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Mild	&	Rapidly	Improving	Stroke	common	

4	

Popula7on	 Median	NIHSS	 NIHSS	0-5	

GCNK	(Reeves	2013)	 3	

Corpus	ChrisH	(Brown	2004)	 3	

NOMAS	(Dhamoon	2009)	 54.6%	

MS & RIS in population based studies 

Author	 Defini7on	MS/RIS	 Time	 N	 MS/RIS	%	

Smith	2011	 MD	judgment	 <2h	 93,517	 31%	

George	2009	 MD	judgment	 <3h	 2,670	 34%	

Barber	2001	 MD	judgment	 <3h	 1,168	 31%	

Kleindorfer	2004	 NIHSS	0-4	 <3h	 406	 43%	

MS & RIS presenting to ED 



Exclusion	Criteria	for	Mild	Deficits	in	Prior	
Randomized	Thrombolysis	Trials		

Trial& Exclusion&Criterion&
NINDS&Parts&1&&&2& “Rapidly)improving)or)minor)symptoms”))
ECASS&I&and&II& Scandinavian)Stroke)Scale)score)<50)
ATLANTIS&A&and&B& )“NIHSS)<4)and)normal)speech)&)visual)fields”)
ECASS&III& “Symptoms)rapidly)improving)or)only)minor")
EPITHET& NIHSS)<5)
IST&3& Symptoms)considered)likely)to)resolve)

completely)within)the)next)few)hours)(ie)TIA))
 



Mild	stroke	not	studied	in	randomized	
thrombolysis	trials		

Trial	 NIHSS	0-4	
NINDS	A	 16	(5%)	
NINDS	B	 13	(4%)	
ECASS	I	 34	(5%)	
ECASS	II	 47	(6%)	

ATLANTIS	A	 10	(7%)	
ATLANTIS	B	 47	(8%)	
EPITHET	 98	(12%)	
IST	3	 400	(13%)	



Outcome	of	Mild	&	RIS	not	treated	with	IV	lyHcs	

7	

Author	 Defini7on	MS/RIS	 N	 Poor	Outcome	defini7on	 Outcome	

Smith	2005	 MD	judgment	 128	 Not	d/c	home	 27%	

Willey	2012	 MD	judgment	 48	 Not	d/c	home	 23%	

Hills	2006	 MD	judgment	 32	 Not	d/c	home	 34.4%	

Smith	2011	 MD	judgment	 29,200	 Not	d/c	home	 28.3%	

Kenmuir	2015	 NIHSS	0-4	 869	 Not	d/c	home	 35.2%	

Barber	2001	 MD	judgment	 98	 mRS	3-6	at	d/c	 32%	

Sun	2011	 NIHSS	0-3	 49	 mRS	3-6	at	d/c	 34.7%	

Rajajee	2006	 NIHSS	<4	 39	 mRS	3-6	at	d/c	 20.5%	

Barber	2001	 MD	judgment	 98	 mRS	3-6	at	d/c	 33.7%	

Nedeltchev	2007	 NIHSS	<5	or	ê	>4	 162	 mRS	2-6	at	90	d	 23.5%	

Fischer	2010	 NIHSS	<5	 249	 mRS	2-6	at	90	d	 32%	

Huisa	2012	 NIHSS	<5	 74	 mRS	2-6	at	90	d	 31.1%	

Urra	2013	 NIHSS	<5	 84	 mRS	2-6	at	90	d	 19%	

Khatry	2012	 NIHSS	<5	 136	 mRS	2-6	at	90	d	 29%	

CouZs	2012	 NIHSS	0-3	 499	 mRS	2-6	at	90	d	 15%	

Van	der	Berg	2009	 MD	judgment	 27	 mRS	2-6	at	90	d	 11.5%	

Leira	2012	 NIHSS	0-6	 194	 GOS	>1	&	BI	<95	at	90	d	 32%	



Short	term	outcomes	in	mild	and	rapidly	
improving	stroke	not	treated	with	

thrombolyHcs	

8	

Outcomes	 NIHSS	0-5	
N=27751	

NIHSS	>5	
N=4832	 P	value	

Discharge	home		 76.1	 49.0	 <.0001	

Independent	
ambulaHon*	 76.4	 50.0	 <.0001	

Amongst	paHents	arriving	within	4.5	hours	and	no	other	exclusions	for	treatment	
*	Restricted	to	those	with	documented	ability	to	ambulate	independently	at	baseline.		

Romano	JG	et	al.	Stroke.	2016;47:1278-1285	



Causes	for	Poor	Outcome	aker		
Mild	and/or	Rapidly	Improving	Stroke	

•  Low	score	in	NIHSS	does	not	exclude	disabling	symptoms1	

•  Worsening	aker	iniHal	event	in	8-10%2,3	

–  Collateral	flow	failure4	

•  Rapid	improvement	associated	with	symptom	re-occurrence5	

–  Large	vessel	re-occlusion	aker	tPA	in	12%6	

•  Other	causes:	systemic/metabolic	events,	hemorrhagic	
transformaHon,	etc.	

1.	Kohrmann	et	al	2009;	2.	CouXs	et	al	2011;	3.	Rajajee	et	al	2006;	4,	Campbell	et	al	2013.	5.	Smith	et	al	
2005;	6.	Rubiera	et	al	2005	



Clinical	Progression	in	Minor	Stroke	

VISION	Study.	N=334.	CouXs	et	al.	BMC	Cardiovasc	Dis	2011;11:18	

8.7%	 8%	

6.6%	

Progression	 Recurrence	

Death	



Infarct	growth	associated	with	poor	outcomes	

ASAP	Study:	N=169,	DWI	<24	h	and	at	5	d,	90	d	follow	up	
•  Median	baseline	NIHSS	6	(IQR	3-13),	DWI	4.6	cc	(IQR	1.6-39.5)	
•  5	day	DWI	growth:	none	15%,	>0-10	cc	56%,	>10	cc	29%	
•  For	each	10	cc	DWI	growth:	mRS	0-1	OR=0.57	(p=0.01)	
•  For	each	10	cc	DWI	growth:	BI	>95	OR=0.75	(p=0.056)	

ASAP	NIHSS	0-5	subgroup	(n=96)	
•  Poor	outcome	(mRS	2-6)	in	79%	with	>10%	infarct	growth	

Acute	Stroke	Accurate	Predic7on-ASAP	Study	
KM	BarreX	et	al.	Stroke	2009;40:2422.	
P	Khatri	et	al.	Stroke	2012;43:560	



DeterioraHon	due	to	extrapenumbral	extension	

M	Tisserand	et	al.	Stroke	2014;45:3527	

40	cases	with	early	
neurological	deterioraHon	
(Δ	NIHSS	>4p	at	24h)	post	
tPA,	10	unexplained	(no	
ICH,	edema,	new	embolic	
stroke,	seizure)	
	
DWI	growth	beyond	
mismatch	in	9/10	
suggesHng	hemodynamic	
factors	

3530  Stroke  December 2014

eligible cases for age, initial NIHSS, onset-to-treatment time, 
or proximal occlusion.

The demographics and relevant clinical and imaging data 
of the 10 eligible patients are shown in Table 1. No patient but 
one (#4) was on antiplatelet agents before their stroke. The 
follow-up MRI took place 29.4 hours [20.6–54.4] (median 
[interquartile range]) after the start of tPA in the END cases, 
which was not different from the controls (25.4 hours [22.5–
30.8]; P=0.288). The END occurred 0.5 to 23 hours after 
the start of tPA. All 10 patients had proximal occlusion on 
admission MRA. At follow-up, 2 patients only (1 and 7) had 
recanalized, while in the remaining the initial occlusion was 
still present. Finally, functional outcome was poor (3-month 
mRS>2) in 8 of 10 patients.

EP-PAD was present in 9 of the 10 eligible patients, with 
volumes ranging from 7 to 137 mL (>10 mL in 8; Table 1). 
Figure 2 illustrates the acute and follow-up DWI and MRA 
images and binarized acute Tmax map and Figure 3, the topog-
raphy of EP-PAD relative to the initial Tmax>6 seconds lesion, 
in the same 3 patients.

There was no significant difference for any of the demo-
graphics or admission clinical or imaging data between cases 
and controls, including age, initial NIHSS, onset-to-treat-
ment time, presence of proximal occlusion, volume of DWI1, 
or volume of symptomatic tissue (Table 2). Also, there was 
no significant difference in occurrence of recanalization, but 
as expected both the 24-hour NIHSS and DWI2 volume were 
significantly greater in the END group. Importantly, all 3 
volumes for total PAD, penumbral PAD, and EP-PAD were 
significantly larger in ENDunexplained compared with END− 
patients (P=0.01, 0.01, and 0.047, respectively) (Table 2). 
The plot of the individual EP-PAD volumes in the cases 
and controls is shown in the Figure in online-only Data 
Supplement.

Topography of Extrapenumbral PAD
In all 9 patients with EP-PAD, the topography of the latter was 
contiguous with the penumbra area, as illustrated in Figures 2 

and 3, although in patient 1 there was an additional, small area 
of EP-PAD located remote from the initial penumbra, involv-
ing the anterior cerebral artery (ACA) territory.

Figure 2. Imaging data in 3 illustrative patients 
showing coregistered diffusion-weighted imag-
ing (DWI) and magnetic resonance angiography 
(MRA) obtained at admission (DWI1 and MRA1) and 
follow-up (DWI2 and MRA2), and the admission 
binary perfusion map showing the penumbra in red 
(Tmax>6 s). The red contour delineates the voxels 
belonging to the penumbra, back-projected onto 
DWI1 and DWI2. This figure illustrates the occur-
rence of DWI lesion growth both within and beyond 
the initial mismatch (ie, penumbral progressing 
acute DWI lesion [PAD] and extrapenumbral PAD, 
respectively) in all 3 patients. The red arrows point 
to the proximal occlusion present in each patient 
on admission.

Figure 3. Illustrative axial and coronal sections showing the 
topography of extrapenumbral-progressing acute DWI lesion (EP-
PAD; red voxels) relative to the severely acutely hypoperfused 
region (Tmax>6 s; blue voxels) in the same 3 patients as illustrated 
in Figure 2. EP-PAD was extensive in all 3 patients, even extend-
ing into the anterior cerebral artery territory in patients 1 and 
2. The topography of EP-PAD also broadly corresponded with 
the deteriorating national institute of health stroke scale items 
(right leg weakness and EP-PAD involving the left supplementary 
motor area [SMA] in patient 1; left hemi-sensorimotor deficit and 
gaze palsy, and EP-PAD involving the primary motor, somatosen-
sory, and premotor cortices, SMA and internal capsule in patient 
2; and right hemiparesis and dysphasia, and EP-PAD involving 
the left primary motor cortex and Broca’s area in patient 4).

