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Too risky, too large, too late, or
too mild—Reasons for not
treating ischemic stroke patients
and the related outcomes
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Rolf Ankerlund Blauenfeldt'?, Grethe Andersen'?,
Lasse Ole Speiser® and Claus Ziegler Simonsen®?

!Department of Neurology, Aarhus University Hospital, Aarhus, Denmark, 2Department of Clinical
Medicine, Aarhus University, Aarhus, Denmark, *Department of Neuroradiology, Aarhus University
Hospital, Aarhus, Denmark

Background: Despite effective treatments, many patients are still not offered
reperfusion therapy for acute ischemic stroke.

Methods: We present a single-center observational study on acute ischemic
stroke patients, who presented as candidates for reperfusion therapy but
were deemed ineligible after work-up. Reasons for non-treatment were
obtained by studying patient files and subsequently grouped into “too
risky” (e.g., anticoagulant use, comorbidities), “too large” (large infarct),
“too late” (late presentation of stroke and wake-up strokes), or “too mild”
(clinically mild/remitting symptoms). Modified Rankin scale (mRS) score was
prospectively collected in all patients by a structured telephone interview. All
non-treated patients with a National Institute of Health Stroke Scale (NIHSS)
score of 0—5 were compared with a similar cohort that was treated.

Results: Of 529 patients with acute ischemic stroke arriving as reperfusion
therapy candidates, 198 (37.4%) were not treated. The majority (42%) were not
treated due to admission outside the treatment window (too late) and 24%
had absolute contraindications (too risky). Only 8% was excluded because their
infarct was too large [median Alberta Stroke Program Early CT score 3 (2—-4)].
In the "too mild” group (14%) the percentage of patients not being independent
at 90 days was 30%. The adjusted odds ratio for a better outcome (lower mRS)
among treated patients with NIHSS 0-5 compared with non-treated was 1.93
(95% confidence interval 1.15-3.23).

Conclusion: Presenting outside the treatment window is still the most
common reason for not receiving therapy. Our study suggests a benefit of
thrombolysis for patients with mild symptomes.
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Introduction

Treatment of acute ischemic stroke (AIS) improves
outcomes and is proven to be more effective the earlier the
treatment is initiated (1). Patient eligibility for intravenous
thrombolysis (IVT) has now expanded with a potential increase
in the number of acute admissions. The WAKE-UP trial
provided the possibility of treating patients presenting with
unknown onset using Magnetic Resonance Imaging (MRI)
(2). The EXTEND trial proved the benefit of treating within
a 9-h window using perfusion imaging (3) and DAWN and
DEFUSE-3 have shown the efficacy of endovascular therapy
(EVT) up to 24 h after onset in patients selected with advanced
imaging (4, 5). In addition, it is now possible to evaluate plasma
levels of direct oral anticoagulants and to treat if the levels are
low (6). Previous studies on patient and system-related factors
for not receiving IVT or EVT have suggested late arrival as
the most common reason for not offering treatment (7). The
PRISMS trial suggested no benefit of IVT in “non-disabling”
strokes (8).

To explore how new guidelines have been taken into daily
practice, we aimed to collect the arguments from patient files
to reveal all possible arguments for not treating with IVT and
EVT. We included consecutive patients presenting with AIS
who were deemed relevant for reperfusion therapy evaluation in
prehospital telephone triage, and we examined their outcomes.
In addition, we wanted to compare outcomes for patients with
mild strokes to a cohort of similarly treated patients from the
same center.

Methods

We retrospectively investigated reasons for not offering
acute reperfusion treatment on all patients evaluated and
diagnosed with AIS in 2018 at our tertiary stroke center. Results
from WAKE-UP, DAWN, and DEFUSE-3, (2, 4, 9) had been
implemented into clinical practice at the end of 2017.

Referral was performed by either a resident or a stroke
neurologist, while decisions on treatment always relied on the
stroke neurologist. Prior to the call, emergency medical service
(EMS) had performed a prehospital stroke score and obtained
the patient history (10). Patients were evaluated as candidates for
IVT if they had symptoms of AIS, were independent in activities
of daily living, and were last seen well <4.5-h ago or if they had
unknown onset and were last seen well >4.5h ago. They were
evaluated as candidates for EVT if they had severe neurological
deficits, were last seen well <24 h ago, and were independently
living. Admission was decided by a teleconference between the
on-call neurologist at the nearest stroke unit and the EMS.

