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Abstract
Introduction Door-to-needle time (DNT) is an established predictor of outcome in acute ischemic stroke (AIS) patients 
treated with intravenous thrombolysis (IVT). Several strategies have been proposed to streamline in-hospital pathways, 
among which treatment at CT/MR bed.
Aim To explore the impact of treatment at CT/MR bed, here defined as imaging area (IA), on functional outcome in stroke 
patients treated with IVT alone.
Methods All AIS patients treated with IVT alone at our center in 2020, 2021, and 2022 were included. Patients with any 
previous disability were excluded. The cohort was divided into two groups, depending on the treatment site. One group 
received IVT at IA, the other at emergency room or stroke unit (non-IA). Regression analysis assessed the association between 
treatment site and 3-month outcome.
Results A total of 327 patients who received IVT alone were included in the analysis. One hundred thirty-three (40.7%) 
were in the IA group and 194 (59.3%) in the non-IA group. The groups showed similar baseline characteristics. In the IA 
group, DNT was 45 min shorter. Despite similar rates of functional independence (mRS 0-2), the IA group showed higher 
rates of excellent outcome (mRS 0-1) compared to the non-IA group (60.1% vs 42.8%, p<0.01). Immediate treatment at IA 
was independently associated to excellent outcome (OR 1.78 [1.03–3.08]).
Conclusions Thrombolytic treatment at IA lowers DNT and is an independent predictor of excellent outcome after AIS. Our 
study emphasizes the importance of immediate thrombolytic treatment at IA, soon after radiological eligibility is confirmed. 
Immediate treatment at IA should be a standard-of-care for AIS.
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Introduction

Intravenous thrombolysis (IVT) is an established treat-
ment for acute ischemic stroke (AIS) and its effectiveness 
is strictly time-dependent [1]. Efforts to reduce treatment 

delays involve both the pre-hospital and in-hospital path-
ways. The door-to-needle time (DNT), meaning as the inter-
val between hospital arrival and thrombolysis administra-
tion, is an important indicator of stroke care [2]. In the last 
decades, many strategies were proposed to lower DNT, as 
emergency medical service (EMS) pre-notification of a sus-
pected stroke patient [3] a high-urgency code for transport 
and in-hospital management [4, 5], activation of a dedicated 
stroke team, treatment before availability of coagulation tests 
[6], and IVT administration directly at the emergency room 
[7], or at the imaging area (IA) [8].

Though starting IVT at IA, on CT/MR bed, results in a 
strong impact on DNT reduction, it is still not the stand-
ard-of-care in several comprehensive and primary stroke 
centers.  Apart from organizational issues, a possible 
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explanation is that the specific impact of administering 
IVT at IA on clinical outcome has rarely been highlighted. 
The aim of our study is to analyze the effects on functional 
outcome of IVT administration at the imaging area in a 
single-center population of stroke patients.

Methods

Study population

We retrospectively analyzed data from the local registry 
of acute stroke treatments at our center, including patients 
treated from January 1, 2020, to December 31, 2022.

The inclusion criteria for this study were as follows: age 
>18 years, pre-stroke excellent functional status, defined 
as a modified Rankin Scale score 0–1, IVT treatment with 
alteplase for acute ischemic stroke. In this analysis, we 
excluded the following: patients with previous disabil-
ity, or undergoing endovascular thrombectomy (EVT), to 
reduce the heterogeneity of the sample and the influence of 
different predictors of outcome (e.g., stroke severity, door-
to-groin and procedural times, final TICI score, number 
of passes, and collateral circulation status). All patients 
were treated according to current guidelines. [9] The study 
sample size was determined based on the tool developed 
by Johns et al. [10], setting a confidence level of 95% and 
statistical power of 90%, and further confirmed based on 
the tool developed by the Italian Health Institute (ISS) 
[https:// www. epice ntro. iss. it/ strum enti/ sampl esize] setting 
confidence interval to 5.

Our internal protocol changed starting from October 1, 
2021: all patients before this date were treated outside IA 
(emergency department or stroke unit), whereas after this 
date IVT was administered on CT/MR bed.  All patients 
with AIS received a high-urgency (Red) code at hospi-
tal arrival, and were quickly transferred to the emergency 
room. In the meanwhile, the stroke team was activated.  
For patients treated at IA, the neurological evaluation and 
eventual hypertension management were performed in the 
emergency room, before moving to IA. If the neurologi-
cal examination confirmed a vascular syndrome, IVT was 
administered directly on CT/MR bed, as soon as a brain 
hemorrhage was excluded.  In patients beyond the 4.5-h 
time-window or with wake-up/unwitnessed stroke, IVT 
was started in IA, at the availability of CT perfusion or 
MR images, according to current guidelines [9].

