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Abstract
Backgrounds: Given the short therapeutic window for evidence- based therapies 
such as thrombolysis and endovascular treatment, it is important to immediately di-
agnose ischemic stroke. We investigated the prevalence of missed ischemic stroke 
diagnoses at initial contact and the proportion of potentially treatable patients with-
out a delayed diagnosis.
Methods: A cross- sectional study was conducted. A total of 408 consecutive pa-
tients hospitalized due to acute ischemic stroke were included. The primary outcome 
was a delayed diagnosis of ischemic stroke at initial contact. A diagnosis of stroke 
was judged to be delayed unless physicians made a diagnosis and initiated treatment 
for ischemic stroke during the initial contact. The secondary outcome was ischemic 
stroke with a missed therapeutic window for effective treatment due to delayed 
diagnosis.
Results: The median patient age was 78 years old, and the median time from onset to 
presentation was nine hours. A diagnosis of stroke was deemed delayed in 49 (12.0%) 
patients. In the multivariable analysis, presentation 48 hours or more after stroke 
onset (OR 2.45) and the improvement of neurological symptoms prior to presentation 
(OR 3.11) were independently associated with delayed diagnosis of ischemic stroke. 
Opportunities for effective treatment were missed in 18 (36.7%) of the 49 delayed 
diagnosis cases, although no patients missed opportunities for thrombectomy due to 
delayed diagnosis.
Conclusions: Even in the modern era, one out of every eight ischemic stroke cases 
was missed at the initial visit, and one- third of missed stroke cases might be candi-
dates for effective treatment without diagnostic delay.
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1  | INTRODUC TION

Evidence- based therapies have been developed to improve the prog-
nosis of acute ischemic stroke in the last 30 years.1– 15 To provide 
these effective therapies, the time from stroke onset to diagnosis is 
critical.6,16 Current guidelines recommend intravenous thrombolysis 
for acute ischemic stroke within 4.5 hours of symptom onset and en-
dovascular thrombectomy for acute ischemic stroke by large- vessel 
occlusion within 6- 24 hours of symptom onset.17 Therefore, accu-
rate diagnosis for stroke within the therapeutic window for these 
interventions is important.

A recent meta- analysis regarding the prevalence of misdiagnosed 
ischemic stroke reported that 10%- 20% of acute ischemic stroke 
cases were initially misdiagnosed at the emergency department.18– 26 
However, only two of all studies included in the meta- analysis19 in-
vestigated a missed opportunity to administer intravenous throm-
bolysis within its therapeutic window due to diagnostic delay.18,26 
Moreover, few studies evaluated a missed opportunity to treat pa-
tients with endovascular thrombectomy within its therapeutic win-
dow due to diagnostic delay.18 Therefore, further studies are needed 
to determine the frequency of acute ischemic stroke cases that miss 
an opportunity to receive these interventions due to diagnostic 
delay in real- world practice. In addition, the quality of the diagnostic 
reference standard for ischemic stroke was not high enough in most 
past studies.19 Therefore, more studies investigating the prevalence 
of misdiagnosis of ischemic stroke by using diagnostic reference 
standards with a higher quality are also needed.

In Japan, no study has ever been conducted to investigate the 
prevalence and characteristics of delayed diagnosis of ischemic 
stroke, although one Japanese retrospective study examined the 
misdiagnosis of cerebellar infarction at admission.27 Moreover, 
given the limited access to board- certified neurologists in Japan,28 
knowing the prevalence of misdiagnosed stroke in Japanese hospi-
tals without neurologists is important. Thus, we conducted a retro-
spective cross- sectional study to investigate the prevalence and risk 
factors of misdiagnosed ischemic stroke in an acute care hospital in 
Japan.

