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Abstract

OBJECTIVE: The objective of this study was to determine the proportion of stroke patients presenting
in an extended time window who have a thrombolytic treatment target.

BACKGROUND: Patients presenting up to 24 h after stroke onset have been found to have penumbral
tissue on multimodal imaging. Stroke patients presenting in this extended time window without a
large vessel occlusion (LVO) may benefit from reperfusion therapy using thrombolysis.

METHODS: Patients seen at our institutions from 2011 through 2015 were reviewed to identify those
who presented >4 h and <24 h from last seen normal (LSN) and did not receive acute treatment.
Magnetic resonance imaging (MRI) scans were used to dichotomize patients using a diffusion—
perfusion mismatch ratio of 1.2.

RESULTS: During the study period, 3469 patients were evaluated by our stroke service, with 893
seen 4-24 h from LSN who were not treated. MRI was performed with diffusion and perfusion imaging
in 439 patients, of whom 26 were excluded due to hemorrhage and 37 were excluded due to LVO.
This left 376 patients who potentially could have been treated with thrombolysis in an extended time
window and were included in the analysis. Of these, 156 (42%) demonstrated a mismatch ratio >1.2.
Patients with a mismatch presented earlier (P = 0.012), were more likely to be female (P = 0.03),
and had higher National Institutes of Health Stroke Scale (P < 0.001).

CONCLUSIONS: Almost half of the patients presenting 4—24 h from LSN had a target for thrombolysis
in our study. Multimodal imaging may be able to expand the population of treatable stroke patients
given the results of recent clinical trials.
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Introduction

atients who present with acute stroke

within 4.5 h from symptom onset are
eligible for treatment with intravenous
tissue plasminogen activator (IV-tPA) under
current guidelines.'! Patients presenting
beyond 4.5 h may have endovascular
treatment options if they have a large
vessel occlusion (LVO),** but for patients
presenting beyond 4.5 h without an LVO,
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there are currently no approved acute
treatment options. Less than 10% of stroke
patients are treated with IV-tPA,® and
arrival outside the eligible time window
is the most common reason patients are
excluded from thrombolysis.?

Although the benefit of thrombolysis is
known to be time dependent in the absence of
multimodal imaging,'’ more recent studies
have found that a subset of acute stroke
patients benefit from revascularization
independent of time.”? Although this was
initially demonstrated in patients with
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LVO, recent studies using multimodal imaging to guide
thrombolysis have also found potential benefit.*'% These
studies have relied on penumbral imaging to identify the
population who may benefit.

The ischemic penumbra™ can be approximated
with magnetic resonance imaging (MRI)
using diffusion-weighted imaging (DWI) and
perfusion-weighted imaging (PWI).'"! The diffusion-
perfusion mismatch (DPMM) is a form of penumbral
imaging that can identify tissue that can be salvaged
with late window thrombolysis.['¥ The purpose of this
study was to determine how common it is for patients
presenting outside the current treatment window to have
a target for thrombolytic treatment and what factors may
influence this profile.

Methods

Patient population

This research was conducted as a retrospective analysis
of de-identified registry data, for which we obtained a
determination of Not Human Subjects Research from
the NIH Office of Human Subjects Research Protections.

Data from patients presenting to our stroke service at
either of two hospitals (Suburban Hospital, Bethesda, MD
or Medstar Washington Hospital Center, Washington,
DC) during the 5-year period from January of 2011
through December of 2015 were reviewed for inclusion.
Patients who presented between 4 and 24 h from last
seen normal (LSN) were included if they did not receive
an acute treatment but did have an evaluable MRI with
DWI and PWI during that time window. The lower
bound of 4 h was used instead of 4.5 h so as to include
untreated patients who may not have been treated
due to the window closing within 30 min of arrival. In
addition to reporting time from LSN to MRI and the
time from symptom discovery to MRI, we also report
the time from the midpoint between LSN and symptom
discovery to the time of the MRI, which has been used
as an estimate for patients with an unknown onset in
previous studies.®?!

