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Intravenous Thrombolysis Benefits
Mild Stroke Patients With
Large-Artery Atherosclerosis but No
Tandem Steno-Occlusion

Dapeng Wang ', Lulu Zhang ', Xiaowei Hu', Juehua Zhu', Xiang Tang', Dongxue Ding’,
Hui Wang', Yan Kong', Xiuying Cai™, Longting Lin?* and Qi Fang ™

" Department of Neurology, First Affliated Hospital of Soochow University, Suzhou, China, ? Hunter Medical Research Institute,
University of Newcastle, New Lambton, NSW, Australia

At present, there is controversy regarding whether thrombolysis is beneficial for patients
suffering from a mild stroke. In this study, we therefore sought to determine whether
the therapeutic benefit of thrombolysis is dependent upon stroke subtype for those with
mild stroke. We conducted a retrospective analysis of data from consecutive mild stroke
patients (National Institutes of Health Stroke Scale <5) with and without recombinant
tissue plasminogen activator (rt-PA) therapy. The TOAST (Trial of Org 10172 in acute
stroke treatment) criteria was used to determine stroke subtypes. Patients suffering
from large-artery atherosclerosis (LAA) were subdivided based upon whether or not
they exhibited tandem steno-occlusion, as defined by the association of a proximal
intracranial occlusion and a cervical internal carotid artery lesion (complete occlusion
or severe stenosis > 90%). For this study, favorable outcomes at 90 days of onset
(modified Rankin Scale Score [mRS] of 0—1) were the primary measured outcome. Three
hundred thirty-nine patients were included in the study. For patients with non-LAA,
there were not statistically significant improvements in favorable outcomes for rt-PA
treatment (p = 0.889, 0.929, 0.708; respectively). For patients with LAA, compared
with non-treated group, rt-PA-treated patients had a significant in the rate of favorable
outcomes at 90 days (82.8 vs. 64.9%; OR 2.59; 95%Cl, 1.13-5.92; P = 0.024). Among
LAA patients exhibiting tandem lesions, favorable outcomes were observed in 66.7%
of rt-PA-treated patients, with no significant differences to those observed in untreated
patients (OR 1.00; 95%Cl, 0.23-4.28; p = 1.000). Among LAA patients without tandem
lesions, compared with non-treated group, we found that rt-PA treatment was associated
with a significant beneficial impact on favorable outcomes after 90 days (64.4 vs. 88.4%;
OR 4.20; 95%Cl, 1.43-12.30; p = 0.009). Our findings suggest that intravenous rt-
PA is only beneficial in mild stroke patients with LAA-type strokes that do not exhibit
tandem steno-occlusion.
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INTRODUCTION

Stroke incidence in China is very high, with ~2.5 million
cases annually (1), of which 30% are mild ischemic strokes
(2, 3). Mild stroke represents one of the main reasons for not
receiving intravenous recombinant tissue plasminogen activator
(rt-PA) in time-eligible acute ischemic stroke (AIS) patients
(4, 5); this is despite current guidelines which make no formal
recommendations on of the use of rt-PA in these patients (6).
Cases of mild stroke have been excluded due to contraindications
from most randomized thrombolysis trials citing reasons that
symptoms were not severe enough to warrant a high-risk
treatment intervention; although, these decisions are not support
by data (7). It must be noted that there is substantive evidence
to suggest that a significant proportion of mild stroke patients
has subsequent neurological deterioration (8-10). Further, Prior
analyses have additionally suggested that stroke subtype may be
an independent predictor of prognosis in mild stroke patients
(11, 12). A retrospective analysis indicated that both primary
rt-PA and endovascular therapy had better outcome at 90 days
than primary conservative therapy in patients with large vessel
occlusion in the anterior circulation and low NIHSS score
(NIHSS score < 5) (13).

Tandem lesions, defined as a combination of high-grade
stenosis or occlusion of the internal carotid artery (ICA)
with concomitant occlusion of an intracranial vessel (14,
15), accounted for about 10-15% of AIS due to large-artery
atherosclerosis (LAA) (16). The treatment of AIS with tandem
lesions remains a unique technical challenge due to the low
recanalization rate and poor outcomes after rt-PA (17, 18). None
of the studies have focused on mild strokes with tandem lesions.

The aim of our study is to identify the impact of rt-PA
treatment in mild stroke patients by stroke subtype and further
assess the effect on patients with tandem leisons.

METHODS

Patients Population

This study was a retrospective analysis of 339 mild stroke patients
(National Institutes of Health Stroke Scale, NIHSS<5) that had
presented in the stroke unit of the First Affiliated Hospital of
Soochow University (Figure 1). Patients were included in this
analysis if they presented within 4.5 h of stroke onset and either
were or were not treated with rt-PA in a standard 0.9 mg/kg dose
between August 2016 and January 2019. Inclusion criteria were as
follows: (1) patients were NIHSS <5 and met all other standard IV
rt-PA eligibility criteria (19); (2) patients had a modified Rankin
Scale (mRS) score <1 prior to stroke onset; and (3) patients
did not undergo further endovascular therapy within the study
period. Patients who had undergone catheter interventions (1),
had brain tumors (2), were suffering from severe hepatic or
renal dysfunction (3), or were suffering from severe end-stage
disease (4) were excluded from analyses. The First Affiliated
Hospital of Soochow University ethics committee approved the
present study, with all relevant guidelines and regulations being
observed. All patients and/or their legal guardians provided
informed consent.

Tandem lesions were defined by the association of a proximal
intracranial occlusion and a cervical ICA lesion (complete
occlusion or severe stenosis > 90%) (20).