Patients treated outside IA (non-IA) were transferred to 
the stroke unit or back to the emergency room, to receive 
IVT, after neuroimaging evaluation and eventual hyper-
tension management. All patients received alteplase 0.9 
mg/kg.

Data collection

Demographic and clinical information, such as time of 
symptoms onset or last-well-seen time (LWST); baseline 
National Institute of Health Stroke Scale (NIHSS) score; 
baseline Alberta Stroke Project Early Computed Tomog-
raphy (ASPECT) score; door-to-imaging time (DTI) ; 
onset-to-imaging time; door-to-needle time (DNT) ; site 
of IVT starting; occurrence of hemorrhagic transforma-
tion; 2-h, 24-h, and discharge NIHSS score; and 3-month 
mRS score, were prospectively collected.

Clinical outcomes

Since in patients without large vessel occlusion (LVO) 
a high rate of functional independence at follow-up is 
expected, we set as main clinical outcomes both functional 
independence and excellent performance status, respec-
tively, defined as mRS ≤2 and mRS ≤1, obtained during 
an in-person follow-up visit or by a telephone call to the 
patient or a close caregiver, at 90 ± 14 days after stroke. 
Secondary outcome measures were NIHSS scores at 2 h, 
at 24 h, and at discharge, symptomatic hemorrhagic trans-
formation (sICH) according to SITS-MOST criteria [11], 
and overall mortality.

Statistical analysis

Continuous variables, such as age, pre-hospital delay 
(onset-to-arrival time, or last-well-seen-to-arrival time), 
DTI, DNT, onset-to-imaging time, and imaging-to-needle 
time, were expressed as mean values and standard devia-
tions or as median and interquartile ranges, as appropriate.

Non-parametric variables, as NIHSS and ASPECT 
scores, were expressed as median and interquartile ranges.

Categorical variables, such as gender, arterial hyperten-
sion, diabetes mellitus, atrial fibrillation, site of IVT start-
ing, sICH, functional independence, excellent performance 
status, and mortality at 3 months, were expressed as whole 
numbers and percentages.

The site of IVT starting was considered a binary vari-
able: patients treated on CT/MR bed were considered the 
imaging area (IA) group, whereas patients treated at the 
emergency room or at the stroke unit were included in the 
non-IA group.

Etiology was divided in five categories (lacunar, large 
artery atherosclerosis, cardiac embolism, embolic stroke 
of undetermined source (ESUS), and other causes of 
stroke, including cancer-related stroke and dissections). 
Time was expressed in minutes.
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For statistical purposes, our cohort was dichotomized 
in two samples depending on the site of IVT treatment 
beginning.

Student’s t-test was used to detect any significant differ-
ences in demographic and clinical variables among the two 
groups.

Afterwards, a stepwise forward logistic regression model 
was used to evaluate the odds ratio of excellent performance 
status and/or functional independence at 3 months for each 
independent variable. Among continuous variables, we used 
as independent variables age, baseline NIHSS and ASPECT 
scores, and door-to-imaging time. Among dichotomous 
variables, we used site of IVT beginning, gender, arterial 
hypertension, diabetes mellitus, smoking, atrial fibrillation, 
dyslipidemia, wake-up stroke, and occurrence of sICH; etiol-
ogy was treated as a multinomial variable.

For each of these variables, except for etiology, the 
univariate logistic regression model was used; variables 
reaching a p value <0.1, corrected for age and gender, 
were included in a multiple logistic regression model, to 
estimate the effects on 3 months outcome. The effect size 
was measured as odds ratio (OR) and confidence intervals; 
the included independent variables were checked for col-
linearity to exclude possible confounders. In order to verify 
that treatment effect was consistent across all categories of 
the mRS, an ordinal logistic regression analysis was per-
formed, with the same criteria and independent variables. 

For etiology, we applied a factorial analysis due to its multi-
level categorization.

Statistical analysis was performed by using STATA 13 
for iOS.

