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Stereotactic radiosurgery (SRS) is 
commonly used to treat malignant 
intracranial tumors but also can 

be used to treat benign entities as well 
as extracranial tumors. This treatment 
modality employs the use of multiple 
noncoplanar beams to provide a highly 
conformal dose distribution with a very 

rapid falloff beyond the periphery of 
the target.1 SRS was first employed by 
Lars Leksell in 1967 using the Gamma 
Knife. Subsequently, different platforms 
for SRS delivery were developed, with 
three distinct major photon-based sys-
tems available today: Gamma Knife 

(Elekta, Stockholm, Sweden), Cy-

berKnife (Accuray, Sunnyvale, Califor-
nia), and gantry-based linear accelerator 
(linac) systems including Novalis Tx 
(Varian [Palo Alto, California] and 
BrainLAB [Munich, Germany]) and 
Edge (Varian). Each machine has tech-
nical advantages and disadvantages, and 
no randomized data demonstrate superi-
ority of any one system in terms of effi-
cacy and/or toxicity. 

Recent data described increasing SRS 
utilization in the United States and iden-
tified multiple disparities, including less 
utilization at nonacademic facilities and 
among patients residing in lower-income 
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Abstract 
Objective: The use of stereotactic radiosurgery (SRS) is increasing in the United States (US). There are three major pho-

ton-based systems available: Gamma Knife (GK), CyberKnife (CK), and gantry-based linear accelerator (linac) systems. We 
sought to provide a recent description of the US distribution of these systems.

Methods/Materials: Analysis of the respective manufacturer websites for each system allowed for the compilation of a da-
tabase by location. Several demographic variables were collected including county population, physician distribution, median 
household income, and academic affiliation. Machines were mapped by type and by state distribution. Multinomial logistic 
regression assessed for correlations between covariables and the endpoint of having a certain type of SRS system. Data collec-
tion and analysis was completed in 2017. 

Results: There are 428 dedicated SRS systems in the United States, with linac-based systems the most common (39%), fol-
lowed by CK (35%) and GK (26%). Relative to GK, CK (odds ratio [OR]: 0.39; 95% confidence interval [CI]: 0.33-0.45) and 
linac-based systems (OR: 0.71; 95% CI: 0.60-0.85) were less likely to be associated with academic centers. Areas of higher 
median household incomes were associated with CK (OR: 1.01; 95% CI: 1.01-1.02), and higher populated regions were as-
sociated with linac-based machines (OR: 1.03; 95% CI: 1.00-1.06). The distribution of total SRS systems per capita varies 
between states, with Montana, Alaska, and Oklahoma having the highest, and South Dakota, Vermont, and Wyoming having 
the lowest. 

Conclusions: The US distribution of SRS systems varies geographically and demographically, which may lead to unequal 
accessibility for certain populations, and requires further research. 
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regions.2 To our knowledge, there is no 
current literature describing the geo-
graphic distribution of SRS systems in 
the United States. In this report, we con-
struct a database of SRS systems in the 
United States, determine the overall dis-
tribution by state, and examine select de-
mographic features for each system type.

Methods and Materials
We acquired the active US loca-

tions for the Gamma Knife (GK), Cy-
berKnife (CK), Novalis Tx and Edge 
systems using the respective manufac-
turer websites3-6 during 2017. Novalis 
Tx locations were recorded only from 
the Novalis Tx website to avoid any 
potential overlap with the Varian web-
site; therefore, the Varian website was 
only utilized to extract information on 
Edge locations. The Novalis Tx and 
Edge locations were grouped together 
to represent dedicated linac-based sys-
tems. Although other general-purpose 
linacs have SRS capability, it was not 
possible to accurately determine if they 
were being used for SRS based on the 
manufacturer website. Additionally, 
such systems are not always capable of 
treating the entire range of targets tradi-
tionally covered by SRS. As a result of 
these factors, our study focused on ded-
icated SRS systems only. 