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 1, 2018

3530  Stroke  December 2014

eligible cases for age, initial NIHSS, onset-to-treatment time, 
or proximal occlusion.

The demographics and relevant clinical and imaging data 
of the 10 eligible patients are shown in Table 1. No patient but 
one (#4) was on antiplatelet agents before their stroke. The 
follow-up MRI took place 29.4 hours [20.6–54.4] (median 
[interquartile range]) after the start of tPA in the END cases, 
which was not different from the controls (25.4 hours [22.5–
30.8]; P=0.288). The END occurred 0.5 to 23 hours after 
the start of tPA. All 10 patients had proximal occlusion on 
admission MRA. At follow-up, 2 patients only (1 and 7) had 
recanalized, while in the remaining the initial occlusion was 
still present. Finally, functional outcome was poor (3-month 
mRS>2) in 8 of 10 patients.

EP-PAD was present in 9 of the 10 eligible patients, with 
volumes ranging from 7 to 137 mL (>10 mL in 8; Table 1). 
Figure 2 illustrates the acute and follow-up DWI and MRA 
images and binarized acute Tmax map and Figure 3, the topog-
raphy of EP-PAD relative to the initial Tmax>6 seconds lesion, 
in the same 3 patients.

There was no significant difference for any of the demo-
graphics or admission clinical or imaging data between cases 
and controls, including age, initial NIHSS, onset-to-treat-
ment time, presence of proximal occlusion, volume of DWI1, 
or volume of symptomatic tissue (Table 2). Also, there was 
no significant difference in occurrence of recanalization, but 
as expected both the 24-hour NIHSS and DWI2 volume were 
significantly greater in the END group. Importantly, all 3 
volumes for total PAD, penumbral PAD, and EP-PAD were 
significantly larger in ENDunexplained compared with END− 
patients (P=0.01, 0.01, and 0.047, respectively) (Table 2). 
The plot of the individual EP-PAD volumes in the cases 
and controls is shown in the Figure in online-only Data 
Supplement.

Topography of Extrapenumbral PAD
In all 9 patients with EP-PAD, the topography of the latter was 
contiguous with the penumbra area, as illustrated in Figures 2 

and 3, although in patient 1 there was an additional, small area 
of EP-PAD located remote from the initial penumbra, involv-
ing the anterior cerebral artery (ACA) territory.

Figure 2. Imaging data in 3 illustrative patients 
showing coregistered diffusion-weighted imag-
ing (DWI) and magnetic resonance angiography 
(MRA) obtained at admission (DWI1 and MRA1) and 
follow-up (DWI2 and MRA2), and the admission 
binary perfusion map showing the penumbra in red 
(Tmax>6 s). The red contour delineates the voxels 
belonging to the penumbra, back-projected onto 
DWI1 and DWI2. This figure illustrates the occur-
rence of DWI lesion growth both within and beyond 
the initial mismatch (ie, penumbral progressing 
acute DWI lesion [PAD] and extrapenumbral PAD, 
respectively) in all 3 patients. The red arrows point 
to the proximal occlusion present in each patient 
on admission.

Figure 3. Illustrative axial and coronal sections showing the 
topography of extrapenumbral-progressing acute DWI lesion (EP-
PAD; red voxels) relative to the severely acutely hypoperfused 
region (Tmax>6 s; blue voxels) in the same 3 patients as illustrated 
in Figure 2. EP-PAD was extensive in all 3 patients, even extend-
ing into the anterior cerebral artery territory in patients 1 and 
2. The topography of EP-PAD also broadly corresponded with 
the deteriorating national institute of health stroke scale items 
(right leg weakness and EP-PAD involving the left supplementary 
motor area [SMA] in patient 1; left hemi-sensorimotor deficit and 
gaze palsy, and EP-PAD involving the primary motor, somatosen-
sory, and premotor cortices, SMA and internal capsule in patient 
2; and right hemiparesis and dysphasia, and EP-PAD involving 
the left primary motor cortex and Broca’s area in patient 4).

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 1, 2018



DeterioraHon	due	to	clot	extension	

Seners et al  Unexplained END and Clot Extension After IV tPA  349

SVS would be expected to be present, were included in the pres-
ent study. From our prospective database of consecutive acute stroke 
patients treated only with IVT <4.5 hours between January 2001 
and December 2015, we therefore identified patients with (1) mid-
dle cerebral artery stroke, (2) magnetic resonance imaging (MRI) 
obtained on admission and at the 24-hour follow-up, (3) visible 
occlusion on admission magnetic resonance angiography (MRA), 
and (4) persistent occlusion (arterial occlusive lesion score: 0–1)6 on 
24-hour MRA. Patients with clear-cause END and those with severe 
artifacts on either T2* scan were excluded a priori. After this screen-
ing procedure, only patients with SVS on either the admission or the 
follow-up T2* scan were included for the statistical analysis because 
only in this situation can the hypothesis of SVS extension be tested 
(see below).

In accordance with French legislation, this study did not need 
approval by an Ethics Committee because it implied only retrospec-
tive analysis of anonymized data collected prospectively as a part of 
routine clinical care.

Unexplained END
As described in detail elsewhere,2,4 END was defined as a ≥4-point 
increase in National Institutes of Health Stroke Scale score between 
admission and 24 hours and unexplained END as END without evi-
dent cause, including symptomatic intracerebral hemorrhage, malig-
nant edema, early recurrent stroke, or other medical complications.

Imaging
MRI is systematically implemented as first-line pretreatment work-up 
in candidates for thrombolysis in our center. The admission protocol, 
performed on a 1.5-T scanner (GE Healthcare), includes fluid-atten-
uated inversion recovery,  diffusion-weighted imaging, T2*-weighted 
gradient echo imaging, and intracranial MRA. Computed tomography 
and computed tomographic angiography are performed only when 
MRI is contraindicated. The acquisition parameters of the 2-dimen-
sional  T2*-weighted gradient echo sequence were as follows: rep-
etition time/echo time 460/13 ms, flip angle 25°, 24×18 cm2 field of 
view, 256×224 matrix, 1 excitation, 24 slices, 6-mm contiguous slice 
thickness. A follow-up imaging (MRI, or computed tomography if 
contraindicated) is systematically performed ≈24 hours after treat-
ment and includes the same set of sequences as the admission MRI. 
In case of >1 follow-up MRI, the MRI performed closest in time with 
END occurrence was used for the present analysis.

As to the best of our knowledge, no previous study has assessed 
SVS extension to date, a visual analysis-based method was devised 
for the purpose of the present study. Two stroke physicians (P.S. and 
R.H., in consensus) and 1 experienced neuroradiologist (M.T.) inde-
pendently compared spatially coregistered admission and 24-hour 
follow-up T2* scans. Another experienced neuroradiologist (C.O.) 
adjudicated any discrepancies. Observers had access to diffusion-
weighted imaging and MRA, but were blinded to the clinical data. 
They were asked to search for SVS, that is, a hypointense signal on 
T2* within a vascular cistern, exceeding the size of the homologous 
contralateral arterial diameter; this search was  performed for 4 pre-
defined arterial segments, namely the supraclinoid internal carotid 
artery, proximal part of middle cerebral artery (M1), insular middle 
cerebral artery segment (M2), and more distal middle cerebral artery 
segment (>M2). Each eligible patient was then classified as SVS 
extension or no-extension in the above 4 arterial segments. Figures 1 
and 2 show the 5 main SVS evolution patterns. The following patterns 
were classified as SVS extension: (1) extension or new occurrence of 
SVS in any segment, without any regression (Figure 1A); (2) stable 
length of the SVS within M1 but displacement of the SVS within the 
M1 segment (Figure 1B), which might occlude previously unaffected 
M1 perforators and lead to END; and (3) regression of proximal SVS 
associated with extension/new SVS occurrence in a more distal arte-
rial segment (Figure 1C), which might occlude perforators or col-
laterals.7 The no-SVS extension group included (1) unchanged SVS 
length and location (Figure 2A); and (2) SVS regression without any 
new SVS occurrence or extension (Figure 2B).

Statistical Analysis
Interobserver agreement for categorization as SVS extension/no-
extension was studied on the entire cohort using Cohen Kappa 
statistics and their 95% confidence intervals (CIs). Continuous 
variables were compared with Student t test or a Mann-Whitney 
U test, and categorical variables were compared using χ2 or Fisher 
exact test, as appropriate. We compared pretreatment characteris-
tics in univariable analyses between unexplained END and no-END 
patients. To adjust for potential confounders, we performed a mul-
tivariable binary logistic regression analysis with stepwise vari-
able selection. Accordingly, at each step of this process, variables 
automatically entered the regression analysis at P<0.30 and were 
retained as long as they remained associated at P<0.05. Statistical 
analyses were performed using SPSS 16.0 (SPSS Inc) and SAS 9.4 
(SAS Institute, Inc). Two-tailed P<0.05 was considered statistically 
significant.

Results
After exclusion of clear-cause ENDs (n=11: symptomatic 
intracerebral hemorrhage n=5; malignant edema n=6) and 
patients without SVS on both the admission and the follow-up 
T2* scans (n=12), a total of 120 patients met the study’s entry 
criteria (see Figure 3). Mean age was 69±15 years, median 
National Institutes of Health Stroke Scale was 16 (interquar-
tile range, 12–20), and proximal occlusion (internal carotid 
artery or M1) was present in 83% of patients. Unexplained 
END occurred in 22 patients.

SVS was present on admission MRI in 98% of the 
patients included in the present study. In the remaining 2% 
(3 patients), there was no SVS on admission MRI but a 
new SVS appeared on follow-up MRI (these patients were 
included in the new occurrence SVS category; see Methods). 

Figure 1. Illustration of the 3 patterns of susceptibility ves-
sel sign (SVS) extension between coregistered admission and 
24-hour follow-up T2* magnetic resonance (MR) scans. A, M1 
SVS on admission MR, still present at follow-up MR with new 
SVS in terminal internal carotid artery and SVS extension in 
distal M1; (B) long proximal M1 SVS on admission, with stable 
length but distal displacement within the M1 segment at follow-
up; (C) extensive SVS affecting whole M1 and proximal M2 on 
admission, with partial regression of its proximal portion and M2 
extension. See Methods for operational definition of terms. M1 
indicates proximal part of the middle cerebral artery (MCA); and 
M2, insular MCA segment.
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criteria (see Figure 3). Mean age was 69±15 years, median 
National Institutes of Health Stroke Scale was 16 (interquar-
tile range, 12–20), and proximal occlusion (internal carotid 
artery or M1) was present in 83% of patients. Unexplained 
END occurred in 22 patients.

