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Predictors of Reperfusion in Patients with Acute
Ischemic Stroke

A.D. Horsch, J.W. Dankbaar, J.M. Niesten, T. van Seeters, I.C. van der Schaaf, Y. van der Graaf, W.P.Th.M. Mali, and B.K. Velthuis;
on behalf of the Dutch Acute Stroke Study Investigators

ABSTRACT

BACKGROUND AND PURPOSE: Ischemic stroke studies emphasize a difference between reperfusion and recanalization, but predictors
of reperfusion have not been elucidated. The aim of this study was to evaluate the relationship between reperfusion and recanalization
and identify predictors of reperfusion.

MATERIALS AND METHODS: From the Dutch Acute Stroke Study, 178 patients were selected with an MCA territory deficit on admission
CTP and day 3 follow-up CTP and CTA. Reperfusion was evaluated on CTP, and recanalization on CTA, follow-up imaging. Reperfusion
percentages were calculated in patients with and without recanalization. Patient admission and treatment characteristics and admission
CT imaging parameters were collected. Their association with complete reperfusion was analyzed by using univariate and multivariate
logistic regression.

RESULTS: Sixty percent of patients with complete recanalization showed complete reperfusion (relative risk, 2.60; 95% CI, 1.63– 4.13).
Approximately one-third of patients showed some discrepancy between recanalization and reperfusion status. Lower NIHSS score (OR,
1.06; 95% CI, 1.01–1.11), smaller infarct core size (OR, 3.11; 95% CI, 1.46 – 6.66; and OR, 2.40; 95% CI, 1.14 –5.02), smaller total ischemic area (OR,
4.20; 95% CI, 1.91–9.22; and OR, 2.35; 95% CI, 1.12– 4.91), lower clot burden (OR, 1.35; 95% CI, 1.14 –1.58), distal thrombus location (OR, 3.02; 95%
CI, 1.76 –5.20), and good collateral score (OR, 2.84; 95% CI, 1.34 – 6.02) significantly increased the odds of complete reperfusion. In multi-
variate analysis, only total ischemic area (OR, 6.12; 95% CI, 2.69 –13.93; and OR, 1.91; 95% CI, 0.91– 4.02) was an independent predictor of
complete reperfusion.

CONCLUSIONS: Recanalization and reperfusion are strongly associated but not always equivalent in ischemic stroke. A smaller total
ischemic area is the only independent predictor of complete reperfusion.

ABBREVIATIONS: DUST � Dutch Acute Stroke Study; RR � relative risk

Patients with acute ischemic stroke presenting within 4.5 hours

are treated with IV-rtPA to dissolve the thrombus and achieve

revascularization.1 A recent consensus meeting on stroke imaging

research (Acute Stroke Imaging Research Roadmap II) suggests

that revascularization is a combination of 3 different mechanisms:

1) recanalization, referring to arterial patency; 2) reperfusion,

which refers to antegrade microvascular perfusion; and 3) collat-

eralization, which refers to microvascular perfusion via pial arter-

ies or other anastomotic arterial channels that bypass the primary

site of vessel occlusion.2 Recanalization, reperfusion, and collat-

eralization can be evaluated by CTA and CTP, which are fre-

quently used in dedicated stroke imaging protocols. An important

reason to look at the revascularization mechanisms separately is

the concept that recanalization of an arterial occlusion, as visual-

ized on CTA, does not necessarily lead to complete reperfusion

and improved clinical outcome.3,4 Furthermore, reperfusion can

also occur without afferent vessel recanalization through collater-

alization of the ischemic area by collateral flow.5,6

Many previous studies, including those investigating intra-arte-

rial therapy, consider recanalization to be synonymous with reperfu-

sion.7-10 Other articles suggest that this assumption is not justified

and found reperfusion to be a better predictor of follow-up infarct

volume and clinical outcome than recanalization.5,8,9,11-15
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Although recanalization correlates well with improved reperfu-

