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ntroduction

he treatment of acute ischemic stroke remains a domain of
n-going clinical research. At present, intravenous alteplase
rt-PA) within 4.5 hours of onset of ischemic stroke is the only
herapy that has proven effective in prospective controlled
andomized multicentre trials (class I, level A) [1—8]. IAT is
ncluded into the recommendations of the ESO and the AHA
or treatment of ischemic stroke within 6-hours after onset
f clinical symptoms (class II, level B MCA [9—12], class III,
evel B BA) [13—15].

In the past years, mechanical devices have been devel-
ped and were shown to be successful in the recanalization
f occluded major vessels in patients with acute ischemic
troke. The revascularization rates obtained with these
evices range from 48—68% for the Merci clot retriever
Concentric Medical, Mountain View, CA, USA) [16—19]
nd 80—100% with the Penumbra system (Penumbra Inc.,
lameda, CA, USA) [20—23]. It is yet not determined
hether the improved re-opening rates that can be obtained
ith these new devices is reflected in a better neurological

ecovery and improved functional outcome, when compared
o patients treated with IAT.

The PPST [23], a registry study designed to determine
afety and effectiveness of the Penumbra system in open-
ng clotted cerebral blood vessels in stroke, reported on
uccessful revascularization of 81.6% of the treated vessels
n 125 patients. All patients included have been followed
linically for 90 days postprocedure. When compared to his-
orical data from patients included in the PROACT II [9],
0-day mortality rate was higher (PPST: 32.8%, PROACT II:
5%) and 90-day mRS ≤ 2 was lower (PPST: 25%, PROACT
I: 40%) in patients treated with the Penumbra System,
lthough the revascularization rate in PROACT II was lower
PPST: 81.6%, PROACT II: 66%).

The aim of this study was to compare the mortality and
linical outcome of patients with an acute stroke due to
ajor vessel occlusion treated with the PS or IA. A retro-

pective matched-pair analysis was designed to address this
ssue.

ethods

atient selection

wenty consecutive patients with acute ischemic stroke due
o major vessel occlusion (ICA, M1 segment of MCA, ACA,

A, VA) were treated at our institution between June 2008
nd April 2009 with the PS. Routine baseline investigations
ncluded neurological and physical examination, assessment
f NIHSS, routine blood analysis, ECG, brain imaging with
ither CT or MRI, and vascular imaging with either CT

b
a
u
6
d

ngiography or MR Angiography. The patients were stratified
ccording to the NIHSS upon presentation in our institu-
ion and the location of the occluded target vessel. For
ach patient treated with the PS, we searched at random
or a corresponding patient from our database of patients
reated for acute ischemic stroke by IAT with rt-PA. We
imited our research to patients treated between January
002 and December 2007 in order to minimize the procedure
nd critical care-related bias. Matching pairs with respect
o NIHSS upon presentation and location of the occluded
arget vessel could be defined in 20 cases. Baseline char-
cteristics of the corresponding patients are outlined in
able 1.

evascularization procedure

enumbra system
evascularization procedures with the PS were performed
etween June 2008 and April 2009 on a biplanar angio-
raphic system (Allura Xper FD 20/20, Philips, Best, the
etherlands) by five different, experienced interventional
euroradiologists. A bridging lysis with intravenous applica-
ion of rt-PA was administered between initial imaging and
he endovascular procedure in 17/20 patients with a mean
ose of 40.6 ± 12.4 mg rt-PA (20—60). Patients were treated
nder general anesthesia. In all patients the target vessel
as directly catheterized with a 6F-guiding catheter or a
F long sheath. Digital subtraction angiography was used to
efine the occluded vessel. The remaining dose of rt-PA was
dministered via a microcatheter placed proximally to the
lot in 13 of 20 patients with a mean dose of 22 ± 8.3 mg rt-
A (10—35). We then exchanged the microcatheter for the
enumbra catheter, placed proximally to the clot as well.
he technique of mechanical thrombectomy with the PS has
een described previously [23]. Eighteen patients received
ither IV or IA rt-PA with a mean total dose of 54.2 ± 17.2 mg
20—90) (Table 1).

ntraarterial lysis
evascularization procedures were performed between Jan-
ary 2002 and December 2006 on a biplanar angiographic
ystem (Advantx LC/LPN +, GE Healthcare) by experienced
nterventional neuroradiologists. A bridging lysis was admin-
stered in 12 of 20 patients between initial imaging and the
ndovascular procedure with a mean dose of 37.1 ± 11.6 mg
t-PA (8—50). The endovascular approach was comparable
o the one described for the PS. The microcatheter with a
ingle endhole was placed into or proximally to the throm-
us with a steerable microguide wire. A superselective

ngiogram was performed through the microcatheter to doc-
ment catheter placement. rt-PA was infused at a rate of
0 mg/h at a dose of 0.9 mg/kg bodyweight up to a maximum
ose of 90 mg. The mean dose administered intraarterially
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Table 1 Patient baseline characteristics.

