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Aim: to identify preoperative factors associated with morbidity/mortality, hospital length of 
stay (LOS), 30-day readmission and operation rates following spinal stereotactic radiosurgery 
(SRS) for spinal tumors. Methods: The American College of Surgeons National Quality 
Improvement Program was queried from 2012 to 2014 to identify patients undergoing SRS 
for spinal tumors. Logistic regression was performed to identify predictors. Results: 2714 
patients were identified; 6.8% had major morbidity or mortality, 6.9% were readmitted within 
30 days and 4.3% had a subsequent operation within 30 days. Age, BMI and American Society 
of Anesthesiologist (ASA) class were predictive of LOS. Major morbidity was predicted by age 
>80, BMI >35, high ASA, pretreatment functional dependence and baseline comorbidities. 
Predictors of operation within 30 days included preoperative steroid use, renal failure, BMI 
>35 and if the treatment was nonelective. Discussion: 4–7% of patients undergoing SRS for 
spinal tumors have morbidity following the procedure. Factors predictive of morbidity, LOS, 
and subsequent operation included age, BMI, baseline comorbidities and functional status. 
Conclusion: Identification of preoperative patient-specific factors that are predictive of post-
treatment outcome will aid in patient selection and patient counseling leading to greater 
patient satisfaction and hospital efficiency.
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Symptomatic spinal metastases are found in more than 40% of cancer patients, many of whom 
suffer from neurological manifestations from epidural/intradural cord compression as well as axial 
back pain from structural compromise [1–3]. Systemic chemotherapies are enabling these patients to 
live longer, and stereotactic radiosurgery (SRS) has become an important adjuvant or primary treat-
ment option. Current therapy is aimed to achieve local tumor control, palliate pain and maintain 
or improve neurological status.

The primary indications for SRS include stand-alone treatment for painful bony metastases, 
postoperatively following decompression separation surgery, as well as for progression or recurrence 
of local disease despite previous conventional external beam radiation therapy.

SRS has proven benefits over conventional external beam radiation therapy for radioresistant 
tumors as it enables increased tumoricidal dose delivery and spinal cord dose sparing. Surgery is still 
considered first-line therapy in patients with radioresistant tumors causing spinal cord compression, 
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due to the dose limitations to the spinal cord [4]. 
Risks of spinal radiosurgery include radia-
tion myelopathy and post-treatment vertebral 
compression fractures [5,6].

There is a growing body of literature on the 
use of SRS for spinal lesions, and delineation 
of factors predictive of poor outcome will help 
guide treatment decisions. There is no doubt that 
patients with metastatic spinal lesions are often 
debilitated, physiologically deranged and have a 
decreased life expectancy. However, even within 
this population of patients, there are likely to 
be factors associated with increased morbidity 
and poorer outcomes. In the present study, we 
use a multicenter national database to investigate 
the association between baseline demographic 
patient-specific variables and post-treatment 
outcomes following SRS for spinal metastases. 
Identifying the predictors of increased length of 
stay (LOS), subsequent operation, readmission, 
morbidity and mortality may provide improved 
counseling to afflicted patients and their medi-
cal teams. Such information may allow for more 
appropriate options for family specific wishes 
and improvements in cost efficiency in our 
current resource-limited medical environment.

Methods
●● Data source

We used data from the American College of 
Surgeons’ (ACS) National Quality Improvement 
Program (NSQIP) database throughout the pre-
sent study to quantify the association between 
patient demographics and comorbidities and 
30-day post-treatment outcomes following SRS. 
We used data from 2012 to 2014 because read-
mission and reoperation data were added to the 
NSQIP registry beginning in 2012, and 2014 is 
the most recent year of available data.

NSQIP data are comprised of yearly submit-
ted surgical case data from nearly 400 commu-
nity and academic hospitals. NSQIP data are 
prospectively collected, audited for accuracy and 
reproducibility, validated by a trained surgical 
clinical nurse and are annually assessed to con-
firm that at least 95% of all patients are followed 
for 30 days postoperatively [7–9].

