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Abstract

Background and Purpose: Perfusion imaging can risk stratify patients with symptomatic 

intracranial stenosis. We aim to determine the association between perfusion delay and length of 

hospital stay (LOS) in symptomatic middle cerebral artery (MCA) stenosis patients.

Methods: This is a retrospective study of consecutive patients admitted to a comprehensive 

stroke center over 5 years with ischemic stroke or TIA within 7 days of symptom onset due to 

MCA stenosis (50–99%) and underwent perfusion imaging. Patients were divided into three 

groups: mismatch volume ≥ 15 cc based on T max > 6 sec delay, T max 4–6 sec delay, and < 4 sec 

delay. The outcome was LOS, both as a continuous variable and categorical (≥ 7 days (prolonged 

LOS) vs. <7 days). We used adjusted regression analyses to determine the association between 

perfusion categories and LOS.

Results: 178 of 194 patients met the inclusion criteria. After adjusting for age and NIHSS, T 

max > 6 sec mismatch was associated with prolonged LOS (OR 2.94 95% CI 1.06 – 8.18; p = 

0.039), but T max 4–6 sec was not (OR 1.45 95% CI 0.46 – 4.58, p = 0.528). We found similar 

associations when LOS was a continuous variable for T max > 6 sec (β coefficient=2.01, 95% CI 

0.05–3.97, p=0.044) and T max 4–6 sec (β coefficient=1.24, 95% CI −0.85–3.34, p=0.244).

Conclusion: In patients with symptomatic MCA stenosis, T max > 6 sec perfusion delay is 

associated with prolonged LOS. Prospective studies are needed to validate our findings.
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Introduction

Length of hospital stay (LOS) in patients with ischemic stroke is a surrogate marker of 

increased morbidity and is influenced by several factors including stroke severity, medical 

comorbidities and complications,1,2 as well as in-hospital stroke recurrence.3 In addition, 

LOS increases the risk of hospital complications4 as well as health care cost.5 Therefore, it 

is of paramount importance to reduce LOS.

Intracranial atherosclerotic disease is the most common cause of stroke worldwide.6 It 

accounts for nearly 10% of ischemic strokes in the United States7 and up to 50% of ischemic 

strokes in China8 and carries a high risk of recurrence.9–12 Recent data suggests that 

perfusion imaging may also help predict recurrent ischemic stroke risk in patients with 

ischemic stroke due to large artery stenosis13 but the optimal prognostic threshold of the 

penumbra as a predictor of recurrent stroke remains to be established.

We aim to determine the association between delay on baseline T max (< 4 sec, 4–6 sec, and 

> 6 sec) perfusion weighted imaging in the territory of the middle cerebral artery (MCA) and 

LOS in patients with recently symptomatic MCA stenosis.

Methods

Patient population

This is a retrospective study of consecutive patients admitted to a comprehensive stroke 

center over a 5-year period with: (1) acute ischemic stroke or TIA within 7 days of symptom 

onset, (2) related to middle cerebral artery stenosis (50–99%), and (3) underwent perfusion 

imaging (CT or MR perfusion) processed with RAPID software on admission. To limit the 

effect of infarct size on LOS in our patient population, we excluded patients with core 

infarct ≥ 30 cc.

Predictors

Perfusion imaging was reviewed and processed using the RAPID software. Core infarct on 

MR perfusion was defined as apparent diffusion coefficient ≤ 620 and on CT perfusion as 

CBF < 30%.14, 15 Core infarct and T max based mismatch volumes were determined similar 

to prior studies16, 17, patients were then divided into three groups: perfusion delay volume ≥ 

15 cc based on T max > 6 sec delay, perfusion delay volume ≥ 15 cc based on T max 4–6 sec 

delay, and no perfusion delay or volume ≥ 15 cc based on T max < 4 sec. Patients meeting 

criteria for both T max > 6 sec and T max 4–6 sec were considered as T max > 6 sec.

Outcome

The primary outcome in the study was hospital length of stay in days. We also divided the 

outcome into two groups: prolonged length of stay (≥ 7 days) and non-prolonged length of 

stay (< 7 days), similar to a prior study.2

Covariates

Covariates collected in this study were: age, sex, admission NIHSS score, and core infarct.
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Statistical analysis

We used univariable and adjusted linear and binary logistic regression analyses to determine 

the association between perfusion mismatch and LOS both as a continuous variable and 

categorical (≥ 7 days (prolonged LOS) vs. <7 days). We also built receiver operating curves 

to determine the optimal volume threshold associated with prolonged LOS in each of T max 

categories (T max > 6 sec and T max 4–6 sec).

