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ABSTRACT

Introduction: To determine whether color doppler ultrasonography
(CDUS) and transcranial Doppler ultrasonography (TCD) can be used
as an alternative test to cranial computed tomography angiography
(CTA) by detecting vascular occlusions at the bedside in the emergency
department (ED).

Methods: This is a prospective, observational, and single-center study. It
was performed on patients aged 18 years and older who were examined
with a preliminary diagnosis of ischemic stroke and presented to an ED
within the first 48 hours after the onset of symptoms. TCD, CDUS and
vertebral artery doppler ultrasound were performed on one hundred
and three patients. Computed tomography angiography was conducted
as well and TCD and CDUS findings were compared.

Results: Over one month, thirty-three patients were included in the
study. The median age of the patients was 67 (52.5-78), and 57.6%

(n=19) were male. When the TCD findings were compared with the
gold standard (CTA), the negative predictive value of TCD for middle
cerebral artery (MCA) was 96.5%. Both right and left carotids could be
visualized optimally in all patients with CDUS. In the vertebral artery
ultrasound examination, the right and left vertebral arteries were
optimally visualized in all patients. Left vertebral artery ultrasound and
CTA findings were completely compatible.

Conclusion: Transcranial Doppler ultrasonography, a fast, inexpensive,
non-invasive, and reproducible method, may have a role in the early
detection or exclusion of ischemic strokes where time is critical. This
suggests that TCD may be a helpful method in the ED for the early
exclusion of acute MCA occlusions.
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INTRODUCTION

Ischemic stroke is a clinical manifestation that results in loss of neurologic
function and cell death in the affected area due to sudden interruption in
cerebral blood flow. Stroke is a leading cause of adult death and disability
and burdens healthcare costs yearly (1). The primary objective in treating
an ischemic stroke is to promptly restore blood flow following the onset
of symptoms (2). Large vessel occlusion is the occlusion of major, proximal
cerebral arteries, comprising 24-46% of acute ischemic strokes (AIS)
when involving both A2 and P2 segments of the anterior and posterior
cerebral arteries (3). Due to involvement of the proximal vascular system,
critical brain regions are often affected, leading to significant neurological
deficits (4). Large vessel occlusion constitutes 29.3% of AIS cases and has
an incidence rate of 24 per 100,000 people per year, with the majority
occurring in the anterior circulation (5,6).

Cranial computed tomography (CT) and diffusion-weighted magnetic
resonance imaging (DWI MRI) are the basic radiological methods

Highlights
+ TCD could be an alternative to CT angiography in
ischemic stroke.

* TCD can be used in the early period when CTA imaging
cannot be performed.

* Ultrasound can be used in the ER to determine etiology
in stroke patients.

used in the emergency department (ED) to diagnose ischemic stroke.
Computed tomography is a valuable imaging modality for easy access
and rapid evaluation and is successful in excluding hemorrhagic stroke
(7,8). Contrast-enhanced CT angiography (CTA) provides visualization of
the great vessels and ring of Willis; It helps to see stenosis and occlusions
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quite reliably (9). Diffusion-weighted magnetic resonance imaging is
superior to CT for diagnosing acute ischemic stroke in patients presenting
within 12 hours of symptoms (10). For this reason, DWI is frequently
preferred in the ED (11).

Color Doppler ultrasonography (CDUS) and Transcranial Doppler
ultrasonography (TCD) of the carotid and vertebral arteries are non-
invasive methods for neurovascular evaluation of extracranial and
intracranial great vessels. Color Doppler ultrasonography is 81-98%
sensitive and 82-89% specific for detecting the internal carotid artery’s
significant stenosis (>50%) (12). The use of TCD has been increasing
recently to detect occlusion in intracranial vessels (13,14). On the other
hand, factors such as device quality, technician’s experience, and patient’s
vascular anatomy are among the factors affecting the success of TCD (15).

With TCD, large vessel occlusion can be detected early and if thrombolytic
therapy is given, its effectiveness can be monitored (16,17). This study
aims to determine whether CDUS and TCD can be used as an alternative
test to CTA by detecting vascular occlusions at the bedside in the ED.

