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Purpose: This study sought to examine trends in stereotactic radiosurgery (SRS) and in-hospital
patient outcomes on a national level by utilizing national administrative data from the Nationwide
Inpatient Sample (NIS) database.

Methods and materials: Using the NIS database, all discharges where patients underwent inpatient
SRS were included in our study from 1998 — 2011 as designated by the ICD9-CM procedural codes.
Trends in the utilization of primary and adjuvant SRS, in-hospital complications and mortality, and
resource utilization were identified and analyzed.

Results: Our study included over 11,000 hospital discharges following admission for primary SRS or for
adjuvant SRS following admission for surgery or other indication. The most popular indication for SRS
continues to be treatment of intracranial metastatic disease (36.7%), but expansion to primary CNS lesions
and other non-malignant pathology beyond trigeminal neuralgia has occurred over the past decade. Second,
inpatient admissions for primary SRS have declined by 65.9% over this same period of time. Finally, as inpatient
admissions for SRS become less frequent, the complexity and severity of illness seen in admitted patients has
increased over time with an increase in the average comorbidity score from 1.25 in the year 2002 t0 2.29 in
2011, and an increase in over-all in-hospital complication rate of 2.8 times over the entire study period.

Conclusions: As the practice of SRS continues to evolve, we have seen several trends in associated
hospital admissions. Overall, the number of inpatient admissions for primary SRS has declined while
adjuvant applications have remained stable. Over the same period, there has been associated increase in
complication rate, length of stay, and mortality in inpatients. These associations may be explained by an
increase in the comorbidity-load of admitted patients as more high-risk patients are selected for admission
at inpatient centers while more stable patients are increasingly being referred to outpatient centers.

Keywords: stereotactic radiosurgery, Nationwide Inpatient Sample, usage trends, complications,
mortality, radiosurgery outcomes
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INTRODUCTION

Stereotactic radiosurgery (SRS) combines stereotac-
tic targeting with focal, single or multisession, radiation
techniques for the treatment of neurological disease.
Originally conceived as an alternative treatment to
stereotactic functional neurosurgical procedures, [1,2]
the use of SRS has seen a dramatic rise in recent years
due to its ability to effectively control oncologic and
non-oncologic disorders while avoiding significant
morbidities associated with traditional intracranial
approaches. [3-5] Modern stereotactic radiosurgery
is delivered via rigid frames or frameless stereotactic
systems with high-resolution image-guided target-
ing of ionizing radiation that can be delivered in 1 to
5 sessions. [3] Since its integration into neurosurgical
practice over three decades ago, the SRS landscape has
seen profound changes in indications and effectiveness.
[6] While initially directed mainly towards both benign
and malignant intracranial tumors, [7] new applications
have been reported for epilepsy, functional and even
psychiatric indications. [8-10]

Despite the rise in popularity of SRS, no nationwide
studies of overall utilization and outcomes for SRS in
the US have been reported. Market research estimates
reported that 32,335 patients underwent cranial LINAC
SRS or Gamma Knife Surgery (GKS) in 2009 and the
average increase inpatient volume at the time was 10%
annually. Billing data from the Center for Medicare and
Medicaid Services demonstrated that billing via CPT
codes for SRS increased nearly 10 fold over the last two
decades with over 15,000 codes billed annually in 2010
and 2011. [11] There remains, however, a lack of more
comprehensive study of the practice of SRS on a national
level within the literature. We believe that by studying
the changes in in-patient practice patterns for SRS on a
national level over the past decade, we can learn more
about which patients are still receiving in-patient SRS,
how the indications for SRS have expanded over time,
and why there has been a shift in SRS from a primarily
in-patient to an out-patient procedure. By utilizing the
National Inpatient Sample (NIS), we describe the demo-
graphics, practice patterns, and costs associated with
inpatient SRS in the US over the last decade.

