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Background : As intravenous thrombolysis (IVT) has very restricted in-
clusion criteria, eligible patients of IVT constitute a very small proportion 
and studies about their mortality are rare. The long-term mortality in a 
patients with contraindication of ineligible patients of IVT still under the 
debate. So, we investigated the proportion of patients with contra-
indication of IVT and the short and long-term mortality of them in AIS 
on emergency department comparing with the long-term effect of IVT in 
patients with moderate-to-severe stroke.
Methods : Using acute stroke assessment indication registry & Health 
Insurance Review and Assessment Service database, a total of 5,407 pa-
tients with NIHSS≥5 were selected from a total of 169 acute stroke care 
hospital nationwide during October-December 2011 and March-June 
2013. We divided AIS patients into two groups: 1) IVT group who re-
ceived IVT within 4.5 hours, and 2) non-IVT group who did not receive 
the IVT because of contraindications. And we divided the subgroups ac-
cording to the reason of contraindication of IVT. The 5-year survival rate 
of each group was assessed using Kaplan-Meyer survival analysis.
Results : Of the 5,407 patients, a total of 1,027 (19%) patients who re-
ceived IVT using r-tPA within 4.5 h after onset. Compared with the IVT 
group, hazard ratios of non-IVT group were 1.33 at 3 months, 1.53 at 1 
year and 1.47 at 5 years (p<.001). A total of 4,380 patients did not re-
ceive IVT because of the following contraindications to IVT. 1) Time re-
striction: 3,378 (77.1 %) patients were admitted after 4.5 h following 
stroke onset, and 144 (3.3%) patients failed to determine the stroke onset 
time. 2) Mild symptoms:137 (3.1%) patients had rapid improvement or 
mild stroke on emergency room, 3) Bleeding diathesis or non-adjustable 
hypertension: 53 (1.2%) patients showed a bleeding tendency or severe 
hypertension. Compared with the IVT group, the subgroups of non-IVT 
group showed consistently high mortality during short and long term fol-
low up. Mild symptom and bleeding diathesis or non-adjustable hyper-
tension subgroup in the non-IVT group consistently showed the higher 
mortality than time restriction subgroup during the short and long-term 
follow-up (log-rank p<.001). Patients who had rapid improvement or mild 
stroke on emergency department had the higher mortality than time re-
striction group in short and long term follow up.
Conclusion : The AIS patients with rapid improvement or mild stroke on 
emergency room had higher mortality than ineligible patients of IVT due 
to time restriction during the short and long-term follow-up. A further 
management and special support on emergency department is needed 
for these patients with initially mild stroke and rapid improvement in AIS 
to reduce the poor outcome.
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INTRODUCTION

Intravenous thrombolysis (IVT) using recombinant 

tissue plasminogen activator (r-tPA) is a primary 

treatment for acute ischemic stroke (AIS). It is asso-

ciated with improved functional outcome at 3 months. 

However, it is still debated whether IVT reduces the 

mortality or improved the functional outcome during 

long-term follow-up. In addition, most large random-

ized controlled studies had investigated with a lim-

ited period until 3 or 12 months.16) Although the 

Third International Study of Stroke (IST-3) analyzed 

the efficacy of IVT on functional outcomes for 18 

months, this study failed to reduce the mortality at 

18-month follow-up.17) 

Despite large-scale international observational stud-

ies over the past 20 years demonstrating the benefit of 

IVT using r-tPA as a standard treatment for AIS, the 

indications for IVT remain unchanged since the National 

Institute of Neurological Disorder and Stroke (NINDS) 

trial.18) As IVT has very restricted inclusion criteria 

and has a narrow time window, small proportion of 

patients are eligible for IVT. Mechanical thrombec-

tomy become a main treatment for AIS since positive 

results of many randomized control study. Therefore, 

re-establishment of indication or contraindication of 

IVT is needed after studying the prognosis of patients 

who failed to receive IVT following AIS. 

Previous studies were limited in representing gen-

eral population because they were performed at ex-

pert stroke centers with well-designed protocols. 