We searched by state and then re-
corded the city, state, zip code, and fa-
cility name for each location. We then 
used the US census data to determine 

Table 1. Demographics for Each SRS system
 Gamma Knife CyberKnife Linac-based p value ANOVA
Urbanization    p = 0.53
     Urbanized Area 93 115 135 
     Urban Cluster 20 34 31 
Median Household Income (mean) $50,939 $57,035 $52,775 p = 0.06
Facility Affiliation    p < 0.001
     Academic 43 14 41 
     Non-academic 70 135 125 
Population by County (mean) 607,412 458,862 783,209 p = 0.12
Number of Physicians in County (mean) 4334 3777 3790 p = 0.57

A

B

FIGURE 1. (A) Distribution of SRS systems by machine type in the United States, (B) Geo-
graphic distribution of SRS machines per 1,000,000 people by state.
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the county population (2016 estimate), 
which we used as a rough indicator of 
population density, and the median 
household income (in 2016 dollars).7 
Using the US Census Bureau defini-
tions, we noted whether the location 
was an “urbanized area” (50,000+), 
“urban cluster” (2500 to 49,999), or 
“rural area” (< 2500). We also recorded 
the location as nonacademic or aca-
demic if it had a radiation oncology 
residency program accredited by the 
Accreditation Council for Graduate 
Medical Education (ACGME).8 Data 
on county physician distribution was re-
corded from the American Medical As-
sociation (AMA) publication9 for 2015 
(reflecting 2013 data), the most recent 
year data was available. 

A one-way analysis of variance 
(ANOVA) examined statistically sig-
nificant differences between means of 
independent groups. A multinomial 
logistic regression was used to model 
the three-level outcome variable of 
machine type with GK as the reference 
level, and outcomes modeled as a lin-
ear combination of the independent 
covariables. A two-tailed Wald Z-test 
was used to assess the significance of 
coefficients with a p value ≤ 0.05 used 
as the threshold for statistical signifi-
cance. Odds ratios (OR) and 95% con-

fidence intervals (CI) are reported. All 
statistical analysis was performed using 
R-version 3.2.2. 

To test the quality of data collected 
on machine distribution, 20 locations 
were randomly selected using a random 
number generator and called to confirm 
their existence. All 20 (100%) were con-
firmed as SRS sites, and all 20 (100%) 
sites were verified to have been correctly 
classified as GK, CK or linac-based. 

To determine relative local dis-
tribution of SRS, we compared the 
total number of machines to the total 
US population as well as the number 
in each state to that state’s popula-
tion (2017 estimate).10 All machines 
were mapped appropriately to their 
respective cities and zip codes using 
BatchGeo mapping software (Copy-
right © 2018, BatchGeo LLC), and the 
state distribution ratios were mapped 
using GeoNames via Microsoft Excel 
(Copyright © 2018, DSAT for MSFT, 
GeoNames, Navteq).  

Results
A total of 428 SRS systems in the 

US were included in the database: 166 
linac-based (39%), 149 CK (35%), and 
113 GK (26%). Figure 1A shows a 
geographic depiction of the database by 
machine type. Most machines were in 

urbanized areas, and none were in rural 
areas. GK had the largest number of lo-
cations in academic centers (38%), while 
CK had the lowest (9%) (p < 0.001). 
CK comprised the largest proportion of 
machines in urban clusters (23%) and 
was associated with the highest median 
household income on average ($57,035), 
although neither of these demographic 
categories revealed any statistically sig-
nificant differences among the SRS sys-
tems (p = 0.06) on unadjusted analysis. 
Table 1 contains the full results for the 
demographics of each system. Only 14 
centers had at least 2 types of SRS sys-
tems, 7 of which were academic centers. 

On multinomial regression (see Table 
2), going from a nonacademic to aca-
demic setting showed a decrease in the 
likelihood of having a CK (OR 0.39; 95% 
CI: 0.33 to 0.45) or a linac-based system 
(OR 0.71; 95% CI: 0.60 to 0.85) com-
pared with a GK. Areas of higher median 
household incomes were associated with 
CK machines with an odds ratio of 1.01 
(95% CI: 1.01 to 1.02) for every increase 
in median household income by $1,000. 
Higher populated regions were associ-
ated with linac-based machines with an 
odds ratio of 1.03 (95% CI: 1.00 to 1.06) 
per 100,000 capita. 

