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Dear Sir:

The advent of mechanical thrombectomy (MT) in 2015 drasti-
cally changed the treatment of acute stroke.1 The correspond-
ing guidelines were revised in 2019 to broaden the scope of MT 
within 24 hours of symptom onset.2 In previous studies, MT 
have improved the prognoses of patients in real-world clinical 
settings.3,4 Using nationwide representative data, this study 
aimed to evaluate the national trends in clinical outcomes of 
patients treated with endovascular therapy (ET) in South Korea.

From the Korean National Health Insurance Service data-
base,5 we extracted the claims data of patients aged >45 years 
who were hospitalized due to cerebral infarction (International 
Classification of Diseases, 10th revision, code: I63) and under-
went ET (based on the registered procedure codes) between 
2007 and 2017. We categorized the analysis period as follows: 
the “non-advanced MT period (January 2008 to December 
2010),” when stent retrievers were rarely used; “transitional 
period (January 2011 to July 2014),” when stent retrievers were 
used off-label and were not reimbursed; and the “MT period 
(August 2014 to December 2016),” when the insurance claims 
data verified the frequency of stent retriever use. We catego-
rized the status of discharge to home as a good outcome and 
statuses of cerebral hemorrhage, disability, and death as poor 
outcomes. SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) 
was used to perform statistical analysis. Methods are provided 
in detail in the Supplementary methods. This study was ap-
proved by the Institutional Review Board of the National Health 

Insurance Service Ilsan Hospital (NHIMC 2019-01-006).
Between 2008 and 2016, a total of 12,501 patients with 

acute ischemic stroke were treated with ET. In 2015, ET was 
administered at a higher rate than that in the previous year. 
During the study period, the annual rate of discharge to home 
significantly increased, whereas the rates of cerebral hemor-
rhage, disability, and death significantly decreased (P<0.0001) 
(Figure 1). The rate of home discharge was 35.8% in 2008 and 
43.8% in 2016. The 3-month mortality rate was 27.2% in 2008 
and 19.7% in 2016. The ratio of patients receiving surgery for 
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Figure 1. Annual trends among patients treated for ischemic stroke with 
endovascular therapy (ET) from 2008 to 2016 and their outcomes. All P-
values were <0.0001 on the Cochran-Armitage trend test.
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cerebral hemorrhage within 30 days gradually decreased from 
6.8% in 2008 to 1.8% in 2016. Furthermore, the rate of dis-
ability was 36.8% in 2008 and 21.7% in 2016.

A period-based analysis revealed that the patients’ average 
age and the prevalence of risk factors increased gradually dur-
ing the study period. The highest proportion of comorbidities 
and Charlson comorbidity index was noted in the MT period. 
The rate of home discharge increased and the mortality rates 
decreased continuously from the non-advanced MT period to 
the MT period. Additionally, the ratio of the patients receiving 
surgery for cerebral hemorrhage after ET decreased during the 
study period. The rate of disability after ischemic stroke also 
showed a significant decrease from the non-advanced MT pe-
riod to the MT period (Table 1). The 1-year survival rate tended 
to increase from the non-advanced MT period to the MT period 
(P<0.0001) (Figure 2). After adjusting for age, sex, comorbidi-

ties, and use of tissue plasminogen activator, the risk of death 
and disability were significantly lower in the MT and transi-
tional periods than in the non-advanced MT period. Logistic 
regression analysis adjusted for the same covariates revealed 
the MT period was an independent predictor of home discharge 
(Supplementary Table 1). 

In agreement with other studies,3,4 our analysis of the na-
tionwide data showed that the patients treated with ET had 
better outcomes in the MT period than in the non-advanced 
MT period. Over time, the baseline prognostic characteristics, 
reflected by age and comorbidities, got worse; however, the 
outcomes of the patients generally improved; this was sup-
ported by the annual trend analyses (Supplementary Table 2).

In this study, the rates of mortality, disability, and cerebral 
hemorrhage decreased with the increased application of ET. 
The 3-month mortality rate in the MT period observed in the 

Table 1. Baseline characteristics and outcomes of patients according to the period of endovascular therapy adoption

Characteristic
Non-advanced 

MT period
Transitional  

period
MT period P

Standardized difference (%)