sion rates, it is unclear which other clinical and imaging factors influ-

ence reperfusion.5,6,11,12,16 Knowing which factors, available before

treatment decisions, predict complete reperfusion could aid in deci-

sion-making. Treatment with IV-rtPA, good collateral scores and

lesion geography (location of the infarct relative to penumbra), and

structure (solitary or multiple infarct areas) have been related to rep-

erfusion status assessed with CT or MR imaging.5,15,17-19

The aim of this study was to evaluate the relationship between

reperfusion and recanalization and to investigate which clinical and

CT imaging parameters, available on admission, can help predict

complete reperfusion in patients with acute ischemic stroke.

MATERIALS AND METHODS
Study Design
The Dutch Acute Stroke Study (DUST) is a large prospective mul-

ticenter cohort study, which aims to assess the additional value of

CTP and CTA in predicting the outcome of patients with acute

ischemic stroke.

The study protocol has been published previously.20 In brief,

inclusion criteria for this study were 18 years of age or older,

suspected acute ischemic stroke of �9 hours’ duration, and an

NIHSS score of �2 (or 1 if an indication for IV-rtPA was present).

Exclusion criteria were known renal failure, contraindications to io-

dinated contrast material, and the presence of another diagnosis on

admission NCCT that explained the symptoms. This study was ap-

proved by the local institutional ethics review boards of the partici-

pating centers. All patients or family gave signed informed consent

unless a patient died before consent could be obtained. In that case,

the need for consent was waived by the medical ethics committee.20

Patient Selection
From the DUST data base, a consecutive series of patients in-

cluded between May 2009 and August 2012 was selected from 9

centers. Additional inclusion criteria for this study were the fol-

lowing: 1) perfusion deficit in the MCA territory on admission

CTP, and 2) available admission and follow-up CTP and CTA.

Exclusion criteria were the following: 1) poor-quality CTP or

CTA, 2) absence of 1 of the 2 ASPECTS levels on admission CTP,

or 3) use of intra-arterial treatment. The inclusion process is clar-

ified in the flow chart (Fig 1).

Predictor Selection
Clinical variables that were collected included age, sex, history of

stroke, admission NIHSS score, IV-rtPA treatment, and time

from symptom onset to treatment. Admission imaging variables

included the following: infarct core size and total ischemic area

from CTP ASPECTS levels and clot burden (clot burden score),

thrombus location (ICA, MCA-M1 segment, MCA-M2 segment,

and �M2), and collateral score from CTA.

Imaging Protocol
NCCT, CTP, and CTA of the cervical and cerebral vessel were

performed on admission. Multidetector CT scanners were used,

with the number of detectors ranging from 40 to 320 (Bril-

liance 40, Brilliance 64, Brilliance iCT 256; Philips Healthcare,

Best, the Netherlands; Sensation 64; Siemens, Erlangen, Ger-

many; Aquilion ONE; Toshiba Medical Systems, Tokyo, Ja-

pan). NCCT was performed with 120 kV, 300 –375 mAs, and a

section thickness of 5 mm.20

The CTP, performed with 80 kV and 150 mAs, involved suc-

cessive gantry rotations in cine mode during intravenous admin-

istration of 40 mL of nonionic contrast material followed by 40

mL of saline with a flow of 6 mL/s.20 CTP coverage included at

least the level of the basal ganglia to the lateral ventricles to be able

to assess both ASPECTS levels.21

CTA was acquired from the aortic arch to the vertex with

50 –70 mL of contrast followed by 40 mL of saline, both with a

flow of 6 mL/s. The individual CTA scan delay after intravenous

injection was calculated from time-to-peak arterial enhancement

on CTP or by trigger-based Hounsfield unit threshold measure-

ment of contrast enhancement in the aortic arch.20

FIG 1. Inclusion flow chart.
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Imaging Analysis