Default stroke imaging was MRI, including diffusion
weighted imaging (DWI), fluid-attenuated inverse recovery
(FLAIR), and T2*-weighted Time-of-flight
angiography was performed if the National Institute of

imaging.
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Health Stroke Scale (NIHSS) was 6 or above or if a large vessel
occlusion (LVO) was suspected (clinically or radiologically),
and perfusion imaging could be made on request.

Data collection

Data on comorbidity, imaging, clinical characteristics,
and outcome on both treated and non-treated patients were
prospectively collected in the local database for the Danish
Stroke Registry (11). Outcome was measured by modified
Rankin Scale (mRS) at 90 days and was performed by telephone
interview based on the simplified mRS questionnaire (12). The
patient was considered independent if mRS was 0-2 and mRS 0-1
was considered an excellent outcome. Data were analyzed as part
of a quality project and were thus exempt from ethical approval.

If the patients did not receive IVT or EVT, their charts
were read by two independent neurologists to establish the
argument(s) not to treat. In cases of disagreements, a consensus
was obtained between the assessors. We registered written
arguments against treating with IVT or EVT, predefined by
the current guidelines (13). The arguments were based on
history, prescriptions, examination, biochemistry, and imaging.
The aspect score was examined by a doctor in neuroradiology
afterward. Arguments were grouped into five categories, see
Figure 1. If the patient had one argument in the “too risky”
group, this took precedence. Next, the argument “too large” was
prioritized. The rest was put in the remaining groups by the same
principle in the following order: “too late” and “too mild.” This
method was used to simplify the most important arguments and
a group of stroke experts made a consensus on the order of “most
important” arguments.

Patients with arguments based on imaging were allocated
into the four groups in the following way: microbleeds at T2*
weighted sequences and recent infarctions in “too risky,” patients
referred as EVT candidates (because of severe symptoms) and
where acute imaging showed open vessels were put in “too
large,” unknown onset with FLAIR positive infarct in “too late”
and “no visible infarction on MRI” in “too mild.” The “stroke
mimics/other” group was comprised of a patient with unknown
reasons for not treating and patients that initially receive another
diagnosis (seizure, infection) but later were proven to have
a stroke.

Study data were prospectively collected and managed
using REDCap electronic data capture tools hosted at
Aarhus University Hospital (14). Data can be shared on
reasonable request.

Statistics
Baseline characteristics were compared between treated

and non-treated patients using the t-test and y>-test,
where appropriate.
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FIGURE 1

intracranial hemorrhage; TIA, transitory ischemic attack.

Too Late

Too Mild

Arguments grouped into five categories. When there is more than one argument, the most important is prioritized in the following order: “Too
risky,” “to large,” “too late,” “too mild,” “stroke mimics/other.” A more detailed version of the arguments exists in Appendix Table 1. AC,
anticoagulants; DOAC, direct acting oral anticoagulants; PTT, partial thromboplastin time; INR, internationalized normalized ratio; ICH,

Stroke mimics/
Other

Suspicion of
|| other disease
|| (seizure,
|| infection)
| |No arguments
|| in the journal

The distribution of primary rejection arguments is visualized
with a pie chart. The distribution of 90 days mRS scores for
patients stratified by primary rejection argument is visualized in
a stacked bar chart.

We performed both bivariate and multivariate ordinal
logistic regression to evaluate the association between 90 days
mRS score (ordinal scale) and NIHSS score of five or less. In
the multivariate analysis, we included age and NIHSS score as a
continuous variable, and the following binary variables (yes/no):
female sex, smoking, prior transitory ischemic attack, prior
stroke, comorbidities (atrial fibrillation, hypertension, diabetes)
and pre-stroke mRS.

Odds ratios are reported with 95 % confidence intervals (CI).
The brant-Wald test was used to confirm that the regression
assumption of proportional odds holds. All analyses were
performed using R 4.1 (R-foundation, Vienna, Austria) (15).