METHODS AND MATERIALS

Data source

Data for this study were obtained from the Nation-
wide Inpatient Sample (NIS, Healthcare Cost and
Utilization Project, Agency Healthcare Research and
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Quality) between 1998 and 2011. The NIS is a 20%
stratified sample of nonfederal hospitals, accounting
for approximately 8 million hospital stays from over
1,000 hospitals each year. Each data entry represents a
single full hospitalization record with designations for
hospitalization indications and procedures, as well as
numerous patient and hospital demographic informa-
tion. Detailed information on the design and validation
of the NIS is available at http://www.hcup-us.ahrq.gov.

Patient selection

A retrospective analysis of patients admitted for stere-
otactic radiosurgery was conducted in the NIS database
from 1998 to 2011. Appropriate individuals admitted for
SRS procedures were identified using the International
Classification of Diseases, Ninth revision, Clinical Mod-
ification (ICD-9-CM) procedure codes of 92.30 — 92.39.
Indications for admission were determined based on pro-
cedure code ranking within the database. Patients with
only stereotactic radiosurgery procedure coding or where
stereotactic radiosurgery was the primary procedure
code were classified as having been admitted primarily
for radiosurgery. Patients identified as having received
stereotactic radiosurgery as a secondary procedure code
in conjunction with one or more other, more invasive,
primary procedures (such as craniotomy) were classified
as having received adjuvant radiosurgery.

Patient and health-care system-related characteristics

Patient age, gender, race, comorbidities, admission
source, hospital size, teaching status, payer information,
and treatment modality were obtained from the NIS data-
base. Patients were also categorized according to race as
“white,” “black,” “Hispanic,” “others,” and “not stated.”
Comorbidities were assessed using the ‘NIS Severity’
data files, a supplemental dataset beginning in 2002
which describes patient comorbidities based on AHRQ
review of historical patient information prior to de-identi-
fication and entry into the core dataset. Utilization of this
information provides improved capture of comorbidities.
Total comorbidity score was determined for each case
by adding one point per comorbidity ascertained in this
fashion. Hospital size (bed number) was categorized into
“small,” “medium,” and “large”. Payer information was
categorized into “Medicare,” “Medicaid,” “private,” and
“others.” The admission source for each discharge was
also determined as either from emergency room, hospital
transfer, or elective admissions. Clinical indications for
radiosurgery were determined by way of billed primary
admission diagnoses. All patient refined DRG mortal-
ity risk and severity predictors, risk stratifying variables
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assigned by 3M Health Information Systems beginning
in 2002, were also obtained from the NIS database and
used as a means to better describe patients’ illness bur-
den. Illness severity is graded on a categorical scale from
1-4 for minor to extreme loss of function, and mortality
risk is graded on a categorical scale from 1-4 for minor to
extreme likelihood of mortality during admission.

QOutcomes

Outcome variables were selected to evaluate effi-
ciency and efficacy of care. Mortality, length of hospital
stay, total hospital charges, post-operative complications,
and discharge disposition were obtained via the NIS
database. In-hospital complications were obtained using
the following ICD-9-CM codes: neurologic complica-
tions (997.00-997.09); respiratory complications (518.4,
518.5,518.81-518.84, and 997.3); cardiac complications
(410 and 997.1); gastrointestinal complications (535.0,
570, 575.0, 577.0, and 997.4); urinary and renal compli-
cations (584 and 997.5); pulmonary embolism (415.1);
and wound-related complications including infection,
dehiscence, seroma, and hematoma (998.1, 998.3, 998.5,
998.83, and 999.3). Disposition of patients was catego-
rized into “routine,” “transfer to short-term hospital,”
“other transfers,” “home health care,” and “died in hos-
pital.” Other transfers include to skilled nursing facility,
intermediate care, and other types of non-hospital reha-
bilitation facilities.

Data analysis

All charges were adjusted for inflation using the con-
sumer price index, adjusting to 2011 US dollars. When
specified, the aggregate sum of estimated discharges
using the discharge weight (NIS variable DISCWT) is
used to provide estimates of annual U.S. volume. A
linear regression model was applied to analyze the time
trends of length of stay and total incurred charges. All
statistical analyses were performed using SAS Version
4.3 (Cary, NC). Baseline categorical characteristics
were compared using the chi-squared test, ANOVA,
and student’s T-test where appropriate. A P-value <
0.05 was considered statistically significant.