The following data were collected for all patients: age,
sex, medical history (including smoking status, and history
of hyperlipidemia, diabetes, stroke, coronary heart disease,
and hypertension), and clinical data collected at time of
hospital admission (including stroke severity as measured via
NIHSS, onset-to-treatment (OTT) time, stroke subtype, and
rate of hemorrhagic transformation). TOAST (Trial of Org
10172 in acute stroke treatment) criteria were used for stroke
subtype classification, and LAA strokes were further subdivided
based upon whether or not patients were presented with
tandem lesions.

Outcome Measures

The primary outcome for this study was a favorable patient
outcome at 90 days, as indicated by an mRS score between 0
and 1 (12, 21, 22). In addition, we analyzed safety outcomes
including hemorrhagic transformations (including symptomatic
intracranial hemorrhage) based upon ECASS II criteria (23),
asymptomatic intracranial hemorrhage, and all-cause mortality
within a 90-day period.

Statistical Analysis

Categorical variables are presented as numbers (percentages),
while continuous variables are presented as means [with
standard deviations (SD)]. Baseline patient characteristics were
compared via Chi-squared (x2) test, Fisher exact test, Student’s
t-tests, and Mann-Whitney U tests when data were categorical,
normally distributed, and non-normally distributed, respectively.
A multivariate logistic regression analysis was used to examine
factors associated with favorable patient outcomes, following
adjustment for specific covariates including age, sex, NIHSS score
and OTT time. All tests were 2-sided, and the p-value level of
significance was set at 0.05. SAS v9.2 (SAS Institute Inc, NC, USA)
was used for statistical analyses, and Figures were prepared using
GraphPad Prism 5 and Review Manager 5.3.

RESULTS

Patient Characteristics

In total, we analyzed outcome data from 160 and 179 patients
that were and were not treated via rt-PA, respectively. The rt-
PA-treated and -untreated groups had mean ages of 63.4 +
12.0 and 65.7 £ 12.3 years, respectively (Table 1). There were
44 female patients (27.5%) in the rt-PA treated group and 62
female patients (34.6%) in the rt-PA untreated group. With
respect to medical history, in the rt-PA-treated group, 17.5%
of patients had a history of stroke, 65.0% had hypertension,
23.1% had hyperlipidemia, 14.4% had atrial fibrillation, and
5.9% had CHD in the rt-PA-treated group, while in the rt-PA-
untreated group these percentages were 21.8,70.9, 20.1, 15.1, and
5.6%, respectively. Patients in rt-PA treated group had a higher
proportion of history of smoking (P = 0.010), while a lower
proportion of history of diabetes mellitus (P = 0.029). Laboratory
findings were comparable for patients in these two groups, with
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FIGURE 1 | Study inclusion flow chart. AIS, Acute ischemic stroke; mRS, modified Rankin Scale Score.

the exception of LDL-C levels, which were elevated in patients
in the rt-PA-treated group relative to untreated controls (2.5 £
0.8 vs. 2.3 &£ 0.8; P = 0.018). Patients in the rt-PA-treated and
-untreated groups had average NIHSS scores of 2.5 = 1.4 and
2.2 £ 1.5 at admission, respectively (P = 0.066). There was no
significant difference in OTT time between the two groups (163.2
+ 57.2vs. 161.0 &= 57.0 min; P = 0.716).

Baseline characteristics of LAA patients with and without
tandem lesions were shown in Table2. There were 33
patients (24.4%) with tandem lesions and 102 patients (75.6%)
without tandem lesions. Percentage of diabetes mellitus and
hyperlipidemia were higher in the group with tandem lesions
(45.4 vs. 23.5%, P = 0.016; 24.2 vs. 9.80%, P = 0.034). There
were no significant differences in baseline characteristics between
two groups. Among 102 patients without tandem lesions, 76
patients (74.5%) were with isolated stenosis to occlusion of
middle cerebral artery (MCA), 23 patients (22.5%) were with
isolated stenosis to occlusion of ICA, 3 patients (2.9%) were with
isolated stenosis to occlusion of anterior cerebral artery (ACA).

Outcomes

In this study, we compared 90-day outcomes between mild
stroke patients with and without rt-PA treatment. The mRS
score distributions at this time point were shown for all
mild stroke patients in Figure 2. We found that rt-PA-treated

patients exhibited a non-significant trend toward more favorable
outcomes relative to untreated patients after adjusting for age,
sex, NITHSS score and OTT time (OR, 1.65; 95% CI, 0.96-2.86;
P =0.072), with 82.5% (132/160) in rt-PA treated group having
good outcome (mRS: 0-1) at 90 days, while the proportion was
74.9% (134/179) in the untreated group.

We additionally conducted subgroup analyses according to
stroke subtypes after adjusting for above specified covariates
(Figure 3). This analysis revealed that LAA-type patients had
significantly favorable outcomes at 90 days after rt-PA treatment
compared to untreated patients (82.8 [48/58] vs. 64.9% [50/77];
OR, 2.59; 95% CI, 1.13-5.92; P = 0.024). In contrast, no such
differences were observed in other stroke subtypes including
cardioembolism (CE), small vessel occlusion (SVO), or other
determined/undetermined subtypes (P = 0.889, P = 0.929,
and 0.708, respectively). ORs and corresponding 95% Cls for
patients in the rt-PA-treated and -untreated groups were shown
in Figure 3.

An additional subgroup analysis was performed adjusting
for above specified covariates was performed wherein LAA-type
patients were subdivided based upon whether or not they
presented tandem lesions (Figure4). In this analysis, we
found that 66.7% (10/15) and 66.7% (12/18) of LAA tandem
lesion patients in the rt-PA-treated and -untreated subgroups,
respectively, exhibited favorable outcomes at the 90-day time
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TABLE 1 | Baseline characteristics of patients with mild stroke.

