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BACKGROUND AND PURPOSE: Endovascular treatment for acute ischemic stroke consists of various
mechanical and pharmacologic modalities used for recanalization of arterial occlusions. We performed
this study to determine the relationship among procedure time, recanalization, and clinical outcomes
in patients with acute ischemic stroke undergoing endovascular treatment.

MATERIALS AND METHODS: We analyzed data from consecutive patients with acute ischemic stroke
who underwent endovascular treatment during a 6-year period. Demographic characteristics, NIHSS
score before and 24 hours after the procedure, and discharge mRS score were ascertained. Procedure
time was defined by the time interval between microcatheter placement and recanalization or com-
pletion of the procedure. We estimated the procedure time after which favorable clinical outcome was
unlikely, even after adjustment for age, time from symptom onset, and admission NIHSS scores.

RESULTS: We analyzed 209 patients undergoing endovascular treatment (mean age, 65 � 16 years;
109 [52%] men; mean admission/preprocedural NIHSS score, 15.3 � 6.8). Complete or partial
recanalization was observed in 176 (84.2%) patients, while unfavorable outcome (mRS 3–6) was
observed in 138 (66%) patients at discharge. In univariate analysis, patients with procedure time �30
minutes had lower rates of unfavorable outcome at discharge compared with patients with procedure
time �30 minutes (52.3% versus 72.2%, P � .0049). In our analysis, the rates of favorable outcomes
in endovascularly treated patients after 60 minutes were lower than rates observed with placebo
treatment in the Prourokinase for Acute Ischemic Stroke Trial. In logistic regression analysis, unfavor-
able outcome was positively associated with age (P � .0012), admission NIHSS strata (P � .0017), and
longer procedure times (P � .0379).

CONCLUSIONS: Procedure time in patients with acute ischemic stroke appears to be a critical deter-
minant of outcomes following endovascular treatment. This highlights the need for procedure time
guidelines for patients being considered for endovascular treatment in acute ischemic stroke.

ABBREVIATIONS: CI � confidence interval; ICH � intracerebral hemorrhage; mRS � modified
Rankin Scale; OR � odds ratio; PROACT � Prourokinase for Acute Ischemic Stroke Trial

The Brain Attack Coalition guidelines require a stroke team
member at the patient’s bedside within 15 minutes, initial

head CT scan performed and interpreted in �45 minutes, and
IV rtPA given within 60 minutes of arrival.1,2 Although endo-
vascular treatment is a widely used option for recanalization in
patients not eligible for IV rtPA, there are limited data and no
current performance guidelines for endovascular treatment of
acute ischemic stroke. The only recommendation states that

personnel responsible for conventional angiography must ar-
rive at the institution within 60 minutes of being notified.1-3

Recent studies have introduced the idea of “futile recanali-
zation” after endovascular treatment of acute ischemic stroke,
defined as recanalization with no improvement in outcome.4

Since then, greater emphasis has been placed on reducing the
time delays in endovascular treatment to reduce the rate of
futile recanalization with particular emphasis on “time to mi-
crocatheter.” A recently published study identified a wide vari-
ability in time to microcatheter and delay among different
institutions and concluded that there needs to be time recom-
mendations for comprehensive stroke centers to improve
acute stroke outcomes.5 However, the study was unable to
demonstrate a relationship between the time interval between
symptom onset and microcatheter placement and clinical out-
comes. After a microcatheter is placed in a thrombus, the re-
canalization time varies considerably, but the clinical signifi-
cance of such variations remains unclear. However, the
current and proposed guidelines do not recognize the signifi-
cance of the procedure time incurred after “time to microcath-
eter.” The goal of our study was to determine the relationship
of the time interval between microcatheter placement and re-
canalization (procedure time) and clinical outcomes among
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patients with acute ischemic stroke undergoing endovascular
treatment.