2  | METHODS

2.1 | Study setting and design

A retrospective observational study (from April 2017 to July 2019) 
and prospective observational study (from August 2019 to October 
2020) were conducted by reviewing medical electronic records to 
determine the proportion of delayed diagnosed stroke among acute 
ischemic stroke patients hospitalized in our hospital. Our hospital 
has no ward neurologists. Although consultation with a board- 
certified neurologist from another hospital once per week is pos-
sible, consultation with a neurologist at an emergency care setting is 
impossible. In our hospital, patients with suspected acute stroke are 
initially cared for by either internists or neurosurgeons in outpatient 

settings, including in the emergency department, although patients 
who are suspected of having a stroke and are transferred by emer-
gency medicine service personnel are directly treated by neurosur-
geons. Then, patients diagnosed with acute ischemic stroke in the 
outpatient setting are hospitalized in either the internal medicine or 
the neurosurgery ward of our hospital. Stroke patients requiring sur-
gery or interventional radiology are hospitalized in a neurosurgery 
ward and are cared for by neurosurgeons. Similar to our hospital, 
stroke care by internists is common in Japan because board- certified 
neurologists are unavailable for stroke care in approximately half of 
Japanese hospitals.28,29 The protocol of this study was approved by 
the institutional Medical Ethics Committee. This research was con-
ducted in accordance with the Ethical Guidelines for Epidemiological 
Research in Japan and was carried out in accordance with the prin-
ciples of the Declaration of Helsinki. The need to obtain individual 
informed consent was formally waived by the institutional Medical 
Ethics Committee because de- identified data were collected with-
out contacting the patients.

2.2 | Inclusion and exclusion criteria

All patients included in the admission patient list for internal 
medicine, neurosurgery, and otolaryngology in our hospital were 
screened by reviewing their charts. Subjects were included in the 
study if they were hospitalized due to acute ischemic stroke and 
had an ischemic stroke confirmed by magnetic resonance imaging 
(MRI). The imaging results were confirmed by radiologists. If it was 
difficult to judge whether a correlation between clinical findings 
and MRI findings was relevant, a board- certified neurologist judged 
whether the diagnosis of the case was truly acute ischemic stroke by 
reviewing the patient's chart. Patients who were suspected to have 
or diagnosed with ischemic stroke at other hospitals were excluded. 
Transient ischemic attack and diffusion- weighted imaging- negative 
acute ischemic stroke were also excluded.

2.3 | Data collection and patient characteristics

Physicians reviewed the electronic medical records and retrieved 
information on patient age, gender, residence before index admis-
sion, past medical history, medication use, time to an initial hos-
pital visit from symptom onset, symptoms, neurological findings, 
and prognosis. For information on the symptoms and neurological 
findings, only information documented at the initial visit and at 
an outpatient setting or emergency room was reported. In addi-
tion, with regard to relevant past medical history, symptoms, and 
neurological findings, if data were missing, they were recorded 
as absent in the patient. Therefore, there were no missing data 
for these variables. The National Institutes of Health Stroke Scale 
(NIHSS) scores at presentation and modified Rankin Scale (mRS) 
scores before stroke and at discharge were also outlined. If they 
were not recorded in the medical electronic records, these scores 
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were calculated by using chart review. A past study reported 
that scoring for NIHSS based on retrospective chart review was 
reliable.30

2.4 | Outcome measures

The primary outcome was delayed diagnosis of ischemic stroke at 
the initial visit to our hospital. A diagnosis of ischemic stroke was 
judged to be “delayed” unless physicians made a diagnosis of ischemic 
stroke during the initial contact. For cases in which physicians did 
not diagnose stroke but documented stroke in the differential diag-
nosis, a diagnosis of ischemic stroke was judged to be delayed unless 
treatments for acute ischemic stroke were initiated during the initial 
contact. Treatments included antiplatelet therapy, thrombolysis, and 
thrombectomy. The need for treatment for ischemic stroke and doc-
umentation of stroke as a differential diagnosis was added because 
the cases in which physicians did not strongly suspect stroke were 
included as cases of delayed diagnosis. The primary outcomes were 
verified by at least two investigators.