The total ratio of number of available 
SRS machines per 1,000,000 people in 

Table 2. Multinomial Model Examining System Type as a Three Level Endpoint 
 CyberKnife (Gamma Knife as reference) Linac-based (Gamma Knife as reference)
 Odds Ratio (95% CI)  p value   Odds Ratio (95% CI)  p value 
County Population  1.01 (0.98-1.04) p = 0.52 1.03 (1.00-1.06) p < 0.03
(per 100,000 capita) 

Median Household Income  
(per $1,000) 1.01 (1.01-1.02) p < 0.001 0.99 (0.99-1.01) p = 0.85

Urbanization
     Urban area  (reference) —  —
     Urban cluster 1.16 (1.00-1.34) p = 0.05 0.91 (0.79-1.04) p = 0.16

Affiliation
     Academic (reference) —     —
     Non-academic 0.39  (0.33-0.45) p < 0.0001 0.71 (0.60-0.85) p < 0.001

Number of Physicians in County  1.00  (1.00-1.00) p = 0.99 0.99 (1.00-1.00) p = 0.16
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Table 3. Distribution of Dedicated SRS Systems by State and Population
 Total Number  Population Ratio of Total 
 of SRS machines Estimate 2017 Machines per 
   1,000,000 people
United States .............................428 ............................325719178 .............................. 1.31
Alabama .......................................4 ................................4874747 ................................ 0.82
Alaska ..........................................2 .................................739795 ................................. 2.70
Arizona ........................................9 ................................7016270 ................................ 1.28
Arkansas ......................................1 ................................3004279 ................................ 0.33
California ....................................42 ..............................39536653 ............................... 1.06
Colorado .....................................13 ...............................5607154 ................................ 2.32
Connecticut .................................8 ................................3588184 ................................ 2.23
Delaware ......................................1 .................................961939 ................................. 1.04
District of Columbia .....................3 .................................693972 ................................. 4.32
Florida ........................................34 ..............................20984400 ............................... 1.62
Georgia .......................................12 ..............................10429379 ............................... 1.15
Hawaii ..........................................1 ................................1427538 ................................ 0.70
Idaho............................................3 ................................1716943 ................................ 1.75
Illinois .........................................18 ..............................12802023 ............................... 1.41
Indiana .........................................8 ................................6666818 ................................ 1.20
Iowa .............................................1 ................................3145711 ................................ 0.32
Kansas .........................................4 ................................2913123 ................................ 1.37
Kentucky ......................................5 ................................4454189 ................................ 1.12
Louisiana .....................................8 ................................4684333 ................................ 1.71
Maine ..........................................1 ................................1335907 ................................ 0.75
Maryland .....................................9 ................................6052177 ................................ 1.49
Massachusetts............................10 ...............................6859819 ................................ 1.46
Michigan ....................................12 ...............................9962311 ................................ 1.20
Minnesota ...................................7 ................................5576606 ................................ 1.26
Mississippi ..................................4 ................................2984100 ................................ 1.34
Missouri ......................................7 ................................6113532 ................................ 1.15
Montana ......................................3 ................................1050493 ................................ 2.86
Nebraska ......................................4 ................................1920076 ................................ 2.08
Nevada .........................................3 ................................2998039 ................................ 1.00
New Hampshire ...........................2 ................................1342795 ................................ 1.49
New Jersey .................................14 ...............................9005644 ................................ 1.55
New Mexico .................................1 ................................2088070 ................................ 0.48
New York ....................................29 ..............................19849399 ............................... 1.46
North Carolina ............................10 ..............................10273419 ............................... 0.97
North Dakota ................................1 .................................755393 ................................. 1.32
Ohio ............................................18 ..............................11658609 ............................... 1.54
Oklahoma ...................................10 ...............................3930864 ................................ 2.54
Oregon .........................................5 ................................4142776 ................................ 1.21
Pennsylvania ..............................20 ..............................12805537 ............................... 1.56
Rhode Island ................................2 ................................1059639 ................................ 1.89
South Carolina .............................7 ................................5024369 ................................ 1.39
South Dakota ...............................0 .................................869666 ................................. 0.00
Tennessee ..................................12 ...............................6715984 ................................ 1.79
Texas ..........................................32 ..............................28304596 ............................... 1.13
Utah .............................................2 ................................3101833 ................................ 0.64
Vermont .......................................0 .................................623657 ................................. 0.00
Virginia ........................................9 ................................8470020 ................................ 1.06
Washington ................................10 ...............................7405743 ................................ 1.35
West Virginia ...............................2 ................................1815857 ................................ 1.10
Wisconsin ...................................5 ................................5795483 ................................ 0.86
Wyoming .....................................0 .................................579315 ................................. 0.00

the United States was 1.31. The states 
with the lowest ratios of SRS machines 
per 1,000,000 people were South Da-
kota, Vermont, and Wyoming (all with 
ratios of 0). The states with the highest 
ratios (excluding District of Columbia) 
were Montana (2.86), Alaska (2.70), 
and Oklahoma (2.54). Figure 1B geo-
graphically depicts this variation in dis-
tribution by state. Table 3 lists the ratios 
for all states. 