METHODS

Study Setting and Study Design

This research was planned as prospective, observational, and single-
center. Hacettepe University Ethical Committee approval was obtained
(Date: January 2, 2018, Decision no: GO 18/18). The study was performed
between July 1, 2018, and August 1, 2018, at Hacettepe University Adult
ED in Turkiye. Itis a tertiary academic emergency service in the city center
and is easily accessible. There are 35,000 patient visits annually.

Participant Selection and Measurements

The number of patients with a preliminary diagnosis of ischemic stroke
who admitted to the ED was 103. The inclusion criteria were as follows:
to admit on the study date, to be 18 years of age or older, to agree to
participate in the study (with the consent of the patient or their relatives),
to have been examined with a preliminary diagnosis of ischemic stroke,
to present in the first 48 hours from the onset of symptoms. We could
not perform TCD imaging on some patients because they were not
cooperative, and we could not perform CTA imaging on some patients
because they were unstable. In this case, these patients were excluded
from the study because the presence of occlusion could not be evaluated.
The flow chart of the study is shown in Figure 1.

Gender, age, history, medications, time from the onset of the complaint
to the ED admission, and preliminary diagnosis were recorded in the
patient study form. All patients underwent non-contrast cranial CT to
exclude hemorrhagic stroke and preliminary diagnoses were confirmed
by DWI MRI.

Transcranial Doppler ultrasonography, CDUS and Vertebral artery
Doppler ultrasound were performed in all patients. Emergency physician
who perform vertebral artery Doppler ultrasound, TCD, and CDUS have
previously received advanced ultrasound training (4 hours theory and 20
hours practical course at Hacettepe University Neurology Department).
Ultrasound was applied at the bedside; measurements were made with
Philips EPIQ 5G ultrasound device using linear and sector probes. The
physician, who completed the imaging with ultrasound, performed the
procedure without knowing the other imaging results of the patients. This
procedure was performed by a single emergency physician. It was decided
that the emergency physician would be observed by a neurologist with
more than ten years of experience in TCD before starting to perform the
procedure in the study. This procedure was performed on patients before
performing CT and MRI imaging, avoiding loss of time in imaging.
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Patients who applied with a preliminary diagnosis of ischemic
stroke between July 1 and August 1, 2018

n=103

Patients in whom
Patients with symptoms for
computer tomography
more than 48 hours .
angiography could not be
performed
n=4

Patients in whom the
clinician did not consider
computer tomography Uncooperative patients
angiography necessary
n=6

Patients who underwent transcranial Doppler ultrasonography
and computer tomography angiography imaging

n=33

Figure 1. A flowcharts illustrating of the study.

Cases with >70% stenosis and complete occlusion in vertebral artery
Doppler ultrasound and CDUS evaluations were considered pathological
(12). Common carotid artery and internal carotid artery were examined
in CDUS, but only stenosis in the internal carotid artery was considered
pathological. Flow in MCAs in TCD was performed according to
thrombolysis in brain ischemia (TIBI) flow grading classification. Those
with TIBI 0 were deemed pathological (18).

Computed tomography angiography was performed on the patients,
and TCD and CDUS findings were compared. Computed tomography
angiography included imaging of the head and neck arteries and cases
with >70% stenosis and complete occlusion in internal carotid artery, MCA
and vertebral artery were considered pathological. CTAs were evaluated by
a radiologist with 18 years of experience and a neurologist with 29 years
of experience; these evaluations were considered the gold standard. There
was no disagreement between the neurologists and radiologists.

Statistical Analysis

IBM Statistical Package for Social Sciences (SPSS) program version 23
(IBM Corp, Armonk, NY) program was used to analyze the data. For the
descriptive statistics of numerical data, mean and standard deviation values
were used for normally distributed data, and numbers and percentages
were used for qualitative data. Median (Interquartile range, Q1-Q3) was
used for data that did not show normal distribution. The McNemar test was
used in the dependent groups to compare the mean of the two groups. For
statistical significance, p<0.05 was considered significant.

