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come of mRS 0 or 1 was achieved in 47.4% (236/498) 
of direct patients versus 38.0% (155/408) of trans-
fer patients (OR, 1.47; 95% CI, 1.13–1.92; P=0.005). 
Comparing overall outcome by mRS shift analysis also 
favored direct presentation (P=0.012 by Cochran-Man-
tel-Haenszel test). Mortality did not differ between the 2 
groups (15.0% for direct, 13.7% for transfer; P=0.56).

Among patients who received IV-tPA before MT, 
outcomes at 90 days were better in the direct group, 
with 62.1% (190/306) achieving mRS 0 to 2 compared 
with 53.5% (146/273) in the transfer group (OR, 1.42; 
95% CI, 1.02–1.98; P=0.036) (Figure  2B). Excellent 
outcomes (mRS 0–1) for patients who received IV-tPA 
before MT were also observed more frequently in the 
direct group compared with the transfer group (48.7% 

versus 39.9%; OR, 1.43; 95% CI, 1.03–1.99; P=0.04). 
In the MT-alone group, functional independence was 
more common in the direct group (56.8%; 109/192) 
versus the transfer group (50.0%; 67/134), although 
this difference was not statistically significant (P=0.23) 
(Figure  2B). For MT alone, excellent outcomes (mRS 
0–1) were also observed more frequently in the direct 
group compared with the transfer group (45.3% ver-
sus 34.3%; OR, 1.59; 95% CI, 1.00–2.50; P=0.047). 
Comparison of outcomes by mRS shift analysis revealed 
a significant difference between transfer and direct 
groups for MT alone (P=0.035) and a nonsignificant 
trend for IV-tPA (P=0.14).

To determine the effect on outcome attributable to 
delay in time to treatment, multivariate logistic regres-

Figure 1. Median time intervals 
from stroke onset (the time of 
last seen well) through revascu-
larization.  
A, All patients who received IV-tPA 
before MT. There is a significant dif-
ference in onset-to-revascularization 
times (blue line). B, All patients who 
underwent MT alone (no IV-tPA). 
There is a significant difference in 
onset-to-revascularization times (blue 
line). EMS indicates emergency medi-
cal services; IV-tPA, intravenous tissue 
plasminogen activator; and MT, 
mechanical thrombectomy.
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sion was used with the outcome of functional indepen-
dence (mRS 0–2) by time from onset while accounting 
for multiple covariates (Table  2). Good outcome was 
less likely with increasing age, increasing NIHSS before 
treatment, and intracranial internal carotid artery oc-
clusion (versus middle cerebral artery). Increasing time 
from onset to treatment was also significantly associ-
ated with lower likelihood of good outcome, with an 
adjusted OR of 0.93 for every additional 30-minute de-
lay (95% CI, 0.89–0.98; P=0.008). When time to treat-
ment was accounted for, there was no additional effect 
of direct presentation versus transfer on functional out-
come (adjusted OR, 1.05; 95% CI, 0.76–1.45). Figure 3 
displays the effect of time to treatment on outcome 
for both direct and transfer patients. Although time to 
treatment is systematically longer in the transfer group, 
the effect of time on outcome as measured by the slopes 
of the 2 response curves is similar (P=0.35, test of in-

teraction effect between transfer status and time), sup-
porting the hypothesis that the difference between the 
2 groups is solely because of treatment delay. Across all 
patients, the absolute rate of functional independence 
decreased by 5.5% per hour from alarm to puncture. 
Additional univariate analysis showed that successful 
reperfusion was also strongly correlated with functional 
independence (OR, 2.21; 95% CI, 1.42–3.43).

We performed an additional propensity score anal-
ysis to assess the role of all available standard stroke 
covariates, including age, qualifying NIHSS, vessel of 
target occlusion, tPA administration, ASPECTS score at 
baseline, sex, arterial occlusion location, smoking sta-
tus, history of atrial fibrillation, diabetes mellitus, his-
tory of recent stroke, carotid artery stenosis, history of 
coronary disease, hyperlipidemia, prestroke functional 
status, and hypertension. After further adjustment 
for these variables and as seen in the multivariate re-
gression analysis, results after propensity adjustment 
indicated a significant effect of time but not transfer 
status, as shown in Table 3. Also as before, the interac-
tion between tPA and time was nonsignificant in the 
propensity-adjusted models, with P=0.14 for the co-
variate model and P=0.15 for the stratified model.