Characteristics rt-PA (n = 160) Non-rt-PA (n = 179) P
Socio-demographic characteristics
Female, n (%) 44 (27.5) 62 (34.6) 0.157
Age, y, mean £+ SD 63.4+12.0 65.7 £12.3 0.084
Clinical status before admission
Previous stroke, n (%) 28 (17.5) 39 (21.8) 0.322
Hypertension, n (%) 104 (65.0) 127 (70.9) 0.241
Diabetes Mellitus, n (%) 31(19.4) 53 (29.6) 0.029
Hyperlipidemia, n (%) 37 (23.1) 36 (20.1) 0.500
Atrial fibrillation, n (%) 23 (14.4) 27 (15.1) 0.854
Smoking, n (%) 54 (33.8) 38 (21.2) 0.010
History of CHD, n (%) 10 (5.9) 10 (5.6) 0.796
Clinical data on admission
SBP, mmHg, mean + SD 1561.8 £ 20.7 164.4 +22.9 0.276
DBP, mmHg, mean + SD 83.8 +13.4 85.5+14.6 0.264
TC, mmol/l, mean + SD 43+09 41+£12 0.108
TG, mmol/l, mean £+ SD 1.6+ 1.0 16+£1.2 0.804
LDL-C, mmol/l, mean £ SD 25+08 23+0.8 0.018
Cr, umol/l, mean £ SD 73.5 4+ 23.0 72.0+£ 255 0.571
FPG, mmol/l, mean + SD 59+25 6.2+3.6 0.489
NIHSS, mean + SD 25+14 22+15 0.066
OTT time, min, mean + SD 163.2 £ 57.2 161.0 £ 57.0 0.716
Stroke subtype, n (%) 0.553
Large artery atherosclerosis 58 (36.2) 77 (43.0)
Cardioembolism 29 (18.1) 27 (156.1)
Small vessel occlusion 65 (40.6) 69 (38.5)
Other/Undetermined 8 (5.0) 6 (3.4)
Intracerebral hemorrhage
ASICH, n (%) 6(3.8) 2(1.12) 0.111
SICH, n (%) 2(1.2) 0(0.0)

SD, standard deviation; CHD, coronary heart disease; SBFR, systolic blood pressure;
DBF, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; LDL-C, low
density lipoprotein cholesterol; Cr, creatinine; FPG, fasting blood glucose; NIHSS,
National Institutes of Health Stroke Scale; OTT, onset-to-treatment; ASICH, asymptomatic
intracerebral hemorrhage; SICH, symptomatic intracerebral hemorrhage.

point (OR, 1.00; 95%CI, 0.23-4.28; P = 1.000). Based on these
analyses, we concluded that rt-PA treatment of LAA-type patients
without tandem lesions was associated with a clear beneficial
effect, with favorable outcome proportions of 88.4% (38/43) and
64.4% (38/59) in the treated and untreated groups, respectively
(OR, 4.20; 95%CI, 1.43-12.30; P = 0.009).

Overall, we observed mortality rates of 1.2% (n = 2/160) and
0.6% (n = 1/178) among rt-PA-treated and -untreated patients,
respectively (OR 2.25; 95%CI, 0.20-25.09; P = 0.604). Only
two (1.2%) patients in the rt-PA treatment group exhibited
symptomatic intracranial hemorrhage (sICH) within the 90-day
study period, as determined based upon ECASSII criteria.

DISCUSSION

The results of the present study suggest that the IV rt-PA
treatment of mild stroke patients is associated with high rates

TABLE 2 | Baseline characterstics of LAA mild stroke patients with and without
tandem lesions.

Characteristics Tandem lesions No tandem lesions P

(n=33) (n=102)
Socio-demographic Characteristics
Female, n (%) 7(21.2) 33 (32.9) 0.223
Age, y, mean + SD 64.9 +£13.2 63.8+12.2 0.660
Clinical status before admission
Previous stroke, n (%) 10 (30.3) 24 (23.5) 0.436
Hypertension, n (%) 21 (63.6) 73(71.6) 0.389
Diabetes Mellitus, n (%) 15 (45.4) 24 (23.5) 0.016
Hyperlipidemia, n (%) 8(24.2) 10 (9.80) 0.034
Smoking, n (%) 10 (30.3) 30 (29.4) 0.086
History of CHD, n (%) 0(0.0) 10 (9.80) 0.118
Clinical data on admission
SBP, mmHg, mean + SD 158.3 +21.6 153.5 + 24.4 0.319
DBP, mmHg, mean + SD 88.5+15.0 84.0+14.8 0.131
TC, mmol/l, mean + SD 41 +09 42+1.0 0.539
TG, mmol/l, mean + SD 18+1.2 1.7+14 0.667
LDL-C, mmol/l, mean £ SD 24+£07 25+0.8 0.546
Cr, umol/l, mean + SD 70.0 + 14.4 72.4 +28.0 0.637
FPG, mmol/l, mean + SD 6.8+28 6.2+ 4.6 0.486
NIHSS, mean + SD 27+£1.4 26+1.4 0.860
OTT time, min, mean + SD 165.6 + 46.9 160.5 + 58.4 0.615

LAA, large artery atherosclerosis; SD, standard deviation; CHD, coronary heart disease;
SBR, systolic blood pressure; DBR, diastolic blood pressure; TC, total cholesterol; TG,
triglycerides; LDL-C, low density lipoprotein cholesterol; Cr, creatinine; FPG, fasting blood
glucose; NIHSS, National Institutes of Health Stroke Scale; OTT, onset-to-treatment.

rt-PA

No rt-PA

| I [ I [ 1
0% 20% 40% 60% 80% 100%

Bl VRSO @l MRS1 B VRS2 EE VRS 3
B VRS 4 @ VRS 5 MRS 6

FIGURE 2 | Distribution of mRS scores at 90 days in mild stroke patients with
and without rt-PA treatment. mRS, modifed Rankin Scale.

