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A Critical Assessment of the Golden Hour and the Impact of
Procedural Timing in Stroke Thrombectomy

A.P. Wessell, H.D.P. Carvalho, E. Le, G. Cannarsa, M.J. Kole, J.A. Stokum, T. Chryssikos, T.R. Miller,
S. Chaturvedi, D. Gandhi, K. Yarbrough, S.R. Satti, and G. Jindal

ABSTRACT

BACKGROUND AND PURPOSE: Previous studies in acute ischemic stroke have demonstrated the importance of minimizing delays
to endovascular treatment and keeping thrombectomy procedural times at ,30–60 minutes. The purpose of this study was to
investigate the impact of thrombectomy procedural times on clinical outcomes.

MATERIALS AND METHODS: We retrospectively compared 319 patients having undergone thrombectomy according to procedural
time (,30 minutes, 30–60 minutes, and .60 minutes) and time from stroke onset to endovascular therapy (#6 or .6 hours).
Clinical characteristics of patients with postprocedural intracranial hemorrhage were also assessed. Logistic regression was used to
determine independent predictors of poor outcome at 90 days (mRS $3).

RESULTS: Greater age (OR, 1.03; 95% CI, 1.01–1.06; P¼ .016), higher admission NIHSS score (OR, 1.10; 95% CI, 1.04–1.16; P¼ .001), history
of diabetes mellitus (OR, 1.96; 95% CI, 1.05–3.65; P¼ .034), and postprocedural intracranial hemorrhage were independently associ-
ated with greater odds of poor outcome. Modified TICI scale scores of 2c (OR, 0.11; 95% CI, 0.04–0.28; P, .001) and 3 (OR, 0.15;
95% CI, 0.06–0.38; P, .001) were associated with reduced odds of poor outcome. Although not statistically significant on univariate
analysis, onset to endovascular therapy of .6 hours was independently associated with increased odds of poor outcome (OR, 2.20;
95% CI, 1.11–4.36; P¼ .024) in the final multivariate model (area under the curve ¼ 0.820). Procedural time was not independently
associated with clinical outcome in the final multivariate model (P. .05).

CONCLUSIONS: Thrombectomy procedural times beyond 60 minutes are associated with lower revascularization rates and worse 90-
day outcomes. Procedural time itself was not an independent predictor of outcome. While stroke thrombectomy procedures should be
performed rapidly, our study emphasizes the significance of achieving revascularization despite the requisite procedural time. However,
the potential for revascularization must be weighed against the risks associated with multiple thrombectomy attempts.

ABBREVIATIONS: ICH ¼ intracranial hemorrhage; mTICI ¼ modified TICI; OTE ¼ onset to endovascular therapy; sICH ¼ symptomatic intracranial
hemorrhage

Ischemic stroke is a major source of morbidity and the fifth lead-
ing cause of death in the United States.1 Mechanical thrombec-

tomy has been well-established as the standard of care for acute
ischemic stroke treatment in selected patients presenting with a
large-vessel occlusion.2,3 Advances in prehospital stroke care and
triage, along with technical advances in mechanical thrombectomy,

have resulted in significant improvement in timing, revasculariza-
tion rates, and clinical outcomes following stroke thrombectomy.2,4

In recent years, there has been investigation into the impact of
procedural timing on clinical outcomes. The time from groin punc-
ture to revascularization of,60 minutes, termed the “golden hour,”
has been associated with improved outcomes following stroke
thrombectomy.5 Additionally, a shorter time from stroke onset to
endovascular therapy (OTE) has been linked to more favorable out-
comes, including significant early recovery and increased odds of
discharge to home. Notably, the association between OTE and
improved outcome has been shown to be most significant within
the first 2 hours following stroke onset, termed the “2 golden
hours.”6

In the current study, we investigated the significance of
thrombectomy procedure duration and the time from stroke
onset to endovascular treatment on clinical outcomes after
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mechanical thrombectomy. Additionally, we investigated the
impact of revascularization and postprocedural intracranial hem-
orrhage (ICH), among other variables, on clinical outcomes in
patients treated with mechanical thrombectomy.