Hypothetical Bypass Analysis
A total of 209 patients were transferred via ground 
and available for analysis in the hypothetical bypass 
scenario. Of these patients, 122 (58.4%) received IV-
tPA at the first hospital, with a median onset-to-tPA 
time of 106 minutes (IQR, 81–136). Using the bypass 
model, 116 (95.1%) would still receive IV-tPA (6 no lon-
ger met guideline recommendations), and the median 

Figure 2. Unadjusted clinical outcomes at 90 days 
based on mRS, presented as percentage of the total.  
A, All patients, divided by direct admission (top) vs. inter-
hospital transfer (bottom). There is a significant difference 
between the 2 groups by shift analysis (P=0.012 by Cochran-
Mantel-Haenszel test). B, Comparison of outcomes based on 
mRS between direct and transfer divided into patients who 
received IV-tPA before MT (top) and those who underwent 
MT alone (bottom). Shift analysis revealed a significant 
difference between transfer and direct groups for MT alone 
(P=0.035) and a nonsignificant trend for IV-tPA (P=0.14). IV-
tPA indicates intravenous tissue plasminogen activator; mRS, 
modified Rankin Scale; and MT, mechanical thrombectomy.

Table 2.  Effect on Good Functional Outcome 
Attributable to Delay in Time to Treatment

Predictor

Effect on Functional 
Independence:

Odds Ratio (95% CI) P Value

Age (per 10 y) 0.78 (0.71–0.87) <0.001

Qualifying NIHSS (per 5 points) 0.66 (0.58–0.76) <0.001

Location of intracranial target occlusion

  Internal carotid artery 0.57 (0.41–0.81) 0.002

 � Middle cerebral artery–second 
segment (M2)

0.86 (0.58–1.27) 0.455

 � Middle cerebral artery–first 
segment (M1) (reference)

1.00 (NA) NA

IV-tPA delivered (vs. mechanical 
thrombectomy alone)

1.04 (0.77–1.41) 0.809

Direct admit (vs. transfer) 1.05 (0.76–1.45) 0.767

Time: onset to puncture  
(per 30 min)

0.93 (0.89–0.98) 0.008

CI indicates confidence interval; IV-tPA, intravenous tissue plasminogen 
activator (alteplase); NA, not applicable; and NIHSS, National Institutes of 
Health Stroke Scale.
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onset-to-tPA time would increase to 123 minutes (IQR, 
90–160). The median onset-to-puncture time in all 
209 patients was 250 minutes (IQR, 201–330), which 
would decrease to 169 minutes (IQR, 133–223) with 
hypothetical bypass. When comparing mean times, 
tPA would be administered 12.0 minutes later (±SD of 
46.9), but endovascular treatment would be delivered 
91.0 minutes sooner (±47.6).

A total of 130 patients were transferred despite ini-
tially being within 20 miles of the endovascular hospital. 
Among these patients, 71 (54.6%) received IV-tPA at the 
first hospital, with a median onset-to-tPA of 100 min-
utes (IQR, 80–130). In the hypothetical bypass model, 69 
(97.2%) would still receive IV-tPA (2 excluded by guide-
lines), and median onset-to-tPA would increase to 102 
minutes (IQR, 78–143). Median onset-to-puncture in all 
130 patients was 240 minutes (IQR, 190–310), which 
would decrease to 148 minutes (IQR, 117–198) with hy-
pothetical bypass. When comparing mean times for the 
patients within 20 miles, tPA would be administered 6.9 
minutes later (±SD of 44.8), but endovascular treatment 
would be delivered 94.0 minutes sooner (±46.4).

DISCUSSION
This study provides important information regarding the 
impact of systems of care for patients with LVO stroke 
undergoing MT. We found that interhospital transfer was 

associated with mean treatment delays of 116 minutes 
compared with direct presentation to the endovascular-
capable center. Interhospital transfer was associated 
with lower chances of excellent clinical outcome (47.4% 
versus 38.0%) and lower chances of functional indepen-
dence (60.0% versus 52.2%). The difference in rates of 
good outcome between the 2 groups was entirely at-
tributable to time delays; when controlling for time from 
onset to treatment, there was no difference in outcomes 
between direct and transfer patients.