Clinical trial results should be generalized to patients 

treated in routine clinical practice, which also needs 

to be confirmed during long-term follow-up in gen-

eral population. Due to these limitations of previous 

studies, the influence of IVT should be investigated to 

determine the absolute and relative contraindications 

for the procedure. Since most of these studies pre-

sented short-term outcomes (within 6 months), 

long-term studies of IVT in large-sized samples are 

needed.

We investigated the differences in long-term prog-

nosis between patients who received IVT and those 

who did not due to contraindications. To assess the 

differences in mortality based on the contra-

indications, we studied the short and long-term mor-

tality of each AIS patient who was admitted to emer-

gency rooms. Using Health Insurance Review & 

Assessment Service (HIRA) database and acute stroke 

assessment indication data, we collected the data of 

patients with AIS who were admitted to 169 hospitals 

involving 100 beds during 2011 until 2013. These data 

included all patients who were admitted for AIS 

within 7 days after symptom onset. The data involve 

patients enrolled with acute stroke assessment in-

dication registry at almost all the acute stroke care 

hospitals in Korea to assess the quality of acute stroke 

care. Therefore, these data are very reliable and repre-

sent the results of long-term follow-up.

Subjects and methods 
2.1 Data source

Government of Korea have a policy with national 

health insurance to improve the health and reduce the 

mortality of people. Acute stroke assessment in-

dication registry is also one of representative policy 

including most stroke care hospitals nationwide. This 

registry is that HIRA has estimated the quality of 

management for AIS patients during a 3-month peri-

od each year since 2007. Data for this study were ob-

tained and all AIS cases were analyzed from the NHI 

claims database linked with the HIRA database dur-

ing October-December 2011 and March-June 2013. 

We defined as an AIS patient who was diagnosed 

with ischemic stroke (ICD-10:163) as the first-onset 

stroke and was admitted via emergency room during 

the study period. A total of 5,407 patients above the 

age of 18 years were selected from a total of 169 med-

ical institutions. Enrolled hospitals were randomly se-

lected from the hospitals with at least 100 beds and 

more than 10 AIS patients per year. We collected clin-

ical data and medical records of AIS patients sent au-

tomatically to HIRA. And we collected data about the 
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mortality of selected patients using both the admin-

istrative data and HIRA. So, these data are regarded 

as very highly reliable and accurate for study about 

the long term mortality. 

2.2 Study population and grouping
A total of 24,469 inpatients were admitted via emer-

gency room in 2011 (October to December) and 2013 

(March to June). Of these, 14,658 of AIS patients 

(Tenth International Classification of Diseases: I63) 

were admitted within 7 days of symptom onset. 

Patients over the age of 18 years and with ˃5 NIHSS 

score (moderate or severe acute ischemic stroke) on 

onset of stroke who were not hospitalized for an is-

chemic stroke or related illnesses in the past year, 

were included in the study. The reason why mild AIS 

patients (NIHSS 0~5) were excluded is that patients 

for active management using IVT had indication with 

˃5 NIHSS score for treatment of AIS at the period 

(from 2011 to 2013) in Korea. So, we excluded the pa-

tients with low NIHSS (≤5) at emergency department 

because they are possible to have a transient ischemic 

attack or misdiagnosis of acute ischemic stroke. These 

patients are prone to exclude the IVT regarding as 

high chance of development of the hemorrhagic com-

plication in acute ischemic stroke before endovascular 

thrombectomy era (2015).

A total of 5,407 patients were selected as subjects 

finally. We divided AIS patients into two groups: 1) 

IVT group including patients who received IVT with-

in 4.5 h after symptom onset, and 2) non-IVT group 

including patients who did not receive IVT because of 

contraindication to IVT. According to reason of con-

traindication of IVT, non-IVT group were divided into 

4 subgroups; 1) time restriction: delayed arrival time 

> 4.5 h after stroke onset or unknown onset time, 2) 

Mild symptoms: rapid improvement or mild stroke 

on emergency department, 3) Bleeding diathesis or 

non-adjustable hypertension: platelet < 100,000, active 

Partial Thromboplastin Time (aPTT) > 40 s, International 

Normalized Ratio (INR) > 1.7 or non-adjusted hyper-

tension (systolic blood pressure 180 mmHg), 4) others 

(intracranial hemorrhage or treatment refusal).