Image analysis

All MRIs were performed on a 1.5T GE Signa
scanner (General Electric Medical Systems, Milwaukee,
WI), a 3T Philips Achieva scanner (Philips Healthcare,
Best, The Netherlands), or a 3T Siemens Skyra
scanner (Siemens AG, Munich, Germany). Imaging
protocols varied between scanners and over this time
period. However, all patients had trace-weighted
DWI and dynamic susceptibility contrast PWI using
gadolinium. Images were reviewed for DPMM both
qualitatively and quantitatively. Qualitatively, the DWI
trace image and the apparent diffusion coefficient (ADC)
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map were compared with the time-to-peak (TTP) and /or
the mean transit time images generated by the scanner.
The presence of a PWI lesion that was visually larger
than the DWI lesion was qualitatively considered to
represent a mismatch.

Quantitative assessment of the mismatch was performed
using the source images of the DWI and PWI sequences,
which were processed on a computer workstation using
Matlab software (Mathworks, Natick, MA). PWI lesions
were identified using a threshold of 4-s relative delay on
TTP maps compared to the contralateral hemisphere.
Relative delay in TTP has been found to be equivalent
to other methods of identifying ischemia but does not
require deconvolution of an arterial input function (AIF)
making it less susceptible to errors introduced by AIF
selection.l"*!5) PWI lesions were superimposed on the
ADC maps after co-registration of the source images.
The mismatch ratio was defined as the total volume of
the PWIlesion divided by the volume of the PWI deficit
which, when superimposed on the DWI, had an ADC
value <620 um/s.” The mismatch calculation process is
depicted in Figure 1. Patients were dichotomized into
two groups: those with both a visual mismatch and a
quantitative mismatch ratio >1.2 and those without (no
mismatch). Although clinical trials of endovascular
treatment have used a mismatch ratio of >1.8, they
have also used a >1.2 threshold."! Clinical trials using
penumbral imaging to guide thrombolytic therapy have
used a cutoff of >1.2,5% which is why that cutoff was
chosen for this study. In the case where there was a visual
mismatch, but it did not meet the quantitative definition,
the case was classified as no mismatch.
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Figure 1: A schematic of how the diffusion-perfusion mismatch was calculated is
shown. Perfusion-weighted imaging lesion masks (blue region) were created by
applying a threshold of 4 s beyond normal tissue on the time-to-peak maps. The
perfusion-weighted imaging lesion mask was transformed using the co-registration
matrix and superimposed on the diffusion-weighted imaging. The core infarct (red
region) was identified on the apparent diffusion coefficient maps of the
diffusion-weighted imaging by applying a threshold of 620 um/s. The volume of the
perfusion-weighted imaging lesion (blue) divided by the volume of core infarct (red)
determined the mismatch ratio
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Statistical analysis

To assess whether the subgroup of patients who were
included in the study due to having had an MRI with
DWI/PWI was representative of the overall untreated
population who presented at 4-24 h from LSN, a
comparison was carried out for gender, age, and
National Institutes of Health Stroke Scale (NIHSS) using
Fisher’s exact test or the Mann—Whitney U-test. Tests
were conducted using GraphPad Prism version 8 for
Mac (GraphPad Software, La Jolla, CA) using two-tailed
tests with significance set at P < 0.05 and results described
as medians with interquartile ranges.

Patients with DWI/PWI imaging were dichotomized
into two groups, mismatch versus no mismatch, which
were compared based on clinical and demographic data
using logistic regression in the STATA 13 (StataCorp
LLC, College Station, TX) software package. P < 0.05
was considered statistically significant, and any variable
with P < 0.10 was included in a multivariate analysis.

