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ABBREVIATIONS
AIS: Acute Ischemic Stroke; asICH: Asymptomatic Intracere-
bral Hemorrhage; DBP: Diastolic Blood Pressure; DNT: Door to 
Needle Time; IVT: Intravenous Thrombolysis; NIHSS: National 
Institute of Health Stroke Study; LAA: Large Artery Aheroscler-
osis, OTNT: Onset to Needle Time; SBP: Systolic Blood Pressure; 
sICH: Symptomatic Intracerebral Hemorrhage

INTRODUCTION
Ischemic stroke in young people can be devastating in terms of 
loss in productive years and its impact on a young person’s life, 
their families, and society in general. Almost two thirds of the 
global burden of stroke is borne by those in developing coun-
tries (Feigin VL, et al., 2021) and the incidence of ischemic stroke 
among young adults is on the rise globally (Scott CA, et al., 2022; 
Tibæk M, et al., 2016). Young patients with acute stroke from low- 
and middle-income countries tend to have a higher three-month 
mortality rate compared to their counterparts from high-income 
nations (Béjot Y, et al., 2016; Boot E, et al., 2020).
The occlusion of cerebral artery causes a steady decrease in cere-
bral perfusion pressure within minutes, resulting in an ischemic 
penumbra and role of recombinant tissue plasminogen activator 
(alteplase) is to salvage the ischemic penumbra by restoring blood 
supply (Powers WJ, et al., 2019).
Based on a subgroup analysis of the National Institute of Neuro-
logical Disorders and Stroke (NINDS) trials, there was greater ef-
ficacy of IVT in younger patients with AIS than in older patients 
(National Institute of Neurological Disorders and Stroke rt-PA 
stroke study group, 1995). Moreover, according to the safety im-

plementation data of (SITS-MOST) AIS study, it was shown that 
patients under 50 years of age have less complications of sICH 
and more functional recovery than older patients (Anzini A, et 
al., 2008).
In Mongolia, first thrombolytic therapy applied in the stroke 
center of Third Central Hospital in 2013 and it was introduced 
into treatment practice and licensed. In spite of the ethiology, 
risk factors, clinical features and prognosis of ischemic stroke 
among young adults have studied (Tsagaankhuu D, et al., 2016; 
Jacob MA, et al., 2022) the safety and effectiveness of IVT with 
rt-PA (alteplase) are lacked in Mongolian young ischemic stroke 
patients. Therefore, this study aimed to compare outcomes in AIS 
patients after IVT at young (under 50 years), old (above 50 years) 
age groups.

MATERIALS AND METHODS
Data collection
A retrospective observational study was conducted on data from 
the stroke department of Shastin Third Central Hospital, Mongo-
lia. All medical records of consecutive patients treated with IVT 
(Alteplase, Boehringer Ingelheim, Germany) for AIS from May 
2013 to 2023 were reviewed. AIS was defined as a focal neuro-
logical deficit of sudden onset that persisted beyond 24 hours or 
with evidence of acute brain ischemia on neuroimaging when 
symptoms lasted less than 24 hours. Intravenous rt-PA (alteplase) 
was administered at a dose of 0.9 mg per kilogram (maximum, 
90 mg), with 10% given as an initial bolus within 1 minute and 
the remaining 90% as a constant infusion over a period of 60 
minutes (Jauch EC, et al., 2013).  The inclusion/exclusion criteria 
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ABSTRACT
Objective: The present study aimed to compare the 
safety and efficacy of Intravenous Thrombolysis (IVT) 
between Mongolian young and older patients with 
Acute Ischemic Stroke (AIS). 

Methods: Data of 115 AIS patients who received re-
combinant tissue Plasminogen Activator (rt-PA) be-
tween May 2013 and May 2023 at the Stroke Center of 
Third Central Hospital were retrospectively analyzed. 
Patients aged <50 years (n=31) compared with those 
aged ≥ 50 years (n=84) with regards to baseline char-
acteristics, symptomatic Intracerebral Haemorrhage 
(sICH), functional outcomes at 3 months defined as 
“favorable” and “poor” (modified Rankin Scale score 
0-2 vs. 3-6) including in-hospital mortality. 

Results: 27% of patients were <50 years old (54.8% 
males; mean age 42.7 ± 5.8 years). Ischemic heart 
disease was significantly less common in younger 
patients than older (22.6% vs. 58.3%, p=0.018) and 

the prevalence of other determined ethiology was 
higher (p<0.05) in patients aged <50 years. “Favor-
able” outcome at 3 months was significantly higher 
in young adults (61.3% vs. 36.9%, p=0.033) and sICH 
was found in 3.3% of the patients aged <50 years 
(p=0.897) compared to 6.0% in the older than 50 
years. Mortality was present in 9.7% of the patients 
aged <50 years and in 21.4% of the patients aged ≥ 
50 years (p=0.182). 

