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Criteria for ultrasound diagnosis of deep venous thrombosis of
lower extremities

Terminology and Diagnostic Criteria Committee, Japan Society of Ultrasonics in Medicine
Chairman: Sachiko Tanaka

Subcommittee for Preparing Guidelines for Ultrasound Diagnosis of Venous Thrombosis of Lower
Extremities
Chairman: Kazuhiro Nishigami'
Vice Chairman:  Nobuyuki Taniguchi’
Members: Hiroshi Matsuo’, Toshiko Hirai*, Satoshi Kaneda®’, Masafumi Ogasawara®,
Hiroshi Satoh’, Hiroyuki Tobe®

1.  Objectives

(1) lliac veins

The criteria for ultrasound diagnosis of deep venous e

thrombosis of the lower extremities are defined. )
(2) Femoral veins

(preventing regurgitation)

2. Target

The area to be tested comprises the veins of the low- )
(3) Crural veins

(pump function)

|><

er extremities, including the inferior vena cava
(Fig. 1).

3. Ultrasound devices and testing conditions
Fig. 1 Anatomy and physiology of deep veins of the
When testing the pelvic region, a 3. 5 - MHz convex pelvis and lower extremities. Veins of the pel-
probe or sector probe is primarily used. For testing the vis and lower .ef(tremlfles Can.be divided H.lto
) three groups: iliac veins serving as conduits,
femoral, popliteal, and crural areas, a 7 —to 10 - MHz femoral veins that prevent regurgitation, and

linear probe or a 3.5 -to 5.0 - MHz convex probe is crural veins serving as pumps. In the crural

primarily used. B-mode ultrasonography is adopted for veins, the pump function of venous muscle is

. . . primarily seen in the soleus vein within the so-
morphological diagnosis. Color Doppler or pulse . )
leus muscle. Three branches (medial, middle,

Doppler methods are employed for evaluation of blood and lateral) of this vein are usually visible. I,
flow. With the color Doppler method, the velocity inferior vena cava; 2, common iliac vein; 3,
scale is set low to 10 = 20 cm/s. external iliac vein; 4, internal iliac vein; 5,
common femoral artery; 6, deep femoral ar-

4. Postures and techniques for ultrasound tery; 7, superficial femoral artery; 8, great sa-
diagnosis phenous vein; 9, popliteal vein; /0, small sa-
phenous vein; /7, calf vein; /2, anterior tibial
vein; 13, posterior tibial vein; 14, fibular vein;
15, soleus vein (15-1, medial branch; 15-2,

middle branch; 75-3, lateral branch)

The test is usually performed in the supine position.

As needed, the posture is modified appropriately to al-

'Saiseikai Kumamoto Hospital Cardiovascular Center, ZDepartment of Clinical Laboratory Medicine, Jichi Medical School, *Matsuo
Cardiovascular Clinic, ‘Central Endoscopy and Ultrasonography Department, Nara Medical University, *Department of Radiology, Tokyo
Saiseikai Central Hospital, ‘GE-Yokogawa Medical System Ltd., "The Department of Central Clinical Laboratory, Kyoto University Hospital,
¥Test Section, Gunma Prefectural Cardiovascular Center
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Table 1 Ultrasound features of venous thrombosis

Venous thrombosis

Normal

Acute Chronic

Evaluation at rest
Respiration-caused fluctuation
Diameter of femoral artery/vein ratio

Artery > vein

Absent
Artery < vein

Absent
Artery < vein

Present

Laterality in venous diameter Absent Present Present
Present (I Present (high
Thrombus-associated echoes inside the vein Absent resen. (low resen . ( '
density) density)

Venous compression

Noncompressibility of the vein Visible (complete) | Visible (incomplete)
Blood flow induction

Increased blood flow detected by pulse Doppler study Good Poor Poor

Blood flow defects in vein revealed by color Doppler
study

Visible (complete) | Visible (incomplete)

low venous dilation. In the pelvic and femoral areas,
the test is conducted in the supine position; in the pop-
liteal and crural areas, the test is conducted in the sit-
ting or prone position.

The test is performed either at rest or with load. The
test with load employs either the venous compression
method or the blood flow induction method (Table 1).
A short-axis (cross-sectional) view and a long-axis

(longitudinal) view of the target vein are usually taken

Jpn J Med Ultrasonics Vol. 35 No. 1 (2008)

Fig.2 A B-mode short-axis view of the left superficial femoral
vein (L-SVF): thrombus is visible (arrow). B B-mode

long-axis view of the left superficial femoral vein:
thrombus is visible (arrow). C Color Doppler long-axis
view of the left superficial femoral vein: thrombus is vis-

ible (arrow)

to check the venous wall and the inside region
(Fig. 2). The diameter of the target vein is compared
with that of the contralateral vein or the homonymous
artery to check for dilation of the target vein. With the
venous compression method, the skin over the vein is
compressed by the probe to evaluate compressibility
of the target vein (Fig. 3, 4). The blood flow induction
method can be subdivided into the respiratory load

method and the milking method. With the respiratory
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(1) Without compression
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(1) Without compression

