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Abstract: Background: The Los Angeles Motor Scale (LAMS) is a rapid pre-hospital scale used
to predict stroke severity which has also been shown to accurately predict large vessel occlusions
(LVOs). However, to date there is no study exploring whether LAMS correlates with the computed
tomography perfusion (CTP) parameters in LVOs. Methods: Patients with LVO between September
2019 and October 2021 were retrospectively reviewed and included if the CTP data and admission
neurologic exams were available. The LAMS was documented based on emergency personnel exams
or scored retrospectively using an admission neurologic exam. The CTP data was processed by
RAPID (IschemaView, Menlo Park, CA, USA) with an ischemic core volume (relative cerebral blood
flow [rCBF] < 30%), time-to-maximum (Tmax) volume (Tmax > 6 s delay), hypoperfusion index (HI),
and cerebral blood volume (CBV) index. Spearman’s correlations were performed between the LAMS
and CTP parameters. Results: A total of 85 patients were included, of which there were 9 intracranial
internal carotid artery (ICA), 53 proximal M1 branch middle cerebral artery M1, and 23 proximal
M2 branch occlusions. Overall, 26 patients had LAMS 0–3, and 59 had LAMS 4–5. In total, LAMS
positively correlated with CBF < 30% (Correlation Coefficient (CC): 0.32, p < 0.01), Tmax > 6 s (CC:0.23,
p < 0.04), HI (CC:0.27, p < 0.01), and negatively correlated with the CBV index (CC:−0.24, p < 0.05).
The relationships between LAMS and CBF were < 30% and the HI was more pronounced in M1
occlusions (CC:0.42, p < 0.01; 0.34, p < 0.01 respectively) and proximal M2 occlusions (CC:0.53, p < 0.01;
0.48, p < 0.03 respectively). The LAMS also correlated with a Tmax > 6 s in M1 occlusions (CC:0.42,
p < 0.01), and negatively correlated with the CBV index in M2 occlusions (CC:−0.69, p < 0.01). There
were no significant correlations between the LAMS and intracranial ICA occlusions. Conclusions: The
results of our preliminary study indicate that the LAMS is positively correlated with the estimated
ischemic core, perfusion deficit, and HI, and negatively correlated with the CBV index in patients
with anterior circulation LVO, with stronger relationships in the M1 and M2 occlusions. This is
the first study showing that the LAMS may be correlated with the collateral status and estimated
ischemic core in patients with LVO.

Keywords: ischemic stroke; perfusion imaging; diagnosis; collateral status

1. Introduction

Stroke is one of the leading causes of death and disability, with ischemic stroke
being the most common [1]. Of those, ischemic strokes, due to large vessel occlusion
(LVO), contribute disproportionally to post-stroke dependence and death [2]. Mechanical
thrombectomy (MT) has proven to improve functional outcomes in patients with LVO [3],
and earlier reperfusion has been associated with better outcomes [4]. Therefore, the ability
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to quickly recognize patients with LVO in the field would be beneficial and allow those
patients to be taken directly to comprehensive stroke centers, decreasing the time to reper-
fusion, and improving outcomes [5,6]. Several rapid pre-hospital stroke scales, used by
emergency personnel, have been shown to predict LVOs [7].

The Los Angeles Motor Scale (LAMS) is one such rapid pre-hospital scale that was
developed to predict stroke severity [8] and is useful when considering whether patients
should be diverted to comprehensive stroke centers. Studies have shown that the LAMS
has a strong correlation with admission National Institutes of Health Stroke Scale (NIHSS)
and is comparable, if not superior, to other utilized pre-hospital stroke scales [9]. Moreover,
the LAMS has good accuracy in predicting LVOs [10]. An increased LAMS severity with a
score of 4–5 double the likelihood of LVOs compared to a LAMS score of 0–3 [9].

A comprehensive baseline computed tomography (CT) imaging–comprised of non-
contrast CT (NCCT), CT angiography (CTA), and CT perfusion (CTP)–is widely utilized
for triaging patients presenting with acute ischemic stroke (AIS) secondary to anterior
circulation LVO for MT. The addition of CTP to comprehensive baseline imaging increases
the sensitivity for detecting ischemic core compared to NCCT only [11] while offering
additional data in evaluating a patient’s collateral status (CS) and eligibility for MT [12].
Poor CS is associated with an increased risk of post-MT complication and overall worse
functional outcomes [13,14]. The hypoperfusion index (HI) and cerebral blood volume
(CBV) index are parameters obtained from CTP that correlate with the collateral status and
infarct growth, and guide decisions for MT [15–19]. There are no current studies exploring
the relationship between pre-hospital stroke scales and CTP parameters.

