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Prior transient ischemic attacks may have  
a neuroprotective effect in patients with ischemic stroke

Wei-Wei Wang, De-Zhe Chen, Min Zhao, Xia-Feng Yang, Dian-Rong Gong

A b s t r a c t

Introduction: Although functional recovery and survival after ischemic 
infarction seem to improve in patients with  prior transient ischemic at-
tack  (TIA), little is known about the role of characteristics of prior TIA in 
subsequent cerebral infarction. Thus, the objective of this study was to ex-
plore how the characteristics of prior TIA have a neuroprotective effect on 
patients with ischemic stroke.
Material and methods: A  total of 221 patients admitted consecutively to 
a  primary care center for first-ever ischemic stroke were divided into two 
groups on the basis of the presence or absence of prior TIAs. The initial NIHSS  
modified Rankin Scale was used to measure the severity and disability af-
ter the stroke. Subgroups were based on the TIA duration (< 10 min, 10 to  
60 min, and > 60 min), TIA frequency (1 time, 2–3 times, more than 3 times), 
and the interval of stroke (< 1 week, 1–4 weeks, > 4 weeks). The severity of 
the neurologic picture on admission and functional disability after stroke were 
compared between patients with and without TIAs and subgroups as well. 
Results: A total of 132 (59.73%) of the 221 patients had prior TIAs before 
stroke. Risk factors and the initial clinical picture did not differ between 
patients with or without TIAs. Patients with prior TIA had a  more favor-
able outcome than those without TIA (59.09% vs. 43.82%), and a significant 
difference between the two groups was observed (c² = 4.976, p = 0.026). 
Furthermore, neurological outcome in patients with prior TIA lasting for  
60 min, less than 3 times and shorter intervals within 4 weeks was signifi-
cantly different from that in the non-TIA group (p < 0.05).
Conclusions: Prior transient ischemic attacks may have a  neuroprotective 
effect on the subsequent ischemic stroke, and this effect might be affected 
by the characteristics of TIAs. Patients with TIAs of low frequency, short 
duration and short interval are considered to have better neurological out-
comes.

Key words: transient ischemic attack, ischemic stroke, neuroprotection, 
ischemic tolerance.

Introduction

It is well established that transient ischemic attacks (TIA) increase the 
risk of ischemic stroke [1, 2]. Transient ischemic attacks occur not long  
(< 1 month) before ischemic stroke in 15% of patients, and most patients 
recover within 1 h [1, 2], and normally, TIAs last no longer than 15 min 
[3]. There are no differences in initial stroke severity in cerebral infarc-
tion (CI) patients with or without prior TIAs. Some experimental find-
ings indicate the opposite view. Animal models of ischemic stroke have 
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recently provided evidence for the induction of 
a phenomenon of “ischemic tolerance” in rodents 
at advanced age subjected to short ischemic epi-
sodes, rendering the brain more tolerant to sub-
sequent persistent cerebral ischemia [4–6]. This 
effect was initially observed in the CA1 zone of 
the hippocampus [7], followed by other subfields 
in the hippocampus and in the frontoparietal cor-
tex, thalamus, and basal ganglia [8].

Furthermore, more and more clinical studies 
demonstrate that patients with CI in the anteri-
or circulation who have had a prior TIA, triggering 
the mechanisms involved in the “focal ischemic 
tolerance phenomenon”, present a  less severe 
neurologic picture and, consequently, a  better 
prognosis than patients with ischemic stroke in 
the anterior circulation who have not had a pre-
vious ipsilateral TIA [9]. However, there are few 
reports regarding the characteristics of TIA follow-
ing ischemic stroke. We analyzed the outcome of 
2 groups of patients with cerebral infarction ac-
cording to the presence or absence of prior TIA. 
A separate analysis of the clinical features of the 
TIA was also performed.