SVS was present on admission MRI in 98% of the 
patients included in the present study. In the remaining 2% 
(3 patients), there was no SVS on admission MRI but a 
new SVS appeared on follow-up MRI (these patients were 
included in the new occurrence SVS category; see Methods). 

Figure 1. Illustration of the 3 patterns of susceptibility ves-
sel sign (SVS) extension between coregistered admission and 
24-hour follow-up T2* magnetic resonance (MR) scans. A, M1 
SVS on admission MR, still present at follow-up MR with new 
SVS in terminal internal carotid artery and SVS extension in 
distal M1; (B) long proximal M1 SVS on admission, with stable 
length but distal displacement within the M1 segment at follow-
up; (C) extensive SVS affecting whole M1 and proximal M2 on 
admission, with partial regression of its proximal portion and M2 
extension. See Methods for operational definition of terms. M1 
indicates proximal part of the middle cerebral artery (MCA); and 
M2, insular MCA segment.
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Author	 Defini7on	MS	 N	 Poor	outcome	
defini7on	

Outcome	

Willey	2013	 NIHSS	<5	 516	 Not	d/c	home	 36%	

Urra	2013	 NIHSS	<5	 119	 mRS	2-6	at	90	d	 17%	

Huisa	2012	 NIHSS	<5	 59	 mRS	2-6	at	90	d	 42.4%	

Steffenhagen	2009	 NIHSS	<5	 77	 mRS	2-6	at	90	d	 25.3%	

Wendt	2012	 NIHSS	<4	 107	 mRS	2-6	at	90	d	 26%	

Khatri	2010	(NINDS)	 NIHSS	<5	 42	 mRS	2-6	at	90	d	 21.4%	

Strbian	2013	 NIHSS	<6	 488	 mRS	2-6	at	90	d	 19.7%	
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Currently, approximately 29%–32% of patients with 
MIS are excluded from IV-tPA therapy due to concerns 
about sICH.4 28 However, given the considerable long-
term morbidity associated with MIS, the role of IV-tPA 
therapy needed to be closely assessed.

Existing literature regarding the efficacy of IV-tPA 
therapy in MIS were conflicting.11–22 Our meta-analysis 
suggests that patients treated with IV-tPA were more 
likely to have excellent functional outcome compared 
with the non-treatment group, which confirms find-
ings of previous meta-analyses from randomised trials.17 
In this meta-analysis, 237 (67.8%) patients with MIS 
(NIHSS ≤5) in the IV-tPA group and 189 (58.9%) 
patients in the control group showed excellent outcome 
at 3–6 months, and IV-tPA treatment was associated with 
a 1.48-fold increase in the odds of excellent outcome.17 
Different baseline characteristics, including baseline 
NIHSS score and onset to needle time, may have been the 
underlying reasons for the no benefit found in patients 
with MIS treated with IV-tPA in some studies. The Huisa 
et al18 study indicated that patients with MIS treated with 
IV-tPA had similar outcomes as patients not receiving 
IV-tPA treatment. In this study, the mean baseline NIHSS 
score was 3.4 in patients treated with IV-tPA and signifi-
cantly higher than untreated patients (the mean base-
line NIHSS score is 1.9).18 Data from the main paper of 

the Third International Stroke Trial-3, in which the onset 
to needle time in some patients is more than 4.5 hours, 
suggested IV-tPA treatment had no benefits for patients 
with MIS.29 However, if restricted patients met the stan-
dard treatment criteria, including randomisation within 
3 hours, IV-tPA treatment has a significant benefit for 
patients with MIS.14

The risk of haemorrhage is one of the major reasons 
that patients with MIS are excluded from IV-tPA treat-
ment. In our meta-analysis, 15 (1.9%) patients developed 
sICH, and all of these patients received IV-tPA therapy. 
Our results were in line with previous studies5 30 31 
showing that the risk of sICH was low for patients with 
MIS treated with IV-tPA, although higher in comparison 
with the non-treatment group. A meta-analysis of 12 
trials reported that the risk of sICH in all patients with 
stroke was 7.7%.30 The incidence of sICH based on stroke 
severity was compared in a cohort study that found the 
risk of haemorrhage was about 2% in patients with MIS 
and 8.1% in patients with a baseline NIHSS score of more 
than 6.31 Moreover, we found that in all 15 patients with 
sICH reported in three studies, defined as any ICH with 
NIHSS score increase of ≥1,11 18 21 haemorrhage was not 
serious and may not be associated with disability and 
mortality. The mortality rate of IV-tPA-treated patients 
(2.4%) and non-tPA-treated patients (2.9%) was similar, 
which suggested IV-tPA treatment did not affect mortality. 
Our meta-analysis, along with previous studies, suggests 
the overall risk of sICH is low and does not contribute to 
disability or mortality in patients with MIS treated with 
IV-tPA. The results of our meta-analysis support the need 
for ongoing randomised trials to further investigate the 
role of IV-tPA therapy in MIS. The TNK–Tissue-Type Plas-
minogen Activator Evaluation for Minor Ischemic Stroke 
With Proven Occlusion-2 (TEMPO-2) and A Study of the 
Efficacy and Safety of Activase (Alteplase) in Patients 
With Mild Stroke (PRISMS) are two ongoing randomised, 
placebo-controlled trials evaluating the efficacy, and 
particularly the safety, of IV-tPA or Tenecteplase -tissue-
type plasminogen activator in patients with MIS (http:// 
clinicaltrials. gov/).

There were some limitations to our meta-analysis. 
First, most of the studies included fairly small number 
of subjects, together with potential bias arising from the 

Figure 2 Forest plot for excellent outcome of IV-tPA-treated MIS compared with those without IV-tPA treatment. IV-
tPA, intravenous recombinant tissue plasminogen activator; M-H, Mantel-Haenszel; MIS, mild ischaemic stroke. 

Figure 3 Funnel plot for publication bias for excellent 
outcome of intravenous recombinant tissue plasminogen 
activator-treated mild ischaemic stroke.
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O
p

en A
ccess 

m
ean age of participants ranged from

 66 to 82 years, and 
the m

ean baseline N
IH

SS score ranged from
 2 to 4. T

he 
onset to treatm

ent tim
e was recorded in all the studies as 

less than or equal to 4.5 hours.
IC

H
, intracranial haem

orrhage; m
R

S, m
odified R

ankin 
Scale; N

A
,no data available; N

IH
SS, N

ational Institutes of 
H

ealth Stroke Scale; O
H

S, O
xfordshire H

andicap Score; 
sIC

H
, sym

ptom
atic intracranial haem

orrhage.

Excellent functional outcom
e

A
ll of the included studies report the percentage of m

R
S 

0–1 or O
H

S 0–1 at 3 or 6 m
onths. T

here are 599 (74.8%
) 

patients with excellent functional outcom
e am

ong 801 
patients treated with IV-tPA

 and 534 (67.6%
) patients 

in the control group without IV-tPA
 treatm

ent. T
he 

m
eta-analysis indicated a high odds of excellent outcom

e 
(O

R
=1.43; 95%

 C
I 1.14 to 1.79; P=0.002, I 2=35%

) in 
patients with M

IS treated with IV-tPA
 com

pared with 
those without IV-tPA

 treatm
ent (figure 2), and no publi-

cation bias was observed through the Begg’s funnel plot 
(figure 3).

Safety outcom
e

A
ll of the included studies reported on sIC

H
 in both 

com
parison groups. In three studies, 15 (1.9%

) patients 
treated with IV-tPA

 developed sIC
H

, while no sIC
H

 
was found in the non-treatm

ent group. T
he m

eta-anal-
ysis dem

onstrated a significantly higher odds of sIC
H

 
(O

R
=10.13; 95%

 C
I 1.93 to 53.02; P=0.006, I 2=0%

) in 
patients treated with IV-tPA

 in com
parison with those 

without IV-tPA
 treatm

ent (figure 4). O
nly three studies 

reported sIC
H

 and the publication bias was not observed 
through Begg’s funnel plot (online supplem

entary figure 
1).M

ortality in patients treated with IV-tPA
 was 2.4%

 (n=19), 
com

pared with 2.9%
 (n=23) in the non-treatm

ent group. 
T

he m
eta-analysis did not identify a significant difference 

in the odds of m
ortality (O

R
=0.78; 95%

 C
I 0.43 to 1.43; 

P=0.43, I 2=0%
) between the two groups (figure 5). N

o 
publication bias was observed through Begg’s funnel plot 
(online supplem

entary figure 2).

DISCUSSION
T

he current m
eta-analysis of the seven included studies 

found that IV-tPA
 was associated with excellent functional 

outcom
es at 3 or 6 m

onths following M
IS with signifi-

cantly increased risk of sIC
H

. N
o significant difference 

was observed in m
ortality between patients receiving and 

not receiving IV-tPA
 therapy.

M
IS is com

m
on; about half of ischaem

ic strokes in the 
U

SA
1 and approxim

ately 30%
 new ischaem

ic strokes in 
C

hina are M
IS. 2 3 M

IS is also associated with significant 
disability 

and 
poor 

functional 
outcom

es. 4–6 
Previous 

investigations have found that 28.3%
 of patients were 

not discharged hom
e following M

IS, 4 and 29.0%
 of 

them
 had significant functional disability at 3 m

onths 
(m

R
S ≥2), 6 which m

ay be due to intracranial occlu-
sion, lacunar progression and stroke recurrence. 5 25–27 

Table 1 Characteristics of studies included in the review

Publication Origin Cases Definition

Time to 
needle
(hours) Age Men Definition of sICH

Baseline
NIHSS score

mRS 0–1 at 
3 months or 
OHS 0–1 at
6 months sICH

Mortality 
at 
3 months

Khatri et al21 USA 58 ≤5 <3 66.2 (12.0) 42 (72.4) ICH with NIHSS ≥1 4 (4) 46 (79.3) 1 (1.7) 1 (1.7)
Huisa et al18 USA 133 ≤5 <3 68.5 (15.4) 79 (59.4) ICH with NIHSS ≥1 2.6 (1.5) 85 (63.9) 3 (2.3) 6 (4.5)

Urra et al12 Spain 203 ≤5 <4.5 68.9 (13.5) 134 (66.0) ICH with NIHSS ≥4 3 (2–4)
2 (1–3.8)

167 (82.3) 0 5 (2.5)

Greisenegger et al11 Austria 890 ≤5 <3 70 (61–78)
70 (62–78)

518 (58.2) ICH with NIHSS ≥1 4 (3–5) 609 (68.4) 11 (1.2) 27 (3.0)

Nesi et al13 Italy 128 ≤6 <3 65.6 (11.6) 92 (71.9) ICH with NIHSS ≥1 NA 108 (84.4) 0 0