Materials and Methods
A retrospective study of consecutive patients with acute ischemic

stroke who underwent endovascular treatment was performed be-

tween January 1, 2007 to June 1, 2010 at the University of Minnesota

and Hennepin County Medical Centers and from May 2005 to July

2007 at the University of Medicine and Dentistry of New Jersey. The 3

institutions maintained a prospective endovascular procedure data

base, which records information regarding the procedural compo-

nents, devices used, and intraprocedural medication with doses. The

protocol for collecting data was reviewed and approved by the insti-

tutional review board at each institution as part of a standardized data

base.

Data Collected
We recorded the presence of cardiovascular risk factors (active smok-

ing history, hypertension, atrial fibrillation, coronary artery disease,

hyperlipidemia, diabetes mellitus, prior TIA or ischemic stroke, time

interval between symptom onset and endovascular intervention, and

use of IV rtPA). “Procedure time” was defined by the interval between

the time of positioning the microcatheter proximal to the thrombus

and the time to partial or complete recanalization (based on modified

Thrombolysis in Myocardial Infarction 2 or 3) or procedure termina-

tion. The times were identified by 2 authors (A.E.H. and J.T.M.) in-

dividually reviewing the angiographic images and recording the times

of microcatheter placement and recanalization or completion of the

procedure. We also recorded admission, 24-hour posttreatment, and

discharge NIHSS scores. Outcome at the time of discharge was as-

sessed by using the mRS, ascertained from hospital discharge summa-

ries by the vascular neurology team and occupational, speech, and

physical therapists. The principal safety end points were ICH and

in-hospital mortality. Symptomatic ICH was defined as noncontrast

CT– documented ICH resulting in neurologic deterioration (�4-

point worsening on an NIHSS score compared with previous clinical

assessment). Favorable functional outcome at discharge was defined

by an mRS score of 0 –2 at discharge.

Technical Description for Endovascular Treatment
In a typical procedure, patients are brought to the neuroangiography

room, and through a 6F introducer sheath in the common femoral

artery, a 6F multipurpose device-guide catheter is advanced into the

internal carotid artery or vertebral artery. Once the arterial occlusion

is identified, a microcatheter ranging in diameter from 1.4F to 2.3F is

advanced over a 0.014-inch microwire into the vessel of interest, in

close proximity to the thrombus. At this given moment, arterial re-

canalization therapy is initiated. The techniques for endovascular

treatment have been described in detail in previous publications.6-10

Briefly, a combination of pharmacologic agents and/or mechanical

thrombus disruption and/or retrieval is used in varying paradigms.

Patient Selection
The patient-selection criteria for endovascular treatment are de-

scribed in detail in previous publications.7,11,12 Briefly, at the Univer-

sity of Medicine and Dentistry of New Jersey, all patients were selected

for endovascular treatment on the basis of the time interval between

symptom onset and emergency department presentation and the

findings of noncontrast cranial CT scan. Patients with ICH or cerebral

edema, sulcal effacement, and/or focal parenchymal hypoattenuation

exceeding one-third of the MCA vascular territory (in those present-

ing after 3 hours) were excluded. At the University of Minnesota and

Hennepin County Medical Centers, the patients were selected on the

basis of findings of CTA and CTP scans, in addition to the noncon-

trast CT. The CTP protocol follows the noncontrast cranial CT scan

and is discontinued if ICH is identified. Maps obtained from data

acquired by the Brilliance 64 (Philips Healthcare, Best, the Nether-

lands) were generated by using Vitrea software (Vital Images, Min-

netonka, Minnesota), yielding the following perfusion parameters:

time to peak, mean transit time, relative CBF, and relative CBV. In the

case of an MCA vascular territory infarction, the patient was excluded

from endovascular treatment if the infarct burden was greater than or

equal to one-third of the vascular territory on qualitative analysis of

the relative CBV map acquired from the CTP study.12

Statistical Analysis
All data were presented by using mean � SD for continuous data and

