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Coverage Policy

CIGNA covers transcranial Doppler (TCD) ultrasonography as medically necessary for ANY of the
following indications:

e screening of children age 2—-16 years with sickle cell disease for assessing stroke risk

e detection and monitoring of angiographic vasospasm (VSP) after spontaneous subarachnoid
hemorrhage (sSaH)

o detection of abnormal cerebral blood flow and/or embolic events during carotid endarterectomy (CEA)
as well as in the immediate postoperative period

CIGNA does not cover TCD ultrasonography for ANY other indication, including but not limited to the
following, because it is considered experimental, investigational or unproven :

e cerebral microembolism detection, for the detection of cerebral microembolic signals in a variety of
cardiovascular/cerebrovascular disorders/procedures

e coronary artery bypass graft (CABG) surgery, during CABG for detection of cerebral microemboli and to
document changes in flow velocities and carbon dioxide (CO5) reactivity during CABG surgery

e vasomotor reactivity (VMR) testing (i.e., vasoreactive study), for the detection of impaired cerebral
hemodynamics in individuals with severe (>70%) asymptomatic extracranial internal carotid artery (ICA)
stenosis, symptomatic or asymptomatic extracranial ICA occlusion, and cerebral small-artery disease
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General Background

Transcranial Doppler (TCD) ultrasonography is a noninvasive ultrasonic technique that uses a hand-held low-
frequency (i.e., 2—2.5 megahertz [MHz]) sector transducer that sends fixed or pulsed sound waves to measure
the velocity of blood flowing in the basal arteries of the brain. Sound waves are transmitted through temporal,
orbital, and suboccipital acoustic windows of the skull. When the sound waves come in contact with blood, they
are reflected off the red blood cells through the brain and skull to a detector. The velocity of the sound waves
reflected to the surface is changed because the blood cells themselves are in motion toward, or away, from the
sound wave detector. This is called Doppler shift and is directly related to the velocity and flow of the blood cells.
The velocity of the blood cells is faster during systole and slower during diastole. The blood in the center of the
lumen moves quicker than the blood near the vessel wall. A spectrum of flow velocities is produced. TCD
measurements of flow velocity are commonly made in the middle cerebral artery. Other arteries that may be
measured by TCD include the anterior cerebral, anterior communicating, posterior cerebral and communicating,
and basilar arteries (Chernecky, et al., 2008).

TCD ultrasonography should not to be confused with echoencephalography which is a type of diagnostic
ultrasound that can be used on neonates for determination of ventricular size, delineation of cerebral contents,
and detection of fluid masses or other intracranial abnormalities.

TCD is used principally in the evaluation and management of patients with diverse forms of cerebrovascular
disease. Conventional or digital subtraction angiography (DSA) are considered to be the reference standard
test(s) for evaluating vascular patency and degree of stenosis in intracranial vessels. Direct comparisons of TCD
with techniques that image the intracranial circulation [conventional angiography, DSA, computerized
tomographic angiography (CTA), and magnetic resonance angiography (MRA)] are variable depending upon the
indication and the diagnostic criteria used for correlation purposes in specific disease states. All non-invasive
techniques are less than 100% sensitive and specific when compared to conventional angiography. Even where
comparative data are available from particular centers, concerns regarding the ability to generalize results,
which may be due to operator-dependent factors (which apply to all five techniques) and comparability of
relevant pathology in the tested populations, would limit inferring from published reports how these techniques
would perform in settings other than those in which they were directly tested.

The main advantages of the non-invasive techniques over conventional or DSA are that they are often faster to
perform, are not associated with the morbidity and rare mortality of conventional angiography, and are often less
expensive. However, contrast (with its attendant risks) is used with CTA. For certain clinical settings or types of
correlations, the most appropriate gold standard may be computed tomographic (CT) scan, magnetic resonance
imaging (MRI), diffusion-weighted MRI (DWI), perfusion-weighted MRI (PWI), transesophageal
echocardiography, single photon emission computed tomography, positron emission tomography,
electroencephalography (EEG), hemodynamic measurements (such as stump pressure), experimental models,
pathology, neuropsychological tests or clinical outcomes, such as transient ischemic attack, stroke, mortality,
disabling stroke, or hemorrhagic complications. It is recommended that the reference standard against which
TCD should be evaluated should be selected according to the clinical setting. It has been recommended that
when more than one technique may provide clinically relevant information, clinical judgment (including issues of
local access, risk, cost, availability and competence) should guide the choice of the appropriate technique or
combination of techniques in particular situations (Sloan, et al., 2004).