Khatri et al14 USA 106 ≤5 <3 82
81

63 (59.4) ICH with significant 
neurological 
deterioration

4 59 (55.7) 0 3 (2.8)

Ng et al16 Australia 73 ≤3 <4.5 73.2 (67.3–82.8) 45 (61.6) ICH with NIHSS ≥4 2 (1–3) 59 (80.8) 0 0
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Outcome	 NIHSS	0	
N=192	

NIHSS	1	
N=409	

NIHSS	2	
N=771	

NIHSS	3	
N=1155	

NIHSS	4	
N=1583	

NIHSS	5	
N=1800	

Univ	
p-value	

LOS	>	3	days	 67.7	 62.4	 67.2	 70.7	 75.1	 78.2	 <0.0001	

Discharge	
home	 83.3	 81.7	 78.0	 73.6	 68.3	 63.7	 <0.0001	

Independent	
ambulaHon*	 82.1	 78.3	 78.8	 70.6	 68.1	 63.8	 <0.0001	

*	Restricted	to	those	with	documented	ability	to	ambulate	independently	at	baseline	(N=4,221)		

Romano	JG	et	al.	JAMA	Neurology.	2015;72:423	
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associated with a signifi cant increase in the risk of death 
preceded by clinically signifi cant intracerebral haem-
orrhage within 90 days (118 [3·5%] of 3391 vs 14 [0·4%] of 
3365; HR 8·52, 95% CI 4·89–14·82; fi gure 3). However, 
deaths were off set by non-signifi cantly fewer deaths among 
people who had not had a haemorrhage (490 [14·5%] of 
3391 vs 542 [16·1%] of 3365; HR 0·92, 0·82–1·04; fi gure 3). 
An analysis that defi ned clinically signifi cant haemorrhage 
by the radiological appearance of a type 2 parenchymal 
haemorrhage, rather than by the SITS-MOST defi nition, 
gave similar results (appendix p 10).

Because the estimated absolute excess risk of 
intracerebral haemorrhage increased according to the 
fi ve baseline categories of stroke severity, we assessed the 
eff ect of this increase on the expected distribution of mRS 
scores at 90 days in all patients treated within 4·5 h (mean, 
at 3 h and 20 min) by applying the OR for each mRS 

transition to the control population (fi gure 4). Among 
patients with the mildest strokes (NIHSS 0–4), alteplase 
within 4·5 h would be expected to result in an absolute 
increase in excellent outcome of 8·0% (95% CI 4·5 to 11·1), 
and to reduce the absolute risk of very poor outcome by 
0·1% (–0·6 to 0·8; consisting of a 0·3% absolute reduction 
in severe disability [mRS 5] and a 0·2% absolute increase 
in death). For the most severe strokes (NIHSS ≥22), 
alteplase would be expected to result in an absolute 
increase in excellent outcome of 1·0% (0·5 to 1·5), and to 
reduce the absolute risk of very poor outcome by 0·6% 
(–2·3 to 4·1; consisting of a 2·8% reduction in severe 
disability and a 2·1% absolute increase in death. Overall, 
for patients treated within 4·5 h, the absolute increase in 
the proportion of patients achieving a modifi ed Rankin 
Scale of 0 or 1 (6·8%, 4·0 to 9·5) exceeded the absolute 
increase in risk of fatal intracerebral haemorrhage (2·2%, 
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Figure 4: Estimated proportion of patients in each mRS score category with or without alteplase, according to stroke severity at baseline
An mRS of 0–1 indicates an excellent outcome: survival symptom free or with residual symptoms with no loss of activity. mRS 5–6 indicates bed bound or dead at 
3–6 months. In IST-3, 125 (4·1%) of 3035 patients died between 3 and 6 months. For comparability of mRS 6 between IST-3 and the other trials (which assessed mRS 
scores at 3 months), these patients were reassigned an mRS of 5 for this analysis. NIHSS=National Institutes of Health Stroke Scale. mRS=modifi ed Rankin Scale. 
IST-3=Third International Stroke Trial.
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1·5 to 3·0) and the absolute increased risk of death within 
90 days (0·9%, –1·4 to 3·2).

Discussion
In the nine trials included in the analysis, alteplase 
increased the odds of intracerebral haemorrhage within 
the fi rst 7 days by about six to seven times compared with 
control treatment. The proportional increase in the odds 
was similar irrespective of treatment delay, age, and 
stroke severity at baseline. In these trials, the underlying 
risk of intracerebral haemorrhage without alteplase 
increased with stroke severity, which is consistent with a 
systematic review of 55 observational studies in which 
each 1 point increment in the NIHSS was associated with 
an 8% (95% CI 6–11) increase in the odds of intracerebral 
haemorrhage (p<0·001).21 In the absence of heterogeneity 
of the OR for haemorrhage, the absolute excess risk of 
intracerebral haemorrhage was higher in patients with 
the severest strokes. Overall, alteplase resulted in a 2·3% 
absolute excess of fatal intracerebral haemorrhage during 
the fi rst week (fi gure 1). After the fi rst week, deaths 
preceded by intracerebral haemorrhage remained 
elevated in patients given alteplase (fi gure 3), perhaps 
because of disorders associated with chronic immobility 
(eg, pneumonia). By contrast, during the fi rst 90 days, 
non-signifi cantly fewer other deaths occurred in patients 
in the alteplase group than in the control group, perhaps 
because of the benefi cial eff ects of alteplase on functional 
outcome (fi gures 3, 4).

Taken together, the present analyses and our previous 
report1 show that, when given within 4·5 h, alteplase is 
associated with an early hazard due to intracerebral 
haemorrhage but a later benefi t in terms of less disability. 
This study raises the hypothesis that alteplase reduces 
mortality risk in patients in whom it does not cause 
intracerebral haemorrhage. This pattern is analogous to 
that of many surgical procedures (eg, carotid 
endarterectomy) that are associated with an early hazard 
followed by a later survival benefi t,22,23 and for which the 
balance of hazard and benefi t in particular types of 
patients determines their net clinical outcome.

The net eff ects of alteplase in particular types of 
patients are best represented by the predicted shift in the 
distribution of the mRS in patients allocated to alteplase 
or control. Our previous analyses showed that the 
benefi ts of alteplase diminish with increasing treatment 
delay, whereas the present analyses suggest that the 
absolute excess risk of intracerebral haemorrhage 
increases with stroke severity. Our exploratory analyses 
suggest that these two variables help determine the net 
eff ects of alteplase in particular patients. These variables 
might help to explain the non-signifi cantly larger relative 
increase in 90 day mortality in patients treated later than 
3 h in our previous report.1 The patterns could be due to 
the shifting balance between an early increase in 
mortality from intracerebral haemorrhage (which is of 
similar magnitude irrespective of delay) and a reduced 

mortality due to salvaged brain tissue in patients treated 
early, with the magnitude of this benefi t diminishing as 
delay increases (ie, time is brain).

There is a need for improved representations of the 
benefi ts and risks of alteplase, building on those 
developed previously,24–27 to better equip clinicians in 
discussions with patients and their family members. 
Established approaches of representing mRS (fi gure 4) 
have the inherent limitation that they do not directly 
represent the additional risks of fatal intracerebral 
haemorrhage. Figure 5 is an example of a possible 
representation of the expected eff ects of alteplase on the 
distribution of mRS scores, subdivided by stroke severity. 

The results of previous trials have shown that intra-
arterial thrombectomy, when given to patients who have 
already received intravenous thrombolysis, leads to 
improved outcomes28–32 in patients with large artery 
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occlusion. This combination might help to improve the 
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1·5 to 3·0) and the absolute increased risk of death within 
90 days (0·9%, –1·4 to 3·2).

Discussion
In the nine trials included in the analysis, alteplase 
increased the odds of intracerebral haemorrhage within 
the fi rst 7 days by about six to seven times compared with 
control treatment. The proportional increase in the odds 
was similar irrespective of treatment delay, age, and 
stroke severity at baseline. In these trials, the underlying 
risk of intracerebral haemorrhage without alteplase 
increased with stroke severity, which is consistent with a 
systematic review of 55 observational studies in which 
each 1 point increment in the NIHSS was associated with 
an 8% (95% CI 6–11) increase in the odds of intracerebral 
haemorrhage (p<0·001).21 In the absence of heterogeneity 
of the OR for haemorrhage, the absolute excess risk of 
intracerebral haemorrhage was higher in patients with 
the severest strokes. Overall, alteplase resulted in a 2·3% 
absolute excess of fatal intracerebral haemorrhage during 
the fi rst week (fi gure 1). After the fi rst week, deaths 
preceded by intracerebral haemorrhage remained 
elevated in patients given alteplase (fi gure 3), perhaps 
because of disorders associated with chronic immobility 
(eg, pneumonia). By contrast, during the fi rst 90 days, 
non-signifi cantly fewer other deaths occurred in patients 
in the alteplase group than in the control group, perhaps 
because of the benefi cial eff ects of alteplase on functional 
outcome (fi gures 3, 4).

Taken together, the present analyses and our previous 
report1 show that, when given within 4·5 h, alteplase is 
associated with an early hazard due to intracerebral 
haemorrhage but a later benefi t in terms of less disability. 
This study raises the hypothesis that alteplase reduces 
mortality risk in patients in whom it does not cause 
intracerebral haemorrhage. This pattern is analogous to 
that of many surgical procedures (eg, carotid 
endarterectomy) that are associated with an early hazard 
followed by a later survival benefi t,22,23 and for which the 
balance of hazard and benefi t in particular types of 
patients determines their net clinical outcome.

The net eff ects of alteplase in particular types of 
patients are best represented by the predicted shift in the 
distribution of the mRS in patients allocated to alteplase 
or control. Our previous analyses showed that the 
benefi ts of alteplase diminish with increasing treatment 
delay, whereas the present analyses suggest that the 
absolute excess risk of intracerebral haemorrhage 
increases with stroke severity. Our exploratory analyses 
suggest that these two variables help determine the net 
eff ects of alteplase in particular patients. These variables 
might help to explain the non-signifi cantly larger relative 
increase in 90 day mortality in patients treated later than 
3 h in our previous report.1 The patterns could be due to 
the shifting balance between an early increase in 
mortality from intracerebral haemorrhage (which is of 
similar magnitude irrespective of delay) and a reduced 

mortality due to salvaged brain tissue in patients treated 
early, with the magnitude of this benefi t diminishing as 
delay increases (ie, time is brain).

There is a need for improved representations of the 
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developed previously,24–27 to better equip clinicians in 
discussions with patients and their family members. 
Established approaches of representing mRS (fi gure 4) 
have the inherent limitation that they do not directly 
represent the additional risks of fatal intracerebral 
haemorrhage. Figure 5 is an example of a possible 
representation of the expected eff ects of alteplase on the 
distribution of mRS scores, subdivided by stroke severity. 