Penumbra (n = 20) IA thrombolysis (n = 20) P-value

Age, years [mean ± S.D., (range) ] 61.9 ± 17.6 (16—9) 60.3 ± 16 (27—5) 0.78

Woman 12 10 0.54

NIHSS [mean ± S.D., (range) ] 16.6 ± 4.7 (8—7) 16.4 ± 4.7 (9—26) 0.54

ASPECTS score at presentation (n = 16) 7 ± 1.09 (5—8) 6.25 ± 2.33 (1—9) 0.29

Target vessel location
Single vessel occlusion (n = 8)

ICA 1 1 —
MCA (M1 segment) 70 7 —

Combined vessel occlusion (n = 12)
ICA + MCA 10 10 —
ACA + MCA 1 1 —
VA + BA 1 1 —

IV thrombolysis n = 17 n = 12 0.16a

Mg IV rt-PA [mean ± S.D., (range) ] 40.6 ± 12.4 (20—60) 37.1 ± 11.6 (8—50) —

Symptom-onset to IV thrombolysis 162 ± 75 (60—300) 153 ± 57 (60—275) 0.52

IA thrombolysis n = 13 n = 20 0.008a

Mg IA rt-PA [mean ± S.D., (range) ] 22 ± 8.3 (10—35) 39.2 ± 16.8 (13—70) —

Total rt-PA [mean ± S.D., (range) ] 54.2 ± 17.2 (20—90) 62.6 ± 24.9 (25—120) —

Symptom-onset to first angio series 237 ± 98 (120—550) 229 ± 66 (72—350) 0.76

First angio series to final control 137 ± 56 (40—230) 102 ± 47 (25—210) 0.006

P: Student t test; NIHSS: National Institutes of Health Stroke Scale; ASPECTS: Alberta Stroke Programme Early CT Score; IV: intravenous;
arte
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rt-PA: alteplase; ICA: internal carotid artery; MCA: middle cerebral
artery; IA: intraarterial.

a P: 2-tailed Fischer’s exact test.

was 39.2 ± 16.8 mg rt-PA (13—70), resulting in a mean total
rt-PA dose of 62.6 ± 24.9 mg (25—120) in 20 patients. After
administration of the complete dose of rt-PA, an angiogram
via the guiding catheter/vascular sheath was performed. In
those cases where the target vessels remained occluded,
mechanical disruption of the thrombus was attempted with
the microguide wire. The mean doses of rt-PA administered
IV and IA in the IAT group of the study are outlined in
Table 1.

Post-treatment evaluation

Medical management and acute post-stroke care after the
procedure was consistent with the ESO and AHA guidelines
[6,7]. A CT scan was performed within 24 hours after the
revascularization procedure to detect the presence of ICH.
Patients were evaluated for neurologic and functional status
immediately post-procedure, on the day of discharge, and
90 days (±10 days) post-treatment by the attending neurol-
ogist. Intracranial hemorrhage was defined as symptomatic
in case of parenchymal hematoma, local or remote with a

clinical worsening of at least four points on the NIHSS scale
according to the ECASS definition [8]. A favorable clinical
outcome was defined as improvement of the NIHSS by ≥ 10
points or NIHSS 0 + 1 upon discharge, and a mRs score ≤ 2 at
90 days.

o
m
i
O
c

ry; ACA: anterior cerebral artery; BA: basilar artery; VA: vertebral

mage interpretation

wo independent raters (M.T. and J.W., with seven and 15
ears of experience in neuroimaging, respectively) qualita-
ively evaluated pre-therapeutic MR, CT, and DSA images as
ell as final angiograms and follow-up CT at 24 h. Revas-
ularization was assessed by TIMI flow classification [24].
uccessful revascularization was defined as angiographic
emonstration of TIMI grade 2 or 3 flow within the target
essel. The extent of the ischemic lesion was determined
n pre-therapeutic CT or DWI. We used a standardized scor-
ng system based on predefined criteria (ASPECTS) [25]. A
emplate of two axial slices with markers for the 10 regions
eing scored by the ASPECTS was provided.