Conclusion: We conclude that Mongolian young 
stroke patients treated with IVT had a more favorable 
outcome without an increased risk of sICH and mor-
tality compared with older patients.
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Diabetes mellitus, n (%) 3 (9.7%) 12 (14.3%) 0.756

Dyslipidemia, n (%) 12 (38.7%) 41 (48.8%) 0.402

Atrial fibrillation, n (%) 3 (9.7%) 14 (16.7%) 0.554

Smoking, n (%) 15 (48.4%) 39 (46.4%) 0.989

Alcohol intake, n (%) 9 (29%) 16 (19%) 0.309

Blood glucose, mmol/L 
(median (IQR))

5.7 (4.0-19.1) 6.4 (3.9-18.2) 0.08

SBP, mmHg (median 
(IQR))

137 (100-240) 147 (98-205) 0.082

DBP, mmHg (median 
(IQR))

90 (60-164) 92 (52-140) 0.212

Hyperdense artery signs, 
n (%) 

14 (45.2%) 37 (44%) 0.994

NIHSS on admission 
(mean ± SD)

13.6 ± 4.7 15.2 ± 5.4 0.163

OTT, min (median (IQR)) 210 (77-270) 207 (105-270) 0.644

DNT (min; mean ± SD) 112.9 ± 38.2 123.3 ± 38.6 0.204

DNT ≤ 60 minutes, n (%) 3 (9.7%) 2 (2.4%) 0.12

Stroke subtypes, n (%) 

LAA, n (%) 6 (19.4%) 19 (22.6%) 0.803

Cardiogenic embolism, 
n (%) 

11 (35.5%) 42 (50%) 0.208

Small vessel disease, n (%) 9 (29%) 17 (20.2%) 0.325

Other determined etiolo-
gy, n (%) 

3 (9.7%) 0 0.018* 

Undetermined etiology, 
n (%)

2 (6.5%) 6 (7.1%) 0.984

Note: *p<0.05
IQR: Interquartile Range; SD: Standard Deviation

The traditional risk factors for stroke, Ischemic Heart Disease (IHD) 
was significantly less common in young adults compared to older adults 
(22.6% vs. 58.3%, p=0.018) and hypertension (64.5% vs. 77.4%, p=0.231) 
and atrial fibrillation (9.7% vs. 16.7%, p=0.554) were less common. Alco-
hol intake was slightly more prevalent among the young adults, although 
there was no significant difference compared to the older adults. There was 
no difference between the two groups in hyperdense artery signs, baseline 
serum glucose, Systolic Blood Pressure (SBP) and Diastolic Blood Pressure 
(DBP).  
Young patients typically presented with low-median NIHSS at admission, 
which indicated less severe stroke symptoms. There was no significant dif-
ference in mean DNT and in median OTT between the two groups.
The prevalence of other determined etiology (p<0.05) was higher among 
the young adults, but no significant difference was observed in other stroke 
subtypes. 

Outcomes of patients under 50 and above 50 years old age 
groups
Clinical outcome defined by mRS at 3 months is shown in Figure 1. In 
young adults, a higher percentage of patients had a favorable outcome 
compared to older adults (61.3% vs. 36.9%, p=0.033). The proportions 
of patients with sICH (3.3% vs. 6.0%) and 3 months mortality (9.7% vs. 
21.4%) were lower for the young adults compared to older adults, but not 
significantly (Table 2).

were based on the 2013 AHA/ASA Guidelines for the early management 
of patients with AIS (within 4.5 hours) (Jauch EC, et al., 2013).  All patients 
or patient’s care providers gave written informed consent before throm-
bolysis, and all patients were followed up for 3 months. All patients had a 
baseline CT scan and a second scan performed within 24-36 hours after 
rt-PA infusion to detect any intracerebral hemorrhage.