(82.5%) of 90-day favorable outcomes (mRS 0-1). In particular,
we found that patients with LAA-subtype strokes were more
likely to benefit from rt-PA treatment than patients suffering
from other stroke subtypes. However, we found that the
therapeutic benefits of rt-PA treatment in LAA patients were
limited to patients that did not exhibit tandem steno-occlusion.
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Subgroup rt-PA No rt-PA

n/N(%) n/N(%)
Overall 132/160(82.5) 134/179(74.9)
Stroke subtype

LAA 48/58(82.8) 50/77(64.9)

CE 23-29(79.3) 21/27(77.8)

SVO 55/65(84.6) 58/69(84.1)
Other/UD 6/8(75.0) 5/9(55.6)

No rt-PA Better

Odds Ratio(95%Cl) p value
—e—i 1.65(0.96-2.86) 0.072
—— 2.59(1.13-5.92) 0.024
—_— 1.10(0.30-3.93) 0.889
e 1.04(0.41-2.65) 0.929
L 4 0.60(0.04-8.73) 0.708
02505 1 2 4 8

rt-PA Better

FIGURE 3 | Odds ratio of rt-PA treatment for mild stroke patients after adjusting for age, sex, NIHSS score, and OTT time. Cl, confidence; LAA, large artery
atherosclerosis; CE, cardioembolism; SVO, small vessel occlusion; UD, undetermined.

score, and OTT time. Cl, confidence; LAA, large artery atherosclerosis.

Subgroup r:;;\lp(a) N:/:(;;A Odds Ratio(95%Cl) p value
Overall 48/58(82.8) 50/77(64.9) —e—  259(113-592) 0.024
LAA (With tandem lesions) 10/15(66.7) 12/18(66.7) 1.00(0.23-4.28) 1.000
CAA (With tandem lesions) 38/43(88.4) 38/59(64.4) ——e—  420(143-1230)  0.009
02505 1 2 4 8
No rt-PA Better rt-PA Better

FIGURE 4 | Odds ratio of rt-PA treatment for large-artery atherosclerosis mild stroke patients with and without tandem lesions after adjusting for age, sex, NIHSS

In patients with such tandem lesions, these results instead suggest
that the efficacy of IV rt-PA treatment may be limited.

In this study, we were able to estimate the effect of rt-
PA in mild stroke patients who were excluded from most
randomized trials based on varied exclusion criteria (24). Our
findings also suggest that mild stroke patients may benefit from
rt-PA treatment, particularly patients suffering from strokes
with an LAA-type etiology. Previous randomized (25-28) and
observational (29, 30) studies have yielded inconsistent findings
with respect to the therapeutic benefits of rt-PA treatment in mild
stroke patients. One prior pooled analysis of six thrombolysis
trials failed to find any reason to exclude mild stroke patients
from undergoing rt-PA treatment (31); these findings are
consistent with findings from the NINDS rt-PA stroke subgroup
study regarding minor stroke (32). One prospective cohort study
found that, regardless of their baseline NIHSS scores, patients
suffering from mild but with disabling symptoms should undergo
rt-PA (33). In addition, one retrospective study of Chinese
patients similarly found that patients with LAA-type strokes were
likely to benefit from undergoing rt-PA treatment (3).

Treatment of AIS patients with tandem lesions is known
to be technically challenging. However, there have been no
specific studies conducted to date regarding the relative impact

of rt-PA treatment in LAA-type mild stroke patients with and
without tandem lesions. In the present study, we found that
rt-PA treatment of mild stroke patients was associated with a
therapeutic benefit only in LAA-subtype patients that did not
exhibit tandem steno-occlusion. In LAA patients exhibiting such
tandem lesions, our findings suggest that the benefits of rt-
PA intervention may be minimal. All the following previous
studies focused on the rt-PA treatment on tandem lesions were
enrolled with severe stroke patients (NIHSS>5). Tandem lesions
treated with rt-PA may sometimes achieve recanalization, but
have poorer outcome than those with isolated occlusion (34-
37). A large prospective study demonstrates that identification
of a tandem lesion independently predicts poor response to rt-
PA in terms of recanalization (38-40). While platelet activation
is accelerated at the site of ruptured atherosclerotic plaque (18,
38), the lack of effect of rt-PA could be related to the fact
that most tandem lesions were secondary to atherothrombotic
disease of the carotid artery with large clot burden, which
is a known predictor of poor recanalization after rt-PA (41-
43). Kim et al. supposed that the low recanalization rate
may be attributed to the large amount of thrombus (44).
ICA lesion may cause hypoperfusion and reduce the delivery
of rtPA to the thrombus in the MCA and ACA. Moreover,
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experimental researches demonstrated that the presence of a
cervical ICA lesion (complete occlusion or severe stenosis) leads
to decrease of cerebral perfusion pressure, which not only hinder
dissolution of distal vessels but also increase the possibility of
rethrombosis after incomplete recanalization (42). In terms of
carotid atherothrombosis, the presence of a distal MCA occlusion
usually is associated to an artery to artery embolism, with a clot
proceeding from the carotid plaque which was platelet-rich lytic-
resistant (41). Despite this, Ali et al. confirmed that 30% of the
tandem -PAlesions achieved good outcome treated with rt-PA.
AIS with tandem lesions should not be used as an exclusion from
standard rt-PA therapy within the therapeutic window (18).

