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Reduced Internal Carotid Artery Flow in Color-coded Carotid 
Duplex Sonography

Fu-Yi Yang1,   Po-Ren Hsu1,2,  Shinn-Kuang Lin1,3

Abstract-
Purpose: Reduced flow in the internal carotid artery (ICA) is related to cerebral ischemia. We established 

a classification of reduced ICA flow through color-coded carotid duplex (CCD) sonography.
Methods: We retrospectively reviewed 25,000 CCD images in sonography laboratory.
Results: Reduced ICA flow [flow volume (FV) <100 mL/min] was found in 1.2% of all studies, and 

270 patients were enrolled. We included 8% patients with lesions proximal to the ICA in Group 
A, 27% with lesions at the proximal ICA in Group B, 49% with lesions distal to the visible ICA in 
Group C, and 16% with unknown causes in Group D. Distal ICA stenosis or occlusion is the most 
common cause of reduced ICA flow. Moyamoya disease, ICA hypoplasia, and ICA dissection were 
more prevalent in younger patients. CCD of the aforementioned diseases showed similar patterns of 
upstream high flow resistance with reduced FV in the ICA and were indistinguishable. The collateral 
flow from bilateral vertebral arteries increased in common carotid artery (CCA) or ICA disease (p 
< 0.05) and was exceptionally high in ICA hypoplasia (p < 0.001). Compared with the FV in the 
contralateral CCA, that of the ipsilateral CCA decreased in all groups (p < 0.001), except in patients 
with low cardiac output.

Conclusion: CCD should be carefully performed and appropriately interpreted in reduced ICA flow. 
Additional magnetic resonance angiography is helpful in distinguishing stenosis or occlusion from 
ICA dissection and moyamoya disease, and skull base computed tomography is warranted for the 
confirmatory diagnosis of ICA hypoplasia.
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INTRODUCTION

Digital subtraction angiography (DSA) remains the 
gold standard for the preoperative evaluation of vascular 
diseases; however, its invasiveness limits its clinical 

application in most patients. The development of color-
coded carotid duplex (CCD) and transcranial duplex 
sonography, computed tomography angiography (CTA), 
and magnetic resonance angiography (MRA) enable 
noninvasive methods to evaluate the cerebral vascular 
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condition. The advantages of ultrasound for vascular 
diagnosis are well-known. CCD sonography is a rapid, 
convenient, portable, reproducible, and inexpensive 
technique. CCD sonography provides more distinct 
morphological images of atheromatous plaques as well as 
changes in the blood flow from a stenotic lesion in cervical 
arteries than do MRA, CTA, and DSA (1,2). Presently, CCD 
sonography has become the most appropriate screening 
tool for the general population when studying carotid 
atherosclerotic diseases and cerebral hemodynamics.

With improvements in ultrasound technology, 
advanced ultrasound instruments can provide high-quality 
real-time color-coded B-mode imaging with Doppler 
flow measurement, which enables the identification of 
various abnormal lesions inside arteries. However, an 
apparent limitation of an ultrasound study is its operator 
dependency, particularly in CCD imaging studies. The 
results of CCD imaging studies conducted by experienced 
operators or doctors might differ from those conducted 
by beginners. Meanwhile, certain unconventional or 
uncommon vascular lesions in ultrasound imaging might 
be overlooked by well-trained operators and doctors 
during interpretation. A direct visualization of the lesions 
inside the artery is the most distinguishing feature of 
CCD imaging. This imaging modality can easily detect an 
atheromatous plaque in the proximal internal carotid artery 
(ICA), particularly lesions with an increased turbulent 
flow. Nevertheless, the detection of lesions not visible on 
B-mode scans of the common carotid artery (CCA) or ICA 
is challenging. In such situations, the blood flow velocity 
and flow volume (FV) of each artery provide further 
information. Increased flow with reduced flow resistance 
in the ICA often denotes distal arteriovenous shunting (3) 

or hyperemia. Contrastingly, markedly reduced flow in the 
ICA is considered to be related to the clinical symptoms of 
cerebral ischemia.