A chief limitation of TCD is that it can demonstrate cerebral blood flow velocities only in a limited portion of large
intracranial vessels, although large vessel intracranial arterial disease commonly occurs at these locations. In
general, TCD is most useful when the clinical question pertains to those vessel segments. However, in some
settings, TCD can detect indirect effects, such as abnormal waveform characteristics suggestive of proximal
hemodynamic or distal obstructive lesions, which may be clinically informative. The aforementioned limitation
also applies to MRA and CTA, depending upon the areas imaged, the algorithms used, and the diligence of the
technologist. In addition, DSA and conventional angiography may be inconclusive if all relevant vessels or
vessel portions are not imaged, if a critical imaging view is omitted, or if image quality is suboptimal (Sloan, et
al., 2004).

Factors that may affect TCD results include (Chernecky, et al., 2008):

Page 2 of 11
Coverage Policy Number: 0345



the body habitus of the patient and the technical condition of the equipment

flow velocity is age-dependent and decreases continuously through adulthood

detection of small aneurysms is limited by insonation angles and spatial resolution

intramural calcification may inhibit sound penetration, leading to false-positive results

accurate transmission and reflection of ultrasonographic signals can be affected by the presence of

calcium or gas overlying the vessel

e intracranial pressure, blood pressure and volume, hematocrit, and subarachnoid hemorrhage affect flow
velocity

e tobacco and caffeine use

With TCD, false-negative exams of vasospasm are associated with chronic high blood pressure, increased
intracranial pressure, severe spasm of the carotid siphon, and distal vasospasm. False-positive and false-
negative results have been reported when evaluating for cross flow through the anterior and posterior
communicating arteries in patients with occlusive cerebrovascular disease (Chernecky, et al., 2008).

There are many proposed applications for TCD including, but not limited to, the following (Chernecky and
Berger, 2008; American Academy of Neurology [AAN], 2004):

o predict the risk of stroke in children with sickle cell anemia

e vasoconstriction as a result of insult

e cerebral dynamics after head injury

e intraoperatively to monitor velocity in the middle portion of the cerebral artery during carotid
endarterectomy (CEA)

e evaluate collateral circulation stenosis

e establish brain death in adults

e diagnostic in intracranial aneurysms, arteriovenous malformations, and moyamoya syndrome

e assessment of blood supply in intracranial neoplasms

e cerebral microembolism detection, for the detection of cerebral microembolic signals in a variety of

cardiovascular/cerebrovascular disorders/procedures

e coronary artery bypass graft (CABG) surgery, during CABG for detection of cerebral microemboli and to
document changes in flow velocities and carbon dioxide (CO,) reactivity during CABG surgery

e vasomotor reactivity (VMR) testing (i.e., vasoreactive study), for the detection of impaired cerebral
hemodynamics in patients with severe (>70%) asymptomatic extracranial ICA stenosis, symptomatic or
asymptomatic extracranial ICA occlusion, and cerebral small-artery disease

U.S. Food and Drug Administration (FDA)
The FDA regulates TCD systems as Class Il devices, and the commonly used systems have been approved via
the FDA 510(k) process (FDA, 2010).

Literature Review

Sickle Cell Disease: Sickle cell disease is an autosomal recessive disorder associated with thrombotic
occlusions of the large intracranial arteries which may lead to a stroke in young adults (Sila, et al., 2007). These
arteries are accessible to TCD, and TCD can be used to monitor flow velocity over time (Kassab, et al., 2007).
Evidence in the published, peer-reviewed medical literature supports the diagnostic utility of TCD in identifying
children with sickle-cell disease at high risk for stroke and the efficacy of transfusion in reducing risk of stroke. A
large cohort study showed that elevated time-averaged mean maximum blood flow velocity of = 200 cm/s in the
ICA or MCA by TCD is strongly associated with stroke risk. With use of this flow velocity criterion, the Stroke
Prevention Trial in Sickle Cell Anemia showed that periodic blood transfusion therapy to lower the hemoglobin S
concentration to <30% of total hemoglobin concentration in children between 2 and 16 years of age resulted in a
92% reduction in stroke risk compared to standard care (Adams, 1998; Lee, et al., 2006).

