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Background  and purpose:  Dramatic  recovery  (DR)  after  thrombolysis  is  dependent  of  vessel  recanalization
and  is predictive  of  favorable  clinical  outcome.  Successful  recanalization  is not  equivalent  to  DR.  Our
objective  was  to  assess  its  frequency  and  evaluate  clinical  and  biochemical  predictors  and  their  prognosis.
Methods:  We  analyzed  prospectively  registered  data  from  January  2007  to September  2012.  All patients
with  anterior  circulation  stroke  and  NIHSS  ≥ 10 were  included.  Improvement  of ≥10  or  a score  ≤3  24  h
after  thrombolysis  was  defined  as  DR.
Results:  In  the  230  patients  included,  DR  frequency  was  23%  (53 patients).  DR  group  had  lower  admis-
sion  NIHSS  (14 vs  17,  p =  0.024),  less  total  anterior  circulation  infarcts  (p =  0.009),  more  partial  anterior
circulation  infarcts  (p =  0.003)  and lower  blood  glucose  on  admission  (118  vs  128  mg/dL,  p =  0.013).  All
patients  with  DR  had  an Alberta  Stroke  Program  Early  CT  Score  (ASPECTS)  ≥7,  vs 89.3%  without  DR
(p  =  0.013).  Arterial  recanalization,  defined  as  hyperdense  middle  cerebral  artery  sign  disappearance  on
control  CT, was  more  frequent  in the  DR  group  (68.4%  vs  14.1%,  p <  0.001).  Intracranial  hemorrhage  on
24  h-control  CT  scan  was  less  frequent  in the  DR  group  (p  <  0.001).  Multinomial  logistic  regression  analysis

showed  that  ASPECTS  score  was  an independent  predictor  of DR  (OR  = 2.35,  95%CI  = 1.32–4.16,  p  =  0.003)
and  CT  evidence  of  recanalization  was  independently  associated  with DR  (OR  =  11.60,  95%CI,  3.02–44.53,
p  <  0.001).
Conclusion:  DR is  a frequent  occurrence.  ASPECTS  score  is  an  independent  predictor  of  DR,  which  is also
independently  associated  with  CT evidence  of middle  cerebral  artery  recanalization.
. Introduction

Dramatic recovery (DR), the early and stable clinical improve-
ent after recanalization therapies in the setting of acute ischemic

troke [1], has been reported to occur in 20–40% of patients with
iddle cerebral artery (MCA) stroke, submitted to intravenous

IV) thrombolysis [1–3]. Frequency varies depending on the defi-
ition of DR, hindering comparisons. Different time windows have
een defined for improvement to be considered DR, from 1 h [1]
o 24 h [2,4] or even 7 days after IV thrombolysis [2]. Addition-
lly, the magnitude of improvement considered as DR varies, from

n improvement of ≥40% on NIHSS [5] to the more consensual
mprovement of ≥10 points on NIHSS or NIHSS < 3 after treatment
1,2,4]. Most of the studies on DR are focused on MCA  strokes,
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and studies analyzing DR after thrombolysis in all anterior circula-
tion strokes, including anterior cerebral and internal carotid (ICA)
arteries, are lacking.

Although recanalization is the major goal of acute ischemic
stroke treatment, it is not a synonym of DR, since only 35.3% of
patients who  achieve recanalization have DR [4]. Previous stud-
ies have shown higher rates of DR with earlier and more complete
recanalization [1,2,4,6], but other factors may  have a role. Recog-
nizing these predictive factors could help clinicians to anticipate
early response after IV thrombolysis, and also prognosis on longer
follow-up, since early improvement benefits are sustained [7], with
67.6% of patients being asymptomatic or minimally symptomatic
at 3 months (compared to only 9.0% of patients without DR) [1].

2. Objectives
Our objectives were to assess the frequency of DR in IV
thrombolysis-treated patients with clinically severe anterior cir-
culation stroke, to evaluate clinical, imaging and biochemical
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Fig. 1. Sam

redictors of DR and to evaluate the clinical outcome of patients
ith and without DR.

