
(0.698-3.112)

History of Chronic Obstructive Pulmonary Disease 0.580 1.174
(0.666-2.070)

Hypertension requiring medication 0.443 1.189
(0.764-1.852)

History of Congestive Heart Failure in 30 days before surgery 0.621 1.442
(0.338-6.154)

Current dialysis 0.999
Steroid use 0.070 1.653

(0.960-2.847)
0.946 1.026

(0.493-2.132)
Bleeding disorder 0.636 1.198

(0.568-2.524)
Transfusion within 72 hours before surgery 0.177 2.800

(0.627-12.502)
0.490 1.844

(0.325-10.474)
> 10% loss of body weightz 0.514 1.625

(0.378-6.978)
MAC or local anesthesia 0.696 1.132

(0.608-2.110)
Procedure methods
(Kyphoplasty vs. Vertebroplasty)

0.237 1.661
(0.717-3.850)

0.282 1.932
(0.583-6.407)

Operation time
(� 30 minutes vs. > 30 minutes)

0.037 0.621
(0.398-0.971)

0.470 0.806
(0.448-1.448)

CI, confidence interval; BMI, Body Mass Index; ASA, American Society of Anesthesiologist; * means current smoking for recent 1 year. Hypoalbuminemia was
defined as a serum albumin of less than 3.0 g/dL. z means 10% loss of body weight in the 6 months prior to surgery.
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Table 5. Risk Factors for Mortality by Univairate Logistic Regression Analysis and Multivariate Logistic Regression Analysis After
Vertebroplasty or Kyphoplasty.

Univariate analysis Multivariate analysis

Risk factors for mortality P value
Odds Ratio
(95% CI) P value

Odds Ratio
(95% CI)

Age
(< 64 vs. 65-74)
(< 64 vs. 75-84)
(< 64 vs. � 85)

0.093
0.413
0.144
0.030

1.764
(0.453-6.872)

2.533
(0.728-8.811)

3.993
(1.147-13.905)

0.784
0.979
0.584
0.489

0.976
(0.157-6.070)

1.608
(0.294-8.810)

1.862
(0.320-10.838)

Male gender 0.621 1.184
(0.606-2.311)

0.307 0.595
(0.220-1.611)

BMI
Normal vs. Underweight
Normal vs. Overweight
Normal vs. Moderate obese
Normal vs. Severe obese

0.066
0.067
0.059
0.682
0.630

2.818
(0.931-8.527)

0.413
(0.165-1.035)

0.825
(0.328-2.074)

0.740
(0.217-2.519)

0.326
0.086
0.402
0.810
0.571

3.772
(0.830-17.135)

0.611
(0.193-1.932)

1.171
(0.323-4.248)

1.632
(0.300-8.869)

ASA classification
(1 and 2 vs. 3)
(1 and 2 vs. 4)

< 0.001
0.105

< 0.001
2.739

(0.810-9.260)
14.838

(4.273-51.526)

< 0.001
0.275
0.010

3.212
(0.395-26.147)

16.604
(1.956-140.959)

Albumin (< 3.0 g/dL) < 0.001 4.036
(1.979-8.229)

0.087 2.174
(0.895-5.284)

Blood urea nitrogen (� 20.0 mg/dL) 0.017 2.143
(1.143-4.018)

0.448 0.678
(0.249-1.849)

Creatinine (� 1.3 mg/dL) 0.001 3.349
(1.676-6.691)

0.030 3.494
(1.128-10.823)

White blood cell count 0.002 1.108
(1.038-1.182)

0.062 1.107
(0.995-1.232)

Smoking* 0.577 0.743
(0.262-2.107)

Diabetes 0.320 1.465
(0.690-3.107)

Dyspnea 0.196 1.681
(0.766-3.689)

0.252 0.471
(0.130-1.710)

Functional status prior to surgery
(Independent vs. partially and totally dependent)

0.032 2.304
(1.076-4.932)

0.209 1.901
(0.698-5.175)

History of Chronic Obstructive Pulmonary Disease 0.015 2.413
(1.191-4.891)

0.487 1.424
(0.525-3.864)

Hypertension requiring medication 0.093 1.897
(0.898-4.009)

0.610 0.758
(0.261-2.202)

History of Congestive Heart Failure in 30 days before surgery 0.604 1.707
(0.227-12.864)

Current dialysis < 0.001 10.876
(2.998-39.460)

0.977 1.030
(0.139-7.619)

Steroid use 0.550 1.307
(0.543-3.149)

Bleeding disorder 0.490 1.446
(0.507-4.123)

Transfusion within 72 hours before surgery 0.012 7.060
(1.550-32.152)

0.270 3.435
(0.383-30.825)

> 10% loss of body weightz 0.003 6.589
(1.895-22.913)

0.087 4.676
(0.801-27.291)

MAC or local anesthesia < 0.001 3.470
(1.738-6.928)

0.019 3.049
(1.197-7.762)

Procedure methods
(Kyphoplasty vs. Vertebroplasty)

0.278 0.614
(0.254-1.482)