CTP. CBF, CBV, MTT, and time-to-peak were automatically

calculated from CTP data using commercially available CTP

software (Extended Brilliance Workstation 4.5; Philips Health-

care). The nonoccluded ICA or anterior cerebral artery was

chosen as the arterial input function.22 The superior sagittal

sinus was used as the venous output function. The presence of

a perfusion deficit on admission was defined as a focal asym-

metry on the CBF, CBV, MTT, or time-to-peak map, matching

a part or the whole of the MCA flow territory. The total isch-

emic area was defined with an MTT threshold of 145% com-

pared with the nonaffected side. Within this area, a CBV value

of �2.0 mL/100 g was used to define the infarct core.23 Infarct

core size and total size of the ischemic area were calculated at

ASPECTS levels 1 and 2 on admission CTP. The degree of

axial CTP coverage was different between scanners because

CTP was performed with CT scanners ranging from 40-detec-

tor to 320-detector. This range could potentially underesti-

mate the initial ischemic area or the degree of reperfusion. For

this reason, we only used the ASPECTS levels to compare pa-

tients, to exclude major bias from the difference in the number

of detectors.

The presence of reperfusion was analyzed by visual compari-

son of the admission CTP parameter maps (CBF, CBV, MTT, and

time-to-peak) with the follow-up parameter maps. Reperfusion

outcome was classified into 2 categories (complete and incom-

plete reperfusion). Complete reperfusion was defined as the ab-

sence of a perfusion deficit on follow-up CTP in the presence of a

deficit on admission. All remaining deficits on follow-up CTP,

which were not considered to be caused by artifacts, ipsilateral

carotid stenosis, or focal hemorrhage, were categorized as incom-

plete reperfusion. Hyperperfusion was included in the complete

reperfusion group, and an enlarged or new perfusion deficit, in

the incomplete reperfusion group.

Differences in blood pressure between admission and fol-

low-up CTP have not been taken into account in the assessment of

reperfusion status because this assessment was done in a qualita-

tive fashion by visual comparison of the 4 CTP maps and not on

image-based quantitative thresholds. It was not expected that po-

tential small differences in the size of the CTP deficit would have

changed the category of reperfusion status.

CTA. Admission CTA provided data on clot burden score, col-

lateral score, and intracranial thrombus location. Intracranial

thrombus location was divided into 3 groups (intracranial

ICA, MCA-M1 segment, and MCA-M2 or more distal occlu-

sion).24-26 Thrombus location was classified to the most prox-

imal site of occlusion unless there was a combined extracranial

ICA occlusion and a more distal MCA occlusion with an open

ICA-top (tandem lesion), which was classified at the level of

the MCA occlusion.27 Recanalization status was defined qual-

itatively on follow-up CTA scans as complete or incomplete

recanalization. All imaging data were evaluated by 1 of 3 ob-

servers (I.C.v.d.S, B.K.V., and J.W.D.), all with at least 5 years

of experience in stroke imaging. Only the side of symptoms was

provided for the evaluation.

Statistical Analysis
For all analyses, the complete reperfusion group was compared

with the incomplete reperfusion group. Similarly, the complete

recanalization group was compared with the incomplete recana-

lization group. To analyze the relation between complete recana-

lization and complete reperfusion, absolute and relative risks

(RRs) were calculated. Potential determinants of complete reper-

fusion were tested with univariate and multivariate binary logistic

regression analysis, and 95% confidence intervals were calculated.

To reduce the potential influence of non-normal distributions, we

recorded the following variables into categories on the basis of

tertiles: time to treatment (�60 minutes, 60 –120 minutes, and

�120 minutes), infarct core size (�300 mm2, 300 –1400 mm2,

and �1400 mm2), and total ischemic area (�2000 mm2, 2000 –

5000 mm2, and �5000 mm2).

For analysis, patients without visible occlusion on CTA were

included in the MCA-M2 or more distal occlusion group. All

significant predictors in univariate analysis (P � .05) were used in

stepwise backward-elimination multivariate regression analysis.