. Methods

Patients with anterior circulation stroke syndromes based on
xfordshire Community Stroke Project (OCSP) [8] were identified

rom a prospective clinical registry of IV thrombolysis performed
n acute ischemic stroke patients, from January 2007 to September
012 in the supra-regional Stroke Unit of Hospital de Braga.
hrombolysis was performed using the standard rtPA protocol
0.9 mg/kg), according to the National Institute of Neurological Dis-
rders and Stroke guidelines. Time window for IV thrombolysis was

 h until late 2008, and 4.5 h since then. Age older than 80 years was
 relative contraindication for thrombolysis in our center until May
012. Alberta Stroke Program Early CT Score (ASPECTS) quantifies
arly ischemic CT changes in hyperacute MCA  stroke patients [9],
nd lower scores are associated with poor functional outcomes and
ymptomatic hemorrhage in patients submitted to IV thromboly-
is [10]. ASPECTS <7 was considered a relative contraindication for
hrombolysis.

DR was defined as an improvement of ≥10 points on the National
nstitute of Health Stroke Scale (NIHSS) or an improvement to ≤3
oints on NIHSS at 24 h evaluation after thrombolysis. Even though
arly clinical improvement consistent with DR has been initially
escribed to occur until 1 h after rtPA, benefit is maintained at 24 h
1], leading us to adopt the more consensual 24 h time window for
R definition for the purpose of comparison with previous studies.

All patients with anterior circulation stroke and pre-treatment
IHSS ≥ 10 were included. This cutoff was chosen with the purpose
f increasing the frequency of large-vessel occlusions and increas-
ng sensitivity of DR diagnosis according to our definition.

We collected data from the prospective registry concerning
emographic characteristics; vascular risk factors; previous anti-
latelet treatment; stroke clinical classification using OCSP; NIHSS
core at admission and 24 h after treatment; symptom-needle
ime; imaging findings and characteristics (pre-treatment ASPECTS
nd hyperdense middle cerebral artery (HMCA) sign presence;
4 h control CT presence of any intracranial hemorrhage and dis-
ppearance of HMCA). All admission and 24 h CT scans were
ndependently reviewed by two neuroradiologists who were aware
f the patients’ clinical deficits. They classified ASPECTS on admis-
ion and evaluated the presence of HMCA (at admission and 24 h

fter thrombolysis) and the presence of any intracranial hem-
rrhage 24 h after thrombolysis. Cases in which there was a
isagreement on imaging analysis were reviewed simultaneously
y the two neuroradiologists and a consensus was  achieved.
efinition.

We  assumed the presence of HMCA as a sign of vessel occlu-
sion and its disappearance as an indirect sign of recanalization. The
modified Rankin Scale (mRS) at 3 months follow-up was  assessed
by direct observation in the outpatient clinic or by a structured tele-
phone interview. Good clinical outcome was defined as a 3-month
mRS  of 0–2. Patients who  had missing follow-up information were
only excluded from the 3 month analysis (six patients on the DR
group and 34 patients on the group without DR).

Distribution of continuous variables was analyzed using the
Kolmogorov–Smirnov test. Interobserver agreement for HMCA sign
on admission and 24 h CT and ASPECTS on admission CT was calcu-
lated using Cohen’s kappa. Independent sample T-, Mann–Whitney
or Chi-square tests were used to determine group differences in
demographic and clinical variables, depending on the comparison
and test assumptions. We  developed a binary logistic regression
model, using categorical and continuous variables found to be sig-
nificant in group difference analysis. The standard non-corrected
significance level of p < 0.05 was used. Statistical analysis was per-
formed using IBM SPSS Statistics version 20.0.

4. Results

During the inclusion period 336 patients with anterior cir-
culation stroke syndromes were consecutively submitted to IV
thrombolysis, of which 105 were excluded for having NIHSS < 10
and one patient who  had a stroke mimic. Final study population
consisted of 230 patients, 53 with DR and 177 without DR (Fig. 1).
The baseline characteristics of patients with and without DR are
described in Table 1, and no differences were found on demo-
graphic characteristics, vascular risk factors, previous anti-platelet
treatment or time to thrombolytic treatment.

