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ARTICLE INFO ABSTRACT

Keywords: Background and Purpose: The management of patients with anterior circulation large vessel occlusion (LVO)
Thrombectomy presenting with mild neurological symptoms remains a matter of debate. Early neurological deterioration (END)
Stroke

may influence the decision to perform endovascular treatment (EVT); however, evidence regarding its impact on
clinical outcomes is limited.

Methods: We conducted a retrospective analysis of prospectively collected data from the Catalan Stroke Registry
(2016-2021). Patients with anterior circulation LVO, baseline NIHSS <5, baseline mRS score 0-1, and treatment
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with EVT were included. END was defined as an increase of >4 NIHSS points from hospital admission to EVT
initiation. Proximal occlusion was defined as occlusion of the extracranial or terminal internal carotid artery or
the M1 segment of the middle cerebral artery. The primary outcome was excellent functional outcome at 90 days
(mRS 0-1). Good functional outcome (mRS 0-2) was considered a secondary outcome. Mortality and symp-
tomatic intracranial hemorrhage were assessed as safety outcomes.

Results: Among 244 patients, 58 (23.8%) experienced END before EVT. At 90 days, 131 patients (53.7%) ach-
ieved mRS 0-1 and 162 (66.4%) achieved mRS 0-2. Fourteen patients (5.7%) died during follow-up, and 8
(3.3%) experienced symptomatic intracranial hemorrhage. In multivariable analysis, successful recanalization
was independently associated with the primary outcome (OR 4.54, 95% CI 1.73-13.83), whereas END before
EVT (OR 1.24, 95% CI 0.40-3.98), proximal occlusion (OR 1.37, 95% CI 0.69-2.71), and their interaction (OR
0.42, 95% CI 0.10-1.67) were not independently associated with excellent functional outcome.

Conclusions: In this cohort of patients with mild ischemic stroke treated with EVT, END before EVT was not
independently associated with functional outcomes, whereas successful recanalization remained the main
determinant of excellent recovery. Pending evidence from randomized clinical trials, these findings suggest that

close clinical monitoring with rescue EVT may be an appropriate approach in selected patients.

Introduction

Acute ischemic stroke represents a major public health problem
worldwide, with a substantial epidemiological burden. In Spain,
population-based data have shown a cumulative incidence of cerebro-
vascular disease of 218 per 100,000 inhabitants in men and 127 per
100,000 in women." Current European Guidelines recommend intrave-
nous thrombolysis (IVT) of patients with minor stroke, usually defined
as NIHSS<5, and disabling symptoms,” whereas different randomized
clinical trials have demonstrated that either single or double antiplatelet
treatment can offer similar clinical outcomes as IVT in patients with
non-disabling syrnptorns.3 ° However, patients with large vessel occlu-
sion (LVO), particularly those with proximal occlusions, may experience
early neurological deterioration (END) in approximately 10% of cases
treated with IVT, a complication that has been associated with poorer
clinical outcomes.®” In this context, rescue EVT in patients who expe-
rience END has been associated with better outcomes than patients
without rescue EVT, although their prognosis is generally worse than
patients without END.%® Therefore, the optimal management of patients
with minor stroke and LVO remains uncertain.

EVT is the standard of care for patients with LVO and moderate-to-
severe deficits, but its role in patients with minor symptoms is not
well established. Although some retrospective studies suggest a poten-
tial benefit of EVT,%° recent meta-analysis have described an increased
risk of symptomatic intracranial hemorrhage without clinical improve-
ment. %! Some studies have suggested that EVT might be beneficial in
patients with more proximal occlusions and favourable perfusion pat-
terns.'>!® However other studies describe a detrimental effect of EVT in
patients with low NIHSS and LVO.'* ' Therefore, current EVT guide-
lines do not recommend EVT in patients with minor stroke.

Two randomized clinical trials, ENDOLOW(NCT04167527) and
MOSTE (NCT03796468),17 are evaluating whether immediate EVT of-
fers better outcomes than a strategy of best medical management with
rescue EVT in case of clinical deterioration. Many studies that have
evaluated EVT in patients with minor stroke and LVO define END as
clinical worsening within 24-36 hours after IVT or EVT, in the absence
of haemorrhagic transformation.®'>'®!° However, data from Sener’
and Saleem?” show that >50% of END episodes occur within the first 4-6
hours after admission, often prompting rescue EVT, but evidence on the
clinical impact of END during these early hours remains limited. In this
context, we aimed to investigate whether END occurring before EVT is
associated with functional outcomes in patients with minor stroke and
anterior circulation LVO treated with EVT.

