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S
troke is the second leading cause of mortality world-
wide,1 and the fifth leading cause of mortality in the 
United States.2 For 20 years, intravenous (IV) tissue-

type plasminogen activator (tPA) was the primary treat-
ment for acute ischemic stroke (AIS),3–5 until 2015, when 
use of mechanical thrombectomy (MT) demonstrated con-
siderably improved outcomes in select patients with AIS.6–

11 Despite the proven efficacy of these treatments, IV tPA 
and MT remain severely underutilized.12,13 To increase uti-
lization of these therapies and standardize AIS care across 
the US, primary and comprehensive stroke centers (CSCs) 
were established as system-based strategies to improve 

outcomes. The first CSC certifications approved in 2012 
required, among other things, high volumes, advanced 
imaging techniques, dedicated neurological intensive care 
units, and after-hospital care coordination for patients.14

These developments in AIS treatment and organiza-
tion have proven beneficial at the individual level and have 
shown significant negative trends in mortality at the popu-
lation level,15,16 although existing studies predate the ex-
pansion of the MT window to 24 hours for select patients. 
Similarly, various studies have analyzed AIS treatment 
and outcome trends over time using large national data-
bases.15,17–21 However, few studies have reported outcomes 
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OBJECTIVE The establishment of mechanical thrombectomy (MT) as a first-line treatment for select patients with 
acute ischemic stroke (AIS) and the expansion of stroke systems of care have been major advancements in the care of 
patients with AIS. In this study, the authors aimed to identify temporal trends in the usage of tissue-type plasminogen 
activator (tPA) and MT within the AIS population from 2012 to 2018, and the relationship to mortality.

METHODS Using a nationwide private health insurance database, 117,834 patients who presented with a primary AIS 
between 2012 and 2018 in the United States were identified. The authors evaluated temporal trends in tPA and MT us-
age and clinical outcomes stratified by treatment and age using descriptive statistics.
RESULTS Among patients presenting with AIS in this population, the mean age was 69.1 years (SD ± 12.3 years), and 
51.7% were female. Between 2012 and 2018, the use of tPA and MT increased significantly (tPA, 6.3% to 11.8%, p < 
0.0001; MT, 1.6% to 5.7%, p < 0.0001). Mortality at 90 days decreased significantly in the overall AIS population (8.7% 
to 6.7%, p < 0.0001). The largest reduction in 90-day mortality was seen in patients treated with MT (21.4% to 14.1%, p = 
0.0414) versus tPA (11.8% to 7.0%, p < 0.0001) versus no treatment (8.3% to 6.3%, p < 0.0001). Age-standardized mor-
tality at 90 days decreased significantly only in patients aged 71–80 years (11.4% to 7.8%, p < 0.0001) and > 81 years 
(17.8% to 11.6%, p < 0.0001). Mortality at 90 days stagnated in patients aged 18 to 50 years (3.0% to 2.2%, p = 0.4919), 
51 to 60 years (3.8% to 3.9%, p = 0.7632), and 61 to 70 years (5.5% to 5.2%, p = 0.2448).

CONCLUSIONS From 2012 to 2018, use of tPA and MT increased significantly, irrespective of age, while mortality 
decreased in the entire AIS population. The most dramatic decrease in mortality was seen in the MT-treated population. 
Age-standardized mortality improved only in patients older than 70 years, with no change in younger patients.
https://thejns.org/doi/abs/10.3171/2021.4.FOCUS21117
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following specific treatments.22–24 The objective of this 
study was to investigate trends in IV tPA and MT usage 
and associated patient outcomes after the major MT tri-
als among participants in a large, national, private health 
insurance database.

Methods
Data Source

Using de-identified claims from a large private health-
care network in the US (Clinformatics Data Mart data-
base, Optum Inc.), 117,834 beneficiaries who presented 
with a primary ischemic stroke between 2012 and 2018 
were identified. Patient data were reported by medical 
claims, facility details, and inpatient summaries. Diag-
noses were identified using International Classification 
of Diseases, Ninth and Tenth Revisions (ICD-9 and ICD-
10). Procedures were identified using Current Procedural 
Terminology (CPT) codes alongside ICD-9 and ICD-10 
procedure codes. The database does not include patient 
identifiers and was deemed exempt from Institutional Re-
view Board approval.

Patient Selection

We queried the database for adult patient records with 
a primary diagnosis of ischemic stroke between 2012 and 
2018 and defined by ICD-9 and ICD-10 codes.25 ICD-9 
codes were used for records from 2012 to mid-2015, and 
ICD-10 codes were used for records from mid-2015 to 
2018. The year 2018 was the most recent year available 
for our analyses.

Variables

Patient-level variables included age at diagnosis; sex; 
race; discharge status; and 30-day, 60-day, 90-day, and 
6-month mortality. For demographic variables, missing 
values were reported as unknown. Computed procedural 
variables were coded using either CPT codes or ICD-9 
and ICD-10 procedural codes and are shown in Supple-
mental Table 1. We used standardized conversion charts 
to convert ICD-9 to ICD-10.