Patients with DR had a lower median admission NIHSS, lower
frequency of total anterior circulation infarct (TACI) and higher
frequency of partial anterior circulation infarct (PACI) (Table 2). Fre-
quencies of documented cardioembolic etiology were not different
between groups. Although there was  only a non-significant trend
for higher frequency of diabetes in the group without DR  (Table 1),
patients with DR had lower median blood glucose on admission
(Table 2). Mean arterial blood pressure at admission was  similar in
both groups.

Interobserver agreement was considered good for both HMCA
sign on admission CT (� = 0.704) and HMCA sign on 24 h CT
(� = 0.760), and moderate for ASPECTS on admission CT (� = 0.602).

Concerning imaging characteristics we found that ASPECTS ≥ 7

was more frequent in patients with DR and, in fact, only patients
with ASPECTS ≥ 7 had DR. At baseline, HMCA presence on admis-
sion CT scan was  similar in the two groups but its disappearance
was significantly higher in DR patients (Fig. 2). Also, intracranial
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Table  1
Pre-thrombolysis patients characteristics.

Dramatic recovery p value

Yes (n = 53)
23.0%

No (n = 177)
77.0%

Men  (%) 50.9 53.7 0.727
Age,  y, median ± SD 72 ± 11.0 72 ± 10.6 0.942
Vascular risk factors (%)

Diabetes mellitus 11.3 22.6 0.072
Hypertension 64.2 66.7 0.734
Dyslipidemia 37.7 41.8 0.597
Current smoker 9.4 7.9 0.724

Previous anti-platelet treatment (%) 41.5 29.9 0.115
Symptoms-needle time (mean, min) 151.1 154.0 0.750
Symptoms-needle time

Symptoms-needle time > 90 min  (%, n) 86.8% (46) 94.4% (167)
0.065Symptoms-needle time < 90 min  (%, n) 13.2% (7) 5.6% (10)

Table 2
Clinical and imaging characteristics.

Dramatic recovery p value

Yes (n = 53)
23.0%

No (n = 177)
77.0%

Clinical evaluation
Admission NIHSS (median, IQR) 14 (11–17) 17 (13–19.5) 0.024
Admission blood glucose (median, IQR, mg/dL) 118 (105–137.5) 128 (111.8–160) 0.013
Mean arterial pressure on admission (mean, mm Hg) 105.1 103.9 0.602

Cardioembolic stroke (%) 45.2 47.2 0.800
Stroke classification (%)
OCSP 0.014

TACI  67.9 84.2
PACI  30.2 13.0
LACI  1.9 2.8

Image evaluation
ASPECTS ≥ 7 (%) 100.0 89.3 0.013
Hyperdense MCA on admission CT (%, n) 35.8 (19) 47.5 (84) 0.136
MCA  revascularization on CT 24 h after thrombolysis (%a, n) 68.4 (13) 14.1 (12) <0.001
Any  intracranial hemorrhagic complication 24 h after thrombolysis (%) 5.7 (3) 31.1 (55) <0.001

I
eared 

h
p

s

F
(

QR, interquartile range; MCA, middle cerebral artery.
a % refers to the number of patients with HMCA on admission whose sign disapp

emorrhagic complications were over five times more frequent in

atients without DR (Table 2).

Binary logistic regression model using admission NIHSS, admis-
ion blood glucose, ASPECTS (as a continuous variable), OCSP

ig. 2. Frequency of dramatic recovery according to ASPECTS on admission CT
*numbers on graph are total number of patients in the ASPECTS category).
on control CT.

as PACI or non-PACI and vessel recanalization, revealed that
only ASPECTS (odds ratio OR = 2.35, 95%CI = 1.32–4.16, p = 0.003)
and the indirect evidence of vessel recanalization (OR = 11.6,
95%CI = 3.02–44.53, p < 0.001) were independently associated with
DR.

On 3 months follow-up, good functional outcome (mRS 0–2) was
achieved in 89.4% of patients with DR and 31.5% of patients without
DR (p < 0.001) and no patient died in the DR group vs 28 patients
(19.6%) without DR (p = 0.001). Patients’ distribution of mRS  scores
at 3 months is described in Fig. 3.