Methods
We conducted a retrospective analysis of prospectively collected data

from the Catalan Stroke Registry (CICAT), a government-mandated,
population-based database that includes all patients evaluated under

the Code Stroke protocol in Catalonia, Spain.’' The CICAT registry
captures comprehensive information from a territory covering 7.5
million inhabitants across 32,000 km?, with a well-organized regional
stroke network comprising 6 Comprehensive Stroke Centers, 8 Primary
Stroke Centers, and 14 TeleStroke Centers.

We included consecutive patients from January 1st, 2016 to
December 31st 2021, who fulfilled the following criteria: (1) baseline
NIHSS score <5 at hospital admission, (2) baseline modified Rankin
scale(mRS) 0-1, (3) anterior circulation LVO, defined as occlusion of the
M1 or M2 segments of the middle cerebral artery(MCA), or the extra-
cranial or terminal intracranial internal carotid artery (ICA) on CT
angiography, and (4) treatment with EVT during the acute phase. Pa-
tients were excluded if relevant clinical or outcome data were missing.

END was defined as a difference of >4 points between NIHSS
immediately before EVT and baseline NIHSS. Baseline demographic,
clinical, imaging, and workflow variables were collected, including age,
sex, baseline NIHSS, baseline mRS, IVT, occlusion site, and time metrics
(onset-to-door, door-to-needle, door-to-groin, groin-to-recanalization).
The primary outcome was complete or almost complete recovery at 90
days, defined as mRS 0-1(Excellent outcome). Functional independence
defined as mRS 0-2 at day 90(Good outcome) was used as secondary
outcome. Symptomatic intracranial hemorrhage(SICH) according to
SIST-MOST definition and mortality were considered as safety out-
comes. Successful recanalization was defined according to modified
Thrombolysis in Cerebral Infarction (mTICI) score 2b-3. Occlusions of
the extracranial or terminal ICA and the M1 segment of the MCA were
classified as proximal occlusions, while occlusions of the M2 segment of
the MCA were considered distal.

The investigators requested the data in accordance with the local
regulations of the CICAT registry for clinical research. The CICAT reg-
istry complies with all legal requirements mandated by local data pro-
tection laws. The dataset was anonymized. The study was approved by
Bellvitge University Hospital clinical research ethics committee with
protocol number EOM020/24 (CSI 24/38).

Continuous and ordinal variables were described as mean + stan-
dard deviation (SD) or median and interquartile range (IQR), as
appropriate. Categorical variables were expressed as counts and per-
centages. Group comparisons were performed using the x> test or
Fisher’s exact test, when indicated, for categorical variables. Continuous
variables were tested for normality with the Kolmogorov-Smirnov test
and compared between groups using the Student’s t-test, Mann-Whitney
U test, or ANOVA, as appropriate. All tests were two-sided, and p values
<0.05 were considered statistically significant.

To identify independent predictors of END, we constructed multi-
variable logistic regression models. Variables associated with END in
univariate analyses at p < 0.10 were entered into the models, together
with clinically relevant covariates defined a priori (age, sex, baseline
NIHSS, and IVT), regardless of their univariate significance. For the
analysis of functional outcome (mRS 0-1, and mRS 0-2 at 90 days),
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multivariable logistic regression models were built including END as the
main exposure variable, and adjusted for the same a priori covariates. To
assess potential effect modification, we tested a single first-order inter-
action term between END and the presence of proximal occlusion. This
interaction was included in the multivariable logistic regression model
for functional outcome, and significance was evaluated using likelihood
ratio testing. No imputation method was applied for missing data. All
analyses were conducted using R software.

Results

A total of 332 patients with baseline NIHSS <5 received EVT during
the study period, finally 244 patients were included in the analysis. A
flow chart of the selection process is show in Fig. 1. Ninety-five (38.9%)
received IVT before EVT and 138 (56.6%) patients had a proximal oc-
clusion. Median (IQR) onset-to-door time was 151(65-419) minutes,
median (IQR) door-to-needle time for those patients receiving IVT 30
(20-48) minutes, and median (IQR) door-to-groin puncture time 96
(75-165) minutes. The main clinical and demographic characteristics of
the patients are described in Table 1. Fifty-eight (23.8%) patients
experienced END before EVT. Compared to those without END (n =
186), these patients had significantly lower baseline NIHSS(median
[IQR] 3[2-4] vs 4[3-5], p = 0.004), longer door-to-groin times(median
[IQ] 118[83-290] vs 92[72-129] minutes, p = 0.002), and a higher
frequency of proximal occlusions(69% vs 52.7%, p = 0.004). Sex dis-
tribution (53% vs 58%, p = 0.588) was not different in patients with or
without END.

