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Abstract
This study is aimed to evaluate the proficiency of emergency physicians in identifying
ischemic strokes via diffusion-weighted magnetic resonance imaging (DW-MRI), and
to determine the inter-rater agreement between emergency department (ED) residents
and radiologists. The suspected ischemic stroke patients undergoing DW-MRI and not
the candidates for thrombolytic therapy were eligible for the study. Diffusion MRI
images were evaluated by the on-duty senior ED residents having two or more years
in residency program, and a radiologist. Prior to the study, an instructor from radiology
department delivered 2-hour theoretical and 2-hour practical lectures to ED physicians
on the evaluation of diffusion MRI. A total of 604 patients were included in the study
wherein 145 patients (24%) were detected with ischemic areas. The parietal lobe was the
most prevalent ischemic area according to ED physicians’ and radiologist’s findings. ED
residents and the radiologist had different interpretations for 54 patients. ED physicians
ascribed 15 (3.4%) ischemic stroke patients as normal and 39 (23.1%) normal patients
as stroke. ED physicians had 89.7% sensitivity (95% confidence interval (CI): 84% to
94%) and 91.5% specificity (95% CI: 89% to 94%) in diagnosing ischemic stroke. A
good inter-rater agreement was found between ED physicians and the radiologist with
kappa value of 0.77 (95% CI: 0.71 to 0.83). ED physicians have better success rate in
interpreting DW-MRI to detect ischemic stroke in non-candidate cases of thrombolytic
therapy (cases whose National Institutes of Health Stroke Skale (NIHSS) score is not
appropriate, symptom onset exceeds 4.5 hours, and thrombolytic administration is
contraindicated). There is a good inter-rater agreement between ED physicians and
radiologist.
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1. Introduction and purpose

Stroke has been the primary contributor of global mortality
and morbidity. Ischemic stroke is 80% prevalent among all
strokes. Fibrinolysis is the only therapeutic intervention to
reverse neurological deficits of ischemic stroke. However,
there is a confined time window for its application. The
accurate and swift diagnosis, and identification of right patient
is vital. Imaging modalities and neurological examinations
have role in managing these patients [1].
Computerized tomography (CT) is the most used imaging

tool in stroke patients to distinguish ischemic and hemorrhagic
strokes because of its availability, however magnetic reso-
nance imaging (MRI) is more advanced radiological method
for detecting soft tissue pathologies with high resolution [2].
Furthermore, CT results in radiation exposure and has limita-
tions of detecting lesions in posterior fossa, small lesions, and

stroke mimics [3].
Diffusion-weighted magnetic resonance imaging (DW-

MRI) has distinct image contrast compared to conventional
MRI techniques. DW-MRI is more sensitive than CT in
detecting acute ischemic stroke. It can differentiate acute
stroke from other conditions of sudden neurological deficits
[4]. CT or DW-MRI interpretation is crucial because of
the limited timeframe in these patients. The emergency
department (ED) physicians are specialists in interpreting
brain CT scans, however the same levels may not be possible
for DW-MRI due to its recent introduction as diagnostic tool
[5].
DW-MRI thus depends on the interpreter as in the case of

other radiological tools. The lesion may be invisible, espe-
cially in the earlier moments of ischemia [6].
Artificial intelligence as a novel option of interpreting med-

ical images is becoming common. However, its availability

https://www.signavitae.com
http://doi.org/10.22514/sv.2024.048


2

is limited in most parts of the world. The physician-based
evaluations of DW-MRI images will thus remain in practice.
This study is aimed to determine inter-rater agreement be-

tween ED residents and radiologists pertaining to the interpre-
tation of DW-MRI images in ischemic stroke patients.

2. Materials and methods

2.1 Study design and setting
This cross-sectional study was conducted in the emergency
department of tertiary care hospital from July 2017 to April
2018. The local ethics committee approved the study protocol.

2.2 Selection of study patients
Inclusion Criteria:
- Individuals ≥18 years age
- Underwent brain DW-MRI because of suspected ischemic

stroke
- Patients with informed consent to participate
Exclusion Criteria:
- Individuals <18 years age
- Patients with thrombolytic and thrombectomy decisions

based on brain tomography (undergoing DW-MRI wasted time
in those patients)
- Cases with appropriate NIH score, symptoms started in the

last 4.5 hours, and thrombolytic administration indicated.
- Brain DW-MRI conducted due to trauma
- DW-MRI obtained outside the brain
- Non-consented patients

2.3 Selection of study participants
Seven senior ED residents having completed over two years
of residency program were included in this segment of study
participants. Participating assistants of the study blindly inter-
preted the images. The study forms were recorded with pa-
tients’ demographic information, vital signs, their complaints,
onset time and MRI findings.
The on-duty resident during MRI interpreted the MRI. MRI

images were evaluated one after the other by emergency res-
idents. The radiology segment of participants included on-
duty radiologist along with a faculty member of Radiology
Department serving as supervisor.
The present study was conducted with ED residents because

of the insufficient number of attending ED physicians.
The participating ED residents of the study were trained by

a radiologist via two-hour theoretical and two-hour practical
DW-MRI training prior to the commencement of study.

