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Abstract Introduction Studies have shown that osteoporotic patients are more likely to have

medical or surgical complications postoperatively. In this study, we determine the
predictive value of various comorbidities on the likelihood of postoperative complica-
tions, mortality, and 30-day readmission following cement augmentation for osteopo-
rotic vertebral compression fractures (OVCFs).
Materials and Methods A retrospective analysis of the American College of Surgeons
National Surgery Quality Improvement Project (ACS-NSQIP) database from 2007 to
2014 identified 1979 patients who met inclusion criteria. A multivariate logistic regres-
sion analysis was utilized to determine the relationship between various comorbidities
and perioperative mortality, postoperative complications, and 30-day readmission rates.
Results A history of cerebrovascular accident (CVA), coagulopathy, diminished
preoperative functional status, and/or an American Society of Anesthesiologists (ASA)
class > 2 were statistical predictors of postoperative complications. CVA generated
the highest odds ratio among these comorbidities (OR = 5.36, p = 0.02 for minor
complications; OR=4.60p =0.05 for major complications). Among the 15 comorbidities
considered, steroid use (OR=1.81; p=0.03) and an ASA class > 2 (OR = 14.65; p=0.01)
were the only ones that were correlated with mortality; an ASA class > 2 had a partic-
ularly strong effect on the likelihood of mortality (OR = 14.65). Chronic obstructive
pulmonary disorder (COPD), obesity, significant weight loss, and an ASA class > 2 were
correlated with 30-day readmissions. Congestive heart failure (CHF), diabetes, dialysis,
hypertension, or smoking was not correlated with adverse postoperative outcomes.

Keywords Conclusion Of the 15 comorbidities considered in this study, four were statistically
= mortality associated with increased rates of postoperative complications, two were associated
= vertebral compression  with increased mortality, and four were associated with increased rates of readmission

fracture at 30 days. The presence of CHF, diabetes mellitus (DM), hypertension, ascites, renal
= osteoporosis failure, or smoking were not associated with the adverse outcomes studied.

= cement augmentation Level of Evidence |I.
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Introduction

Each year, over two million fragility fractures occur in the
United States, hospitalizing over 500,000 elderly patients and
costing the health care system over $5.1 billion annually.'?
Among these fragility fractures, roughly one third are osteo-
porotic vertebral compression fractures (OVCFs).? OVCFs com-
monly cause dysfunction, severe pain, and postural changes
that may be treated via cement augmentation procedures.**
Considering the rising incidence of osteoporotic fractures in
the population® and the frailty commonly associated with
OVCF patients,’ literature regarding the clinical management
of this condition is becoming progressively more relevant.
Treatment options for OVCF include benign neglect, bracing,
medication, and procedures such as cement augmentation.
While the treatment plan for a given patient is based on vari-
ous clinical factors, several studies have shown that vertebral
cement augmentation may offer better long-term pain relief
than medical management alone for a subset of patients.5!!
However, prior to recommending an invasive procedure, cli-
nicians must consider the risk-profile of each patient. In this
study, we attempt to determine the relationship between 15
comorbidities and the likelihood of developing complica-
tions, mortality, or 30-day readmission following an invasive
procedure for an OVCE. In doing so, we hope to help guide
clinical decision-making regarding treatment plans and help
clinicians manage patients’ expectations following vertebral
cement augmentation.

Materials and Methods

In this retrospective study, data from the American College
of Surgeons National Surgery Quality Improvement Project
(ACS-NSQIP) from 2007 through 2014 was reviewed. Because
information within this database is deidentified, this study
was exempt from institutional review board (IRB) approval.
Following a methodology utilized by others,'?'* patients who
sustained an OVCFin the lumbar or thoracic region of the spine
were identified using current procedural terminology (CPT)
codes and International Classification of Disease (ICD-9 or
ICD-10) codes. ICD-9 codes 733.13, 805.2, and 805.4 (uti-
lized for the years 2007-2013) and ICD-10 codes M48.56XA,
S22.009A, S22.068A, and S22.089A (used for 2014) were also
included in this study. To ensure all target patients in the
ACS-NSQIP database were captured, patients assigned any of
the following CPT codes were also included: 22510, 22511,
22512,22513, 22514, or 22515; these CPT codes refer to ver-
tebral cement augmentation procedures.