RESULTS

A total of thirty-three eligible patients were included in the study and
all of them were diagnosed with stroke. The median age of the patients
was 67 (52.5-78), and 57.6% (n=19) were male. The patients’ two most
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common comorbid diseases were hypertension 45.5% (n=15) and
coronary artery disease 27.3% (n=9). 36.4% (n=12) of the patients were
using antihypertensive drugs. The median time from the onset of
symptoms to admission to the ED was 3 (2-7.5) hours. Cardiac thrombus
was detected on echocardiography in only one (3.0%) patient. Symptoms
were observed on the left side in 60.6% (n=20) of the patients. Descriptive
data of the patients are shown in Table 1.

In the ultrasonographic examination of the right MCA with TCD, an
optimal image could not be obtained in 3 (9.1%) patients due to the
anatomical structure of the temporal window. We have added the
TCD image of a patient with MCA occlusion findings in our study as
Figure 2. No pathology was observed in the right MCA in 2 (6.1%)
patients in the CTA. When the TCD findings were compared with
the gold standard (CTA), the sensitivity for the right MCA was 100%,
and the specificity was 92.8%; the positive predictive value was 50%,
and the negative predictive value could not be calculated. In the
ultrasonographic examination of the left MCA, an optimal image could
not be obtained in 3 (9.1%) patients due to the anatomical structure
of the temporal window. Pathology was observed in the left MCA in 4
(12.1%) patients in the CTA. When the TCD findings were compared with
the gold standard (CTA), the sensitivity was 0%, and the specificity was
100% for the left MCA; while the positive predictive value could not be
calculated, the negative predictive value was 93.3%. When both MCAs
are evaluated together with TCD, their sensitivity is 50%, specificity is
96.50%. The positive predictive value is 50%, and the negative predictive
value is 96.50% (Table 2).

Both right and left carotids could be visualized optimally in all patients
with CDUS. On CTA, pathology was observed in the right carotid in 1
(3.0%) patient. When CDUS findings of the right carotid were compared
with CTA, the sensitivity was calculated as 100%, and the specificity
as 100.0%; the positive predictive value was 100%, and the negative

WE 135Hz
2 OMHz
PW
50%
WF 100Hz
SV7.5mm
1.6MHz
4.6cm

h‘”"- AN e "'*"Lfnp ™

Agackiran et al. The Role of Transcranial Doppler Ultrasonography in Stroke

Table 1. Descriptive data of the patients

Features (n=33 patients) Values
Age, year, median (IQR) 67 (52.5-78)
Gender (n, %)

Male 19 (57.6%)

Female 14 (42.6%)
Comorbidity (n, %)*

Diabetes 8(24.2%)

Hypertension 15 (45.5)

Stroke 6(18.2%)

Coronary Artery Disease 9(27.3%)

Malignancy 3(9.1%)

Other 12 (36.4%)
Medications (n, %)*

Antihypertensive 12 (36.4%)

Antiplatelet 5(15.2%)

Anticoagulant 6 (18.2%)

Other 13 (39.4%)
Symptom duration, hours

[median (IQR)] 3(2-7.5)
Thrombus in echocardiography

Yes 1(3.0%)

No 32(97.0%)
Symptom side

Right 13 (39.4%)

Left 20 (60.6%)

*There were patients with multiple comorbidities and multiple medicine use.

predictive value could not be calculated. In CTA, pathology was observed
in the left carotid in 3 (9.1%) patients. When CDUS findings of the left
carotid were compared with CTA, the sensitivity was 66.67%, and the
specificity was 100%; the positive predictive value was 100.0%, and the
negative predictive value was 96.77% (Table 3).
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Table 2. Comparison of transcranial doppler ultrasonography findings with cranial CT angiography

CTA
Pathology (+) Pathology (-) Total
Pathology (+) 2(6.1%) 2(6.1%) 4(12.1%)
Efg?]t MCA Pathology (-) 0 (0.0%) 26 (78.8%) 26 (78.8%)
Could not image 0(0.0%) 3(9.1%) 3(9.1%)
Total 2(6.1%) 31(93.9%) 33 (100.0%) (p>0.05)
Pathology (+) 0(0.0%) 0(0.0%) 0 (0.0%)
1 ea Pathology (-) 2(6.1%) 28 (84.8%) 30 (90.9%)
Could not image 2(6.1%) 1(3.0%) 3(9.1%)
Total 4(12.1%) 29 (87.9%) 33 (100.0%) (p>0.05)

CTA: cranial computer tomography angiography; MCA: middle cerebral artery; p value was obtained by McNemar test; TCD: transcranial Doppler ultrasound.