The results of previous trials have shown that intra-
arterial thrombectomy, when given to patients who have 
already received intravenous thrombolysis, leads to 
improved outcomes28–32 in patients with large artery 
ischaemic stroke and documented proximal arterial 
occlusion. This combination might help to improve the 
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Total	enrolled	in	prior	RCTs:	666	(IST-3	n=400)	
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1. Randomized within 3 hours of last known well
2. Pretreatment blood pressure <185/110
3. Met all other standard IV r-tPA eligibility criteria6

Consistent with the parent trial, the primary outcome for this 
analysis was the proportion alive and independent (OHS, 0–2) at 6 
months, and secondary outcomes were the ordinal analysis of OHS 
and the proportion alive and with favorable outcome (OHS, 0–1) at 
6 months, adjusted for age, time to randomization, and presence of 
ischemic change on baseline scan.

Results
Among 3035 subjects enrolled in IST-3, 612 (20%) subjects 
had an NIHSS ≤5. Among 612 subjects with low NIHSS score, 
106 (18%) had mild stroke as the sole reason for uncertainty. 
Specifically, 487 were excluded for randomization beyond 3 
hours from last known well, 87 for blood pressure ≥185/110 
(including 68 with both exclusions); none were excluded for 
other standard IV r-tPA exclusion criteria.

Among these 106 subjects, 55 were treated with IV r-tPA 
and 51 received standard medical management. Patients in 
each treatment arm were relatively well matched for baseline 
demographics and comorbidities (Table 1).

Comparing IV r-tPA and control patients, we found a 
nominally significant increase in the proportion alive and 
independent (84% versus 65%; unadjusted odds ratio [OR], 
2.79; 95% confidence interval [CI], 1.03–7.91; P=0.03; 
adjusted OR, 3.31; 95% CI, 1.24–8.79; P=0.02), and a favor-
able shift in distribution of OHS grades (unadjusted OR, 1.98; 
95% CI, 0.99–3.96; P=0.05; adjusted OR, 2.38; 95% CI, 
1.17–4.85; P=0.02) as demonstrated in the Figure. There was 
no significant effect on favorable outcome (60% versus 51%; 
unadjusted OR, 1.44; 95% CI, 0.62–3.34; P=0.35; adjusted 
OR, 1.92; 95% CI, 0.83–4.43; P=0.13).

There were no symptomatic intracranial hemorrhages in 
the r-tPA–treated group (0/55; 95% CI, 0%–8%), as per the 
IST-3 trial definition of significant neurological deteriora-
tion within 7 days, accompanied by radiological evidence 
of sufficient intracranial hemorrhage to account for the 
deterioration.4

Discussion
This post hoc analysis supports further testing of IV r-tPA in 
patients with mild ischemic strokes. A nominally significant 
effect was observed for the prespecified primary outcome of 

the parent IST-3, and the direction of effect was supportive for 
secondary outcomes as well.

This analysis approach allowed us to estimate the effect of 
r-tPA in the type of mild stroke patient likely to be included 
in our planned trial because the majority (82%) of the overall 
IST-3 cohort with NIHSS 0 to 5 had other relative contraindi-
cations to r-tPA. Chiefly, 80% were treated beyond 3 hours of 
stroke onset, and the potential benefit of reperfusion therapies 
is known to be highly time-dependent.7 In addition, 14% had 
the contraindication to IV r-tPA of elevated baseline blood 
pressure.6

Previous randomized trials of IV r-tPA had excluded 
patients with milder strokes based on varied exclusion criteria 
(Table 2).3 Pooled analysis of the few subjects with NIHSS 0 
to 4 enrolled in these major completed trials has demonstrated 
encouraging results of potential IV r-tPA efficacy in mild 
stroke despite a 0.9% risk of fatal intracranial hemorrhage.8 
However, recent exploratory data from IST-3 have suggested 
an adverse effect of r-tPA within 6 hours of stroke onset on 
long-term survival among strokes with better predicted prog-
nosis (>50% with functional recovery).9

Limitations of this analysis include its post hoc design and 
small sample size. Randomized, prospective data are needed 
to confirm this finding. This is particularly relevant to estimat-
ing the risk of fatal or disabling intracranial hemorrhage.

Our analysis of this highly selected sample of IST-3 sup-
ports the rationale of A Study of the Efficacy and Safety of 
Activase (Alteplase) in Patients With Mild Stroke (PRISMS) 
trial,5 an ongoing, randomized, placebo-controlled, phase 
IIIb, 948-subject, 75-center, study evaluating the efficacy and 
particularly the safety of IV r-tPA in mild ischemic strokes. 
Mild stroke is defined as NIHSS ≤5 and not clearly disabling 

Table 1. Demographics of IST-3 Mild Stroke Subcohort

Median Value IV r-tPA (n=55) Control (n=51)

Age (median yr) 82 81

Sex (% female) 43.6% 37.3%

Atrial fibrillation (%) 18.1% 11.8%

Baseline NIHSS (median) 4 4

SBP at randomization (median mm Hg) 152 156

Baseline glucose (median mmol/L) 6 6

Baseline ischemic change on CT (%) 25.5% 15.7%

Time to randomization (median h) 2.5 2.5

CT indicates catscan; IST, International Stroke Trial; IV r-tPA, intravenous 
recombinant tissue-type plasminogen activator; NIHSS, National Institutes of 
Health Stroke Scale; and SBP, systolic blood pressure.

Figure. Distributions of clinical outcomes in International Stroke 
Trial (IST)-3 mild stroke subcohort. IV r-tPA indicates intravenous 
recombinant tissue-type plasminogen activator.

Table 2. Exclusion Criteria for Mild Deficits in Previous 
Randomized, Intravenous Thrombolysis Trials

Trial Exclusion Criterion

NINDS parts 1 and 2 Rapidly improving or minor symptoms  
(including 4 prespecified syndromes)

ECASS I and II Scandinavian Stroke Scale score <50

ATLANTIS A and B NIHSS <4 and normal speech and visual fields

ECASS III Symptoms rapidly improving or only minor before 
start of infusion

EPITHET NIHSS <5

ATLANTIS indicates Alteplase Thrombolysis for Acute Noninterventional Therapy 
in Ischemic Stroke; ECASS, European Cooperative Acute Stroke Study; EPITHET, 
Echoplanar Imaging Thrombolytic Evaluation Trial; NIHSS, National Institutes of Health 
Stroke Scale; and NINDS, National Institute of Neurological Disorders and Stroke.
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Subgroup	in	IST3:	106	paHents	with	NIHSS	<5	within	3	h	of	onset	
•  Alive	&	Independent	(OHS	0-2):	84%	vs.	65%,	aOR	3.3,	95%	CI	1.2,	8.8	
•  Favorable	outcome	(OHS	0-1):	60	vs.	51%,	aOR	1.9,	95%	CI	0.8,	4.4	

Subcohort	analysis	of	IST	3	trial:	mild	stroke	



SymptomaHc	ICH	aker	IV	lyHcs	in	Mild	Stroke	
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Author	 Defini7on	MS	 Time	 N	 sICH	

Khatri	2010	(NINDS)	 NIHSS	<5	 <3	h	 42	 2%	

Steffenhagen	2009	 NIHSS	<5	 <3	h	 77	 2.6%	

Tanne	2002	 NIHSS	<5	 <3	h	 115	 4.5%	

Huisa	2012	 NIHSS	<5	 <3	h	 59	 5%	

Wendt	2012	 NIHSS	<4	 <4.5	h	 107	 1%	

Urra	2013	 NIHSS	<5	 <4.5	h	 119	 0	

Strbian	2013	 NIHSS	<6	 <3	h	 488	 2%	

Hassan	2010	 NIHSS	<6	 <3	h	 27	 3.7%	

Greisenegger	2014	 NIHSS	<5	 <3	h	 445	 2.5%	



Treatment	complicaHons	in	Mild	Stroke		
(NIHSS	0-5)	treated	with	IV	rtPA	within	4.5	hours	
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Outcome	 Total	
Popula7on	
(N=5,910)	

Treated		
0-3	hours	
(N=4,643)	

Treated		
3-4.5	hours	
(N=1,267)	

Univariate	
p-value	

SymptomaHc	ICH*	 1.84	 1.96	 1.42	 0.20	

Life	threatening/serious	
systemic	hemorrhage	 0.20	 0.24	 0.08	 0.27	

Romano	JG	et	al.	JAMA	Neurology.	2015;72:423		

*	No	difference	across	6	NIHSS	scores	



ProporHon	of	Mild	Stroke	treated	with	IV	lyHcs	

21	

Author	 Source	 Defini7on	
Mild	Stroke	 N	 Mild	

Stroke	%	

Ahmed		
2010	

SITS		
2002-2010	 NIHSS	0-5	 20,101	 13.2%	

Stecksen	
2012	

Riks-Stroke	
2007-2010	 NIHSS	0-5	 28,462	 26.4%	

Willey		
2013	

SPOTRIAS	
2005-2009	 NIHSS	0-5	 2,626	 21.3%	

Schwamm			
2013	

GWTG-S		
2003-2011	 NIHSS	0-4	 50,798	 11.9%	

Romano			
2015	

GWTG-S		
2010-2012	 NIHSS	0-5	 31,119	 13.5%	



IV	thrombolyHcs	in	paHents	with	NIHSS	≤5	
Florida	Stroke	Registry	

N	Asdaghi	et	al.	Stroke	2018;49:638	

2010-2015,	66	hospitals	in	FL	and	9	in	PR	
88,	978	with	Ischemic	stroke	&	TIA	

NIHSS	0-5:	27,178	(31%)			

Arrival	<4	h	from	onset:	7,746	(29%)			

No	contraindicaHons	IV	rtPA:	6,826	(88%)			

IV	rtPA:	1,281	(19%)			 No	rtPA:	5,545	(81%)			



IV	thrombolyHcs	in	paHents	with	NIHSS	≤5	
Florida	Stroke	Registry	

N	Asdaghi	et	al.	Stroke	2018;49:638	

Thrombolysis	(OR,	95%	CI)	
•  Academic	hospital:	2.02	

(1.39-2.95)	
•  Arrival	0-2	v.	>3.5h:	8.16	

(4.76-13.98)	
•  Higher	NIHSS:	1.87	(1.77-1.98)	
•  Aphasia:	1.35	(1.12-1.62)	
•  Faster	DTCT:	1.81	(1.53-2.15)	

No	Thrombolysis	(OR,	95%	CI)	
•  Older	age:	0.98	(0.97-0.98)	
•  NHB	v.	NHW:	0.80	(0.69-0.93)	
•  Prior	stroke/TIA:	0.61	

(0.52-0.72)	
•  HTN:	0.74	(0.64-0.87)	
•  PVD:	0.67	(0.46-0.97)	
•  Off	hour	arrival:	0.87	(0.77-0.99)	

*MV	analysis	



IV	thrombolyHcs	in	paHents	with	NIHSS	≤5	
Florida	Stroke	Registry	

N	Asdaghi	et	al.	Stroke	2018;49:638	



Time	to	Thrombolysis	in	Mild	Stroke	

N	Asdaghi	et	al.	Stroke	2018;49:638	

 
Supplemental Figure I: The distribution of Door to Needle time (DTN) based on 
symptoms onset to hospital arrival time. 
 
