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Zusammenfassung
!

Hintergrund: Zur Überprüfung des gewebsprotek-
tiven Effekts der mechanischen Rekanalisation,
untersuchten wir das CTP-basierende Gewebe
Outcome („GO“) und korrelierten diesen Para-
meter mit dem 3-Monats klinischen Outcome
(„KO“).
Material und Methoden: 159 Patienten mit zere-
bralen Gefäßverschlüssen wurden mittels CCT,
CT-Angiografie (CTA) und CT-Perfusion (CTP) un-
tersucht und anschließend mechanisch rekanali-
siert. Für das finale Infarktvolumen wurde ein
natives CCT nach 24 Std. angefertigt. Das „GO“
(„Prozentualer Mismatch Loss“ =%ML) wurde als
Differenz zwischen initialer Penumbra des CTP
und finalem Infarktvolumen im Kontroll-CCT de-
finiert. Das 3-Monats „modified-Rankin-Scale“
(mRS), Alter, Auftreten von Blutungen, Rekanali-
sationszeit, TICI-Score, Kollateralstatus, Infarkt-
zunahme und finales Infarktvolumen wurden
bestimmt. Mithilfe des Spearman’s Korrelations-
koeffizienten und der nominalen Regressions-
analyse überprüften wir den Einfluss dieser
Parameter auf das mRS.
Ergebnisse: Signifikante Korrelationen mit dem
mRS bestehen für die Parameter %ML (c = 0,48,
p <0,001), finales Infarktvolumen (c = 0,52,
p <0,001), TICI score (c =–0,35, p <0,001), initia-
ler Infarktkern (c = 0,14, p =0,039) und Alter
(c = 0,37, p <0,001). In der Regressionsanalyse
konnte %ML die mRS-Klassifikation zu 38,5 %
korrekt vorhersagen; die Subklassen mRS 1
oder 6 konnten zu 86,4 % bzw. 60,9 % vorherge-
sagt werden. Es konnten keine Korrelationen
mit mRS für die Parameter Rekanalisationszeit,
Kollateralstatus und Auftreten von Blutungen
festgestellt werden.
Schlussfolgerung: Das CT-basierte GO beschreibt
besser als der TICI-Score den klinischen Erfolg der
mechanischen Rekanalisation, so dass nicht die Re-

Abstract
!

Purpose: To prove the tissue-protecting effect of
mechanical recanalization, we assessed the CT
perfusion-based tissue outcome (“TO”) and cor-
related this imaging parameter with the 3-month
clinical outcome (“CO”).
Materials and Methods: 159 patients with large in-
tracranial artery occlusions revealing mechanical
recanalization were investigated by CCT, CT angio-
graphy (CTA) and CT perfusion (CTP) upon admis-
sion. For the final infarct volume, native CCT was
repeated after 24h. The “TO” (“percentage mis-
match loss” =%ML) was defined as the difference
between initial penumbral tissue on CTP and final
infarct volume on follow-up CCT. We monitored
the three-month modified Rankin Scale (mRS),
age, bleeding occurrence, time to recanalization,
TICI score and collateralization grade, infarct
growth and final infarct volume. Spearman’s corre-
lation and nominal regression analysis were used
to evaluate the impact of these parameters on
mRS.
Results: Significant correlations were found for %
ML and mRS (c =0.48, p <0.001), for final infarct
volume and mRS (c = 0.52, p <0.001), for TICI
score and mRS (c =–0.35, p <0.001), for initial in-
farct core and mRS (c = 0.14, p =0.039) as well as
for age and mRS (c = 0.37, p <0.001). According to
the regression analysis, %ML predicted the classi-
fication of mRS correctly in 38.5 % of cases. The
subclasses mRS 1 and 6 could be predicted by %
ML with 86.4 % and 60.9 % reliability, respectively.
No correlations were found for time to recanaliza-
tion andmRS, for collateralization grade andmRS,
and for post-interventional bleeding and mRS.
Conclusion: Better than the TICI score, CT-based
TO predicts the clinical success of mechanical re-
canalization, showing that not recanalization, but
reperfusion should be regarded as a surrogate
parameter for stroke therapy.
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Introduction
!