Results

In the period Jan 1st, 2018 to Dec 31st, 2018, 1,207 patients
were admitted with a putative stroke. Of these, 529 (44%) had
an ischemic stroke, 254 (21%) had an intracerebral hemorrhage,
and 426 (35%) had a stroke mimic. Of patients with ischemic
stroke, 37% (198 out of 529) were not treated with acute
reperfusion therapy (Figure 2).

Of the 529 AIS patients, 13 were lost to follow-up for mRS
at 90 days and 10 of them were in the not-treated group. In the
not-treated population, 90% (n = 179) were examined with MRI
and in the treated population, 83% (n = 274) were examined
with MRI (p = 0.02). Median onset to imaging time was 268 min
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FIGURE 2
Flow chart illustrating number of acute admissions (N). IVT,
Intravenous thrombolysis; EVT, endovascular treatment; NIHSS,
National institute of health stroke scale.
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TABLE 1 Prevalence of each argument used in the files.

10.3389/fneur.2022.1098779

Prevalence of arguments in the 198 not treated patients

History Symptoms
Unknown onset 22 (11%) Transitory ischemic attack 11 (5.6%)
Out of IVT window 26 (13%) Few symptoms 35 (18%)
Recent stroke symptoms 5(2.5%) Prolonged appt/INR 11 (5.6%)
Not independently living 6 (3.0%) Raised DOAK value 1(0.5%)
AC/DOAK 19 (9.6%) High blood pressure 2 (1.0%)
Recent bleeding 0 (0%) Endocarditis 1 (0.5%)
Recent CNS-surgery 2 (1.0%) Findings on imaging
Recent head trauma 0 (0%) No visible infarction 9 (4.5%)
Recent large surgery/trauma 1 (0.5%) Infarction too large 21 (11%)
Recent smaller surgery 2 (1.0%) Too many microbleeds 6 (3.0%)
Allergy to thrombolysis 0 (0%) Too flair positive 90 (45%)
Recent Stroke 1(0.5%) Other younger infarct 6 (3.0%)
Earlier intracranial hemorrhage 2 (1.0%) Hemorrhagic transformation 5(2.5%)
Neoplasia 4(2.0%) MRI not possible (wakeup) 6 (3.0%)
Liver disease 0 (0%) No mismatch (LVO 24 h window) 2 (1.0%)
Comorbidity 4(2.0%) Cerebral vascular malformations 0 (0%)
Thrombocytopenia 0 (0%) Aortic aneurysm 0 (0%)
Other 6 (3.0%) Other imaging 3(1.5%)
Aortic dissection 0 (0%)
Open vessels (EVT-candidates) 17 (8.6%)

DOAC, Dual anticoagulants; MRI, Magnetic resonance Imaging; LVO, Large Vessel Occlusion.

(IQR;122-633 min) in the not treated group and 110 min (IQR;
78-178 min) in the treated group.

At admission, 19 patients (10%) of the non-treated
population were referred for only EVT and 61 (31%) were
referred to as wake-up strokes. The prevalence of each argument
is listed in Table 1.

In the non-treated compared to the treated group, there was
a significantly higher prevalence of diabetes (19 vs. 11%), atrial
fibrillation (25 vs. 21%), and hypertension (60 vs. 51%) and a
lower stroke severity score (NTHSS 4 vs. 8). The age was also
higher (76 vs. 75 years, respectively) and there were significantly
fewer with premorbid mRS of 0-2 (Table2). The baseline
pattern was generally the same for the mild stroke population
(NIHSS 0-5) but in this subgroup occurrence of atrial fibrillation
did not differ and facial palsy was not overrepresented in
the treated group as in the total population (66 vs. 56%)
(Appendix Table 3).

Of the 198 patients, 99 patients were withheld therapy by one
argument, in 67 cases two arguments were used, in 23 cases three
arguments were used and in six cases the stroke physician used
four arguments for withholding therapy (Figure 3). In one case,
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no argument was registered. Overall, 30% of the arguments were
based on the history, 19% were based on clinical examination of
the patient and 50% of the argument were related to imaging,
and 1% was unknown.