Demographic data and clinical characteristics
Demographic characteristics, risk factors, stroke Onset to Treatment 
Time (OTT), Door-to-Needle Time (DNT), and complete general and 
neurological examinations were reviewed including the Glasgow Coma 
Scale (GCS) to assess the consciousness level and the National Institute of 
Health Stroke Scale (NIHSS) (Goldstein L, et al., 1989) to assess the stroke 
severity. Various subtypes of ischemic stroke as per the Trial of Org 10172 
in Acute Stroke Treatment (TOAST) criteria were determined (Adams Jr 
HP, et al., 1993). The clinical outcome was measured using the modified 
Rankin Scale (mRS) at 3 months. The mRS is a global measure of disabil-
ity on a seven-level scale, with scores ranging from 0 (no symptoms) to 6 
(death) (Mohamed WS, et al., 2021).  Binary outcomes included favorable 
(mRS score 0-2) and poor (mRS 3-6). Safety outcomes were in-hospital 
mortality and symptomatic Intracerebral Hemorrhage (sICH). sICH was 
defined according to SITS-MOST criteria as local or remote parenchym-
al hemorrhage type 2 on the 22- to 36-hour posttreatment imaging com-
bined with a neurological deterioration of >4 points on National Institutes 
of Health Stroke Scale (NIHSS) from baseline or from the lowest NIHSS 
value between baseline and 24 hours or leading to death (Anzini A, et al., 
2008). Asymptomatic ICH involved hemorrhage on follow-up Computed 
Tomography (CT) without associated clinical deterioration. Magnetic Res-
onance Imaging (MRI) of the brain was done in suspected brain stem le-
sions, early ischemic stroke, and when follow-up CT brain is free. Cardiac 
evaluation including ECG and echocardiography was available.

Statistical analysis
All data were collected and statistically analyzed using IBM SPSS 26.0 for 
Windows (SPSS Inc., Chicago, IL, USA). According to the type of data, 
quantitative variables were expressed as the mean ± SD and median range. 
The qualitative data were expressed as a number or percentage. Difference 
and association of qualitative variables were statistically tested for signifi-
cance using the chi-square test, Fisher exact test, and differences between 
the quantitative independent groups were tested using the t test or rank-
sum test of significance. All statistical tests were two-sided, and p-values of 
<0.05 were considered statistically significant. 

RESULTS
Patient baseline characteristics
Comparison of patient demographic data and baseline characteristics be-
tween the two groups is shown in Table 1. Of 115 AIS patients who re-
ceived intravenous rt-PA, 31 (27.0%) were young adults aged 31-49 years 
(mean age 42.7 ± 5.8 years) and 84 (73.0%) were older adults aged 50-80 
years (mean age 63.1 ± 7.8). The proportion of males was higher in both 
group (54.8% vs. 58.3%, p=0.832).

Table 1: Demographic data and baseline characteristics
Variables Patients <50 

years old 
(n=31)

Patients ≥ 
50 years old 

(n=84)

p-value

Age (years; mean ± SD) 42.7 ± 5.8 63.1 ±7.8 <0.001*
Male, n (%) 17 (54.8%) 49 (58.3%) 0.832

Hypertension, n (%) 20 (64.5%) 65 (77.4%) 0.231
Ischemic heart disease, 

n (%)
7 (22.6%) 41 (48.8%) 0.018*
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Figure 1: Clinical outcome defined by mRS at 3 months in young and older patients. The mRS was based on the measure of disability and ranged 
from 0 (indicating no symptoms) to 6 (death)

chotomized 3 months outcome scores did not differ significantly between 
cases and older alteplase-treated control subjects (40% and 48%, p=0.343). 
The differences between our results and others were likely because patients 
from previous studies were enrolled from single or multiple centers, while 
our data were from a hospital-based stroke registry with consecutively-en-
rolled patients. 
The occurrence of sICH according to according to The Safe Implementa-
tion of Thrombolysis in Stroke-Monitoring Study (SITS-MOST) criteria 
(Anzini A, et al., 2008) was lower in young adults compared with older 
adults, although there was no significant difference between the two 
groups. ICH is known to be an infrequent complication of IVT for the 
treatment of acute stroke (Norby KE, et al., 2013; Mustanoja S, et al., 2014). 
Data from a randomized, placebo-controlled trial in patients with ischemic 
stroke treated within 3 hours of symptom onset showed that approximately 
30% of patients with post-thrombolytic intracerebral hemorrhage accord-
ing to NINDS criteria (NINDS t-PA Stroke Study Group, 1997) had favor-
able outcomes (mRS 0-3) at 1 year. Moreover, other studies that compared 
clinical scores using multiple sICH definitions found no meaningful differ-
ences between sICH definitions (NINDS t-PA Stroke Study Group; Hacke 
W, et al., 1998; Asuzu D, et al., 2015). Above all, these findings indicated 
that the risk of sICH should not be a major concern when treating young 
stroke patients.
Finally, in our analysis, the 3 months mortality rate was lower in patients 