Data on patient demographics (age, sex, race, 
height and weight), surgical data (inpatient vs 
outpatient and elective vs nonelective), and 
comorbidities, including: diabetes, smoking 
status, dyspnea, functional status, ventilator 
dependency, history of ascites, bleeding disor-
ders, chronic obstructive pulmonary disease 

(COPD), history of congestive heart failure 
(CHF), hypertension requiring medication, 
dialysis, disseminated cancer, renal failure, pre-
operative transfusion, evidence of wound infec-
tion, chronic steroid use, weight loss, sepsis and 
American Society of Anesthesiologist (ASA) 
Class.

NSQIP also includes data on superficial 
surgical site infection (SSI), deep SSI, organ 
space SSI, wound dehiscence, pneumonia, 
unplanned reintubation, renal insufficiency, 
acute renal failure, cerebrovascular accident, 
cardiac arrest, myocardial infarction, intra/
postoperative transfusion, deep vein thrombosis, 
sepsis/septic shock and urinary tract infection. 
Furthermore, NSQIP includes data on all-cause 
readmission and reoperation within 30 days and 
hospital LOS. Importantly, variable definitions 
are standardized across NSQIP reporting sites. 
The ACS NSQIP Participant Use File lists these 
definitions  [7]. Throughout NSQIP, Current 
Procedural Terminology codes are used to record 
the procedures that patients underwent.

Required NSQIP statement: “American 
College of Surgeons National Surgical Quality 
Improvement Program and the hospitals par-
ticipating in the ACS NSQIP are the source of 
the data used herein; they have not verified and 
are not responsible for the statistical validity of 
the data analysis or the conclusions derived by 
the authors.”

●● Study population
All patients aged 18 years and older included 
in NSQIP from 2012 to 2014 that underwent 
SRS to the spine based on Current Procedural 
Terminology codes 61783, 63620 and 63621.

●● Outcome definitions
The primary outcome of the present study was 
major morbidity and mortality (MMM), which 
was defined as all-cause patient mortality within 
30 days following SRS or the occurrence of 
any of the following major morbidities (MM) 
recorded in NSQIP: deep SSI, organ space SSI, 
wound dehiscence, pneumonia, unplanned 
reintubation, renal insufficiency, acute renal 
failure, cerebrovascular accident, cardiac arrest, 
myocardial infarction, deep vein thrombosis 
and sepsis/septic shock. Presumably, in the SRS 
population, these outcomes were mainly the lat-
ter ones (e.g., renal failure, pneumonia and car-
diac dysfunction) rather than the postoperative 
infectious complications.
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We also analyzed secondary outcomes, which 
were (2) MM within 30 days, (3) hospital LOS 
(we dichotomized LOS to greater than or less 
than the 75th percentile of all LOS), (4) 30-day 
readmission for any reason to any hospital and 
(5) any 30-day subsequent operation that was 
related to the initial procedure.

●● Missing data
We addressed missing data using multiple 
chained imputation based on a series of ten mul-
tivariable logistic regression equations. Using 
this technique, we were able to impute missing 

data based on available data. This method was 
chosen to prevent the potential misestimation of 
variance inherent to other methods of handling 
missing data [10].

●● Multivariable analysis
For each outcome variable, we estimated a 
unique logistic regression model. We included 
each of the following covariates in each model 
because of their perceived clinical significance: 
age, sex, race, BMI (calculated based on patient 
height and weight and relative to BMI of ≥20 
and ≤35), ASA class (relative to ASA class 1), 

Table 1. Major morbidity or mortality.

Parameter Estimate 95% CI  p-value  

Age (years)

40–59 0.85 0.71–1.03  0.09
60–79 0.99 0.83–1.18  0.91
80+ 1.04 0.74–1.48  0.81

BMI (kg/m2)

– <20 0.72 0.48–1.07  0.11
– >35 1.41 1.09–1.81  0.01
Nonelective operation 1.15 1.01–1.32  0.03
Female sex 0.88 0.79–0.97  0.01
Inpatient 1.24 0.69–2.22  0.47
Nonwhite race 1.11 0.96–1.29  0.16

ASA class

(2) mild disturbance 0.89 0.65–1.22  0.47
(3) Severe disturbance 1.06 0.80–1.42  0.67
(4/5) Life-threatening/moribound 1.21 0.85–1.71  0.29