Table 3. Comparison of color Doppler ultrasonography findings with cranial CT angiography

CTA
Pathology (+) Pathology (-) Total

CDUS Pathology (+) 1(3.0%) 0(0.0%) 1(3.0%)
Right Carotid Pathology (-) 0(0.0%) 32(97.0%) 32 (97.0%)
Total 1(3.0%) 32 (97.0%) 33 (100.0%) (p>0.05)
CDbUS Pathology (+) 2(6.1%) 0(0.0%) 2(6.1%)
Left Carotid Pathology (-) 1(3.0%) 30 (90.9%) 31(93.9%)
Total 3(9.1%) 30 (90.9%) 33 (100.0%) (p>0.05)

CDUS: carotid color Doppler ultrasonography, CTA: cranial computer tomography angiography; p value was obtained by McNemar test.

Table 4. Comparison of vertebral artery ultrasound findings with cranial CT angiography

CTA
Pathology (+) Pathology (-) Total
Pathol 4(121% 2(61% 6 (18.2%
Right vertebral artery athology (+) ( ) ( ) ( )
Pathology (-) 2(61%) 25 (75.7%) 27 (81.8%)
Total 6 (18.2%) 27 (81.8%) 33 (100.0%) (p>0.05)
Pathology (+) 0(0.0%) 0(0.0%) 0(0.0%)
Left vertebral art
et veriebralartery Pathology (-) 0(0.0%) 33 (100.0%) 33 (100.0%)
Total 0(0.0%) 33 (100.0%) 33 (100.0%) (p>0.05)

CTA: cranial computer tomography angiography; p value was obtained by McNemar test.

In the vertebral artery ultrasound examination, the right and left vertebral
arteries were optimally visualized in all patients. In the CTA, pathology
was observed in the right vertebral artery in 6 (18.2%) patients. When
the right vertebral artery ultrasound findings were compared with CTA,
the sensitivity was 66.6%; specificity was calculated as 92.6%; positive
predictive value was 66.6%; negative predictive was calculated as 92.6%.
No pathology was observed in the left vertebral artery in any patient in
CTA. Left Vertebral artery ultrasound and CTA findings were completely
compatible (Table 4).

DISCUSSION

This study aimed to compare ultrasonography, an inexpensive and
easily accessible method, with CTA for the early diagnosis of ischemic
stroke in the ED and to demonstrate whether it can be an alternative
diagnostic test.

Middle cerebral artery is the most affected cerebral vessel in acute
ischemic stroke (13,14). Acute occlusion of large vessel can cause
severe functional morbidity and even mortality (19). Toni et al. stated
the sensitivity of TCD to be 40% and its negative predictive value to be

96.5% (14). Alexandrov et al. found a negative predictive value of 89% in
their study (13). The main reasons that complicate the detection of MCA
with TCD are patient incompatibility and closed sonic temporal window
(20-22). Our study revealed the sensitivity of TCD to be 50% and the
specificity to be 96.5%. In 9.1% (n=3) of the patients, imaging could not
be achieved because the trans-temporal acoustic window was closed. It
explains the low sensitivity.

Ischemic stroke is associated with many comorbid diseases. In our study,
hypertension was found the most in patients. Grau et al. found that 66.6%
of acute stroke patients included in their study had hypertension, 44%
had diabetes, and 24% had coronary artery disease (23). In the study of
Ingal et al., 44% of the patients had hypertension (24). Our study detected
coronary artery disease and diabetes following hypertension in patients.
Data support that these diseases are the leading risk factors for acute
ischemic stroke.