Results

During the study period, 3,469 patients were evaluated
by our stroke service. Two thousand eight hundred
and four had a documented LSN at the time of initial
evaluation; 893 of these were in the 4-24-h window and
did not receive an acute treatment. From this group,
612 had an MRI scan in the time window, with 439
having diffusion and perfusion imaging that allowed
for assessment of a mismatch. Twenty-six patients were
excluded for some degree of hemorrhagic transformation
and 37 were excluded due to having a LVO that could
have been treated with endovascular therapy. This left
376 patients who potentially could have been treated
with thrombolysis in an extended time window and were
included in the final analysis [Figure 2].

A comparison of the included population that had
the necessary imaging (n = 376) with the larger
population (1 = 893) that presented in the 4-24-h window
did not identify any significant differences in gender.
However, the included population was significantly
younger (median of 71 versus 75), with a lower median
NIHSS (3 versus 4), as demonstrated in Table 1. Since the
imaging of patients in this study was not performed for
acute treatment purposes, it is possible that patients who
were younger with less severe deficits received earlier
imaging for logistical reasons (such as coordination of
care) and thus were more likely to meet the inclusion
criteria.

The study population characteristics are detailed in
Table 2. The median age of the population was 71 years,
and 49% were women. The median NIHSS was 3. The
mean PWI lesion volume was 12 ml, mean DWI volume
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Figure 2: A flow chart shows how patients were included in, or excluded from, the
analysis. ICH: Intracranial hemorrhage

Patients with
MMratio>1.2: 156

was 8 mL, and median mismatch ratio was 6.16. The
mean time from LSN to MRI was 704 min, mean time
from symptom discovery to MRI was 445 min, and mean
time from midpoint between LSN and discovery to MRI
was 565 min.

Of the 376 patients reviewed with penumbral imaging,
156 (42%) demonstrated a mismatch ratio >1.2 [Figure 3].
In the univariate analysis, the only time metric
significantly associated with the presence of a mismatch
was time from symptom discovery to MRI (P = 0.012).
Patients with a mismatch presented an average of 1%
h earlier; the chance of having a mismatch dropped by
5% for every hour that passed (odds ratio [OR]: 0.95;
confidence interval [CI]: 0.92:0.99). The relationship
between time and mismatch ratio is shown in Figure 4.
There was a strong association between NIHSS and
the presence of a mismatch (P < 0.001). For every point
increase in NIHSS, the chance of having a mismatch
increased by 8% (CI: 1.08; OR: 1.05:1.13). We also found
that women were significantly more likely to have a
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Table 1: Comparison of study population to overall population

Characteristic Study population (n=376) Overall population (n=893) P
Male:female (%) 50.8:49.2 50.6:49.4 >0.99*
Age (years), median (IQR) 71 (59-83) 75 (61.5-85) 0.01**
NIHSS score, median (IQR) 3 (0-6.25) 4 (1-11) <0.0001***

*Fisher’s exact test, two-tailed, **Mann-Whitney test, two-tailed, ***Mann-Whitney U-test, two-tailed. Study population n=370, overall population n=875 due to
missing NIHSS values. IQR: Interquartile range, NIHSS: National Institutes of Health Stroke Scale

Table 2: Characteristics for the study population comparing those with and without a mismatch ratio greater than 1.2

All patients Mismatch ratio Mismatch ratio Univariate Multivariate Multivariate analysis -
(n=376) >1.2 (n=156) <1.2 (n=220) analysis (P) analysis (P) excluding NIHSS (P)
Age, median (IQR) 71 (26-103) 72 (26-103) 70 (26-98) 0.252
Sex, % Female™* 48.93% 55.79% 44.09% 0.030 0.068 0.042
NIHSS, median (IQR) 3(0-35) 5(0-32) 2 (0-35) <0.001 <0.001
PWI lesion volume (mL),  11.98 (0-211.29) 26.31(0.02-211.29)  1.65 (0-107.51)
mean (SD)
DWI lesion volume (mL),  7.93 (0-119.77) 5.96 (0-91.89) 38.77 (0.22-119.77)
mean (SD)
Mismatch ratio, median 6.16 (0.73-296) 6.5 (1.21-296) 0.99 (0.73-1.15)
(IQR)
Chronic microbleeds 10.12% 11% 9% 0.15
Fazekas score, median 1 2 1 0.68
Time windows
Last normal to MRI (min)  703.82 (88-1797) 692.51 708.78 0.675
Symptom discovery to 444.467 (0-1797) 391.92 479.193 0.012 0.356 0.020
MRI
Estimated onset to MRI 564.49 (0-1797)  526.60 (0-1797) 590.02 (88-1570) 0.095 0.610 0.155