Time delays in the transfer group were mainly at-
tributable to 3 epochs: picture to departure for MT 
alone (75 minutes), tPA to departure for tPA+MT (47 
minutes), and transfer transport time (35 minutes). The 
first 2 time epochs suggest that much of the delay as-
sociated with transfer is because of medical decision 
making or the logistics of arranging transport. Despite 
these delays, other time epochs were actually shorter in 
the transfer group (such as picture-to-puncture times at 

Figure 3. Relationship between rate of functional independence (mRS 0–2 at 90 days) and time from onset to punc-
ture for direct (blue) vs. transfer (red) patients.  
The logistic curves have been truncated at the 95% distribution for each group, and thus the transfer group is shifted to the 
right (later average treatment time) compared with the direct group. Shading represents the 95% confidence interval for each 
group. The slopes do not differ between the 2 groups (P=0.35), suggesting that differences in outcome are related only to 
time. The rate of functional independence decreased by 5.5% per hour for all patients. mRS indicates modified Rankin Scale.

Table 3.  Predictors of mRS 0 to 2 at 90 Days Using 
Propensity Score Analysis

Predictor of mRS 0–2
Model 1: Propensity 
Score as Covariate

Model 2: Propensity 
Score as Stratifier

Onset to arterial puncture 0.017 0.013

Transfer vs. direct 0.918 0.964

mRS indicates modified Rankin Scale.

 by guest on June 17, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


Froehler et al

December 12, 2017� Circulation. 2017;136:2311–2321. DOI: 10.1161/CIRCULATIONAHA.117.0289202318

the enrolling hospital), presumably because of advance 
notice of the patient’s admission.

The relationship between time to treatment and out-
comes has been described in several recent studies. The 
recent HERMES analysis (Highly Effective Reperfusion 
Evaluated in Multiple Endovascular Stroke Trials) reported 
a linear reduction in chances of good outcome with in-
creasing time between onset and MT, with no significant 
benefit beyond 7.3 hours.10 A subanalysis of the SWIFT 
PRIME study (Solitaire FR With the Intention for Throm-
bectomy as Primary Endovascular Treatment for Acute 
Ischemic Stroke) found a high rate of good outcomes for 
patients treated with MT within 2.5 hours of onset, but 
this rate decreased by 10% over the next hour and by 
20% with every subsequent hour of delay.21 In the cur-
rent study, we found that the rate of good outcome was 
reduced by 5.5% for each 1-hour delay from alarm to 
puncture. The difference between these 2 studies likely 
reflects selection bias: patients enrolled in the random-
ized study were selected by a strict set of inclusion criteria, 
whereas patients in this real-world registry were treated 
based on the opinion of the local treatment team. These 
treatment decisions were likely based on various factors 
predictive of outcome, and patients likely to have a good 
outcome despite longer time from onset were probably 
still treated. Furthermore, the accelerated reduction in 
chance of good outcome after 3.5 hours that was seen 
in SWIFT PRIME21 was not observed in the current study. 
This difference is also likely attributable to enrollment dif-
ferences: patients who may have otherwise been eligible 
for MT but had imaging signs of established infarction 
were likely not treated as they were in SWIFT PRIME.

It is interesting to note that another recent but smaller 
registry of MT did not find a significant difference in out-
come between direct and transfer patients, despite on-
set-to-recanalization times of 297 versus 240 minutes.22 
However, that study was smaller (159 patients), included 
only a single referring center and a single MT center, and 
observed a smaller time difference between direct and 
transfer patients. Given that we observed a 5.5% reduc-
tion in good outcomes for each hour of delay, the results 
of this smaller study are not necessarily incongruent and 
may reflect circumstances specific to that singular cen-
ter. Another recent study using a large national database 
reported a higher mortality rate associated with transfer 
(18.6%) compared with direct presentation (14.9%) for 
MT.23 Although our study did not reveal a mortality differ-
ence between the 2 groups, the overall mortality rates are 
similar between the 2 studies. Given that the database 
study included 8533 patients, it is certainly reasonable to 
think that a small but significant mortality difference does 
exist between direct and transfer patient cohorts.

