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Abstract
Background: Treatment planning for vascular occlusive dis-
ease depends in part on quantitative assessment of the degree 
of occlusion. Digital subtraction angiography is the gold 
standard for quantitative imaging although other modalities 
can also be used. 
Discussion: Three different schemes for measuring percent 
stenosis of an occluded artery are all valid but may produce 
different results. 
Conclusion: The choise of method for measurement is less 
important than consistency of application. 
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Abbreviations, in the order used in this report.
U/S:  ultrasound
CTA:  computed tomographic angiography
MRA: magnetic resonance angiography
DSA:  digital subtraction angiography

Introduction
Many modalities are available for assessment of the cerebral 
arterial anatomy including Doppler ultrasound (U/S), com-
puted tomographic angiography (CTA), magnetic resonance 
angiography (MRA), and digital subtraction angiography 
(DSA). DSA remains the gold standard for diagnosis, but the 
other non-invasive modalities are improving and are being 
utilized more extensively.

Extracranial Doppler U/S is used in many institutions as 
the first line tool for assessment of carotid arterial disease. 
Although an inexpensive, readily available technique, its 
assessment of cervical arteries is limited as portions of the ar-
teries are difficult to visualize and some portions may not be 
visualized at all. In addition, a great amount of inter-observer 
variability exists.1 Studies comparing extracranial Doppler 
U/S to DSA have shown sensitivities of 91-95% and speci-
ficities of 86-97% for carotid arterial diseases . Accuracy in 

assessment of the degree of stenosis in the vertebral arteries 
is poorer, with sensitivities of only 65-77% and specificities of 
88-93%.2 

Intracranial vasculature can be assessed using transcra-
nial Doppler U/S. In order to allow sufficient transmission 
through the skull, a low frequency transducer is used, result-
ing in poor spatial resolution but allowing assessment of 
blood flow velocities.3 Use of this technique for intracranial 
occlusive disease is showing promise, as published recently 
in guidelines from the American Academy of Neurology.4 
Intracranial occlusive disease can be reasonably detected, and 
data to define > 50% stenosis is emerging. More research into 
this area is necessary. 

MRA has rapidly improved in terms of vascular imag-
ing. The main techniques include time of flight angiography, 
or phase-contrast angiography, which may be acquired and 
reconstructed in either a two- or three-dimensional format.5 A 
recent meta-analysis found the pooled sensitivity and speci-
ficity of MRA to be 95% and 90% respectively, when assessing 
carotid stenosis of > 70%.6 Intracranial occlusive disease can 
also be assessed, with reasonable sensitivities and specificities 
for vessels which are greater than 1 mm in size, including the 
internal carotid, anterior cerebral, middle cerebral, and poste-
rior cerebral arteries. Maximum intensity projections showed 
higher specificity than source images, but the sensitivity is 
similar for both.7

CTA has also generated interest, as it is readily available 
in most centers and it can be acquired rapidly in the setting 
of acute stroke. Sensitivity and specificity compared to DSA 
are 89% and 100% respectively, and CTA offers the advantage 
of being able to visualize calcifications, which may influence 
therapeutic decisions. Many feel that CTA is now comparable 
to MRA, and in some cases may be the superior non-invasive 
method. However, CTA requires iodinated contrast, and does 
not visualize the carotid siphon.5

Although DSA remains the gold standard for assessment 
of extra- or intracranial occlusive disease, it is an invasive 
procedure and as such has risks of bleeding, infection, renal 
failure, and minor or major stroke. A review of several series 
found the mortality rate to be 0.1%, with an overall risk of 
neurological complication at 4% and permanent neurological 
sequelae at 1%.8 DSA allows direct visualization of arterial 
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anatomy and the plaque surface, and offers the option of 
therapeutic intervention.

Quantification can be done by several methods. The basic 
formula for calculation of the degree of stenosis is: 

Where Docclusion is the diameter of the vessel at the point of 
greatest stenosis and Dnormal is the diameter of a reference 
vessel.

In North America, extracranial occlusions are most often 
measured by the NASCET (North American Symptomatic 
Carotid Endarterectomy Trial) criteria. In this method, the 
reference vessel is the presumed “normal” vessel distal to the 
stenosis, excluding post-stenotic dilation (Figure 1).9 Other 
methods include the ECST (European Carotid Surgery Trial) 
method, in which the reference is the estimated diameter of 

Figure 1. Three methods of measuring stenosis. Percent stenosis is 
(1-A/B)*100, where A is the smallest diameter in the occluded segment and 
B is the reference (presumably normal) diameter. In the NASCET scheme, 
B is B1; in the ECST scheme, B is B2; and in the common carotid artery 
scheme, B is B3 when measuring occlusion in the internal carotid artery.
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the “normal” vessel at the same point (Figure 1).10 A third 
method, called the common carotid technique, uses the 
diameter of the lumen in the common carotid artery as the 
reference (Figure 1). Controversy exists over which method is 
the best, but overall the methods appear to be comparable.11

For measurement of intracranial stenosis, the WASID 
(Warfarin-Aspirin Symptomatic Intracranial Disease) method 
is the most commonly used.12 The carotid artery and other 
intracranial arteries are assessed in different fashions. For 
all vessels, the diameter of the lumen of the stenotic vessel 
is used as the numerator. For the denominator, the diameter 
of the lumen of the “normal” vessel proximal to the stenosis 
is taken. If the proximal vessel is also diseased, as a second 
choice, the diameter of the lumen of the distal vessel is taken 
as the denominator. If this too is diseased, the diameter of 

the lumen of the feeding vessel is taken as a third choice. 
This method is used for most intracranial vessels, except for 
the intracranial portion of the carotid artery. For this vessel, 
the diameter of the lumen of the vessel at the level of great-
est stenosis is compared to the widest portion of the petrous 
portion of the carotid artery. If the entire petrous portion of 
the carotid is diseased, the diameter of the lumen of the distal 
most portion of the extracranial carotid artery is substituted 
as a second choice.12

Summary 
A variety of methods are available for imaging and quantita-
tive assessment of extracranial and intracranial occlusive dis-
ease. Although non-invasive techniques are improving, DSA 
remains the best method for assessment. When evaluating 
the degree of an arterial occlusion, there are several rational 
methods of measurement, and the reference standards should 
always be documented.
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