Statistical computations were performed by using SPSS 19.0

(IBM, Armonk, New York).

RESULTS
Inclusion criteria for this study were met in 178 patients (Fig 1).

Not all patients in the DUST study received follow-up due to very

rapid recovery and discharge before follow-up could be done,

poor condition of the patient, impaired renal function, or absence

of permission for follow-up. No significant difference in admis-

sion NIHSS score was found between patients with or without

follow-up CTP and CTA, which suggests that no major preselec-

tion occurred.

Baseline clinical and imaging characteristics for the 2 reperfu-

sion groups are summarized in Table 1. Mean age was 68 years,

39% were female, median NIHSS score was 9, and 68% received

IV-rtPA. The infarct core size (479 versus 985 mm2) and total

ischemic area size (2352 versus 4587 mm2) were significantly

smaller in the complete reperfusion group compared with the

incomplete reperfusion group. In addition, the clot burden was

significantly lower in the complete reperfusion group (clot bur-

den score, 9 versus 8), and the thrombus was located more distally

(M2 or �M2 in 62% versus 42%, respectively). A good collateral

score was also significantly more frequent in the complete reper-

fusion group (86% versus 69%). No ipsilateral ICA-top occlusion

was found on admission in the complete reperfusion group versus

15% in the incomplete reperfusion group.

Table 2 shows the relation between reperfusion status and

recanalization in 152 patients with a visible occlusion and the

reperfusion status in 26 patients without a visible occlusion on

admission CTA. Complete reperfusion was found in 60% of

patients with complete recanalization and in 23% in the in-

complete-recanalization group (RR, 2.60; 95% CI, 1.63– 4.13).

Approximately one-third of patients (32%) showed some dis-

crepancy between recanalization and reperfusion status. Re-

markably, complete reperfusion was found with incomplete

recanalization (16 patients), and incomplete reperfusion was

found despite complete recanalization (33 patients). Two illus-

trative cases are shown in Fig 2. In the 26 patients without a

1058 Horsch Jun 2015 www.ajnr.org



visible occlusion on admission CTA, most patients (77%)

showed complete reperfusion.

The univariate logistic regression analysis is shown in Table 3.

Lower NIHSS score (OR, 1.06; 95% CI, 1.01–1.11), smaller infarct

core size (OR, 3.11; 95% CI, 1.46 – 6.66; and OR, 2.40; 95% CI,

1.14 –5.02), smaller total ischemic area (OR, 4.20; 95% CI, 1.91–

9.22; and OR, 2.35; 95% CI, 1.12– 4.91), lower clot burden (OR,

1.35; 95% CI, 1.14 –1.58), distal thrombus location (OR, 3.02;

95% CI, 1.76 –5.20), and good collateral score (OR, 2.84; 95% CI,

1.34 – 6.02) significantly increased the odds of complete reperfu-

sion. Age, sex, or IV-rtPA treatment did not influence complete

reperfusion. In multivariate analysis, a smaller total ischemic area

(OR, 6.12; 95% CI, 2.69 –13.93; and OR, 1.91; 95% CI, 0.91– 4.02)

was the only independent predictor of complete reperfusion (not

shown in the Tables).

DISCUSSION
This study shows that although reperfusion is strongly related to

recanalization in acute ischemic stroke, reperfusion and recanali-

zation do not always occur in unison. An important finding is that

none of the patients with an ipsilateral intracranial ICA occlusion

showed complete reperfusion. Factors that help predict complete

reperfusion are lower NIHSS score on admission, lower clot bur-

den, more distal thrombus location and a good collateral score

(on CTA), and smaller infarct core and smaller total ischemic area

(on CTP). In multivariate analysis, only total ischemic area was an

independent predictor of complete reperfusion.