The secondary outcome was ischemic stroke with a missed ther-
apeutic window for effective interventions due to delayed diagno-
sis. Based on the guidelines or past randomized controlled trials, 
effective interventions for stroke were defined as any of the fol-
lowing: (a) intravenous alteplase within 4.5 hours of symptom onset 
of ischemic stroke4,5; (b) mechanical thrombectomy for anterior 
circulation ischemic stroke within 6 hours of symptom onset17; (c) 
mechanical thrombectomy for anterior circulation ischemic stroke 
within 6- 24 hours of symptom onset15; (d) dual antiplatelet therapy 
(DAPT) for noncardiogenic ischemic stroke within 24 hours of symp-
tom onset31– 33; and (e) aspirin for ischemic stroke within 48 hours of 
symptom onset.1– 3 Based on the time of presentation at our hospital 
and the time of definite diagnosis for ischemic stroke, a stroke was 
judged to miss the therapeutic window for effective treatments due 
to delayed diagnosis if a diagnosis for ischemic stroke could be made 
within the therapeutic windows for these six interventions without 
diagnostic delay. However, patients with ischemic stroke that was 
missed at initial contact but subsequently diagnosed within their 
therapeutic window after hospital admission were judged to receive 
effective interventions within the therapeutic windows. More de-
tailed information on the criteria for a possible candidate for effec-
tive interventions for stroke is shown in the supplementary file (Text 
S1). Another secondary outcome was misdiagnosed stroke defined 
based on the same criteria used in the previous study.18 A stroke was 
judged to be missed if physicians did not initially consider stroke in 
the differential diagnosis during first contact, or the diagnosis was 
delayed, causing the patient to miss the therapeutic window for 
thrombolytic therapy. Two investigators independently assessed 
these secondary outcomes by reviewing the charts based on these 
criteria, and discrepancies were resolved by discussions between 
the two investigators. The rate of outcome assessment agreement 
between the two investigators before discussion was 75.5% (kappa 
0.53).

2.5 | Statistical analysis

Assuming that the proportion of delayed diagnosis of ischemic 
stroke was 20% based on past studies,18,19 approximately 400 is-
chemic stroke patients were needed to provide a precision of 3% 
for the calculation of the 95% confidence interval (CI) of the primary 
outcome.

We used descriptive statistics to report the baseline character-
istics of the study population. The 95% CIs were calculated for the 
primary and secondary outcomes. The comparison for all variables 
between patients with and without delayed diagnosis of ischemic 
stroke was conducted by using Fisher's exact test for categorical 
variables and the Mann- Whitney U test for continuous variables. 
All tests were two- sided, and the level of statistical significance was 
set at 5%. Based on a previous study,18 logistic regression models 
were computed by including all variables with a significant P- value 
from univariable analysis, excluding variables that were identified in 
<5% of the total population to avoid unstable models. At this stage, 
we included the twelve variables: prestroke modified Rankin Scale, 
NIHSS at presentation, time to presentation from onset, posterior 
circulation, unilateral weakness, dysarthria, facial palsy, sensory 
sign, dizziness, nausea, improvement of neurological signs, and care 
by neurosurgeons. Then, variables were removed one- by- one with 
a backward stepwise method until all remaining variables had a P- 
value < .4. After excluding two variables (posterior circulation and 
dizziness), the final model included ten variables. Stata version 15 
(LightStone) was used for these analyses.

3  | RESULTS

During the study period, 706 patients were hospitalized due to acute 
ischemic stroke. After excluding 298 patients, a total of 408 patients 
were included in the present study (detailed information is shown in 
the supplementary file; Figure S1). In all included patients, the me-
dian age was 78 years (interquartile range (IQR) 70- 85 years old), 
170 (41.7%) were women, 100 (24.5%) had a history of stroke, 43 
(10.5%) had dementia, and the median prestroke mRS score was 0 
(IQR 0- 1) (Table 1 and Table S1). The most common symptoms or 
signs were unilateral weakness (n = 276, 67.7%), followed by dysar-
thria (n = 199, 48.8%) and facial palsy (n = 145, 35.5%). The median 
time to presentation from the time that the patient was last known 
to be well was 9 hours (IQR 2- 24), and the median NIHSS score at 
presentation was 4 (IQR 2- 10).