2.4 DW-MRI interpretation
A brain DW-MRI image was recorded after recruiting eligi-
ble patients to the study. Actively participating ED resident
of the study interpreted the images. An on-duty radiology
ED resident independently interpreted the DW-MRI images.
However, a faculty member from Radiology Department with
15 years of experience inspected the images in final analysis.
His findings were accepted as the gold standard since he had
interest and expertise in MRI.

2.5 Magnetic resonance imaging
Brain DW-MRI for the study subjects were acquired using
Siemens (1.5 tesla) and Philips (1.5 tesla) MR devices. Images
were assessed by the pre-installed Sectra brand PACS system
on hospital computers.

2.6 Statistical analysis
The data were analyzed by Statistical Package for the Social
Sciences (SPSS) 21 statistical software package (IBM Corpo-
ration, Chicago, IL, USA) and MedCalc (MedCalc Software
Ltd. Ostend, Belgium) ver. 20.110. Numeric data were
presented as mean± standard deviation while categorical data
as rates. The Chi-square test compared the rates among three
or more groups having categorical data.
Inter-rater agreement between ED residents and radiologists

was determined through the kappa value. This agreement was
defined as excellent with kappa value >0.80, good between
0.61–0.80, moderate between 0.41–0.60, fair between 0.21–
0.40, and poor if <0.20.
Sensitivity, specificity, and area under the curve (AUC)

were employed to detect ischemic stroke in DW-MRI by the
ED physicians. The point estimates were computed at 95%
confidence interval.
The hypotheses were formulated as two-tailed, and alpha

critical value of 0.05 was considered significant.

3. Results

A total of 604 patients were included in the study wherein 331
(55%) were male and 273 (45%) female. Patients had the mean
age of 63 ± 12 years.
ED physicians could accurately determine the localization

compared to radiologists. The parietal lobe was the most
prevalent ischemic area according to ED physicians’ and ra-
diologists’ findings (Table 1).
DW-MRI analysis revealed 145 (24%) patients detected

with ischemic area. ED physicians had 89.7% sensitivity (95%
CI: 84% to 94%) and 91.5% specificity (95% CI: 89% to 94%)
in diagnosing ischemic stroke (Table 2). AUC value was 0.91
(95%CI: 0.88 to 0.93) for the ED residents in interpreting DW-
MRI for ischemic stroke (Fig. 1).
ED residents and the radiologist interpreted differently for

54 patients. ED physicians designated 15 (3.4%) ischemic
stroke patients as normal, and 39 (23.1%) normal patients as
stroke (Table 2).
A good inter-rater agreement was found between ED physi-

cians and the radiologist with kappa value of 0.77 (95% CI:
0.71 to 0.83).
No difference was observed between ED residents regarding

the accuracy of establishing ischemic stroke viaDW-MRI (p =
0.967) (Table 3).

4. Discussion

This study depicted good inter-rater agreement of ED residents
and a radiologist in detecting ischemic stroke from DW-MRI
of non-candidate patients for thrombolytic therapy.
MRI imaging required experienced MRI technician, trained
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TABLE 1. Locations of ischemic strokes assigned by ED
physician and radiologist in DWI-MRI.

Localization of Ischemic
Stroke

Emergency
Physicians

Radiology
Physician

Cerebellum 18 (3.0%) 8 (1.3%)
Bulbus 5 (0.8%) 2 (0.3%)
Pons 11 (1.8%) 10 (1.7%)
Mesencephalon 12 (2.0%) 7 (1.2%)
Parietal Lobe 62 (10.3%) 67 (11.1%)
Frontal Lobe 4 (0.7%) 14 (2.3%)
Temporal Lobe 19 (3.1%) 21 (3.5%)
Occipital Lobe 19 (3.1%) 15 (2.5%)
Putamen 21 (3.5%) 9 (1.5%)
Lentiform nucleus 18 (3.0%) 9 (1.5%)
Nucleus caudatus 20 (3.3%) 13 (2.2%)
Insula 3 (0.5%) 8 (1.3%)
Middle Cerebral Artery 22 (3.6%) 15 (2.5%)
Posterior Cerebral
Artery

4 (0.7%) 6 (1.0%)

Anterior Cerebral Artery 5 (0.8%) 1 (0.2%)
All the variables are expressed as frequency (n) and
percentage.