RESULTS

Patient and hospital demographics

Table 1 contains detailed information regarding
patient and hospital demographics for all stereotactic

radiosurgery cases captured from 1998 to 2011 in the
NIS database. A total 11,662 cases were observed dur-
ing this time period. Mean age was 56.4 years with
6,190 females (53.1%) and 5,435 males (46.6%). Of
those treated, 8,382 (71.9%) admissions were for pri-
mary stereotactic radiosurgery where SRS was the pri-
mary procedure code and purpose of the admission.
The remainder represent adjuvant SRS admissions
where SRS was a secondary procedure code and not
the main purpose of the admission. Adjuvant SRS in
these instances occurred following admission for sur-
gery or other indication. Most cases were performed at
large hospitals (58.3%; 6,796) with the majority within
teaching institutions (66.8%; 7,787). 70.1% of cases
were routinely scheduled with the most commonly uti-
lized modality being multi-source photon emitters such
as Gamma Knife (52.3%).

Observed surgical caseload

The number of admitted inpatients for primary ste-
reotactic radiosurgery has declined over time, from
695 observed NIS cases in 1998 to 237 cases in 2011.
Two notable drops in caseload are noted to begin in
1999 and 2003. In contrast, adjuvant SRS cases have
remained stable over this period of time (Fig. 1). The
five most common indications for radiosurgery through
this time period were for secondary brain and spinal
cord metastases (36.7%; 3,079), trigeminal neural-
gia (10.7%; 899), meningiomas (9.6%; 808), cranial
nerve schwannomas (6.7%; 565), and cerebrovascular
anomalies (5.6%; 465). Radiosurgery was most com-
monly used as an adjuvant treatment in resections of
secondary brain and spinal cord metastases (19.5%;
638), primary neoplasms of frontal lobe (8.3%, 272),
meningiomas (7.5%; 246), primary neoplasms of tem-
poral lobe involving hippocampus/uncus (6.4%; 210),
and benign pituitary neoplasms (5.1%; 167). (Table 2)

Comorbidities and post-procedural complications

Since the NIS began tabulating patient comorbidi-
ties in 2002, the mean comorbidity score has increased
over time from an average 1.25 per patient in 2002 to
2.29in 2011 (p < .05, Fig. 2a). Furthermore, the over-
all in-hospital complication rate has also increased
over time from 4.5% in 1998 to 12.7% in 2011 (p <
.05, Fig. 2b). Of note, these complications are aggre-
gated from the entire inpatient admission and are not
necessarily directly related to SRS. Illness burden pre-
dictors of disease severity and pre-operative mortality
risk predictors, which were also initiated in the NIS
database beginning in 2002, have also increased from
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Table 1. Baseline characteristics. Includes detailed information regarding patient and hospital demographics for all
stereotactic radiosurgery cases captured from 1998 to 2011 in the NIS database.

Baseline Characteristics

Age Mean 56.4
SD 17.7
n %

Sex Female 6,190 53.08
Male 5,435 46.60

No information 37 0.32

Race White 7,484 64.17
Black 583 5.00

Hispanic 689 5.91

Asian 164 1.41

Native American 37 0.32

Other 267 2.29

No information 2,438 20.91

Healthcare Coverage Medicare 4,521 38.77
Medicaid 936 8.03

Private 5,653 48.47

self 238 2.04

No charge 31 0.27

Other 268 2.30

No information 15 0.13

Admission Source ED 1,097 941
Hospital/facility transfer 457 3.92
Scheduled 8,180 70.14

No information 1,928 16.53

Treatment Method Unspecified 3,073 26.35
Single Source Photon (LINAC) 658 5.64
Multi-Source Photon (GK) 6,099 52.30

Particulate 56 0.48

Other 1,776 15.23
Hospital Type Non-teaching 1,612 13.82
Teaching 7,787 66.77
No information 2,263 19.40

Hospital Size Small 854 7.32
Medium 1,749 15.00
Large 6,796 58.27
No information 2,263 19.40
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Figure 1. Stereotactic radiosurgery cases per year. The number of admitted inpatients for primary stereotactic
radiosurgery has declined over time, from 695 observed NIS cases in 1998 to 237 cases in 2011. Two notable

drops in caseload are noted to begin in 1999 and 2008.