In ischemic stroke, cell damage begins from the first minutes of
occlusion, when symptoms begin, and the extent of the damage
increases as time passes (25). Therefore, the time from the onset of
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symptoms to admission to the ED affects the diagnosis and treatment
process. It has been shown in many studies that only up to half of the
patients (21-51%) can present to the ED in the first 4 hours (26-29). Our
study’s median admission time was 3 (2-7.5) hours, and 63.6% (n=21) of
the cases presented to the ED within the first 4 hours. This situation can
be explained by the fact that our hospital is in the city center and the
ease of access to health in our country.

Cardioembolism is one of the most common causes of ischemic stroke.
The findings we can detect in echocardiography in cardioembolic
strokes are low ejection fraction, intracardiac thrombus, heart valve
pathologies and aneurysms, dilatation, and wall motion disorders
(23,30,31). In their study, Nakibuuka et al. found intracardiac thrombus
on echocardiography in 2.3% of acute stroke cases (30). Wrigley et al.
detected intracardiac thrombus in 0.9% of the cases (32). Our study
caught intracardiac thrombus in 3% of the cases. Despite the definition of
intracardiac thrombus as an etiological cause, its low frequency may be
related to the low prevalence of detection methods.

The presence of steno-occlusive lesions in the carotid arteries is another
crucial risk factor for stroke (33). Color Doppler ultrasonography is
one of the most commonly used methods to demonstrate stenosis in
the carotid artery and is considered an alternative to CTA (34). In the
review of Nederkoorn et al., the sensitivity of stenosis detection with
CDUS was reported as 96% and the specificity as 100% (35). Blakeley
et al. found the sensitivity of stenosis detection with CDUS to be 86%
and the specificity to be 98% (36). We found the sensitivity of CDUS
to indicate critical stenosis or occlusion as 66.7% and 100% for the
right and left carotid, respectively, and the specificity as 100%. Lower
sensitivity was detected in the right carotid due to the low number
of cases and anatomical defects that cause difficulties in providing
optimal imaging.

Sonographic diagnosis of vertebral arteries flow pathologies is more
difficult due to anatomical variability and orientation problems. Khan
et al. compared the vertebral artery color Doppler ultrasound with CTA
and found the sensitivity of ultrasound to be 70.2% and the specificity to
be 97.7% (37). While our study found the left vertebral artery Doppler
ultrasound results to be entirely similar for CTA, it revealed a sensitivity of
66.6% and a specificity of 92.6% in right vertebral artery imaging.

Limitations

Our primary limitation is that our study was conducted in a single center,
by a single user, and that it was not applied to a wider population.
Although all patients who consented to the study were included in the
specified study period, the small sample size should not be ignored when
interpreting the results. Its accuracy can be increased with multicenter
and international studies.

The use of ultrasound is becoming increasingly common in EDs. Our data
indicate that TCD, a fast, inexpensive, non-invasive, and reproducible
method, may have a role in the early detection or exclusion of ischemic
strokes where time is critical. The negative predictive value of TCD for
both MCA was 96.50%. This suggests that TCD may be a helpful method
in the ED for the early exclusion of acute MCA occlusions. However,
the necessity of observation and research in groups with more patients
should be addressed.

Ethics Committee Approval: Hacettepe University Ethical Committee approval was
obtained (Date: January 2, 2018, Decision no: GO 18/18).

Informed Consent: Informed consent was obtained from all subjects.

Peer-review: Externally peer-reviewed.

Agackiran et al. The Role of Transcranial Doppler Ultrasonography in Stroke

Author Contributions: Concept- IA, EMA, BE, MAT; Design- 1A, BE; Supervision- MAT,
BE, IA; Resource- IA, BE; Materials- IA, BE; Data Collection and/or Processing- IA, EA,
MAK; Analysis and/or Interpretation- IA, MCD; Literature Search- IA, YO; Writing- iA,
MA, MCD, BE; Critical Reviews- BE, MCD, MAT.

Conflict of Interest: The authors declared that there is no conflict of interest.