TABLE 2. 2 × 2 table depicting the consistency of ED
physicians and radiologists in interpreting DWI for

ischemic stroke.
Radiologist

Ischemia
(−)

Ischemia
(+)

Total

Emergency Physicians

Ischemia (−) 420
(96.6%)

15
(3.4%)

435
(72.0%)

Ischemia (+) 39
(23.1%)

130
(76.9%)

169
(28.0%)

Total 459
(76.0%)

145
(24.0%)

604
(100.0%)

radiologist to interpret the data, and patient compatibility [7].
The radiologists might misinterpret MRI images in ED be-
cause of time constraint. A study reported the concordance
of 84.8% upon comparing the DW-MRI interpretations of
radiology residents in ED and the neuroradiologists [8]. A
study revealed that the rate of misdiagnosis for ischemic stroke
by ED physicians was 5% to 33% [9]. In a similar study, 14%
ischemic stroke-related findings in DW-MRI were missed by
ED physicians [10].
The overall false negative (3.4%) and false positive (23.1%)

rates by ED residents in the present study were 26.5%. The
rate of missing an ischemic stroke patient was low, whereas
assigning a normal patient as ischemic stroke was more proba-
ble. This would increase the unnecessary patients’ admissions.
On the contrary, missing an ischemic stroke was in acceptable

FIGURE 1. ROC curve displaying the success rate of
ED physicians in interpreting DW-MRI for acute ischemic
stroke. ROC: receiver operating characteristic.

TABLE 3. Success of emergency physicians in detecting
ischemic stroke in DW-MRI.

Physician Correct
Interpretation

Incorrect
Interpretation

1. Physician 106 (90.6%) 11 (9.4%)
2. Physician 81 (92.0%) 7 (8.0%)
3. Physician 95 (93.1%) 7 (6.9%)
4. Physician 86 (90.5%) 9 (9.5%)
5. Physician 60 (88.2%) 8 (11.8%)
6. Physician 59 (90.7%) 6 (9.3%)
7. Physician 63 (91.3%) 6 (8.7%)
Total 550 (91.0%) 54 (9.0%)
Total 604 patients
p Value 0.967

limits, however the improper discharge be avoided based on
their clinical manifestations.
The radiological instruments had been user dependent. A

perfect inter-rater agreement was barely possible among the
radiologists, and between the radiologists and other specialists.
The inter-rater agreement between ED physicians and radiolo-
gists would improve by practicing and interpretingMRI in ED.
So, a study on the success of experienced ED physicians would
be of interest in future investigations.
In our country, stroke centers and stroke teams had been es-

tablished for treating ischemic stroke. Minutes were important
in starting the stroke treatment, as it was the main cause of
mortality and morbidity in our country. The frontline emer-
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gency physicians could have role in managing these patients
via the rapid ischemic stroke detection. The rapid detection
relied on clinical manifestations, and accurate interpretation
of radiological outcomes. CT scans had been the ubiquitous
imaging tools in EDs, however DW-MRI had become common
for ED patients as compared to the past. ED physicians should
thus interpret the DW-MRI scans of potential ischemic stroke
patients who were not eligible for thrombolytics. Patients in
the thrombolytics period would also be of interest for future
studies.

5. Limitations

This study had several limitations. Patients in the thrombolytic
period were not included. Different periods for symptom onset
could impact the interpretations of either group. The study did
not involve residents with less than two years of experience
and preferring more experienced physicians than the senior
residents. Including these segments in the study might have
influenced the findings.
A two-hour training session might not be sufficient for con-

duciveDW-MRI interpretations. The present study should thus
be replicated by more experienced and trained ED physicians
to interpret DW-MRI.

6. Conclusions

ED physicians have high success rate of interpreting DW-
MRI ischemic strokes in non-candidate cases of thrombolytic
therapy (cases with inappropriate NIH score, symptom onset
exceeds 4.5 hours, and thrombolytic administration is con-
traindicated). There is a good inter-rater agreement between
ED physicians and radiologist. Providing training and practice
to ED physicians in DW-MRI interpretation of acute ischemic
stroke can enhance their success rates.
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