The segment between CCA bifurcation and the 
proximal ICA is the most commonly involved cervical 
arteries in atherosclerotic disease. Spencer reported that 
the initial increase in flow velocity compensates FV (4). 
When FV decreases to 60%–80% diameter reduction, 
stenosis becomes hemodynamically significant. Flow 
velocity is the highest in Grade III stenosis. As stenosis 
progresses in Grade IV lesions, both flow velocity and FV 
rapidly decrease. In this study, we focused on lesions with 

highly diminished flow velocity and FV (<100 mL/min), 
which corresponds to Grade V lesions in Spencer’s model 
(4). We established a simple classification of reduced ICA 
flow through CCD imaging.

METHODS

We retrospectively reviewed 25,000 CCD images 
obtained from patients with suspected cerebrovascular 
disease during May 2005–August 2014. All images were 
obtained using a Philips IU22 duplex ultrasound system 
(Philips Healthcare, Bothell, Washington, USA), with 
a transducer combining 3–9 MHz real-time B-mode 
imaging and a pulsed Doppler. In our laboratory, a routine 
CCD imaging study includes color B-mode imaging 
and a Doppler flow study. The detailed CCD imaging 
procedure is described elsewhere (5). We used the Doppler 
system to measure the peak systolic velocities (PS), end 
diastolic velocities (ED), resistance index [RI; RI = (PS − 
ED)/PS], and FV (FV = time-averaged velocity × area × 
60) of middle or distal portion of the CCA, the ICA and 
the external carotid artery (ECA) at about 2 cm distal to 
CCA bifurcation, and transverse portion of the vertebral 
artery (VA), with the Doppler angle adjusted at or below 
600. The diameter of the vessel was taken by setting the 
calipers perpendicular to its course as the distance between 
the parallel walls of the vessel contrasted by color-
Doppler. At the same site, a sample volume was positioned 
to cover at least half of the entire flow width. We also 
detected the flows of the ophthalmic artery (OA).

The mean FV in the ICA of all 25,000 studies was 
266 ± 88 mL/min. For a more accurate recognition and 
more convenient clinical application, reduced ICA flow 
was defined as an FV of <100 mL/min (mean – 2 standard 
deviations + 10) in the ICA analyzed through CCD 
imaging. All patients with reduced ICA flow were selected 
for further analysis. Neuroimaging studies, namely brain 
MRA, CTA, and DSA, were obtained from a picture 
archiving and communication system for comparison. 
The reduced ICA flow patterns were classified into four 
groups according to the site of lesions causing reduced 
flow. Patients in Group A had lesions proximal to the ICA 
bulb, including low cardiac output from impaired cardiac 
function (mostly atrial fibrillation with congestive heart 
failure) and CCA stenosis or occlusion. Patients in Group 
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B had lesions at the proximal ICA that was detectable 
through a color-coded B-mode study, including ICA 
stenosis or occlusion, proximal ICA dissection, and ICA 
hypoplasia. Lesions of ICA stenosis or occlusion were 
stratified into subgroups of critical stenosis and occlusion. 
Patients in Group C had lesions distal to the detectable 
ICA without prominent proximal ICA lesions, including 
distal ICA stenosis or occlusion, distal ICA dissection, 
moyamoya disease, and middle cerebral artery (MCA) 
occlusion. Patients with unknown causes of reduced ICA 
flow were classified into Group D. Sonographic diagnosis 
of ICA hypoplasia comprises a long segmental small-
caliber ICA lumen (<4 mm) associated with decreased 
FV (<100 mL/min), but without significant intraluminal 
atherosclerosis, false lumen, or prominent wall thickening 
(5). Similar sonographic features could be observed in 
patients with distal ICA dissection. A smaller diameter of 
the carotid canal observed through skull base CT indicates 
ICA hypoplasia, whereas a hyperintense crescent lesion in 
the ICA lumen on brain MR T2-weighted imaging (T2WI) 
confirms ICA dissection.

Differences in means of continuous variables were 
determined using the two-sample t test and analysis of 
variance. Data were considered significantly different 

when p < 0.05. All statistical analyses were computed 
using SPSS version 12 (SPSS, Inc. Chicago, IL, USA). 
This study was approved by the institutional review board 
of the hospital (05-XD11-035).