Recanalization versus Reperfusion
The proportion of complete recanalization and complete rep-

erfusion in our study compares with values described in the

literature, 22%– 60% for recanalization and 26%–79% for rep-

erfusion.15-18 Our data confirm the suggestion that recanaliza-

tion and reperfusion are closely related but not interchange-

able. The discrepancy of incomplete reperfusion in the

presence of complete recanalization can be caused by either the

break-up of the primary clot into fragments leading to distal

embolization of smaller vasculature not visible on CTA, re-

versible incomplete microcirculatory reperfusion, or the irre-

versible no-reflow phenomenon.3,28-30 Reperfusion without

recanalization of the proximal occlusion is thought to be me-

diated by collateralization (through pial arteries or other anas-

tomotic channels).2 Patients without an identifiable occlusion

on admission CTA had higher complete reperfusion rates in

comparison with patients with a visible occlusion. Undetected

microthrombi in distal vessels may account for this higher rate

because they are more likely to dissolve.

Predictors of Reperfusion
Thrombus location was a predictor of complete reperfusion in

our study. Distal MCA occlusions showed better reperfusion rates

on follow-up compared with more proximal MCA or ICA-top

occlusions. A positive relation between distal thrombus location

Table 1: Baseline clinical and imaging characteristics
All Patients

(n = 178)
Incomplete Reperfusion

(n = 92, 52%)
Complete Reperfusion

(n = 86, 48%) P Value
Clinical parameters

Age (yr) (mean) (SD) 68 (13) 68 (14) 67 (13) .92
Female sex (No.) (% ) 69 (39) 34 (37) 35 (41) .61
Prior stroke (No.) (% ) 35 (20) 15 (16) 20 (23) .24
NIHSS score (median) (IQR) 9 (5–15) 12 (5–16) 8 (4–13) .06

Treatment
rtPA (No.) (%) 121 (68) 61 (66) 60 (70) .62
Time to treatmenta (min) (median) (IQR) 100 (73–130) 105 (75–127) 99 (70–151) .89

Imaging parameters
Time to admission scan (min) (median) (IQR) 105 (66–170) 105 (71–157) 105 (61–187) .62
Time to follow-up (day) (mean) (SD) 3.2 (1.3) 3.3 (1.3) 3.1 (1.2) .19

CTP
Size of infarct coreb (mm2) (median) (IQR) 630 (187–1758) 985 (293–2659) 479 (115–1332) .002c

Size of total ischemic areab (mm2) (median) (IQR) 3629 (1551–5605) 4587 (2848–6248) 2352 (734–4328) .0005c

CTA
Clot burden score (median) (IQR) 8.0 (6.0–9.0) 8.0 (6.0–9.0) 9.0 (7.0–9.0) .003c

Thrombus location,d ICA (No.) (%) 13 (9) 13 (15) 0 .01c

Thrombus location,d M1 (No.) (%) 62 (41) 37 (43) 25 (38) .01c

Thrombus location,d M2 or �M2 (No.) (%) 77 (51) 36 (42) 41 (62) .01c

Good collateral score (No.) (%)e 137 (77) 63 (69) 74 (86) .005c

Note:—IQR indicates interquartile range.
a Only 121 patients received IV-rtPA.
b Size of infarct core and total ischemic area at both ASPECTS levels combined.
c Significant.
d Only 152 cases because 26 patients had no visible occlusion on admission CTA.
e All patients without visible artery occlusion on admission CTA had a good collateral score.

Table 2: Outcome summary—relation between reperfusion and
recanalizationa

Incomplete
Reperfusion

Complete
Reperfusion Total

Reperfusion and recanalization
(n � 152)

Incomplete recanalization 53 (77) 16 (23) 69 (100)
Complete recanalization 33 (40) 50 (60) 83 (100)
Total 86 (57) 66 (43) 152 (100)

Reperfusion without visible
occlusion on admission
CTA (n � 26)

No occlusion on admission 6 (23) 20 (77) 26 (100)
a Data are No. (% in rows).
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and recanalization has been found in multiple studies.7,31-33

In contrast, Lemmens et al34 found no relation between distal

occlusion and recanalization, though they did find a better clinical

response with increased reperfusion.