For the primary outcome, a diagnosis of 49 ischemic strokes 
(12.0%; 95% CI 8.8%- 15.2%) among all cases was judged to be 
delayed (Table 2). Of those, the median time from first contact to 
stroke diagnosis was 1 day (IQR 1- 3). For the secondary outcome, 
the proportion of patients for whom stroke was not considered 
among the differential diagnoses was 6.1% (95%CI 3.8%- 8.5%). Of 
the 49 ischemic stroke cases with a delayed diagnosis, 18 (36.7%) 
were judged to have missed opportunity for effective intervention. 
Seven cases, seven cases, and 13 cases were judged to have missed 
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TA B L E  1   Baseline characteristics of the 408 patients with acute ischemic strokea

Characteristics Total

Delayed diagnosis

P- valueb Yes (n = 49) No (n = 359)

Age, median (IQR) 78 (70- 85) 81 (73- 87) 77 (70- 84) .13

Female gender 170 (41.7) 20 (40.8) 150 (41.8) 1

Nursing home resident 23 (5.6) 5 (10.2) 18 (5.0) .18

Prestroke mRS scores

Median, IQR 0 (0- 1) 0 (0- 3) 0 (0- 1) .03

Less than three points 344 (84.3) 35 (71.4) 309 (86.1) .01

Ambulance use 317 (77.7) 37 (75.5) 280 (78.0) .72

Interval between time that patient was last known to be well and presentation

Median hours (IQR) 9 (2- 24) 17 (2- 54) 9 (2- 23) <.001

More than 48 h 63 (15.4) 17 (34.7) 46 (12.8) <.001

Past medical history

Hypertension 276 (67.7) 34 (69.4) 242 (67.4) .87

Diabetes mellitus 102 (25.0) 12 (24.5) 90 (25.1) 1

Dyslipidemia 104 (25.5) 16 (32.7) 88 (24.5) .22

Atrial fibrillation 55 (13.5) 11 (22.5) 44 (12.3) .07

Ischemic heart disease 22 (5.4) 4 (8.2) 18 (5.0) .32

Stroke 100 (24.5) 16 (32.7) 84 (23.4) .16

Dementia 43 (10.5) 7 (14.3) 36 (10.0) .33

Symptom and neurological findings

Headache 19 (4.7) 6 (12.2) 13 (3.6) .02

Nausea or vomiting 40 (9.8) 14 (28.6) 26 (7.2) <.001

Vertigo, dizziness, or imbalance 34 (8.3) 11 (22.5) 23 (6.4) <.001

Auditory symptom 5 (1.2) 1 (2.0) 4 (1.1) .47

Syncope or transient LOC 10 (2.5) 6 (12.2) 4 (1.1) <.001

Seizure 7 (1.7) 4 (8.2) 3 (0.8) .005

Unilateral weakness 276 (67.7) 8 (16.3) 268 (74.7) <.001

Bilateral weakness 37 (9.1) 8 (16.3) 29 (8.1) .07

Dysarthria 199 (48.8) 8 (16.3) 191 (53.2) <.001

Facial palsy 145 (35.5) 2 (4.1) 143 (39.8) <.001

Sensory 91 (22.3) 2 (4.1) 89 (24.8) <.001

Neglect 53 (13.0) 2 (4.1) 51 (14.2) .07

Aphasia 109 (26.7) 8 (16.3) 101 (28.1) .09

Dysmetria 15 (3.7) 8 (16.3) 12 (3.3) .41

Ataxia 50 (12.3) 7 (14.3) 43 (12.0) .64

Gaze preference 46 (11.3) 6 (12.2) 40 (11.1) .81

Altered mental status 90 (22.1) 15 (30.6) 75 (20.9) .14

Disorientation 110 (27.0) 13 (26.5) 97 (27.0) 1

Vision change 29 (7.1) 1 (2.0) 28 (7.8) .23

Tendency of neurological signs to improve until 
presentation

47 (11.5) 12 (24.5) 35 (9.8) .01

NIHSS score at presentation, median (IQR) 4 (2- 10) 1 (0- 6) 4 (2- 11) .01

Physicians caring for the patients

Resident 139 (34.1) 19 (38.8) 120 (33.4) .52

Internists 168 (41.2) 31 (63.3) 137 (38.2) .001

(Continues)
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Characteristics Total