Comorbidities

Bleeding disorders 0.97 0.71–1.34  0.87
Chronic obstructive pulmonary 
disorder

1.07 0.85–1.34  0.55

Congestive heart failure 1.31 0.83–2.07  0.25
Diabetes 0.95 0.81–1.10  0.47
Dialysis (current) 0.79 0.37–1.67  0.53
Disseminated cancer 0.99 0.86–1.13  0.85
Dyspnea 1.18 0.95–1.46  0.14
Functional dependence 1.19 0.97–1.46  0.09
Hypertension 1.05 0.94–1.18  0.36
Renal failure 2.48 1.32–4.66  0.00
Smoking 0.95 0.84–1.09  0.48
SIRS/sepsis/septic shock 0.94 0.72–1.22  0.63
Steroids (for chronic condition) 1.20 1.04–1.37  0.01
Transfusion (preoperative) 1.22 0.70–2.14  0.48
Ventilator dependent 0.99 0.63–1.56  0.98
Weight loss 1.09 0.77–1.53  0.64
Wound infection/open wound 
(preoperative)

1.32 0.90–1.95  0.16

ASA: American Society of Anesthesiologist; SIRS: Systemic inflammatory response syndrome.
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history of diabetes, smoking, dyspnea, renal 
failure, functional status, ventilator dependency, 
history of COPD, history of CHF, hyperten-
sion requiring medication, dialysis, disseminated 
cancer, evidence of wound infection, chronic 
steroid use, weight loss, bleeding disorders, pre-
operative blood transfusion, sepsis and nonelec-
tive operation. We set our threshold for statisti-
cal significance at an α level of 0.05.

Results
A total of 2714 patients were identified who 
met inclusion criteria: 184 patients (6.8%) had 
‘MMM’; 193 (7.1%) had MM; 186 (6.9%) were 

readmitted within 30 days; and 116 (4.3%) had 
a subsequent operation within 30 days.

Of the included patients, 87% of patients were 
between 40 and 80 years old. About 91% of cases 
were done electively. About 36% of patients 
were ASA class 2 (mild comorbidity) and 57% 
of patinets were ASA class 3 (severe comorbid-
ity). The most common comorbidities found in 
the patient population included hypertension 
(57%), diabetes (17%) and smoking history 
(20%).

Factors predictive of increased odds of MMM 
(Table 1) included BMI >35 (odds ratio [OR]: 
1.5), ASA class 4/5 (OR: 2.8) and comorbidities 

Table 2. Major morbidity.

Parameter Estimate 95% CI p-value

Age (years)

40–59 0.84 0.72–0.97 0.02
60–79 1.07 0.93–1.24 0.33
80+ 1.39 1.07–1.80 0.01

BMI (kg/m2)

– <20 0.80 0.59–1.08 0.14
– >35 1.33 1.09–1.62 0.00
Nonelective operation 1.12 1.01–1.25 0.03
Female sex 0.87 0.80–0.94 0.00
Inpatient 2.60 0.97–6.98 0.06
Nonwhite race 1.05 0.93–1.19 0.44

ASA class

(2) Mild disturbance 0.70 0.53–0.93 0.01
(3) Severe disturbance 1.07 0.83–1.38 0.61
(4/5) Life-threatening/moribound 1.64 1.23–2.20 0.00

Comorbidities

Bleeding disorders 1.15 0.92–1.43 0.22
Chronic obstructive pulmonary disorder 1.23 1.05–1.45 0.01
Congestive heart failure 1.03 0.67–1.57 0.91
Diabetes 0.97 0.86–1.09 0.62
Dialysis (current) 1.02 0.62–1.65 0.95
Disseminated cancer 0.96 0.86–1.07 0.45
Dyspnea 1.00 0.83–1.19 0.97
Functional dependence 1.30 1.11–1.51 0.00
Hypertension 1.00 0.92–1.10 0.92
Renal failure 2.37 1.29–4.35 0.01
Smoking 0.99 0.89–1.10 0.80
SIRS/sepsis/septic shock 1.44 1.22–1.71 <0.0001
Steroids (for chronic condition) 1.34 1.21–1.49 <0.0001
Transfusion (preoperative) 1.43 0.92–2.24 0.11
Ventilator dependent 1.79 1.35–2.38 <0.0001
Weight loss 1.25 0.98–1.60 0.08
Wound infection/open wound 
(preoperative)

1.87 1.42–2.48 <0.0001

ASA: American Society of Anesthesiologist; SIRS: Systemic inflammatory response syndrome.
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Table 3. Prolonged length of stay (>6 days, >75th percentile).