RESULTS 

A total of 307 studies fulfilled the inclusion criteria, 
accounting for 1.2% of all 25,000 studies. After excluding 
37 follow-up studies of same patients, we enrolled 270 
patients with an ICA FV of <100 mL/min on the right, 
left, or both sides. Table 1 summarizes the lesions and 
distributions of the reduced ICA flow of all enrolled 
patients. An angiographic study was conducted for 67% 
of patients. Group C lesions were observed in 49% of all 
patients and were the most common cause of reduced ICA 
FV. Distal ICA stenosis or occlusion was observed in 105 
patients and accounted for 80% of lesions in Group C. Ten 
patients had distal ICA dissection on MRA. Two patients 
had moyamoya disease on both sides. Reduced ICA FV was 
observed in 14 patients with ipsilateral MCA occlusion. 
Group B lesions were present in 27% (73/270) patients 
and were the second common cause of reduced ICA flow. 
Proximal ICA stenosis or occlusion accounted for 85% 

Table 1.  Causes of the reduced flow of the internal carotid artery determined through carotid duplex sonography in 270 patients

Location of lesions
Mean 

age (yrs)
Male sex 

(%)

Side of lesion Angiographic
 study (%)

Reversed 
IOA flow

(%)R    L    B

A. Proximal to ICA (n = 23, 8%)
 Low cardiac output (n = 18) 77±12    9 (50%)    4     9    5   5 (  28%)     0 (  0%)
 CCA stenosis/occlusion (n = 5) 73±10    2 (40%)    1     4    0   3 (  60%)    1 (20%)

B. At proximal ICA (n = 73, 27%)
 Stenosis/occlusion (n = 62) 72±12  47 (73%)  34    27   3 43 (  67%) 32 (52%)
    ICA occlusion (n = 22)    75±13     10 (45%)
    ICA critical stenosis (n = 40)    70±12     22 (55%)
 Proximal ICA Dissection (n = 2) 54±11    1 (50%)
 ICA Hypoplasia (n = 9) 44±11    3 (33%)    3     4    2   9 (100%)     0 (  0%)

C. Distal to visible ICA (n = 131, 49%)
 ICA stenosis/occlusion (n =105) 71±12  55 (52%)  65   37   2 84 (  80%) 16 (15%)
 Distal ICA dissection (n = 10) 44±  8    6 (60%)    2     8   0 10 (100%)   4 (40%)
 Moyamoya disease (n = 2) 38±  5    1 (50%)    0     0   2  2 (100%)   0 (  0%)
 MCA occlusion (n = 14) 67±13    7 (50%)  10     4   0 14 (100%)   0 (  0%)

D. Unknown cause (n = 43, 16%) 71±14  23 (53%)  24   18   1 11 (  26%)   0 (  0%)
 Asymmetric carotid canals (n = 8)
 Unknown (n = 35)

Total (n = 270) 70±14 152 (53%) 143   111  15 181 (67%) 53 (20%)
ICA, internal carotid artery; CCA, common carotid artery; R, right; L, left; B, bilateral; IOA, ipsilateral ophthalmic flow
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(62/73) of patients in Group B. Among those 62 patients, 
22 had ICA occlusion and 40 had critical ICA stenosis. 
Two patients had proximal ICA dissection confirmed on 
MRA. Nine patients had ICA hypoplasia. Group A lesions 
were observed in 8% of patients, including five patients 
with CCA stenosis or occlusion and 18 with low cardiac 
output. The cause of lesions was unknown in 16% of 
patients (Group D). A careful survey of Group D patients 
revealed that eight patients had a smaller diameter of 
the carotid canal, as observed through skull base CT, as 
well as a smaller diameter of ICA, as observed through 
CCD imaging on the same side of reduced ICA flow. 
However, the difference in asymmetric carotid canals 
was not as high as that in patients with ICA hypoplasia, 
and the difference in asymmetric ICA diameters was not 
statistically significant.

The mean patient age was 70 ± 14 years, with patients 
with moyamoya disease being the youngest (38 years), 
followed by those with ICA hypoplasia and distal ICA 
dissection (44 years). Patients with low cardiac output 
were the oldest (77 years). Proximal ICA stenosis or 
occlusion was more prevalent in male patients, whereas 

ICA hypoplasia was more prevalent in female patients. 
Distal ICA stenosis or occlusion and MCA occlusion 
occurred more on the right side. Reduced bilateral ICA 
flow was observed in 15 patients, five of whom had low 
cardiac output. Reversed ipsilateral ophthalmic arterial 
flow was observed in 52% of patients with proximal ICA 
stenosis or occlusion and in 40% of patients with distal 
ICA dissection. Only 15% of patients with distal ICA 
stenosis or occlusion had reversed ipsilateral ophthalmic 
flow. All patients with ICA hypoplasia had a forward 
ipsilateral ophthalmic arterial flow.