MATERIALS AND METHODS
This study was conducted with local institutional review board ap-
proval (University of Maryland, Baltimore). We performed a retro-
spective review of a prospectively maintained data base of all
patients undergoing mechanical thrombectomy for the treatment
of acute ischemic stroke at a single comprehensive stroke center
from April 2012 through February 2019. Patients eligible for inclu-
sion in the study included patients 18 years of age or older who
underwent mechanical thrombectomy within 24hours of stroke
onset for treatment of an acute ischemic stroke involving the ante-
rior cerebral circulation.

Data collected included patient demographics, clinical pre-
sentation, procedural details, angiographic/radiographic find-
ings, and clinical outcome at 90-day follow-up. Anterior
circulation occlusions were defined as occlusions of the ICA,
M1 segment of the MCA, or M2 segment of the MCA.
Angiographic revascularization grade classified according to the
modified TICI score (mTICI) was determined by the neuroin-
terventional surgeon performing the procedure with subsequent
verification via independent review of the posttreatment angio-
gram by an attending neurointerventional surgeon (D.G., T.R.
M., G.J., E.L.) and 1 neurointerventional fellow. Differences
were adjudicated in a consensus reading when necessary.
Successful revascularization was defined as mTICI 2b, 2c, or 3.7

A thrombectomy pass was defined as any stent retrieval
thrombectomy attempt or an attempt using aspiration without a
stent retriever. Procedural time was grouped according to groin
puncture to procedure end time of ,30 minutes, 30–60 minutes,
or .60 minutes Procedural time was also dichotomized to less
than or greater than 30 minutes for additional analyses. OTE was
defined as the time from stroke onset or last known well to groin
puncture. Patients were dichotomized according to OTE#6hours
or.6hours. Postprocedural ICH was identified on postthrombec-
tomy CT or MR imaging of the brain. Symptomatic intracranial
hemorrhage (sICH) was defined as a deterioration in neurologic
examination findings attributed to the hemorrhage, as defined by
the European Cooperative Acute Stroke Study III definition.8,9 The
primary outcome of interest was the mRS score at 90days based
on assessment by a neurologist or specialty-trained neurology
nurse who did not perform the thrombectomy procedure. An
mRS score of 0–2 was considered a good clinical outcome, and
3–6, a poor clinical outcome.

Procedures were performed using institutional protocols and
standard of care. Patient selection for thrombectomy was based
on findings from noncontrast CT, CT angiography, and/or MR
imaging/MR angiography. Exclusion criteria for the study were
the following: 1) mild stroke symptoms, defined as admission
NIHSS score of less than four; 2) the presence of a comple-
ted large territorial infarction observed on noncontrast CT
(ASPECTS ,4) or MR imaging (.90-mL infarct volume); 3)
functional dependence at baseline, defined as a prestroke mRS
less than three; 4) intracranial hemorrhage noted within the

targeted stroke territory; or 5) .24 hours from time of known
stroke onset. Any discrepancy in the ASPECTS or eligibility for
thrombectomy was adjudicated by multidisciplinary consensus
between the attending neurointerventional surgeon and attend-
ing stroke neurologist. Procedures were performed in a biplane
neuroangiography suite (Artis zee; Siemens) by 1 of 4 attending
neurointerventional surgeons. Procedures were completed with
the patient under moderate/conscious sedation or general anes-
thesia at the discretion of the attending neurointerventional
surgeon.

Statistical Analysis
The distribution, frequency, and mean values of all clinical and
demographic variables were assessed. We compared patients
grouped according to procedural time of ,30 minutes, 30–60
minutes, or .60 minutes and OTE of #6 hours or .6 hours
using the x 2 test for categorical variables and the Student t test/
ANOVA for continuous variables. Bivariate analysis was used
to compare clinical characteristics among patients who had
postprocedural symptomatic hemorrhage and all other patients.
Univariate and multivariate logistic regression was used to
determine independent predictors of poor outcome at 90 days
defined by mRS scores of 3–6.