Calf-bone

(1) Without compression (2) During compression

Fig.3 A Cross-sectional view of the right inguinal area in a healthy volunteer. Evaluation of compres-
sion-caused deformation. Left, without compression, the femoral vein (V), located medial to the femoral
artery (A), is visible. Right, with compression: under pressure by the probe, the femoral vein appears com-
pressed (arrow). B Cross-sectional view of the right inguinal area in a patient with deep venous thrombo-
sis (affecting the right common femoral vein). Evaluation of compression-caused deformation. Left, with-
out compression, the femoral vein (V) is thicker than the femoral artery (A). Right, with compression: the
femoral vein (V) is deformed but does not show complete compression. C Evaluation of soleus vein
thrombosis by the compression method (cross-sectional view of right crus using a dorsal approach) . There
is a lesion in the medial branch of the right soleus vein. Left, without compression, two soleus veins (blue
and red arrows) are visible, with a thickness of about 1 cm. Both veins are almost free of internal echo.
Right, when pressure is applied, one of the two veins is compressed (red arrow). This vein is rated as free

of thrombus. The other vein is not compressed (blue arrow) and is rated as having thrombus

Jpn J Med Ultrasonics Vol. 35 No.

1 (2008)



Fig.4 Evaluation of venous compressibility by

the venous compression method

Fig. 5 Respiration-related changes in blood flow

through the common femoral vein (CFV).
Left, sampling points for the pulse Doppler
method. Right, flow velocity pattern using the
pulse Doppler method. The flow velocity de-
creases during inspiration and increases during

expiration

load method, changes in blood flow during deep
breathing are checked (Fig. 5). With the milking
method, the crural legs are compressed manually to
check for venous return and regurgitation (Fig. 6).
Loading needs to be done carefully, with the possible

presence of thrombi borne in mind.
5.  Representation

On the short-axis view, the veins are viewed from
the foot side (the distal side). On the long-axis view,
the proximal side of the veins is depicted on the left

and the distal side on the right.

Jpn J Med Ultrasonics Vol. 35 No. 1 (2008)

Fig. 6 Venous blood flow induction method with
manual compression (milking) of crural mus-

cles

6. Criteria for diagnosis of venous

thrombosis

Direct ultrasound signs of venous thrombosis are
thrombotic echoes in veins and lack of venous com-
pressibility. Indirect signs are blood flow defects in the
vein and poor responses to the induction method
(Table 1). The finding of a direct sign allows a defi-
nite diagnosis of venous thrombosis. Individuals hav-
ing only indirect signs are rated as being suspected of
having venous thrombosis. Those patients having di-
rect thrombosis signs are rated as acute or chronic
based on a general assessment of findings from the
tests at rest, with the blood flow induction method, and

with the venous compression method.

7. Ultrasound diagnosis of deep venous

thrombosis

For making a diagnosis of deep venous thrombosis,
it is necessary to evaluate the site (extent of thrombo-
sis), properties (features of thrombus), and blood flow
(disturbance in perfusion). The site of thrombosis is
checked by the steps shown in Fig. 7. Proximal veins
(inferior vena cava, iliac vein) are sometimes difficult
to depict, but these veins need to be checked carefully
in cases where marked leg edema is noted. Veins of
the lower extremities are checked in the order of femo-
ral veins, popliteal veins, and crural veins.

After a diagnosis of venous thrombosis has been

made, the affected area and the extent of thrombosis
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‘ Common femoral vein, superficial femoral vein, deep femoral vein, great saphenous vein

l l

‘Free of venous thrombus ‘ Venous thrombus

Symptoms of pulmonary embolism
and leg swelling

l

l present or suspected

‘ Popliteal vein, calf vein, small saphenous vein ‘ \ vein to iliac vein), checking up to the

Determining the proximal end (femoral

iliac vein and inferior vena cava

l !

‘ Free of venous thrombus ‘

Venous thrombus present: Determining the proximal end
(popliteal vein to superficial femoral vein)

l

‘ Fibular vein, posterior tibial vein, anterior tibial vein, soleus

vein

i

‘ Venous thrombus present: Determining the proximal end (crural vein to popliteal vein)

‘ Free of venous thrombus: Ruling out deep venous thrombosis of lower extremities

Fig. 7 Steps to explore deep venous thrombosis of lower extremities

(proximal and distal ends) are identified. Evaluation is
made of the properties of the thrombus, i.e., the com-
ponents of the thrombus, immobility (floating nature),
and time-related changes (size reduction, organic D

change, calcification). In cases of chronic deep venous

thrombosis, venous valve insufficiency is evaluated by

44

checking for venous regurgitation.
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