The administration of IV-tPA did not have a signifi-
cant impact on outcome in this cohort, and time to MT 
remained the most important determinant of outcome. 
However, it is important to note that any patient who 

successfully achieved thrombolysis with IV-tPA alone 
would not undergo MT and would become ineligible 
for the current registry. The impact of IV-tPA before 
MT was recently explored in a pooled analysis of the 
SWIFT and STAR studies (Solitaire FR With the Inten-
tion for Thrombectomy and Solitaire FR Thrombectomy 
for Acute Revascularization).24 That study showed a 
nonsignificant difference in rates of good outcome be-
tween patients treated with IV-tPA plus MT versus MT 
alone (57.7% versus 47.7%; P=0.10). Again, patients 
who responded to tPA before MT would not have been 
included. The true benefit of early tPA administration 
for LVO before MT can be assessed only with a properly 
conducted controlled trial, which is now clearly needed.

Currently, IV-tPA is often cited as the reason for avoid-
ing longer transport to an endovascular-capable center, so 
that IV-tPA can be administered sooner at a nearer hos-
pital.25–27 In the current study, analysis of all patients un-
dergoing interhospital transfer by ground ambulance sug-
gested that a direct-to-endovascular bypass would delay 
IV-tPA to a modest degree (12 minutes) and 5% would 
no longer be eligible for tPA, but the start of endovascular 
therapy would be greatly accelerated (91 minutes sooner). 
When limiting the hypothetical model only to patients ini-
tially within 20 miles of the endovascular center, bypass 
becomes even more appealing: tPA is delayed by only 6.9 
minutes, only 3% miss the opportunity for tPA, and endo-
vascular treatment starts 94 minutes sooner.

A significant delay to treatment because of interhospi-
tal transfer may also create a missed opportunity for MT. 
Although such patients would not be captured by the 
current registry, Sablot et al28 recently described a series 
of LVO patients transferred for MT after receiving IV-tPA 
at a nonendovascular center. Of 119 patients transferred, 
only 52 (44%) actually underwent MT. Significant treat-
ment delays associated with interhospital transfer were 
identified as the primary reason that MT was withheld. 
Thus, although bypassing the closer hospital may create 
missed opportunities for IV-tPA, interhospital transfer ap-
pears to create significant missed opportunities for MT.

As systems of care change to accommodate and op-
timize acute stroke treatments, the triage and transport 
of patients with acute stroke suspected of having LVO 
may have a significant impact on the emergency de-
partment resources. Currently available clinical scales 
for use in the field have high rates of false-positive re-
sults, with <50% of suspected patients actually under-
going MT.29 Such an influx of unnecessary emergency 
department admissions may create a significant burden 
on treatment teams. Clearly, more accurate means of 
rapid triage and diagnosis are needed.

In the interest of accelerating time to treatment with 
both IV-tPA and MT, one might consider offering endo-
vascular therapy at more hospitals (ie, those that are not 
currently endovascular-capable). In fact, a majority of des-
ignated Primary Stroke Centers  already offer some form 
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of endovascular treatment, despite not being designated 
as Comprehensive Stroke Centers.30 Conceptually, decen-
tralizing the availability of neurointerventionalists would 
improve treatment times. However, others have shown 
that mortality after stroke intervention is clearly depen-
dent on volume: 1 study reported mortality of 19.7% 
at low-volume, 14.9% at medium-volume, and 9.8% 
at high-volume centers (P=0.003).31  Although it is un-
clear whether these mortality differences are related to 
the procedure or perioperative care, some have argued 
for transportation of the neurointerventionalist to the pa-
tient, rather than the other way around. Hui et al32 report-
ed a single case of LVO stroke where the neurointerven-
tionalist was flown to a nonendovascular Primary Stroke 
Center and carried out MT there. Patient outcome and 
disposition were not reported, but the case does provide 
proof of concept and may justify further investigation.

This study does have several limitations. Some dif-
ferences between the direct and transfer groups were 
observed. Specifically, transferred patients had higher 
initial NIHSS, suggesting patients with more severe 
strokes were transferred for MT. Aside from stroke se-
verity as assessed by the NIHSS, other selection biases 
may have led to greater differences between the groups 
that could not be accounted for with regression analy-
sis. In fact, additional confounders, such as time of day 
or insurance status, are unknown and unaccounted for 
in the current study. Furthermore, transferred patients 
were more often treated with tPA, which may be re-
lated to earlier presentation at the community hospital. 
The ASPECTS on imaging before MT was worse in the 
transfer group compared with the direct group, likely a 
product of longer delays to treatment in the transferred 
patients. Although these differences were accounted 
for by multivariate regression, they may still have an 
influence on the analysis. Another important limitation 
of this study is that patients who experienced successful 
recanalization with IV-tPA would be excluded. Finally, 
the hypothetical bypass analysis is potentially biased by 
unknown variables, such as situational traffic delays.