When arguments were grouped by the most important
argument (Figure 3) 91 (46%) patients arrived outside the
treatment window (“too late”), where 43 patients (47%) were
referred initially as wake-up patients and 48 (53%) were after
admission deemed outside the window of treatment. IVT or
EVT was considered “too risky” in 51 patients (26%) and of those
22 patients were rejected because of anticoagulation treatment.
In 20 patients (10%) the infarct was deemed “too large,” median
Alberta Stroke Program Early CT score in this group was 3
(interquartile range: 2-4). Mild symptoms “too mild” were used
as the main arguments in 33 (17%) cases.

Functional outcome in the four groups at 90 days is
visualized in Figure4. Of the patients with “too large”
infarctions, 10% were independent after 90 days and 45% had
died. In the “too risky” group, 35% were independent after 90
days. Of the 22 patients not treated because of oral anticoagulant
use, 45% were independent after 90 days. The percentage of
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TABLE 2 Baseline characteristics of all treated and not treated patients.

Baseline characteristics

Treatment No treatment = Toorisky  Too large  Too late  Too mild

N =331 N =198 N =51 N =20 N=91 N =33

Agex 75 (65, 82) 76 (68, 85) 82 (73, 87) 86 (72, 89) 75 (68, 82) 70 (63, 78) 91 (90, 94)
Female 118 (36%) 81 (41%) 23 (45%) 9 (45%) 32 (35%) 16 (48%) 1(33%)
Atrial fibrillations 69 (21%) 50 (25%) 24 (47%) 11 (55%) 11 (12%) 3(9.1%) 1(33%)
Diabetes 36 (11%) 37 (19%) 11 (22%) 4(20%) 14 (15%) 7 (21%) 1(33%)
Hypertensions 169 (51%) 118 (60%) 38 (75%) 12 (60%) 46 (51%) 19 (58%) 3 (100%)
Previous AIS 13 (3.9%) 9 (4.5%) 6 (12%) 0 (0%) 2(2.2%) 1(3.0%) 0 (0%)
Previous TIA 35 (11%) 18 (9.1%) 7 (14%) 1 (5.0%) 7(7.7%) 3(9.1%) 0 (0%)
Smoker 86 (26%) 54 (27%) 9 (18%) 3 (15%) 29 (32%) 13 (39%) 0 (0%)
Previous AMI 37 (11%) 22 (11%) 5(9.8%) 3 (15%) 8 (8.8%) 6 (18%) 0 (0%)
Peripheral artery disease 18 (5.4%) 14 (7.1%) 4 (7.8%) 4(20%) 4 (4.4%) 2(6.1%) 0 (0%)
Living alone 78 (39%) 89 (27%) 22 (43%) 13 (65%) 29 (32%) 12 (36%) 2(67%)
Premorbid mRS 0-2: 310 (94%) 158 (86%) 37 (76%) 16 (89%) 72 (89%) 31 (97%) 2 (67%)
NIHSSx* 8(3,17) 4(2,10) 6 (3, 14) 22 (14, 24) 4(2,7) 1(0,2) 10 (10, 11)
Consciousness* 122 (37%) 58 (30%) 19 (39%) 15 (75%) 23 (25%) 0(0%) 1 (50%)
Eye-palsy/visual lossx 153 (46%) 56 (29%) 16 (33%) 15 (75%) 23 (25%) 2(6.2%) 0(0%)
Facial palsyx 219 (66%) 109 (56%) 31 (63%) 18 (90%) 50 (55%) 9 (28%) 1 (50%)
Motor loss* 246 (74%) 111 (57%) 34 (69%) 19 (95%) 50 (55%) 6 (19%) 2 (100%)
Ataxiax 55 (17%) 32 (16%) 12 (24%) 0 (0%) 15 (16%) 4 (12%) 1 (50%)
Sensory lossx 194 (59%) 79 (41%) 19 (39%) 17 (85%) 36 (40%) 7 (22%) 0 (0%)
Aphasia/Dysarthriax 245 (74%) 122 (63%) 33 (67%) 20 (100%) 59 (65%) 8(25%) 2 (100%)
Inattentions 90 (27%) 23 (12%) 5 (10%) 8 (40%) 7 (7.7%) 2(6.2%) 1 (50%)

Median (IQR); n (%).
*Difference between treatment and no treatment is significant p < 0.05.
AIS, Acute ischemic stroke; TIA, transitory ischemic attack; AMI, acute myocardial infarction; mRs, Modified Rankin scale score; NIHSS, National institutional of health Stroke Scale.