Our preliminary study aimed to explore the relationship between the LAMS score and
baseline CTP parameters. Such a relationship may suggest a biological correlation between
the LAMS and collateral status and ischemic core.

2. Methods
2.1. Population

The data for the study population was collected through the Johns Hopkins Hospital
Comprehensive Stroke Center Database. This study was approved through the Johns Hop-
kins School of Medicine institutional review board (JHU-IRB00269637). In this retrospective
multicenter analysis, we identified consecutive patients from 1 September 2019 to 1 April
2021 who underwent NCCT, CTA, and CTP with confirmed anterior circulation LVO on
CTA (defined as distal intracranial internal carotid artery (ICA), M1, and proximal M2
segments of the middle cerebral artery (MCA). Patients were excluded from the analysis if
CTP was obtained >24 h after admission or after a mechanical thrombectomy procedure or
if patients were incorrectly classified as having LVO (e.g., internal carotid artery stenosis).

2.2. Data Collection

Patients were included in the study if they had an LVO, CTP with available post-
processed parameters, and a documented neurologic exam before the time of imaging. The
baseline and clinical data collected for each patient included demographics, risk factors for
AIS (including coronary artery disease, hypertension, hyperlipidemia, diabetes mellitus,
atrial fibrillation, prior stroke, smoking status, and body mass index (BMI), a baseline
LAMS score, and a site of occlusion. When the LAMS score or admission NIHSS data was
unavailable, the scores were estimated based on admission neurologic exam and history [8].
The LAMS score ranged from 0 to 5 based on the addition of the following components:
0 or 1 for facial strength (normal or droop); 0, 1, or 2 for arm strength (normal, drifts
down, falls rapidly), and 0, 1, or 2 for grip strength (normal, weak, no grip). Patients were
stratified into the LAMS 0–3 versus 4–5 for the primary analysis [20]. The vessel-based
subgroup analysis was also performed for distal intracranial ICA, M1, and proximal M2
segments respectively.
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2.3. Imaging

The NCCT was acquired on the Siemens Flash and/or Drive (Siemens Healthineers,
Erlangen, Germany) with the following parameters: The helical mode at a 5 mm slice
thickness (ST) (120 kVp, 365 mAs, rotation time 1 s, acquisition time 6–8 s, collimation
128 × 0.6 mm, pitch value 0.55, scan direction CC).

The CT ASPECTS score was obtained from documented experienced neuroimaging
interpreters. If ASPECTS was unavailable, CT imaging was reviewed independently by a
board-certified neuroradiologist to determine the ASPECTS score (VY, 6 years of experience).

The CTP was performed on a Siemens Flash and/or Drive (Siemens Healthineers,
Erlangen, Germany) with the following parameters: The injection of 50 mL non-ionic
iodinated contrast with 30 mL saline flush at 5–6 mL/s with a coverage of 70–100 mm at
5 mm slice thickness, 70 kVP, 200 effective mAs, rotation time 0.25 s, average acquisition
time 60 s, collimation 48 × 1.2 mm, pitch value 0.7, 4D range 114 mm × 1.5 s. The CTP
images are then post-processed using RAPID commercial software (IschemaView, Menlo
Park, CA, USA) for generating Tmax maps. HI is then automatically calculated as a ratio
of the calculated Tmax > 10 s delay volume divided by a Tmax > 6 s delay volume in mL
(Tmax > 6 s) in the affected hemisphere. The ischemic core on the CTP is quantitatively
estimated by the relative cerebral blood volume (rCBF) < 30% volume in mL (rCBF < 30%).
Tissue at risk is defined as a Tmax > 6 s. Mismatch volume is defined as the difference
between the Tmax > 6 s and the rCBF < 30%. The mismatch ratio is calculated as the
Tmax > 6 s divided by the rCBF < 30%. The CBV index is automatically calculated by
RAPID as the ratio of mean rCBV values within the Tmax >6 s region with the mean CBV
in normal brain regions. The target mismatch profile for CTP is defined based on the prior
study by Lansberg et al. [12].