Delayed diagnosis

P- valueb Yes (n = 49) No (n = 359)

Neurosurgeons 210 (51.5) 12 (24.5) 198 (55.2) <.001

Brain imaging performed at initial contact

Computed tomography 243 (59.6) 35 (71.4) 208 (57.9) .09

Magnetic resonance imaging 323 (79.2) 9 (18.4) 314 (87.5) < .001

Median time to stroke diagnosis from presentation, 
days

NA 1 (1- 3) NA NA

Location of ischemic stroke

Anterior circulation 274 (67.2) 24 (49.0) 250 (69.6) .01

Posterior circulation 104 (25.5) 24 (49.0) 80 (22.3) <.001

Both 30 (7.4) 1 (2.0) 29 (8.1) .24

Thrombolysis 53 (13.0) 0 (0.0) 53 (14.8) .001

Thrombectomy 34 (8.3) 0 (0.0) 34 (9.5) .02

Median days of hospital stay (IQR) 24 (13- 39) 25 (10- 39) 24 (14- 39) .54

In- hospital mortality 29 (7.1) 4 (8.2) 25 (7.0) .77

Poststroke mRS scores at discharge

Median (IQR) 4 (2- 4) 4 (1- 4) 4 (2- 4) .69

Less than three points 139 (34.1) 17 (34.7) 122 (34.0) 1

Destination after discharge

Home 165 (40.4) 22 (44.9) 143 (39.8) .54

Nursing home 31 (7.6) 5 (10.2) 26 (7.2) .4

Rehabilitation facilities 144 (35.3) 12 (24.5) 132 (36.8) .11

Abbreviations: IQR, interquartile range; LOC, loss of consciousness; mRS, modified Rankin Scale; NA, not applicable; NIHSS, National Institutes of 
Health Stroke Scale.
aValues are expressed as the number with the percentage of the total number, unless otherwise stated. 
bComparisons between patients with and without delayed diagnosis of ischemic stroke were performed by using Fisher's exact test for categorical 
variables and the Mann- Whitney U test for continuous variables. The level of statistical significance was set at 5%.

TA B L E  1   (Continued)

TA B L E  2   Prevalence of delayed diagnosis of ischemic stroke among the 408 ischemic stroke patients

Outcome

Total

Prevalence, 95% CI(n = 408)

Delayed diagnosis of strokea  (primary outcome) 49 12.0% (8.8%- 15.2%)

No stroke among differential diagnosisb  25 6.1% (3.8%- 8.5%)

Missed opportunity for effective therapyc 

Any 18 4.4% (2.4%- 6.4%)

Thrombolysis 4.5 h after onset 7 1.7% (0.5%- 3.0%)

Thrombectomy within 6 h after onset 0 0.0% (NA)

Thrombectomy from 6 to 24 h after onset 0 0.0% (NA)

Dual antiplatelet therapy within 24 h after onset 7 1.7% (0.5%- 3.0%)

Aspirin within 48 h after onset 13 3.2% (1.5%- 4.9%)

Abbreviations: CI, confidence interval; NA, not applicable.
aA diagnosis of ischemic stroke was judged to be “delayed” unless physicians made a diagnosis and initiated treatment for ischemic stroke during the 
initial contact. 
bA stroke was judged to be missed if physicians did not initially consider stroke in the differential diagnosis during first contact or if the diagnosis was 
delayed causing the patient to miss the therapeutic window for thrombolytic therapy. 
cA stroke was judged to miss the therapeutic window for effective treatments due to delayed diagnosis if a diagnosis for ischemic stroke could be 
made within the therapeutic windows for these six interventions without diagnostic delay.
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the opportunities for thrombolysis 4.5 hours after onset, DAPT 
within 24 hours after onset, and aspirin within 48 hours after onset, 
respectively. However, no stroke case had missed opportunities for 
thrombectomy within 6 hours after onset and thrombectomy from 
6 to 24 hours after onset. The most common initial diagnosis at first 
contact in the ischemic stroke patients with delayed diagnoses was 
epilepsy (n = 8, 16.3%), followed by dizziness (n = 6, 12.2%) and head 
trauma or concussion (n = 4, 8.2%) (Table 3).