Intracranial Vasospasm after Subarachnoid Hemorrhage (SAH): Intracranial vasospasm is the constriction
of cerebral blood vessels due to the presence of blood in the subarachnoid space after a rupture of cerebral
aneurysm or trauma. The vasospasm may result in ischemia to the brain. The subarachnoid hemorrhage (SAH)
can be identified by TCD up to 1-2 days before it becomes clinically symptomatic, allowing for initiation of triple
H therapy (i.e., (hypervolemia, hypertension, and hemodilution) (Kassab, et al., 2007). Evidence in the
published, peer-reviewed medical literature also supports the diagnostic utility of TCD for detection and
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monitoring of angiographic vasospasm after SaH. The comparator is conventional angiography. The specificity
and sensitivity of TCD varies with each intracranial artery.

Data from a meta-analysis of TCD studies concluded that in general, data vary by vessel and by diagnostic
criteria, disease prevalence, and timing of correlative angiography. Specific causes of false-positive and false-
negative TCD examinations have been identified for each intracranial vessel and their impact on the approach
to test performance and interpretation described. TCD flow velocity criteria appear most reliable for detecting
angiographic middle cerebral artery vasospasm and basilar artery vasospasm. The specificity of TCD can be
optimized by increasing the flow velocity criteria and sensitivity by the timing of the angiographic correlation for
the diagnosis of vasospasm (Sloan, et al., 2004).

Carotid Endarterectomy (CEA): Evidence in the peer-reviewed medical literature supports the diagnostic utility
of TCD for detection of abnormal cerebral blood flow and/or embolic events during CEA as well as in the
immediate postoperative period (Ogasawara, et al., 2005; Ackerstaff, et al., 2000).

Other Conditions:

There is evidence in the peer-reviewed scientific literature has stated that TCD has some utility in various
settings (e.g., coronary artery bypass graft surgery, monitoring for heart shunts, intracranial steno-occlusive
disease; brain death, Parkinsons disease) but data are insufficient regarding the clinical impact of TCD
compared with other diagnostic tools (e.g., angiography, electroencephalography, magnetic resonance imaging,
neuropsychological testing) (Gaenslen, et al., 2008; Feldman, et al., 2007; Tsivgoulis, et al., 2007; Navarro, et
al., 2007; Rodriquez, et al., 2006; Souteyrand, et al., 2006; Frietas, et al., 2006; Monteiro, et al., 2006;Yatsu,
2005; Navarro, et al., 2004; AAN, 2004; Sloan, et al., 2004; Felberg, et al., 2002; Hirsch, et al., 2002).

Professional Societies/Organizations

American Academy of Neurology (AAN): The Therapeutics and Technology Assessment Subcommittee of
the AAN Assessment: Transcranial Doppler Ultrasonography reviewed the sensitivity and specificity of TCD and
transcranial color-coded sonography (TCCS) for various disease states (AAN, 2004; Sloan, et al., 2004). This
technology assessment was reaffirmed in 2007. The major recommendations of the AAN's technology
assessment of TCD ultrasonography are listed below:

e Settings in which TCD ultrasonography is able to provide information and in which its clinical utility is
established:

» Screening of children age 2—-16 years with sickle-cell disease for assessing stroke risk. The
sensitivity is 86% and specificity 91%. The reference standard is conventional angiography.

» Detection and monitoring of angiographic VSP spontaneous subarachnoid hemorrhage (sSaH). The
sensitivity and specificity varies based on each intracerebral artery. The-reference standard is
conventional angiography.

e Settings in which TCD is able to provide information, but in which its clinical utility, compared with other
diagnostic tools, remains to be determined:

» Intracranial steno-occlusive disease: TCD is probably useful for the evaluation of occlusive lesions
of intracranial arteries in the basal cisterns, especially the ICA siphon and middle cerebral artery.
Data are insufficient to recommend replacement of conventional angiography with TCD. The
sensitivity and specificity varies based on intracerebral artery. The reference standard is
conventional angiography.

» Cerebral circulatory arrest (adjunctive test in the determination of brain death): If needed, TCD can
be used as a confirmatory test, in support of a clinical diagnosis of brain death. The reference
standard is conventional angiography, EEG and clinical outcome.

e Settings in which TCD is able to provide information, but in which its clinical utility remains to be
determined:

» Cerebral thrombolysis: TCD is probably useful for monitoring thrombolysis of acute middle cerebral
artery occlusions. The reference standard is conventional angiography, MRA and clinical outcome.
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» Cerebral microembolism detection: TCD monitoring is probably useful for the detection of cerebral
microembolic signals in a variety of cardiovascular/cerebrovascular disorders/procedures. Data do
not support the use of this TCD technique for diagnosis or monitoring response to antithrombotic
therapy in ischemic cerebrovascular disease. The reference standard is experimental model,
pathology, MRI and neuropsychological testing.