Parameter Estimate 95% CI p-value

Age (years)

40–59 0.76 0.68–0.84 <0.0001
60–79 0.96 0.86–1.06 0.42
80+ 1.54 1.26–1.88 <0.0001

BMI (kg/m2)

– < 20 0.93 0.76–1.14 0.50
– > 35 1.00 0.87–1.14 0.94
Nonelective operation 2.55 2.38–2.74 <0.0001
Female sex 0.99 0.93–1.04 0.61
Inpatient 2.11 1.36–3.29 <0.0001
Nonwhite race 1.19 1.09–1.31 <0.0001

ASA class

(2) Mild disturbance 0.78 0.64–0.95 0.01
(3) Severe disturbance 1.19 0.99–1.43 0.07
(4/5) Life-threatening/moribound 2.12 1.70–2.63 <0.0001

Comorbidities

Bleeding disorders 1.04 0.86–1.26 0.68
Chronic obstructive pulmonary disorder 1.01 0.88–1.15 0.94
Congestive heart failure 1.76 1.24–2.50 <0.0001
Diabetes 1.15 1.06–1.26 <0.0001
Dialysis (current) 1.28 0.80–2.06 0.31
Disseminated cancer 0.99 0.92–1.07 0.84
Dyspnea 1.09 0.95–1.24 0.23
Functional dependence 1.35 1.18–1.53 <0.0001
Hypertension 1.05 0.98–1.12 0.18
Renal failure 2.82 1.25–6.35 0.01
Smoking 1.09 1.01–1.17 0.02
SIRS/sepsis/septic shock 1.12 0.96–1.30 0.16
Steroids (for chronic condition) 0.98 0.90–1.07 0.60
Transfusion (preoperative) 1.99 1.14–3.46 0.02
Ventilator dependent 1.24 0.91–1.69 0.16
Weight loss 1.26 1.01–1.56 0.04
Wound infection/open wound 
(preoperative)

1.24 0.93–1.65 0.04

ASA: American Society of Anesthesiologist; SIRS: Systemic inflammatory response syndrome.

including systemic inflammatory response syn-
drome (SIRS)/sepsis (OR: 1.9) and chronic ster-
oid use (OR: 1.5). Factors protective of MMM 
included younger age (40–59; OR: 0.7) and low 
ASA class 2 (OR: 0.5).

Predictors of MM (Table 2) included BMI >35 
(OR: 1.6). Low ASA class 2 was associated with 
decreased odds of MM (OR: 0.5) whereas ASA 
class 4/5 was associated with increased odds 
(OR: 2.5). A number of comorbidities were 
associated with increased risk of post-treatment 
morbidity, including SIRS/sepsis (OR: 1.9), 
chronic steroid use (OR: 1.6) or pretreatment 
wound infection (OR: 2.1).

Factors predicting prolonged LOS (Table 3) 
were ASA class 4/5 (OR: 2.6) and comorbidities 
such as CHF, disseminated cancer, renal fail-
ure, pretreatment transfusions and weight loss. 
Younger age was associated with decreased odds 
of prolonged LOS.

Only a few factors were predictive of readmis-
sion within 30 days (Table 4). Age greater than 80 
had 2.1-times the odds of needing readmission. 
Patients with COPD (OR: 1.35) and functional 
dependence (OR: 1.4) had significantly greater 
odds, while those with a low ASA class (OR: 
0.56) had lower odds of requiring readmis-
sion. Last, subsequent operation within 30 days 
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(Table 5) was the rarest of the adverse outcomes 
following SRS and the only significant predictor 
was if the SRS was performed in an urgent/non-
elective fashion (OR: 1.9). In contrast, younger 
age was associated with a 34% decreased odds of 
requiring subsequent operation within 30 days 
(OR: 0.66).