Based on the evidence of recent clinical trials, including
HERMES (45), STRATIS (46), MR CLEAN (47), ESCAPE
(48), and REVASCAT (49) trials have confirmed the benefit
and favorable clinical outcomes of endovascular treatment
for AIS with tandem lesions. A recent meta-analysis, data
suggest that patients with tandem lesions can achieve
spontaneous intracranial recanalization after recanalization
of the cervical ICA (50, 51). Despite the obvious benefit
from endovascular treatment for tandem lesions, there is
no consensus about the ideal technical strategy (34, 45).
Different endovascular approaches have been proposed;
however, there has been no standardized recommendation (43).
Previous studies comparing bridging therapy to mechanical
thrombectomy (MT) alone demonstrated a higher rate of
successful reperfusion and functional independence with
bridging therapy. The results support the current guidelines
of offering intravenous thrombolysis to eligible patients
even if they are being considered for MT (52). TITAN
(Thrombectomy in Tandem occlusions) which was a result of
a collaborative effort to identify the best therapeutic approach
for AIS due to tandem lesions (16), demonstrated that an
approach associating emergent carotid stenting with rt-PA in
conjunction to thrombectomy may be the best therapeutic
option for AIS with tandem lesions leading to higher reperfusion
and recanalization rates; this approach was not found to be
associated with an increased risk of hemorrhagic complications
(39, 53, 54).

Our study has strengths and limitations. The main strength
is that we analyzed the effect on rt-PA treatment based on
TOAST classification in mild stroke patients. Furthermore, in a
subgroup analysis, we analyzed rt-PA treatment in mild stroke
patients with tandem lesions which were with limited evidence
for the optimal management. There are limitations to the present
study. First, the population of patients in the subgroup of LAA-
type patients with tandem lesions was quite small, our statistical
power was therefore relatively limited. In addition, this study
was retrospective and observational in nature, thus it does not

REFERENCES

1. Huang ZX, Lin XL, Lu HK, Liang XY, Fan L], Liu XT. Lifestyles
correlate with stroke recurrence in Chinese inpatients with first-ever acute
ischemic stroke. J Neurol. (2019) 266:1194-202. doi: 10.1007/s00415-019-
09249-5

offer robust insight regarding the clinical benefit of the IV rt-
PA treatment of mild stroke patients. Future research efforts
including scientifically rigorous randomized clinical trials will be
needed in order to formally establish the clinical relevance of
our findings.

CONCLUSION

In summary, the results of this study indicate that intravenous
rt-PA is only beneficial for the treatment of mild stroke patients
with LAA-subtype strokes and without tandem steno-occlusion.
Our findings suggest that intravenous rt-PA treatment may be of
limited value in mild stroke patients with tandem lesions. The
rapid vascular assessment and treatment of mild stroke patients
are clinically important, as it allows for the identification of
patients in need of emergency endovascular therapy.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by The First Affiliated Hospital of Soochow
University ethics committee approved the present study, with
all relevant guidelines, and regulations being observed. The
patients/participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

DW and LZ conceived the research and wrote the main
manuscript text. XT and DD participated in the recruitment of
the sample population. XH and JZ acquired the data, analyzed
the results. YK helped in interpreted the results and revised
the article. XC, LL, and QF guided the process, interpreted the
results, and revised the article. All authors read and approved
the manuscript.

FUNDING

This work was supported by National key R&D Program of China
(No. 2017YFC0114300), Natural Science Foundation of Jiangsu
Province (No. BK20180201), and Natural Science Foundation of
Jiangsu province (No. BK20190183).

2. Zhao D, Liu J, Wang W, Zeng Z, Cheng J, Liu ], et al. Epidemiological
transition of stroke in China: twenty-one-year observational study
from the Sino-MONICA-Beijing Project. Stroke. (2008) 39:1668-74.
doi: 10.1161/STROKEAHA.107.502807

3. Chen W, Pan Y, Zhao X, Liu L, Li H, Liao X, et al. Intravenous thrombolysis
in chinese patients with different subtype of mild stroke: thrombolysis in

Frontiers in Neurology | www.frontiersin.org

May 2020 | Volume 11 | Article 340


https://doi.org/10.1007/s00415-019-09249-5
https://doi.org/10.1161/STROKEAHA.107.502807
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Wang et al.

rt-PA Benefits LAA Without Tandem

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Messe SR, Khatri

patients with mild stroke. Sci Rep. (2017) 7:2299. doi: 10.1038/s41598-017-0
2579-2

. Cocho D, Belvis R, Marti-Fabregas ], Molina-Porcel L, Diaz-Manera

J, Aleu A, et al. Reasons for exclusion from thrombolytic therapy
following acute ischemic stroke. Neurology. (2005) 64:719-20.
doi: 10.1212/01.WNL.0000152041.20486.2F

P, Reeves MJ, Smith EE, Saver JL, Bhatt DL,
et al. Why are acute ischemic stroke patients not receiving IV
tPA? Results from a national registry. Neurology. (2016) 87:1565-74.
doi: 10.1212/WNL.0000000000003198

. Asdaghi N, Wang K, Ciliberti-Vargas MA, Gutierrez CM, Koch S, Gardener H,

et al. Predictors of thrombolysis administration in mild stroke: Florida-puerto
rico collaboration to reduce stroke disparities. Stroke. (2018) 49:638-45.
doi: 10.1161/STROKEAHA.117.019341

. Hassan AE, Hassanzadeh B, Tohidi V, Kirmani JF. Very mild stroke

patients benefit from intravenous tissue plasminogen activator without
increase of intracranial hemorrhage. South Med J. (2010) 103:398-402.
doi: 10.1097/SMJ.0b013e3181d7814a

. Baumann CR, Baumgartner RW, Gandjour ], von Budingen HC, Siegel

AM, Georgiadis D. Good outcomes in ischemic stroke patients treated with
intravenous thrombolysis despite regressing neurological symptoms. Stroke.
(2006) 37:1332-3. doi: 10.1161/01.STR.0000217272.38455.a2

. Smith EE, Fonarow GC, Reeves MJ], Cox M, Olson DM, Hernandez

AF, et al. Outcomes in mild or rapidly improving stroke not treated
with intravenous recombinant tissue-type plasminogen activator:
findings from get with the guidelines-stroke. Stroke. (2011) 42:3110-5.
doi: 10.1161/STROKEAHA.111.613208