Results

The estimated sample size to identify a significant effect 
ranged from 306 patients (according to ISS) to 330 (accord-
ing to Johns et al.). Seven hundred forty-three consecutive 
patients with acute ischemic stroke received IVT during 
2020, 2021, and 2022 and collected in our local stroke reg-
istry. A total of 357/743 patients also received EVT. Among 
the 386 patients treated only with IVT, 59 were excluded 
from this analysis: 51 with previous disability, defined 
as pre-stroke mRS ≥2, 6 with a final diagnosis of stroke 
mimic and 3 lost at follow-up. Therefore, 327 patients were 
included in the statistical analysis.

The demographic and clinical features of the entire sam-
ple are summarized in Table 1. The groups were matched 
for age, gender, risk factors, stroke clinical, and radiological 
severity at onset and prehospital delay. The two groups dif-
fered for the door-to-imaging time, lower in the IA group.

In-hospital time-to-treatment and clinical outcomes in the 
two groups are described in Table 2. The median DNT in 
the entire sample was 71.1 min (IQR 42–100), significantly 

Table 1  Demographic and 
clinical features of the entire 
sample and comparison between 
cohorts

IVT intravenous thrombolysis, NIHSS National Institute of Health Stroke Scale, ASPECTS Alberta Stroke 
Program Early CT Score, MR magnetic resonance, ESUS Embolic Stroke of Undetermined Source

Variable Entire cohort (n = 327) IVT at imaging 
area (n = 133)

IVT outside imag-
ing area (n = 194)

Significance

Age 67.2 ± 13.5 65.8 ± 13.4 68.1 ± 13.6 p > 0.1
Female gender 132 (40.4%) 60 (45.1%) 72 (37.1%) p > 0.1
Hypertension 249 (76.4%) 102 (76.7%) 147 (76.1%) p > 0.1
Diabetes mellitus 67 (20.6%) 25 (18.8%) 42 (21.8%) p > 0.1
Atrial fibrillation 101 (32.9%) 36 (28.3%) 65 (36.1%) p > 0.1
Dyslipidemia 157 (48.2%) 59 (44.4%) 98 (50.5%) p > 0.1
Smoker 112 (34.4%) 46 (34.6%) 66 (34.2%) p > 0.1
Wake-up stroke 60 (18.4%) 20 (15%) 40 (20.6%) p > 0.1
Pre-hospital delay (min) 113 (77–173) 114 (74–166) 111 (80–191) p > 0.1
Hypertension management 75 (22.9%) 28 (21%) 47 (24.2%) p > 0.1
Baseline NIHSS 7 (5–11) 7 (5–11) 7 (5–11) p > 0.1
Basaline ASPECTS 10 (10–10) 10 (10–10) 10 (10–10) p > 0.1
Door-to-imaging time (min) 34 (24–53) 27 (20–40) 39 (29–59) p < 0.05
Onset to imaging time (min) 194 (106–230) 191 (105–224) 198 (110–249) p > 0.1
MR Imaging 38 (11.6%) 15 (11.3%) 23 (11.8%) p > 0.1
Lacunar stroke 65 (19.9%) 31 (23.3%) 34 (17.5%) p > 0.1
Large artery atherosclerosis 42 (12.8%) 13 (9.8%) 29 (14.9%) p > 0.1
Cardioembolic stroke 130 (39.7%) 54 (40.6%) 76 (39.1%) p > 0.1
ESUS 79 (24.1%) 30 (22.6%) 49 (25.2%) p > 0.1
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lower in the IA group than the non-IA group (44.4 vs 89.3; 
p<0.01). The rate of IVT with DNT ≤ 30 min, ≤ 45 min, and 
≤ 60 min was significantly higher in the IA group (32.3% 
vs 3.6%; 65.4% vs 10.3% and 83.4% vs 28.3%, respectively; 
p<0.01). The IA group showed greater early neurological 
improvement, at 2 h (p<0.05), at 24 h (p<0.05), and at dis-
charge (p<0.01). Though no differences were detected in the 
rate of functional independence at 3 months (mRS 0–2), IA 
group showed significantly higher rates of excellent outcome 
(60.1% vs 42.8%; p<0.01), defined as 3-month mRS 0–1 
(Fig. 1). The rate of sICH was similar in the two groups.