Discharge disposition was recorded according to dis-
charge code as specified in the data set. For purposes 
of analysis, the top 5 most common dispositions (home 
with self-care, home with a service organization, inpatient 
rehabilitation, skilled nursing facility, and transfer to a 
short-term hospital) were represented individually, while 
an “other” group included all other dispositions, such as 
intermediate care facility, other type of institution for in-
patient care, left against medical advice, admitted as in-
patient to this hospital, still inpatient expecting to return 
as outpatient or status yet to be defined at the state level, 
transfer to a federal healthcare facility, hospice (home or 
medical), transfer within the institution, and transfer to a 
long-term hospital, nursing home facility certified under 
Medicare, psychiatric hospital, critical access hospital, or 
another type of healthcare facility.

We also analyzed the relationship of hospital size to 
discharge disposition and mortality for all patients with 
AIS, those who underwent thrombectomy, and those who 
received tPA treatment. Hospital size was categorized into 

large (≥ 250 beds), medium (100–249 beds), and small (≤ 
100 beds).

Statistical Analysis

All statistical analyses were completed using SAS soft-
ware version 9.4 (SAS Institute Inc.). Statistical signifi-
cance was defined as p < 0.05 and 2-tailed tests were used. 
Excel (Microsoft) was used to plot figures.

General characteristics of the stroke cohort were as-
sessed using yearly frequency tables, including overall 
trends in MT, IV tPA, both MT and IV tPA, neither MT 
nor IV tPA, malignant cerebral edema (MCE), hemor-
rhagic transformation (HT), discharge disposition, and 
mortality; treatment-specific outcomes in MCE, HT, dis-
charge disposition, and mortality; and trends in MT, IV 
tPA, both MT and IV tPA, neither MT nor IV tPA, MCE, 
HT, discharge disposition, and mortality stratified by age. 
Cochran-Armitage testing was used to assess for trends, 
and the frequency procedure was used to build frequency 
tables.

Results
Overall Cohort

The number of active enrollees within the database 
slightly increased from 15,624,321 patients in 2012 to 
20,145,678 patients in 2018. The overall mortality rate fol-
lowed a similar trend from 0.5% in 2012 to 0.6% in 2018. 
Our criteria identified 117,834 patients from 2012 to 2018 
with a primary diagnosis of AIS and a mean age of 69.1 
with a standard deviation ± 12.3 years; 51.7% were female 
(Table 1). The yearly percentage of all enrollees hospital-
ized with a primary diagnosis of AIS in the entire cohort 
averaged 0.8% and ranged from 0.8% in 2012 to 0.9% in 
2018.

Treatment of AIS

Among 117,834 AIS admissions, 4155 patients (3.5%) 
received MT, 10,976 patients (9.3%) received IV tPA, 
and 1203 patients (1.0%) received both. When compar-
ing treatment modalities in 2012 with 2018, significant 
increases were noted in the proportional usage of MT 
(1.6% to 5.7%, p < 0.0001), IV tPA (6.3% to 11.8%, p < 
0.0001), and combined MT and IV tPA (0.7% to 1.7%, p < 
0.0001) (Fig. 1 and Table 2). Of special interest, the larg-
est increase in MT rate occurred between 2017 and 2018 
(4.3% to 5.7%), followed by 2014 and 2015 (1.7% to 2.8%).

Outcomes of AIS

Between 2012 and 2018, 30-day, 60-day, 90-day, and 
6-month mortality rates in patients with AIS all signifi-
cantly decreased (4.8% to 4.2%, p < 0.0001; 7.7% to 6.0%, 
p = 0.0002; 8.7% to 6.7%, p < 0.0001; and 10.3% to 7.8%, 
p < 0.0001, respectively). There were significant decreases 
in the rates of routine discharge home (41.3% to 37.3%, p 
< 0.001) and transfer to another short-term hospital (7.2% 
to 5.2%, p < 0.001), and there were significant increases in 
the rates of discharge home under a service organization 
(10.4% to 12.8%, p < 0.0001) and inpatient rehabilitation 
(8.9% to 13.2%, p < 0.0001). Lastly, the rates of discharge 

Unauthenticated | Downloaded 08/26/22 06:01 PM UTC

https://thejns.org/doi/suppl/10.3171/2021.4.FOCUS21117
https://thejns.org/doi/suppl/10.3171/2021.4.FOCUS21117


Anand et al.

Neurosurg Focus Volume 51 • July 2021 3

to skilled nursing facilities (20.2% to 19.6%, p = 0.4403) 
and discharge to “other” (12.0% to 11.9%, p = 0.2012) re-
mained steady (Table 2).

Outcomes of AIS by Treatment Modality

The percentage of patients discharged home with a ser-
vice organization significantly increased irrespective of 
treatment, with the most dramatic increase seen in patients 
who underwent MT (2.0% to 8.5%, p = 0.0001) versus IV 
tPA (6.4% to 12.6%, p < 0.0001) versus both MT and IV 
tPA (3.6% to 9.6%, p = 0.0108) versus neither treatment 
(10.8% to 13.1%, p < 0.0001). Similarly, the MT cohort 
had the most dramatic decline in mortality, specifically 
at 30 days (16.4% to 9.0%, p = 0.0415), 60 days (21.4% to 
13.2%, p = 0.0144), 90 days (21.4% to 14.1%, p = 0.0414), 
and 6 months (22.4% to 15.4%, p = 0.0106). Also of note, 
transfer to another short-term hospital significantly de-
creased in the cohorts treated with MT (13.9% to 8.6%, p 
= 0.0005), both tPA and MT (14.3% to 7.4%, p = 0.0001), 
and neither tPA nor MT (6.9% to 4.9%, p < 0.0001), and 
trended toward significance in the tPA-only cohort (10.4% 
to 5.2%, p = 0.0878) (Fig. 2 and Table 3).