Patients with an OVCF in the cervical, sacral, or unclas-
sified region of the spine, and/or those with confirmed spi-
nal or central nervous system (CNS) tumors were excluded.
For purposes of conducting a logistic regression analysis,
the following patient characteristics were considered: gen-
der, body mass index (BMI), functional status prior to pro-
cedure, preoperative comorbidities and preoperative serum
albumin level, American Society of Anesthesiologists (ASA)
status, postoperative complications, mortality, reopera-
tions, and 30-day readmissions. If greater than 10 percent of

patients were missing data for a given variable, that variable
was excluded from the study.

Outcome measures for this study included minor postop-
erative complications, major postoperative complications,
patient mortality, 30-day readmission due to any cause,
and 30-day readmission related to OVCE. As in a previous
study by Chung et al,* the following issues were considered
minor postoperative complications: pneumonia, urinary tract
infection (UTI), deep vein thrombosis (DVT), or incision site
complications. Major postoperative complications included
cardiac arrest, acute myocardial infarction (MI), sepsis, septic
shock, stroke, pulmonary embolism (PE), acute renal failure,
a coma lasting more than 24 hours, and reintubation.

Statistical Analysis

Using multivariate logistic regression, odds ratios (OR) with
corresponding p values and 95% confidence intervals (CI)
were calculated. This statistical tool was used to determine
the direct correlation between 15 comorbidities and pri-
mary outcome measures, while also accounting for possi-
ble confounders such as age, gender, or preoperative serum
albumin levels. While most comorbidities were considered
dichotomous, preoperative functional status was treated as
a categorical variable. Patients exhibiting an inability to per-
form at least one activity of daily living (ADL) were consid-
ered partially dependent; if a patient was unable to perform
any ADLs, he or she was classified as completely dependent.
Preoperative serum albumin level was treated as a contin-
uous variable. To determine which variables should be uti-
lized in the logistic regression, a series of bivariate analyses
between age and the variable in question were conducted;
those that generated p values less than 0.05 were included
in the multivariate analysis. Any variable for which fewer
than five incidences occurred within the patient dataset was
excluded. For statistical purposes, a patient listed as greater
than 90 years of age in the ACS-NSQIP database was treated
as a 90-year old.

Results

Upon application of inclusion and exclusion criteria,
1979 patients were found in the ACS-NSQIP database.
~Table 1 provides a demographic overview of our study pop-
ulation. Patients were on average approximately 74 years of
age at the time of vertebral cement augmentation. More than
two-thirds were female and the average BMI was slightly
under 27. Approximately one out of seven patients had a
smoking history within 1 year of the index procedure; the
same was true regarding chronic steroid use and diminished
functional status prior to intervention. On average, patients
had a preoperative albumin in the healthy range (> 3.5).”
=Table 2 summarizes the prevalence of various comor-
bidities as well as the distribution of ASA status in the study
population. Nearly two-thirds of patients had a history
of hypertension and more than one-quarter were obese;
almost 80% of patients had an ASA class of III or higher, high-
lighting the frailty of OVCF patients. »Table 3 summarizes
postoperative outcomes in our study population. Mortality
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Table 1 Patient characteristics

Guptaetal.