Financial Disclosure: The authors declared that this study has received no financial
support.

REFERENCES

1. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL,
et al. Heart Disease and Stroke Statistics-2023. Update: a report from the
American Heart Association. Circulation. 2023;147(8):e93-e621. Epub
20230125. [Crossref]

2. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson
AP, et al. Heart disease and stroke statistics-2019 update: a report from the
American Heart Association. Circulation. 2019;139(10):e56-€528. [Crossref]

3. Rennert RC, Wali AR, Steinberg JA, Santiago-Dieppa DR, Olson SE, Pannell JS,
et al. Epidemiology, natural history, and clinical presentation of large vessel
ischemic stroke. Neurosurgery. 2019;85 (suppl_1):54-S8. [Crossref]

4. Minhas JS, Wang X, Lindley RI, Delcourt C, Song L, Woodward M, et al.
Comparative effects of intensive-blood pressure versus standard-blood
pressure-lowering treatment in patients with severe ischemic stroke in the
ENCHANTED trial. ) Hypertens. 2021;39(2):280-285. [Crossref]

5. Rai AT, Seldon AE, Boo S, Link PS, Domico JR, Tarabishy AR, et al. A population-
based incidence of acute large vessel occlusions and thrombectomy eligible
patients indicates significant potential for growth of endovascular stroke
therapy in the USA. ) Neurointerv Surg. 2017;9(8):722-726. [Crossref]

6. Lakomkin N, Dhamoon M, Carroll K, Singh IP, Tuhrim S, Lee J, et al.
Prevalence of large vessel occlusion in patients presenting with acute
ischemic stroke: a 10-year systematic review of the literature. ] Neurointerv
Surg. 2019;11(3):241-245. [Crossref]

7. Wardlaw JM, Dorman PJ, Lewis SC, Sandercock PA. Can stroke physicians
and neuroradiologists identify signs of early cerebral infarction on CT? ]
Neurol Neurosurg Psychiatry. 1999;67(5):651-653. [Crossref]

8. Wardlaw JM, Mielke O. Early signs of brain infarction at CT. observer
reliability and outcome after thrombolytic treatment -systematic review.
Radiology. 2005;235(2):444-453. [Crossref]

9. Latchaw RE, Alberts MJ, Lev MH, Connors JJ, Harbaugh RE, Higashida RT,
et al. Recommendations for imaging of acute ischemic stroke: a scientific
statement from the American Heart Association. Stroke. 2009;40(11):3646-
3678. Epub 20090924. [Crossref]

10. Schellinger PD, Bryan RN, Caplan LR, Detre JA, Edelman RR, Jaigobin C,
et al. Evidence-based guideline: the role of diffusion and perfusion MRI
for the diagnosis of acute ischemic stroke: report of the Therapeutics and
Technology Assessment Subcommittee of the American Academy of
Neurology. Neurology. 2010;75(2):177-185. [Crossref]

11. Demir MC, Ozdamar Y. Utilization trend of magnetic resonance imaging
examinations in an academic emergency department and the weekend
effect. Journal of Clinical Medicine of Kazakhstan. 2021;18(3):52-7. [Crossref]

12. Topcuoglu MA. Transcranial Doppler ultrasound in neurovascular diseases:
diagnostic and therapeutic aspects. ] Neurochem. 2012;123 Suppl 2:39-51.
[Crossref]

13. Alexandrov AV, Demchuk AM, Wein TH, Grotta JC. Yield of transcranial
Doppler in acute cerebral ischemia. Stroke. 1999;30(8):1604-1609. [Crossref]

14. Toni D, Fiorelli M, Zanette EM, Sacchetti ML, Salerno A, Argentino C, et
al. Early spontaneous improvement and deterioration of ischemic stroke
patients. A serial study with transcranial Doppler ultrasonography. Stroke.
1998;29(6):1144-1148. [Crossref]

15. Naqvi J, Yap KH, Ahmad G, Ghosh J. Transcranial Doppler ultrasound: a
review of the physical principles and major applications in critical care. Int
Vasc Med. 2013;2013:629378. [Crossref]