frequencies for categoric data. The frequency of baseline demo-

graphic and clinical characteristics, admission NIHSS score, time in-

terval between symptom onset and endovascular treatment, and the

interval between hospital presentation and endovascular treatment

(time to microcatheter) were compared among patients with endo-

vascularly treated acute ischemic stroke. We analyzed the effect of

different time strata on discharge outcomes by using the receiver op-

erating curve and goodness-of-fit model. We chose the smallest time

interval that had an adequate number of patients resulting in a good

precision estimate. We divided the patients into 2 strata based on

endovascular procedure time of �30 and �30 minutes. The choice of

30 minutes as the cutoff for procedure time was also supported by

visual analysis of scatterplots depicting recanalization response to in-

cremental doses in 2 of our previous dose-escalating studies.13,14 In

both studies, at least half of the patients demonstrated partial or com-

plete recanalization after administration of 4 doses of intra-arterial

thrombolytics (each administered for 5 minutes) and 4 angiographic

images obtained in the interim (estimated 10 minutes between each

image). Therefore, there is reason to believe that 30 minutes is the

earliest time to assess the procedural success.

We performed univariate analysis followed by a multivariate lo-

gistic regression model to determine the effect of procedure time on

clinical outcomes at discharge. Statistical association was assessed

with a t test or median 2-sample test according to normality for con-

tinuous data and the �2 test for categoric data. The rates of partial and

complete angiographic recanalization, symptomatic and asymptom-

atic ICH, early neurologic improvement, favorable discharge out-

come, and in-hospital mortality were compared between strata de-

fined by procedure time. We performed multivariate logistic

regression analysis, adjusting for admission NIHSS score, age, recan-

alization status, and the time interval between symptom onset and

microcatheter placement, to determine the independent effect of pro-

cedure time strata and clinical outcomes. We estimated the procedure

time after which favorable clinical outcome was unlikely (no greater

than expected by the natural history of untreated ischemic stroke).

Subsequently in a separate analysis, we compared rates of favorable

outcome by using various cutoff values of total procedure time by

using favorable rates observed in the placebo group in PROACT II as

a reference as used in previous exploratory analysis (Mechanical Em-

bolus Removal in Cerebral Ischemia trial).15 Our goal was to identify

a procedure time cutoff after which the rate of favorable outcomes is

not greater than what could be expected with a placebo infusion via a

microcatheter placed within the thrombus. A P value � .05 was con-
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sidered significant. All analyses were performed by using SAS statis-

tical software (SAS, Cary, North Carolina).

Results
We analyzed 209 patients who underwent endovascular treat-
ment (mean age, 65 � 16 years; 109 [52%] men; mean admis-
sion NIHSS score, 15.3 � 6.8; and mean time to recanaliza-
tion, 50 � 33.5 minutes). Complete or partial recanalization
was observed in 176 (84.2%) patients, while unfavorable out-
come was observed in 138 (66%) patients at discharge. Mean
time from symptom onset to microcatheter was 299 � 110.9
minutes.

Patients with favorable outcome had a procedure time and
average time from symptom onset to recanalization that was
shorter compared with patients with unfavorable outcome
(41.8 minutes versus 54.3 minutes, P � .0067 and 330.4 min-
utes versus 358.8 minutes, P � .3179, respectively). Patients
who had a procedure within 30 minutes were less likely to be

women compared with those patients with a time of �30 min-
utes (36.9% versus 52.7%, P � .03). In univariate analysis,
there were no statistical differences for patients with a pro-
cedure time of �30 minutes and those with a time of
�30 minutes in regard to demographics, time interval be-
tween symptom onset and start of procedure, location of ar-
terial occlusion, and admission NIHSS score (Table 1). There
was no statistical difference in the rate of symptomatic and
asymptomatic ICHs between the 2 groups. Patients with pro-
cedure times of �30 minutes had a lower rate of unfavorable
outcome at discharge, defined by an mRS �3 compared with
patients with a procedure time of �30 minutes (52.3% versus
72.2%, P � .0049).