1.9 and 1.51 respectively in 2002 to 2.45 and 2.21 in
2011 (Fig. 2¢)

Overall in-hospital complication rates between
1998 and 2011 were 1.0% for neurologic, 1.9% for
respiratory, 0.5% for cardiac, 0.3% for gastrointesti-
nal, 0.8% for urinary and renal, 0.6% for pulmonary
embolism, 0.8% for wound-related, and 5.9% for
overall complications. (Table 3a) Mortality rate over
this same period has remained stable from 2.29% in
1998 to 2.79% in 2011. When stratified according to
number of complications, in 1998, 95.5% had zero,
3.7% had one, 0.6% had two, and 0.2% had three. In
contrast, in 2011, 87.3% of patients had zero, 9.9%
had one, 2.2% had two, and 0.5% had three (Table
3b).

Hospital total charges and discharge disposition

The mean length of stay has shown considerable
increase on a year-to-year basis from 4.3 days in 1998

to 7.8 days in 2011 (p < .05, Fig. 3a). Mean hospital
charges were $50,200 between 1998 and 2011. How-
ever the inflation-adjusted mean hospital charges have
increased over time from $36,583 in 1998 to $110,497
in 2011 (p < .05, Fig. 3b). Table 3b expands upon the
relationship of complications on hospital length of
stay and charges. The adjusted mean hospital charges
were $31,958 for patients without complications and
$102,380 for those with one complication in 1998
compared to $98,308 for patients without complica-
tions and $162,165 for those with one complication in
2011 (p < .05).

Routine discharges accounted for 82.3% of dis-
charges throughout the entire time period but has
decreased over time from 84.8% in 1998 to 58.9%
in 2011 (p < .05, Supple Fig. 1a). Consequently, the
proportion of patients discharged with home health
care or transferred to other subacute facilities have
both increased from 2.8% and 9.6%, respectively in
1998 to 15.6% and 21.4% in 2011 (p < .05, Supple
Fig. 1b).
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Table 2. Top diagnosis for SRS. A) The five most common associated indications for primary radiosurgery were

for secondary brain and spinal cord metastases (36.7%; 3,079), trigeminal neuralgia (10.7%; 899), meningiomas
(9.6%; 808), cranial nerve schwannomas (6.7%; 565), and cerebrovascular anomalies (5.6%; 465). B) Radiosurgery
was most commonly used as an adjuvant treatment in resections of secondary brain and spinal cord metastases
(19.5%; 638), primary neoplasms of frontal lobe (8.3%, 272), meningiomas (7.5%; 246), primary neoplasms of
temporal lobe involving hippocampus/uncus (6.4%; 210), and benign pituitary neoplasms (5.1%; 167).

A)

Top Ten Associated Diagnosis for Primary SRS n %
1 Metastasis (198.3) 3079 36.74
2 Trigeminal neuralgia (350.1) 899 10.73
3 Meningioma (225.2) 808 9.64
4 Schwannoma (225.1) 565 6.74
5  AVM (747.81) 465 5.55
6 Primary malignant CNS tumor, frontal lobe (191.1) 261 3.11
7 Primary malignant CNS tumor, corpus callosum (191.8) 228 2.72
8 Benign pituitary lesions (227.3) 177 2.11
9  Primary malignant CNS tumor, temporal lobe (191.2) 169 2.02
10 Primary malignant CNS tumor, parietal lobe (191.3) 157 1.87
B)