tatistical methods

tandard descriptive statistics for categorical end points
ere the number and percent of patients with each level
f the end point. For numeric end points, the standard
escriptive statistics included the number of non-missing

bservations (n), the mean, the median, the S.D., the
inimum value, and the maximum value. For differences

n categorical variables, student t tests were performed.
utcomes (NIHSS improved by ≥ 10 or NIHSS 0 + 1 upon dis-
harge, mRS score of 0 to 2 at 90 days) and mortality
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ates in patients treated with the PS and IAT were com-
ared by using two-sided Fisher’s exact test with P values
f < 0.05, considered statistically significant. A P = 0.05—0.10
as regarded as a strong tendency. A statistical package

MedCalc; MediSoftware, Mariakerke, Belgium) was used to
erform all calculations.

esults

aseline data

wenty-two patients were treated with the PS between June
008 and March 2009. Twenty patients matching patients
ould be identified that were treated with IAT between Jan-
ary 2002 and December 2007. In two patients, no matches
ere found (NIHSS upon presentation were 7 and 10 respec-

ively, distal ICA occlusions in both cases. The angiographic
esults after application of the PS remained TIMI 0 for both.
oth patients died during hospitalization).

Stroke severity, location of the target vessel, patient age
nd mean time from symptom onset to treatment did not dif-
er between the two groups. No significant differences were
bserved for the time from symptom onset to the beginning
f the endovascular treatment with 237 ± 98 minutes for the
S and 229 ± 66 minutes for IAT (P = 0.76). The duration of
he treatment differed significantly (P = 0.006) between PS
ith 137 ± 56 minutes and 102 ± 47 minutes for IAT (Table 1).

Asymptomatic ICH 24 h after the intervention were
resent in 7/20 patients treated with PS versus 6/20 treated
ith IAT. Two patients treated with PS developed a SICH
nd one had a fatal outcome. No SICH occurred in patients
reated with IAT. These differences were statistically not
ignificant (P = 0.49).

ecanalization

t baseline, all 20 patients treated with the PS had a TIMI
core of 0 or 1. Post-procedure, 78% achieved a TIMI score
f 2 or 3 within the target vessels (31% had a TIMI score of
, and 47% had a TIMI score of 3). The 20 matching patients
reated with IAT had a baseline TIMI score of 0 or 1. Post-
rocedure 53% had a TIMI score of 2 or 3 within the target
essel (9% were TIMI 2, 44% were TIMI 3) (Table 2).
linical outcome

pon discharge, 2/20 patients treated with PS and 7/20
atients treated with IAT had a favorable outcome (NIHSS

e
w
n
n
i

Table 2 Angiographic, imaging, neurological, and functional out

Penumbra

TIMI grade 2/3 (target vessels, n = 32) 25/32 (78%
Discharge NIHSS 0—1 or NIHSS improved ≥ 10 2
mRs ≤ 2 at 90 days 3
Death at 90 days 3

P: 2-tailed Fischer’s exact test; TIMI: thrombolysis in myocardial infa
modified Rankin scores.
                  

mproved by ≥ 10 or NIHSS 0 + 1). All cause mortality at 90
ays was 3/20 patients treated with PS, and 2/20 patients
reated with IAT. Upon follow-up, two patients had a mRS
—2 in the PS group, compared to seven patients in the IAT
roup (Table 2).

iscussion

n this matched-pair study, patients with ischemic stroke
ho underwent IAT had a better outcome than patients who
ere treated with the PS (P = 0.12/0.27). The outcome after

AT was more favorable even though the PS had obtained
igher revascularization rates than IAT (P = 0.06).

The results of our study corroborate findings published
n the recent literature [9,23]. Our revascularization rate
f 78% lies in the range of the PPST [23], a multicen-
re registry including 125 patients treated with the PS
ith a reported revascularization rate of 81.6%. In the
PST, patient neurological recovery and functional outcomes
howed a favorable outcome with 25% having either a NIHSS
core of 0 to 1 or a ≥ 10-point improvement at discharge,
nd 25% having a mRS score of ≤ 2 at 90 days. In our
tudy, the neurological recovery and the functional out-
ome in patients treated with the PS was less favorable
ith a NIHSS score of 0 to 1 or a ≥ 10-point improvement
t discharge of 10%, and a mRS score of ≤ 2 at 90 days
n 15%.

These differences might be explained by the high number
f patients treated for a combined ICA/MCA occlusion in our
tudy of 10/20 (50%), compared to 23/125 (18%) treated for
CA occlusion in the PPST. Mortality rates associated with
cclusions of the terminal ICA are known to be particularly
igh [26].