Khatri P, Conaway MR, Johnston KC, Acute Stroke Accurate Prediction
Study 1. Ninety-day outcome of a prospective
consecutive patients with mild ischemic stroke. Stroke. (2012) 43:560-2.
doi: 10.1161/STROKEAHA.110.593897

Lovett JK, Coull AJ, Rothwell PM. Early risk of recurrence by subtype of
ischemic stroke in population-based incidence studies. Neurology. (2004)
62:569-73. doi: 10.1212/01.WNL.0000110311.09970.83

Ferrari J, Knoflach M, Kiechl S, Willeit J, Schnabl S, Seyfang L,
et al. Early clinical worsening in patients with TIA or minor stroke:
the Austrian Stroke Unit Registry. Neurology. (2010) 74:136-41.
doi: 10.1212/WNL.0b013e3181c9188b

Heldner MR, Chaloulos-Iakovidis P, Panos L, Volbers B, Kaesmacher
J, Dobrocky T, et al. Outcome of patients with large vessel occlusion
in the anterior circulation and low NIHSS score. J Neurol. (2020).
doi: 10.1007/s00415-020-09744-0. [Epub ahead of print].

Politi M, Kastrup A, Marmagkiolis K, Grunwald IQ, Papanagiotou P.
Endovascular therapy for acute stroke. Prog Cardiovasc Dis. (2017) 59:534-41.
doi: 10.1016/j.pcad.2017.03.004

Papanagiotou P, Haussen DC, Turjman E Labreuche ], Piotin M, Kastrup
A, et al. Carotid stenting with antithrombotic agents and intracranial
thrombectomy leads to the highest recanalization rate in patients with
acute stroke with tandem lesions. JACC Cardiovasc Interv. (2018) 11:1290-9.
doi: 10.1016/j.jcin.2018.05.036

Zhu F, Bracard S, Anxionnat R, Derelle AL, Tonnelet R, Liao L, et al. Impact
of emergent cervical carotid stenting in tandem occlusion strokes treated by
thrombectomy: a review of the TITAN collaboration. Front Neurol. (2019)
10:206. doi: 10.3389/fneur.2019.00206

Pikija S, Magdic ], Sztriha LK, Killer-Oberpfalzer M, Bubel N, Lukic A,
et al. Endovascular therapy for tandem occlusion in acute ischemic stroke:
intravenous thrombolysis improves outcomes. J Clin Med. (2019) 8:228.
doi: 10.3390/jcm8020228

Sultan-Qurraie A, Witt T, de Havenon A, Ribo M, Zaidat OO.
SEIMLESS: simultaneous extracranial, intracranial management of.
(tandem) LESsions in stroke. J Neurointerv Surg. (2019) 11:879-83.
doi: 10.1136/neurintsurg-2018-014403

Powers W], Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis
NC, Becker K, et al. 2018 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. (2018) 49:e46-110. doi: 10.1161/STR.00000000000
00158

rates cohort of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gory B, Piotin M, Haussen DC, Steglich-Arnholm H, Holtmannspotter M,
Labreuche J, et al. Thrombectomy in acute stroke with tandem occlusions
from dissection versus atherosclerotic cause. Stroke. (2017) 48:3145-8.
doi: 10.1161/STROKEAHA.117.018264

Choi JC, Jang MU, Kang K, Park JM, Ko Y, Lee §J, et al. Comparative
effectiveness of standard care with IV thrombolysis versus without IV
thrombolysis for mild ischemic stroke. J] Am Heart Assoc. (2015) 4:e001306.
doi: 10.1161/JAHA.114.001306

Laurencin C, Philippeau F, Blanc-Lasserre K, Vallet AE, Cakmak S, Mechtouff
L, et al. Thrombolysis for acute minor stroke: outcome and barriers to
management. results from the RESUVAL stroke network. Cerebrovasc Dis.
(2015) 40:3-9. doi: 10.1159/000381866

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). Second
European-Austral Acute Stroke Study Investigat Lancet. (1998) 352:1245-51.
doi: 10.1016/S0140-6736(98)08020-9

Khatri P, Kleindorfer DO, Yeatts SD, Saver JL, Levine SR, Lyden
PD, et al. Strokes with minor symptoms: an exploratory analysis
of the of Neurological and  Stroke
recombinant tissue plasminogen activator trials. Stroke. (2010) 41:2581-6.
doi: 10.1161/STROKEAHA.110.593632

Sandercock P, Lindley R, Wardlaw J, Whiteley W, Murray G. Statistical
analysis plan for the third International Stroke Trial. (IST-3); part
of a ’thread’ of reports of the trial. Int ] Stroke. (2012) 7:186-7.
doi: 10.1111/.1747-4949.2012.00782.x

Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, et al. Effect
of treatment delay, age, and stroke severity on the effects of intravenous
thrombolysis with alteplase for acute ischaemic stroke: a meta-analysis of
individual patient data from randomised trials. Lancet. (2014) 384:1929-35.
doi: 10.1016/S0140-6736(14)60584-5

Whiteley WN, Thompson D, Murray G, Cohen G, Lindley RI, Wardlaw
], et al. Effect of alteplase within 6 hours of acute ischemic stroke on all-
cause mortality. (third International stroke trial). Stroke. (2014) 45:3612-7.
doi: 10.1161/STROKEAHA.114.006890

European Carotid Surgery Trialists’ Collaborative Group. MRC european
carotid surgery trial: interim results for symptomatic patients with
severe. (70-99%) or with mild. (0-29%) carotid stenosis. European
Carotid Surgery Trialists’ Collaborative Group. Lancet. (1991) 337:1235-43.
doi: 10.1016/0140-6736(91)92916-P