0.918 0.937
(0.271-3.241)

Operation time
(� 30 minutes vs. > 30 minutes)

0.908 0.963
(0.508-1.825)

CI, confidence interval; BMI, Body Mass Index; ASA, American Society of Anesthesiologist; * means current smoking for recent 1 year. Hypoalbuminemia was
defined as a serum albumin of less than 3.0 g/dL. z means 10% loss of body weight in the 6 months prior to surgery.
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Increased level of creatinine (� 1.3 mg/dL), ASA 4, and

MAC or local anesthesia were independently associated with

30day mortality after VP/KP. Renal insufficiency is a known

risk factor for complications after all spinal procedures, and it

is important to note that these risk factors remain significant

even in a minor, percutaneous cement augmentation proce-

dure.27 In addition, ASA classification has also been consid-

ered as an independent risk factor for postoperative mortality in

previous studies.22,28,29 Interestingly, the use of local anesthe-

sia was associated with mortality, but we recommend interpret-

ing these results with caution. MAC or local anesthesia is a less

invasive form of anesthesia, and in theory should lead to less

complications; however, it is possible that general anesthesia

was avoided in patients with complex medical histories and

many comorbidities. Thus, MAC or local anesthesia may have

been used in sicker patients, still at risk for postoperative com-

plications despite the less invasive form of sedation. Regard-

less, we recommend that the decision to place elderly patients

under general anesthesia, as opposed to conscious sedation,

should be jointly discussed with the anesthesia and surgical

team to make the optimal choice for each patient.

Increased WBC count was also associated with an increased

odds of for major complications. Previous studies agree with

these results, which have shown that leukocytosis was a

significant risk factor for postoperative complication and/or

prolonged length of stay after hip fracture surgery and above-

knee amputation.30,31 Furthermore, increased WBC count

might be related to an asymptomatic or non-diagnosed infec-

tion prior to surgery. When performing VP/KP, complications

are rarely related to the surgical technique, which often lasts

under an hour, and more related to the prone positioning and

co-morbidities of an elderly population. Thus, the initial deci-

sion to undergo the procedure may be the most important deci-

sion in avoiding complications after VP/KP. It is our hope that

surgeons can use this information preoperatively to optimally

select patients for surgery by threshold cut-off values for crea-

tinine, WBC, and ASA class and defer VP/KP in patients meet-

ing these criteria. At-risk patients should see a general

practitioner to correct these metabolic disturbances, and only

then should VP/KP be considered.

For proper interpretation of the current results, several meth-

odological aspects should be considered. First, the current

cohort included very elderly patients: the mean age was

74.9 years. This should be attributable to higher rates of

mortality and complication rates compared to previous

studies.10,11,17,23 However, this also reflects that many elderly

patients (even more than 75 years old) undergo VP/KP in real

clinical practice. The prevalence of OVCF has increased to

40% in patients older than 80 years.32 Therefore, with the

increasing age of the general population, vertebral augmenta-

tion procedures will be performed in more elderly patients. In

addition, though many of the complications might appear to be

unrelated to the cement injection procedure itself, such as UTI,

pneumonia, or renal insufficiency, they may be associated with

prone position and co-morbidities which may be too much for

certain elderly patients to undergo. ACS-NSQIP data did not

include any complication which was not associated with tar-

geted surgical procedure and/or related anesthesia.19,33,34 The

ACS NSQIP tracks patients for 30 days after their operation,

providing a more complete picture of their care. Ideally, we

would have been able to assess surgery-specific complications,

such as neurologic complications from cement leakage or

venous embolism, but unfortunately, this was not possible with

the current data collection methods. Second, coding errors in

the NSQIP dataset would influence the current results.35,36 The

wide variation in hospital settings, hospital quality, surgical

strategy, and surgeons’ expertise in a nationwide database can

also confound the present results. Third, the current data set

draws from 2011-2013, which represents an older time period

that may reflect different practice patterns than more recent

data. It is our hope the current analyses can be used as a base-

line comparison for future studies to assess potential changes in

complications after VP/KP procedures for more recent years.

Fourth, the current data was collected retrospectively from a

national database. Despite the strength of a large, heteroge-

neous sample, the retrospective methodology reflected wide

variation in hospital setting, hospital quality, surgical strategy,

and surgeons’ expertise, which may lend itself to a biased and/

or less accurate sample. However, despite these limitations,

this study provides the largest sample size in a single study for

reporting short-term postoperative mortality and complications

following vertebral augmentation procedures such as VP/KP

across the nation.

Conclusion

In conclusion, the major complication and mortality rates after

VP/KP were 4.9% and 2.1%, respectively, in the current study,

which were higher than in previous systematic reviews and/or

meta-analyses.4,10,11,17,23 Mortality was independently associ-

ated with an ASA 4 or above and increased creatinine. Though

we cannot determine if the morbidity was associated with the

specific spinal procedure or associated perioperative care, in

any case, cautious monitoring and counseling are recom-

mended for elderly patients with preexisting kidney disease

and/or ASA 4.
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