5. Discussion

DR after IV thrombolysis for anterior circulation stroke occurred
in 23.0%, reinforcing the notion that DR is not infrequent. Previous
studies found DR in 20–40% of patients with MCA  strokes submitted
to IV thrombolysis [1–3], and we hypothesize the DR frequency we
found is in the lower end of this range because we  also included
patients with ICA occlusions.

Concerning clinical characteristics, we  found that DR patients
had less severe strokes with median NIHSS score of 14 vs 17
in patients without DR (Table 2). Classically, NIHSS has been

described as an independent predictor of clinical improvement
after recanalization therapies [11–13] and a long term clinical
outcome predictor [14]. In previous studies, NIHSS values have
consistently been demonstrated to be lower in DR patients, [2,4,5]
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true predictor, indirect sign of vessel recanalization was indepen-
Fig. 3. Distribution of modified Rankin scale (mRS) at 3 months follow-up.

nd clinical severity in our study population was similar to these
tudies.

Less severe clinical deficits in DR patients were accompanied
y a higher ASPECTS score (assessing the early ischemic changes
n pre-treatment CT studies), consistent with a lower infarct vol-
me  at admission, which is also a known predictor of good clinical
utcome after thrombolysis [9,15]. In accordance with this evi-
ence, in our study, only patients with ASPECTS ≥ 7 presented DR.

n non-DR patients, the frequency of ASPECTS ≥ 7 was  significantly
ower (89.3%, p = 0.013). However, interpretation of these results
ave to be cautious, given that ASPECTS < 7 was a relative exclu-
ion criteria for thrombolysis and few patients with lower scores
ere included. Lower post-treatment infarct volume in diffusion
eighted imaging on magnetic resonance imaging (DWI-MR) was

ssociated with DR [15], but only recently, the cutoff of ASPECTS ≥ 7
as been identified as an independent predictor of DR using DWI-
R sequences [5]. To the best of our knowledge, this is the first

tudy to identify CT based ASPECTS as an independent predictor
f DR, and although few patients with a score lower than 7 were
ncluded, our results have sufficient statistical power to draw this
onclusion. Our data suggests that not only the CT-ASPECTS score
s an independent predictor of DR but also that higher ASPECTS
cores are associated with increased frequency of DR occurrence
Fig. 2). In logistic regression analysis, each increment of one point
n ASPECTS was associated with a 2.35-fold increased probability
f DR. In sum, clinical improvement consistent with DR occurred
n patients with less severe strokes, which is supported by the fact
hat these patients had a lower NIHSS score on admission, higher
SPECTS and, as expected, higher frequency of PACI syndromes.

Furthermore in our imaging analysis, we found no differences
n baseline prevalence of HMCA, but disappearance of HMCA in
ontrol CT scan was significantly more frequent in patients with
R, and was independently associated with DR. The HMCA sign is

ound on non-contrast CT scan, presenting as a spontaneous middle
erebral artery density increment, and although its sensitivity is not
igh, it is very specific for vessel occlusion [16]. Cerebral angiog-
aphy observational studies confirmed that HMCA disappearance
fter thrombolysis reflects vessel recanalization [17]. Patients with
ore severe strokes (NIHSS ≥ 10) have a higher probability of pre-

enting a large vessel occlusion, and we think this population was
uitable to analyze the relation of HMCA with DR. Although CT was
erformed using the same equipment, and imaging analysis was
erformed by the same observers, minimizing possible errors, we

ust reinforce that this sign has a low sensitivity and should be

ddressed with caution. Nevertheless, as previously pointed out,
CMA is a frequently observed sign in every-day practice which
Neurosurgery 125 (2014) 19–23

has been demonstrated to correlate with vessel occlusion by studies
using angiographic methods [16,17].

Cardioembolic strokes are more frequently associated with large
vessel occlusions and have been described to be more responsive to
IV thrombolysis [18]. In our sample TOAST etiological classification
was not predictive of DR (data not shown) and we  think it is not a
confounder in the analysis.