Discussion 
Our results show an increase in the 

number of SRS systems compared to 
historic values and suggest a nationwide 
growth of SRS utilization overall. In 
2003, approximately 160 dedicated ra-
diosurgery units were reported.11 Since 
then,  the number of radiosurgery units 
has increased by 268%. 

Our analysis found a shift in the preva-
lence of machine types. GK was the first 
SRS system to enter the US market in 
the 1980s, and in 2005 there were about 
twice as many GK systems as CK or 
Novalis.11 Our data show that linac-based 
SRS has surpassed GK (135 vs 93) and 
is now the most commonly utilized SRS 
system. Additionally, multinomial re-
gression showed that more populated re-
gions were more likely to use linac-based 
SRS. While the exact reasons for in-
creased utilization of linac-based SRS are 
unclear and warrant further investigation, 
it may be related to easier implementa-
tion with shorter treatment times and de-
creased labor intensity.12 

The demographics were fairly sim-
ilar between machine types. Our data 
showed that GK systems had the larg-
est percentage of locations in academic 
centers. Multiple factors could explain 
this association including cost, need 
for ancillary support, and the historical 
evolution of SRS within such centers, 
but this requires further investigation 
for quantification. Nonacademic cen-
ters and regions of higher household in-
come were associated with CK systems 
on multinomial regression. Although a 
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cost analysis is beyond the scope of this 
paper, this association may stem from 
differences in billing, reimbursement 
and/or marketing for this SRS system. 

Compared to the total distribution 
of SRS machines in the United States, 
several states had low distribution ra-
tios. Although its utilization is increas-
ing,2 the demand for SRS systems is not 
well-defined. Based on the 2017 Lek-
sell Gamma Knife Treatment Statistics 
Report, brain metastases accounted for 
the largest percentage of cases (47%), 
followed by meningioma (17%) and 
vestibular schwannoma (12%).13 As 
more studies show high local control 
and low normal tissue complications 
with SRS for brain metastases,14,15 the 
demand for SRS may rise. Additionally, 
with advances in oncologic therapy and 
improved imaging techniques, the utili-
zation of SRS to treat intracranial me-
tastases may further increase. Our aim 
is to provide a snapshot of the distribu-
tion of SRS equipment in the United 
States, although further investigation 
into potential disparities in access to 
SRS care may be warranted.  

Additional limitations of our study 
include a potential lag time between 
the installation or decommission of an 
SRS system and the associated update 
on the respective manufacturer website. 
The random telephone-call sampling 
did confirm the existence and types of 
the SRS systems, although a couple had 
been modified or upgraded. This analy-
sis did not consider general-purpose lin-

acs that can potentially deliver SRS or 
less common SRS systems. Therefore, 
the degree to which linac-based SRS 
is utilized relative to GK and CK may 
be more pronounced, and we acknowl-
edge that the number of procedures per-
formed on nondedicated systems may 
be higher than those performed on dedi-
cated systems. 

Our database (available at applied 
radiationonlcology.com/articles/SRS-
in-the-US) is the most recent and 
comprehensive list of dedicated SRS 
systems in the United States of which 
we are aware and potentially identifies 
areas that may be in need of such tech-
nology. It can provide patients with a 
resource for the multiple types of SRS 
systems available by location and per-
haps decrease institutional limitations 
that restrict patients to one specific type 
of system. Additionally, it allows phy-
sicians and managers to visualize and 
understand the current distribution of 
SRS systems in their market and in the 
United States, which may guide future 
decisions when purchasing new equip-
ment. This database can also serve to 
motivate future analyses that could fur-
ther explore potential discrepancies in 
accessibility. 
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