Moreover, none of our patients with an
intracranial carotid occlusion showed
complete reperfusion (despite complete
recanalization in 15% and 54% receiv-
ing IV-rtPA in this patient group of 13
patients). These findings suggest that
those specific patients may need intra-
arterial thrombolysis or mechanical
thrombectomy. A recent review showed
that stent placement and mechanical
thrombectomy in patients with an intra-
cranial ICA occlusion are associated
with higher recanalization rates and bet-
ter functional outcome.35

Few articles describe predictors of
brain tissue reperfusion. The most fre-
quently found imaging predictor of reper-
fusion was recanalization in both CT and
MR imaging studies.5,6,11,16,17,36 How-
ever, recanalization is not a variable that
can be assessed before treatment. Good
collateral scores, treatment with alteplase
or tenecteplase, older age, and lesion geog-
raphy and structure were also associated
with better reperfusion.5,15,17-19,37

Only total ischemic area was an inde-
pendent predictor of complete reperfu-
sion in our study. This is not surprising
because a smaller size of the total ischemic
area is the result of a more distal thrombus
location and good collateral status. The ef-
fect of these variables is therefore most
likely represented by the total ischemic
area in our multivariate analysis.

It is unclear why we could not dem-
onstrate a significant relation between
IV-rtPA treatment and complete reper-
fusion. Christoforidis et al38 suggested
no benefit from thrombolysis in patients
with poor collaterals and a more distal
occlusion site, but in our population, we
did not find a worse reperfusion rate in
the patient group treated with IV-rtPA.
Another reason could be a difference
in population characteristics between
treated and nontreated patients, with a
higher admission NIHSS score in the IV-
rtPA-treated patients.

Although some predictors of reper-
fusion (size of the infarct core, size of the
total ischemic area) have not been re-
lated to recanalization, most reperfusion
predictors (NIHSS score, clot burden
score, thrombus location, collateral

score) have been established for recanalization.7,16,24,32,39-45 In
addition, several articles describing predictors of reperfusion or
recanalization showed a good correlation between these predic-

FIG 2. Relation between recanalization and reperfusion. A, A patient with complete recanaliza-
tion without complete reperfusion. Admission NCCT shows no early CT signs. Follow-up NCCT
shows infarction of the basal ganglia. Admission CTA shows occlusion of the M1 segment (arrow).
Follow-up CTA shows complete recanalization; no distal M3 occlusion could be found. Admission
CTP shows a large area of decreased MTT and CBV in ASPECTS M5 and M6. Follow-up CTP shows
a residual perfusion deficit ASPECTS M6 on the MTT and CBV maps (arrow). B, A patient with
incomplete recanalization but complete reperfusion. Admission NCCT shows some early CT signs
in the MCA territory. Follow-up NCCT shows areas of infarction in a large part of the MCA
territory. Admission CTA shows an occlusion in the M1 and M2 segments of the MCA. Follow-up
CTA shows a short residual occlusion in an M2 segment (arrows). Admission CTP shows a large
area of decreased MTT and CBV in ASPECTS M1–M3, which has completely resolved on follow-up.

Table 3: Predictors of complete reperfusion (N � 178)
OR 95% CI P Value

Clinical parameters
Age (yr) 1.00 0.98–1.02 .86
Female sex 1.17 0.64–2.14 .61
NIHSS score 1.06 1.01–1.11 .03a

rtPA 1.17 0.62–2.21 .62
Time to treatment,b 60–120 min versus �60 min 0.54 0.17–1.69 .29
Time to treatment,b �120 min versus �60 min 0.78 0.23–2.61 .68

Imaging parameters
Size infarct core,c �300 versus �1400 mm2 3.11 1.46–6.66 .003a