Table 3 Postoperative outcomes among 1979 patients

Total (n =1979) | SD or % Diagnosis # Patients | %
Parameter Mortality 91 4.6%
Age (years) © 13.92 10.82 Reoperations 83 4.2%
Sex (female) 1328 67.1% .
Readmissions 259 13.1%
BMI 26.74 6.45 g ated
R issi VCF 1 5%
Mean preoperative albumin | 3.58 0.65 eadmission refated to VC 69 8:5
Steroid use for chronic 593 14.8% Mean length of Hospital Admission 5.93 13.89
condition Major complications
Smoking history 270 13.6% Acute MI 7 0.4%
On dialysis 26 1.3% Cardiac arrest 10 0.5%
Functional status prior to surgery Sepsis 33 1.9%
Independent 1661 85.3% <entic shodl 8 0.9%
eptic shock .9%
Partially dependent 265 13.6% P
Totally dependent 22 1.1% Stroke 10 0.5%
Unknown 31 - PE 16 0.8%
Abbreviations: BMI, body mass index; SD, standard deviation. Acute renal failure 5 0.3%
2 For statistical purposes, patients age 90+ are assumed to be .
90 years of age. Coma > 24 hours 1 0.1%
Reintubation 31 1.6%
Table 2 Comorbidities and distribution of ASA status across Prolonged intubation (> 7 days) | 17 0.9%
1979 patients
- - - Overall 101 5.1%
Diagnosis # Patients | %
Comorbidity Minor Complications
CHF 56 2.8% DVT 31 1.6%
COPD 307 15.5% Pneumonia 64 3.2%
Coagulopathy 173 8.7% uTl 63 3.2%
CVA 16 0.8% Surgical site complication 39 2.0%
i 385 19.5%
Diabetes Overall 143 7.2%
Dialysis 26 1.3%

- . Abbreviations: DVT, deep vein thrombosis; MI, myocardial infarction; PE,
Hypertension 1317 66.5% pulmonary embolism; UTI, urinary tract infection; VCF, vertebral com-
Ascites 3 0.2% pression fracture.

MI < 6 months 0 0.0%
Obesity (BMI = 30) 497 25.1% ~Fig. 1 summarizes the results of our multivariate logistic
Renal Failure 4 0.2% regression. To determine which factors to integrate into the
Smoker (w/in last year) 270 13.6% analysis, a series of bivariate tests were conducted. Of the
Steroid use for chronic condition 293 14.8% 15 comorbidities recorded in our database, 11 bore a statisti-
Weight loss 66 3.3% cal impact (p value < O.QS) on at leas.t one of the prlmary out-
ASA Status come measures. These included a history of congestive heart
failure (CHF), chronic obstructive pulmonary disease (COPD),
ASA Class | 11 0.6% . .
coagulopathy, cerebrovascular accident (CVA), diabetes mel-
ASA Class |l 390 19.7% litus (DM), dialysis, obesity, long-term steroid use, weight
ASA Class Il 1297 65.6% loss exceeding 10% of body weight over the past 6 months,
ASA Class IV 274 13.9% ASA class > 2, and preoperative functional status. Ascites and
ASA Class V 4 0.2% renal failure had fewer than five incidences and therefore
None listed 3 - were excluded from analysis. In addition, hypertension and

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body
mass index; CHF, congestive heart failure; COPD, chronic obstructive pul-
monary disorder; CVA, cerebrovascular accident; MI, myocardial infarction.

was seen in 4.6% of patients within 30 days of the index pro-
cedure, and 13.1% of patients were readmitted. Overall, 5.1%
of patients experienced a major complication, most com-
monly sepsis and reintubation, and 7.2% of patients suffered
minor complications.

smoking were also excluded from the analysis because the
bivariate analyses for these variables failed to demonstrate
statistical significance. To further validate our results, age,
gender, and preoperative serum albumin levels were also
integrated in our analysis.