patients in the “too late” group that were independent at 90 days In 39 (20%) of the non-treated patients, the main argument
was 63% (Figure 4). was solely based on imaging. In this group, 20 patients were not

In patients in the category “too mild,” where treatment was treated due to a large infarct, 5 patients because no infarct was
deferred based on too few symptoms, independency was found seen on MRI, 7 because the infarct was FLAIR positive, 2 because
in 70% of the cases. of finding another subacute lesion (1 also with microbleeds), 1

The fact that 30% of the mild strokes were not independent with too many microbleeds, and 4 were EVT-only candidates
after 30 days led to an analysis of all strokes in our cohort with and had no visible vessel occlusion. In two cases, another disease
NIHSS of 0-5 (n = 242) where 112 patients were not-treated and than stroke was suspected in the acute setting but the diagnosis
130 patients had treatment primarily with IVT (9 was treated was changed afterward.

with EVT). In this analysis, the percentage of patients not being
independent (mRS 3-6) was 25% (n = 28) in the not-treated
population whereas 11% (n = 14) in the treated group was found Discussion
not independent at 90 days. When adjusted for age, sex, pre-

stroke mRS, NIHSS, and pre-stroke comorbidity, we found an In this single-center, retrospective analysis, we found that
odds ratio of 1.93 [95% confidence interval (CI): 1.15-3.23, p the most common reason for not treating AIS patients with
= 0.012] of achieving a better outcome if treating mild strokes reperfusion therapy was a late presentation (46%). This was
NIHSS 0-5 (Figure 4, Appendix Table 2). Arguments against followed by factors rendering treatment too risky (26%), too
treatment are listed in Appendix Figure 1. mild symptoms (17%), and finally a too large infarct (10%). Only
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A Number of arguments listed in the files

8
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FIGURE 3

B Percentage of arguments grouped by category

(A) Histogram of the number of arguments shows how the half of the patient files had just one argument for not treating but the other half had
more than one. Categorization of the arguments was necessary for visualization. (B) The pie chart shows the percentage and number (n) of
patients in each category. AC, anticoagulants; DOAC, direct acting oral anticoagulants; PTT, partial thromboplastin time; INR, internationalized
normalized ratio; ICH, intracranial hemorrhage; TIA, transitory ischemic attack; CVM, cerebrovascular malformation; LVO, large vessel occlusion;
IVT, intravenous thrombolysis; EVT, endovascular treatment; CNS, central nervous system.

Too Large

10%(n=20
Too Risky
26%(n=51)

Stroke mimics/Other
2%(n=3)

Too Late

46%(n=51) Too Mild

17%(n=33)

70% of patients with mild symptoms were living independently
after 90 days. We found a potential benefit of IVT with an odd
ratio for the shift to a lower mRS score of 1.93 (p = 0.012) when
comparing the group with mild symptoms that were treated with
the non-treated group.

Comparing our study to other studies with predefined
templates, this study revealed some arguments not defined
as absolute contraindications by the guidelines, i.e., imaging
arguments and mild strokes (7). In addition, nine out of ten in
our study had a brain MRI in the acute phase which increases
the validity of the stroke diagnosis (16).

In this study arriving too late is the most common cause
of not receiving treatment. In a similar study from 2001, the
amount of “too late” patients was 72 % (17). Our finding (46 %) is
probably explained by the reduced patient and prehospital delay
and extended windows for treatments (18). When excluding the
patients referred as wake-up candidates, the patients arriving too
late are reduced to 43 patients of all not-treated patients (22%)
which indicates that both prehospital triage and delay for stroke
patients have been optimized, increasing the chances of getting
IVT (19).

The treatment window introduced by WAKE-UP increases
admission load and in our study 48 patients were admitted with
wake-up strokes and not treated with IVT. This is ~4% of all
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the acute admissions (n = 1,207) that year. In the WAKE-UP
trial, 37% of the screened patients received IVT. Compared with
our general treatment rate (331/1,207 = 27.4%) this probably
justifies the evaluation of WAKE-UP patients.

When comparing outcomes for the “too late” patients in
our study with the WAKE-UP trial, the proportion of not-
treated patients who had mRS 0-2 after 90 days was 62%, which
corresponds well to the proportion of patients randomized to
placebo in the WAKE-UP trial (65%). An important note is
that the latter group all had FLAIR negative infarctions. This
indicates that being FLAIR positive is not in itself a predictor
of outcome, but just an indicator of infarction age.