16. Chernyshev OY, Garami Z, Calleja S, Song J, Campbell MS, Noser EA, et al.
Yield and accuracy of urgent combined carotid/transcranial ultrasound
testing in acute cerebral ischemia. Stroke. 2005;36(1):32-37. [Crossref]

17. Schlachetzki F, Herzberg M, Holscher T, Ertl M, Zimmermann M, Ittner KP, et
al. Transcranial ultrasound from diagnosis to early stroke treatment: part 2:
prehospital neurosonography in patients with acute stroke: the Regensburg
stroke mobile project. Cerebrovasc Dis. 2012;33(3):262-271. [Crossref]

18. Demchuk AM, Burgin WS, Christou |, Felberg RA, Barber PA, Hill MD, et
al. Thrombolysis in brain ischemia (TIBI) transcranial Doppler flow grades
predict clinical severity, early recovery, and mortality in patients treated
with intravenous tissue plasminogen activator. Stroke. 2001;32(1):89-93.

[Crossref]



https://doi.org/10.1161/CIR.0000000000001137
https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1093/neuros/nyz042
https://doi.org/10.1097/HJH.0000000000002640
https://doi.org/10.1136/neurintsurg-2016-012515
https://doi.org/10.1136/neurintsurg-2018-014239
https://doi.org/10.1136/jnnp.67.5.651
https://doi.org/10.1148/radiol.2352040262
https://doi.org/10.1161/STROKEAHA.108.192616
https://doi.org/10.1212/WNL.0b013e3181e7c9dd
https://doi.org/10.23950/jcmk/10850
https://doi.org/10.1111/j.1471-4159.2012.07942.x
https://doi.org/10.1161/01.STR.30.8.1604
https://doi.org/10.1161/01.STR.29.6.1144
https://doi.org/10.1155/2013/629378
https://doi.org/10.1161/01.STR.0000150496.27584.e3
https://doi.org/10.1159/000334667
https://doi.org/10.1161/01.STR.32.1.89

Agackiran et al. The Role of Transcranial Doppler Ultrasonography in Stroke

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell P}, Demchuk AM,
et al. Endovascular thrombectomy after large-vessel ischaemic stroke: a
meta-analysis of individual patient data from five randomised trials. Lancet.
2016;387(10029):1723-1731. [Crossref]

Brunser AM, Lavados PM, Carcamo DA, Hoppe A, Olavarria V, Diaz V, et
al. Additional information given to a multimodal imaging stroke protocol
by transcranial Doppler ultrasound in the emergency room: a prospective
observational study. Cerebrovasc Dis. 2010;30(3):260-266. [Crossref]
Camerlingo M, Casto L, Censori B, Ferraro B, Gazzaniga GC, Mamoli A.
Transcranial Doppler in acute ischemic stroke of the middle cerebral artery
territories. Acta Neurol Scand. 1993;88(2):108-111. [Crossref]

Zanette EM, Fieschi C, Bozzao L, Roberti C, Toni D, Argentino C, et al.
Comparison of cerebral angiography and transcranial Doppler sonography
in acute stroke. Stroke. 1989;20(7):899-903. [Crossref]

Grau AJ, Weimar C, Buggle F, Heinrich A, Goertler M, Neumaier S, et al. Risk
factors, outcome, and treatment in subtypes of ischemic stroke: the German
stroke data bank. Stroke. 2001;32(11):2559-2566. [Crossref]

Ingall TJ), Homer D, Baker HL Jr, Kottke BA, O'Fallon WM, Whisnant JP.
Predictors of intracranial carotid artery atherosclerosis. Duration of cigarette
smoking and hypertension are more powerful than serum lipid levels. Arch
Neurol. 1991;48(7):687-691. [Crossref]

Kidwell CS, Chalela JA, Saver JL, Starkman S, Hill MD, Demchuk AM, et al.
Comparison of MRI and CT for detection of acute intracerebral hemorrhage.
JAMA. 2004;292(15):1823-1830. [Crossref]