Stroke is the leading cause of acquired disability and mortality in
adults worldwide [1]. In the RECOST study on mechanical throm-
bectomy, the site of the occluded artery (internal carotid artery
(ICA), medial cerebral artery (MCA) or basilar artery (BA)), hyper-
glycemia and initial NIHSS score were identified as prognostic
factors for clinical outcome (“CO”), but no correlation with time
to recanalization was observed [2]. No influence on “CO” was
found for the time interval between symptom onset and time of
recanalization, but was noted for grade of recanalization, extent
of the initial mismatch volume, and duration of interventional
procedure [3].
A recent randomized trial did not identify a favorable effect of a pe-
numbral pattern for “CO” in patients undergoing endovascular
therapy [4]. The Defuse trail, however, showed that a mismatch in
initial MRI is associated with a more favorable “CO” [5]. In a recent
investigation of collateral status and “CO” a significant link was
found between these two parameters, so that good collateral status
and penumbral tissue may support successful reperfusion [6].
In addition to intravenous (i. v.) lysis, mechanical devices play an
increasing role in endovascular stroke therapy [7]. Current non-
randomized studies describe a superiority of mechanical recana-
lization over i. v. lysis with a reduced mortality of 50–75%. Like-
wise, a favorable mRS of 0–2 was found in 70% of patients with
MCA occlusions [2, 8].
However, the IMS III trial failed to prove any benefit of mechani-
cal recanalization in a three-month “CO” when compared to i.v.
lysis. The authors critically stated that one of the retriever sys-
tems used was outdated [9]. However, even recent studies using
stent retrievers could not find a significant difference in function-
al independence with add-on endovascular therapy applied after
i. v. t-PA. Thus, the superiority of mechanical recanalization still
remains uncertain [9–11] and further studies are needed to vali-
date this correlation [7, 12, 13].
Moreover, we want to address the impact of recanalization on
TICI score and tissue outcome (“TO”), considering percentage
mismatch loss (%ML), infarct core and final infarct volume on
three-month “CO” (mRS). We believe that the post-intervention-
al “TO”, as calculated by %ML on the basis of CT perfusion and
control CCT, is more accurate in investigating the efficiency of
mechanical recanalization in comparison to TICI score alone. We
want to investigate the predictive value of %ML, age, time to reca-
nalization, bleeding and collateralization grade in terms of “CO”

(mRS) by regression analysis to define the most predictive
parameters for interventional treatment.

Materials and Methods
!

From 04/2010 through 08/2012, research was carried out on pa-
tients with acute large artery occlusive stroke at the Department
of Clinical Radiology of the University Hospital Muenster. The da-
tabase for our study included 159 patients: 66 women and 93men,
aged 18–92 years (mean: 65.6 years). 91 presented with MCA, 30
with BA and 38 with carotid-T occlusions. Mechanical thrombec-
tomy was applied to 151 patients. Penumbra systems were used
in 97, pRESET clot retrievers in 48, and 3D devices (penumbra) in
6 of our cases. Statistically complete datasets could be achieved for
109 patients with minor missing information in two datasets so
that regression analysis partly considered 107 datasets (●" Table 2).
According to the “guidelines for adults with ischemic stroke”,
patients were included according to the following criteria: (1)
stroke onset within less than six hours (<6h) between symptom
onset and beginning of interventional treatment, (2) an infarct
volume of less than one-third of the MCA territory, (3) CTA-prov-
en proximal cerebral artery occlusion, includingM1-MCA, BA and
carotid-T, (4) persisting occlusion during the diagnostic part of
the DSA [14].

Diagnostic Imaging
Patients were examined by comprehensive multimodal CT, com-
prising native CT, CT angiography (CTA) and whole-brain CT per-
fusion (CTP) performed with our dual source CT equipment (Sie-
mens Definition Flash, Siemens AG, Erlangen, Germany).
Non-contrast-enhanced CT (NECT) was used for infarct and
bleeding detection. Patients with hemorrhagic strokes were ex-
cluded [15, 16]. NECT was performed using a routine protocol
(120kV, 320mAs, collimation 2 ×20 ×0.6mm). Images were re-
constructed with a slice thickness of 5.0mm with no overlap
using a medium sharp convolution kernel (H30f).