**2 Patients were excluded due to sex not being specified, both had a mm-ratio >1.2. IQR: Interquartile rage, NIHSS: National Institutes of Health Stroke Scale,
PWI: Perfusion-weighted imaging, DWI: Diffusion-weighted imaging, MRI: Magnetic resonance imaging

Figure 3: Examples of diffusion—perfusion mismatches for three patients are shown. Panel A shows a patient who was imaged 305 min (5 h) from last seen normal and was
found to have a mismatch ratio of 3.73. Panel B shows a patient who was imaged 343 min (5.7 h) from last seen normal and was found to have a mismatch ratio of 16.6.
Panel C shows a patient who was imaged 271 min (4.52 h) from last seen normal and was found to have a mismatch ratio of 2.80. All three patients presented outside of the
4.5-h time window but had a target that potentially could have benefited from thrombolysis

mismatch than men (55% vs. 45%, P = 0.03). Figure 5
shows the difference in mismatch ratio between men
and women in a boxplot.

In the multivariate analysis, the strong correlation
between NIHSS and mismatch was the only association
that remained significant. However, when NIHSS
was left out of the multivariate analysis, both
female gender (P = 0.042) and time from symptom
discovery (P = 0.020) were independently associated
with the presence of a mismatch [Table 2].
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Discussion

In this study, we found that almost half of the patients
presenting in the 4-24-h time window had a diffusion—
perfusion mismatch on both visual and quantitative
assessment. A recent study found that thrombolysis
in a similar population is safe and effective up to 9 h
after onset.”’ This was further supported by a recent
meta-analysis of patients selected for thrombolysis
based on penumbral imaging.!'”l Our results indicate that
there may be a substantial number of patients who are

Brain Circulation - Volume 6, Issue 3, July-September 2020
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Figure 4: A scatter plot shows the relationship between the time from when the
patient was found with symptoms to the time of magnetic resonance imaging (in
minutes) and the mismatch ratio. Blue dots have a mismatch ratio >1.2 and red
dots are <1.2. Of note, two patients were excluded from the graph due to having
very high mismatch ratios (>80) in order to prevent the graph from having too large
a scale on the y-axis

currently not treated due to late arrival at the hospital
but yet may benefit from treatment based on the presence
of a thrombolytic target. These findings add to the
growing recognition that acute stroke treatment should
be individualized to patients using multimodal imaging.

The DEFUSE 3 study was the first clinical trial to
demonstrate that penumbral imaging could select
patients who would benefit from revascularization in
a delayed time window." In fact, that study found an
unexpected phenomenon, in which patients treated in
later time windows did better than those treated early,
referred to as the “late window paradox.””! Presumably,
this occurs due to the presence of robust collateralization
of cerebral vessels in some individuals that preserves
the penumbra into the late window and also confers
better outcome with reperfusion. Although DEFUSE
3 was restricted to patients with LVO who could
receive mechanical thrombectomy, earlier studies have
suggested that thrombolytic targets could also benefit
from an extended time window for treatment.?!