Lacy CR, Suh DC, Bueno M, Kostis JB. Delay in presentation and evaluation
for acute stroke: Stroke Time Registry for Outcomes Knowledge and
Epidemiology (S.T.R.O.K.E.). Stroke. 2001;32(1):63-69. [Crossref]

Jorgensen HS, Nakayama H, Reith J, Raaschou HO, Olsen TS. Factors delaying
hospital admission in acute stroke: the Copenhagen Stroke Study. Neurology.
1996;47(2):383-387. [Crossref]

Fogelholm R, Murros K, Rissanen A, limavirta M. Factors delaying hospital
admission after acute stroke. Stroke. 1996,27(3):398-400. [Crossref]

29.

31.

33.

34,

35.

36.

37.

Arch Neuropsychiatry 2025;62:119-124

Azzimondi G, Bassein L, Fiorani L, Nonino F, Montaguti U, Celin D, et al.
Variables associated with hospital arrival time after stroke: effect of delay
on the clinical efficiency of early treatment. Stroke. 1997,28(3):537-542.
[Crossref]

. Nakibuuka J, Nyakoojo WB, Namale A, Ddumba E, Leontsini E, Nuwaha F.

Utility of transthoracic echocardiography and carotid doppler ultrasound in
differential diagnosis and management of ischemic stroke in a developing
country. ] Cardiol Clin Res. 2013;1(2):1012-1016.

Miles JA, Garber L, Ghosh S, Spevack DM. Association of Transthoracic
Echocardiography findings and long-term outcomes in patients undergoing
workup of stroke. ] Stroke Cerebrovasc Dis. 2018;27(11):2943-2950.
[Crossref]

. Wrigley P, Khoury J, Eckerle B, Alwell K, Moomaw CJ, Woo D, et al. Prevalence

of positive troponin and echocardiogram findings and association with
mortality in acute ischemic stroke. Stroke. 2017;48(5):1226-1232. [Crossref]

Cheng SF, Brown MM, Simister RJ, Richards T. Contemporary prevalence
of carotid stenosis in patients presenting with ischaemic stroke. Br J Surg.
2019;106(7):872-878. [Crossref]

Nederkoorn PJ, Mali WP, Eikelboom BC, Elgersma OE, Buskens E, Hunink
MG, et al. Preoperative diagnosis of carotid artery stenosis: accuracy of
noninvasive testing. Stroke. 2002;33(8):2003-2008. [Crossref]

Nederkoorn PJ, van der Graaf Y, Hunink MG. Duplex ultrasound and magnetic
resonance angiography compared with digital subtraction angiography in
carotid artery stenosis: a systematic review. Stroke. 2003;34(5):1324-1332.
Epub 20030410. [Crossref]

Blakeley DD, Oddone EZ, Hasselblad V, Simel DL, Matchar DB. Noninvasive
carotid artery testing. A meta-analytic review. Ann Intern Med.
1995;122(5):360-367. [Crossref]

Khan S, Cloud GC, Kerry S, Markus HS. Imaging of vertebral artery stenosis:
a systematic review. ] Neurol Neurosurg Psychiatry. 2007;78(11):1218-1225.
Epub 20070207. [Crossref]


https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.1159/000319068
https://doi.org/10.1111/j.1600-0404.1993.tb04200.x
https://doi.org/10.1161/01.STR.20.7.899
https://doi.org/10.1161/hs1101.098524
https://doi.org/10.1001/archneur.1991.00530190033011
https://doi.org/10.1001/jama.292.15.1823
https://doi.org/10.1161/01.STR.32.1.63
https://doi.org/10.1212/WNL.47.2.383
https://doi.org/10.1161/01.STR.27.3.398
https://doi.org/10.1161/01.STR.28.3.537
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.06.023
https://doi.org/10.1161/STROKEAHA.116.014561
https://doi.org/10.1002/bjs.11136
https://doi.org/10.1161/01.STR.0000021900.58396.44
https://doi.org/10.1161/01.STR.0000068367.08991.A2
https://doi.org/10.7326/0003-4819-122-5-199503010-00007
https://doi.org/10.1136/jnnp.2006.111716