Outcomes of AIS by Age

Between 2012 and 2018, the proportional use of MT 
and IV tPA significantly increased across all age groups. 
Similarly, discharge to inpatient rehabilitation facilities 
significantly increased across all age groups. Routine 
discharge home decreased in all age groups except sep-
tuagenarians, and transfer to another short-term hospital 
decreased in all age groups other than those younger than 
50 years. Contrarily, discharge home with a service or-
ganization increased in all age groups except sexagenar-
ians. Among patients 18 to 70 years of age, there were no 

significant trends in mortality due to stroke at 30, 60, or 
90 days or 6 months. Only in patients 71 years of age and 
older did mortality decrease at all time points (Fig. 3 and 
Supplemental Table 2).

Outcomes of AIS by Hospital Size

Among all patients with AIS, 30-day mortality was 
lowest for medium-sized health systems (3.96%); how-
ever, the greatest absolute difference was only 0.53% 
when compared with the highest mortality rate in the 
large-sized health systems (4.49%). The discharge disposi-
tion of the entire AIS population was more frequently to 
home when patients were managed at large and medium 
health systems (39.9% and 39.89%) compared with small 
health systems (36.58%, p < 0.0001). Among patients with 
AIS who underwent MT, 30-day mortality was higher in 
small health centers compared with medium and large 
centers (22.58% vs 9.77% vs 9.90%, p = 0.0637), and the 

TABLE 1. Overall demographics of privately insured patients with AIS between 2012 and 2018

Characteristic

No. of Patients (%)

2012 (n = 12,831) 2013 (n = 13,646) 2014 (n = 13,898) 2015 (n = 15,474) 2016 (n = 18,227) 2017 (n = 21,826) 2018 (n = 21,932)

Age, yrs

 18–50 1,206 (9.4) 1,211 (8.9) 1,261 (9.1) 1,443 (9.3) 1,498 (8.2) 1,625 (7.5) 1,647 (7.5)

 51–60 1,618 (12.6) 1,727 (12.7) 1,586 (11.4) 1,875 (12.1) 2,198 (12.1) 2,409 (11.0) 2,439 (11.1)

 61–70 3,247 (25.3) 3,659 (26.8) 3,713 (26.7) 4,255 (27.5) 5,286 (29.0) 6,262 (28.7) 6,468 (29.5)

 71–80 4,697 (36.6) 4,806 (35.2) 4,741 (34.1) 5,062 (32.7) 5,872 (32.2) 6,728 (30.8) 6,693 (30.5)

 ≥81 1,722 (13.4) 1,867 (13.7) 2,325 (16.7) 2,585 (16.7) 3,043 (16.7) 4,410 (20.2) 4,249 (19.4)

 Unknown 341 (2.7) 376 (2.8) 272 (2.0) 254 (1.6) 330 (1.8) 392 (1.8) 436 (2.0)

Sex*

 F 6,451 (51.6) 6,847 (51.6) 7,089 (52.0) 8,045 (52.8) 9,552 (53.3) 11,452 (53.4) 11,435 (53.2)

 M 6,050 (48.4) 6,430 (48.4) 6,551 (48.0) 7,185 (47.2) 8,360 (46.7) 9,990 (46.6) 10,070 (46.8)

Race

 Asian 339 (2.6) 330 (2.4) 367 (2.6) 426 (2.8) 399 (2.2) 460 (2.1) 405 (1.9)

 Black 1,702 (13.3) 1,785 (13.1) 1,847 (13.3) 1,997 (12.9) 2,956 (16.2) 3,187 (14.6) 2,851 (13.0)

 Hispanic 1,025 (8.0) 1,076 (7.9) 1,232 (8.9) 1,333 (8.6) 1,451 (8.0) 1,806 (8.3) 1,569 (7.2)

 White 8,394 (65.4) 9,033 (66.2) 9,115 (65.6) 10,142 (65.5) 11,370 (62.4) 13,049 (59.8) 12,116 (55.2)

 Unknown 1,371 (10.7) 1,422 (10.4) 1,337 (9.6) 1,576 (10.2) 2,051 (11.3) 3,324 (15.2) 4,991 (22.8)

* Sex data were missing for 2,327 patients.

FIG. 1. Trends in AIS treatment, including MT, tPA, and no treatment.
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discharge disposition to home was lowest for small health 
systems compared with medium and large centers (9.68% 
vs 24.31% vs 21.76%, p = 0.1299).

Among patients with AIS who received IV tPA, 30-day 
mortality (small 5.38% vs medium 5.57% vs large 6.49%, 
p = 0.2714) and discharge to home frequency (small 
36.08% vs medium 41.24% vs large 38.92%, p = 0.0875) 
did not significantly differ by the size of the health system 
(Table 4).

Discussion
In a nationwide private health insurance database, we 

found significant increases in the proportional usage of 
MT, IV tPA, and combination MT and IV tPA from 2012 
to 2018. In addition, we found substantial changes in hos-
pital discharge patterns, most notably significant decreas-
es in routine discharge home and transfers to other hospi-
tals, and significant increases in discharge to home health 
and inpatient rehabilitation facilities. Most strikingly, we 
found a significant decrease in mortality at all time points 
during the same period. This improvement in mortality 
was primarily in older patients, with no significant trends 
in age-standardized mortality in those aged 18 to 70 years.