CT angiography
A CT angiogram from the aortic arch to the apex of the skull was
obtained after injection of 80ml of contrast medium at a flow
rate of 4ml/s. CT scan parameters were: 100 kV, care dose 4d,
collimation 2×64×0.6mm. Images were reconstructed with a
slice thickness of 1.0mm and an increment of 0.7mm using a
soft convolution kernel (H20 s).

kanalisation selbst, sondern die Reperfusion den geeigneten Kon-
trollparameter darstellt.
Kernaussagen:

▶ %ML und finales Infarktvolumen sind direkte Kontrollparame-
ter für eine erfolgreiche mechanische Rekanalisation.

▶ Das klinische Outcome nach mechanischer Rekanalisation
wird durch %ML zuverlässig vorhergesagt, welches den Nutzen
der interventionellen Therapie zerebraler Gefäßverschlüsse
widerspiegelt.

▶ Anstelle der Rekanalisation sollte die Gewebsreperfusion den
geeigneten Kontrollparameter einer erfolgreichen interven-
tionellen Schlaganfallstherapie darstellen.

Key Points:

▶ %ML as well as the final infarct volume can make a direct point
about the immediate effect of successful mechanical recanali-
zation.

▶ The clinical outcomes after mechanical recanalization are reli-
ably predicted by %ML, reflecting the benefit of escalation
therapy including interventional reopening of parent vessel
occlusions.

▶ Not recanalization but rather reperfusion should be regarded
as a surrogate parameter for successful stroke therapy.

Citation Format:

▶ Drewer-Gutland F, Kemmling A, Ligges S et al. CTP-Based Tissue
Outcome: Promising Tool to Prove the Beneficial Effect of Me-
chanical Recanalization in Acute Ischemic Stroke. Fortschr
Röntgenstr 2015; 187: 459–466
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CT perfusion
For CT perfusion the skull was scanned repeatedly after the in-
jection of 30ml of contrast medium with a flow of 4ml/s
with the following parameters: 80kV, 200mAs, collimation
2×64×0.6mm, allowing acceptable image quality using reduced
tube current and voltage with respect to the standard protocol.
The protocol was used for all patients including those younger
than 50 if major stroke was suspected. A range of 90mm from the
skull base to the top of the calvariumwas covered with a temporal
increment of 1.5 s over a period of 50 s, which is regarded as the
acceptable compromise between temporal resolution and radia-
tion dose [17]. Perfusion datasets were reconstructed with a slice
thickness of 10.0mm using a soft convolution kernel (H20 s). Si-
multaneously, CCT, rCBVandMTTmapswere generated for further
analysis.
A follow-up CCTwas performed after 24 hours (+/-8 hours) in or-
der to evaluate the final infarct volume.

Tissue Outcome “TO” (measure: %-mismatch loss “%ML”)
The perfusion data was calculated using the VPCT program (Sie-
mens Medical Solutions, Forchheim, Germany). CTP parameter
maps (rCBV, rCBF andMTT) were calculated based on least square
deconvolution using a mean arterial input function measured in
early arterial voxels selected automatically with supervision.
rCBV and MTT maps and the post-interventional CCT were im-
ported into the ANALYZE evaluation software for semiautomated
slice-by-slice segmentation and measurement of the penumbral
infarction volume [18]. The segmentation under visual assess-
ment was made by one reader with manual adjustment of win-

dow width for optimal contrast. All cases were validated by an
experienced second reader to optimize the segmentation process
(●" Fig. 1).
Infarct core was operationally defined by visual perfusion deficit
in rCBV parameter maps below 2.0ml/100ml (●" Fig. 1a).
Tissue at risk of infarction in case of failed recanalization was op-
erationally defined by visual perfusion deficit in MTT parameter
maps of at least 7 s [18] (●" Fig. 1b).
The volumetric difference between tissue at risk of infarction in
case of failed recanalization and infarct core was defined as the
penumbra (rCBV and MTT mismatch (●" Fig. 1e)). The percentage
of penumbra that infarcts after recanalization was defined as the
percentage of mismatch loss (%ML), which is equivalent to the
volume of infarct growth (●" Fig. 1f) (= rCBV lesion (●" Fig. 1 d)
subtracted from the final infarct (●" Fig. 1c) per total volume of
penumbra.)
The following formula was used for estimation of the percentage
of mismatch loss:
%ML=100x(follow-up CCT volume – initial rCBV volume)/(initial
MTT volume – initial rCBV volume) [19].