Functional status at day 90

At 90 days, 131 patients (53.7%) achieved mRS 0-1. These patients
were significantly younger (median [IQR] 66[54-74] vs 70[56-79]
years, p < 0.034) and were more likely to achieve successful recanali-
zation (85.5% vs. 73.5%, p = 0.029). The rate of END before EVT was
not significantly different between those with mRS 0-1 vs. mRS 2-6

332 NIHSS 0-5 patients
treated with EVT

8 Posterior circulation occlusion
9 Anterior cerebral artery occlusion

> 50 baseline mRS>1

> 9 Not available NIHSS before EVT

256

> 12 Not available mRS day 90

244

Fig. 1. Flowchart of patient selection for the study.
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Table 1

Baseline clinical characteristics of the entire patient cohort,
comparing those with and without early neurological deterio-
ration (END). Categorical variables are presented as n (%), and
continuous variables are expressed as median (interquartile
range). Abbreviations: CSC, Comprehensive Stroke Center;
END, Early Neurological Deterioration; IVT: intravenous
thrombolysis; mRS, modified Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale.

Total (244)

Sex male 140(57.4)
Age 67(55-77)
Hypertension 115(47.1)
Diabetes 36(14.8)
Dislipemia 74(30.3)
Smoking 41(16.8)
Atrial fibrillation 33(13.5)
Ischemic heart disease 21(8.6)
Previous stroke 11(4.5)
Unknown onset 86(35.2)
NIHSS baseline 4(2-5)

VT 95(38.9)
CSsC 206(84.4)
Proximal occlusion 138(56.6)
Onset-to-door 151(65-419)
Door-to-needle 30(20-48)
Door-to-groin 96(75-165)
Groin-to-recanalization 40(26-71)

(22.1% vs. 25.7%, p = 0.621). In multivariable logistic regression
adjusted for age, sex, IVT and baseline NIHSS, only successful recana-
lization (OR 4.54, 95% CI 1.73-13.83, p = 0.004) was independently
associated with excellent outcome (mRS 0-1). Proximal occlusion (OR
1.37,95% CI 0.69-2.71, p = 0.365), END (OR 1.24, 95% CI 0.40-3.98, p
= 0.707), and their interaction (OR 0.42, 95% CI 0.10-1.66, p = 0.216)
were not independently associated with functional outcome.

A total of 162 patients (66.4%) achieved a good functional outcome
defined as mRS 0-2. Compared with those with mRS 3-6, these patients
were significantly younger (median [IQR] 66 [54-75] vs. 73 [57-81]
years, p =0.004) and were more likely to achieve successful recanali-
zation (85.8% vs. 68.3%, p <0.002). Patients with mRS 0-2 were also
less likely to have dyslipidemia (27.0% vs. 43.4%, p = 0.019). The
prevalence of proximal occlusions was similar between groups (57.4%
vs. 54.9%, p = 0.810), as was the rate of END before EVT (22.8% vs.
25.6%, p = 0.750). In multivariable logistic regression adjusted for age,
sex, IVT, and baseline NIHSS, successful recanalization was indepen-
dently associated with good functional outcome(mRS 0-2) at 90 days
(OR 9.55, 95% CI 3.52-30.06; p < 0.001). In contrast, increasing age
(OR 0.97, 95% CI 0.95-0.99; p = 0.019) and the presence of dyslipi-
demia (OR 0.52, 95% CI 0.27-1.00; p = 0.050) were independently
associated with a lower probability of achieving mRS 0-2. Proximal
occlusion (OR 1.24, 95% CI 0.59-2.64, p = 0.574), END before EVT (OR
1.21, 95% CI 0.36-4.50, p = 0.764), and their interaction (OR 0.46, 95%
CI 0.09-2.08, p = 0.321) were neither independently associated with
functional outcome. The results of the multivariable logistic regression
models for functional outcomes (mRS 0-1 and mRS 0-2) are presented
in Fig. 2. A description of regression models is shown in supplemental
material (Table S1 and Table S2).