The most important advancement in the last decade in FIG. 2. Treatment-standardized 90-day mortality.

TABLE 2. Trends in treatments and outcomes of patients with AIS between 2012 and 2018

Characteristic

No. of Patients (%)

p Value*

2012  

(n = 12,831)

2013  

(n = 13,646)

2014  

(n = 13,898)

2015  

(n = 15,474)

2016  

(n = 18,227)

2017  

(n = 21,826)

2018  

(n = 21,932)

MT 201 (1.6) 212 (1.6) 242 (1.7) 432 (2.8) 594 (3.3) 934 (4.3) 1,248 (5.7) <0.0001

IV tPA 808 (6.3) 995 (7.3) 1,060 (7.6) 1,347 (8.7) 1,861 (10.2) 2,319 (10.6) 2,586 (11.8) <0.0001

IV tPA & MT 84 (0.7) 91 (0.7) 94 (0.7) 147 (1.0) 167 (0.9) 255 (1.2) 365 (1.7) <0.0001

Neither MT nor tPA 11,906 (92.8) 12,530 (91.8) 12,690 (91.3) 13,823 (89.3) 15,852 (87.0) 18,755 (85.9) 18,350 (83.7) <0.0001

Decompressive  

hemicraniectomy

40 (0.3) 47 (0.3) 47 (0.3) 58 (0.4) 59 (0.3) 61 (0.3) 62 (0.3) 0.2283

MCE 496 (3.9) 587 (4.3) 668 (4.8) 775 (5.0) 970 (5.3) 1,238 (5.7) 1,415 (6.5) <0.0001

HT 677 (5.3) 764 (5.6) 788 (5.7) 867 (5.6) 1,016 (5.6) 1,326 (6.1) 1,503 (6.9) <0.0001

Discharge disposition

 Home routine 5,306 (41.4) 5,552 (40.7) 5,459 (39.3) 6,127 (39.6) 7,064 (38.8) 8,233 (37.7) 8,180 (37.3) <0.0001

 Home health 1,333 (10.4) 1,545 (11.3) 1,526 (11.0) 1,624 (10.5) 2,118 (11.6) 2,703 (12.4) 2,811 (12.8) <0.0001

 Skilled nursing facility 2,594 (20.2) 2,664 (19.5) 2,890 (20.8) 3,067 (19.8) 3,586 (19.7) 4,442 (20.4) 4,303 (19.6) 0.4403

 Transfer to short-term  

 hospital

919 (7.2) 884 (6.5) 859 (6.2) 1,012 (6.5) 1,063 (5.8) 1,128 (5.2) 1,132 (5.2) <0.0001

 Inpatient rehabilitation 1,138 (8.9) 1,306 (9.6) 1,464 (10.5) 1,775 (11.5) 2,237 (12.3) 2,704 (12.4) 2,901 (13.2) <0.0001

 Other† 1,541 (12.0) 1,695 (12.4) 1,700 (12.2) 1,869 (12.1) 2,159 (11.9) 2,616 (12.0) 2,605 (11.9) 0.2012

Mortality

 30-day 618 (4.8) 582 (4.3) 663 (4.8) 756 (4.9) 730 (4.0) 887 (4.1) 916 (4.2) <0.0001

 60-day 982 (7.7) 918 (6.7) 1,015 (7.3) 1,137 (7.4) 1,197 (6.6) 1,376 (6.3) 1,318 (6.0) 0.0002

 90-day 1,117 (8.7) 1,021 (7.5) 1,136 (8.2) 1,285 (8.3) 1,348 (7.4) 1,532 (7.0) 1,475 (6.7) <0.0001

 6-mo 1,321 (10.3) 1,212 (8.9) 1,357 (9.8) 1,507 (9.7) 1,600 (8.8) 1,840 (8.4) 1,700 (7.8) <0.0001

Boldface type indicates statistical significance.
* Cochran-Armitage test.

† Includes intermediate care facility, other type of institution for inpatient care, left against medical advice, admitted as inpatient to this hospital, still inpatient expecting 

to return as outpatient or status yet to be defined at the state level, transfer to a federal healthcare facility, hospice (home or medical), transfer within the institution, and 
transfer to a long-term hospital, nursing home facility certified under Medicare, psychiatric hospital, critical access hospital, or another type of healthcare facility.  
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TABLE 3. Standardized outcomes of patients with AIS by treatment

Characteristic

No. of Patients (%)

p Value*

2012  

(n = 12,831)

2013  

(n = 13,646)

2014  

(n = 13,898)

2015  

(n = 15,474)

2016  

(n = 18,227)

2017  

(n = 21,826)

2018  

(n = 21,932)

MT 201 (1.6) 212 (1.6) 242 (1.7) 432 (2.8) 594 (3.3) 934 (4.3) 1,248 (5.7)

 HT 63 (31.3) 59 (27.8) 64 (26.5) 100 (22.2) 161 (23.6) 243 (24.1) 319 (22.4) 0.0291

 MCE 54 (26.9) 43 (20.3) 52 (21.5) 97 (21.5) 158 (23.2) 221 (22.0) 284 (20.9) 0.2506

 Discharge disposition

  Home routine 34 (16.9) 35 (16.5) 52 (21.5) 91 (20.2) 164 (24.1) 215 (21.4) 297 (21.8) 0.0686