Frank B, Grotta JC, Alexandrov AV, Bluhmki E, Lyden P, Meretoja A, et al.
Thrombolysis in stroke despite contraindications or warnings? Stroke. (2013)
44:727-33. doi: 10.1161/STROKEAHA.112.674622

Strbian D, Ringleb P, Michel P, Breuer L, Ollikainen J, Murao K, et al. Ultra-
early intravenous stroke thrombolysis: do all patients benefit similarly? Stroke.
(2013) 44:2913-6. doi: 10.1161/STROKEAHA.111.000819

Hacke W, Donnan G, Fieschi C, Kaste M, von Kummer R, Broderick JP,
et al. Association of outcome with early stroke treatment: pooled analysis of
ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet. (2004) 363:768—
74. doi: 10.1016/S0140-6736(04)15692-4

National Institute of Neurological Disorders Stroke rt PASSG. Recombinant
tissue plasminogen activator for minor strokes: the National Institute of
Neurological Disorders and Stroke rt-PA Stroke Study experience. Ann Emerg
Med. (2005) 46:243-52. doi: 10.1016/j.annemergmed.2005.02.013

Kohrmann M, Nowe T, Huttner HB, Engelhorn T, Struffert T, Kollmar R, et al.
Safety and outcome after thrombolysis in stroke patients with mild symptoms.
Cerebrovasc Dis. (2009) 27:160-6. doi: 10.1159/000185607

Christou I, Felberg RA, Demchuk AM, Burgin WS, Malkoff M, Grotta
JC, et al. Intravenous tissue plasminogen activator and flow improvement
in acute ischemic stroke patients with internal carotid artery occlusion. J
Neuroimaging. (2002) 12:119-23. doi: 10.1111/§.1552-6569.2002.tb00107.x
Lavallee PC, Mazighi M, Saint-Maurice JP, Meseguer E, Abboud H,
Klein IF, et al. Stent-assisted endovascular thrombolysis versus intravenous
thrombolysis in internal carotid artery dissection with tandem internal
carotid and middle cerebral artery occlusion. Stroke. (2007) 38:2270-4.
doi: 10.1161/STROKEAHA.106.481093

Miyamoto N, Naito I, Takatama S, Shimizu T, Iwai T, Shimaguchi H. Urgent
stenting for patients with acute stroke due to atherosclerotic occlusive lesions

National Institute Disorders

Frontiers in Neurology | www.frontiersin.org

May 2020 | Volume 11 | Article 340


https://doi.org/10.1038/s41598-017-02579-2
https://doi.org/10.1212/01.WNL.0000152041.20486.2F
https://doi.org/10.1212/WNL.0000000000003198
https://doi.org/10.1161/STROKEAHA.117.019341
https://doi.org/10.1097/SMJ.0b013e3181d7814a
https://doi.org/10.1161/01.STR.0000217272.38455.a2
https://doi.org/10.1161/STROKEAHA.111.613208
https://doi.org/10.1161/STROKEAHA.110.593897
https://doi.org/10.1212/01.WNL.0000110311.09970.83
https://doi.org/10.1212/WNL.0b013e3181c9188b
https://doi.org/10.1007/s00415-020-09744-0
https://doi.org/10.1016/j.pcad.2017.03.004
https://doi.org/10.1016/j.jcin.2018.05.036
https://doi.org/10.3389/fneur.2019.00206
https://doi.org/10.3390/jcm8020228
https://doi.org/10.1136/neurintsurg-2018-014403
https://doi.org/10.1161/STR.0000000000000158
https://doi.org/10.1161/STROKEAHA.117.018264
https://doi.org/10.1161/JAHA.114.001306
https://doi.org/10.1159/000381866
https://doi.org/10.1016/S0140-6736(98)08020-9
https://doi.org/10.1161/STROKEAHA.110.593632
https://doi.org/10.1111/j.1747-4949.2012.00782.x
https://doi.org/10.1016/S0140-6736(14)60584-5
https://doi.org/10.1161/STROKEAHA.114.006890
https://doi.org/10.1016/0140-6736(91)92916-P
https://doi.org/10.1161/STROKEAHA.112.674622
https://doi.org/10.1161/STROKEAHA.111.000819
https://doi.org/10.1016/S0140-6736(04)15692-4
https://doi.org/10.1016/j.annemergmed.2005.02.013
https://doi.org/10.1159/000185607
https://doi.org/10.1111/j.1552-6569.2002.tb00107.x
https://doi.org/10.1161/STROKEAHA.106.481093
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Wang et al.

rt-PA Benefits LAA Without Tandem

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

of the cervical internal carotid artery. Neurol Med Chir. (2008) 48:49-55;
discussion 55-46. doi: 10.2176/nmc.48.49

Engelter ST, Rutgers MP, Hatz F, Georgiadis D, Fluri F Sekoranja L, et al.
Intravenous thrombolysis in stroke attributable to cervical artery dissection.
Stroke. (2009) 40:3772-6. doi: 10.1161/STROKEAHA.109.555953

Rubiera M, Ribo M, Delgado-Mederos R, Santamarina E, Delgado

P, Montaner J, et al. Tandem internal carotid artery/middle
cerebral artery occlusion: an independent predictor of poor
outcome after systemic thrombolysis. Stroke. (2006) 37:2301-5.

doi: 10.1161/01.STR.0000237070.80133.1d

Anadani M, Spiotta AM, Alawieh A, Turjman E Piotin M, Haussen DC,
et al. Emergent carotid stenting plus thrombectomy after thrombolysis in
tandem strokes: analysis of the TITAN registry. Stroke. (2019) 50:2250-2.
doi: 10.1161/STROKEAHA.118.024733

Lin ], Liang Y, Lin J. Endovascular therapy versus intravenous thrombolysis
in cervical artery dissection-related ischemic stroke: a meta-analysis. ] Neurol.
(2019). doi: 10.1007/500415-019-09474-y. [Epub ahead of print].

