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Color Doppler imaging (CDI), 
which allows simultaneous two-
dimensional imaging of structure and blood 
flow, is a recent development in 
ultrasonography. Detailed information 
regarding blood flow can be obtained from 
anechoic spaces on ultrasonographic 
images, while evaluation with the 
conventional duplex Doppler method 
requires interrogation of flow in a limited 
region of interest. The great advantage of 
CDI is its ability to depict actual blood flow 
through vessels. Previously, blood flow 
could not be visualized directly; it was 
necessary to opacify the vessel lumen by 
injecting contrast media. In this paper, the 
principles of CDI and its various 
applications are discussed and illustrated. 

Real-time, color, flow-mapping devices were first 
developed and used for cardiac imaging.1•2 A color 
converter assigns color based on the direction and 
value of detected frequency shifts.3 This informa-
tion is superimposed on a conventional gray-scale 
ultrasonic image generated from the amplitude of 
the reflected echoes. 

In our system (Quantum Medical Systems, Is-
saquah, Washington), 7.5-MHz, 5.0-MHz, and 3.0 
MHz linear array transducers are utilized. The 7.5-
MHz transducer is used for pediatric imaging as 
well as for imaging of superficial structures, in-
cluding the thyroid gland, testicles, breasts, and 
superficial vessels. The 5.0-MHz and 3.0-MHz 
transducers are used for abdominal and pelvic im-
aging, depending on the depth of the area of inter-
est and patient size. 

The direction of flow relative to the transducer 
is displayed in each pixel as either red or blue, de-
pending on whether blood is flowing toward or 
away from the transducer. An increase in color den-
sity represents slower velocities, while increasing 
flow velocity is displayed as decreased intensity or 
increased "whiteness" of the color. If possible, the 
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direction of assignment of red or blue is chosen so 
that flow in the arteries will be displayed as red 
and in the veins as blue. If a Doppler spectrum is 
needed, the appropriate area to be interrogated can 
be selected easily. 

Applications 
Cardiac imaging 

Color Doppler imaging (CDI) is most commonly 
used for cardiac evaluation and has proved to be 
particularly useful in the assessment of valvular 
stenosis, valvular insufficiency, and shunt le-
sions.4·5·6 It also has promoted better understand-
ing of complex normal and pathologic flow patterns. 

Fig 1. Normal color flow depiction of the comrrwn carotid artery 

(C) and bifurcation. The external carotid artery is shown atE, 
the internal carotid artery at I , and the jugular vein at J . Note 

normal area of flow separation in blue at the proximal internal 

carotid artery. This is the most common location for plaque. 
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Fig 2. High-grade stenosis of internal carotid artery. The paler 
shade of color (green) indicates the jet. The spectral analysis 
displayed graphically below the image and localized by the range 
gait demonstrates markedly elevated velocity of flow during both 
systole and diastole. 

Fig 3. As obtained through the anterolateral fontanelle, normal 
color flow depiction of the neonate's circle of Willis. ACA, MCA, 
and PCA stand for anterior, middle, and posterior cerebral ar-
tery, respectively. 

Cerebrovascular imaging 
Adult. The next most common use ofCDI is evalu-
ation of flow in the carotid arteries.7•8 With CDI, 
the flow patterns at such complex anatomic regions 
as the carotid bifurcation (Fig 1) are better identi-
fied, as are alterations produced by plaque, stenosis, 
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Fig 4. Doppler spectrum illustrated below the image of the neck 
ofpseudoaneurysm shows the characteristic to-and-fro wave form . 
The image was obtained during diastole. 

and ulceration. A "jet" (area of most rapid flow) 
at a region of clinically significant stenosis can be 
identified (Figs 2-3). 

In addition, the time required to obtain spectra 
from pathologic areas may be reduced. Enhancing 
flow within the vessel lumen improves visualiza-
tion of hypoechoic plaque, which may be difficult 
to see on conventional images. 

Neonatal. Through the anterior fontanelle or 
squamous portion of the temporal bone, real-time, 
two-dimensional, color images of the circle of Wil-
lis can be obtained (Fig 3), and altered flow pat-
terns can be identified. 9,10 

The circle of Willis has been studied in infants 
undergoing extracorporeal membrane oxygenation 
(ECMO) because of severe respiratory insufficiency. 
A form of cardiopulmonary bypass, ECM 0 requires 
access to the aorta, which is achieved by cannula-
tion and eventual ligation of the right common ca-
rotid artery. Perfusion of the right side of the cere-
brum depends on adequate collateral circulation 
from the circle of Willis. CDI can determine if flow 
is present and whether left carotid cannulation 
would be preferable for certain infants. 