 

10	min	delay	in	onset	to	arrival:	faster	lysis	
OR	1.08	(95%CI	1.05,1.11)	

Fast	thrombolysis-	
DTN<60	min	
•  Aphasia:	OR	1.36	
•  EMS	arrival:	OR	1.89	
•  Academic:	OR	1.93	
•  Prior	IS:	OR	0.64	



Gaps	in	knowledge	

•  Detailed	outcome	analysis	in	mild/rapidly	improving	stroke	
lacking.		

–  Discharge	outcomes	may	not	represent	final	outcome.	

– Modified	Rankin	Scale	unidimensional	with		ceiling	effect.	

–  Predictors	of	outcomes	not	evaluated.	

•  RetrospecHve	comparisons	between	treated	and	untreated	mild/
rapidly	improving	stroke	paHents	at	high	risk	for	bias.	
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PRISMS	Trial	

•  Evaluate	efficacy	and	safety	of	alteplase	in	minor	not	clearly	
disabling	stroke.	

•  Eligibility:	NIHSS	0-5,	able	to	do	all	ADL,	study	drug	<3	hours.	
•  IV	alteplase	+	aspirin	placebo	vs.	IV	alteplase	placebo	+	aspirin.	
•  Stopped	by	sponsor	for	enrollment	below	target:	313/948	

enrolled.	

P	Khatri	et	al.	JAMA.	2018;320:156	



Thrombolysis	in	mild	non	disabling	stroke:	
PRISMS	90	day	outcomes	

Alteplase		

Control	

mRS	0-1:	78.2%	

mRS	0-1:	81.5%	

P	Khatri	et	al.	JAMA	2018;320:156	

mRS	0-1	at	90	d:		
ARD	-1.1	(-9.4,	7.3)*	
*Adjusted	for	Rx,	age,	Hme	onset,	NIHSS	

Post-hoc	analysis	(Baysian):		
Prob.	Benefit:	23%	
Prob.	benefit	>6%:	1.9%	

Excluding	mimics	(n=40):	
mRS	0-1	at	90	d:	77.5%	v.	80.7%	
ARD	-1.4	(-10.5,	7.7)	



PRISMS	Exploratory	Outcomes	
 

	
IV	Alteplase		

	
Placebo	

	

	
Risk	Difference	or	OR	

(95%	CI)	
Modified	Rankin	Scalee	0	 70	(44.9%)	 79	(50.3%)	 -3.6%	(-14.2%,	7.1%)	
NIHSS	0-1	 108	(85.7%)	 98	(81.7%)	 1.3	(0.65,	2.6)	
Barthel	Indexf	95-100	 107	(79.3%)	 118	(88.7%)	 0.5	(0.3,	1.1)	
Glasgow	Oucome	Scaleg	1	 110	(81.5%)	 113	(85.6%)	 0.8	(0.4,	1.6)	
Total	NIHSS	Score,	mean	(SD)	 1.2	(3.75)	 0.8	(2.01)	 0.4	(-0.4,	1.1)	
Ambulatory	performanceh	
(meters	per	second)	 0.95	(0.34)	 0.98	(0.44)	 -0.03	(-0.13,	0.08)	

European	Quality	of	Life	[EQ-
5D-3L],i	mean	(SD)	

0.81	(0.21)	 0.83	(0.20)	 -0.02	(-0.07,	0.03)	

Stroke	Index	Scale-16	(SIS-16),j	
mean	(SD)	

85.1	(21.0)	 86.3	(21.4)	 -1.1	(-6.2,	4.0)	

§  Modified	Rankin	Scale:	0	(symptom	free)	to	6	(dead)	
§  Barthel	Index:	0	(totally	dependent)		to	100	(self-care	and	mobility	without	assistance)	
§  Glasgow	outcome:	1	(good	recovery)	to	5	(death)	
§  Ambulatory	performance:	comfortable	walking	speed	over	6	meters	
§  European	Quality	of	Life:	0	(death)	to	1	(perfect	health)	
§  Stroke	Index	Scale-16:	0	to	100,	higher	scores=beXer	physical	performance	

P	Khatri	et	al.	JAMA	2018;320:156	



Thrombolysis	in	mild	non	disabling	stroke:	
PRISMS	complicaHons	

Secondary	outcomes	 Alteplase	
(n=154)	

Aspirin		
(n=153)	 Absolute	risk	diff	(95%	CI)	

sICH	36	h	(mod	NINDS)	 3.2%	 0	 3.3%		(0.8%,	7.4%)	

sICH	36	h	(SITS	MOST)	 1.3%	 0	 1.3%		(-1.2%,	4.6%)	

90	d	mortality	 0.6%	 0	 		

P	Khatri	et	al.	JAMA	2018;320:156	

sICH	SITS-MOST:	PH2	+	NIHSS>4	
sICH	NINDS:	any	worsening	and	blood	on	CT	
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Levine et al  tPA Exclusion Criteria: RISS  2503

showing the natural history without treatment yielded 54% of 
subjects with worsening, no change, or 1-point improvement 
from baseline to the 2-hour NIHSS21 (NINDS rtPA Stroke 
Trial, unpublished data). Presently, there is no evidence to 
consider nonmild, potentially disabling rapid improvement as 
an exclusion criterion for intravenous tPA eligibility.

Our proposal for a refined and operationalized definition 
of RISS will be a particularly useful starting point for those 
who infrequently make intravenous tPA treatment decisions. 
It should be emphasized that treatment should not be delayed 
to monitor for improvement; improvement should only be 
monitored for the extent of time needed to prepare and admin-
ister the intravenous tPA bolus/infusion. To make it practi-
cal, screening for our new, operationalized definition should 
include checkboxes to appeal to emergency physicians.

Patients with TIA generally do not get better in a step-wise 
fashion. Rather, they tend to resolve rapidly and completely.22 
An experimental mouse model of TIA shows that the thresh-
old for infarction after middle cerebral artery occlusion was 
around 12.5 minutes.23 Therefore, a patient who improves 
from an NIHSS score of 15 to 10 is unlikely to have a TIA 
and is, therefore, a candidate for intravenous tPA treatment. It 
is the patient who returns to normal that should not be treated 
with tPA. After a static deficit for 1 hour, the chance of improv-
ing completely (TIA) is <2% per hour thereafter.24 Task force 
members agreed that RISS requires a formal quantitative defi-
nition as proposed herein; otherwise physicians may delay or 
decline to use thrombolytic therapy.

Translation of the understanding of the NIHSS score from 
stroke to nonstroke practitioners is a significant barrier that 
may have limited the uptake of a meaningful and appropri-
ate definition of RISS into practice to date. Nonstroke prac-
titioners often do not use the NIHSS.25 Only with repeated 
use can this scale be used proficiently. Another limitation of 
the NIHSS is that it does not fully measure the scope of the 
problem. For instance, it cannot be used accurately to assess 

posterior circulation disease. Therefore, we have proposed 
an operational definition that incorporated both the NIHSS 
score and the assessment of the potential disability by both the 
patient and the physician.

There was consensus among the group that an additional 
study of patients with rapid improvement but persistent non-
mild deficits is not needed. The term, RISS, should be reserved 
for those who improve to a mild deficit, specifically one 
which is perceived to be nondisabling. It is this latter group of 
patients and those with mild nondisabling deficits from onset, 
which comprise a group of patients in whom further clinical 
study is warranted to see whether tPA improves long-term out-
come as compared with standard therapy. Specifically, future 
studies are needed to address the following question: At what 
point does the patient in front of you have such a mild deficit 
(ie, nondisabling) that you do not need to treat with intrave-
nous tPA?

The original NINDS Trial did not study many subjects with 
very mild deficits whether persistent or because of improve-
ment.26 Future studies might address the efficacy and safety of 
thrombolytic therapy in patients with an NIHSS score of 027 
to 5 and not perceived to be disabling, on the basis of current 
consensus on which patients should be randomized (Table 3). 
There may also be a fundamental difference between patients 
with AIS with RISS who improve from a major to a minor, 
nondisabling deficit and patients who have a persistent mild, 
nondisabling deficit since onset. Therefore, it will be impor-
tant in moving forward and will require recording more than 
a single baseline NIHSS pretreatment score in patients with 
RISS. These findings will inform the planned phase 3 random-
ized clinical trial, Potential for rtPA to Improve Strokes with 
Mild Symptoms, of intravenous rtPA for mild ischemic stroke 
within 3 hours of onset, currently under evaluation for sponsor-
ship by Genentech, Inc. Although proponents of treating mild 
stroke point to the generalizability of tPA from the NINDS 
data, there is still risk of serious intracranial hemorrhage and 
the good natural history for the majority of patients with minor 
stroke to warrant equipoise for selected patients in this trial.28 
Recent data from the VISTA (Virtual International Stroke 

Table 3. ARS Question: Clinical Trial Considerations: Would 
You Be Willing to Randomize Patients With RISS to Placebo in 
a Clinical Trial on the Basis of Following Criteria?

Criterion

Response, 
%

Yes No

Improvement by ≥10 NIHSS points regardless of score at time of 
pretreatment decision

0 100

Improvement to pretreatment NIHSS ≤5 30 70

Improvement to pretreatment NIHSS ≤3 30 70

Improvement to pretreatment NIHSS 0 40 60

Improvement to a deficit that you perceive to be nondisabling 80 20

Task force members who were willing to randomize patients with RISS to 
placebo based on improvement to pretreatment NIHSS ≤5, ≤3, or 0 stated that 
deficits would have to be nondisabling in order not to treat. Although there was 
consensus among the group on willingness to randomize patients with RISS to 
placebo whether they showed improvement to a deficit that was perceived to be 
nondisabling, members again pointed out the potential for patient–practitioner 
discordance with regards to perceptions of nondisabling and the need to 
consider both perspectives. ARS indicates audience response system; NIHSS, 
National Institutes of Health Stroke Scale; and RISS, rapidly improving stroke 
symptoms.