A comparison of clinical features was performed between pa-
tients with and without a delayed diagnosis of ischemic stroke, 
and a prestroke mRS score greater than two points and more than 
48 hours from the time that the patient was last known to be well 
to presentation were significantly associated with a delayed diagno-
sis of ischemic stroke. Symptoms or signs associated with a delayed 
diagnosis of ischemic stroke were headache, nausea or vomiting, 
dizziness, transient loss of consciousness, and seizure, while those 
associated with an accurate diagnosis of ischemic stroke were unilat-
eral weakness, dysarthria, facial palsy, and sensory sign. With regard 
to the other factors, lower NIHSS scores at presentation, improve-
ment of neurological signs until presentation, and posterior circu-
lation stroke were associated with a delayed diagnosis of ischemic 
stroke, while care by neurosurgeons and anterior circulation stroke 
were associated with an accurate diagnosis. There was no significant 
difference in in- hospital mortality between patients with and with-
out a delayed diagnosis of ischemic stroke.

A multivariable analysis revealed that presentation 48 hours or 
more after stroke onset (OR 2.45, 95% CI 1.02- 5.94) and improve-
ment of neurological symptoms prior to presentation (OR 3.11, 95% 
CI 1.24- 7.76) were independently associated with an increased risk 
of delayed diagnosis of ischemic stroke (Table 4). Conversely, a pre-
stroke mRS score less than three points (OR 0.30, 95% CI 0.11- 0.80) 
and unilateral weakness (OR 0.15, 95% CI 0.06- 0.36) were inde-
pendently associated with a decreased risk of delayed diagnosis of 
ischemic stroke.

4  | DISCUSSION

Our finding is consistent with that of past similar studies reporting 
that 10%- 20% of ischemic stroke cases were missed in the emer-
gency department.18,19,21,23,24,26 This finding implies that the prev-
alence of delayed diagnosis of ischemic stroke has not improved 
during the past decade. However, the definition of our primary out-
come was somewhat different from that of past studies.18,21,23,24,26 
In past studies,18,21,23,24,26 a stroke was not judged to be missed if 
only a stroke was suspected or considered as a differential diagno-
sis. If we compare our results with those of a previous study18 by 
using the same criteria for a definition of missed ischemic stroke, the 
proportion of missed ischemic stroke in the present study was 6.1%, 
which is much lower than that of past studies.18,23,24,26 Moreover, 
most past similar studies were conducted in hospitals with ward 
neurologists.18,21,23,24 Therefore, our finding in the hospital without 
ward neurologists is somewhat encouraging. Nonetheless, given 

TA B L E  3   Initial diagnosis of the 49 patients with a delayed 
diagnosis of ischemic stroke

Diagnosis Number (n = 49)

Epilepsy 8

Vertigo or dizziness 6

Head trauma or concussion 4

Benign paroxysmal positional vertigo 3

Altered mental status 3

Dementia or delirium 3

Suspected transient ischemic stroke 2

Ataxia 2

Heat stroke 2

Drug adverse event 2

Dehydration 2

Transient weakness 2

Gastroenteritis 1

Vomiting 1

Hypertension 1

Anorexia 1

Heart failure 1

Vestibular neuritis 1

Suspected stroke 1

Pneumonitis 1

Hemiparesis 1

Alcohol intoxication 1

TA B L E  4   Summary of the multivariable logistic regression 
resultsa to predict the delayed diagnosis of ischemic stroke