DISCUSSION
Our study examined baseline characteristics and outcomes exclusively 
in young adult patients treated with IV-tPA for AIS compared with older 
patients. The favourable functional outcome and lower mortality among 
young adult stroke patients described by many others (National Institute 
of Neurological Disorders and Stroke rt-PA stroke study group; Jacob MA, 
et al., 2022; Ghandehari K and Moud ZI, 2006; Putaala J, et al., 2009). In 
our findings more than half of those treated with IVT had reached favor-
able functional outcome at 3 months follow-up compare to older patients 
treated with IVT (61.3% vs. 36.9%, p=0.033) and mortality rates were 
9.7%. In study SITS-MOST patients aged 18-45 years treated within 3 
hours, mortality rates were 5.5% and 54%-76% scored 0-1 and 0-2 on the 
3-month mRS (Anzini A, et al., 2008). Except for the mortality rate, these 
findings are equivalent to ours. In post hoc analysis of the Safe Implemen-
tation of Treatments in Stroke-International Stroke Thrombolysis Registry 
(SITS-ISTR) trial showed that 72.1% of young adults achieved favorable 
outcome and 52% had no or minimal disability, as compared to 54.5% 
and 38.6%, respectively, of older adults. Data from a retrospective obser-
vational study based on a large hospital-based stroke registry in Southwest 
Germany indicated that IVT was effective in young adults, with favorable 
outcome (mRS ≤ 1 or not worse than pre-stroke) at discharge in 50% of 
patients aged 18-50 years compared to 36% in patients aged 51-80 years 
(Reuter B, et al., 2015). Putaala J, et al., 2009 found that proportions of di-

Table 2: Outcome of patients in young and older age groups

Outcomes Patients aged < 50 years old n (%) Patients aged ≥ years old n (%) p-value
Favorable outcome 19 (61.3%) 31 (36.9%) 0.033* 

sICH 1 (3.3%) 5 (6.0%) 0.897
asICH 1 (3.3%) 6 (7.1%) 0.672

Mortality 3 (9.7%) 18 (21.4%) 0.182
Note: *p<0.05; Favorable outcome was defined as mRS 0-2 at 3 months

759 Vol 14, Issue 12 Nov Dec, 2023



Systematic Review Pharmacy 4

Tsagaankhuu D: Comparative Study of Intravenous Thrombolysis for Acute Ischemic Stroke in Mongolian Patients Aged 
Above and Below 50 Years  

Vol 14, Issue 11 Oct Nov, 2023

6. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis 
NC, Becker K, et al. Guidelines for the early management of patients 
with acute ischemic stroke: 2019 update to the 2018 guidelines for 
the early management of acute ischemic stroke: A guideline for 
healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2019. 

7. National Institute of Neurological Disorders and Stroke rt-PA stroke 
study group. Tissue plasminogen activator for acute ischemic stroke. 
N Engl J Med. 1995; 333(24): 1581-1588. 

8. Anzini A, Niaz A, Durastanti L, Wahlgren N, Prencipe M, Toni D. 
Thrombolysis in young patients: The SITSMOST data. Cerebrovasc 
Dis. 2008; 25(Suppl 2): 3. 

9. Tsagaankhuu D, Guntev T, Dashjamts T, Gongor B, Avirmed T. 
Comparative study of ischemic stroke in patients aged above and 
below 50 years admitted to a tertiary care hospital in Ulaanbaatar. 
Cent Asian J Med Sci. 2016; 2(2): 143-152. 

10. Jacob MA, Ekker MS, Allach Y, Cai M, Aarnio K, Arauz A, et al. 
Global differences in risk factors, etiology, and outcome of ischemic 
stroke in young adults-a worldwide meta-analysis: The GOAL 
initiative. Neurology. 2022; 98(6): e573-e588. 

11. Jauch EC, Saver JL, Adams Jr HP, Bruno A, Connors JJ, Demaerschalk 
BM, et al. Guidelines for the early management of patients with acute 
ischemic stroke: A guideline for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. 
2013; 44(3): 870-947. 

12. Goldstein LB, Bertels C, Davis JN. Interrater reliability of the NIH 
stroke scale. Arch Neurol. 1989; 46(6): 660-662. 

13. Adams Jr HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, 
et al. Classification of subtype of acute ischemic stroke. Definitions 
for use in a multicenter clinical trial. TOAST. Trial of Org 10172 in 
Acute Stroke Treatment. Stroke. 1993; 24(1): 35-41. 

