ISSN 2005-7881
®)  Journal of Neurosonology 8(1):14-29, 2016

REVIEW ARTICLE

7i= H =4 .|;‘<2—|. H=74 |. |i| H OlAIX Ol %Q_kl
OleEE‘—I—E |_DAII:I 2I. a0 1o o O

Natistm ojnjtyst AMmstmAl, Taftistm ofmyst AFmetmA’ Sx|istm ofniryst AAnstmAl’, ZAEYol2Y AlFa
rstn ofntryst MBS mAL It AAATME || SAttistm ojmryst AFnstm Al clxtistm olnjryst AHntstmAl” ofEristm
ofzithst MAatstmM ", SHtistm olaitst NFmetnd™ ojehpAZu’, JiERittstn ofntchel Adntel T Baiern ooyt
AFastm A" ASoisim ojnjhst MATSmA T, oMcstm oaithst AZaEnAl ™, IoIALEE MY MAWY  M2dstm
ontehst AMapstmall! olstoixichstm o miehst Al akstm A’

S o—T.x i o omof I Aoq] * =T = T oasg T §§
23T MRAT HER 0|5 RES oY HxY' oldg HEAM =ZX2H &S351E" OlEiw
= I " sop=™ oo it zaApey 1T s1a1° A=k =§§§ A1 I 19 *
SIAE" ZAHT st ST shdE T YDl MSSH olEET HET|T ASXT 0|84

Transcranial Doppler Ultrasound: Practice Standards
Part Il. Clinical Indications and Utility

Keun Hwa Jung, MD, PhD*, Woo-Keun Seo, MD, PhD"*, Jong-Moo Park, MD, PhD¥, Jong Yun Lee, MD, PhDS,
Sungwook Yu, MD, PhD', Sung Ik Lee, MD", Sun U. Kwon, MD, PhDY, Kyung-Yul Lee, MD, PhD

Hyo Suk Nam, MD, PhD", Ji Man Hong, MD, PhD'", Hee-Jung Song, MD PhD*, Te Gyu Lee, MD, PhD%,
Si-Ryung Han, MD, PhD"", Sang-Beom Kim, MD, PhD™, Yang-Ha Hwang, MD, PhD™", Eung-Gyu Kim, MD, PhD'*",
Sang Won Han, MD'™", Hyung-Min Kwon, MD, PhD’, Seung-Han Suk, MD, PhD ", Jun Hong Lee, MD, PhD®S§,
Seul-Ki Jeong, MD, PhD """, Yong-Jae Kim, MD, PhD™, Yong-Seok Lee, MD, PhD’

Departments of Neurology, Seoul National University College of Medicine’, Korea University College of Medicine’, Eulji University
College of Medicine”, National Medical Center§, InAm Neuroscience Center, Wonkwang University School of Medicine’, Ulsan
University College of Medicine" Yonsei University College of Medicine”, Ajou University College of Medicine””, Chungnam
National University College of Medicine ™, L TG Neuromedical center™, The Catholic University College of Medicine”’, Kyung
Hee University College of Medicine™, Kyungpook National University School of Medicine™, Inje University College of Medicine ™",
National Health Insurance Service llsan Hospital’*$, Chonbuk National University Medical School”"”’, Ewha Womans University

School of Medicine™

ABSTRACT Transcranial Doppler (TCD) sonography is a safe and efficacious ultrasound test for various cere-
brovascular diseases. We suggest the clinical indications and utility of TCD with the established
evidences. We reviewed the published literature on TCD from 1982 through December 2015 in their
respective fields, including previous updates and considered reported clinical indications as estab-
lished if TCD performance has been tested in terms of applicability, yield, accuracy, and prognosis
including outcomes. Clinical indications considered by the expert panels as established are: sickle
cell disease, cerebral ischemia, detection of right-to-left shunts, subarachnoid hemorrhage, brain
death, and periprocedural or surgical monitoring. In clinical practices, the following TCD-procedures
could be considered in routine: TCD-examination to detect stenosed or occluded intracranial ves-
sels, collateral flow status and refine carotid-duplex or angiographic findings; vasomotor reactivity
test to identify high-risk patients for stroke; micro-emboli detection,; right-to-left shunt detection in pa-
tients with suspected paradoxical embolism; monitoring and facilitating thrombolysis; monitoring of
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ABSTRACT endovascular stenting, carotid endarterectomy, and cardiac surgery to detect perioperative embo-
lism, thrombosis, hypo- and hyperperfusion. These clinical indications and utility of TCD will assist
the physicians who care the patients with various cerebrovascular diseases.
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Table 1. Diagnostic test performance parameters documented for TCD

Parameter Areas covered by published studies

Applicability  Feasibility, tolerability, and success in consecutive patients: TCD is successfully applied to 90% of patients with
cerebrovascular diseases with no reports of adverse outcomes in 26 years of research and practice worldwide.