» CEA: TCD monitoring is probably useful to detect hemodynamic and embolic events that may result
in perioperative stroke during and after CEA in settings where monitoring is felt to be necessary.
The reference standard is EEG, MRI or clinical outcomes.

» Coronary artery bypass surgery (CABG) surgery: TCD monitoring is probably useful during CABG
for detection of cerebral microemboli. TCD is possibly useful to document changes in flow velocities
and carbon dioxide (CO5) reactivity during CABG surgery. Data are insufficient regarding the clinical
impact of this information. Data are presently insufficient regarding the clinical utility of this
information, particularly in patients at various levels of predicted risk for stroke or encephalopathy.
No reference standard is noted.

» VMR testing: TCD is probably useful for the detection of impaired cerebral hemodynamics in
patients with severe (>70%), asymptomatic extracranial ICA stenosis; symptomatic or asymptomatic
extracranial ICA occlusion; and cerebral small-artery disease. How the results from these
techniques should be used to influence therapy and affect patient outcomes remains to be
determined

» VSP after traumatic subarachnoid hemorrhage (tSAH): TCD is probably useful for the detection of
VSP following tSAH, but data are needed to show its accuracy and clinical impact in this setting.

» TCCS: TCCS is possibly useful for the evaluation and monitoring of space-occupying ischemic
middle cerebral artery infarctions. More data are needed to show it has value versus CT and MRI
scanning and if its use affects clinical outcomes.

e Settings in which TCD is able to provide information, but in which other diagnostic tests are typically
preferable:

» Right-to-left cardiac shunts: Whereas TCD is useful for detection of right-to-left cardiac and
extracardiac shunts, TEE is superior, as it can provide direct information regarding the anatomical
site and nature of the shunt.

» Extracranial ICA stenosis: TCD is possibly useful for the evaluation of severe extracranial ICA
stenosis or occlusion but, in general, carotid duplex and MRA are the diagnostic tests of choice.

» Contrast-enhanced TCCS: Contrast-enhanced TCCS may provide information in patients with
ischemic cerebrovascular disease and aneurysmal subarachnoid hemorrhage (aSAH). Its clinical
utility versus CT scanning, conventional angiography, or non-imaging TCD is unclear.

The current practice parameter on neuroimaging of the neonate by the AAN states routine screening cranial
ultrasonography should be performed on all infants < 30 weeks’ gestation once between 7-14 days of age and
should be optimally repeated between 36—40 weeks’ postmenstrual age. This strategy detects lesions such as
intraventricular hemorrhage, periventricular leukomalacia, and low-pressure ventriculomegaly. Currently
ultrasound, CT, and MRI represent the major imaging modalities for evaluation of critically ill infants (Ment, et al.,
2002). It appears that these recommendations have not been updated since 2002. According to the guideline
developer, this guideline has been reviewed and is still considered to be current as of October 2005.

American College of Radiology (ACR): The 2007 ACR Practice Guideline for the Performance of TCD
Ultrasound for Adults and Children states that TCD is a noninvasive technique that assesses blood flow within
the circle of Willis and the vertebrobasilar system in children who have a closed anterior fontanelle and in adults.
The ACR indications for a TCD ultrasound examination include, but are not limited to:

Adults
e Detection of stenosis or occlusion in a major intracranial artery in the circle of Willis and vertebrobasilar
system, including monitoring thrombolytic therapy for acute stroke patients.
o Follow-up of patients with known stenosis or occlusion of a major intracranial artery in the circle of Willis
and vertebrobasilar system.
e Detection and monitoring of vasospasm in patients with subarachnoid hemorrhage.
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¢ Detection of circulating emboli in a major intracranial artery in the circle of Willis and vertebrobasilar
system.

o Detection of right-to-left shunts using agitated saline injection.

o Assessment of vasomotor reactivity.

e Confirmation of the clinical diagnosis of brain death by detection of complete cerebral
circulatory arrest.

e Intraoperative and periprocedural monitoring to detect embolization, thrombosis, hypoperfusion,
and hyperperfusion.

Children

e Evaluation of stenosis or occlusion in the circle of Willis and vertebrobasilar system in patients with
sickle cell anemia to determine the need for and continuation of blood transfusions.

o Follow-up of patients with known stenosis or occlusion of an artery in the circle of Willis and
vertebrobasilar system in patients with sickle cell anemia.

o Detection of vasculopathy, such as moyamoya.

e Assessment of arteriovenous malformations.

e Confirmation of the clinical diagnosis of brain death by detection of complete cerebral circulatory arrest
in infants more than six months of age.