Logistic regression was performed on all 319 patients. Variables
on univariate analysis with a P value # .10 were included in the
final multivariable logistic regression. Select variables with P values
..10 on univariate analysis were included in the final logistic
regression model due to their clinical relevance. The following vari-
ables were included in the final multivariate model: age, NIHSS
score, tPA, medical history (hypertension, diabetes mellitus, hyper-
lipidemia, atrial fibrillation, smoking), OTE of #6hours, proce-
dural time (,30 minutes, 30–60 minutes, .60 minutes), mTICI
score, moderate sedation versus general anesthesia, number of
thrombectomy passes, and postprocedural ICH. The number of
thrombectomy passes was grouped according to 1 pass, 2 passes,
or $3 passes for all analyses. mTICI scores were categorized as
#2a, 2b, 2c, or 3 for logistic regression analysis. We assessed
potential interactions among all independent variables before
inclusion in the final model. A receiver operating characteristic
analysis was performed to measure the predictive power of the
final regression model. All analyses were conducted using STATA/
SE (Version16 for Windows; StataCorp). A P value, .05 was con-
sidered statistically significant for all tests.

RESULTS
Total Cohort Demographics, Clinical/Procedural
Characteristics, and Outcomes
Three hundred thirty-four eligible patients underwent mechani-
cal thrombectomy for ischemic stroke during the study period.
Patients were excluded due to ischemic stroke involving the pos-
terior circulation (n¼ 12), missing clinical information (n¼ 1),
and loss to follow-up (n¼ 2), leaving a total of 319 study subjects.
The average patient age was 65.106 0.78 years. The mean admis-
sion NIHSS score was 17.716 0.31. Sixty-four percent of patients
had an occlusion of the M1 segment, while 22% and 14% had
occlusions of the ICA and M2 segment, respectively.
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Revascularization (mTICI 2b, 2c, 3) was achieved in 79% of
cases, and full revascularization (mTICI 2c or 3), in 56% of cases.
Mean groin puncture to procedure end time was 58.7 (2.0) minutes.
Forty percent of patients (n¼ 129) from the 319 study subjects
achieved a good outcome at 90days. Patient demographics, clinical
characteristics, procedural data, and outcomes are outlined in
the On-line Table.

Procedural Time
A comparison of patients grouped according to procedural
time of ,30 minutes (n¼ 74), 30–60 minutes (n¼ 112), and .60
minutes (n¼ 133) is outlined in the On-line Table. There was no
statistically significant difference in patient age, admission NIHSS
score, IV-tPA usage, occlusion site/side, medical history, and time
from stroke onset-to-endovascular therapy (P. .05). Shorter pro-
cedural times were associated with greater revascularization rates
and fewer thrombectomy passes (P, .001) (On-line Table).
Patients with procedural times of,30 minutes and 30–60 minutes
had greater rates of good outcome at 90days (46% and 48%,

respectively) relative to those with a
procedural time of .60 minutes (31%)
(P¼ .012) (Fig 1A).

Stroke Onset to Endovascular
Therapy
The mean time from stroke onset or
last known well time to endovascular
therapy was 244.29 6 67.24 minutes
in the OTE #6 hours group and
646.93 6 312.86 minutes in the OTE
.6 hours group (P, .001). The
admission NIHSS score was greater
for patients in the OTE #6 hours
group (18.46 6 5.35 versus 15.85 6

5.75; P, .001), and there was a trend
toward a greater percentage of M1
occlusions relative to ICA or M2
occlusions among patients in the
OTE #6 hours group (P¼ .060).
Patients with OTE of #6 hours were
more likely to receive tPA before
thrombectomy relative to patients
with OTE .6 hours (57% versus
25%; P, .001). The mean time from
groin puncture to procedure end was
greater among patients in the OTE
#6 hours group (61.476 37.5 minutes
versus 51.74 6 30.37 minutes; P ¼
.029). There was no significant dif-
ference in revascularization rates
or the number of thrombectomy
passes between the #6 hours versus
.6 hours OTE groups. A compari-
son of patient demographics and
clinical characteristics according to
OTE #6 hours or .6 hours is shown
in the On-line Table. Forty-three

percent of patients in the OTE #6 hours group achieved a
good outcome at 90 days relative to 35% in the OTE .6 hours
group (P¼ .225) (Fig 1B).