Non-advanced MT 
period and

transitional period

Non-advanced MT 
period

and MT period

Transitional period
and MT period

Number 3,028 4,113 5,360

Male sex 1,691 (55.8) 2,246 (54.6) 2,968 (55.4) 0.5619 2.490 0.951 –1.539

Age (yr) 69.00±10.70 70.97±10.81 71.08±11.02 <0.0001 –18.294 –19.158 –1.032

<60 630 (20.8) 706 (17.2) 931 (17.4) <0.0001 9.293 8.753 –0.541

60–69 785 (25.9) 938 (22.8) 1,251 (23.3) 7.270 6.003 –1.267

70–79 1,124 (37.1) 1,519 (36.9) 1,850 (34.5) 0.390 5.436 5.045

≥80 489 (16.1) 950 (23.1) 1,328 (24.8) –17.563 –21.507 –3.935

Hypertension 2,119 (70.0) 3,192 (77.6) 4,125 (77.0) <0.0001 –17.410 –15.857 1.548

Diabetes mellitus 975 (32.2) 1,807 (43.9) 2,574 (48.0) <0.0001 –24.346 –32.713 –8.211

Dyslipidemia 1,147 (37.9) 2,400 (58.4) 3,648 (68.1) <0.0001 –41.861 –63.435 –20.234

Atrial fibrillation 1,411 (46.6) 2,137 (52.0) 2,861 (53.4) <0.0001 –10.734 –13.588 –2.844

Ischemic heart disease 798 (26.4) 1,465 (35.6) 2,007 (37.4) <0.0001 –20.136 –23.964 –3.791

Chronic kidney disease 202 (6.7) 373 (9.1) 427 (8.0) 0.0011 –8.913 –4.975 3.950

CCI >5 1,255 (41.4) 2,410 (58.6) 3,427 (63.9) <0.0001 –34.812 –46.233 –10.982

Intravenous tPA 1,025 (33.9) 1,283 (31.2) 2,032 (37.9) <0.0001 5.674 –8.472 –14.160

3-month mortality 777 (25.7) 903 (22.0) 1,045 (19.5) <0.0001 8.709 14.784 6.068

1-year mortality 1,046 (34.5) 1,239 (30.1) 1,414 (26.4) <0.0001 9.461 17.808 8.322

Cerebral hemorrhage (I61) 195 (6.4) 152 (3.7) 133 (2.5) <0.0001 12.536 19.264 7.023

Cerebral hemorrhage 
(operation)

149 (4.9) 112 (2.7) 102 (1.9) <0.0001 11.481 16.681 5.458

Disability 1,016 (33.6) 1,092 (26.5) 1,254 (23.4) <0.0001 15.320 22.653 7.292

Home discharge without 
events

1,086 (35.9) 1,632 (39.7) 2,233 (41.7) <0.0001 –7.873 –11.916 –4.034

Home discharge and re-ad-
mission within 30 days

48 (1.6) 71 (1.7) 67 (1.3) 0.1938 –1.105 2.836 3.934

Home discharge and death 
within 30 days

113 (3.7) 99 (2.4) 109 (2.0) <0.0001 7.686 10.163 2.535

Values are presented as number (%) or mean±standard deviation.
MT, mechanical thrombectomy; CCI, Charlson comorbidity index; tPA, tissue plasminogen activator.
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current study was higher than that reported in a meta-analysis 
of pivotal clinical trials,6 but it was lower than that reported in 
a real-world data study.7 The 3-month mortality rate during 
the transitional period was similar to that reported by a study 
performed around the time when stent retrievers were intro-
duced.8 We could not verify the clinical data from this claim 
data; therefore, we used disability registration data following 
cerebral injury rather than modified Rankin Scale (mRS) to 
evaluate patient prognosis. The ratio of patients with an mRS of 
3–5 (vs. 0–2) at 3-months in the meta-analysis of clinical stud-
ies and real-world data was higher than the rate of patients 
with cerebral injury-related disability among the patients in the 
national database used in our study.6,7 This difference could 
possibly because some patients with an mRS of 3–5 at 3 
months would have returned to their daily lives after rehabili-
tation. When patients survive with a disability after a stroke 
event, their direct medical costs and indirect social costs in-
crease.9 Therefore, verifying decreases in the number of such 
disabled patients is meaningful.

This study has several limitations. We used insurance claims 
data rather than well-designed clinical trial or prospective reg-
istry data. Therefore, we were unable to adjust for detailed and 
important prognostic factors such initial National Institutes of 
Health Stroke Scale scores, occlusion sites, recanalization sta-
tus, and interval from symptom onset to recanalization. In ad-
dition, we were unable to verify the precise number of patients 
who received ET in the period when solitaire stents, the most 

common ET instrument, were only used off-label or when the 
solitaire stents were not covered by insurance. Improved out-
comes of patients treated with ET in the transitional period 
compared to those of patients treated with ET in the non-ad-
vanced MT period is likely attributed to the increasing use of 
MT. However, we had no data on the proportion of patients 
treated with MT during the transition period and our interpre-
tation is not supported by formal analysis.