After we adjusted for age, admission NIHSS score, recana-
lization status, and time interval between the onset of symp-
toms and microcatheter placement, the longer procedure
times of 61–90 minutes (OR, 3.7; 95% CI, 1.1–12.6) and �90
minutes (OR, 5.4; 95% CI, 1.4 –20.9) were associated with
higher rates of unfavorable outcome compared with micro-
catheter-to-recanalization time of �30 minutes with a P value
for trend (P � .0379) (Table). Increased age (P � .0012) and
NIHSS score (P � .0017) at admission were independent pre-
dictors of unfavorable outcome.

In our analysis, favorable outcomes in endovascularly
treated patients after 60 minutes were comparable with those
in the PROACT-II control group (Fig 1). To explore the rela-
tionship between clinical outcome recanalization, and time,
we plotted the rate of angiographic recanalization and time
strata (Fig 2), and plotted the unfavorable outcomes and time
strata (Fig 3). The rate of unfavorable outcome was much
higher in the 60 –90 and �90 minute strata.

Discussion
This study highlights the relationship between microcatheter
placement and recanalization (procedure time) and clinical
outcomes among patients with acute ischemic stroke under-
going endovascular treatment. To our knowledge, procedure

Fig 1. Rates of favorable outcome of endovascularly treated patients in groups based on total procedure time in comparison with rates observed in placebo-treated PROACT II patients.

Table: Multivariate analysis determining the predictors of
unfavorable outcome (mRS 3– 6) among patients who underwent
endovascular treatmenta

Variable
Odds Ratio

(95% CI)
P Value

for Trend
Age

�45 years Reference .0012
46–65 years 0.8 (0.3–2.6)
�65 years 3.6 (1.2–11.3)

NIHSS score strata
0–9 Reference .0017
10–19 3.3 (1.3–8.3)
�20 8.5 (2.6–28.2)

Total procedure time (min)
�30 Reference .0379
31–60 1.3 (0.6–3.3)
61–90 3.7 (1.1–12.6)
�90 5.4 (1.4–20.9)

a Model adjusts for time interval between symptom onset and microcatheter placement,
and recanalization status.
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time (as defined by time from microcatheter to recanalization/
procedure completion) had not been previously studied. Pro-
cedure time in patients undergoing endovascular treatment
demonstrates considerable variation within procedures, and
such variations directly impact clinical outcome.

There are multiple factors that determine the outcome of
endovascular treatment in patients with acute ischemic stroke.
Previous studies have focused heavily on achieving recanaliza-
tion and using recanalization as a measure of treatment suc-
cess.4 However, the recognition of futile recanalization has
shifted the focus of treatment to time-efficient protocol im-
plementation. In a recently published multicenter study of
consecutive patients with acute ischemic stroke who under-
went endovascular treatment, the authors compared the
clinical outcomes based on recanalization.4 A large proportion
(49%) of patients who had successful recanalization did not
achieve favorable outcomes, presumably due to irreversible
ischemic injury not detected by noncontrast CT scan. Pre-
sumably, early recanalization by reducing the delays in treat-

ment could reduce the rate of futile recanalization. The Inter-
ventional Management of Stroke investigators found that
time to angiographic reperfusion and age predicted good clin-
ical outcome in those patients who had angiographic reper-
fusion.16 The probability of good clinical outcome decreased
as the time to reperfusion increased and then approached
that of patients without angiographic reperfusion. After ana-
lyzing our data and adjusting for age, NIHSS score, and time
interval between onset and microcatheter placement, we
found that procedure time was still a predictor of unfavorable
outcome in patients who had recanalization.

In the acute ischemic stroke setting, centers follow the
Brain Attack Coalition guidelines for time-efficient adminis-
tration of IV rtPA. Stroke centers continuously monitor door
to CT scan and door to needle as quality parameters and im-
plement strategies to improve performance. In theory, the
same principles should apply to endovascular treatment.
However, the basic elements necessary for recognition and
improvement have not been identified either through the con-

Fig 2. Rates of angiographic recanalization in endovascularly treated patients in groups based on total procedure time.