2.4. Statistical Analysis

The collected data were coded, tabulated, and statistically analyzed using IBM SPSS
statistics (Statistical Package for Social Sciences) software version 28.0, IBM Corp., Chicago,
IL, USA, 2021. The quantitative data was described as mean ± SD (standard deviation)
and then compared using an independent t-test after being tested for normality using
the Shapiro-Wilk test. The qualitative data were described as numbers and percentages
and compared using the Chi-squared test and Fisher’s Exact test for variables with small,
expected numbers. The correlation coefficients (CC) of the LAMS with the CTP parameters
were calculated using the Spearman correlation test. The level of significance was taken at
p-value ≤ 0.05, otherwise was non-significant.

3. Results

Eighty-five patients were included. Twenty-eight (32.9%) were scored with a LAMS
0–3 with 57 (67.1%) in the LAMS 4–5 category.

Eighty-five patients had LAMS, ASPECTS, and CTP parameters available for anal-
ysis (Figure 1). Patients with mismatch ratios of infinity were excluded from the LAMS
mismatch ratio correlation, resulting in 46 out of 85 (54.1%) available for analysis of this
parameter. In total, 84 out of 85 patients (98.8%) with a Tmax > 6 s and HI, and 66 out of
85 (77.6%) with CBV indices were available for review. Table 1 compares patients with
a LAMS score of 0–3 to those with a score of 4–5. The groups were comparable demo-
graphically except for age, with patients scoring 4–5 being older (LAMS 0–3, 63.1 ± 14.23
years old versus LAMS 4–5, 71.02 ± 14.4 years old, p = 0.02). Please refer to Table 1 for
additional details.
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Table 1. Descriptive statistics among the studied cases and comparison according to LAMS score.

Variables All Cases
(N = 85)

LAMS Score
p-Value0–3

(N = 28)
4–5

(N = 57)

Age (years), Mean ± SD 68.6 ± 14.7 63.1 ± 14.23 71.02 ± 14.4
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The 85 patients included in the study were comprised of nine distal intracranial ICA
(9/85, 10.5%); 53 M1 (62.3%); and 23 proximal M2 (23/85, 27.1%) occlusions.

There were significant small to moderate positive correlations between the LAMS
score and CBF <30% (mL) (CC 0.32, p < 0.01), Tmax > 6 s (CC:0.23, p < 0.04), and HI
(CC:0.27, p < 0.01), and small negative correlation with the CBV index (CC:−0.24, p < 0.05)
with the CBV index based on a post-processed analysis from a widely used commercial
software platform (Table 2). There was no significant correlation between the LAMS score
and imaging parameters when the intracranial ICA occlusions were isolated (Table 3).

Table 2. Correlation between LAMS score with imaging parameters for all cases.

Total Cases
(n = 85) Descriptive (n) p Value Correlation Coefficient

CBF < 30% (mL) 24.94 ± 42.6(85) 0.01 * 0.32

Tmax > 6 s (mL) 113.61 ± 83.4(84) 0.04 * 0.23

Mismatch Volume (mL) 88.67 ± 77.7(84) 0.36 0.10

Mismatch ratio 6.34 ± 7.03(46) 0.98 −0.01

Hypoperfusion Index 0.375 ± 0.25(84) 0.01 * 0.27

ASPECTS 7.45 ± 2.57(85) 0.38 −0.10

CBV Index (rCBV Tmax > 6 s) 0.70 ± 0.19(66) 0.05 * −0.24

LAMS score 3.85 ± 1.5(85) 0 1
* Significant (0.050). CBF = cerebral blood flow, CBV = cerebral blood volume.
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Table 3. Correlation between LAMS with imaging parameters for intracranial ICA occlusions.

Intracranial ICA Only
(n = 9) Descriptive (n) p Value Correlation Coefficient

CBF < 30% (mL) 62.63 ± 82.66 (11) 0.81 0.08

Tmax > 6 s (mL) 200.81 ± 137.16 (11) 0.43 0.27

Mismatch Volume (mL) 138.18 ± 144.6 (11) 0.65 0.15

Mismatch ratio 4.43 ± 4.07 (8) 0.95 0.03

Hypoperfusion Index 0.55 ± 0.22 (11) 0.86 0.06

ASPECTS 5.18 ± 3.45 (11) 0.40 0.29

CBV Index (rCBV Tmax > 6 s) 0.655 ± 2.87 (9) 0.56 −0.23

LAMS score 3 ± 1.67 (11) 0 1
* Significant (0.050).