  Home health 4 (2.0) 11 (5.2) 11 (4.6) 26 (5.8) 49 (7.2) 68 (6.8) 115 (8.5) 0.0001

  Skilled nursing facility 34 (16.9) 41 (19.3) 46 (19.0) 93 (20.6) 120 (17.6) 191 (19.0) 252 (18.5) 0.9598

  Transfer to short-term  

  hospital

28 (13.9) 31 (14.6) 26 (10.7) 42 (9.3) 60 (8.8) 77 (7.7) 117 (8.6) 0.0005

  Inpatient rehabilitation 38 (18.9) 46 (21.7) 47 (19.4) 103 (22.8) 131 (19.2) 194 (19.3) 303 (22.3) 0.4799

  Other† 63 (31.3) 48 (22.6) 60 (24.8) 96 (21.3) 157 (23.1) 262 (26.0) 277 (20.4) 0.0202

 Mortality

  30-day 33 (16.4) 19 (9.0) 20 (8.3) 53 (11.8) 65 (9.5) 103 (10.2) 123 (9.0) 0.0415

  60-day 43 (21.4) 31 (14.6) 34 (14.1) 73 (16.2) 98 (14.4) 149 (14.8) 179 (13.2) 0.0144

  90-day 43 (21.4) 31 (14.6) 35 (14.5) 80 (17.7) 107 (15.7) 159 (15.8) 192 (14.1) 0.0414

  6-mo 45 (22.4) 42 (19.8) 37 (15.3) 86 (19.1) 115 (16.9) 170 (16.9) 209 (15.4) 0.0106

IV tPA 808 (6.3) 995 (7.3) 1,060 (7.6) 1,347 (8.7) 1,861 (10.2) 2,319 (10.6) 2,586 (11.8)

 HT 100 (12.4) 135 (13.6) 128 (12.1) 148 (11.0) 215 (11.6) 272 (11.7) 325 (12.6) 0.7268

 MCE 69 (8.5) 87 (8.7) 114 (10.8) 120 (8.9) 137 (7.4) 182 (7.9) 210 (8.1) 0.0717

 Discharge disposition

  Home routine 296 (36.6) 387 (38.9) 403 (38.0) 517 (38.4) 742 (39.9) 917 (39.5) 1,037 (40.1) 0.0614

  Home health 52 (6.4) 74 (7.4) 102 (9.6) 122 (9.1) 181 (9.7) 241 (10.4) 325 (12.6) <0.0001

  Skilled nursing facility 146 (18.1) 133 (13.4) 153 (14.4) 206 (15.3) 302 (16.2) 372 (16.0) 386 (14.9) 0.0308

  Transfer to short-term  

  hospital

84 (10.4) 119 (12.0) 95 (9.0) 100 (7.4) 101 (5.4) 132 (5.7) 135 (5.2) 0.0878

  Inpatient rehabilitation 91 (11.3) 124 (12.5) 133 (12.6) 222 (16.5) 273 (14.7) 323 (13.9) 378 (14.6) 0.0183

  Other† 139 (17.2) 158 (15.9) 174 (16.4) 180 (13.4) 262 (14.1) 334 (14.4) 325 (12.6) 0.0002

 Mortality

  30-day 69 (8.5) 71 (7.1) 80 (7.6) 79 (5.9) 116 (6.2) 139 (6.0) 127 (4.9) <0.0001

  60-day 92 (11.4) 100 (10.1) 103 (9.7) 121 (9.0) 158 (8.5) 192 (8.3) 165 (6.4) <0.0001

  90-day 95 (11.8) 106 (10.7) 107 (10.1) 131 (9.7) 168 (9.0) 208 (9.0) 181 (7.0) <0.0001

  6-mo 107 (13.2) 124 (12.5) 120 (11.3) 145 (10.8) 189 (10.2) 237 (10.2) 198 (7.7) <0.0001

IV tPA and MT 88 (0.6) 95 (0.6) 100 (0.6) 150 (0.8) 176 (0.8) 272 (1.0) 382 (1.4)

 HT 25 (29.8) 27 (29.7) 18 (19.2) 37 (25.2) 36 (21.6) 65 (25.5) 82 (22.5) 0.2189

 MCE 19 (22.6) 20 (22.0) 22 (23.4) 32 (21.8) 37 (22.2) 55 (21.6) 64 (17.5) 0.1630

 Discharge disposition

  Home routine 20 (23.8) 17 (18.7) 24 (25.5) 35 (23.8) 43 (25.8) 60 (23.5) 82 (22.5) 0.9880

  Home health 3 (3.6) 4 (4.4) 3 (3.2) 9 (6.1) 10 (6.0) 13 (5.1) 35 (9.6) 0.0108

  Skilled nursing facility 12 (14.3) 16 (17.7) 15 (16.0) 29 (19.7) 26 (15.6) 45 (17.7) 68 (18.6) 0.4559

  Transfer to short-term  

  hospital

12 (14.3) 18 (19.8) 13 (13.8) 12 (8.2) 9 (5.4) 17 (6.7) 27 (7.4) 0.0001

  Inpatient rehabilitation 14 (16.7) 20 (22.0) 16 (17.0) 36 (24.5) 46 (27.5) 52 (20.4) 87 (23.8) 0.2370