Discussion
Metastatic spinal disease is a significant source of 
morbidity and mortality among cancer patients. 
While SRS is well established for treatment of 
patients with intracranial pathology, there is 

less evidence among patients with spinal dis-
ease. The growing body of evidence has led to 
increasing use of SRS for spinal tumors as it has 
shown good short- and long-term results with 
improved back pain and quality of life.

One of the largest series to date, by 
Gerszten et al., found that 86% of their patients 
experienced long-term improvement in pain 
control  [11]. Hsu et al. found that 43–97% of 
patients have improvement in back pain follow-
ing SRS [12]. Moreover, while survival is low in 
this patient population (median 8 months), SRS 
leads to local control in 80–100% of patients [12]. 

Table 4. Readmission within 30 days.

Parameter Estimate 95% CI p-value

Age (years)

40–59 0.83 0.72–0.96 0.01
60–79 0.93 0.81–1.06 0.27
80+ 1.21 0.94–1.55 0.14

BMI (kg/m2)

– <20 0.92 0.70–1.21 0.56
– >35 1.06 0.88–1.27 0.53
Nonelective operation 1.00 0.91–1.11 0.96
Female sex 0.95 0.88–1.03 0.19
Inpatient 1.71 0.96–3.05 0.07
Nonwhite race 1.11 0.99–1.25 0.08

ASA class

(2) Mild disturbance 0.85 0.66–1.09 0.20
(3) Severe disturbance 1.26 1.00–1.60 0.05
(4/5) Life-threatening/moribound 1.18 0.89–1.57 0.25

Comorbidities

Bleeding disorders 1.07 0.85–1.35 0.58
Chronic obstructive pulmonary 
disorder

1.12 0.95–1.32 0.18

Congestive heart failure 1.12 0.74–1.71 0.58
Diabetes 1.02 0.91–1.14 0.76
Dialysis (current) 0.99 0.57–1.69 0.96
Disseminated cancer 1.11 1.00–1.23 0.05
Dyspnea 0.97 0.82–1.16 0.78
Functional dependence 1.09 0.92–1.29 0.31
Hypertension 1.08 0.99–1.18 0.07
Renal failure 1.25 0.58–2.70 0.57
Smoking 0.98 0.89–1.08 0.69
SIRS/sepsis/septic shock 1.01 0.82–1.24 0.90
Steroids (for chronic condition) 1.25 1.13–1.38 <0.0001
Transfusion (preoperative) 0.89 0.48–1.64 0.70
Ventilator dependent 0.89 0.58–1.38 0.61
Weight loss 1.13 0.88–1.47 0.34
Wound infection/open wound 
(preoperative)

1.33 0.97–1.82 0.08

ASA: American Society of Anesthesiologist; SIRS: Systemic inflammatory response syndrome.
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For many patients, SRS is used to improve pain 
symptoms and overall quality of life during 
the final months of their lives. Many of these 
patients have comorbidities that preclude surgi-
cal intervention. These patients, however, may 
still benefit from stand-alone SRS treatment. As 
the goal of SRS is to improve quality of life, a 
close understanding of the factors that predis-
pose to complications and adverse outcomes is 
needed. To date, there are no large-scale studies 
investigating the predictors of poor outcomes. 
Additionally, since most of the patients have sub-
stantial comorbidities, it is important to under-
stand the relative contribution of each of these, 

to quantify the patients’ individual risk profiles.
Our analysis revealed that specific patient 

demographics and comorbidities were associated 
with higher rates of morbidity and mortality, 
LOS, readmission and subsequent operation fol-
lowing SRS for spinal tumors. For most of the 
outcomes, predictors of worse outcome included 
elevated BMI greater than 35, nonelective pro-
cedure and pretreatment baseline comorbidities 
including high ASA class, COPD, renal failure, 
functional dependence and chronic steroid use. 
Many of the patients, who undergo SRS, can-
not tolerate surgery due to baseline comorbidi-
ties. Accordingly, while the aim of identifying 

Table 5. Reoperation within 30 days.