In the univariate logistic regression analysis, baseline 
NIHSS score (OR 0.85 [0.81–0.90], z score −5.76), base-
line ASPECTS (OR 1.77 [95% CI, 1.20–2.61], z score 2.90), 

history of hypertension (OR 0.54 [95% CI, 0.32–0.91], z 
score −2.26) and diabetes (OR 0.62 [95% CI, 0.35–1.07], 
z score −1.72), and site of IVT beginning (OR 2.06 
[1.32–3.24], z score 3.18) were significantly associated to 
excellent outcome. Conversely, pre-hospital delay, door-to-
imaging time, unwitnessed symptoms onset, and stroke etiol-
ogy did not show any significant association with outcome.

In the multivariate logistic regression analysis, corrected 
by age and gender, age at stroke onset (OR 0.96 [95% CI, 
0.94–0.98], z score −3.19], baseline NIHSS score (OR 0.86 
[95% CI, 0.81–0.91], z score −4.54), and site of IVT begin-
ning (OR 1.78 [95% CI, 1.03–3.08], z score 2.08) were sig-
nificantly associated with excellent outcome (Table 3, sup-
plementary material). Ordinal multiple logistic regression 

Table 2  Comparison of 
procedural and clinical outcome 
parameters between cohorts

IVT intravenous thrombolysis, DNT door-to-needle time, NIHSS National Institute of Health Stroke Scale, 
PH2 parenchymal hematoma type 2, mRS modified Rankin Scale

Variable Entire cohort (n = 327) IVT at imaging 
area (n = 133)

IVT outside imag-
ing area (n = 194)

Significance

DNT (min) 71.1 (42–100) 44.4 (27–54) 89.3 (40–111) p < 0.01
DNT ≤ 60 min 169 (51.7%) 111 (83.4%) 55 (28.3%) p < 0.01
DNT ≤ 45 min 107 (32.7%) 87 (65.4%) 20 (10.3%) p < 0.01
DNT ≤ 30 min 50 (15.3%) 43 (32.3%) 7 (3.6%) p < 0.01
NIHSS at 2h 4 (2–8) 3 (2–7) 5 (2–8) p < 0.05
NIHSS at 24h 3 (1–7) 2 (0–5) 4 (1–7) p < 0.05
NIHSS at discharge 1 (0–4) 0 (0–2) 2 (0–5) p < 0.01
Hemorrhagic transforma-

tion (symptomatic or 
PH2)

8 (2.4%) 4 (3%) 4 (2.1%) p > 0.1

Excellent outcome
at 3 months (mRS 0–1)

163 (49.8%) 80 (60.1%) 83 (42.8%) p < 0.01

Functional independence
at 3 months (mRS 0–2)

249 (76.1%) 105 (78.9%) 144 (74.2%) p > 0.1

Mortality at 3 months 32 (9.8%) 10 (7.5%) 22 (11.4%) p > 0.1

Fig. 1  Between-group differences in modified Rankin scale scores at 3 months. IVT, intravenous thrombolysis

1560 Neurological Sciences (2024) 45:1557–1563



1 3

analysis confirmed the same results and showed a significant 
association between baseline ASPECT score and outcome 
(OR 0.75 [95% CI, 0.58–0.96], z score −2.22). Notably, IVT 
at IA was associated to reduced odds of unfavorable outcome 
(Table 4, supplementary material) (Fig. 2).

Discussion

Our study showed that starting IVT at IA, directly on 
the CT/MR bed, is associated to greater early neurologi-
cal improvement and higher rate of excellent outcome in 
patients with AIS treated with IVT. This favorable effect 
is consistent across all categories of mRS. Treatment at IA 
significantly lowers in-hospital delays, increasing the pro-
portion of patients receiving IVT within 30, 45, and 60 min 
from hospital arrival, as encouraged by current standards 
of excellence [12, 13]. There were no differences in safety 
outcomes, such as mortality or hemorrhagic transformation.

Six patients were excluded from the analysis as they 
received a final diagnosis of stroke mimic. Two of them 
were in IA group, whereas 4/6 were in the non-IA group. 
Therefore, the accuracy of the diagnostic process was not 
influenced by faster assessment and treatment.

Though the two groups did not differ in terms of func-
tional independence at 3 months, as reasonably expected in 
patients with less severe strokes unrelated to LVO, our study 
showed that starting IVT at IA is an independent predictor of 
excellent outcome, improving the chances of full recovery.