Size infarct core,c 300–1400 versus �1400 mm2 2.40 1.14–5.02 .02a

Size total ischemic area,c �2000 vs �5000 4.20 1.91–9.22 .004a

Size total ischemic area,c 2000–5000 versus �5000 mm2 2.35 1.12–4.91 .02a

Clot burden score 1.35 1.14–1.58 .001a

Thrombus location, ICA, M1 or M2, and �M2 3.02 1.76–5.20 .006a

Good collateral scored 2.84 1.34–6.02 .01a

a P �.05 is significant.
b Only 121 patients received IV-rtPA.
c Size of infarct core and total ischemic area at both ASPECTS levels combined.
d All patients without visible artery occlusion on admission CTA had a good collateral score.
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tive factors and outcome (final infarct size and mRS at 3

months).6,11,16 This is not surprising because reperfusion is a pa-

rameter situated between recanalization and outcome. Our data

confirm that these relations are already established at day 3, rela-

tively early in the clinical course. This finding suggests that fol-

low-up reperfusion data could be used as a surrogate end point.

There are some limitations to this study. First, our patient

group is seemingly different from those in many previous stroke

articles because of a shorter time to scan, lower NIHSS scores, and

higher IV-rtPA treatment rate. However, with improved stroke

awareness and faster stroke protocols, our population is probably

more representative of the current stroke populations.
Second, the time to follow-up was approximately 3 days. Most

brain cells die early in ischemic conditions, but recanalization is
known to continue even after the focal areas have infarcted.
Timely and clinically meaningful recanalization and reperfusion
may be better demonstrated when follow-up is performed at an
earlier time point.

Third, assessment of both recanalization and reperfusion was
not done quantitatively but in a 2-point scale, a method also pre-
viously used.46-48 The predictive value can improve with more
quantitative assessment, but small lesions are prone to measure-
ment errors.15 Moreover, qualitative assessment is easier and
shows good agreement in clinical practice, especially with limited
lesion coverage.49

Fourth, the 26 patients with a peripheral perfusion deficit, who
did not show an occlusion on CTA, were included in the M2-
MCA/distal occlusion group. It was assumed that the peripheral
perfusion deficit in these patients was caused by a distal occlusion,
not detectable on CTA. Possibly, some of these distal occlusions
may have resulted from fragmentation of a larger thrombus and
thus (partial) recanalization before the initial imaging, However,
this cause seems unlikely because the median time to treatment in
our study was only 100 minutes, which leaves little time for early
recanalization to occur.

CONCLUSIONS
This study confirms that recanalization and reperfusion out-

comes in ischemic stroke are significantly related but are not al-

ways interchangeable. Lower NIHSS scores, smaller size of the

infarct core, smaller total ischemic area, lower clot burden, more

distal intracranial thrombus location, and good collateral scores

have been identified as predictors of complete reperfusion. A

smaller total ischemic area is the only independent predictor of

complete reperfusion.

APPENDIX
The following are the DUST investigators: Academic Medical

Center, Amsterdam, the Netherlands (C.B. Majoie, Y.B. Roos);

Catharina Hospital, Eindhoven, the Netherlands (L.E. Duijm, K.

Keizer); Erasmus Medical Center, Rotterdam, the Netherlands

(A. van der Lugt, D.W. Dippel); Gelre Hospitals, Apeldoorn, the

Netherlands (K.E. Droogh-de Greve, H.P. Bienfait); Leiden Uni-

versity Medical Center, Leiden, the Netherlands (M.A. van Wal-

derveen, M.J. Wermer); Medical Center Haaglanden, The Hague,

the Netherlands (G.J. Lycklama à Nijeholt, J. Boiten); Onze Lieve

Vrouwe Gasthuis, Amsterdam, the Netherlands (D. Duyndam,

V.I. Kwa); Radboud University Nijmegen Medical Center, Nijme-

gen, the Netherlands (F.J. Meijer, E.J. van Dijk); Rijnstate Hospi-
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