Table 4. Task Force Consensus: Definition and Clinical 
Context of RISS as an Exclusion Criterion for IV tPA

Improvement to a mild stroke such that any remaining deficits seem 
nondisabling

The following typically should be considered disabling deficits

  Complete hemianopsia (≥2 on the NIHSS question 3), or

  Severe aphasia (≥2 on NIHSS question 9), or

  Visual or sensory extinction (≥1 on NIHSS question 11), or

  Any weakness limiting sustained effort against gravity (≥2 on NIHSS 
question 5 or 6),

  Any deficits that lead to a total NIHSS >5, or

  Any remaining deficit considered potentially disabling in the view of the 
patient and the treating practitioner. Clinical judgment is required.

All neurological deficits present at the time of the treatment decision should 
be considered in the context of individual risk and benefit, as well as the 
patient’s baseline functional status. IV tPA indicates intravenous tissue-type 
plasminogen activator; NIHSS, National Institutes of Health Stroke Scale; and 
RISS, rapidly improving stroke symptoms.
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Neurological	deficits	by	NIHSS	in	PRISMS	

P	Khatri	et	al.	JAMA	2018;320:156	



Decision	to	treat	with	alteplase	in	Mild	Stroke		

SR	Levine	et	al.	Stroke	2018;49:1933	

Survey	vigneZes	(15/person):		
156	respondents:	80%	neurol,	20%	EM	
	
Four	variables	accounted	for	15%	of		
the	variance	
	
Decision	making	in	treatment	of	mild	
stroke	needs	to	be	further	explored	

1936  Stroke  August 2018

anticoagulation (70% within 48 hours and 30% beyond 48 
hours of the index stroke). Half had an improving course.

Influence of Individual Factors
The relative importance of each of the 7 factors potentially 
influencing alteplase treatment, in descending order of impor-
tance, are presented in Table 2. Four of the 7 main effects 
account jointly for ≈57% of total importance, with the top 3 
(prior ICH, recent anticoagulation, and NIHSS) all of a simi-
lar magnitude. The conjoint model accounted for 25% of the 
total observed response variance (R2=0.25); in contrast, a fully 
crossed model accounted for 30% of the variance.

The probabilities of treatment with alteplase for the condi-
tions in each of the top 4 factors are shown in Table 3. The prob-
ability of alteplase treatment was much higher if no prior ICH is 
reported. It ranked first in relative importance of the individual 
factors studied. The probability of treating with intravenous 
alteplase was higher if there was no recent anticoagulant use or 
prior IS. The probability of treatment also increased monotoni-
cally with the total NIHSS score, whereas the probabilities of 
treatment based on a history of a prior IS were similar.

Other Main Factors’ Effects on 
Probability of Treatment
The other 3 main effects (BFS, temporal course of symptoms, 
and primary sphere of deficit) were all similar in probability 
of treatment and made very little contribution to the analysis 
as shown in Table 3.

Factor First-Order Interactions
There were several factor interactions with NIHSS of marginal 
value (Table I in the online-only Data Supplement). As an exam-
ple of the nature of the interaction (NIHSS×previous ICH): if the 
NIHSS score =1, with a history of prior ICH, then the decision to 
treat seems little affected by whether the ICH occurred within 6 
months or beyond 6 months as both scenarios had half the prob-
ability of treatment compared with no ICH. For higher NIHSS 
scores,2–5 the timing of the ICH was more impactful on treatment 
probability, ranging from 6% to 10% more likely to treat with a 
remote history of ICH versus recent history.

Specific Physician Characteristics
The mixed linear model was augmented to include the fol-
lowing physician characteristics of those surveyed: age, years 
of practice (continuous), gender, and area of training (neurol-
ogy/emergency medicine). Quadratic terms in continuous pre-
dictors were included if at least marginally significant. Two 

Table 2. Relative Importance of the Individual Factors Studied for an 
Intravenous Alteplase Treatment Decision

Effect
Relative 

Importance, % Cumulative, % P Value

Previous intracerebral 
hemorrhage

17.5 17.5 <0.001

Prior use of anticoagulation 16.6 34.1 <0.001

NIHSS 13.4 47.4 <0.001

Previous ischemic stroke 9.8 57.2 <0.001

NIHSS×previous intracerebral 
hemorrhage

7.1 64.3 0.074

NIHSS×baseline functional 
status

7.0 71.3 0.058

NIHSS×previous ischemic 
stroke

6.9 78.1 0.049

NIHSS×primary area of deficit 6.4 84.6 0.016

NIHSS×prior use of 
anticoagulation

4.1 88.7 0.878

Baseline functional status 3.7 92.4 <0.001

NIHSS×temporal course 2.8 95.2 0.393

Primary area of deficit 2.6 97.9 0.001

Temporal course 2.1 100.0 0.001

Tests of main effects have more statistical power than tests of interaction, 
which is why P values, which are derived from the mixed linear model, do not 
increase monotonically from top to bottom of the table. NIHSS indicates National 
Institutes of Health Stroke Scale.

Table 3. Probability of Intravenous Alteplase Treatment for the Conditions of 
the 7 Factors Studied

Factor Mean SD

Previous intracerebral hemorrhage

    Within 6 mo 0.23 0.28

    ≥6 mo 0.30 0.32

    None 0.47 0.35

Recent anticoagulation use

    Within 48 h 0.21 0.27

    ≥48 h ago 0.36 0.33

    None 0.44 0.36

National Institutes of Health Stroke Scale

    1 0.24 0.30

    2 0.31 0.32

    3 0.34 0.33

    4 0.37 0.35

    5 0.41 0.35

Previous ischemic stroke

    within 6 wk 0.25 0.29

    ≥6 wk ago 0.35 0.34

    None 0.39 0.35

Baseline functional status

    Independent 0.36 0.34

    Mild-moderate disability 0.31 0.32

Temporal course

    Stable 0.35 0.34

    Improving 0.32 0.33

Primary deficit

    Visual 0.32 0.32

    Language 0.35 0.34

    Weakness 0.33 0.34
D
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MaRISS	Goal	and	Aims	
Overall	Goal:	Elucidate	long-term	outcomes	in	mild	and	rapidly	
improving	stroke	and	examine	the	associaHon	with	tPA	treatment	

•  Determine	the	90-day	outcomes		

•  Determine	the	predictors	outcomes		

•  Evaluate	safety	and	efficacy	outcomes	of	thrombolysis	aker	
adjusHng	for	treatment	predictors.		
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MaRISS	Eligibility	
	
	

Functionally	independent	with	no	
significant	disability	pre-stroke	

Stroke	symptoms	

Symptoms	stable		
and	NIHSS	0-5	

Arrival	to	hospital	<4.5	hours	from	
symptom	onset	and	symptoms	present		

Symptoms	spontaneously	improving	pre-
arrival	or	after	arrival	within	4.5	hours	

regardless	of	NIHSS	

Symptoms	worsening		
but	NIHSS	0-5	

Considered	to	have	ischemic	stroke	based	
on	clinical	evaluation	CT	with	no	other	

explanation	for	symptoms	

MaRISS	
Eligible	

Not	treated	with		
IV	rtPA	

Treated	with		
IV	rtPA	

Consent	within	24	hours	
of	symptom	onset	



MaRISS	Hospitals	

97	acHve	sites	 38

Number	of	sites	
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MaRISS	Site	Enrollment	

Rhode	Island	Hospital	
Mercy	Hospital-Oklahoma		
Los	Angeles	Medical	Center/
Kaiser	Permanente			
Ohio	State-Wexner	Medical	
Center	
University	of	Rochester	-	
Strong	Memorial	
St.	Luke's	Hospital	of	Kansas	
City	
Methodist	Hospital,	
Merrillville		
Forsyth	Memorial	Hospital-
Novant	Health		
DLP	Conemaugh	Memorial	
Medical	Center		
Faxton	St.Luke’s	Healthcare		

Top	10	



MaRISS	Recruitment	

•  1,873	enrolled,	1,662	parHcipants	in	database	
–  ProporHon	treated	with	alteplase:	56%	

•  45%	in	ED	
•  11%	at	transferring	facility	

–  45%	Female	

–  77%	White	

–  12%	Black	
–  6%	Hispanic	
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Stroke	Diagnosis	and	Mechanism	

TOAST	(N=1483)	
Large	Artery	 12%	
Cardioembolism	 22%	
Small	vessel	occlusion	 27%	
Other	determined	 8%	
Undetermined	 31%	

Final	Diagnosis	(N=1623)	
Ischemic	Stroke	 84%	
TIA	 9%	
SAH/ICH	 0.2%	
Non-stroke	 6%	

As of 9/19/2018 



MaRISS	parHcipant	characterisHcs

As of 9/19/2018 

Total	
N=1507	

No	tPA	
n=651	
(43%)	

tPA	
n=856	
(57%)	

NIHSS	0-5	(%,n)	
	

Mean	NIHSS	

93%	
(n=1398)	

2.3	

45%	
(n=623)	
1.7	

55%	
(n=775)	
2.8	

NIHSS	>5	(%,n)	
	

Mean	NIHSS	

7%	
(n=109)	
9.9	

26%	
(n=28)	
8.4	

74%	
(n=81)	
10.5	
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MaRISS	outcome	compleHon

mRS	 30	days	 90	days	 30	&	90	d	
Expected	 1394	 1344	 1394	
Completed	 1264	 1127	 1308	
Not	reached	 120	 198	 86	(6%)	
Missing/awaiHng	answer	 10	 19	



n=338 

n=274 

n=313 

Asdaghi	et	al,	ISC	2018	

Median/IQR 
 

3 (2,4) 
 

1 (1,3) 
 

2 (1,3) 

NIHSS 0-2: 32.8% 

NIHSS 0-2: 73.4% 

NIHSS 0-2: 65.2% 

Symptom	Severity	in	MaRISS	vs.	PRISMS		



n=338 

n=274 

n=313 

Asdaghi et al, ISC 2018 

Dominant Defs 
 

26.4% 
 

9.2% 
 

8.6% 

Syndrome	Severity	in	MaRISS	vs.	PRISMS		



LVO	in	Mild	Stroke	

•  181	with	anterior	circulaHon	stroke,	NIHSS	0-5,	and	acute	
vessel	imaging	in	insHtuHonal	registry	

•  30%	LVO	with	ICA,	M1	or	M2	occlusion	
–  40	IV	rtPA	alone,	mRS	0-1	in	55%	
–  8	immediate	EVT	(5	with	IV	rtPA),	mRS	0-1	in	75%	
–  6	IV	rtPA	and	delayed	EVT,	mRS	0-1	in	33%	

	

MP	Messer	et	al.	AJNR	2017;38:1177	



Early	and	delayed	outcomes	in	MS	with	LVO	

Retrospec7ve	ins7tu7onal	registry	
MR	Heldner	et	al.	JNNP	2015;86:755	

TPs tended to have better outcomes at 3 months than
non-TPs (mRS 0–2: 85% vs 66.7%; p=0.050; mRS 0–1: 62.5%
vs 44.4%; p=0.096) but comparable survival rates (92.5% vs
93.3%; p=0.881; table 2, figure 2). In multivariable regression
analysis (table 3), arterial hypertension (p=0.007, OR 0.187,
95% CI 0.049–0.716) and treatment type (TPs vs Non-TPs;
p=0.030, OR 3.103, 95% CI 1.021 to 9.428) were predictors
of favourable outcome (mRS 0–2). Age was the only predictor
of excellent outcome (mRS 0–1; p=0.010, OR 0.958, 95% CI
0.926 to 0.992). Thrombolysis was not a predictor of survival
at 3 months (p=0.606) but symptomatic intracerebral haemor-
rhage (p=0.003 by Fisher’s exact test, risk estimate 0.600, 95%
CI 0.293 to 1.227).