Material and methods

The present study sample consisted of all con-
secutive patients with first-ever ischemic stroke 
(Liaocheng People’s Hospital). The study was 
approved by the local ethics committees. We 
retrospectively reviewed 221 cases, from 2012 
to 2014, of patients with a  diagnosis of acute 
stroke with or without prior TIA. The inclusion 
criteria were the Chinese diagnosis guideline for 
TIA [4] and acute ischaemic stroke [5]. Exclusion 
criteria were cerebral embolism, cerebral isch-
aemia from causes other than atherosclerosis, 
such as intracranial arteritis and CADASIL, hem-
orrhagic stroke or subarachnoid hemorrhage, 
TIA in a  vascular territory other than that of 
the subsequent stroke and epilepsy. Two hun-
dred and fifteen patients fulfilled the criteria 
and were divided into two groups based on the 
presence of stroke with or without prior TIA. Pa-
tients were treated with aspirin and clopidogrel 
separately or with a combination of the two. All 
of the patients were hospitalized and received 
similar medical treatments and rehabilitation. 
The history of previous TIAs was recorded from 
patients’ medical history.

Of the patients presenting with stroke with 
prior TIA, 120 (90.91%) were treated with aspirin 
and 52 (39.39%) were treated with clopidogrel. Of 
the patients presenting with stroke without prior 
TIA, 78 (87.64%) were treated with aspirin and 20 
(33.71%) patients were treated with clopidogrel. 
In more detail, 63 patients/132 (47.73%) received 
aspirin in the group of stroke with previous TIA 

before stroke because of the previous TIA and  
36 patients/89 (40.45%) had the aspirin medica-
tion in the group of stroke without TIA attacks be-
cause of the existing risk factors for stroke. 

Clinical characteristics included gender, age, in-
cidence of hypertension (HTN), diabetes mellitus 
(DM), smoking, drinking, dyslipidemia, atrial fibril-
lation (AF), myocardial infarction (MI), peripheral 
vascular disease (PVD) and initial National Insti-
tutes of Health Stroke Scale (NIHSS) score. The 
NIHSS evaluation was performed upon admis-
sion. The neurological outcome at three months 
post-onset was divided based on the modified 
Rankin Scale (mRS) into good outcome with 0–1 
and poor outcome with 2–6.

Statistical analysis

Baseline measurements and cardiovascular 
risk factors are reported as mean ± SD. The t-test 
was used to evaluate differences between the 
two groups. Initial NIHSS and chronic mRS were 
evaluated by nonparametric statistics due to the 
same sample size and non-normal distributions. 
Thus, differences between groups were evaluated 
using Mann-Whitney tests. A c2 test was used to 
analyze the enumeration data. A p-value of < 0.05 
was considered statistically significant. Data were 
analyzed using SPSS v11.0 software.

Results

The two groups were comparable with respect 
to demographic characteristics and cardiovascular 
risk factors. In our study, comparison of the initial 
NIHSS scores between the two groups revealed no 
significant differences (Table I; p > 0.05). The time 
from admission to discharge was also compara-
ble in both groups, and therefore mRS difference 
could serve as a  reasonable parameter for con-
sidering the neurological outcome of subsequent 
stroke attack. The mean duration of the TIA was 
42.68 ±11.23 s, mean frequency was 2.14 ±0.45, 
and mean interval between TIA and stroke was 
2.63 ±0.72 weeks.

In our study, comparison of the neurological 
outcome by mRS between the two groups re-
vealed a  significant difference (Table II). Eighty-
two (62.12%) stroke patients with prior TIAs had 
a  good outcome, while only 39 (43.82%) stroke 
patients without prior TIAs had a good outcome 
(c² = 4.834, p = 0.0089). 

As we showed that the prior TIAs had a neuro-
protective effect on subsequent ischemic stroke, 
we further investigated whether an association 
exists between characteristics of prior TIA and 
stroke outcome. Here, we mostly focused on the 
special groups of TIA with duration, different fre-
quency and TIA-stroke interval. For each subdi-
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vision, we conducted a  separate analysis of the 
mRS scores relative to those from patients with 
no prior TIA. 