Peripheral arterial and venous imaging 
Flow within the subclavian, axillary, and femoral 
arteries, as well as their main branches, can be 
imaged. We have found CDI helpful in the diagno-
sis of perivascular· hematomas, which appear as 

October 1988/Journal of AOA/vol. 88/no.lO 



Fig 5. Arteriovenous fistula of the common femoral artery (A) 

and vein (V) . Flow in the vein is turbulent, with a disordered 

mixture of red and blue color, which indicates tissue vibration 
(bruit). 

well-circumscribed hypoechoic areas without flow, 
pseudoaneurysms, arteriovenous fistulas, and 
thrombi. The neck of a pseudoaneurysm can be lo-
calized readily. 

A distinct color flow pattern consisting of rapid 
flow entering the pseudoaneurysm during systole 
and moderate flow exiting through diastole (Fig 
4) is seen. This results in a unique to-and-fro wave 
form that is diagnostic ofpseudoaneurysm11 .12 (Fig 
4). 

A distinct color flow pattern, including visual 
depiction of a bruit, has been demonstrated in ar-
teriovenous fistulas .13 This consists of a diffuse pul-
satile mixture of red and blue pixels within the 
vessel , which represents complex, disorganized 
flow. This pattern extends into the soft tissues, 
which indicates vibration of perivascular tissues, 
the CDI equivalent of a bruit. 'furbulent, semi pul-
satile flow has been noted in the veins that drain 
the arteriovenous fistula (Figs 5,6). 

In peripheral venous imaging, CDI has been an 
effective modality for the diagnosis of deep venous 
thrombosis. Diagnosis is made by d~monstration 
of intralumenal echoes, noncompressibility of the 
vein, lack of color flow, and a persistent filling de-
fect when flow is augmented by distal compres-
sion.14 It is likely that the CDI will replace venogra-
phy as the primary method for diagnosing deep-
vein thrombophlebitis (Figs 7,8). 
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Fig 6. Correlative angiogram demonstrates retrograde venous 
flow in the left common femoral vein (V) through the ar-

teriovenous fistula during the arterial phase. 

Major abdominal vessels imaging 

The flow pattern in abdominal aortic aneurysm can 
be better characterized with CDI, and hypoechoic 
clots can be delineated more reliably. Using this 
method, aortic dissection also can be depicted with-
out the use of an invasive procedure.15 Patency of 
the inferior vena cava or, if present, thrombus 
within the lumen also can be documented. There-
nal arteries and veins often can be identified and 
their flow evaluated, thus improving on the con-
ventional duplex Doppler diagnosis of vascular com-
promise. 

Portal and hepatic imaging 

With CDI, it is possible to visualize normal and 
disturbed flow as well as vascular patency or le-
sions within the vessels of the portal and hepatic 
systems. Alterations secondary to portal hyperten-
sion can be depicted, and collateral circulation can 
be seen.3 Complications such as cavernous trans-
formation of the portal vein have been identified. 
Unusual complications of invasive procedures, such 
as portohepatic venous fistula, also have been de-
tected using CDI.16 

Tumor imaging 
Arteriovenous shunting within neoplasms has been 
detected using both conventional duplex Doppler 
ultrasonography17 and CDI.18 Flow patterns ofneo-
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Fig 7. Normal flow demonstrated in blue in the anterior tibial 
vein. There is evidence of clot within the proximal posterior tib-
ial vein and distal popliteal vein (POP). Evidence of some color 
flow is noted within the proximal posterior tibial vein, with dis-
tal augmentation. 

plastic vascularity may help in characterizing ma-
lignant tumors. Further study is needed, however, 
to determine the clinical utility of this application. 

Obstetric imaging 
CDI involves less ultrasound exposure than con-
ventional duplex Doppler imaging. Although this 
application is still investigational, CDI may prove 
to be beneficial in evaluating placental well-being. 
It is possible that regional placental abnormalities 
may be identified with this technique. Research 
to evaluate fetal vascular flow in the major vessels 
is under way. 

Comment 
There are a few limitations to CDI. One is gas-
filled bowel, which will produce artifacts during 
abdominal examinations. Reductions in gray-scale 
quality or frame rate may sometimes be necessary 
to obtain better color images. Despite these prob-
lems, with improving technology and equipment, 
CDI should improve the diagnostic capability of du-
plex Doppler ultrasonography because of CDI's di-
rect demonstration of flow. It should expand the 
role of diagnostic ultrasonography and create new 
applications of noninvasive imaging. 
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Fig 8. Clot is well demonstrated on the correlative venogram 
within the popliteal vein (P) and proximal posterior tibial vein 
(T). (The posterior tibial vein bifurcation is not seen.) Normal 
flow is seen in the anterior tibial vein (A). 

Summary 
Color Doppler imaging is a new advance in ultra-
sonography. It allows simultaneous two-dimen-
sional imaging of structure and blood flow without 
the need for invasive procedures or intravascular 
contrast, in most cases. 
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