The MR WITNESS"” and WAKE-UP!"! studies found
that patients presenting with FLAIR-negative stroke
could safely and effectively be treated when their time
window was unknown. However, the presumption in
those studies was that patients with FLAIR-negative
stroke are actually in an early time window based on the
lack of vasogenic edema, which manifests as T2 signal
change on a FLAIR sequence. In those trials, there was
no requirement for a thrombolytic target and the word
“mismatch” was applied to the difference between
cytotoxic edema on DWI and vasogenic edema on
FLAIR. Although those trials were aimed at a different
population, they are similar to other recent positive
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Figure 5: A boxplot shows the difference in mismatch ratios between men and
women. Of note, two patients were excluded from the graph due to having very
high mismatch ratios (>80, both women) in order to prevent the graph from having
too large a scale on the y-axis

clinical trials in that they use multimodal imaging to
personalize patient care and expand the population of
patients who can be treated.

Our study did identify a time dependence on the presence
of a mismatch, which is in line with many previous reports
that have demonstrated at the population level that there is
a gradual loss of benefit with time.l However, this study
also draws attention to how the “tissue clock” varies across
the population [Figure 4]. Patients in this study with a
mismatch had higher NIHSS scores and larger perfusion
deficits. This might, in part, be due to some degree of
spontaneous recanalization in the patients without a
mismatch leading to small perfusion deficits and lower
NIHSS scores. We also found that women were more
likely to have a mismatch than men. Previous studies have
also identified this difference."” One study found that
penumbra progresses to core faster in men than women
but only in a younger cohort.”! We did not identify any
age dependence on the presence of mismatch, but a closer
look at the cohort of patients with a mismatch finds the
women to have a median age of 78 while the men had a
median age of 66. For the cohort without a mismatch, the
median age for women was 74 while the median age for
men was 69. It has been suggested that estrogen may play
arole in protecting the cerebral blood vessels allowing for
a more stable penumbra and thus explaining the gender
difference, particularly in younger women.!"”!

If the 9-h cutoff used for the EXTEND 1V trial is applied
to our dataset, the number of eligible patients does
drop considerably. Of the 376 patients in the study, 148
presented within 9 h from LSN and 56 (38%) of these
had a mismatch. Using time of symptom discovery
with a 9-h cutoff increases the eligibility to 224 patients,
of which 108 (48%) had a mismatch. However, the use
of a 9-h cutoff may be arbitrary. There may be a late
window paradox for thrombolytic targets similar to that
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found for endovascular targets.” Based on the results of
our study, increasing the time window from LSN to 24
h (instead of 9 h) adds an additional 100 patients with a
mismatch, nearly tripling the number of patients. Thus,
if the EXTEND IV trial had used a time window out to 24
h from LSN, it could have greatly increased the number
of patients eligible. However, it is not known if patients
presenting in the 9-12-h window would have had the
same clinical response to therapy as was seen in the
EXTEND 1V trial. Further studies are needed.

There are several limitations to our study. Although we
use MRI as the first-line triage imaging modality for all of
our stroke patients, it is possible that excluding patients
who did not have an MRI introduces a bias which affects
the generalizability of our findings. Of note, we found
that the patients excluded due to lack of imaging were
older with higher NIHSS. Because the use of automated
software such as RAPID was not part of the management
for our population, we do not know if our findings would
be different using a third-party software. However, we did
employ both visual and quantitative analyses with in-house
software, and thus, such differences would likely be minor.
This was a retrospective analysis of a dataset collected
5 years ago, and there have been substantive advances in
the field of stroke since that time, including routine use of
automated software to screen patients. This could change
the distribution of patients who go untreated introducing
abias to our dataset. There also may be additional reasons
patients are ineligible for treatment besides delay in arrival
to the hospital that are not captured in our analysis, such
as anticoagulant use or other contradictions.

Conclusions

This review of acute stroke patients presenting outside an
approved treatment window who did not receive acute
treatment found that almost half (42%) had a target for
thrombolysis. In light of recent studies, these findings
have implications with regard to patient screening
and treatment, adding to the growing recognition that
multimodal imaging can expand our treatment options
by personalizing patient management.
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