  Other† 23 (27.4) 16 (17.6) 23 (24.5) 26 (17.7) 33 (19.8) 68 (26.7) 66 (18.1) 0.4453

 Mortality

  30-day 11 (13.1) 6 (6.6) 5 (5.3) 11 (7.5) 15 (9.0) 32 (12.6) 30 (8.2) 0.7836

  60-day 13 (15.5) 13 (14.3) 8 (8.5) 17 (11.6) 21 (12.6) 44 (17.3) 41 (11.2) 0.8808

  90-day 13 (15.5) 13 (14.3) 8 (8.5) 18 (12.2) 22 (13.2) 46 (18.0) 45 (12.3) 0.8137

CONTINUED ON PAGE 6 »

Unauthenticated | Downloaded 08/26/22 06:01 PM UTC



Anand et al.

Neurosurg Focus Volume 51 • July 20216

AIS care has been the introduction and continued develop-
ment of MT. The use of MT increased significantly after 
the results of landmark trials.7,11,26,27 By demonstrating in-
creased use of MT over time at the population level, using 
large-scale clinical data from 2012 to 2018, we corrobo-
rated and updated previously published trends in increas-
ing MT usage through 2016 and found that these trends 
continued to increase through 2018.16,23 Furthermore, we 
identified that the largest increase in MT rates was be-
tween 2017 and 2018, possibly illustrating the influence 
of the late-window trials published in early 2018.28,29 The 
decreased mortality rate we reported following MT treat-
ment in 2018 compared with 2012 is particularly note-
worthy. Although we cannot directly identify causes of 
decreasing mortality, it is likely that this at least partially 
reflects improvements in MT, such as superior patient se-
lection, device, and procedural learning curves, as well as 
postthrombectomy care. Additionally, broadened indica-
tions for MT may mean patients with less severe strokes 
are receiving MT, with a resultant lower risk of mortality.

Nevertheless, the improvements we report in MT and 
postthrombectomy care alone are likely insufficient to ac-
count for the overall decrease in mortality after AIS. In-
creasing awareness and organization of stroke care likely 
plays a major role in explaining the increased treatment 
rates and improved outcomes found in our study among 

» CONTINUED FROM PAGE 5

TABLE 3. Standardized outcomes of patients with AIS by treatment

Characteristic

No. of Patients (%)

p Value*

2012  

(n = 12,831)

2013  

(n = 13,646)

2014  

(n = 13,898)

2015  

(n = 15,474)

2016  

(n = 18,227)

2017  

(n = 21,826)

2018  

(n = 21,932)

IV tPA and MT (continued)

 Mortality (continued)

  6-mo 14 (16.7) 20 (22.0) 8 (8.5) 18 (12.2) 23 (13.8) 48 (18.8) 48 (13.2) 0.6082

Neither MT nor tPA 11,906 (92.8) 12,530 (91.8) 12,690 (91.3) 13,823 (89.3) 15,852 (87.0) 18,755 (85.9) 18,350 (83.7)

 HT 539 (4.5) 597 (4.8) 614 (4.8) 656 (4.8) 676 (4.3) 876 (4.7) 941 (5.1) 0.1908

 MCE 392 (3.3) 477 (3.8) 524 (4.1) 590 (4.3) 712 (4.5) 890 (4.8) 985 (5.4) <0.0001

 Discharge disposition

  Home routine 4,996 (58.0) 5,147 (41.1) 5,028 (39.6) 5,554 (40.2) 6,201 (39.1) 7,161 (38.2) 6,928 (37.8) <0.0001

  Home health 1,280 (10.8) 1,464 (11.7) 1,416 (11.2) 1,485 (10.7) 1,898 (12.0) 2,407 (12.8) 2,406 (13.1) <0.0001

  Skilled nursing facility 2,426 (20.4) 2,506 (20.0) 2,706 (21.3) 2,797 (20.2) 3,190 (20.1) 3,924 (20.9) 3,733 (20.3) 0.7470

  Transfer to short-term  

  hospital

819 (6.9) 752 (6.0) 751 (5.9) 882 (6.4) 911 (5.8) 936 (5.0) 907 (4.9) <0.0001

  Inpatient rehabilitation 1,023 (8.6) 1,156 (9.2) 1,300 (10.2) 1,486 (10.8) 1,879 (11.9) 2,239 (11.9) 2,307 (12.6) <0.0001

  Other† 1,362 (11.4) 1,505 (12.0) 1,489 (11.7) 1,619 (11.7) 1,773 (11.2) 2,088 (11.1) 2,069 (11.3) 0.0348

 Mortality

  30-day 527 (4.4) 498 (4.0) 568 (4.5) 635 (4.6) 564 (3.6) 677 (3.6) 696 (3.8) <0.0001

  60-day 860 (7.2) 800 (6.4) 886 (7.0) 960 (6.9) 962 (6.1) 1,079 (5.8) 1,015 (5.5) <0.0001

  90-day 992 (8.3) 897 (7.2) 1,002 (7.9) 1,092 (7.9) 1,095 (6.9) 1,211 (6.5) 1,147 (6.3) <0.0001

  6-mo 1,183 (9.9) 1,066 (8.5) 1,208 (9.5) 1,294 (9.4) 1,319 (8.3) 1,481 (7.9) 1,341 (7.3) <0.0001

Boldface type indicates statistical significance.
* Cochran-Armitage test. 