Variables Odds ratio (95% CI) P- value

Care by neurosurgeons 0.47 (0.21- 1.06) .07

Prestroke modified Rankin 
Scale < 3

0.30 (0.11- 0.80) .02

NIHSS at presentation 0.97 (0.91- 1.03) .29

Presentation at more or 48 h 
from the stroke onset

2.45 (1.02- 5.94) .046

Unilateral weakness 0.15 (0.06- 0.36) <.001

Dysarthria 0.48 (0.18- 1.24) .13

Facial palsy 0.25 (0.05- 1.17) .08

Sensory sign 0.30 (0.06- 1.47) .14

Nausea or vomiting 2.54 (0.95- 6.77) .06

Improvement of neurological 
signs prior to presentation

3.11 (1.24- 7.76) .02

Abbreviation: NIHSS, National Institutes of Health Stroke Scale.
aVariables were removed one- by- one until all remaining variables had 
a P- value of <.4 by using a backward stepwise method. The following 
variables were used: prestroke modified Rankin Scale, NIHSS at 
presentation, time to presentation from onset, posterior circulation, 
unilateral weakness, dysarthria, facial palsy, sensory sign, dizziness, 
nausea, improvement of neurological signs, and care by neurosurgeons. 
The level of statistical significance was set at 5%.
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that a single- center study design limits the generalizability of our 
findings, further study is needed to investigate the trends in and 
prevalence of delayed diagnosis of ischemic stroke in other Japanese 
hospitals and other countries using the same inclusion criteria and 
outcome measures.19

In the present study, a substantial proportion of ischemic stroke 
patients missed opportunities for effective therapy within a ther-
apeutic window due to diagnostic delay. However, ischemic stroke 
patients who missed opportunities for thrombolysis due to diagnos-
tic delay were uncommon, and there were no patients who missed 
opportunities for thrombectomy due to diagnostic delay. Our find-
ings are consistent with the findings of a past study showing that 
the proportion of patients who missed opportunities for thrombol-
ysis due to diagnostic delay in hospitalized patients with ischemic 
stroke was 1.1%.26 For missed opportunities for thrombectomy 
due to diagnostic delay, Arch et al18 reported that the proportion of 
ischemic stroke patients who arrived at symptom onset within the 
therapeutic window of thrombectomy but had a missed opportu-
nity was 2.4%. However, given that indications of thrombectomy for 
ischemic stroke other than a time window from symptom onset were 
not considered in the past study, it is possible that the past study18 
overestimated the missed opportunities for thrombectomy due to 
diagnostic delay. Therefore, the results of our study and the past 
study18 implicate that there are few patients with ischemic stroke 
who meet the criteria at initial contact and miss opportunities for 
thrombectomy due to diagnostic delay in real- world practice. Given 
that a therapeutic target lesion of thrombectomy is an occlusion of 
the proximal middle cerebral artery and internal carotid artery and 
anterior circulation stroke has a lower risk of delayed diagnosis than 
posterior circulation stroke,18,19,26 ischemic stroke patients who 
meet the indicated criteria for thrombectomy may be less likely to 
be misdiagnosed. For missed opportunities for DAPT and aspirin 
due to diagnostic delay in hospitalized patients with ischemic stroke, 
our results were not compared with those of past studies due to the 
absence of past studies investigating these outcomes. Given the 
efficacy of DAPT for minor ischemic stroke within 24 hours after 
onset,31– 33 it seems problematic that a substantial proportion of 
ischemic stroke patients had missed opportunities for DAPT due to 
diagnostic delay. Because only a few studies have been conducted 
to investigate the proportion of ischemic stroke patients who had 
missed opportunities for these interventions due to misdiagnosis, 
further studies are warranted.

Multivariable analysis revealed that presentation 48 hours or 
more after stroke onset, prestroke mRS scores greater than two 
points, and improvement of neurological signs prior to presenta-
tion were independent risk factors for the misdiagnosis of ischemic 
stroke, while unilateral weakness significantly reduced the risk of 
delayed diagnosis of ischemic stroke. These results are consistent 
with those of past studies regarding prestroke mRS scores greater 
than two points20 and unilateral weakness.18,26 Our study was the 
first to investigate the effect of improvement of neurological signs 
from onset on delayed diagnosis of ischemic stroke. Symptom im-
provement prior to presentation was an independent risk factor for 

the misdiagnosis of ischemic stroke. Improvement of neurological 
signs prior to presentation might make accurate diagnosis difficult 
or mislead physicians to misdiagnose the stroke as a less dangerous 
illness.