Results from =Fig. 1 show that preoperative functional
status (p = 0.03 and 0.05), ASA class > 2 (p = 0.01), and/or
a history of CVA (p = 0.02) were statistically correlated with
minor complications. Preoperative functional status (p <.01),
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Minor Complication Major Complication Mortalty VCF-
Odds Ratio  P-Value "wya Odds Ratic _ P-Value "HRO Odds Ratio  P-Vahse »xO Odds Ratic  P-Value "RO Odds Ratho _ P-Valhse »xO
Sex (male = 1) 090 0560 063129 114 0569 07317 158 s 100-248 141 o7 106-187 1% 0197 0.89-1.77)
Age 098 0002 096099 097 0009 095099 100 ores 0.98-1.02 102 0004 101-1.00 im LIt 1.00-1.03)
Precparative Functional Status.
Independent Reference  Reference  Reference Reference  Reference  Reference Reference  Reference  Reference Reference  Reference  Reference Reference  Reference  Reference
Partially Dependert 158 0031 104242 249 0001 152407 im0 LL2d 09291 139 o069 097-2.00 114 0554 0.74-1.77|
Completely Dependent 19 o048 100774 295 0076 083973 s6s oo 2041575 099 0.991 029345 041 (5.3 0.05-3.10|
Comorbidities.
o . 182 0,167 052320 -
COPD 136 0137 091304 148 0137 089344 (5] 0480 ATLI09 15y 0008 113230 185 a0l 128278
Coagulopathy. > . - 189 003t 108132 . . . 180 ooss 0.98-2 59|
oA 536 0017 135 460 06 1.03-2051 » .
Diabetes 136 0120 092200 132 0264 081214
Dby 167 0357 057488 19 0283 05861
Hypertenion -
Dbty 126 0211 085182 160 a0 111229
Sterold Use . . 148 0433 089247 im 0m7 107308 . 131 0135 0.90-207
Weight Loss. 140 0360 068289 169 0205 077380 1% 0.106 047442 im0 0.097 091-319 07 aoar 103416
ASA Oass>d 205 0012 117380 18 0125 085383 1465 0008  202-10643 146 0060 058218 19 Q016 114-343|

Fig. 1 Multivariate logistic regression analysis for minor complications, major complications, mortality, and 30-day readmissions. Variables
with statistically significant p-values are highlighted in orange. Ascites and renal failure (highlighted in red) were excluded from logistic regres-

sion because of small sample size for these populations.

a history of CVA (p = 0.05), and a history of coagulopathy
(p=0.03) were associated with major complications. Notably,
a history of CVA also exhibited the highest OR (5.36 and
4.60, respectively) among any comorbidity considered in
this study. Our data also show that preoperative functional
status (p < .01), chronic steroid use (p = 0.03), and an ASA
class > 2 (p < 0.01) were statistically correlated with mor-
tality; the latter exhibited the highest impact on mortality
(OR = 14.65). Readmission within 30 days of the index pro-
cedure was associated with a history of COPD (p < 0.01), obe-
sity (p = 0.01), significant weight loss (p = 0.04), and an ASA
class > 2 (p=0.02).

Discussion

As the most common type of fragility fracture, OVCFs occur
every 22 seconds on average around the globe.'> The prev-
alence of OVCF is estimated to be 25% in postmenopausal
women over age 50, and 40% of women over age 80, thus
making the management of OVCF highly relevant to patient
care and health care costs.’®'8 As a result of the high prev-
alence, demographics, interventions, and patient outcomes
following procedures for OVCF have been well-studied.!*-?!
Toy et al found an association between postoperative compli-
cations and an unfavorable ASA class, in addition to inpatient
status prior to procedure.? Similarly, we found that patient
classification by ASA status is in some regards a “catch-all”
for the general health of a patient,” helping clinicians iden-
tify whether a patient is healthy, has mild systemic dis-
ease, severe systemic disease, or life-threatening disease.?*
To assign an ASA class to a patient, many of the comorbidi-
ties from this study are considered.?*?* Categorizing a patient
as “mildly sick” or “moderately sick,” while helpful, may not
give the specific insight that our data provides. The same can
be said of preoperative functional status, which was included
in our analysis to be as comprehensive as possible; however,
like ASA status, it may not provide the specific insight that
formally diagnosed medical conditions provide. Thus, the
motivation for our logistic regression analysis was to see
which disease processes were specifically impactful in the
treatment of OVCF.

While we found that patient ASA class was associated with
complications, we also identified correlations with a history
of CVA and coagulopathy. These comorbidities are, not sur-
prisingly, among those factors that would lead to an ASA
classification greater than 2. At the same time, other comor-
bidities that may also place patients in the same category,
such as CHF or hypertension, were not found to be associated
with any adverse outcomes following cement augmentation
for OVCE. By providing this specific quantitative data from a
large sample size, we hope to identify which comorbidities
predict complications, mortality, or readmission, potentially
enabling physicians to form a better treatment plan.