Postprocedural Hemorrhage
Fifty-seven patients (18%) had a postprocedural ICH following
thrombectomy, 16 of whom (5%) developed an sICH. There was no
difference in admission NIHSS, tPA usage, occlusion site, mTICI
score, or OTE among patients with symptomatic hemorrhage com-
pared with all other patients. While not statistically significant, there
was a trend toward the presence of sICH in patients with procedural
times of.30 minutes versus,30 minutes (P¼ .099). The develop-
ment of sICH was associated with a greater number of thrombec-
tomy passes (P¼ .019). All patients who developed sICH (n¼ 16)
experienced poor outcomes at 90days (Table 1).

Independent Predictors of Poor Outcome
On univariate analysis, several patient demographic and clinical
characteristics were associated with poor clinical outcome at

FIGURE. Distribution of 90-day mRS outcome according to procedural time,30 minutes, 30–
60minutes,.60minutes (A); and onset to endovascular therapy#6 hours or OTE.6 hours (B).
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90 days (Table 2). On multivariable logistic regression, greater
age (OR, 1.03; 95% CI, 1.01–1.06; P¼ .016), higher admission
NIHSS score (OR, 1.10; 95% CI, 1.04–1.16; P¼ .001), ICH
(OR, 3.48; 95% CI, 1.55–7.82; P¼ .003), and a history of diabe-
tes mellitus (OR, 1.96; 95% CI, 1.05–3.65; P¼ .034) were inde-
pendently associated with greater odds of poor outcome.
Modified TICI scale scores of 2c (OR, 0.11; 95% CI, 0.04–0.28;
P, .001) and 3 (OR, 0.15; 95% CI, 0.06–0.38; P, .001) were
associated with reduced odds of poor outcome. Although not
significant on univariate analysis, OTE .6 hours was inde-
pendently associated with increased odds of poor outcome
(OR, 2.20; 95% CI, 1.11–4.36; P¼ .024) after adjusting for
confounding variables included in the final multivariate
model (area under the curve ¼ 0.820). Although procedural
times of ,30 minutes and 30–60 minutes had significantly
better rates of good outcome at 90 days relative to those with
procedural times of .60 minutes, procedural time itself and
the number of thrombectomy passes did not have an inde-
pendent association with clinical outcome on the final multi-
variable logistic regression (Table 2). An additional bivariate
analysis comparing patients grouped according to procedural
times less than or $30 minutes showed no significant differ-
ence in outcome (mRS 0–2: 46% versus 39%, respectively;
P¼ .271).

DISCUSSION
The golden hour in stroke thrombec-
tomy, defined by Spiotta et al5 as a
procedural time of #60 minutes, has
been associated with improved out-
comes in comparison with longer pro-
cedural times. Subsequent recent
reports by Alawieh et al10 and Huang
et al11 have reinforced the importance
of shorter procedural times, noting
worse outcomes and greater rates of
sICH among patients with extended
procedural times, specifically those
extending beyond 30 minutes. Similar
to these recent reports,10,11 greater
rates of good functional outcomes
among patients who underwent pro-
cedures lasting ,30 minutes or 30–
60 minutes relative to procedures of
.60 minutes (P¼ .012) were found.
Our data also demonstrate a trend to-
ward an increased risk of sICH in
those with procedural times of .30
minutes. Final TICI scores were signif-
icantly different across the procedural
time groups. When we accounted for
this notable discrepancy in the final
multivariate regression analysis, pro-
cedural time and the number of
thrombectomy passes were no longer
independent predictors of outcome.
Procedural time, when dichotomized
to less than or greater than 30 minutes

was, again, not independently associated with outcomes on mul-
tivariate analysis.10,11 Our results differ in this regard when com-
pared with the reports by Alawieh et al10 and Huang et al.11

Our results are similar, however, to recent findings of Tonetti
et al12 and Jindal et al.13 The data from these studies suggest that
the treatment effect still favors recanalization for patients, despite
requiring a higher number of thrombectomy passes. Both of these
groups concluded that successful recanalization should be pur-
sued despite the number of attempts necessary. Our findings
deviate from those reported in the original description of the first
pass effect by Zaidat et al.14 However, the data from this report
did not account for lower rates of revascularization in higher pass
cohorts. We continue to believe that it is critical to expedite
thrombectomy procedures as much as possible because lengthy
procedures delay revascularization and confer some additional
risk to the patient with each subsequent thrombectomy pass.