Collateralization
A 3-grade score (1 =high, 2 =middle, 3 = low) as defined by
Knauth et al. [20, 21] and further refined by CTA post-processing
techniques [22] was used as a reference for the evaluation of col-
laterals. The scale was defined as: (1) contrast filling being visible
from pial collaterals to the M1 segment in CTA and DSA, (2) con-
trast filling being visible from the periphery to M2 branches in
CTA and DSA, (3) only peripheral vascular structures show con-
trast filling.

Table 1 Correlation of following parameters (see below) with mRS (modi-
fied Rankin-Scale) in all cases and in vascular territories considered separately
(ICA, MCA and BA). Table 1 shows all relevant correlations for parameters
being observed in this study with mRS (modified Rankin-Scale) as the clinical
follow-up parameter: %ML, infarct core, final infarct, TICI, age, time to reca-
nalization and grade of collaterization. Those correlations were implemented
for all cases and for vascular territories separately (ICA, MCA and BA) on the
basis of Spearman-Rho. The level of significance was set to*p < 0.05, and high
significance levels were set to**p < 0.001. Please note the high correlation for
parameters %ML and final infarct.

Tab. 1 Korrelation von folgenden Parametern (siehe unten) mit mRS (mo-
dified Rankin Scale) für alle Fälle und für die einzelnen Gefäßterritorien (ICA,
MCA und BA). Tab. 1 zeigt alle relevanten Korrelationen für die Parameter, die
in der Studie beobachtet wurden, mit dem klinischen Kontrollparameter mRS
(modified Rankin Scale): %ML, Infarktkern, finaler Infarkt, TICI, Alter, Reka-
nalisationszeit und Kollateralisationgrad. Diese Korrelationen wurden sowohl
für alle Fälle, als auch für die einzelnen Gefäßterritorien (ICA, MCA und BA) auf
Basis des Spearman-Rho’s durchgeführt. Das Signifikanzniveau wurde auf
*p < 0,05 und das Hoch-Signifikanzniveau auf **p < 0,001 festgelegt. Bitte
achten Sie auf die hohe Korrelation für die Parameter %ML und finaler Infarkt.

parameter whole group ICA MCA BA

infarct core 0.14* 0.44* 0.06 0.47*

final infarct 0.52** 0.62** 0.48** 0.78**

%ML 0.48** 0.46* 0.49** 0.47*

TICI –0.35** –0.42* –0.52** –0.02

Age 0.37** 0.43* 0.33* 0.30

time to rec.
bleeding

0.07
0.02

0.08
0.07

0.01
0.02

0.27
0.06

collateralization 0.02 0.08 0.05 0.10

Correlation coefficient: Spearman-Rho, level of significance *p< 0.05, **p< 0.001.
Korrelationskoeffizient: Spearman-Rho, Signifikanzniveau *p <0,05, **p <0,001.

Table 2 Predictive classification of mRS (0, 1, 2, 3, 4, 5, 6) by all parameters
(%ML, age, occurrence of bleeding) and by %ML itself according to nominal
regression models. “Due to minor relevant missing single values in two data-
sets, the total number of datasets in regression analysis ‘all parameters’ is 107
instead of 109.” Table 2 shows the percentage predictability of mRS in clinical
follow-up by all relevant parameters (%ML, bleeding and age) and %ML on its
own according to two different fitted nominal regression models. Note the
very high percentage predictability of 86.4 % in mRS subgroup 1, presenting
the fact that complete reopening of the vessel without tissue loss might re-
sult in almost complete recovery from stroke.

Tab. 2 Vorhersage der Klassifizierung von mRS (0, 1, 2, 3, 4, 5, 6) durch alle
Parameter (%ML, Alter, Auftreten von Blutungen) und durch %ML alleine an-
hand einer nominalen Regressionsanalyse. „Aufgrund von weniger relevan-
ten fehlenden Einzelwerten in zwei Datensätzen, ist die Gesamtsumme der
Datensätzen in der Regressionsanalyse ‚all parameters‘ 107 anstelle von
109.“ Tab. 2 zeigt die prozentuale Vorhersagbarkeit von mRS im klinischen
Verlauf durch alle relevanten Parameter (%ML, Blutung und Alter) und durch %
ML alleine anhand 2 verschiedener nominaler Regressionsanalysen. Achten
Sie auf die hohe prozentuale Vorhersagbarkeit der mRS Subgruppe 1 mit
86,4 %. Dieses zeigt, dass eine komplette Gefäßeröffnung ohne nachfolgen-
den Gewebsverlust eine komplette Erholung von schlaganfallstypischen
Symptomen bedeuten könnte.