2.3 Measurement of Variables 
Patient-related factors included age, sex, type of 

health insurance, medical history (atrial fibrillation, 

smoker), Charlson Comorbidity Index, stroke severity 

(National Institutes of Health Stroke Scale, NHISS), 

arrival time, arrival mode (EMS, private vehicle), 

stroke onset time (last normal time, first abnormal 

time), and medications prior to admission. 

Hospital-related factors included medical facility type, 

hospital location, number of beds, and the presence of 

stroke unit. Intervention-related factors including the 

door-to-image time, initiation time of tPA treatment 

(onset-to-needle time, door-to-injection time), tPA 

complications, mechanical thrombectomy, and in-hos-

pital mortality were collected by well-trained hospital 

researchers. Stroke severity was measured according 

to the NIHSS. 

2.4 Statistical analysis
Patient demographics, clinical variables and clinical 

outcomes were compared between the 2 groups (one 

IVT group and four non-IVT groups). Percentages and 

mean standard deviations or median interquartile 

ranges (IQRs) were reported for categorical and con-

tinuous variables, respectively. The Pearson x2 test 

and Wilcoxon rank-sum tests were used to compare 

the categorical and continuous variables, respectively. 

Multivariable Cox regression analyses were per-

formed to explore the relationship between the use of 

IVT and clinical outcome, including (1) mortality at 3 

months, (2) mortality at 1 year, and (3) mortality at 5 

years adjusted for patient-, hospital-, and inter-

vention-related factors. All P values were 2-sided and 

statistical significance was defined as P < .05. The sur-

vival rate in the non-IVT group was evaluated ac-

cording to subgroups and the reason for contra-

indication of IVT during 5 years using Kaplan-Meyer 

survival analysis. The Kaplan-Meyer survival analyses 

were performed using SAS (9.4) software (SAS in-

stitute, Cary, NC, USA). 
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RESULTS 

3.1 Baseline characteristics 
Of the 5,407 patients, 51.7% were male and the 

mean age was 71.3±12.2 years. A total of 1,027 (19%) 

patients who received IVT using r-tPA within 4.5 h 

after onset, and 460 (8.5%) patients received MT. 

Among 809 (15%) who received only tPA, 218 (4%) 

received MT after tPA, and 242 (4.5%) only received 

MT after 4.5 h. The proportion of patients with an on-

set-to-door time (OTD) ≤ 2 h were approximately 1446 

(26.7%), of whom 923 (89.9%) received IVT. A total of 

4,871 (90.1%) patients underwent imaging within 1 

hour (door-to-image time ≤ 1hr); 1,729 (33.2%) pa-

tients had accompanying arterial fibrillation, and 

3,709 (68.6%) patients arrived via EMS. The average 

NIHSS of patients who received IVT was higher than 

patients who did not receive IVT. All baseline charac-

teristics are summarized in Table 1. Mean follow up 

period was 4.5 years (range 3.6-5.3 years).

3.2 Contraindications to IVT 
A total of 4,380 patients did not receive IVT because 

of the following contraindications to IVT. 1) Time re-

striction: 3,378 (77.1 %) patients were admitted after 

4.5 h following stroke onset, and 144 (3.3%) patients 

failed to determine the stroke onset time. 2) Mild 

symptoms:137 (3.1%) patients had rapid improvement 

or mild stroke on emergency room, 3) Bleeding dia-

thesis or non-adjustable hypertension: 53 (1.2%) pa-

tients showed a bleeding tendency or severe hyper-

tension, and 4) Others: abnormal ICH or SAH upon 

initial imaging or treatment refusal occurred in 111 

(2.5%) patients. The reasons of non-IVT group are 

summarized in Table 2.