The “too risky” group in our cohort mainly consists of
patients taking direct oral anticoagulants (DOACs) (43%). Some
patients have been shown to be eligible for IVT when carefully
selected depending on drug-specific assays or the opportunity of
reversal therapies (20, 21). Discussion remains regarding DOAC
treatment and treating patients with IVT where there is the
uncertainty of the last DOAC dose, risk of clotting, and last
known well.

Mild strokes are maybe not that mild. A large “get with
the guidelines paper” found that 28.5% of patients with mild
stroke were not able to ambulate at discharge (22). We found
that 30% of the “too little” group was not independently living
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A mRS for the categories

Too Risky

Too Large

Too Late

Too Mild

mRS 0

Too Risky n=50 3(6%) 4(8%) 11(22%) 8(16%) 8(16%) 5(10%) 11(22%)

Too Large n=19 0(0%) 0(0%) 2(11%) 3(16%) 4(21%) 1(5%) 9(47%)

Too Late n=88 15(17%) 21(24%) 21(24%) 15(17%) 7(8%) 4(5%) 5(6%)

Too Mild n=31 7(23%) 10(32%) 6(19%) 4(13%) 3(10%) 0(0%) 1(3%)
B MRS for NIHSS 0-5

Treatment -

mRS 0 1 2 3 4 5 6

Treatment n=130 39(30%) 54(42%) 23(18%) 4(3%) 2(2%) 0(0%) 3(6%)

Notreatmentn=112  24(21%) 30(27%) 30(27%) 13(12%) 9(8%) 1(1%) 5(4%)

Adjusted OLR OR:1,93 (95% CI: 1.15-3.23, p=0.012)

“uou1n2n34l5l6]|

FIGURE 4

(A) Outcomes depending on category measured by 90 days modified Rankin Scale score (mRS). Of 198 not-treated patients the mRS 6 patients
were lost to follow up. (B) In the National institute of health stroke scale (NIHSS) 0-5 analysis 130 did get treatment with intravenous
thrombolysis (IVT) and/or endovascular treatment (EVT) and 112 were not treated.

at 90 days. When comparing all patients with mild strokes, the
chance of a better outcome was doubled (OR 1.93) in the case of
treatment. This suggests an effect of IVT in this population with
mild strokes (8). A limitation to this statement is that this study
is retrospective and the patients selected for treatment were
deemed as good candidates potentially resulting in confounding
by indication. Other confounders we did not adjust for, such as
stroke site and presence of arterial occlusion, could potentially
also affect the results.

The PRISMS trial was terminated early because of futility. It
did not find IVT beneficial for patients with non-disabling stroke
(23). The MaRISS trial is prospective and observational, and this
would hopefully help further clarify if IVT is beneficial in mild
strokes and in patients with rapid improvement of symptoms
regardless of NIHSS (24). In this context it should be noted that
the vast majority in both our groups of treated or non-treated
patients had MRI (88% in the treated group and 90% in the
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not-treated) which enrich our population with “true” stroke
patients. PRISMS was primarily a CT trial. We speculate that the
benefit of treatment exists when the diagnosis is more certain
(DWT positivity) and reversely that the prognosis is better in the
case of DWI-negative stroke (25). Other groups have found MRI
to be safe for selecting patients with mild stroke for IVT (26).

It is a limitation of the study that it is made in a single center
and with a retrospective design. Due to the design, the clinicians
were not attentive to registering the arguments systematically
in the files. The study is also rather small, but this might be
compensated by the data quality. Another limitation is that the
trial has been carried out before the publication of the EXTEND
trial (3) and meta-analysis (27), and in a setting where a 4, 5-
9h window for IVT is used, there may be a higher proportion
of treated patients in the late time window. But in this setting,
a higher proportion of acute admitted who is not treated in the
late window could also appear.
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Conclusion

Most AIS patients unable to receive treatment were referred
with unknown onset or outside the treatment window. One-
fourth of the AIS patients did not receive treatment because
the symptoms were considered too mild. This study suggests a
benefit of IVT in mild strokes.
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