14. Mohamed WS, Abdel Ghaffar AS, Abdel Gawad AE, Agban EL. 
Short-term outcome in ischemic stroke patients after thrombolytic 
therapy. Egypt J Neurol Psychiatr Neurosurg. 2021; 57(1): 1-8.   

15. Ghandehari K, Moud ZI. Incidence and etiology of ischemic stroke 
in Persian young adults. Acta Neurol Scand. 2006; 113(2): 121-124. 

16. Putaala J, Metso TM, Metso AJ, Mäkelä E, Haapaniemi E, Salonen 
O, et al. Thrombolysis in young adults with ischemic stroke. Stroke. 
2009; 40(6): 2085-2091. 

17. Reuter B, Gumbinger C, Sauer T, Wiethölter H, Bruder I, Diehm C, et 
al. Intravenous thrombolysis is effective in young adults: Results from 
the Baden-Wuerttemberg Stroke Registry. Front Neurol. 2015; 6: 229. 

18. Norby KE, Siddiq F, Adil MM, Chaudhry SA, Qureshi AI. Long-term 
outcomes of post-thrombolytic intracerebral hemorrhage in ischemic 
stroke patients. Neurocrit Care. 2013; 18: 170-177. 

19. Mustanoja S, Haapaniemi E, Putaala J, Strbian D, Kaste M, Tatlisumak 
T. Haemorrhagic transformation of ischaemic stroke in young adults. 
Int J Stroke. 2014; 9(SA100): 85-92. 

20. NINDS t-PA Stroke Study Group. Intracerebral hemorrhage after 
intravenous t-PA therapy for ischemic stroke. Stroke. 1997; 28(11): 
2109-2118. 

21. Hacke W, Kaste M, Fieschi C, Von Kummer R, Davalos A, Meier D, et 
al. Randomised double-blind placebo-controlled trial of thrombolytic 
therapy with intravenous alteplase in acute ischaemic stroke (ECASS 
II). Lancet. 1998; 352(9136): 1245-1251. 

aged below 50 years than in older patients (9.7% vs. 21.4%), but there was 
no significant difference between the two groups. Putaala J, et al., 2009 
evaluated 48 patients aged 16 to 49 years with hemispheric ischemic stroke 
treated with IVT, and none of the young patients died at 3 months. Mor-
tality in our young adults was nearly half that of older patients, which was 
similar to the SITS-ISTR study results (young vs. older: 4.9% vs. 14.4%) 
(Toni D, et al., 2012).
Incidence of ischemic stroke in the young is relatively uncommon and 
the etiology is heterogeneous (Ji R, et al., 2013; Singhal AB, et al., 2013). 
Similarly, traditional risk factors in young stroke patients, including hyper-
tension and ischemic heart disease, were less common than those in older 
patients (Jacob MA, et al., 2022; Ji R, et al., 2013; Béjot Y, et al., 2014) which 
was also recently reported in young population without IVT in a hospi-
tal-based cohort from China Rehabilitation Research Center (Du XX, et 
al., 2016). Consistent with previous results (Tsagaankhuu D, et al., 2016; 
Jacob MA, et al., 2022; Ghandehari K, et al., 2006; Ji R, et al., 2013) young 
stroke patients presented with more strokes of other determined etiology 
compared to older patients. Emerging studies have focused on identifying 
and managing the increasing prevalence of modifiable vascular risk factors 
in young adults; thus, their potential role in increasing the risk of ischemic 
stroke and stroke recurrence are worth highlighting (Du XX, et al., 2016; 
Singhal AB, et al., 2013). 
The limitation of our study was that the study was conducted in a retro-
spective observational manner, and the number of young stroke patients 
was relatively small especially with regard to sICH, which may restrict our 
ability to evaluate multiple factors. Larger studies are needed to confirm 
our findings given our limited sample size, acute ischemic stroke treatment 
with IVT in young patients should be performed at least as actively as for 
older patients. 

CONCLUSION
Finally, the evaluation of the 3 months efficacy of IVT is far from enough 
and in we should continue the follow-up of these treated patients, to iden-
tify the long-term efficacy of IVT in these young patients.
In conclusion, our analysis indicated that Mongolian young stroke patients 
with IVT had more favorable outcome without an increased risk of sICH 
and mortality compared to older patients. Although larger studies are 
needed to confirm our findings given our limited sample size, acute is-
chemic stroke treatment with IVT in young patients should be performed 
at least as actively as for older patients.
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