Patient neurological recovery and functional outcomes
n the IAT group of our matched-pair study was 7/20 (35%)
aving a mRS ≤ 2 at 90 days. This 90-day mRS score was
omparable to the treated group in the PROACT II study with
8/121 (40%) [9].

The cause of the disparity observed between the
evascularization rate and the functional outcome in our
atched-pair analysis, as well as in the direct comparison
etween patients treated in PPST and the treated group in
he PROACT II study, needs further consideration.

The timing of the treatment might explain the differ-

nces in outcome between the PS group and patients treated
ith IAT. The time between onset of symptoms and begin-
ing of the revascularization procedure (IVT, IAT and PS) did
ot differ between groups. But the duration of the recanal-
zation procedure was significantly longer in the PS group

comes.

(n = 20) IA thrombolysis (n = 20) P value

) 17/32 (53%) 0.06
7 0.12
7 0.27
2 1

rction; NIHSS: National Institutes of Health Stroke Scale; mRS:
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(P = 0.006), resulting in a longer time from onset of symp-
toms to revascularization/final control (P = 0.12).

The longer duration of the PS procedure can not be
explained by the fact that 13 of 20 patients had an IAT
with rt-PA before the Penumbra procedure requiring an extra
time of 22 ± 8 minutes (mean ± S.D.). Actually, the mean
duration of the procedure in the PS group was longer in those
patients who did not have an IAT with rt-PA before thrombus
aspiration. This observation might indicate that the direct
administration of rt-PA within the thrombus facilitates sub-
sequent aspiration with the PS.

Another factor potentially influencing the outcome is the
hemorrhage rate. In our matched-pair analysis, the occur-
rence of asymptomatic hemorrhage was evenly distributed
between groups. Symptomatic hemorrhages occurred more
often in the PS group. These symptomatic hemorrhages were
probably reperfusion hemorrhages — in both cases, TIMI 3
results had been obtained.

The initial size of the ischemic area influences the out-
come [27,28]. The ASPECTS scores in the IAT group were
higher, indicating larger affected areas when compared to
patients treated with the PS. This observation might be
biased. The ASPECTS score was derived from CT and DWI
data with a much higher number of pre-interventional CT’s
in the IAT arm of the study.

Our results are in contrast to another retrospective
monocentric analysis of the PS for the treatment of large-
vessel occlusion in acute stroke [29]. Kulcsár et al., reported
results in 27 consecutive patients with a recanalization rate
to TICI 2 or 3 in 25 patients (93%) with a good functional out-
come (mRS ≤ 2) in 13 (48%). The differences to the results
of our study might be attributable to various factors:

• mean NIHSS in our study was 2—3 points higher (NIHSS:
16.6 ± 4.7 [8—27], versus NIHSS 14 ± 7). The range of
NIHSS is not given in the study by Kulcsár et al. Yet,
the higher standard deviation in their study indicates
that some patients included must have had a NIHSS score
even below 7. In the Penumbra pivotal trial, inclusion of
patients was restricted to a baseline NIHSS score of ≥ 8
[23]. These differences might in part explain the better
outcome reported by Kulcsár et al;

• in our study, 11/20 (55%) patients presented with a
carotid-T occlusion, whereas only 5/27 (19%) in the study
population of Kulcsár et al. presented this condition
known to be related with a generally worse outcome when
compared to MCA occlusion;

• in the study of Kulcsár et al., 4/27 (15%) patients received
additional angioplasty with stent placement. This fact
limits the number of cases where revascularization is
attributable solely to the PS to 21/27 (78%) — which is
exactly the revascularization rate we have obtained in
our series with exclusive use of the PS.

The main limitation of our study is the small sample
size, limiting the statistical power. The study therefore, is
of observational nature and reflects our experience with

the PS in comparison to IAT. We declare a potential selec-
tion bias. Our current protocol in the treatment of acute
ischemic stroke due to major vessel occlusion (ICA, M1, BA)
includes initial IV lysis with rt-PA, followed by IA adminis-
tration of the remaining one third of rt-PA and subsequent

[

[

51

spiration of the thrombus. This approach might have led
o a selection of patients who were refractory to IAT, pre-
enting with a larger thrombus load or a larger number of
rganized thrombi.

onclusion

he PS is effective in re-opening occluded major arteries.
ur data seems to indicate that not all patients benefit clin-

cally from improved revascularization of occluded major
rteries. Patient selection and ideal timing for treatment
ith this powerful tool need to be determined in a compar-
tive study of a larger scale.
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