Top Ten Primary Diagnosis for Secondary SRS n %

1 Metastasis (198.3) 638 19.45
2 Primary malignant CNS tumor, frontal lobe (191.1) 272 8.29
3 Meningioma (225.2) 246 7.5
4 Primary malignant CNS tumor, temporal lobe (191.2) 210 6.4
5 Benign pituitary lesions (227.3) 167 5.09
6  Primary malignant CNS tumor, parietal lobe (191.3) 153 4.66
7 Parkinson’s disease (332.0) 81 2.47
8 Primary malignant CNS tumor (NOS) (191.9) 69 2.1
9  Primary malignant CNS tumor, corpus callosum (191.8) 56 1.71
10 Benign primary CNS neoplasm (225.0) 53 1.62

SRS - stereotactic radiosurgery
AVM - arteriovenous malformation
CNS - central nervous system
NOS - not otherwise specified

DISCUSSION

We present a nationwide study of inpatient trends
following stereotactic radiosurgery. Our survey of over
11,000 hospital discharges with primary SRS or for
adjuvant SRS following admission for surgery or other
indication uncovered several trends worth noting. First,
while the most popular indication for SRS continues to
be treatment of intracranial metastatic disease, expan-
sion to primary CNS lesions and other non-malignant
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pathology beyond trigeminal neuralgia has occurred
over the past decade. Second, inpatient admissions for
primary SRS have declined over this same period of
time. The progressive decrease in inpatient admissions
primarily for SRS correspond well to two different
nationwide reimbursement policy changes occurring
in 1997 and 2005 that ultimately decreased hospital
reimbursements for the procedure. Finally, as inpatient
admissions primarily for SRS become less frequent,
presumably due to increased transition of procedures
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Figure 2. Comorbidity and illness burden correlate with increasing complication rates. A) The mean comorbidity
score has increased over time from an average 1.25 per patient in 2002 to 2.29 in 2011. B) The overall in-hospital
complication rate has also increased over time from 4.5% in 1998 to 12.7% in 2011. (red) Mortality rate over

this same period has remained stable from 2.29% in 1998 to 2.79% in 2011. (blue) C) lliness burden predictors

of disease severity (red) and pre-operative mortality risk predictors (blue), which were also initiated in the NIS
database beginning in 2002, have also increased from 1.9 and 1.51 respectively in 2002 to 2.45 and 2.21 in 2011.

to ambulatory centers, the complexity and severity of
illness seen in patients admitted for SRS has increased
over time.

SRS was originally developed by Lars Leksell for
the treatment of trigeminal neuralgia [1]. Several sub-
sequent randomized control trials of radiation therapy
for intracranial metastasis demonstrated improved
outcomes when compared to whole brain radiation
therapy (WBRT) [12-15]. As a result, SRS became
more widely utilized for the treatment of metastases,
ultimately becoming the leading indication for SRS
use in the US. This is consistent with results from
our study of inpatient admissions where metastasis
to the brain remains the most common indication for
both primary stand-alone and adjuvant utilization of
SRS. (Table 2) However, as neurosurgeons and radia-
tion oncologists continue to develop and advance the

boundaries of radiosurgery, indications for SRS have
broadened more recently to include treatment of AVMs
[16,17], schwannomas [18-20], meningiomas [21,22],
and gliomas [23,24]. Our study supports the popularity
of these other newer indications over the past decade.
Technological advancements within the field including
fractionation and real-time imaging have allowed for
the wider applicability of radiosurgery for these newer
indications with increasing efficacy and safety.

Two precipitous drops in admissions primarily for
SRS are observed in 1998-99 and 2004-05. Surrounding
these two time points were major changes in the Cent-
ers for Medicare & Medicaid Services (CMS) inpatient
reimbursement schema for SRS. First, in 1997 there
was a change in SRS procedure codes from diagnosis-
related group (DRG) 1 to DRG 7 and 8 [25]. Procedure
codes in DRG 1, including craniotomies, are reimbursed
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Table 3. Overall outcomes and complications. A) Overall outcomes in terms of length of stay (LOS, 4.28 days),
total charges ($50,200.15), as well as mortality risk and iliness severity scores are reported. Overall in-hospital
complication rates between 1998 and 2011 were 1.0% for neurologic, 1.9% for respiratory, 0.5% for cardiac, 0.3%
for gastrointestinal, 0.8% for urinary and renal, 0.6% for pulmonary embolism, 0.8% for wound-related, and 5.9%
for overall complications. B) When discharges were stratified according to number of complications, in 1998, 95.5%
had zero, 3.7% had one, 0.6% had two, and 0.2% had three. In contrast, in 2011, 87.3% of patients had zero, 9.9%
had one, 2.2% had two, and 0.5% had three.