Conclusions
This large, real-world registry of MT for stroke because 
of LVO has shown that interhospital transfer before 
endovascular treatment with MT is associated with de-
lays to treatment and a significantly lower chance of 
good outcome compared with direct presentation to 
the endovascular-capable center. Strategies to facilitate 
more rapid identification of LVO and direct routing to 
endovascular-capable centers for patients with severe 
stroke may help improve outcomes.
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Supplemental Table I.  STRATIS Hospital Characteristics 

Site 
# Hospital Name City State 

Geographic 
Typea 

Stroke Center 
Typeb Certifying Bodyb 

STRATIS 
enrollment 

direct 

STRATIS 
enrollment 

transfer 

STRATIS 
total 

enrollment # Bedsa 

Volume of 
tPA 

2015a 

Volume of 
MT 

Procedures
2015a 

101 OHSU Marquam Hill Campus Portland OR Urban Comprehensive Joint 
Commission 

5 28 33 564 14 37 

102 Ruby Memorial Hospital Morgantow
n 

WV Urban Primary Joint 
Commission 

6 0 6 455 89 29 

103 Jackson Memorial Hospital  Miami FL Urban Comprehensive Joint 
Commission 

48 10 58 1450 75 55 

104 Baptist Health Lexington Lexington KY Urban Primary  Joint 
Commission 

28 5 33 360 47 77 

105 Maine Medical Center Portland ME Urban Primary Joint 
Commission 

10 6 16 611 43 58 

106 Cleveland Clinic Cleveland OH Urban Comprehensive Joint 
Commission 

2 15 17 1258 45 70 

107 Providence St Vincent 
Medical Center 

Portland OR Urban Comprehensive Joint 
Commission 

15 11 26 526 56 25 

108 Presence St. Joseph Medical 
Center/ Presence 
Resurrection Medical Center 

Chicago IL Urban Primary Joint 
Commission 

6 5 11 432 / 200 27 / 13 31/24 

109 Brigham and Women's 
Hospital 

Boston MA Urban Primary State of Mass 5 26 31 763 13 27 

110 Buffalo General Medical 
Center 

Buffalo NY Urban Comprehensive Det Norske 
Veritas (DNV) 

6 0 6 942 113 111 

111 Saint Lukes Hospital of 
Kansas City 

Kansas City MO Urban Comprehensive Joint 
Commission 

14 21 35 387 33 111 

112 Baptist Medical Center 
Jacksonville 

Jacksonville FL Urban Primary Joint 
Commission 

6 7 13 867 48 85 

113 Grady Memorial Hospital Atlanta GA Urban Comprehensive Joint 
Commission 

20 44 64 639 68 346 

114 Florida Hospital Orlando Orlando FL Urban Primary Det Norske 
Veritas (DNV) 

46 17 63 2393 132 127 

115 Memorial Hermann-Texas 
Medical Center 

Houston TX Urban Comprehensive Joint 
Commission 

5 3 8 931 151 49 

116 WellStar Kennestone 
Regional Medical Center 

Marietta GA Urban Comprehensive Joint 
Commission 

38 15 53 552 92 156 
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Site 
# Hospital Name City State 

Geographic 
Typea 

Stroke Center 
Typeb Certifying Bodyb 

STRATIS 
enrollment 

direct 

STRATIS 
enrollment 

transfer 

STRATIS 
total 

enrollment # Bedsa 

Volume of 
tPA 

2015a 

Volume of 
MT 

Procedures
2015a 

117 Crouse Hospital Syracuse NY Urban Primary State of New 
York 

4 0 4 487 52 67 

118 Ohio Health Research 
Institute 

Columbus OH Urban Comprehensive Joint 
Commission 

6 9 15 671 35 78 

119 Advocate Christ Medical 
Center / Advocate Lutheran 
General Hospital 

Chicago IL Urban Primary Det Norske 
Veritas (DNV) 