Table 2 summarizes the average blood flow of patients 
in each group (n = 270) with reduced ICA flow. The mean 
PS, ED, and FV were lower, and the RI was higher in the 
ipsilateral ICA and CCA in all patients (p < 0.001; p = 
0.006 for the PS of the CCA). No difference existed in FV 
between the ipsilateral and contralateral ECA. The mean 
FV in the involved ICA was much lower (<50 mL/min) in 
ICA occlusion (0 mL/min), distal ICA dissection (9 mL/
min), ICA hypoplasia (33 mL/min), critical proximal ICA 
stenosis (34 mL/min), and distal ICA stenosis or occlusion 
(48 mL/min). The mean RI increased up to 0.95 in the 

Figure 1.  Patient 1: Isolated CCA occlusion with patent ICA and ECA
 A) CCD imaging shows a complete occlusion of the left CCA (arrow) without a Doppler flow signal. B) CCD 

imaging shows an antegrade flow with decreased flow volume (73 mL/min) in the left ICA. C) CCD imaging 
shows retrograde collateral flow in the left ECA. D) MRA shows patent distal ICA with reduced flow and 
occlusion of the left MCA.
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Figure 3.   Patient 3: Proximal ICA dissection 
 A) Gray-scale B-mode CCD imaging shows homoechogenic thrombus causing tight stenosis of the left ICA. B) 

Color duplex sonography shows a tapered-tail picture of the color flow in the left proximal ICA with markedly 
reduced flow (FV = 5 mL/min) and high flow resistance (RI = 1.0). C) MRA demonstrates a string-like residual 
flow in the left proximal ICA (arrowhead). D) MR T2WI shows a hyperintense crescent in the left proximal ICA, 
suggesting a dissection (arrow).

Figure 2.  Patient 2: Critical stenosis of the proximal ICA 
 A) CCD imaging shows an intraluminal filling of heteroechogenic thrombus, causing lumen narrowing with 

markedly reduced flow (FV = 9 mL/min) and high flow resistance (RI = 1.0) in the right proximal ICA. B) CCD 
imaging shows a reduced flow in the right CCA with increased flow resistance (RI = 0.88). C) CCD imaging 
shows reversed flow in the right OA. D) MRA shows irregular narrowing without severe stenosis or occlusion of 
the right intracranial ICA.
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Figure 5.   Patient 5: Distal ICA stenosis
 A) CCD imaging shows markedly reduced flow (FV = 58 mL/min) with high flow resistance (RI = 1.0) in the right 

proximal ICA without intraluminal atherosclerosis. B) CCD imaging shows reduced flow (FV = 198 mL/min) 
in the right CCA with increased flow resistance (RI = 1.0). C) CCD imaging shows normal flow in the left CCA 
(FV = 624 mL/min, RI = 0.73). D) MRA demonstrates a severe stenotic lesion in the right distal ICA (arrow) with 
reduced flow.

Figure 4.  Patient 4: ICA hypoplasia.
 A) CCD imaging shows a long segmental small-caliber right ICA with markedly reduced flow (diameter = 2.2 

mm, FV = 15 mL/min), but without intraluminal atherosclerosis. B) CCD imaging shows normal flow in the left 
ICA (diameter = 4.4 mm and FV = 321 mL/min). C) DSA demonstrates a long segmental small-caliber right ICA 
distal to the ICA bulb (arrow). D) Skull base CT shows a smaller carotid canal on the ride side (R = 2.92 mm and 
L = 4.66 mm) both in axial (upper) and sagittal views (lower, arrowheads).



143

Acta Neurologica Taiwanica Vol 25 No 4 December 2016

Figure 7.   Patient 7: Moyamoya disease 
 A) and B) CCD imaging shows segmental small calibers with reduced flows in the right ICA (diameter = 3.0 

mm and FV = 61 mL/min) and left ICA (diameter = 3.6 mm and FV = 94 mL/min), but without intraluminal 
atherosclerosis. C) and D) DSA shows severe stenosis of bilateral terminal ICAs with numerous puff of smoke-
like collateral vessels (arrowheads), thus suggesting moyamoya disease.