Fig 3. The relationship between the endovascular procedure time and clinical outcome at discharge.
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sensus of experts or clinical studies. The comprehensive stroke
center metrics17 identify “time to microcatheter” as a recom-
mended metric to monitor but did not specify the thresholds
for acceptable performance. The selection of time to micro-
catheter was based on a similar performance metric, “door to
balloon,” in patients with acute myocardial infarction. The
American College of Cardiology and the American Heart As-
sociation guidelines for the management of ST-elevation
myocardial infarction state that percutaneous coronary inter-
vention should be performed as quickly as possible, preferably
within 90 minutes from the moment of first medical contact.18

Although there are similarities between stroke and myocardial
infarction treatment, procedure times in stroke have much
larger variations due to considerable variability in tortuosity,
vessel location, and the nature of the occlusion.14,16 Such vari-
ability in procedure time in patients with acute stroke, unlike
those with myocardial infarction, increases the likelihood of a
prominent relationship to outcomes.

The effect of shorter procedure time on patient clinical
outcome is provocative, but it needs to be interpreted with
caution. Although we found that 42 minutes was our mean
procedure time in patients with favorable outcomes, the evi-
dence does not support aborting procedures after that time-
frame. Every endovascular procedure needs to be looked at
individually, incorporating patient- and treatment-related
factors in the decision-making. Centers should begin moni-
toring procedure times, and guidelines need to be provided to
standardize treatment protocols if procedure time exceeds 60
minutes. Endovascular treatments that might restore blood
flow more rapidly, such as mechanical intervention, flow-di-
version devices, or the combination of thrombolytics, should
be incorporated into treatment paradigms. However, aggres-
sive manipulation may lead to unfortunate complications in-
cluding dissection, perforation,19 vessel rupture,20 and con-
version of distal emboli to more proximal larger artery
occlusions.21 There have been discussions about procedure
time as a marker of extensive occlusions, but studies have
shown that clot volume in acute ischemic stroke is not related
to recanalization.20-22

The retrospective nonrandomized nature of the study is a
limitation. IV rtPA was not withheld in any patients, consis-
tent with current guidelines. There are limitations to the use of
the NIHSS score and mRS in describing patient deficits and
disabilities. The NIHSS score, in particular, provides limited
information in patients with deficits referable to the posterior
circulation. The bias introduced may be more pronounced in
our and other studies that include posterior circulation isch-
emic events unlike studies such as PROACT I and II, which
only included patients with anterior circulation ischemic
events.15 There are also differences in time points of mRS as-
certainment. Comparison of outcomes between our study and
placebo-treated patients in the PROACT trial may be further
limited by improvements in poststroke medical management
since PROACT II was completed. Therefore, the comparison
between the findings of our study and PROACT II is only
exploratory. Prestroke mRS or NIHSS scores were not docu-
mented consistently, potentially undermining the benefit of
treatment among patients with prestroke neurologic deficits
by inclusion of patients with pre-existing disability and poor
mRS scores.3-5 We used mRS and NIHSS scores that were doc-

umented for 7 days or at discharge but did not have 3-month
functional outcomes or mortality rates. Broderick et al23

found that a given level or amount of change in the NIHSS
score during the first 24 hours and the NIHSS score at 7–10
days following treatment was the most sensitive measure for
detecting differences in the effectiveness of thrombolytic treat-
ment during the first 3 months after an ischemic stroke. The
prognostic value of 24-hour and 7-day data in that analysis
validates the outcomes used in our study.

Conclusions
Our observations highlight the need for specific time guide-
lines to reduce the delays in endovascular treatment among
patients with acute ischemic stroke. Procedure time in patients
undergoing endovascular treatment for acute ischemic stroke
appears to be a critical determinant of outcomes following
treatment. Although we recommend procedure times of �60
minutes, every endovascular procedure needs to be looked at
individually, incorporating patient- and treatment-related
factors in the decision-making. Comprehensive stroke centers
should begin monitoring procedure times, and special consid-
erations may be required if procedure time exceeds 60 min-
utes. Further studies need to standardize the definition of pro-
cedure time and determine the effect of various thresholds to
improve outcomes of patients with acute ischemic stroke.
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