classification

(mRS)

all parameters

correctly predicted (%)

%ML separately

correctly predicted (%)

1 15/22 (68.2) 19/22 (86.4)

2 6/18 (33.3) 2/19 (10.5)

3 2/15 (13.3) 0/15 (0)

4 12/20 (60.0) 7/21 (33.3)

5 0/9 (0) 0/9 (0)

6 18/23 (78.3) 14/23 (60.9)

total 53/107 (49.5) 42/109 (38.5)
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DSA
Anesthesia was performed in the angiography suite using a
standardized protocol with a time frame of less than 60min be-
tween CTA and the start of angiography. DSA was performed
using a biplane angiography system (Philips, Allura, FD 2020).
Post-interventionally, the success of mechanical recanalization
was estimated using the TICI score [23].

Medication
rtPA was applied as the initial bolus of 10mg and then continu-
ously with 10mg/h i. v. (“bridging dose”). After local i. a. catheter
placement, rtPAwas given directly into the guiding catheter with
a flow velocity of 40mg/h and to a maximum dose of 0.9mg/kg
body weight. rtPA application was stopped after recanalization.
The total applied i. a. rtPA dose ranged from 20mg to 80mg. By
24 hours (h) after the intervention, heparin was given at a dose
of 15000 IE/24h.

Clinical outcome ”CO” (measure: modified Rankin
Scale “mRS”)
At 3 months after the intervention, patients were contacted to
score the modified Rankin Scale (mRS). A good outcome was de-
fined as anmRS of 0–2 and a poor outcomewas represented by a
mRS of 3–6.

Results
!

Statistically acceptable data findings considering %ML and mRS
were obtained for (107) 109 of the initial 159 patients, because
36 did not receive the full CCT examination needed for the calcu-
lation of mismatch, and a further 14 could not be contacted due
to the possibility of having moved to a nursing home or another
facility. In two patient datasminor errors were detected by statis-
tical evaluation process but did not lead to complete exclusion of
the datasets from the evaluation.
During angiography, a good collateralization grade was seen in
64/155 patients (41.3%), a medium grade was found in 40/155
patients (25.8 %), and 51/155 patients (32.9%) showed the lowest
collateralization grade.
Regarding the TICI score, 79/158 patients presented with a high
TICI grade (3 and 2b), 39/158 with a medium grade (2a and 2),
and 16/158 with a low TICI grade (1). In 24/158 cases, mechanical
recanalization was not feasible (TICI 0) due to missing access to
tortuous supraaortal vessels (n =14) and reocclusion or failure of
reopening the artery (n =10), mostly occurring due to the usage
of more old fashioned devices. The overall recanalization rate
reached 74.6 %.
The mean time to recanalization was 4:06h. The mean duration
of intervention was 2:30h. For the penumbra device 2:32h and
for the pRESET clot retriever 38minutes weremeasured. Clinical-
ly relevant bleeding, which requires control imaging, was found
in 20 (12.6%) patients. In penumbra cases twice as high bleeding

Fig. 1 shows a initial CBV color map, b initial MTT color map, c CCTwith
final infarct volume, d CBV presenting the infarct core, e MTT presenting
the penumbra, f a schematic survey of infarct growth (red-colored) and as a
consequence thereof reduction of penumbra (white-colored). Note the
white part (penumbra), which can be interpreted as salvaged after me-
chanical recanalization therapy.

Abb.1 zeigt a die initiale CBV Farbtabelle, b die initiale MTT Farbtabelle,
c das Kontroll-CCT mit finalem Infarktvolumen, d das CBV mit Infarktkern,
e das MTT mit Penumbra, f eine schematische Darstellung des Infarktzu-
wachses (rot) und als Konsequenz hieraus die Reduktion der Penumbra
(weiß). Achten Sie auf den weißen Bereich (Penumbra), der nach mechani-
scher Rekanalisation als gerettet angesehen werden kann.
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rates 16.5% (16/103) were detected than in pRESET clot retriever
cases 8.3 % (4/48).
The median %ML in our data was 19%. Values ranging from 0–
20%were defined as a surrogate parameter for successful recana-
lization in time (correlated to individual collaterals).
The 3-month mRS revealed a good “CO” (0–2 mRS) in 49/136
cases (36%), a fair outcome (3–4 mRS) in 42/136 cases (30.9 %)
and a poor outcome (5–6 mRS) in 45/136 cases (33.1 %).
Patients in mRS subgroup 0–2 showed a %ML of 0–20% in 69.4 %
of cases. The total median %ML of these cases in subgroup 0–2
was 6%. In contrast, the median %ML of patients in subgroup 6
was 62%.