Results

Main results

Out of 194 patients, 178 met the inclusion criteria. Reasons for exclusion were 15 patients 

had core infarct volume ≥ 30 cc and the LOS was not recorded on 1 patient. The mean age 

was 70.1 ± 15.4 years, 52.8% (94/178) were women, the median (IQR) NIHSS was 4 (1–9); 

83.2% underwent MR perfusion; 69 patients (38.8%) had a mismatch volume ≥ 15 cc based 

on T max > 6 sec and 55 patients 30.7% had a mismatch volume ≥ 15 cc based on T max 4–

6 sec. The median (IQR) LOS was 4 days (2–8) and 57 patients (32.0%) had prolonged 

length of stay.

Univariates analysis

Baseline demographics, NIHSS score, and core infarct differences between the three groups 

are shown in the Table. In univariate analyses, when compared to group 3, patients in group 

1 were more likely to have prolonged length of stay [42.0% (29/69) vs. 22.2% (12/54), p = 

0.022]. In addition, the median (IQR) LOS in days was longer in group 3 vs. group 1 [5 (2–

11) vs. 3 (2–6), p = 0.005]. Furthermore, when compared to group 3, patients in group 2 had 

a similar rate of prolonged LOS [29.1% (16/55) vs. 22.2% (12/54), p = 0.512]. Furthermore, 

the median (IQR) LOS in days was non-significantly higher in group 2 vs. group 1 (4 (2–7) 

vs. 3 (2–6), p = 0.06).

Multivariable models

After adjusting for age and NIHSS, the T max > 6 sec mismatch definition was associated 

with prolonged LOS (OR 2.94 95% CI 1.06 – 8.18; p = 0.039) but T max 4–6 sec definition 

was not (OR 1.45 95% CI 0.46 – 4.58, p = 0.528). When core infarct volume was added to 

regression model, the results were unchanged for T max > 6 sec (OR 2.48 95% CI 1.08 – 

5.65, p = 0.031) and T max 4–6 sec (OR 1.36 95% CI 0.54 – 3.44, p = 0.516).

We found similar associations when LOS was considered as a continuous variable for T max 

> 6 sec (β coefficient=2.01, 95% CI 0.05–3.97, p=0.044) and T max 4–6 sec (β 
coefficient=1.24, 95% CI −0.85–3.34, p=0.244).

Receiver operator curves

In receiver operating curves, the T max > 6 sec mismatch definition performed slightly 

better (AUC 0.62, 95% CI 0.53 – 0.71, p =0.010) than the T max 4–6 sec definition (AUC 

0.61, 95% CI 0.53 – 0.70, p = 0.016) in predicting prolonged LOS and the optimal perfusion 

delay volume for T max > 6 sec was 10 cc (sensitivity 0.61 and specificity 0.63) whereas for 

T max 4–6 sec it was 39 cc (sensitivity 0.61 specificity 0.56). (Figure)
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Discussion

Our study showed that perfusion delay in patients with symptomatic middle cerebral artery 

stenosis is associated with hospital length of stay. This association was more pronounced in 

patients meeting our pre-defined criteria for mismatch based on T max > 6 sec as opposed to 

T max 4–6 seconds. It is noteworthy, however, that there appears to be a graded relationship 

between T max threshold and increased length stay, particularly that 10 cc or more of 

perfusion delay volume with T max > 6 sec delay appears to be an optimal threshold that 

predicts prolonged LOS whereas nearly 40 cc or more of perfusion delay volume with T 

max 4–6 sec delay appears to be an optimal threshold that predicts prolonged LOS.

There are several reasons to explain the association between perfusion delay and increased 

LOS in hospitalized patients with ischemic stroke in the setting of middle cerebral artery 

stenosis. It is possible that patients with worse perfusion delay had more severe strokes, but 

the association remained significant even after adjusting for NIHSS score and core infarct 

volume. It is also possible that patients with worse perfusion delay were more likely to have 

in-hospital deterioration, which may have prolonged their hospital LOS. On the other hand, 

it may have been that providers were more likely to keep the patients with more severe 

perfusion deficits in the hospital longer for close monitoring.

Perfusion based imaging has been used to aid with acute stroke treatment decisions in 

patients with emergent proximal large vessel intracranial occlusion,18–20 and studies have 

shown the benefit of mechanical thrombectomy in patients with large vessel occlusions 

selected using perfusion based imaging selection from 6 to 24 hours from symptom onset.
21,22 It is likely that perfusion imaging can help risk stratify patients with intracranial 

stenosis, as well.