More recently, the 2 golden hours, coined by Peretz et al,6

defined the crucial 2-hour period between the time of stroke
onset to endovascular therapy in which patients experience the
greatest benefit from mechanical thrombectomy. These results
are consistent with those of prior reports that described the im-
portance of early stroke intervention.6,15,16 Our data similarly
demonstrate that OTE .6 hours is associated with increased
odds of poor outcome (OR, 2.20; 95% CI, 1.11–4.36; P¼ .024) on

Table 1: Clinical and procedural characteristics associated with postthrombectomy
symptomatic hemorrhagea

Variable
Postprocedural Symptomatic

Hemorrhage (n= 16)
Asymptomatic/No

Hemorrhage (n= 303)
P

Value
NIHSS 17.88 (6.48) 17.70 (5.55) .905
tPA 9 (56%) 145 (48%) .521
Occlusion site
ICA 3 (19%) 67 (22%) .927
M1 11 (69%) 194 (64%)
M2 2 (13%) 42 (14%)

mTICI scale
mTICI 0 0 (0%) 25 (8%) .425
mTICI 1 1 (6%) 11 (4%)
mTICI 2a 3 (19%) 25 (8%)
mTICI 2b 4 (25%) 71 (23%)
mTICI 2c 1 (6%) 56 (18%)
mTICI 3 7 (44%) 115 (38%)

OTE (min) 308.06 (87.68) 361.85 (258.76) .408
Groin puncture to
procedure end (min)

64.45 (35.01) 58.39 (35.97) .512

Procedural sedation
Moderate sedation 9 (56%) 166 (55%) .909
General anesthesia 7 (44%) 137 (45%)

No. thrombectomy
passes
1 Pass 4 (25%) 109 (36%) .019
2 Passes 2 (12%) 104 (34%)
$3 Passes 10 (63%) 90 (30%)

Procedure time
,30min 1 (6%) 73 (24%) .099
$30min 15 (94%) 230 (76%)

mRS at 90 days
mRS 0–2 (good) 0 (0%) 129 (43%) .001
mRS 3–6 (poor) 16 (100%) 174 (57%)

Death 10 (63%) 59 (19%) ,.001
a Continuous variables are expressed as mean (6standard error or SD). Categoric binary variables are expressed as
No. (%). P, .05 is considered statistically significant.
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multivariable logistic regression analysis. An OTE of .6 hours
was associated with lower rates of tPA usage, lower NIHSS scores,
and a trend toward more M2-level occlusions. These factors are
known to impact outcomes, and these were accounted for in our
multivariate analysis. Patients in the OTE .6 hours group also
had shorter procedural times than those in the OTE #6 hours
group (51.74 [30.37] minutes versus 61.47 ([37.58] minutes;
P¼ .029); this finding may reflect an operator tendency to spend
less time on patients in the “late window” and/or might be related
to the higher incidence of M2 occlusions seen in the OTE
.6 hours group. We did not evaluate the impact of the 2 golden
hours of OTE on patient outcomes, because only 15 of our
patients were treated within 2 hours of onset. Most of our
patients with stroke treated with thrombectomy were transferred
to our facility from outside hospitals during the study period.6

Greater age and NIHSS scores, which are well-established pre-
dictors of outcome following stroke, were independent predictors
of poor outcome in our final multivariate analysis (P, .05).2,17