Correlations of parameters (Please use●" Table 1
for an overview of all correlations)
We found a statistically significant, positive correlation between
%ML and mRS (Spearman´s correlation coefficient (c) = 0.48,
(Kruskal-Wallis (KW) test, p-value (p) <0.001) (●" Fig. 2a). Con-
sidering each vascular territory separately, we found a match

between %ML and mRS of 0.46 (p =0.015) for ICA (●" Fig. 2b),
0.49 (p <0.001) for MCA (●" Fig. 2c) and 0.47 (p=0.06) for BA
(●" Fig. 2d).
There was an overall significant negative correlation for TICI and
mRS (c = -0.35, p = <0.001) (●" Fig. 3), while for ICA the correlation
was -0.42 (p =0.016), for MCA -0.52 (p <0.001), and for BA -0.02
(p=0.930).
There was only a weak correlation between the infarct core and
mRS of 0.14 (p =0.039) (●" Fig. 4). Therewere highly significant cor-
relations for ICA of 0.44 (p =0.02), and for BA of 0.47 (p =0.048), but
none for MCA (c =0.06, p =0.582).
There were significant correlations between the final infarct vol-
ume and mRS: All cases included (c = 0.52, p <0.001) (●" Fig. 5),
ICA (c = 0.62, p <0.001), MCA (c =0.48, p <0.001) and BA (c = 0.78,
p <0.001).
A positive correlation was detected between mRS and age
(c = 0.37, p <0.001) (●" Fig. 6). For ICA alone the correlation was
0.43 (p=0.013), for MCA it was 0.33 (p=0.03) and for BA it was
0.30 (p=0.136).

Fig. 2 a shows the boxplot analysis of the correlation between %ML and
mRS for all cases. b shows the boxplot analysis of the correlation between
%ML and mRS for ICA. c shows the boxplot analysis of the correlation be-
tween %ML and mRS for MCA. d shows the boxplot analysis of the correla-
tion between %ML and mRS for BA.

Abb.2 a zeigt die Boxplot Analyse der Korrelation zwischen %ML und mRS
für alle Daten. b zeigt die Boxplot Analyse der Korrelation zwischen %ML
und mRS für das ICA-Stromgebiet. c zeigt die Boxplot Analyse der Korrela-
tion zwischen %ML und mRS für das MCA-Stromgebiet. d zeigt die Boxplot
Analyse der Korrelation zwischen %ML und mRS für das BA-Stromgebiet.

Drewer-Gutland F et al. CTP-Based Tissue Outcome:… Fortschr Röntgenstr 2015; 187: 459–466

Interventional Radiology 463

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



No correlation was found for time to recanalization and mRS
(c = 0.07, p =0.451), for post-interventional bleeding and mRS
(c = 0.02, p =0.819) not for collateralization grade and mRS
(c = 0.02, p =0.817).

Nominal regression model
The nominal regression model with the independent variables
%ML, age and bleeding, calculated on the basis of 107 cases, predic-
ted the correct class of “CO” (mRS) for 49.5% of cases (●" Table 2).
In a single nominal regressionmodel for mRS, %ML alone predicted

38.5% of these cases correctly (●" Table 2). The single nominal re-
gression model for mRS was also constructed separately for the
three arterial territories. On the basis of 26 (ICA), 67 (MCA) and 16
(basilar artery) occlusions, a prognostic value of %MLwas found for
mRS of 53.8% (ICA), 31.3% (MCA) and 56.2% (basilar artery),
respectively (●" Table 3).

Fig. 5 shows the boxplot analysis of the correlation for final infarct vol-
ume and mRS.

Abb.5 zeigt die Boxplot Analyse der Korrelation zwischen finalem
Infarktvolumen und mRS.

Fig. 3 shows the boxplot analysis of the correlation for TICI and mRS in all
vascular territories. Better recanalization grades are associated with a bet-
ter clinical outcome (lower average mRS scales).