A)

Outcomes Mean SD

Mean LOS 4.28 7.18

Mean Total Charges 50,200.15 56,087.65

Predicted Mortality Risk Score 1.64 0.82

Predicted Illness Severity Score 2.03 0.71

Comorbidity Burden 1.47 1.43

Complications n % Overall Complication Rate (per 100)

Neurologic 121 17.61 1.0

Respiratory 221 32.17 1.9

Cardiac 58 8.44 0.5

Gastrointestinal 31 4.51 0.3

Urinary and Renal 93 13.54 0.8

Pulmonary Embolism 69 10.04 0.6

Wound-related complication 94 13.68 0.8

Total Complications 687 100.00 5.9

B)

No. Mean total Weighted Average

complications  No. cases (%) Mean Age Mean LOS Charge Charges
1998

0 835 (95.54) 53.9 3.49 31,958.55 30,532.48

1 32 (3.66) 56.3 19.72 102,380.79 3,748.50

2 5(0.57) 57 37.2 368,264.61 2,106.78

3 2(0.23) 65 16 80,699.28 184.67
2011

0 469 (87.34) 58 6.51 98,308.17 85,859.46

1 53 (9.87) 57.7 13.62 162,165.25 16,005.14

2 12 (2.23) 66.8 27 299,960.08 6,703.02

3 3 (0.56) 48.7 26.33 325,183.33 1,816.67

at higher rates than those in DRG 7 and 8, and thus pro-
vided more financial support to hold SRS procedures in
an inpatient setting where more ancillary support was
present. As inpatient reimbursements for each SRS pro-
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cedure declined due to DRG coding changes coupled
with demonstrated safety improvements via technologi-
cal advancements, financial incentives likely shifted
SRS procedures to ambulatory centers where fewer
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Figure 3. Mean length of stay and mean charges. A) The mean length of stay has shown considerable increase on
a year-to-year basis from 4.3 days in 1998 to 7.8 days in 2011 (p < .05). B) Mean hospital charges were $50,200
between 1998 and 2011, however the inflation-adjusted mean hospital charges have increased over time from

$36,583 in 1998 to $110,497 in 2011 (p < .05).

ancillary staff was needed. (Fig. 1) Then, in 2005, CMS
removed temporary bundled codes for SRS. This move
forced hospitals to use existing traditional radiation
therapy coding for SRS, which billed at significantly
lower rates [25,26]. These changes in CMS policy and
ultimate decline in SRS reimbursements coupled with
improved safety and outcomes from continued innova-
tion, have likely stimulated movement of SRS out of
inpatient facilities and into the outpatient setting, where
the majority of procedures are performed today.

Our reported mortality rate and complication rates
are higher than commonly reported outpatient rates in
the literature. This likely reflects a selection effect where
only the sickest and medically complex patients that are
unable to safely undergo outpatient SRS are admitted to
the inpatient setting for SRS and included in the NIS.
The increase in disease burden and medical comorbidi-
ties we have observed over this time frame are likely
due to an exacerbation of this selection effect given the
continued improvements in precision and SRS technol-
ogy allowing for more patients to safely undergo outpa-
tient procedures despite medical comorbidities. It must

be acknowledged that as primary SRS case volume
dropped precipitously in 2005, adjuvant SRS second-
ary to other primary procedures has increased as a pro-
portion of all inpatient SRS, and increases in morbidity
and complications may be due to these primary proce-
dures (ie, craniotomy). However, the ratio of primary to
adjuvant SRS remained relatively constant from 2005
onwards (Fig. 1) while all other indicators of disease
burden continued to increase over time. Thus, changes
in the inpatient primary SRS population must account
for a significant portion of these changes. Given the
improvements in methodology and technical precision,
as well as the expansion of SRS to more benign dis-
ease processes, it is unlikely that this increase in dis-
ease burden reflects a trend of the general baseline SRS
population.