3.1. M1 Segmental Subgroup Analysis

In patients with M1 occlusions, the LAMS score was moderate to positively correlated
with a CBF < 30% (CC:0.42, p < 0.01), Tmax > 6 s (CC:0.42, p < 0.01), and HI (0.34, p < 0.01),
and negatively correlated with ASPECTS (CC:−0.30, p < 0.03) (Table 4).

Table 4. Correlation between LAMS with imaging parameters for M1 occlusions.

M1
(n = 53) Descriptive (n) p Value Correlation Coefficient

CBF < 30% (mL) 19.8 ± 31.4 (52) 0.01 * 0.42

Tmax > 6 s (mL) 113 ± 66.2 (52) 0.01 * 0.42

Mismatch Volume (mL) 93.8 ± 61.3 (52) 0.28 0.24

Mismatch ratio 7.98 ± 8.42 (27) 0.57 −0.12

Hypoperfusion Index 0.33 ± 0.25 (52) 0.01 * 0.34

ASPECTS 7.69 + 2.39 (52) 0.03 * −0.30

CBV Index (rCBV Tmax > 6 s) 0.73 ± 0.14 (40) 0.39 −0.14

LAMS score 4.06 ± 1.29 (52) 0 1
* Significant (0.050).

3.2. Proximal M2 Segment Subgroup Analysis

In patients with proximal M2 occlusions, the LAMS score was moderate to strongly
positively correlated with a CBF < 30% and HI (CC:0.53, p < 0.01; 0.48, p < 0.03 re-
spectively). The LAMS score was strongly negatively correlated with the CBV index
(CC:−0.69, p < 0.01) (Table 5). There was no correlation between the LAMS and ASPECTS
scores in the M2 occlusions.

In summary, in patients with M1 or proximal M2 occlusions, the LAMS score is
positively correlated with a CBF < 30% and HI. In patients with M2 occlusions, the LAMS
score is further positively correlated with a Tmax > 6 s, and in patients with M1 occlusions,
the LAMS is further negatively correlated with the ASPECTS score. In patients with
intracranial ICA occlusions, no significant correlation between the LAMS score and the
perfusion imaging parameters were demonstrated.
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Table 5. Correlation between LAMS score with imaging parameters for proximal M2 occlusion.

Proximal M2
(n = 23) Descriptive (n) p Value Correlation Coefficient

CBF < 30% (mL) 17.7 ± 26.8 (21) 0.01 * 0.53

Tmax > 6 s (mL) 67.6 ± 43.9 (21) 0.69 0.09

Mismatch Volume (mL) 49.9 ± 45.1 (21) 0.21 −0.29

Mismatch ratio 3.72 ± 2.92 (11) 0.57 −0.20

Hypoperfusion Index 0.37 ± 0.25 (21) 0.03 * 0.48

ASPECTS 8.05 ± 1.88 (22) 0.53 −0.14

CBV Index (rCBV in Tmax > 6 s) 0.68 ± 0.23 (17) 0.01 * −0.69

LAMS score 3.77 ± 1.77 (22) 0 1
* Significant (0.050).

4. Discussion

We demonstrate that the LAMS score showed weak to moderate significant positive
correlations with an rCBF < 30, a Tmax > 6 s, and HI in all patients with LVOs, though when
affected vessels were analyzed separately, there were no correlations in patients with ICA
occlusions. The results indicate that a rapid pre-hospital stroke scale may help determine
which patients within the anterior circulation LVO subset also have a larger ischemic core
and poor CS, an important biological correlation. After stratifying by the LVO segment
(intracranial ICA, M1, and proximal M2), the results show that these relationships are most
pronounced in MCA occlusions. There is no significant correlation between the LAMS
score and the CTP imaging parameters in distal intracranial ICA occlusions, however, the
sample size of patients with intracranial ICA occlusions was small. Future research should
include a larger sample of patients with intracranial ICA occlusions to assess for a possible
relationship. The positive correlation between the LAMS and HI index and the negative
correlation of the CBV index specifically support the potential relationship between the
LAMS and CS.