Accuracy Comparison with DSA/MRA/CTA as well as other clinically relevant studies or outcomes: TCD has good-to-excellent
agreement with angiography for the detection of stenoses and occlusions; equal to superior accuracy in the detection of
RLS versus TEE; and excellent agreement with nuclear flow studies in determining cerebral circulatory arrest.

Yield Disease states which diagnosis with TCD was documented in research studies involving the gold standard imaging or
clinical assessment range from intracranial stenoocclusive disease, collaterals to cerebral embolization, shunting,
vasomotor reactivity, vasospasm after SAH, periprocedural and surgical monitoring, and cerebral circulatory arrest.

Prognosis TCD has the ability to select children with sickle cell disease in need of blood transfusion and who should stay on blood

transfusion to sustain the benefit for primary stroke prevention; to predict outcomes of thrombolytic therapy for acute
stroke; to identify high-risk patients that will require interventions to reverse or prevent stroke and to provide less expensive

follow-up assessments.

TCD; transcranial doppler, DSA; digital subtraction angiography; CTA; CT angiography; MRA; MR angiography; TEE; transesophageal
echocardiography; RLS; right-to-left shunt; SAH; subarachnoid hemorrhage.
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Table 2. Quality of evidence from the Center for Evidence-Based Medicine, Oxford (http://www.essentialevidenceplus.com/
product/ebm_loe.cfm?show =oxford) and strength of recommendation ratings according to the “Format for an Assessment”
Developed by the American Academy of Neurology4 and adopted by the American Society of Neuroimaging6

Quality of Evidence

Diagnosis

1a:

1b:
1c:

2a:
2b:

3a:
3b:

4:
5:

Systematic review (with homogeneity) of Level 1 diagnostic studies; or a clinical decision rule with 1b studies from different clinical
centers.

Validating cohort study with good reference standards; or clinical decision rule tested within one clinical center

Absolute SpPins And SnNouts (An Absolute SpPin is a diagnostic finding whose Specificity is so high that a Positive result rules-in
the diagnosis. An Absolute SnNout is a diagnostic finding whose Sensitivity is so high that a Negative result rules-out the diagnosis).

Systematic review (with homogeneity) of Level >2 diagnostic studies

Exploratory cohort study with good reference standards; clinical decision rule after derivation, or validated only on split-sample or
databases

Systematic review (with homogeneity) of 3b and better studies

Non-consecutive study; or without consistently applied reference standards

Case-control study, poor or non-independent reference standard

Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”

Prognosis

1a:
1b:
1c:
2a:

2b:

2c:

4:
5:

Systematic review (with homogeneity) of inception cohort studies; or a clinical decision rule validated in different populations.
Individual inception cohort study with >80% follow-up; or a clinical decision rule validated on a single population
All or none case-series

Systematic review (with homogeneity) of either retrospective cohort studies or untreated control groups in randomized controlled
trials.

Retrospective cohort study or follow-up of untreated control patients in a randomized controlled trial; or derivation of a clinical
decision rule or validated on split-sample only

“Outcomes” research
Case-series (and poor quality prognostic cohort studies)
Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”

Therapy

1a:
1b:
1c:
2a:
2b:
2c:
3a:
3b:

4:
5:

Systematic reviews (with homogeneity) of randomized controlled trials

Individual randomized controlled trials (with narrow confidence interval)

All or none randomized controlled trials

Systematic reviews (with homogeneity) of cohort studies

Individual cohort study or low quality randomized controlled trials (e.g. <80% follow-up)

“Outcomes” Research; ecological studies

Systematic review (with homogeneity) of case-control studies

Individual case-control study

Case-series (and poor quality cohort and case-control studies)

Expert opinion without explicit critical appraisal, or based on physiology, bench research or “first principles”

Strength of Recommendation

Type A Strong positive recommendation, based on class | evidence or overwhelming class Il evidence.

Type B Positive recommendation, based on class Il evidence.

Type C Positive recommendation, based on strong consensus of class Ill evidence.

Type D Negative recommendation, based on inconclusive or conflicting class Il evidence.

Type E Negative recommendation, based on evidence of ineffectiveness or lack of efficacy, based on class Il or class | evidence.
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Table 3. Established clinical Indications for and expected outcomes of TCD testing

Broad indication

Specific indications Expected outcomes

Sickle cell anemia

Subarachnoid
hemorrhage

Subarachnoid
hemorrhage

Subarachnoid
hemorrhage

Intracranial arterial
stenosis

Intracranial arterial
stenosis

Acute cerebral
ischemia

Acute cerebral
ischemia

Acute cerebral
ischemia

Ischemic stroke or
TIA

Ischemic stroke or
TIA

Children - Robust first-ever stroke risk reduction based on TCD criteria for the need of blood
transfusion and continuing use of blood transfusions.