3.3 Analysis of factors influencing mortality
Compared with the IVT group, the 3-month HR of 

non-IVT group were 1.33, and HR was 1.53 and 1.47 

at 1 year and 5 year, respectively (p<.001). The group 

that did not receive MT showed higher 3-month, 1- 

and 5-year HRs of 1.40, 1.36, and 1.28, respectively 

(p<.01). Among factors influencing long-term mortal-

ity, patients aged ≥70 years had a higher HR com-

pared with patients ≤ 45 years of age (p<.01). Patients 

with high NIHSS 22-42 showed a higher HR and in 

particular, compared with patients with a score rang-

ing from 5 to 7 (p<.001). The HR of the EMS group 

was higher than that of the non-EMS group. The HR 

of patients with accompanying arterial fibrillation was 

higher than those without arterial fibrillation (p<.001). 

The medical aid group had higher HR than the health 

insurance group (p<.001). Factors influencing the 

short and long-term mortality on AIS are summarized 

in Table 3.

3.4. Survival rates of IVT and non-IVT groups during 
long-term follow-up

Compared with the IVT group, both time-restricted 

and mild symptom subgroups in the non-IVT group 

manifested a lower survival rate during 5 years. 

Bleeding diathesis or non-adjustable hypertension 

subgroup had the lowest survival rate during 

long-term follow-up (log-rank p<.001). Interestingly, 

we could fine the IVT group as well as each group 

consistently affect not only the short-term, but also 

the long-term prognosis in patients of AIS (Fig 1).

DISCUSSION

Our result showed the current status of acute stroke 

management in Korea and the long term mortality ac-

cording to acute management on emergency depart-

ment using very reliable data of HIRA and acute 

stroke assessment indication registry. Using reliable 

and valid data in stroke registry and information col-

lected by HIRA, we showed that the rate of IVT in 

AIS was also low at 19% despite good medical and 

hospital access in Korea. In addition, the long-term 

mortality of non-IVT group was higher than in IVT 

group. Especially, the two subgroups with mild 

symptoms and bleeding diathesis or non-adjustable 

hypertension as contraindications to IVT showed very 

high mortality consistently during short and long- 

term follow-up. This result may suggest that contra-
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indications to IVT should be revised or indications for 

IVT should be broadened to reduce the poor out-

comes in AIS. A few studies also reported that minor 

contraindications to IVT are not dangerous and rela-

Variables, N (%)
Total IVT Non-IVT P

n=5,407 n=1,027 n=4,380 Value

Patient level
Age, mean (SD), y
  18-45
  46-59
  46-69
  ≥70

  71.3 (12.2)
 161 (3.0)

  770 (14.2)
1,079 (20.0)
3,397 (62.8)

68.1 (12.4)
52 (5.1)

191 (18.6)
234 (22.8)
550 (53.6)

 72.1 (12.0)
109 (2.5)

 579 (13.2)
 845 (19.3)
2,847 (65.0)

<.01
<.01

Male, sex
Female, sex

2,873 (53.1)
2,534 (46.9)

610 (59.4)
417 (40.6)

2,263 (51.7)
2,117 (48.3)

<.01
　

Health insurance type
  Health insurance
  Medical aid

4,925 (91.1)
482 (8.9)

959 (93.4)
68 (6.6)

3,966 (90.6)
414 (9.5)

0.01

NIHSS, mean (SD), score
5-7
8-13
14-21
22-42

11.5 (6.3)
2,017 (37.3)
1,634 (30.2)
1,319 (24.4)

437 (8.1)

12.4 (6.0)
 276 (26.9)
 340 (33.1)
 327 (31.8)

 84 (8.2)

11.2 (6.4)
1,741 (39.8)
1,294 (29.5)
992 (22.7)
353 (8.1)

<01
<.01

Medical history
  Smoker
  Atrial fibrillation/flutter
  Intracranial hemorrhage
  Seizure

2,123 (39.3)
1,797 (33.2)
  96 (1.8)
  53 (1.0)

430 (41.9)
429 (41.8)

23 (2.2)
 6 (0.6)

1,693 (38.7)
1,368 (31.2)
  73 (1.7)
  47 (1.1)