Our findings suggest that the misdiagnosis of ischemic stroke is 
still common even in the modern era. Although missed opportuni-
ties for thrombolysis and thrombectomy due to delayed diagnosis 
are infrequent, a substantial proportion of ischemic stroke patients 
may miss opportunities for DAPT. To avoid missing the therapeutic 
window for effective interventions for ischemic stroke due to de-
layed diagnosis, patients with disabilities or whose neurological signs 
improve prior to presentation should be carefully treated. Moreover, 
given that vestibular disease and epilepsy were the most common 
initial diagnoses among stroke patients with delayed diagnosis, some 
strategies to identify ischemic stroke accurately among patients pre-
senting with dizziness, nausea, or seizure are needed. For example, 
an approach based on timing and triggers might be effective for pa-
tients presenting with dizziness.34 In addition, an ideal strategy is to 
ensure the availability of consulting neurologists 24 hours a day in 
the emergency department.

Our study has several strengths. This study was the first in 
Japan to determine the prevalence of delayed diagnosis of acute 
ischemic stroke. Furthermore, this was also the first study to in-
vestigate the prevalence of misdiagnosed ischemic stroke that 
missed an opportunity to receive interventions by DAPT and as-
pirin treatments within an appropriate therapeutic window. The 
quality of the diagnostic reference standard used in the present 
study for ischemic stroke is high based on the criteria of a previ-
ous meta- analysis,19 although that of most past similar studies was 
moderate.18,21,23,26 In addition, to minimize missing eligible isch-
emic stroke patients whose discharge diagnoses were recorded 
incorrectly as other diseases, we performed a chart review of all 
hospitalized patients during the study period. Nonetheless, sev-
eral limitations should be mentioned. First, data were collected 
retrospectively. Therefore, the information retrieved in this study 
was not accurate. For example, a past study reported that the mRS 
scores based on the retrospective chart review were not reliable.35 
However, a study in which data were collected prospectively to 
examine the misdiagnosis of acute stroke would not reflect real- 
world clinical practice because it would introduce the Hawthorne 
effect.36 Second, a single- center study design limits the generaliz-
ability of our findings. Third, stroke patients who were confirmed 
by brain computed tomography or who were not diagnosed by 
brain MRI were excluded. Fourth, stroke patients who were missed 
at initial care in our hospital but diagnosed in other hospitals were 
not evaluated. Moreover, our study did not include stroke patients 
who were missed in our hospital but improved spontaneously with-
out intervention. Therefore, the prevalence of delayed diagnosis of 
stroke might be underestimated in the present study. Fifth, stroke 
accounts for a substantial proportion of diseases that were over-
looked by clinicians but were uncovered by autopsy. Therefore, 
some stroke patients who died in our hospital were undiagnosed 
during their hospital stays.37 Sixth, although some observational 
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studies and subanalyses of randomized controlled trials supported 
that earlier intravenous thrombolysis or endovascular thrombec-
tomy may result in a better prognosis of acute ischemic stroke,6,16,38 
there have been no randomized controlled trials regarding attempts 
to improve the prognosis of stroke patients by lowering the propor-
tion with a delayed diagnosis of acute ischemic stroke. Seventh, 
the overdiagnosis of acute ischemic stroke was not evaluated in 
the present study.39 Too much emphasis on the avoidance of a de-
layed stroke diagnosis may increase overdiagnosis of acute isch-
emic stroke, which may result in harm.40 Eighth, the interobserver 
agreement for the assessment for the secondary outcome was not 
adequate. Finally, the occurrence of the primary outcome was less 
common than we had expected. Given that the number of patients 
who experienced the primary outcome was approximately 50, the 
inclusion of ten variables in the multivariable analysis might have 
made the statistical model unstable.

In conclusion, one in every eight ischemic stroke cases was 
missed at the initial visit, and one- third of missed strokes might be 
candidates for effective treatment without diagnostic delay. A pre-
stroke mRS score greater than two points, presentation 48 hours 
or more after the onset of stroke, and improvement of neurolog-
ical signs prior to presentation were independent risk factors for 
misdiagnosis of ischemic stroke. Although missed opportunities for 
thrombolysis and thrombectomy due to delayed diagnosis are infre-
quent, further efforts are required to avoid the delayed diagnosis of 
ischemic stroke.
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