Figure 6.  Patient 6: Distal ICA dissection 
 A) CCD imaging shows markedly reduced flow (FV = 10 mL/min) in the left proximal ICA with high flow 

resistance (RI = 1.0) without intraluminal atherosclerosis. B) CCD imaging shows reduced flow (FV = 235 mL/
min) with increased flow resistance (RI = 0.84) in the left CCA. C) DSA demonstrates an abrupt occlusion of the 
left ICA immediately distal to the OA origin (arrowhead). D) MR T2WI shows a hyperintense crescent (arrow) in 
the left distal ICA, suggesting distal ICA dissection.
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ipsilateral ICA and 0.9 in the ipsilateral CCA in distal 
ICA dissection. Moreover, the mean RI increased to 0.89 
and 0.88 in the ipsilateral ICA and CCA, respectively, 
in proximal ICA stenosis or occlusion. The mean FV in 
bilateral VAs was 157 ± 76 mL/min in the 25,000 CCD 
images. The collateral flow from bilateral VAs increased 
in all causes of reduced ICA flow (p < 0.05), except in 
patients with low cardiac output, MCA occlusion, and 
Group D lesions. Among those, ICA hypoplasia showed 
the highest increase in bilateral VA FV (233%; 366 mL/
min; p < 0.001).

ILLUSTRATED CASES

Patient 1 had Group A lesions with isolated CCA 
occlusion, in which complete occlusion occurred in the left 
CCA but with patent CCA bifurcation. The collateral flow 
was observed from the left ECA (reversed flow) through 
CCA bifurcation into the left ICA with a reduced forward 
flow in the left ICA (FV = 75 mL/min; Fig. 1). Patient 
2 had Group B lesions with critical stenosis of the right 
proximal ICA. The ICA flow (FV = 9 mL/min) markedly 
reduced with the reversed right ophthalmic arterial flow 
(Fig. 2). Patient 3 had Group B lesions with left proximal 
ICA dissection. The FV in the left ICA was reduced to 
5 mL/min. An MRA study showed a string sign of left 
proximal ICA, and T2WI MR showed left proximal ICA 
dissection with a hyperintense crescent (Fig. 3). Patient 
4 had Group B lesions with right ICA hypoplasia. CCD 
imaging demonstrated a long segmental small-caliber right 
ICA lumen associated with decreased FV (15 mL/min), but 
without intraluminal atherosclerosis. DSA demonstrated 
a long segment of small right ICA distal to the ICA bulb. 
Skull base CT revealed a smaller carotid canal on the ride 
side (Fig. 4). Patient 5 had Group C lesions with right 
distal ICA stenosis. CCD imaging showed reduced FV 
in the ipsilateral ICA (58 mL/min) and CCA (198 mL/
min) with an increased flow resistance (RI = 1.0), but 
without intraluminal atherosclerosis. MRA showed distal 
ICA tight stenosis (Fig. 5). Patient 6 had Group C lesions 
with distal ICA dissection. CCD imaging demonstrated 
markedly reduced FV in the left ICA (10 mL/min) with 
high flow resistance (RI = 1.0). Moreover, FV in the left 
CCA reduced with increased flow resistance. Distal ICA 
stenosis or occlusion was considered. DSA showed a 

compatible lesion of an abrupt occlusion of the left ICA 
immediately distal to OA origin. MRA demonstrated 
a hyperintense crescent lesion in the left distal ICA on 
T2WI, suggesting a distal ICA dissection (Fig 6). Patient 
7 had Group C lesions with moyamoya disease. CCD 
imaging demonstrated reduced FVs in right and left ICAs 
(61 mL/min and 94 mL/min, respectively) with normal RIs 
(0.58 and 0.60, respectively). DSA showed severe stenosis 
of bilateral terminal ICAs with numerous puff of smoke-
like collateral vessels (Fig. 7).

DISCUSSION

Reduced ICA flow is uncommon in routine CCD 
imaging studies. This decrease is caused by diverse and 
complicated lesions. Distal ICA stenosis or occlusion is 
the most common cause of reduced ICA flow. Moyamoya 
disease, ICA hypoplasia, and ICA dissection were more 
prevalent in younger patients and are unusual causes of 
cerebrovascular diseases that demand more effort than 
sonography alone for conducting accurate diagnosis. CCD 
imaging of the aforementioned diseases might reveal 
similar patterns of an upstream high flow resistance with 
reduced FV in the ICA and are typically indistinguishable 
from those of distal ICA stenosis or occlusion. All patients 
with known CCA or ICA disease had increased collateral 
flow through bilateral VAs. The extent of increased FV in 
bilateral VAs was exceptionally high in ICA hypoplasia. 
Compared with the FV in the contralateral CCA, that in 
the ipsilateral CCA was decreased in all groups, except in 
patients with low cardiac output.