† Includes intermediate care facility, other type of institution for inpatient care, left against medical advice, admitted as inpatient to this hospital, still inpatient expecting 

to return as outpatient or status yet to be defined at the state level, transfer to a federal healthcare facility, hospice (home or medical), transfer within the institution, and 
transfer to a long-term hospital, nursing home facility certified under Medicare, psychiatric hospital, critical access hospital, or another type of healthcare facility.  

FIG. 3. Age-standardized 90-day mortality. Age groups are in years.

Unauthenticated | Downloaded 08/26/22 06:01 PM UTC



Anand et al.

Neurosurg Focus Volume 51 • July 2021 7

all treatment groups. This is evidenced by the fact that pri-
mary stroke centers (PSCs), first established in 2004, have 
been associated with improved outcomes, including a 14% 
decrease in death, 18% decrease in death or institutional-
ized care, and 18% decrease in death or dependency.14,30–32 

By late 2010, an estimated 53% of the US population had 
adequate access to a PSC, and the number of PSCs has con-
tinued to increase since then. In 2012, the first CSCs were 
certified and have since been found to have higher MT 
rates, shorter door-to–IV tPA time, and shorter door-to-MT 

TABLE 4. Outcomes of patients with AIS by treatment and hospital size

Characteristics

No. of Patients (%)

p Value*Large (>249 beds) Medium (101–249 beds) Small (<101 beds)

All patients 60,019 25,296 7,906

 Discharge disposition

  Home routine 23,588 (39.90) 10,091 (39.89) 2,892 (36.58) <0.0001

  Home health 6,780 (11.30) 3,012 (11.91) 939 (11.88) 0.0218

  Skilled nursing facility 11,438 (19.06) 5,263 (20.81) 1,799 (22.75) <0.0001

  Transfer to short-term hospital 3,364 (5.60) 1,614 (6.38) 646 (8.17) <0.0001

  Inpatient rehabilitation 7,772 (12.95) 2,580 (10.20) 611 (7.73) <0.0001

  Other† 7,077 (11.79) 2,736 (10.82) 1,019 (12.89) <0.0001

 Mortality

  30-day 2,694 (4.49) 1,002 (3.96) 345 (4.36) 0.0025

  60-day 4,173 (6.95) 1,508 (5.96) 522 (6.60) <0.0001

  90-day 4,684 (7.80) 1,715 (6.78) 590 (7.46) <0.0001

  6-mo 5,475 (9.12) 2,075 (8.20) 712 (9.01) <0.0001

MT 2,799 399 31

 Discharge disposition

  Home routine 609 (21.76) 97 (24.31) 3 (9.68) 0.1299

  Home health 187 (6.68) 23 (5.76) 7 (22.58) 0.0015

  Skilled nursing facility 491 (17.54) 94 (23.56) 5 (16.13) 0.0138

  Transfer to short-term hospital 254 (9.07) 45 (11.28) 1 (3.23) 0.1847

  Inpatient rehabilitation 628 (22.44) 50 (12.53) 7 (22.58) <0.0001

  Other† 630 (22.51) 90 (22.56) 8 (25.81) 0.9089

 Mortality

  30-day 277 (9.90) 39 (9.77) 7 (22.58) 0.0637

  60-day 410 (14.65) 55 (13.78) 8 (25.81) 0.1897

  90-day 435 (15.54) 59 (14.79) 8 (25.81) 0.2644

  6-mo 476 (17.01) 62 (15.54) 8 (25.81) 0.3169

IV tPA 6,547 1,974 316

 Discharge disposition

  Home routine 2,548 (38.92) 814 (41.24) 114 (36.08) 0.0875

  Home health 619 (9.45) 198 (10.03) 41 (12.97) 0.1023

  Skilled nursing facility 992 (15.15) 329 (16.67) 47 (14.87) 0.2526

  Transfer to short-term hospital 440 (6.72) 162 (8.21) 26 (8.23) 0.0579

  Inpatient rehabilitation 963 (14.71) 213 (10.79) 50 (15.82) <0.0001

  Other† 985 (15.05) 258 (13.07) 38 (12.03) 0.0410

 Mortality

  30-day 425 (6.49) 110 (5.57) 17 (5.38) 0.2714

  60-day 589 (9.00) 144 (7.29) 22 (6.96) 0.0356

  90-day 629 (9.61) 158 (8.00) 23 (7.28) 0.0477

  6-mo 699 (10.68) 180 (9.12) 25 (7.91) 0.0516

Boldface type indicates statistical significance.
* Cochran-Armitage test. 

† Includes intermediate care facility, other type of institution for inpatient care, left against medical advice, admitted as inpatient to this hospital, still inpatient expecting 

to return as outpatient or status yet to be defined at the state level, transfer to a federal healthcare facility, hospice (home or medical), transfer within the institution, and 
transfer to a long-term hospital, nursing home facility certified under Medicare, psychiatric hospital, critical access hospital, or another type of healthcare facility.  
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time than PSCs.33 It is possible that the decreased rate of 
transfers in recent years seen in our data set reflects the in-
creased accessibility of PSCs and CSCs across the country.