Poor CS has been shown to be associated with a larger core infarct size on
admission [21] and larger 24-h infarct volumes [22]. Further, poor CS is associated with a
higher ischemic core growth rate, meaning that patients with poor CS have less time to save
salvageable tissue [23]. Previous research has shown that patients with poor CS are more
likely to have high admission NIHSS scores [13]. Our results are in line with the correlation
between the admission NIHSS and the admission LAMS score [8]. The LAMS, however,
can be completed more rapidly than the NIHSS by emergency personnel. Therefore, being
able to use the LAMS score to potentially predict CS is important for the rapid triaging
of patients to stroke centers where treatment can be offered. This may help to prioritize
transport to a comprehensive stroke center rather than the nearest hospital due to the faster
ischemic core growth rate in patients with poor CS [23].

The moderate to strong correlations between the LAMS and a CBF < 30% indicate that
the LAMS may also predict an ischemic core. In addition, the admission NIHSS has been
associated with an ischemic core volume, with a lower NIHSS correlating with a smaller
ischemic core [24]. Our results are in line with the correlation between the admission
NIHSS and the admission LAMS score [8]. Interestingly, there was no correlation between
the LAMS and ASPECTS. Prior research has shown that a CT ASPECTS score does not
predict functional outcomes, while the CTP ASPECTS using a threshold of CBF < 30%
for the core is predictive of functional outcomes [25]. A simple stroke scale, which may
predict a CBF < 30% and collateral status, may therefore provide more information than
an ASPECTS score as to which patients will benefit from thrombectomy. This is further
supported by research showing that patients, even with a low CT ASPECTS, benefit from
thrombectomy [26,27].
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There are several limitations to this preliminary study. First, the LAMS scores, when
unavailable from EMS personnel, were obtained retrospectively based on admission exams.
These exams were usually performed by the consulting neurologist as opposed to EMS
personnel. However, the entry LAMS score has been shown to have good convergent valid-
ity with the admission NIHSS and admission physical exam when retroactively scored [8].
Patients with a LAMS score of 4–5 were older than patients with a LAMS score of 0–3, and
studies have shown that age correlates with poor CS [28]. Therefore we may expect older
patients to have a higher LAMS based on our results. A further limitation of this study was
the small sample size and the restriction of the sample of stroke patients with LVO. This
study is predicated on the accuracy of the LAMS predicting LVOs, but we cannot know
with certainty at the time of the LAMS if the patient in fact has an LVO. Future studies
should compare the accuracy of the LAMS in predicting LVOs and CS in all suspected
stroke patients. Nevertheless, our study shows a good correlation with surrogates for CS
in this population and, therefore, may suggest that the LAMS has a biological correlation
with CS, especially in MCA occlusions. The data more robustly supports the practice of
using the LAMS to detect LVO in the field, which is especially important when considering
triage to a comprehensive stroke center [29]. This information would be further useful
in patients presenting within 6 h of treatment onset, as it may be reasonable to bypass
advanced imaging and go directly to the angiography suite in patients with a higher LAMS,
given the risk of poor CS and early ischemia. This approach has been shown to decrease
transfer times [30,31] and higher rates of clinical improvement at 24 h [31]. Finally, given
the relationship between poor CS with worse outcomes in patients with LVOs [14,32–35],
future research should explore the utility of the LAMS in predicting recanalization and
overall clinical outcomes with a larger prospective study.

In summary, this is the first study exploring the relationship between a rapid pre-
hospital stroke scale and cerebral perfusion parameters. The results show that the LAMS
may be correlated with CS and the ischemic core in patients with LVO. More research
needs to be performed to validate these results. Nevertheless, these results suggest that
a simple pre-hospital scale such as the LAMS may have value beyond LVO detection by
providing information on the ischemic core and CS at the time of presentation. Poor CS
specifically is associated with higher rates of infarct growth [23], and patients with poor
CS should be transported to a comprehensive stroke center quickly to improve functional
outcomes by decreasing the time to reperfusion [5]. The ability of a rapid scale, such as the
LAMS to predict CS, is therefore extremely useful in selecting patients in which primary
stroke centers should be bypassed. Future studies should build on these results to assess
the utility of the LAMS in triaging stroke patients in the field for the timely transfer to a
comprehensive stroke center for appropriate intervention.
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