Our data shows that the most significant predictor of
complications, both in terms of statistical significance and
OR, is a history of CVA (p = 0.02 and OR = 5.36 for minor
complications; p = 0.05 and OR = 4.60 for major complica-
tions). Coagulopathy was also associated with major post-
operative complications (p = 0.03 and OR = 1.89), however
neither coagulopathy nor a history of CVA was found to
be statistically correlated with mortality or readmission.
To explain this, we considered the long-term treatment of
CVA, which commonly involves antiplatelet or anticoagulant
therapy to prevent reoccurrence.?®?” Prior to intervention,
CVA patients often discontinue their anticoagulation medi-
cation.?® In an elderly and frail OVCF patient population, the
lack of anticoagulation may disproportionately increase the
risk of DVT postoperatively, which was considered a minor
complication in our study. Additionally, a prior CVA may
increase the likelihood of a second ischemic event following
the procedure-this was considered a major complication.?3°
Our theory is supported by the literature, which suggests that
25% of CVA are recurrent, thereby increasing the likelihood of
such an event in patients with a history of CVA.!

In terms of mortality, we found a statistical association
in patients using steroids and those with ASA status > 2.
This correlation may be due to the association of steroids
with sepsis and septic shock. While these complications are
somewhat rare (1.9% experienced sepsis and 0.9% endured
septic shock), they are often life-threatening in the frail and
elderly OVCF population.*?** In one study relating to colorec-
tal surgery, patients using steroids chronically were shown
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to have a higher risk of malnutrition, diabetes, bleeding dis-
orders, and shock®; postoperatively, they exhibited higher
rates of mortality and morbidity.>* Singla et al showed that
following lumbar spine fusion, chronic steroid use was asso-
ciated with incisional site infections in patients over the age
of 65 as well as increased mortality rates.>> Our study cor-
roborates this finding and highlights the potential perils of
chronic steroid use in patients undergoing vertebral cement
augmentation for OVCF.

A statistical correlation was seen in readmission rates
in patients with obesity, COPD, and recent weight loss
exceeding 10% of body weight. Ilyas et al also showed that
obesity was associated with an increased rate of readmission
following Iumbar spine surgery,® while Elsamadicy found
a correlation between BMI and elective spine procedures in
general.*’ For this reason, it may be prudent for physicians to
inform obese patients and those with COPD of the increased
likelihood for readmission. Recent weight loss exceeding 10%
of total body weight over 6 months is suggestive of a malig-
nancy or significant infection-these patients may need to be
examined further for the possibility of other pathology asso-
ciated with these conditions, which could explain the higher
rate of readmission.*®

Gupta et al” showed that preoperative albumin levels pre-
dict the incidence of postoperative complications following
cement augmentation for OVCF and that the likelihood of
an adverse outcome is proportional to the degree of hypo-
albuminemia. To ensure the accuracy of results in this study,
serum albumin level was treated as a continuous variable
instead of a dichotomous variable. Similarly, our multivariate
analysis included many of the various elements that com-
prise the Charlson comorbidity index (CCI). This included
factors such as age, history of CHF, CVA, COPD, diabetes mel-
litus, and other comorbidities for which information was
provided within the ACS-NSQIP database. The CCI is used
to predict the risk of death within 1 year of hospitalization,
based on comorbid conditions. The literature suggests that
ASA status and CCI are related and often in close agreement,
hence its relevance to this study.?'**4° While this study does
not control for all possible confounders, we felt that both CCI
and preoperative serum albumin levels were important to
incorporate in our analysis.

The ACS-NSIP database utilized in this study enabled us
to analyze postprocedural outcomes following cement aug-
mentation for the treatment of OVCF. However, we are unable
to comment on how patients who are treated nonsurgically
do in comparison to those who undergo cement augmenta-
tion based on our data. To address this alternative approach,
we consider recent literature. Ong et al, in a 5-year study,
showed that both balloon kyphoplasty and vertebroplasty
were associated with statistically lower mortality rates in
comparison to nonsurgical management of vertebral com-
pression fracutres.*! Similarly, Hirsch et al utilized a 10-year
sample of Medicare data to conduct a number needed to treat
analysis. This study showed that at both 1-year and 5-year
follow-ups kyphoplasty patients did better. The adjusted
number needed to treat to save 1 life from nonsurgical
management versus kyphoplasty was 14.8 at year 1 and

Guptaetal.