As for the TIA duration (Table III), the data from 
patients with prior TIAs were further subdivided 
into (1) TIA lasting for 10 min; (2) 10–60 min; and 
(3) more than 60 min. We found that only those 
stroke patients with TIA 60 min or less developed 
better neurological outcomes compared to the re-
spective groups (p < 0.05). There was no signifi-
cant difference in stroke patients with TIA more 
than 60 min (p > 0.05).

Regarding the TIA frequency (Table IV), pa-
tients with prior TIAs were further divided into 
(1) one-time TIA; (2) 2–3 times TIA; and (3) > 3 
times TIAs. We observed that stroke patients with 

prior TIAs up to three times had better neurolog-
ical outcomes compared to the respective groups  
(p < 0.05). Those stroke patients with more than 
three TIAs before the onset did not demonstrate 
a beyond neurological outcome (p > 0.05). 

Table I. Comparison of characteristics between two groups

Characteristic Stroke with prior TIA  
(N = 132)

Stroke without prior TIA 
(N = 89)

P-value

Male/female 75/57 51/38 0.50

Age [years] 62.3 ±10.6 59.8 ±9.6 0.32

HTN, n (%) 80 (60.61) 55 (61.80) 0.89

DM, n (%) 66 (50.00) 43 (48.31) 0.89

Smoking, n (%) 82 (62.12) 51 (57.30) 0.11

Drinking, n (%) 56 (42.42) 47 (52.81) 0.13

Dyslipidemia, n (%) 44 (33.33) 29 (32.58) 1.00

AF, n (%) 12 (9.09) 6 (6.74) 0.62

MI, n (%) 32 (24.24) 23 (25.84) 0.87

PVD, n (%) 8 (6.06) 5 (8.99) 1.00

Anticoagulant or antiplatelet, n (%) 112 (92.42) 73 (82.02) 1.00

Lipid-lowering medication, n (%) 42 (31.82) 24 (26.97) 1.00

DSA intervention, n (%) 12 (9.09) 3 (3.37) 0.77

Initial NIHSS 15 ±3.8 17 ±5.2 0.93

DSA – digital subtraction angiography.

Table II. Neurological outcomes between two groups

Group Good outcome Poor outcome

Stroke with TIA  
(n = 132)

82 (62.12%) 50 (37.88%)

Stroke without TIA 
(n = 89)

39 (43.82%) 50 (56.18%)

c² 4.834

P-value 0.0089

Table III. Duration of TIA and subsequent ischemic stroke

Group Total without prior TIA 
(n = 89)

< 10 min  
(n = 37)

10–60 min  
(n = 42)

> 60 min  
(n = 53)

Good outcome 39 (43.82%) 30 (81.08%) 29 (59.52%) 23 (43.40%)

Poor outcome 50 (56.18%) 7 (18.92%) 13 (40.48%) 30 (56.60%)

P-value 0.0001 0.0070 0.9607

Table IV. Frequency of prior TIA and subsequent stroke

Group Total without prior TIA 
(n = 89)

Once  
(n = 45)

2–3 times  
(n = 42)

> 3 times  
(n = 45)

Good outcome 39 (43.82%) 30 (66.67%) 27 (64.29%) 25 (55.56%)

Poor outcome 50 (56.18%) 15 (33.33%) 15 (35.71%) 20 (44.44%)

P-value 0.0171 0.0392 0.1990
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When it comes to the TIA-stroke interval (Ta- 
ble V), patients were grouped into (1) within 1 week; 
(2) 1–4 weeks; and (3) more than 4 weeks. Those 
patients with the TIA-stroke interval less than 
4 weeks showed better neurological outcomes  
(p < 0.05). Also there was no significant difference 
regarding patients with a TIA-stroke interval more 
than 4 weeks (p > 0.05).