The ACR Practice Guideline for the Performance of Neurosonography in Neonates and Young Children (2009)
states that neurosonographic examinations should be conducted with a real-time scanner, preferably with
transducers that can fit within and image through the anterior fontanelle. If the anterior fontanelle is not
available, imaging may be performed through other sutural openings or by using a transcranial approach,
usually with a lower-frequency transducer penetrating the squamosal portion of the temporal bone. The
transducer or scanner should be adjusted to operate at the highest clinically appropriate frequency, recognizing
that there is a trade-off between resolution and beam penetration. Doppler sonography or color Doppler
sonography may be used to evaluate intracranial blood flow in selected cases. The guideline notes that neonatal
sonographic examinations should be performed on the neonate or young child (defined primarily as those who
have had no closure of the anterior fontanelle) for a valid reason, such as to determine the presence or absence
of hemorrhage, parenchymal abnormalities, ventricular dilation, congenital abnormalities and vascular
abnormalities.

American Society of Neuroimaging: The American Society of Neuroimaging Practice Guidelines Committee,
international neurosonological organizations, and experts in TCD have developed a practice standard for TCD
which is the first part of a series of practice standards for TCD. The authors report that “scanning protocols,
number of vessels, depth ranges for routine evaluation as well as reporting of TCD examination vary between
institutions. Given the emphasis on accreditation of vascular laboratories, there is a need for standardization of
scanning and interpretation processes.” Subsequent parts of the series will detail specific TCD procedures,
diagnostic criteria for interpretation of abnormal studies as well as competency standards for neurovascular
sonographers and interpreting physicians (Alexandrov, et al., 2007).

Summary

The American Academy of Neurology's (AAN) Assessment: Transcranial Doppler (TCD) Ultrasonography (2004)
concluded that TCD is of established value in the screening of children age 2—16 years with sickle-cell disease
for stroke risk and the detection and monitoring of angiographic vasospasm (VSP) after spontaneous
subarachnoid hemorrhage (sSAH). The AAN report states that TCD monitoring is able to provide information
and is probably useful to detect hemodynamic and embolic events that may result in perioperative stroke during
and after carotid endarterectomy (CEA). Additionally, there is evidence in peer-reviewed published studies and
textbook literature that TCD is an accepted method for monitoring cerebral blood flow to detect embolic events
during and after CEA.

Although TCD may be able to provide some information, the diagnostic utility of TCD compared to that of other
established diagnostic tools remains to be determined for the evaluation of intracranial steno-occlusive disease
and in the determination of cerebral circulatory arrest/brain death. According to the AAN report, the clinical utility
of TCD has not been established for cerebral thrombolysis, cerebral microembolism detection, coronary artery
bypass graft (CABG) surgery, vasomotor reactivity (VMR) testing (i.e., vasoreactive study), vasospasm after
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traumatic subarachnoid hemorrhage, and transcranial color-coded sonography. Other diagnostic tests are
typically preferable for right-to-left cardiac shunts and extracranial internal carotid artery (ICA) stenosis.

Coding/Billing Information

Note: This list of codes may not be all-inclusive.

Covered when medically necessary:

CPT®* Description

Codes

93886 Transcranial Doppler study of the intracranial arteries; complete study
93888 Transcranial Doppler study of the intracranial arteries; limited study
ICD-9-CM Description

Diagnosis

Codes

282.60— Sickle-cell disease

282.69

430 Subarachnoid hemorrhage

852.00— Subarachnoid hemorrhage following injury without mention of open intracranial
852.09 wound

852.10- Subarachnoid hemorrhage following injury, with open intracranial wound
852.19

Experimental/Investigational/Unproven/Not Covered:

CPT* Codes | Description

93890 Transcranial Doppler study of the intracranial arteries; vasoreactivity
study

93892 Transcranial Doppler study of the intracranial arteries; emboli detection
without intravenous microbubble injection

93893 Transcranial Doppler study of the intracranial arteries; emboli detection
with intravenous microbubble injection

ICD-9-CM Description

Diagnosis

Codes

433.00- Occlusion and stenosis of precerebral arteries

433.91

434.00- Occlusion of cerebral arteries

434.91

435.0-435.9 | Transient cerebral ischemia

436 Acute, but ill-defined, cerebrovascular disease

437.0 Cerebral atherosclerosis

4371 Other generalized ischemic cerebrovascular disease
All other codes

*Current Procedural Terminology (CPT®) ©2010 American Medical Association: Chicago, IL.
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