0.16
<.01
0.24
0.36

CCI, score
  0
  1
  2
  ≥3

  829 (15.3)
1,503 (27.8)

810 (15)
2,265 (41.9)

129 (12.6)
286 (27.8)
156 (15.2)
456 (44.4)

  700 (16.0)
1,217 (27.8)
  654 (14.9)
1,809 (41.3)

<.01

Assessment level
Onset to door time
  ≤2hr
  >2hr
  Unknown

1,443 (26.7)
3,820 (70.7)

144 (2.7)

923 (89.9)
104 (10.1)

  520 (11.9)
3,716 (84.8)
 144 (3.3)

<.01

Mechanical thrombectomy 460 (8.5) 218 (21.2) 242 (5.5) <.01

Arrival mode
  EMS
  No EMS

3,709 (68.6)
1,698 (31.4)

804 (78.3)
223 (21.7)

2,905 (66.3)
1,475 (33.7)

<.01

Door to image time
  ≤1hr
  >1hr

4,871 (90.1)
536 (9.9)

1,020 (99.3)
   7 (0.7)

3,851 (87.9)
  529 (12.1)

<.01
　

Hospital level
Medical facility type
  Tertiary general hospital
  General hospital

3,026 (56)
2,381 (44)

615 (59.9)
412 (40.1)

2,411 (55.1)
1,969 (45.0)

　

0.01

Hospital location
  urban
  rural

3,279 (60.6)
2,128 (39.4)

613 (59.7)
414 (40.3)

2,666 (60.9)
1,714 (39.1)

0.49

No. of beds
  ≤ 500
  ＞500

1,054 (19.5)
4,353 (80.5)

176 (17.1)
851 (82.9)

 878 (20.1)
3,502 (80.0)

0.03

Stroke unit
  yes
  no

3,103 (57.4)
2,304 (42.6)

597 (58.1)
430 (41.9)

2,506 (57.2)
1,874 (42.8)

0.59

No. of death, n(%)
  3-month
  1-year
  5-year

  764 (14.1)
1,094 (20.3)
1,759 (32.5)

128 (12.5)
163 (15.9)
271 (26.4)

 636 (14.5)
 931 (21.3)
1,488 (34.0)

0.09
<.01
<.01

* Note: SD=standard deviation, IVT= Intravenous thrombolysis, NIHSS=national Institutes of Health Stroke Scale, CCI=charlson’s comorbidity 
index, EMS=emergency medical services. 

Table 1. Baseline characteristics of acute ischemic stroke 
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tively safe. 

IVT using r-tPA became the standard of care for 

acute ischemic stroke presenting within the time win-

dow since 1995.19) In 2008, the limited time window 

was broadened to 4.5 h.4) Although the safety and ef-

ficacy of IVT has been confirmed in many studies, the 

Category N(%) OTD, median, mins

Contraindications (n=3,686)
  Treated>4.5hr after stroke onset
  Unknown onset time
  Non-adjustable hypertension
  Bleeding diathesis (Platelets≤100,000, abnormal aPTT, INR≥1.5)
  CT findings for ICH, SAH

3,378 (77.1)
144 (3.3)
 13 (0.3)
 40 (0.9)
111 (2.5)

422
-

118
61
62

Warnings (n=508)
  Not treated with intravenous tPA(no reason)
  Rapid improvement or mild stroke
  Eligibility not clear

351 (8.0)
137 (3.1)
 20 (0.5)

62
61
62

Others (n=186)
  Patient or family refusal
  Received intravenous tPA at another hospital

 63 (1.4)
123 (2.8)

60
240

aPTT; activated partial thromboplastin time, INR; international normalized ration, CT; computer tomography, ICH; intracerebral 
hemorrhage, SAH; subarachnoid hemorrhage 
OTD=onset to door time 

Table 2. The reason that intravenous tissue plasminogen activator (tPA) did not be treated 

Variables(ref)
3-month 1-year 5-year

HR (95% CI) HR (95% CI) HR (95% CI)

Onset to treatment time(IVT)
  Non-IVT 1.33 (1.09-1.62) 1.53 (1.28-1.81) 1.47 (1.28-1.68)