Molina CA, Montaner J, Arenillas JE Ribo M, Rubiera M, Alvarez-Sabin J.
Differential pattern of tissue plasminogen activator-induced proximal middle
cerebral artery recanalization among stroke subtypes. Stroke. (2004) 35:486—
90. doi: 10.1161/01.STR.0000110219.67054.BF

Rubiera M, Alvarez-Sabin J, Ribo M, Montaner J, Santamarina E, Arenillas JF,
etal. Predictors of early arterial reocclusion after tissue plasminogen activator-
induced recanalization in acute ischemic stroke. Stroke. (2005) 36:1452-6.
doi: 10.1161/01.STR.0000170711.43405.81

Yang D, Shi Z, Lin M, Zhou Z, Zi W, Wang H, et al. Endovascular
retrograde approach may be a better option for acute tandem occlusions
stroke. Interv Neuroradiol. (2019) 25:194-201. doi: 10.1177/1591019918
805140

Zivin JA, Lyden PD, DeGirolami U, Kochhar A, Mazzarella V, Hemenway CC,
et al. Tissue plasminogen activator. Reduction of neurologic damage
after experimental embolic stroke. Arch Neurol. (1988) 45:387-91.
doi: 10.1001/archneur.1988.00520280033012

Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ,
Demchuk AM, et al. Endovascular thrombectomy after large-vessel
ischaemic stroke: a meta-analysis of individual patient data from five
randomised trials. Lancet. (2016) 387:1723-31. doi: 10.1016/S0140-6736(16)0
0163-X

Sivan-Hoffmann R, Gory B, Armoiry X, Goyal M, Riva R, Labeyrie
PE, et al. Stent-retriever thrombectomy for acute anterior ischemic

stroke with tandem occlusion: a systematic review and meta-
analysis. Eur Radiol. (2017) 27:247-54. doi: 10.1007/s00330-016-
4338-y

47.

48.

49.

50.

51.

52.

53.

54.

Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HE Yoo AJ,
et al. A randomized trial of intraarterial treatment for acute ischemic stroke.
N Engl ] Med. (2015) 372:11-20. doi: 10.1056/NEJMoal411587

Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al.
Randomized assessment of rapid endovascular treatment of ischemic stroke.
N Engl ] Med. (2015) 372:1019-30. doi: 10.1056/NEJMoa1414905

Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al.
Thrombectomy within 8 hours after symptom onset in ischemic stroke. N Engl
J Med. (2015) 372:2296-306. doi: 10.1056/NEJMoal1503780

Malik AM, Vora NA, Lin R, Zaidi SE Aleu A, Jankowitz BT, et al.
Endovascular of tandem extracranial/intracranial anterior
circulation occlusions: preliminary single-center experience. Stroke. (2011)
42:1653-7. doi: 10.1161/STROKEAHA.110.595520

Son S, Choi DS, Oh MK, Kim SK, Kang H, Park K], et al. Emergency carotid
artery stenting in patients with acute ischemic stroke due to occlusion or
stenosis of the proximal internal carotid artery: a single-center experience. J
Neurointerv Surg. (2015) 7:238-44. doi: 10.1136/neurintsurg-2014-011141
Goyal N, Tsivgoulis G, Frei D, Turk A, Baxter B, Froehler MT,
et al. Comparative safety and efficacy of combined IVT and MT with
direct MT in large vessel occlusion. Neurology. (2018) 90:e1274-82.
doi: 10.1212/WNL.0000000000006654

Gory B, Haussen DC, Piotin M, Steglich-Arnholm H, Holtmannspotter
M, Labreuche J, et al. Impact of intravenous thrombolysis and emergent
carotid stenting on reperfusion and clinical outcomes in patients with acute
stroke with tandem lesion treated with thrombectomy: a collaborative pooled
analysis. Eur ] Neurol. (2018) 25:1115-20. doi: 10.1111/ene.13633
Sadeh-Gonik U, Tau N, Friehmann T, Bracard S, Anxionnat R, Derelle
AL, et al. Thrombectomy outcomes for acute stroke patients with
anterior circulation tandem lesions: a clinical registry and an update of
a systematic review with meta-analysis. Eur ] Neurol. (2018) 25:693-700.
doi: 10.1111/ene.13577

treatment

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Wang, Zhang, Hu, Zhu, Tang, Ding, Wang, Kong, Cai, Lin and
Fang. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

May 2020 | Volume 11 | Article 340


https://doi.org/10.2176/nmc.48.49
https://doi.org/10.1161/STROKEAHA.109.555953
https://doi.org/10.1161/01.STR.0000237070.80133.1d
https://doi.org/10.1161/STROKEAHA.118.024733
https://doi.org/10.1007/s00415-019-09474-y
https://doi.org/10.1161/01.STR.0000110219.67054.BF
https://doi.org/10.1161/01.STR.0000170711.43405.81
https://doi.org/10.1177/1591019918805140
https://doi.org/10.1001/archneur.1988.00520280033012
https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.1007/s00330-016-4338-y
https://doi.org/10.1056/NEJMoa1411587
https://doi.org/10.1056/NEJMoa1414905
https://doi.org/10.1056/NEJMoa1503780
https://doi.org/10.1161/STROKEAHA.110.595520
https://doi.org/10.1136/neurintsurg-2014-011141
https://doi.org/10.1212/WNL.0000000000006654
https://doi.org/10.1111/ene.13633
https://doi.org/10.1111/ene.13577
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Intravenous Thrombolysis Benefits Mild Stroke Patients With Large-Artery Atherosclerosis but No Tandem Steno-Occlusion
	Introduction
	Methods
	Patients Population
	Outcome Measures
	Statistical Analysis

	Results
	Patient Characteristics
	Outcomes

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