11.9 at year 5. Finally, Hinde et al, in a 2020 systematic
review involving over two million patients, showed that
patients who underwent vertebral augmentation procedures
for treatment of OVCF were 22% less likely to expire 10 years
postintervention.** Thus, while some patients undergo com-
plications from vertebral augmentation, for most people
suffering from OVCEF, it remains a stronger alternative to non-
operative management.

This study has multiple limitations. Our findings depend
on the accuracy of deidentified spreadsheets from the
ACS-NSQIP database without the possibility of verifica-
tion through viewing original patient charts. Therefore, it is
possible that patients may have been improperly included
or excluded due to potential errors within the ACS-NSQIP
database. While the NSQIP database is frequently uti-
lized,*# there was no obvious way to correct for this.
Furthermore, the NSQIP database does not provide informa-
tion with regard to the specialty of the treating physician;
it is possible that the outcomes of augmentation procedures
conducted by interventional radiologists differ from those
performed by surgeons or other subspecialists. It also is
unable to provide information regarding adherence (or lack
thereof) by clinicians to standardized care pathways such as
SIR, SNIS, or the UCLA/Rand appropriateness method. These
guidelines help ensure the standard of care is followed when
treating patients.

From a more technical perspective, another challenge with
the NSQIP database is its use of the term “null” instead of
“no” when identifying patients with CNS tumors. While both
terms are used throughout the database, the former term, in
comparison to the latter, does not provide the same degree
of certainty that a patient does not have a CNS tumor. In this
study, both terms were considered acceptable for purposes
of meeting inclusion criteria. Finally, variables recorded in
ACS-NSQIP changed from year to year; periodically, some
were added while others were removed. Although this con-
straint was carefully tracked and accounted for, it necessi-
tated the exclusion of some variables from our regression
analysis. Our analysis of 30-day readmission rates is also
limited by the database. ACS-NSQIP defines a 30-day read-
mission from the date of the procedure and not the date of
discharge.*® Therefore, a sick patient discharged 3 weeks after
the index procedure has only 9 days postdischarge to qual-
ify for a 30-day readmission using this methodology. On the
contrary, a patient discharged 2 days following an uncompli-
cated procedure has 28 days to be readmitted to be consid-
ered a 30-day readmission. This record-keeping limitation
may have impacted our ability to fully assess the relationship
between 30-day readmission and the comorbidities consid-
ered. Moreover, ACS-NSQIP does not track readmissions that
occur after the initial 30-day period following a procedure.

Other limitations include the decision to avoid distin-
guishing between different procedural modalities. This study
did not control for whether a patient underwent a multilevel
or a single-level procedure in treating an OVCFE. It also did
not distinguish between cement augmentation techniques.
In this database study, we relied on the clinical judgment of
the clinician to identify which procedure would be best for a
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given patient, without controlling for the modality utilized.
Future studies could compare other factors that may be sta-
tistically associated with adverse outcomes in the setting of
OVCF, such as inpatient status prior to procedure or postop-
erative disposition. It may also be valuable to investigate the
correlation between the factors considered in this study and
other spine pathologies.

Conclusion

Data from this study may help clinicians identify comorbidi-
ties that can significantly affect outcomes. By quantifying the
risk associated with these comorbidities, clinicians may be
better equipped to guide the expectations of their patients
and form treatment plans. Of the 15 comorbidities consid-
ered in this study, four were statistically associated with
complications (preoperative functional status; ASA class >
2; history of coagulopathy; history of CVA), two were asso-
ciated with increased rates of mortality (chronic steroid use;
ASA class > 2), and four were associated with increased rates
of readmission (COPD; obesity; weight loss; ASA class >2).
A history of CHF, DM, hypertension, ascites, renal failure, and
smoking were not found to be associated with these adverse
outcomes.
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