Mechanical Thrombectomy(Yes)
  No 1.40 (1.09-1.80) 1.36 (1.09-1.69) 1.28 (1.08-1.53)

Age(18-45y)
  46-59y
  46-69y
  ≥70y

2.78 (0.87-8.94)
 3.47 (1.10-10.95)
 4.13 (1.32-12.89)

2.85 (1.04-7.83)
 4.08 (1.51-11.01)
 5.89 (2.20-15.76)

2.71 (1.26-5.84)
4.59 (2.17-9.73)

 7.59 (3.61-15.98)

Female, sex 0.98 (0.83-1.17) 0.90 (0.78-1.03) 0.87 (0.78-0.97)

Health insurance type(Health insurance)
  Medical aid 1.45 (1.17-1.80) 1.37 (1.14-1.65) 1.4 (1.21-1.62)

Arrival mode(EMS)
  No EMS 0.67 (0.54-0.83) 0.72 (0.61-0.85) 0.77 (0.68-0.87)

NIHSS score(5-7)
  8-13
  14-21
  22-42

2.08 (1.56-2.77)
4.56 (3.48-5.98)

 9.77 (7.36-12.98)

2.00 (1.63-2.46)
3.57 (2.92-4.37)
7.31 (5.88-9.10)

1.43 (1.25-1.64)
2.25 (1.95-2.58)
4.12 (3.50-4.85)

Door to image time(≤1 hr)
  >1 hr 1.41 (1.12-1.78) 1.37 (1.13-1.66) 1.15 (0.98-1.35)

Medical history
  Smoker
  Atrial fibrillation/flutter
  Intracranial hemorrhage
  Seizure 

1.06 (0.88-1.27)
4.41 (3.72-5.22)
1.23 (0.79-1.90)
1.52 (0.86-2.70)

1.03 (0.88-1.19)
3.09 (2.71-3.52)
1.21 (0.82-1.78)
1.56 (0.96-2.53)

0.98 (0.87-1.11)
2.20 (1.99-2.43)
1.24 (0.91-1.70)
1.40 (0.93-2.11)

Charlson Comorbidity Index score(0)
  1
  2
  ≥3

1.10 (0.86-1.41)
0.90 (0.68-1.18)
1.09 (0.86-1.37)

1.17 (0.95-1.43)
1.00 (0.79-1.25)
1.15 (0.94-1.39)

1.27 (1.08-1.49)
1.16 (0.97-1.39)
1.24 (1.06-1.44)

Medical facility type(Tertiary general hospital)
  General hospital 1.24 (1.08-1.44) 1.16 (1.03-1.31) 1.15 (1.04-1.26) 

* Note : SD=standard deviation, HR=Harzard Ratio, IVT= Intravenous thrombolysis, NIHSS=national Institutes of Health Stroke Scale, 
CCI=charlson’s comorbidity index, EMS=emergency medical services.

Table 3. Cox analysis of factors influencing mortality in acute ischemic stroke
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rate of IVT is still below 20% because of strict in-

dications for IVT. Since the contraindications of IVT 

were strictly derived from the consensus on National 

Institute of Neurological Disorders and Stroke 

(NINDS) trials, they have not changed over the past 

20 years. However, some studies showed unnecessary 

contraindications of IVT in clinical practice, and the 

need for relaxing the exclusion criteria.

A few studies reported that 20% to 30% of patients 

with mild or improving symptoms under consid-

eration for thrombolysis may be at risk of substantial 

disability at 3 months.6)10)11) In fact, low NIHSS does 

not always represent minor deficits for the patient. 

Severe monoparesis, gait imbalance, aphasia, or se-

vere visual field deficit may suggest disabling deficits 

in isolation; some patients with mild symptoms can 

have proximal intracranial vessel occlusion with good 

collateral status and are at greater risk of neurological 

deterioration and persistent disability.6)13) This current 

study showed that the patients with mild symptoms 

at emergency department have a very poor prognosis 

during short and long-term prognosis. It could be cor-

related with chronic extracranial or intracranial steno-

sis, so that these patients should be carefully taken 

care or given the antithrombolytic drugs during 

long-term follow up.