Inpatient hospital stay duration for SRS has dem-
onstrated a constant increase over our study period.
(Fig. 3a) Given the increases in Charleson comorbid-
ity scores and illness severity predictors seen over
this same period, this trend likely reflects the increas-
ingly challenging post-procedural recovery due to the
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Supplemental Figure 1. Routine and non-routine
discharge rates. A) Routine discharges accounted for
82.3% of discharges throughout the entire time period
but has decreased over time from 84.8% in 1998 to
58.9% in 2011 (p < .05). B) The proportion of patients
discharged with home health care (blue) or transferred
to other subacute facilities (red) have both increased
from 2.8% and 9.6%, respectively in 1998 to 15.6%
and 21.4% in 2011 (p < .05).

increasing medical complexity of admitted patients.
(Fig. 2) This concept is supported by the steady
decrease in routine discharges home with a correspond-
ing increase in discharges to intermediate care facilities
or home with home health care. (Supple Fig. 1) Total
inpatient charges associated with SRS admissions have
also demonstrated progressive increases over our study
period, likely secondary to accrued hospital costs from
increased length of stay. (Fig. 3b)

Historically, given multiple changes in CMS reim-
bursement policies, SRS has largely migrated to an
outpatient practice. Patients who are admitted to the hos-
pital setting to undergo treatment likely reflect a unique
population of patients who are medically complex. This
cohort of patients, captured in our study, demonstrated
higher comorbidity indices as well as higher length of
stays over time than traditionally reported in the litera-
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ture. These factors should be taken into account when
reviewing inpatient SRS series as they likely do not rep-
resent a homogenous patient population with outpatient
series. Inpatient SRS case series may reflect poorer out-
comes when compared to outpatient series due to an
innate selection effect for sicker patients. Amid grow-
ing concerns about the impact of policies and CMS
reimbursement schemes on the provision and appropri-
ate reimbursement of care [26], it will be important to
consider the recent trends in inpatient SRS utilization
reported in this study as an example of the large impact
such changes can have on the field of radiosurgery.

Limitations

As with all retrospective analyses utilizing large
administrative databases, inherent limitations are pre-
sent. Because the NIS database is an inpatient database,
we are unable to elucidate outpatient procedural charac-
teristics. From the discrepant mortality rates found within
our cohort, it is likely that the inpatient population reflects
a sicker patient population due to selection effects and
cannot be directly generalized to the average outpatient.
Thus, the results of this study may not be applied to the
vast majority of SRS procedures that are occurring in the
outpatient setting. Certainly there are many SRS cases not
captured within the NIS database, but nevertheless the data
do provide an interesting and reasonable estimate of trends
in utilization within this growing field, which are well cor-
related with historical events over the last decade.

Data entry is subject to the accuracy or bias of
administrators entering and curating data. However,
these biases should be uniform throughout the database.
NIS provides only inpatient events with hospital dis-
charge marking the end to follow-up. As such, it is dif-
ficult to assess recurrence or long term complications,
which may be presently underestimated in the litera-
ture. Additionally, minimal functional outcome data is
present in the database, limiting conclusions we may
draw on functional status post-procedure.

CONCLUSION

As the practice of stereotactic radiosurgery contin-
ues to evolve, there have been several trends in asso-
ciated hospital admissions. Overall, the number of
inpatient admissions for SRS has declined while adju-
vant applications have remained stable. Given the total
overall increased use of SRS per national reports, this
shift likely reflects a move of patients from inpatient
to outpatient centers. Over the same period, an associ-
ated increase in complication rate, length of stay, and
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mortality in inpatients have also been observed. Con-
sequentially, hospital admission costs have similarly
shown expected increases as well. These associations
may be explained by an observed increase in comorbid-
ity-load of admitted patients as sicker, more high-risk
patients are selected for at inpatient centers while more
stable patients are increasingly being referred to outpa-
tient centers, in part due to changes in the reimburse-
ment landscape surrounding SRS.
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