5 8 13 580 / 530 27 / 31 41 / 43 

120 University of Massachusetts 
Medical Hospital 

Worcester MA Urban Primary State of Mass 4 1 5 572 56 35 

121 Mercy San Juan Medical 
Center 

Sacramento CA Urban Comprehensive Joint 
Commission 

4 5 9 370 65 105 

122 Houston Methodist Hospital Houston TX Urban Comprehensive Det Norske 
Veritas (DNV) 

11 2 13 914 63 46 
 

123 Palmetto General Hospital/ 
Delray Medical Center/ St. 
Mary’s Medical Center 

Hialeah/ 
Delray 
Beach/ 
West Palm 
Beach 

FL Urban Comprehensive Joint 
Commission 

53 18 71 360 / 347 
/ 374 

61 / 52 / 
101 

63 / 63 / 
12 / 82 

125 Froedtert Hospital Milwaukee WI Urban Comprehensive Joint 
Commission 

2 2 4 508 30 54 

126 Norton Hospital Louisville KY Urban Comprehensive Joint 
Commission 

26 31 57 1362 34 118 

127 Barnes - Jewish Hospital 
South 

St. Louis MO Urban Comprehensive Joint 
Commission 

3 8 11 1206 63 994 

128 Valley Baptist Medical Center Harlingen TX Urban Primary Det Norske 
Veritas (DNV) 

18 21 39 378 28 111 

129 Ascension St John Hospital/ 
Providence Hospital and 
Medical Center 

Detroit / 
Southfield 

MI Urban Primary Joint 
Commission 

1 2 3 573 / 575 34 / 29 20 / 25 

130 Aurora St Lukes Medical 
Center 

Milwaukee WI Urban Comprehensive Joint 
Commission 

0 7 7 882 53 33 

131 University Of Kentucky 
Hospital - Albert B Chandler 
Hospital 

Lexington KY Urban Comprehensive Joint 
Commission 

3 4 7 829 58 56 

132 Memorial Regional Hospital Hollywood FL Urban Primary Joint 
Commission 

29 1 30 909 31 46 
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# Hospital Name City State 

Geographic 
Typea 

Stroke Center 
Typeb Certifying Bodyb 

STRATIS 
enrollment 

direct 

STRATIS 
enrollment 

transfer 

STRATIS 
total 

enrollment # Bedsa 

Volume of 
tPA 

2015a 

Volume of 
MT 

Procedures
2015a 

133 Ronald Reagan UCLA Medical 
Center 

Los Angeles CA Urban Comprehensive Joint 
Commission 

13 8 21 452 21 32 

134 Banner University Medical 
Center Tucson 

Tucson AZ Urban Primary Joint 
Commission 

6 2 8 479 24 <11 

135 McLaren Flint Flint MI Urban Comprehensive Joint 
Commission 

1 3 4 284 40 18 

136 Virginia Mason Medical 
Center 

Seattle WA Urban Primary Joint 
Commission 

1 2 3 236 <11 <11 

137 Geisinger Medical Center Danville PA Urban Primary Joint 
Commission 

4 5 9 504 37 13 

138 St. Dominic - Jackson 
Memorial Hospital 

Jackson MS Urban Comprehensive Joint 
Commission 

10 8 18 535 44 47 

139 Baylor University Medical 
Center 

Dallas TX Urban Comprehensive Det Norske 
Veritas (DNV) 

8 6 14 850 55 22 

141 University of Maryland 
Medical Center 

Baltimore MD Urban Comprehensive Joint 
Commission 

1 8 9 711 20 33 

142 ProMedica Toledo Hospital Toledo OH Urban Comprehensive Joint 
Commission 

0 2 2 654 30 85 

143 Baptist Hospital of Miami Miami FL Urban Comprehensive Joint 
Commission 

9 6 15 705 68 63 

144 Los Robles Hospital and 
Medical Center 

Thousand 
Oaks 

CA Urban Primary Det Norske 
Veritas (DNV) 

3 1 4 294 11 77 

145 Baptist Health Louisville Louisville KY Urban Primary Joint 
Commission 

8 2 10 468 48 18 

146 Albany Medical Center Albany NY Urban Primary Joint 
Commission 

2 3 5 683 17 61 

147 Swedish Medical Center - 
Cherry Hill 

Seattle WA Urban Primary Det Norske 
Veritas (DNV) 