Discussion

In this study, we found that ischemic stroke 
patients with prior TIAs had a better neurological 
outcome compared to those without prior TIAs  
(p < 0.05). In addition, the subgroup analysis 
demonstrated that the characteristics of TIAs 
had an effect on the neuroprotection of prior 
TIAs. Stroke patients with TIAs of 60 min or more 
had a poorer neurological outcome compared to 
those with TIAs of less than 60 min, while stroke 
patients with more than 3 times prior TIAs also 
had a poorer outcome as well. Patients with more 
severe prior TIAs with longer duration and high-
er frequencies had a poorer outcome. This means 
that after TIAs, the brain still undergoes a period 
of hypoxia and ischemia; however, if this hypoxic 
period extends much longer, this neuroprotective 
effect would be replaced by serious brain injury 
[4, 10]. When the interval between the TIA and 
stroke became longer, these patients had a poorer 
outcome as well, indicating that the neuroprotec-
tion of prior TIAs had a window effect. Therefore, 
although the prior TIAs had a neuroprotective ef-
fect on subsequent cerebral ischemia, this effect 
would be affected by the characteristics of prior 
TIAs including the duration, frequency and inter-
val between TIA and stroke. The mechanism of 
this effect needs further studies.

The findings from our study are relatively con-
sistent with previous reports. One study found that 
prior TIA occurs mostly within 7 days [11, 12] or 
1 month before the onset of ischemic stroke [9]. 
Moncayo et al. reported that those patients with 
TIA less than 30 min had a better neurological out-
come compared to those with TIAs longer than  
30 min [9]. They considered that those patients 
with prior TIAs less than 30 min had a better ca-
pacity of brain resistance to hypoxia and ischemia. 
Arboix et al. [13] and Sitzer et al. [14] found that in 
patients with non-lacunar infarction, patients with-

out TIAs had a poorer neurological outcome than 
those with TIAs. This is further confirmed by mag-
netic resonance imaging data showing a smaller in-
farction area in stroke patients with prior TIAs [15].

The mechanism underlying how prior TIA im-
proved the outcome of subsequent stroke might 
be related to the capacity for resistance to the 
ischemia due to atherosclerosis. However, this 
effect is compromised in patients with lacunar 
infarction [9, 16]. From the pathophysiological 
point of view, our results might be related to 
the neuroprotection induced by ischemic tol-
erance [8]. Actually, several animal models of 
brain ischemia have proved that prior hypox-
ia can improve the neurological outcome after 
cerebrovascular events via endogenous neuro-
protection, including the activating transcription 
factor and post-translational modification [10, 
17]. To further explore the molecular mechanism 
underlying these observations, it would be ben-
eficial to look for a new prophylactic strategy for 
ischemic stroke.

There are also some limitations of this study. 
First, there are other possible explanations for the 
results. The presence of a prior TIA should increase 
the patient’s and medical staff’s awareness of the 
preventive strategy for stroke [18]. This subjective 
awareness might explain the better neurological 
outcome in patients with prior TIAs. Second, the 
information about TIA was received from the pa-
tient or family, without any medical track record. 
Third, some patients take both antiplatelet thera-
pies due to the previous histories including myo-
cardial infarction, TIAs and risk factors related to 
stroke including hypertension, hyperlipidemia and 
so on. It would be necessary to stratify patients 
with different combinations of antiplatelet thera-
py based on a larger patient sample, to clarify the 
effects of anticoagulation therapy on the outcome 
of TIA patients.

In conclusion, our results indicate that prior 
TIAs may have a  neuroprotective effect on the 
neurological outcome of subsequent ischemic 
stroke, and this effect is further affected by char-
acteristics of TIAs including the duration, frequen-
cy and interval between TIA and stroke.
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Table V. TIA-stroke interval and subsequent stroke

Group Total without prior TIA 
(n = 89)

< 1 week (n = 29) 1–4 weeks (n = 34) > 4 weeks (n = 69)

Good outcome 39 (43.82%) 24 (82.76%) 22 (64.71%) 36 (52.17%)

Poor outcome 50 (56.18%) 5 (17.24%) 12 (35.29%) 33 (47.83%)

P-value 0.0003 0.0383 0.3368
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