Studies show that baseline BP is not an independent 

predictor of ICH or poor outcomes.1)14)15), and higher 

pretreatment systolic blood pressure was not in-

dependently associated with outcome. In patients un-

dergoing IVT, no significant difference was found be-

tween those manifesting severe hypertension and 

sICH.5) In addition, the use of antihypertensives to 

achieve stable blood pressure control in patients prior 

to r-tPA appears to be safe. 

Despite a platelet count <100 000/mm3 being a con-

traindication for IVT for AIS according to AHA 

guidelines, hemorrhagic complications in patients 

with thrombocytopenia who receive IVT have yet to 

be evaluated in a prospective study or randomized 

trial. Large observational studies showed that warfar-

in-treated patients (INR >1.7) exposed to IVT man-

ifested a very small rate of symptomatic intracranial 

hemorrhage.1-3)7)8)9). Other studies showed that pa-

tients who were treated with IVT compared with con-

trols have a slightly favorable outcome, although this 

difference was not statistically significant. In addition, 

patients treated with direct oral anticoagulant or 

low-molecular weight heparin showing a lower bleed-

ing tendency than warfarin have remained unidentified. 

In these specific issues, further studies are needed. 

We found that the IVT consistently affected not only 

the short-term, but also the long-term prognosis in 

patients diagnosed with AIS. In addition, despite pa-

tients with MT representing a small number in this 

study, they also affected the short and long-term 

mortality. Active management in critical to improve 

the functional status and reduce the mortality rate. 

However, they are still limited by the narrow time 

window and indication. Recently published DAWN 

and DFFUSE trials represented an enlarged time win-

dow and broadened the indications for MT in the 

management of AIS. However, even these trials did 

not involve patients who failed to receive IVT and the 

Fig. 1. The 5-year survival rate of acute ischemic stroke patients 
between IVT group and non-IVT group.
IVT: Intravenous thrombolysis 
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indications for MT still remain for IVT except for the 

time window. Therefore, this result might show an 

overwhelming benefit of MT and failed to suggest 

that MT improved the prognosis of patients who did 

not receive IVT. Patients with large-vessel occlusion 

who present within the therapeutic time window at a 

medical center without endovascular capabilities, it is 

reasonable to use IVT promptly before transfer to the 

nearest endovascular therapy center. IVT still repre-

sents a potent treatment for AIS and its benefit for 

successful recanalization before MT was found in ap-

proximately 1 of 10 AIS patients.12) Therefore, a fur-

ther study investigating patients for contraindications 

to IVT should be conducted to reduce the mortality 

and improve the outcomes in AIS. 

In the current study, the application rate of MT 

among the total AIS patients was very low at 8.5%. 

MT was performed with 21.2% in IVT group and 

5.5% in non-IVT group. These data were collected 

from 2010 and 2013 prior to the endovascular throm-

bectomy era and this period underestimated the me-

chanical thrombectomy using a stent retriever. Before 

2014, the Solitaire stent retriever (Medtronic, Dublin, 

Ireland) was prohibited by the NHI system of Korea 

(National Health Insurance) during this period. The 

MT was conducted under restrictions for AIS patients 

who failed to obtain successful recanalization of the 

occluded vessel after IVT. Because IVT was the only 

standard guideline for treatment of AIS in this period, 

the difference in short and long-term prognosis be-

tween IVT group and the group contraindicated for 

IVT could be clearly distinguished. 

CONCLUSION

The long-term prognosis of patients who failed to 

receive IVT was very poor. Especially, the two sub-

groups with mild symptoms and bleeding diathesis or 

non-adjustable hypertension as contraindications to 

IVT consistently showed very high mortality during 

short and long-term follow-up. Therefore, a further 

study to enlarge the indications of IVT or release the 

contraindications of IVT is needed to reduce the mor-

tality in such patients diagnosed with AIS. In addi-

tion, a new strategy for MT in AIS should broaden to 

include patients contraindicated for IVT. 
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