Approximately half of the lesions corresponding to 
reduced ICA FV were located at the distal ICA, which 
was not visible on B-mode scans obtained through CCD 
imaging. Distal ICA stenosis or occlusion, predominantly 
on the right side, is the most common problem in this 
group. A significant decrease in FVs and increase in flow 
resistances (a sharp and narrow systolic peak and very 
little diastolic flow) in both involved ICA and ipsilateral 
CCA are characteristic findings of a Doppler study. 
Distal ICA dissection is a variant of distal ICA stenosis 
or occlusion. MR enables distinguishing dissection 
from atherosclerotic stenosis or occlusion according to 
the presence of a hyperintense crescent or circular zone 
representing intramural hematoma(6). Symptomatic ICA 
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dissection typically causes a higher degree of stenosis. 
The extent of decrease in FVs and increase in RIs in both 
involved ICA and ipsilateral CCA are more prominent in 
distal ICA dissection. In a large patient series involving 
181 patients and 200 dissections of the ICA, ICA stenoses 
was observed in 88% of patients; among those, stenosis of 
>80% or occlusion occurred in 71% of patients(7). Direct 
sonographic findings of proximal ICA dissection are a wall 
thickening of low echogenicity caused by an intramural 
hematoma with an adjacent thrombotic material leading to 
a tail-like tapered stenosis of this artery and an occasional 
double lumen sign (uncommon in ICA dissection) (7,8). 
Distal ICA dissection can be suspected through indirect 
signs, including 1) increased pulsatility upstream or 
decreased pulsatility downstream to the suspected lesion, 
2) >50% difference in the blood flow velocity compared 
with the corresponding arterial segments of the artery 
under study, and 3) detection of the intracranial collateral 
flow(9). Two patients with moyamoya disease involving 
bilateral ICAs did not show increased flow resistance in 
the ICA and CCA, which contradicts previous reports 
stating that flow resistances of the ICA and CCA are 
higher in moyamoya vessels (10,11). Increased FVs in the 
ECA and bilateral VAs suggest collateral flow for reduced 
ICA FV. Various stages of moyamoya disease may show 
different patterns of cerebral hemodyamics. A combination 
of transcranial duplex sonography might enable the 
identification of collateral circulation. An angiographic 
study was not conducted for 20% of patients with distal 
ICA stenosis or occlusion; therefore, there might be an 
underestimation of distal ICA dissection or moyamoya 
disease, a pattern similar to that of CCD findings in 
patients with distal ICA stenosis or occlusion.

Proximal ICA stenosis or occlusion accounts for 
85% of lesions in the proximal ICA. The FV in the ICA 
in critical stenosis is typically insufficient for intracranial 
perfusion, particularly in so-called near-occlusion 
or pseudo-occlusion, in which the artery beyond the 
stenosis is collapsed with a string sign, as observed in 
a neuroimaging study (12). The established sonographic 
appearance of near-occlusion is a very tight stenosis 
with a minimal flow channel; slow flow velocity; and a 
grossly pathological flow profile (12), such as dampened, 
pseudovenous flow with low pulsatility (13), systolic 
triangular spikes and no diastolic flow (12), and trickle 