Postprocedural ICH was associated with poor outcomes on mul-
tivariate analysis, and all patients with sICH experienced a poor
outcome at 90 days. This outcome is similar to that in prior
reports.10 Also similar to prior reports, a history of diabetes melli-
tus was found to be predictive of poor outcome (OR, 1.96; 95%
CI, 1.05–3.65; P¼ .034).13,18

The present study has limitations. This is a single-center ret-
rospective study, and the triage and thrombectomy techniques

we used evolved during the course of the study. A single-center
series, however, does ensure some homogeneity with regard to
periprocedural and procedural care. Angiographic TICI scoring
was initially performed by the operating physician, but subse-
quent verification of TICI scoring was performed by only 1
attending physician and 1 neurointerventional fellow. Although
we created a thorough multivariate model to predict poor out-
come with a high degree of predictive accuracy (area under the
curve¼ 0.820), it is possible that we failed to include unmeasured
markers of disease severity or other relevant confounding varia-
bles. While we attempted to account for differences between the
2 OTE groups in the multivariate analysis, these differences rep-
resent a limitation in comparing these groups. Moreover,
although we included 319 patients, a larger, higher-powered
study is likely needed to help us more precisely understand the
role of procedural time itself on outcomes after stroke thrombec-
tomy, because longer procedures and a greater number of throm-
bectomy attempts confer added risk to the patient.

CONCLUSIONS
When accounting for lower rates of revascularization in longer
procedures, procedural time was not in itself highly predictive of
patient outcomes. Thus, our study emphasizes the significance of
achieving revascularization despite the requisite procedural time.
However, pursuing longer procedures must be weighed against

Table 2: Results of univariate and multivariate logistic regression analysis of clinical parameters and poor outcome (mRS 3–6) at
90 daysa

Variable
Univariate Multivariate

OR 95% CI P Value OR 95% CI P Value
Age 1.03 1.01–1.05 ,.001 1.03 1.01–1.06 .016
NIHSS score 1.10 1.05–1.15 ,.001 1.10 1.04–1.16 .001
tPA 0.66 0.42–1.03 .067 0.75 0.42–1.37 .354
Medical history
Hypertension 1.60 0.96–2.68 .071 1.44 0.74–2.80 .283
Diabetes mellitus 1.82 1.09–3.04 .021 1.96 1.05–3.65 .034
Hyperlipidemia 1.47 0.93–2.31 .099 1.23 0.67–2.26 .502
Atrial fibrillation 1.91 1.18–3.10 .008 1.46 0.78–2.76 .239
Smoking 0.64 0.41–1.01 .051 0.75 0.42–1.32 .319

Procedural timing
OTE .6 hrb 1.37 0.82–2.26 .226 2.20 1.11–4.36 .024
Procedure ,30min 0.75 0.44–1.26 .272 Ref
Procedure 30–60min 0.61 0.37–0.97 .038 0.58 0.27–1.25 .163
Procedure .60min 2.01 1.26–3.21 .003 1.32 0.57–2.08 .515

mTICI scale
mTICI #2a 4.85 2.37–9.93 ,.001 Ref
mTICI 2b 1.74 0.99–3.02 .050 0.52 0.20–1.33 .169
mTICI 2c 0.39 0.21–0.69 .001 0.11 0.04–0.28 ,.001
mTICI 3 0.50 0.31–0.79 .003 0.15 0.06–0.38 ,.001

Procedural sedation
Moderate sedation 0.58 0.37–0.92 .019 Ref
General anesthesia 1.72 1.09–2.72 .019 1.46 0.80–2.65 .213

Thrombectomy passes
1 Pass 0.53 0.33–0.84 .007 Ref
2 Passesb 1.05 0.65–1.69 .834 1.40 0.70–2.79 .343
$3 Passes 1.93 1.16–3.19 .011 1.62 0.72–3.67 .244

ICH 2.26 1.18–4.35 .014 3.48 1.55–7.82 .003

Note:—Ref indicates reference.
a P, .05 considered statistically significant; area under the curve ¼ 0.820 for final logistic regression model.
b Not statistically significant on univariate analysis but included in final model due to clinical relevance.
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the added risk of intracranial hemorrhage associated with multi-
ple thrombectomy attempts.
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