Alternatively, the improved mortality rates may re-
flect differences in hospital presentation with mild stroke, 
differences in the diagnosis of mild stroke, or changes 
in admission/discharge or insurance coding practices. 
For example, it is possible that practitioners are admit-
ting patients with milder strokes or transient ischemic 
attacks and classifying the conditions as AIS. This may 
contribute to the considerable increase in patients with 
AIS identified in our database from 2012 to 2018, against 
a backdrop of putatively declining stroke incidence. It is 
also possible that practitioners are withdrawing care less 
frequently and potentially artificially deflating the mor-
tality rate. Another possibility is that our entire study 
population has become a healthier population in recent 
years, contributing to better outcomes. Further investiga-
tions are necessary to assess the plausibility of these and 
other possible explanations.

Despite these advancements in stroke treatment, orga-
nized stroke care, and patient education, stroke remains 
the second leading cause of death in the world.1,2 Stroke 
mortality has steadily decreased over the last few decades; 
however, studies have found that these declines in stroke 
mortality may be slowing or even reversing.15,21 Hall et al.34 
suggested this stagnation in stroke mortality may be sec-
ondary to an increasing mortality in middle-aged (35–64 
years) adults with ischemic stroke. While these changes 
are largely understood to represent declining stroke inci-
dence, it is possible that declining case fatality may also 
be contributing. Fitting with the overall trends in stroke 
mortality, our data show a reduction in overall case fatal-
ity, no change in case fatality among patients younger than 
70 years of age hospitalized with stroke, but a significant 
reduction in case fatality in those older than 70 years.

Our study also found that medium-sized hospitals were 
associated with the lowest mortality rates in patients with 
AIS. While statistically significant, the clinical relevance 
of this finding is questionable, as the sample sizes were 
large and the absolute difference in mortality rates was 
less than 1%. It is possible that this difference in mor-
tality reflects the expansion and subsequent benefit of 
stroke units into smaller community hospitals in recent 
years.35 Another possibility is that “large” hospitals rep-
resent larger tertiary care centers with the sickest stroke 
patients in our cohort, whereas “small” hospitals likely 
transfer many stroke patients to other centers for care, 
possibly excepting some devastating strokes beyond treat-
ment, both of which would contribute to higher mortality 
rates. Moreover, we suspect that no differences were seen 
in mortality in patients treated with MT likely because 
of the small sample size of those patients in general and 
especially at small hospitals. Given the trend toward sig-
nificance of worse outcomes among patients treated with 
MT at small hospitals compared with large health sys-
tems (30-day mortality 22.6% vs 9.9%, p = 0.0637; and 
disposition to home 9.7% vs 21.8%, p = 0.1299), as more 
data are collected on these parameters we would expect 
a clearer relationship between hospital size and outcomes 
following MT.

Limitations and Generalizability

The shortcomings of administrative data in general in 
stroke outcomes research have been well described.36,37 
Most prominently, stroke severity is not reflected in billing 
data, and functional outcomes after stroke are difficult to 
measure. Thus, we were unable to correlate our mortal-
ity data to individual patient stroke severity. Similarly, the 
database does not include hospital information such as the 
location or type of hospital or, importantly, stroke center 
status. Billing classification of a stroke diagnosis also in-
troduces uncertainty for mild strokes, as those classified as 
having a primary diagnosis of ischemic stroke may vary 
between institutions and over time. Coding for treatments, 
including MT and tPA, however, is less ambiguous. The 
inclusion of more mild strokes under the stroke primary 
diagnosis codes later in the study could account for some 
of the improvement seen in mortality but would also be 
expected to lower MT and tPA treatment rates, when in 
fact the opposite was seen. A combination of these effects 
cannot be excluded.

Another major shortcoming of using administrative 
data is the inability to capture functional outcomes such 
as modified Rankin Scale (mRS) scores. To estimate func-
tional status using large databases, authors generally use 
discharge disposition as a surrogate for the mRS score. One 
study found significant correlations between discharge dis-
positions and mRS scores.38 Specifically, its authors found 
discharge to nursing home and rehabilitation facilities to 
be predictive of unfavorable outcome (mRS scores 2–6) 
and discharge home to be predictive of favorable outcome 
(mRS scores < 2). While data sets such as registries of more 
granular information such as mRS scores are certainly de-
sirable, discharge disposition currently provides valuable 
information on functional status in poststroke patients.

The generalizability of our results is limited, as the 
study was restricted to a privately insured population. This 
included both those with private insurance only and those 
with a private insurance supplement to Medicare. In 2018, 
roughly only two-thirds of Americans had private health 
insurance. Furthermore, insurance status plays a significant 
role in ischemic stroke outcomes and time to presentation 
for treatment, likely because uninsured and Medicare/
Medicaid patients generally have a higher number of co-
morbidities and risk factors for stroke.39 While having only 
privately insured patients does control somewhat for varia-
tion, we would also expect these patients to be healthier 
compared with the overall US patient population, and this 
may be reflected in decreased mortality rates and increased 
treatment rates.

Conclusions
During the study period, the use of tPA and MT for 

AIS significantly increased while mortality following 
AIS significantly decreased. The most dramatic decrease 
in mortality was observed in the population of patients 
treated with MT, followed by the IV tPA treatment and no-
treatment groups. Trends in age-standardized mortality re-
vealed a significant decrease in mortality in older patients 
(≥ 71 years) with AIS and no significant trends in mortality 
in younger patients (18–70 years) with AIS. Further inves-
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tigation is necessary to identify the most significant factors 
contributing to these trends.
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