Abb.3 zeigt die Boxplot Analyse der Korrelation zwischen TICI und mRS
für alle Stromgebiete. Bessere Rekanalisationsgrade sind mit einem besse-
ren klinischen Outcome assoziiert (niedrigere mRS-Subklassen).

Fig. 4 In the boxplot analysis the correlation of infarct core and mRS is
shown.

Abb.4 In der Boxplot Analyse wird die Korrelation zwischen Infarktkern
und mRS gezeigt.

Fig. 6 In the boxplot analysis the correlation between age and modified
Rankin Scales (mRS) is shown. Older patients present with higher mRS
subclasses.

Abb.6 Die Boxplot Analyse zeigt die Korrelation zwischen Alter und mRS.
Ältere Patienten weisen höhere mRS-Subklassen auf.
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Discussion
!

The presented positive correlation between tissue outcome
(“TO”) as defined by %ML or infarct growth and clinical outcome
(“CO”) as defined by mRS indicates once again that a successful
recanalization procedure with ongoing reperfusion is directly
related to a better “CO”. %ML and the final infarct volume show a
stronger correlation than TICI score, reflecting that “TO” in stroke
should be based on two principles: perfusion imaging by CT or
MRI as initial workup and post-stroke volume imaging of infarct
size as a control of stroke therapy, addressing the fact that not
only recanalization but also successful reperfusion are relevant
factors for good “CO” and should be the final goal of intervention-
al stroke therapy. Moreover, in the nominal regression model,
“TO” revealed the strongest impact on “CO”, as compared to other
variables like age and lysis-related cerebral hemorrhage.
Collateral status as measured in our study failed to be a signifi-
cant factor and was not included in the nominal regression mod-
el. This may be due to the fact that CTA and not CT perfusion was
used to assess collaterals and that the factor of time invariance
was not recorded using CTA instead of 4D-CTA on the basis of
CT perfusion data or angiography as performed elsewhere [6].
The recanalization grade (TICI) showed a significant negative cor-
relation to the “CO” (mRS). While no correlation was found be-
tween TICI and “CO” in the posterior circulation, significant mat-
ches were found for anterior cerebral infarctions, showing
comparable values for ICA and MCA occlusions. The same fact
was seen with the “TO” (%ML) and mRS, where this correlation
was not significant for the basilar region, but highly significant
for the anterior circulation.
In contradiction to these findings, the volume of final infarct and
“CO” (mRS) shows a significant correlation for both the anterior
and posterior circulation. Furthermore, the regression analysis
revealed a strong influence of %ML on the mRS in patients having
suffered from basilar artery occlusion.

Thus assessing posterior circulation occlusions with CT perfusion
for predicting clinical outcome is more doubtful than assessing
anterior circulation occlusions in the recent setting of stroke CT,
because the higher density or concentration of clinically relevant
structures in the brain stem may result in larger effects of rather
small lesions than in the anterior circulation.
Most publications used the recanalization on the arterial level
versus “CO” as the endpoint and did not calculate “TO” to esti-
mate the effect of recanalization on the brain’s parenchyma [7].
In our study we found a prognostic value of %ML in terms of
“CO”, showing that recanalization cannot automatically mean
complete reperfusion and scientific workup should be reconsid-
ered [24].
Together with age and the existence of bleeding, %ML could ex-
plain the variability in mRS in about 50%. Especially the results
in patients who scored mRS 1 and 6 can be predicted by %ML
with high reliability.
After pre-selection of the patients by the above multimodal
stroke imaging and by excluding patients without penumbra,
we can predict that a mean %ML of 19% or less is sufficient to re-
sult in a smaller infarct and a better clinical recovery.
Our study showed no correlation between time to recanalization
and “CO” (mRS). This matches the findings of other studies also
describing a missing relationship between time to recanalization
and “CO” but contradicts the data of large controlled studies for i.
v. lysis therapy [2, 25]. The missing correlation between time to
recanalization and “CO” in this study can be due to a selection ef-
fect of patients with mismatch for recanalization therapy, detect-
ed by perfusion CT imaging, and followed by fast recanalization.
In extensive trials of i. v. lysis, time to recanalization does influ-
ence the “TO” as expected by the existing data, where native
CCTwas the basis for treatment decision. The length of interven-
tion and existence of postinterventional hemorrhage vary in our
datasets depending on the use of different devices for recanaliza-
tion. Our results indicate less sufficient performance of penum-
bra devices. Both the length of intervention and the rate of post-
operative hemorrhage are worse than that of the pRESET clot
retriever.
In a multimodal stroke CT setting, radiation exposure has to be
considered to be as low as reasonably achievable. The grade of
temporal resolution defines the number of scan repetitions and
should be tested in the clinical condition. Temporal resolutions
up to two seconds can still be diagnostic [17]. We selected 1.5 s
as the ideal compromise between acceptable temporal resolution
and radiation exposure. Replacing the CTA by a CTA being recon-
structed from CT perfusion data (VPCTA) should be the next step
to reduce radiation exposure in a multimodal CT stroke setting as
the diagnostic value of VPCTA is comparable to the standard CTA
technique.