flow. The reported accuracy of color duplex sonography 
in the detection of pseudo-occlusion varied from 83% 
to 93% compared with that of DSA (14). An appropriate 
adjustment of both color and velocity scales when 
performing CCD sonography is necessary to detect such 
extreme slow flow in the ICA. In this study, 10 patients 
had distal ICA dissection, only two patients had cervical 
ICA dissection. Similarly, cervical ICA dissection might 
have been underestimated because of the lack of an 
angiographic study for 33% of patients with proximal 
ICA stenosis or occlusion. Stenosis because of dissection 
is primarily observed in the distal part of the ICA (15). 
Four abnormal flow patterns were observed in patients 
with ICA dissection: 1) flow absence, 2) staccato flow, 3) 
reduced flow velocity, and 4) stenotic flow (8). Considering 
these sonographic features of ICA dissection during 
interpretation is crucial to appropriately recommend 
a confirmatory imaging study, namely MRA or DSA. 
Congenital hypoplasia of the ICA is rare, occurring in 
less than 0.01% of the population (16), and is typically 
asymptomatic because of the extensive collateral flow. 
Chen reported direct findings of the CCD study for ICA 
hypoplasia and revealed a long segmental small-caliber 
lumen (52% diameter of the normal side) associated with 
markedly decreased FV (13% of the normal side) in the 
ICA, but without significant intraluminal atherosclerosis, 
false lumen, or prominent wall thickening (5). Indirect 
findings include a markedly increased total FV in bilateral 
VAs (increased by 133% of the normal value), antegrade 
ipsilateral ophthalmic arterial flow, reduced vessel 
diameter, and increased flow resistance in the ipsilateral 
CCA (5). A hypoplastic carotid canal (60% diameter of 
the normal side) observed through skull base CT is the 
confirmatory diagnosis of ICA hypoplasia. Distal ICA 
dissection showed CCD findings similar to those of ICA 
hypoplasia but higher flow resistance with lower FV in the 
affected ICA and possible retrograde ipsilateral ophthalmic 
flow that imply a higher degree of disease severity than 
does ICA hypoplasia.

Severe CCA stenosis causes a reduction of the 
downstream flow in the ICA. The Doppler spectrum may 
show a dampened waveform (pulsus parvus et tardus), 
wherein the systolic acceleration is slowed with a rounded 
(not sharp) systolic peak appearance, and the diastolic 
flow is relatively increased (17). In patients with CCA 



146

Acta Neurologica Taiwanica Vol 25 No 4 December 2016

occlusion, a careful detection of CCA bifurcation distal to 
the occluded CCA as well as ICA and ECA is necessary 
to identify possible isolated CCA occlusion. Most patients 
with isolated CCA occlusion have collateral flow from 
the ECA draining into the ICA with a sonographic feature 
of retrograde flow in the ECA and antegrade flow in 
the ICA (18). Low cardiac output might cause a general 
decrease in cerebral flow perfusion. In this study, lower 
FVs were observed not only in the ipsilateral but also in 
the contralateral ICA, CCA, and VA in patients with low 
cardiac output. Reduced systolic left ventricular function 
in patients with chronic heart failure was reported to be 
the principal factor for reduced cerebral blood flow (CBF). 
Through radionuclide angiography, Choi et al. (19) reported 
that the CBF was 19% lower in patients with heart failure; 
Lepic et al. (20) performed sonography and reported a 
14% lower CBF in patients with heart failure. Atrial 
fibrillation (AF) is the main cause of low cardiac output in 
our study. A higher heart rate in patients with AF resulted 
in decreased ejection fraction and cardiac output. The 
decreased cardiac output in patients with AF also resulted 
in reduced FV in the ICA (21).

An angiographic study was conducted for only 26% 
of Group D patients. Abnormal vascular diseases were 
overlooked in this group because of inadequate studies. 
Although eight patients had a relatively smaller carotid 
canal with a smaller ICA diameter resembling certain 
degree of ICA hypoplasia, differences between diameters 
of bilateral carotid canals and ICAs were not statistically 
significant.

This study has several limitations. First, this study 
employed a retrospective design. The final diagnosis of 
vascular lesions for reduced ICA flow was performed 
by comparing CCD studies with angiographic studies. 
Second, considerably different sampling sites of the ICA 
were selected during the Doppler flow study, which may 
cause a variation in the ICA diameter, hence resulting in a 
variable ICA FV. Third, the diameter of the ICA observed 
in patients with proximal ICA stenosis or dissection 
was not the actual diameter of the ICA but the residual 
lumen measured for computing FV. Finally, we did not 
analyze the clinical features nor did we compare the initial 
sonographic results with the final vascular diagnoses. 
Nonetheless, we determined that a high number of latent 
lesions result in reduced ICA flow.

In conclusion, as an initial screening approach to 
patients with ischemic stroke, CCD should be carefully 
performed and appropriately interpreted in reduced ICV 
flow to verify the underlying vascular lesions. Additional 
MRA studies would be helpful to distinguish stenosis or 
occlusion from dissection or moyamoya disease, and skull 
base CT is warranted for the confirmatory diagnosis of 
ICA hypoplasia.
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