Recanalization was one of the first described independent
predictors of DR, confirmed by transcranial Doppler (TCD) [1,3],
angiography and MR-angiography studies [2,4], but not every
patient with successful vessel recanalization after stroke achieves
DR or even a good clinical outcome. Early TCD studies showed
a trend for DR patients to be treated earlier [1]. This trend was
later confirmed by angiography [2,4] and vessel recanalization
proved to be a time-dependent predictor of good clinical outcome
[6,12,19,20].

In our patients, symptom needle time was  not significantly dif-
ferent between the two groups, even when considering a 90 min
cut-off point sub-analysis. We  must emphasize that only 17
patients were treated in this time window, and that demonstra-
tion of symptom-needle time as a predictor for DR could be limited
due to lack of statistical power.

We must also address that although the frequency of diabetic
patients was not different in both groups, there was  a non-
significant tendency for patients without DR to have a higher
frequency of diabetes (Table 1), and pre-treatment blood glucose
was lower in DR patients. Baseline hyperglycemia is found more
commonly in patients with preexisting diabetes but is also present
in a significant proportion of non-diabetic stroke patients [21].
In stroke patients treated with IV-rtPA, admission hyperglycemia
is independently associated with increased risk of death, symp-
tomatic intracranial hemorrhage, poor functional status at 90 days
[22], and its association with lower DR frequency as been sug-
gested. Higher admission blood glucose and lower recanalization
rates have also been described in IV thrombolysis [13].

Hemorrhagic complications were infrequent in DR  patients,
with an approximately 5.5-fold increased frequency of any kind of
hemorrhage in patients without DR (Table 2). There was  no differ-
ence in type of hemorrhage according to SITS-MOST definition [23],
and the majority corresponded to type II hemorrhagic infarcts (data
not shown). Intracranial hemorrhage of any type and DR have also
been found to be independently associated with DR patients hav-
ing a 55% lower risk of bleeding after revascularization therapies
[1]. Although our results are similar, comparison with the previous
study is difficult since it included not only IV thrombolysis but also
intra-arterial thrombolysis and thrombectomy procedures.

Our data confirm that DR patients have a significant better out-
come at 3 months follow-up, with almost 90% of patients being
asymptomatic or minimally symptomatic (mRS 0–2) (Fig. 3). Mor-
tality was  also significantly lower. None of the DR patients died
during follow-up and almost 20% died in the non-DR group. These
results confirm the notion that DR benefits are stable and main-
tained at long term [1,4,7].

These results must be regarded with caution: by excluding
patients with less severe strokes, we are precluded to extrapo-
late data for patients with less severe strokes, which may  include
patients with small infarct from small vessel disease, distal vessel
occlusions and large vessel occlusion with good collateral circula-
tion. Good collateral circulation was also described as a predictor
of recanalization and good prognosis [9,24].

Our study was not able to determine other pre-treatment inde-
pendent predictors of DR in addition to ASPECTS. Although not a
dently associated with DR, and to the best of our knowledge this
has been the first study to associate DR with HMCA sign and also to
infarct volume using CT based ASPECTS. Additionally, we  included
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ll anterior circulation stroke syndromes submitted to IV throm-
olysis only, and not only patients with documented large vessel
cclusion or submitted to combination therapies, which character-
zed the largest DR studies in previous years. Since CT scan and IV
hrombolysis are the most available resources in worldwide Stroke
nits, we think that this study is an important contribution to
enters where MRI, angiography and invasive recanalization tech-
iques are not readily available in emergency settings. Inclusion of
ll anterior circulation stroke syndromes limits a direct compari-
on with previous studies, which included only MCA strokes, but
epresents more closely the daily clinical practice in the emergency
epartment and stroke units. In the future, a consensual definition
f DR must be achieved for the purpose of a more precise assess-
ent of this phenomenon and its predictive factors and comparison

etween recanalization strategies.

. Conclusion

Dramatic recovery is a frequent occurrence. ASPECTS is an inde-
endent predictor of DR in patients with anterior circulation stroke
ubmitted to IV thrombolysis, and DR is independently associ-
ted with indirect CT evidence of vessel recanalization. Patients
ith lower clinical severity and lower blood glucose on admis-

ion also seem to benefit the most with IV thrombolysis. DR
atients have a better clinical prognosis at 3 months than patients
ithout DR.
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