Conclusion
!

Our results indicate that more than a successful mechanical reca-
nalization, a low %ML or low final infarct volume as a surrogate
parameter for successful reperfusion, representing a good “TO”,
is highly relevant for a good “CO” after interventional stroke ther-
apy. Further efforts in developing DSA tools are needed to assess
tissue parameters for reperfusion under interventional condi-
tions.
Apart from the final infarct volume, post-interventional %ML
based on the penumbra concept is the most exact parameter for

Table 3 Predictive classification of mRS (0, 1, 2, 3, 4, 5, 6) by %ML according
to nominal regression models, each for ICA, MCA and BA. Table 3 shows the
classification of mRS calculated with nominal regression models based on %
ML as only independent variable for each vascular territory separately. The
percentage predictability of good outcome (mRS 1) and poor outcome
(mRS 6) is remarkably strong for ICA and basilary artery occlusions regard-
ing the factor %ML.

Tab. 3 Vorhersage der Klassifizierung von mRS (0, 1, 2, 3, 4, 5, 6) für ICA,
MCA und BA durch %ML anhand einer nominalen Regressionsanalyse. Tab. 3
zeigt die errechnete Klassifikation des mRS durch die nominale
Regressionsanalyse, basierend auf %ML als alleinige unabhängige Variable.
Diese Analyse wurde für jedes Gefäßareal separat durchgeführt. Die prozen-
tuale Vorhersagbarkeit der guten Outcomes (mRS 1) und schlechten Out-
comes (mRS 6) in Bezug auf den Parameter %ML ist bemerkenswert hoch für
ICA- und Basilarisverschlüsse.

classification

(mRS)

%ML (ICA)

correctly

predicted (%)

%ML (MCA)

correctly

predicted (%)

%ML (BA)

correctly

predicted (%)

1 7/7 (100) 0/11 (0) 4/4 (100)

2 1/4 (25) 10/13 (76.9) 0/2 (0)

3 1/4 (25) 0/11 (0) 0/0 (–)

4 2/5 (40) 4/13 (30.8) 0/3 (0)

5 0/1 (0) 0/6 (0) 1/2 (50)

6 3/5 (60) 7/13 (53.8) 4/5 (80)

total 14/26 (53.8) 21/67 (31.3) 9/16 (56.2)
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“TO”. %ML of 20% could be defined as the border between favor-
able und unfavorable outcome in our study. This should be the
basis of scientific stroke investigation for the anterior circulation,
irrespective of the presence of ICA or MCA occlusion, but not for
basilar artery occlusion to date.
Age, presence of bleeding and %ML together can statistically pre-
dict “CO” in 41.7–72.7 % of our cases in the group mRS 0–2,
where %ML itself can explain the variability in mRS in 38.5% of
our cases. Especially the good (mRS 1) and poor (mRS 6) “COs”
are predicted by %ML with high precision.

Clinical relevance

▶ %ML as well as the final infarct volume can make a direct
point about the effect of successful mechanical recanaliza-
tion and it is crucial for the subsequent clinical condition.

▶ The clinical outcomes are predicted by %ML with high pre-
cision, reflecting the need for escalation therapy including
interventional reopening of parent vessel occlusions.

▶ Small tissue loss, as evaluated by perfusion CT in %ML and
final infarct volume, indicated better “CO” after mechanical
recanalization than TICI score, showing that not recanaliza-
tion itself, but reperfusion should be regarded as a surro-
gate parameter for successful stroke therapy.
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