Days 2-5 - TCD can detect the development of vasospasm days before it can become clinically
apparent, and this information can be used by intensivists to step up with hemody-
namic management of these patients.

Days 5-12 - TCD can detect progression to the severe phase of spasm when development of the
delayed ischemic deficit due to perfusion failure through the residual lumen is the
greatest. This information can help planning interventions (angioplasty, nicardipine
infusions).

Days 12-end of ICU stay - TCD can document spasm resolution after treatment or intervention, sustainability of
vessel patency, and infrequent cases of late or rebound vasospasm development at
the end of the second or into the third week after subarachnoid hemorrhage.

Patients with extracranial - TCD examination is strongly recommended for the diagnosis of intracranial arterial
or intracranial steno- steno-occlusive lesion
occlusive lesions - The diagnostic criteria should be optimized for the specific groups according to age,

sex, and ethnic groups.
All the obtainable information could be used to improve the diagnostic yield of TCD

study.
Subjects for the population- - TCD could be used for the population-based cohort study as a surrogate marker for
based cohort study the intracranial arterial steno-occlusive disease.
Patients with acute cerebral - TCD helps to find the intracranial arterial steno-occlusive disease as an source of is-
ischemia chemic symptoms or signs among the patients with acute cerebral ischemia
- TCD could be helpful to determine the etiological classification of acute cerebral
ischemia.

- TCD is useful tests for the diagnosis of collateral circulation and cerebral perfusion
status among the patients with cerebral steno-occlusive disease.

TCD can provide meaningful information about the prognosis of the patients with
acute cerebral ischemia.

Patients under acute - TCD can be recommended for the decision of recanalization therapy among the pa-
recanalization therapy tients with acute ischemic stroke.

- TCD monitoring helps to examine the either recanalization, reocclusion, or persisting
occlusion with no recanalization of the targeted artery following intravenous or intra-
arterial thrombolysis
Subsequently, serial TCD examinations after thrombolysis predict the longterm

outcome.
- TIBI grade is a useful and validated scale for the evaluation of target-arterial status
using TCD.
Sonothrombolysis - Until now, routine use of thrombolytic therapy using ultrasound is not recommended
for the most of the acute ischemic stroke patients except in the case of clinical trials.
Patients with extracranial - TCD vasomotor study can identify high-risk patients for hemodynamic stroke in the
or intracranial setting of symptomatic intracranial or extracranial artery stenosis, or even asympto-
stenoocclusive lesions matic stenosis.

TCD vasomotor study can prompt the consideration of aggressive antiplatelet ther-
apy versus stenting versus carotid endarterectomy extra- to intracranial bypass sur-
gery versus systemic hemodynamics manipulation.

Patients with artery-to-artery - Detection of microembolic signals from TCD monitoring would help diagnose, localize
versus cardiac source of and quantify cerebral embolism from proximal artery or cardiac source in real time.
embolism, or suspected - The presence of microembolic signals in patients with a symptomatic ICA stenosis
arterial dissections identifies patients at higher risk of recurrent stroke.

- The presence of microembolic signals in patients with a high-grade asymptomatic
ICA stenosis identifies patients at higher risk of first-ever stroke.

- Eventually, this information would be helpful to establish the management strategy re-
garding the carotid endarterectomy or stenting versus medical therapy.
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Table 3. Continued

Broad indication Specific indications

Expected outcomes

Ischemic stroke or Patients with suspected
TIA paradoxical embolism with

- TCD-bubble test is equal or superior in its sensitivity to the presence of any right-to-
left shunt compared to echocardiography in that Valsalva maneuver is the most easi-

negative echocardiography ly performed in TCD and extracardiac shunting can be identified.
- TCD-bubble test can demonstrate the etiology of cryptogenic stroke and determine
the management strategy regarding closure versus medical therapy.

Migraine Patients with a diagnosis

of migraine

Cerebral circulatory Patients with suspected
arrest brain death

Carotid endarterectomy
or stenting

Periprocedural or
surgical
monitoring

- A large right-to-left shunt on TCD can predict the outcome of migraine.

- TCD offers serial noninvasive assessments of cerebral circulatory arrest and helps
confirm clinical diagnosis of brain death.

- TCD provides real-time data regarding the flow changes that precede the develop-
ment of neurological deficits.
- TCD detects cerebral embolization and hyper- or hypoperfusion during the peri-oper-

ative or procedural period and helps to prevent the complication.

Cardiovascular
surgical aorta
monitoring

CABG, repairs of ascending - TCD provides real-time data regarding the flow changes that precede the develop-
ment of neurological deficits.
- TCD can demonstrate all major causes of perioperative complications (embolism, hy-

perperfusion, hypoperfusion) in advance.

TCD; transcranial doppler, ICU; intensive care unit, TIMI; thrombolysis in myocardial infarction, TIA; transient ischemic attack, ICA;

internal carotid artery, CABG; coronary artery bypass graft.
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