In conclusion, our analysis of nationwide insurance data ver-
ified that the rates of mortality and disability associated with 
stroke have decreased with the increasingly widespread adop-
tion of stent retrievers.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2020.01928.
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Supplementary methods

Study population
We used data from the Korean National Health Insurance da-
tabase, which has data on 97% of the South Korean popula-
tion. We extracted all insurance claims data of patients aged 
>45 years who were hospitalized due to cerebral infarction 
(International Classification of Diseases, 10th revision, code 
[ICD-10 code]: I63) as the main or first subdiagnosis between 
2007 and 2017. After considering the washout and follow-up 
periods, we excluded data from the years 2007 and 2017. Fur-
ther, we sorted the claims data by procedure codes related to 
thrombectomy and determined whether a tissue plasminogen 
activator (tPA) was used during thrombectomy in these pa-
tients by referring to the Anatomical Therapeutic Chemical 
Classification System code B01AD02 or product code 
653500661.

We classified the patients based on tPA use and the period 
when endovascular therapy (ET) was performed. It was estimat-
ed that off-label stent retrievers were used in South Korea be-
tween October and December of 2010. Even though its usage 
was officially approved, stent retrievers were not reimbursed by 
the South Korean National Health Insurance between May 
2013 and July 2014. Therefore, we categorized the period when 
stent retrievers were rarely used as the “non-advanced MT peri-
od (January 2008 to December 2012)”; when we could not pre-
cisely identify stent retriever usage as the “transitional period 
(January 2011 to July 2014)”; and when the insurance claim 
data verified the frequency of stent retriever use as the “MT pe-
riod (August 2014 to December 2016).”

This study was approved by the Institutional Review Board of 
the National Health Insurance Service Ilsan Hospital (NHIMC 
2019-01-006).

Outcome and covariates 
Good outcomes were defined as discharge of patients to their 
homes after 30 days without significant issues such as death 
or rehospitalization. To screen patients with good outcomes, 
we tracked the insurance claims of patients who were dis-
charged home after hospitalization for stroke treatment. To in-
crease the reliability of good outcomes, we excluded patients 
who had died within 30 days of discharge and those who had 
claimed rehospitalization under either ICD-10 code I63 or I61 

within 30 days of discharge because their prognosis was ex-
pected to be poor even if they experienced recurrence or were 
rehospitalized for rehabilitation.

Poor outcomes were defined as cerebral hemorrhage after 
the procedure, significant disability, and death. To identify the 
incidence rate of cerebral hemorrhage, we screened patients 
with insurance claims of ICD-10 code I61 as the main diagno-
sis, as the first subdiagnosis, or with a procedure code related 
to cerebral hemorrhage within 30 days of ET. The procedure 
codes used for screening were N0322 (burr Hole), N0333 (cra-
niectomy), and S4756/S4622 (hematoma removal). We tracked 
deaths within 3 months and 1 year of ET using mortality data. 
In South Korea, the registration of disability is possible when at 
least 6 months have passed from the time of the stroke event, 
permitting patients to register for the cerebral injury disability. 
We further excluded patients who received ET in 2017 as we 
could not track their deaths within 1 year or their status of dis-
ability registration for cerebral injury from the selected data. 
Consequently, we analyzed patients and outcome variables by 
year and then conducted a comparison analysis based on the 
non-advanced MT, transitional, and MT periods.

We identified the comorbidities (hypertension, diabetes mel-
litus, dyslipidemia, and atrial fibrillation) that could increase 
the risk of stroke and, thus, affect the prognosis and the risk 
factors of patients from the insurance claims data prior to ET 
treatment and during hospitalization for ET. We analyzed the 
Charlson comorbidity index of patients to verify the influence 
of comorbidities on death.

Statistical analysis
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for 
data analysis. To compare descriptive statistics and the fre-
quency of risk factors, one-way analysis of variance and the 
chi-square test were used. To compare the distribution of base-
line covariates between the analysis periods, we used the stan-
dardized differences test. To confirm the difference in the incli-
nations of the outcome variables by year, we performed the 
Cochran-Armitage trend test. We performed a time-dependent 
Cox proportional hazard regression analysis to identify the risk 
factors for death and cerebral injury disability. To identify the 
factors related to home discharge, multiple logistic regression 
analysis was used. P-values of <0.05 for the two-sided tests 
were considered to indicate statistical significance.