1 12 13 170 34 53 
 

148 Abbott Northwestern 
Hospital 

Minneapolis MN Urban Comprehensive Det Norske 
Veritas (DNV) 

1 0 1 579 37 44 

149 Erlanger Baroness Hospital Chattanoog
a 

TN Urban Comprehensive Joint 
Commission 

2 0 2 606 87 182 

150 University of California, 
Irvine Medical Center 

Irvine CA Urban Comprehensive Joint 
Commission 

3 0 3 349 56 26 
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Site 
# Hospital Name City State 

Geographic 
Typea 

Stroke Center 
Typeb Certifying Bodyb 

STRATIS 
enrollment 

direct 

STRATIS 
enrollment 

transfer 

STRATIS 
total 

enrollment # Bedsa 

Volume of 
tPA 

2015a 

Volume of 
MT 

Procedures
2015a 

151 California Pacific Medical 
Center - Davies Campus 
Hospital 

San 
Francisco 

CA Urban Primary Joint 
Commission 

0 1 1 146 <11 93 

152 University of Tennessee 
Medical Center 

Knoxville TN Urban Comprehensive Joint 
Commission 

8 6 14 599 36 42 

154 UPMC Presbyterian 
ShadySide 

Pittsburgh PA Urban Comprehensive Joint 
Commission 

24 26 50 1173 38 167 

155 Vanderbilt University 
Medical Center 

Nashville TN Urban Comprehensive Joint 
Commission 

3 5 8 890 59 70 

157 Banner - University Medical 
Center Phoenix 

Phoenix AZ Urban Primary Joint 
Commission 

1 2 3 643 47 51 

158 Mayo Clinic Hospital Rochester MN Urban Comprehensive Joint 
Commission 

1 4 5 1079 18 48 

159 Carolinas HealthCare - 
Carolinas Medical Center 

Charlotte NC Urban Primary Joint 
Commission 

0 1 1 1030 44 25 

aSource: Definitive Healthcare-based on data from all payers in 2015: Volume of tPA is defined as stroke patients who received tPA with no further treatment for stroke (ICD9 
code 43300, 43301, 43310, 43311, 43320, 43321, 43330, 43331, 43380, 43381, 43390, 43391,43400, 43401, 43410, 43411, 43490, 43491, ICD10 163.x, 166.x  
and DRG 061,062,063); Volume of MT procedures (ICD9 Procedure code 3974) 
 
bStroke center type information obtained from the following: 

1. DNV Healthcare Introduces Comprehensive Stroke Center Certification. DNV GL Healthcare. http://dnvglhealthcare.com/releases/dnv-healthcare-introduces-
comprehensive-stroke-center-certification. Accessed January 30, 2017. 

2. The Joint Commission Quality Check. The Joint Commission. https://www.qualitycheck.org/data-download/certification-data-download/. Accessed January 30, 2017. 
3. New York State Department of Health, NYS Health Profiles. https://profiles.health.ny.gov/hospital/designated_centers/Stroke+Center. Accessed January 30, 2017. 
4. Commonwealth of Massachusetts, Executive Office of Health and Human Service. http://www.mass.gov/eohhs/gov/departments/dph/programs/hcq/healthcare-

quality/health-care-facilities/hospitals/stroke-services/designated-primary-stroke-services-hospitals.html. Accessed January 30, 2017. 
 

http://dnvglhealthcare.com/releases/dnv-healthcare-introduces-comprehensive-stroke-center-certification
http://dnvglhealthcare.com/releases/dnv-healthcare-introduces-comprehensive-stroke-center-certification
https://www.qualitycheck.org/data-download/certification-data-download/
https://profiles.health.ny.gov/hospital/designated_centers/Stroke+Center
http://www.mass.gov/eohhs/gov/departments/dph/programs/hcq/healthcare-quality/health-care-facilities/hospitals/stroke-services/designated-primary-stroke-services-hospitals.html
http://www.mass.gov/eohhs/gov/departments/dph/programs/hcq/healthcare-quality/health-care-facilities/hospitals/stroke-services/designated-primary-stroke-services-hospitals.html