Parameter Estimate 95% CI p-value

Age (years)

40–59 0.85 0.71–1.03 0.09
60–79 0.99 0.83–1.18 0.91
80+ 1.04 0.74–1.48 0.81

BMI (kg/m2)

– <20 0.72 0.48–1.07 0.11
– >35 1.41 1.09–1.81 0.01
Nonelective operation 1.15 1.01–1.32 0.03
Female sex 0.88 0.79–0.97 0.01
Inpatient 1.24 0.69–2.22 0.47
Nonwhite Race 1.11 0.96–1.29 0.16

ASA class

(2) Mild disturbance 0.89 0.65–1.22 0.47
(3) Severe disturbance 1.06 0.80–1.42 0.67
(4/5) Life-threatening/moribound 1.21 0.85–1.71 0.29

Comorbidities

Bleeding disorders 0.97 0.71–1.34 0.87
Chronic obstructive pulmonary disorder 1.07 0.85–1.34 0.55
Congestive heart failure 1.31 0.83–2.07 0.25
Diabetes 0.95 0.81–1.10 0.47
Dialysis (current) 0.79 0.37–1.67 0.53
Disseminated cancer 0.99 0.86–1.13 0.85
Dyspnea 1.18 0.95–1.46 0.14
Functional dependence 1.19 0.97–1.46 0.09
Hypertension 1.05 0.94–1.18 0.36
Renal failure 2.48 1.32–4.66 0.00
Smoking 0.95 0.84–1.09 0.48
SIRS/sepsis/septic shock 0.94 0.72–1.22 0.63
Steroids (for chronic condition) 1.20 1.04–1.37 0.01
Transfusion (preoperative) 1.22 0.70–2.14 0.48
Ventilator dependent 0.99 0.63–1.56 0.98
Weight loss 1.09 0.77–1.53 0.64
Wound infection/open wound 
(preoperative)

1.32 0.90–1.95 0.16

ASA: American Society of Anesthesiologist; SIRS: Systemic inflammatory response syndrome.
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baseline risk factors predictive of poor outcomes 
is for improved patient selection, in this instance, 
it can also serve as an aid for improved patient 
counseling and pretreatment preparation.

Limited evidence exists on the outcomes 
and complications following SRS for spine 
tumors  [13]. Moreover, there are no published 
risk factors for SRS therapy for spinal tumors. 
The preoperative risk factors identified in the 
present study have been demonstrated in the 
spine surgery literature with regard to other 
surgical interventions. Obesity, for example, is 
a well-supported risk factor for post-treatment 
complications [14,15]. In the present study, obesity 
was a major risk factor (53% greater odds) for 
MMM after SRS for spinal metastases. Age was 
a predictor as well. Patients older than 80 years 
had two-times greater odds of requiring read-
mission within 30 days and trended toward sig-
nificantly increased odds (51% greater odds) of 
MMM. Patients of advanced age are more at risk 
for venous thromboembolism, due to poor nutri-
tional status, poor mobility and greater baseline 
comorbidities [16,17]. Among SRS patients, verte-
bral compression fracture is a well-known post-
operative complication that has been associated 
with age greater than 55 years  [18]. In another 
NSQIP study, Cote et al. [19] found that among 
98,000 neurosurgical patients, older age and 
dependent functional status predicted postop-
erative respiratory failure. In the present analy-
sis, we found that functional dependence prior 
to SRS was predictive of readmission within 
30 days (42% greater odds) and of prolonged 
LOS (40% greater odds). Functional depend-
ence prior to surgery has also been identified as 
a major risk factor for postoperative complica-
tions following various neurosurgical operations 
including adult spinal deformity, as well as fol-
lowing vascular and urologic surgery  [20–22]. 
Those patients with a reduced ability to engage 
in daily tasks may have a more sedentary post-
operative state and thus increased complication 
rates and frailty [15,20,21].

Other risk factors for prolonged LOS included 
CHF, disseminated cancer and renal failure. 
These risk factors for complications have been 
identified in other studies on spine surgery 
patients  [23–28]. CHF has been implicated in 
poor patient outcomes, particularly due to its 
association with an increased risk of venous 
thromboembolism [29–31].