These results confirm that developing protocols easily 
applicable in emergency settings can significantly influence 
outcome in a large subset of patients; in particular, starting 
IVT directly on the CT/MR bed appears to be one of the 
strategies leading to a greater reduction of DNT. A poten-
tial explanation may be avoiding multiple displacements and 

transfers, involving several professional figures and poorly 
cooperating patients.

Treatment delays are historically affected by the baseline 
NIHSS score, patients’ age and gender, and several other 
clinical characteristics, as atrial fibrillation, diabetes, and 
arterial hypertension [14, 15]. In our cohort, these variables 
were well-balanced in the two groups. Door-to-imaging 
time was significantly lower in patients treated at IA. We 
hypothesize, beyond an improvement over time in the hos-
pital pathway, that the “treat-at-CT” protocol may play a 
positive “indirect effect”: all personnel involved in the 
management of acute stroke may become more aware that 
every single minute counts, speeding up all the stages of the 
stroke pathway. A potential limitation of our study is that a 
proportion of patients in the control group were managed 
in 2020, during the first COVID-19 outbreak, which has 
delayed stroke treatments worldwide, including our Region 
[16]. Despite that in our hospital the stroke-COVID patients 
were managed in a dedicated area with dedicated pathways 
and personnel (and therefore not included in this analysis), 
it is possible that, even if we struggled to guarantee the pre-
pandemic level of care, the COVID-19 outbreak may have 
negatively affected stroke care, particularly the first part of 
in-hospital pathway.

However, door-to-imaging time was not independently 
associated with outcome, confirming that the decision to 
start IVT at imaging area remains crucial to improve neuro-
logical recovery and functional outcome.

Some components of our stroke pathway are certainly 
improvable. Emergency medical system prenotification of a 
potential stroke patient is still poorly developed. This inter-
vention is particularly important in limited supply of radio-
logical equipment, such as in small hospitals [17]. A direct-
to-CT protocol may be desirable. However, it may affect 
the recognition of potential life-threatening stroke mimics 
by the emergency physicians and may even increase chaos 

Fig. 2  Multivariate regression analysis results for excellent outcome. ASPECTS, Alberta Stroke Program Early CT Score; NIHSS, National 
Institute of Health Stroke Scale; IVT, intravenous thrombolysis
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in conditions of Emergency Department overcrowding and 
understaffing, as it is currently happening in Italy.

A direct-to-angio protocol has recently been suggested for 
AIS patients [18]. This protocol would be applicable only in 
a selected population of patients with LVO admitted within 
6 h after symptom onset, considered for EVT. However, this 
approach is probably far from wide clinical use, as it requires 
the constant availability of an angiographer equipped with 
a flat-panel computed tomography, and dedicated to neuro-
logical emergencies. Other intrinsic limitations of our study 
are the relatively small sample size, its observational and 
retrospective nature, and the unblinded outcome assessment, 
which confer our results a low level of evidence.

Notwithstanding, our analysis presents some strengths. 
The demographic and clinical characteristics were well-
balanced. The rate of patients lost at follow up was less 
than 1%, increasing the strength of our analysis. The rate 
of stroke mimics was not influenced by a faster diagnostic 
and treatment pathway, accounting for less than 2% of the 
entire cohort. Noteworthy, safety concerns about starting 
intravenous thrombolysis outside a monitored area, before 
blood tests are available, were overcome. In our analysis, in 
fact, the rate of severe hemorrhagic transformation did not 
differ according to treatment area. Indeed, earlier treatment 
was associated with greater neurological improvement and 
more chances of excellent outcome. Although the construct 
“time is brain” is well known, to our knowledge, this study 
is the first highlighting that treatment at CT/MR bed is an 
independent predictor of excellent outcome in stroke. One of 
the reason for treatment outside imaging area was care taken 
by a non-stroke neurologist. This highlights the importance 
of building a dedicated team as it happens for other neuro-
logical diseases (e.g., multiple sclerosis [19]) or other time-
dependent conditions (e.g., trauma team [20]). Alternatively, 
a more intensive education for non-stroke neurologists is 
necessary to guarantee the highest level of care and give 
patients the greatest chances of recovery.

In conclusion, immediate thrombolytic treatment at CT/
MR bed is an independent predictor of excellent outcome 
after stroke and should be a standard-of-care for AIS.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10072- 023- 07166-0.
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