Safety outcomes

Fourteen patients (5.7%) were dead after 90 days, and 8 (3.3%)
patients suffered a symptomatic intracranial hemorrhage after EVT.
Patients who died were significantly older (median 81 [IQR 73-84] vs.
66 [54-76] years, p < 0.001) and had longer groin to recanalization
times (median [IQR] 75[36-108] vs 39[25-70] minutes, p = 0.05). In
multivariable logistic regression adjusted for baseline NIHSS, only age
was independently associated with 90-day mortality (OR 1.08, 95% CI
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Fig. 2. Forest plots showing the association between baseline clinical and workflow variables and functional outcome at 90 days in patients with mild ischemic
stroke and anterior circulation large vessel occlusion treated with endovascular therapy.A: Multivariable logistic regression model for excellent functional outcome
(modified Rankin Scale [mRS] 0-1).B:Multivariable logistic regression model for good functional outcome (mRS 0-2).0dds ratios (ORs) and 95% confidence intervals
(CIs) are shown. Both models include an interaction term between early neurological deterioration (END) before endovascular treatment and proximal occlusion. The

vertical dashed line indicates an OR of 1.

1.03-1.16, p = 0.006).
Discussion

LVO is one of the main determinants of END in patients with minor
stroke regardless of the occlusion site, although the risk of END is higher
in more proximal occlusions’, and END, in turn, is associated with worse
clinical outcomes.®” Our study aimed to explore whether in patients
with minor stroke that had undergone EVT, the occurrence of END
before EVT modified the clinical prognosis. As previously reported, we
observed that the presence of proximal occlusions in the anterior cir-
culation was associated with an increased risk of END,” and that patients
with END had lower NIHSS at admission and longer door-to-groin times.
To contextualize these findings, it is essential to consider the observa-
tional nature of our study. Patients with lower baseline NIHSS scores
may have had a higher propensity for clinical deterioration, making
them more susceptible to developing END. In such cases, END likely
acted as the clinical trigger for the decision to perform EVT, which may
account for the observed delays in door-to-groin times.

Regarding functional outcomes, our data indicate that successful
arterial recanalization was the strongest independent predictors of
favorable prognosis as observed in patients with more severe strokes. In
contrast, the presence of END before EVT did not appear to be associated
with worse clinical outcomes. Although these findings do not carry the
weight of evidence derived from randomized controlled trials, they
support the notion that a rescue EVT strategy remains a reasonable and
potentially effective approach in some of these patients, particularly in
clinical settings with close neurological monitoring and timely access to
endovascular treatment.

Death at day 90 was more frequent in older patients, an association
that persisted in the multivariable logistic regression model adjusted for
confounders, However, the relatively low number of deaths precludes
any solid conclusion in this matter, and these results should be inter-
preted with caution.

One of the main strengths of our study is the use of real-world data
from a multicenter cohort derived from a well-established regional
stroke registry. Nonetheless, this study has several limitations. Its
observational design introduces potential sources of bias, particularly
related to treatment selection. The indication for EVT was not systematic

and, as previously discussed, it is likely that the occurrence of END itself
may have influenced the decision to perform EVT, especially considering
that patients with END had lower baseline NIHSS scores and longer
door-to-groin times. In addition, although the study is based on a large
population-based registry, detailed imaging data and information on the
underlying mechanisms of END were not available. Regarding mortality,
the low number of events limited further analyses of factors associated
with death, and detailed causes of death were not available. Finally,
unmeasured or unavailable variables may still have influenced the
observed associations.

Unlike the MOSTE and ENDOLOW trials, our cohort also included
patients with M2 segment occlusions, reflecting a broader real-world
population. Despite this, the interaction term in our multivariable
analysis did not demonstrate a statistically significant effect modifica-
tion by occlusion location on the association between END and clinical
outcomes. This suggests that the impact of END on prognosis may be
consistent across both proximal and more distal occlusions, although the
possibility of limited statistical power to detect subtle interactions
cannot be excluded.

In conclusion, in our series of patients with minor stroke and anterior
circulation LVO treated with EVT, END before EVT was not indepen-
dently associated with worse 90-day outcomes, underscoring the central
role of successful recanalization in determining prognosis. Future
studies should aim to better identify patients with mild stroke and LVO
who are at higher risk of END, and to define the optimal timing and
selection criteria for EVT in this subgroup. Until data from randomized
clinical trials become available, a strategy based on close clinical
monitoring with rescue EVT in case of END may remain a reasonable
approach in these patients.

Ethical approval
Ethical approval for this study was obtained from Bellvitge Univer-

sity Hospital clinical research ethics committee with protocol number
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retrospective nature of the study.
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