Although most of the significant predictive 
risk factors cannot be changed prior to SRS, 

there were some variables identified that could 
be modified to improve outcomes. A signifi-
cant predictor of MMM was chronic steroid 
use (which increased the odds of the complica-
tion by 52%). Chronic steroid use is associated 
with infections, overall increases in mortality, 
and cardiac, renal and respiratory complica-
tions  [32]. Local radiotherapy, such as SRS, 
can lead to a systemic inflammatory response, 
and with the increased inflammatory milieu 
and immunogenic response, the risk of these 
systemic complications appears to be height-
ened  [33]. Our results reveal that the patients 
undergoing SRS for metastatic disease already 
have many comorbidities and are at high risk for 
post-treatment complications. Most of the pre-
dictive factors cannot be modified, but clinicians 
may consider trying to modify the ones that can 
be to reduce odds of complications. This could 
thereby improve the chance of improved qual-
ity of life following SRS treatment. Stopping or 
reducing steroids prior to treatment may be one 
avenue that can be considered. Future prospec-
tive and well-controlled studies are needed to 
further validate these findings.

There are limitations in the present study 
that should be considered. First, the NSQIP 
database only captures in-hospital and 30-day 
outcomes and cannot account for more long-
term complications. Complications that can 
potentially develop outside of this 30-day 
postoperative window among SRS patients 
include radiation-induced myelopathy, which 
would not be captured in this database, but is 
a known complication associated with SRS for 
metastatic spine tumors  [13,34–37]. Second, the 
NSQIP database did not separate metastatic 
tumors by location with regard to the spinal 
cord (extradural intramedullary or intradural 
extramedullary). Studies have suggested that 
location can differentially affect complication 
rates and symptom improvement associated with 
SRS treatment [36,38–40]. Future studies, designed 
to look at this, would be helpful to better under-
stand these differential post-treatment courses. 
More generally, the design of the present study 
is observational, and accordingly we are only 
able to make associations rather than causal 
relationships. It is also important to note that 
the relatively high rate of adverse outcomes likely 
relates to the fact that many of those undergo-
ing stand-alone SRS for spinal metastases have 
worse disease at baseline or greater comorbidities 
and may not be surgical candidates. The results 
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herein, however, are helpful for risk stratifica-
tion, patient counseling, and understanding 
cost and benefit of undergoing SRS. Despite the 
limitations, the present study is the first multi-
institutional large-scale study looking at pre-
dictive factors for complications following SRS 
for metastatic spine tumors. The large national 
sample size enables generalization of the data.

Conclusion
The present study utilized a multicenter national 
database to evaluate the baseline factors associ-
ated with poor outcomes following SRS for spi-
nal tumors. We found that increased age, greater 
BMI, and comorbidities such as renal failure, 
functional dependence, COPD, chronic steroid 
use and greater ASA class were associated with 
MM, 30-day readmission/operation and pro-
longed LOS. These data enable the clinician to 
provide better pretreatment patient counseling to 
prepare patients for likelihood of post-treatment 
complications and poor outcomes. Furthermore, 
with the transition to value-based medicine, 
hospital identification of risk factors will ena-
ble pathways for these patient populations that 

may ultimately improve cost efficiency and 
minimizing poor patient outcomes.
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SUMMARY POINTS
●● 	Symptomatic spinal metastases are found in greater than 40% of cancer patients.

●● 	Stereotactic radiosurgery (SRS) is used as stand-alone treatment or as adjuvant following separation surgery.

●● 	Risk of SRS includes radiation myelopathy and vertebral fractures.

●● 	Identifying predictors of complications and readmission can allow for more appropriate counseling for patients and 
may improve cost efficiency.

●● 	Following SRS, 7.1% of patients develop a major morbidity (MM), 6.9% are readmitted within 30 days, 4.3% have a 
subsequent operation within 30 days.

●● 	Greater BMI, older age and chronic steroid use are predictive of MM following SRS.

●● 	SRS performed in an urgent fashion is predictive of requiring a subsequent operation.

●● 	Chronic steroid use is associated with 52% greater odds of MM following SRS.

●● 	Most predictive factors are nonmodifiable; however potentially stopping steroids may lead to superior outcomes.
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