In general, intracranial atherosclerosis can cause ischemic stroke either by distal 

embolization, perforator disease, or by impaired blood flow/perfusion across a highly 

stenosed artery.6, 23 Rupture of the atherosclerotic plaque leads to thrombus formation. 

Smaller thrombi can therefore break loose and embolize distally causing distal infarcts 

related. In addition, the unstable plaque can extend to occlude perforating branches leading 

to deep perforator infarcts. Furthermore, plaque rupture can cause luminal narrowing 

impeding blood flow and thus causing infarcts related to reduced distal perfusion.6,23,24

Although medical treatment with antithrombotic and anti-lipidemic agents can help stabilize 

atherosclerotic plaques and intracranial arterial thrombogenesis and reduce the risk of 

embolization, it is unlikely to improve blood flow or perfusion in the affected territory and 

thus may not be effective in preventing recurrent stroke in patients with impaired distal 

blood flow or perfusion. In addition, hemodynamic augmentation has no consistently shown 

benefit.25 Therefore, patients with ICAS causing impaired distal blood flow or perfusion 

may benefit from revascularization beyond aggressive medical management alone.24

Our study confirms findings from another study26 suggesting that patients with 15 cc or 

more of T max > 6 sec mismatch may be a higher risk group but large prospective studies 

are needed to validate these findings in an attempt to study the safety and efficacy of 

reperfusion in patients with symptomatic intracranial stenosis and impaired distal perfusion.
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Our study has several major limitations. These include its single center, observational nature, 

and selection bias on who received perfusion imaging. In addition, we did not have data on 

in-hospital medical complications such as infection or recurrent stroke as well as ischemic 

lesion location and topography, which are major shortcomings, limiting our ability to draw 

strong conclusions. Finally, data on comorbidities and treatments was not available in our 

study and therefore imbalanced comorbidities and treatments between the perfusion delay 

groups could have contributed to prolonged length of stay in patients with perfusion delay. 

Our study is hypothesis generating and associations found in our study do not suggest 

causality. Prospective studies with data on treatments and comorbidities are needed to 

uncover specific reasons for increased length of stay in patients with intracranial stenosis 

and perfusion delay.

On the other hand, our study has several strengths including its large sample size of 

intracranial atherosclerosis patients with perfusion imaging obtained and standardization of 

imaging software used for imaging analysis.

Therefore, our study suggests that in patients with recently symptomatic MCA stenosis, the 

T max > 6 sec definition for mismatch, but not T max 4–6 sec, is associated with prolonged 

LOS. Given our study limitations, prospective studies are needed to validate our findings and 

define the optimal mismatch threshold in patients with symptomatic MCA stenosis.
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Figure. 
Figure 1 A legend. Receiver operative curves (ROC) showing the predictive ability of infarct 

volume and prolonged length of stay (≥ 7 days) based on a T maximum delay > 6 sec 

definition of perfusion delay (left side) with Area Under Curve (AUC) 0.62 (95% 

Confidence Interval 0.53 – 0.71, p = 0.010)

Figure 1 B legend. Receiver operative curves (ROC) showing the predictive ability of infarct 

volume and prolonged length of stay (≥ 7 days) legend based on T max delay 4–6 definition 

of perfusion delay (right side) with AUC 0.61 (95% Confidence Interval 0.53 – 0.70, p = 

0.016).
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Table

Baseline and imaging characteristics and length of stay based perfusion delay definition

T max < 4 sec or no delay
(n = 54)

T max 4–6 sec
(n = 55)

T max > 6 sec
(n = 69)

Age in years 72.0 ± 14.7 73.6 ± 15.5 69.5 ± 16.1

Sex (% men) 35.2% (19) 41.8% (23) 60.9% (42)

NIHSS score (median IQR) 2 (1 – 7) 5 (1 – 10) 6 (2 – 11)

Core infarct in cc 1.7 ± 4.9 2.3 ± 6.0 3.9 ± 7.6

Length of stay in days (median IQR) 3 (2 – 6) 4 (2 – 7) 5 (2 – 11)

Prolonged Length of stay (≥ 7 days) 22.2% (12) 29.1% (6) 42.0% (29)

Data represents mean ± standard deviation unless otherwise indicated; NIHSS: National Institute of Health Stroke Scale; IQR: Interquartile range; 
Max: Maximum; n: Number of subjects
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