Symptomatic intracerebral haemorrhage occurred in two of
the TPs (4.9%) and in none of the non-TPs.

The results of separate analyses for ICA and MCA occlusions
are listed in tables 4 and 5.

DISCUSSION
The main findings of this study are that 41% of non-TPs with
mild neurological deficits and large vessel occlusion deteriorated
within 3 months compared with only 15% of TPs (p<0.001).
In addition, TPs had a low rate of sICH (4.9%). These data
suggest that thrombolysis seems to be safe in these patients.

Patients with mild or rapidly improving symptoms are com-
monly not considered for thrombolysis. Although more than
50% of patients with stroke have a NIHSS score ≤5,19 they
have been rarely selected for randomised thrombolysis trials.
However, observational studies have shown that up to 34% of
these patients deteriorate during their hospital stay.1 6–9 Current
guidelines recommend excluding patients with low NIHSS
scores or rapidly improving symptoms from thrombolysis due to
an uncertain risk–benefit ratio,20 although several studies have
shown that thrombolysis with rt-PA may be safely performed in
such patients.13 21–26 Additional studies have shown that the
size of the penumbra and the location of vessel occlusion are
independent predictors of outcome. Large vessel occlusion is a
strong predictor for neurological deterioration.9–11 27 This
raises the question whether patients with large vessel occlusions
and mild neurological deficits could benefit from thrombolysis
or other recanalisation therapy.

In this study we identified 88 patients with NIHSS scores ≤5
and ICA or central MCA occlusions. Forty-one of 88 patients
were thrombolysed (TPs). A remarkable number of non-TPs,
who represent the natural course of the disease, deteriorated
within the 3 months following their stroke: 22.7% within 24 h,
33.3% during their hospital stay and 41.4% within 3 months.
Excellent outcome (mRS 0–1) was only observed in 44.4%,
favourable outcome (mRS 0–2) in 66.7% and 6.7% died.
Considering the initial mild symptoms in these patients, our
results reflect a surprisingly bad outcome of non-TPs.

In contrast, the course in TPs was more favourable: neuro-
logical deterioration was observed in 10.3% within 24 h, in
12.5% during the hospital stay and in 15% within 3 months,
and this despite a higher median baseline NIHSS score in TPs.
The effect of thrombolytic therapy was also reflected in higher
recanalisation rates and that thrombolytic therapy turned out as

Figure 2 Percentage of survival and excellent/favourable outcomes at
3 months.

Figure 1 Percentage of decreased,
stable and increased National Institutes
of Health Stroke Scale score after 24 h,
at discharge and after 3 months.

4 Heldner MR, et al. J Neurol Neurosurg Psychiatry 2014;0:1–6. doi:10.1136/jnnp-2014-308401
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TPs tended to have better outcomes at 3 months than
non-TPs (mRS 0–2: 85% vs 66.7%; p=0.050; mRS 0–1: 62.5%
vs 44.4%; p=0.096) but comparable survival rates (92.5% vs
93.3%; p=0.881; table 2, figure 2). In multivariable regression
analysis (table 3), arterial hypertension (p=0.007, OR 0.187,
95% CI 0.049–0.716) and treatment type (TPs vs Non-TPs;
p=0.030, OR 3.103, 95% CI 1.021 to 9.428) were predictors
of favourable outcome (mRS 0–2). Age was the only predictor
of excellent outcome (mRS 0–1; p=0.010, OR 0.958, 95% CI
0.926 to 0.992). Thrombolysis was not a predictor of survival
at 3 months (p=0.606) but symptomatic intracerebral haemor-
rhage (p=0.003 by Fisher’s exact test, risk estimate 0.600, 95%
CI 0.293 to 1.227).

Symptomatic intracerebral haemorrhage occurred in two of
the TPs (4.9%) and in none of the non-TPs.

The results of separate analyses for ICA and MCA occlusions
are listed in tables 4 and 5.

DISCUSSION
The main findings of this study are that 41% of non-TPs with
mild neurological deficits and large vessel occlusion deteriorated
within 3 months compared with only 15% of TPs (p<0.001).
In addition, TPs had a low rate of sICH (4.9%). These data
suggest that thrombolysis seems to be safe in these patients.

Patients with mild or rapidly improving symptoms are com-
monly not considered for thrombolysis. Although more than
50% of patients with stroke have a NIHSS score ≤5,19 they
have been rarely selected for randomised thrombolysis trials.
However, observational studies have shown that up to 34% of
these patients deteriorate during their hospital stay.1 6–9 Current
guidelines recommend excluding patients with low NIHSS
scores or rapidly improving symptoms from thrombolysis due to
an uncertain risk–benefit ratio,20 although several studies have
shown that thrombolysis with rt-PA may be safely performed in
such patients.13 21–26 Additional studies have shown that the
size of the penumbra and the location of vessel occlusion are
independent predictors of outcome. Large vessel occlusion is a
strong predictor for neurological deterioration.9–11 27 This
raises the question whether patients with large vessel occlusions
and mild neurological deficits could benefit from thrombolysis
or other recanalisation therapy.

In this study we identified 88 patients with NIHSS scores ≤5
and ICA or central MCA occlusions. Forty-one of 88 patients
were thrombolysed (TPs). A remarkable number of non-TPs,
who represent the natural course of the disease, deteriorated
within the 3 months following their stroke: 22.7% within 24 h,
33.3% during their hospital stay and 41.4% within 3 months.
Excellent outcome (mRS 0–1) was only observed in 44.4%,
favourable outcome (mRS 0–2) in 66.7% and 6.7% died.
Considering the initial mild symptoms in these patients, our
results reflect a surprisingly bad outcome of non-TPs.

In contrast, the course in TPs was more favourable: neuro-
logical deterioration was observed in 10.3% within 24 h, in
12.5% during the hospital stay and in 15% within 3 months,
and this despite a higher median baseline NIHSS score in TPs.
The effect of thrombolytic therapy was also reflected in higher
recanalisation rates and that thrombolytic therapy turned out as

Figure 2 Percentage of survival and excellent/favourable outcomes at
3 months.

Figure 1 Percentage of decreased,
stable and increased National Institutes
of Health Stroke Scale score after 24 h,
at discharge and after 3 months.
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88	cases	with	NIHSS	0-5,	LVO	ICA/M1	
In	untreated	cases	
•  NIHSS	worsened	in	23%	at	24h	
•  NIHSS	worsened	in	33%	at	d/c	
•  66%	mRS	>2	at	3	months	



Persistent	Intracranial	Occlusion	Predicts	of	
Infarct	Progression	in	TIA/Minor	Stroke	

Rajajee	et	al.	Neurology	2006	

Early	Deteriora7on	10%	 Unfavorable	Outcome	at	Discharge	20%	



Infarct	Progression	in	TIA/Minor	Stroke	
correlates	with	perfusion	deficit	

0.6% 35% 18.5% 

N	Asdaghi	et	al.	Stroke	2013;44:2486		



EVT	in	Mild	Stroke	

6	sites	in	US	and	Germany	
Nagel	S	et	al.	Stroke	2018;49:2391	

•  RetrospecHve	analysis,	EVT	in	NIHSS	0-5:	immediate	vs.	delayed	EVT	
•  N=300,	80	immediate	EVT,	220	delayed	EVT,	77	matched	for	site	occlusion,	NIHSS	
•  Outcome	mRS	0-2:	85%	vs.	70%	(aOR	3.1,	95%CI	1.4,6.9)	for	immediate	EVT	

(overall	and	for	matched	cohort).		



EVT	in	Mild	Stroke	

8	sites	in	US	and	Spain	
Sarraj	A	et	al.	Stroke	2018;49:2398	

•  RetrospecHve	analysis,	EVT	in	NIHSS	0-5:	EVT	vs.	medical	management	
•  N=214,	124	EVT,	90	MM,	31%	in	each	group	IV	rtPA	
•  EVT	group	higher	NIHSS	(median	4	vs.	3)	with	more	ICA/MI	(72%	vs.	37%);	62	pairs	

matched.	
•  Outcome	mRS	0-2:	63%	vs.	68%	(aOR	0.90,	95%CI	0.43,1.88)	for	EVT	(overall	and	

for	matched	cohort).		

Excellent	outcome	(mRS	01)	in	
proximal	occlusion	ICA/M1:	
53%	EVT	vs.	30%	MM	(aOR	
2.68;	95%	CI,	0.98–7.32)	
	
Excellent	outcome	(mRS	01)	in	
distal	occlusion	M2,M3,	M4,	
ACA:	60%	EVT	vs.	68%	MM,	ns	



EVT	in	Mild	Stroke:	Ongoing	Studies	

•  RCT	
•  NIHSS	0-5,	LVO	(ICA,	M1,	M2)	
•  ASPECTS	>6	
•  Mismatch	if	>8	hours	

•  Pilot	study	
•  NIHSS	0-5,	LVO	(ICA,	M1,	M2,	

A1,	V4,	BA,	P1)	with	mismatch	
•  1°	Outcome:	sICH,	EVT	related	

complicaHons	

ENDO	LOW	
Cerenovus	



Trends	in	EVT	use	in	paHents	with	NIHSS	≤5	
Florida	Stroke	Registry	

P value for trend <0.001 
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12%	of	all	EVT	in	Florida	
had	NIHSS	0-5	
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N	Asdaghi	et	al.	CReSD	2017	



Conclusions	

•  Mild	stroke	is	a	common	stroke	presentaHon	

•  Outcomes	remain	subopHmal	in	this	populaHon	

•  Some	indicaHons	of	efficacy	of	thrombolysis	in	disabling	
stroke	with	low	NIHSS	

•  No	efficacy	of	thrombolysis	in	non-disabling	stroke	

•  Growing	interest	in	endovascular	approaches	but	no	evidence	
•  Detailed	mulHdimensional	outcomes	and	predictors	lacking	

	


