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ABSTRACT 

A case of subclavian vein thrombosis which was not detected clinically is described. Doppler 
ultrasound was used to ascertain the diagnosis. The technique of examination with the 
Doppler method for upper limb thrombi is described. It is expected that this technique will be 
as valuable for detection of thrombosis in the upper extremities as it has been shown to be in 
lower extremities. This is important because the incidence of deep vein thrombosis has 
increased with the frequent use of indwelling central venous catheters and because of 
increased awarness of the possibility and dangerous sequelae of the thrombosis. Early 
detection of thrombus by this non-invasive method, with removal of the catheters and prompt 
heparin therapy can prescrve the integrity of the venous conduits and avert emboli. This is 
particularly relevant for anaesthetists in critical care units. 
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THROMBOSIS IN THE ARM VEINS has been thought  
uncommon,  but with the advent of indwelling 
intravascular catheters,  particularly in intensive 
care units, the prevalence generally of upper 
extremity thrombosis has been found to be sub- 
stantial. For example,  in 1970 it was estimated 
that upper limb thrombosis made up two per cent 
of all venous thromboses;  but in 1977, a study of 
375 autopsies of patients in whom an indwelling 
central venous catheter was placed revealed a 
prevalence of 25 per cent. t-3 Moreover,  the 
sequelae such as the pulmonary embolism sel- 
domly have been emphasized. 4-6 

Doppler ultrasound has long been used to 
detect venous obstruction in the lower extremit- 
ies. 7-~t However ,  few reports speak to its use in 
detecting thrombosis in the upper extremity. We 
report here three cases of  suspected thrombosis 
of the right upper limb in which the Doppler 
ultrasound technique was considerably useful. 

Method for Doppler Ultrasound Evaluation of 
Upper Extremity 
The technique for examining the veins of the 

upper extremity is not well known. Our tech- 
nique is a modification of  the description given 
by Barnes.t2 It was developed during our experi- 
ence with patients in intensive care units. 
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The patient is examined while in the supine 
position. The trunk is flexed to about 30 ~ from the 
horizontal by elevating the bed or with pillows. 
The radial, ulnar, brachial, axillary and subclav- 
ian veins are examined in that order. Similar to 
the posterior tibial vein in the lower extremities,  
the radial and ulnar veins at the wrist do not 
exhibit spontaneous venous signals. Their  small 
calibre, the loud arterial signal from the neigh- 
bouring arteries and the relatively small area of  
drainage account for the lack of spontaneous 
signal. A spontaneous signal is present in all the 
other veins of the upper extremity. The venous 
signal is a low pitched, continuous sussuration 
heard in the background of the arterial pulsatile 
flow. The venous signal is not normally pulsatile 
and its volume is phasic with respiration. In 
contrast to the lower extremity,  the signal is 
amplified during inspiration, as blood is drawn 
into the great thoracic veins by the negative 
intrathoracic pressure of  inspiration. During ex- 
piration, the volume of the venous signal dimin- 
ishes. 

The radial and ulnar veins are examined on the 
palmar aspect of  the wrist at the level of the flexor 
retinaculum; the brachial vein, as it courses in the 
medial bicipital groove;  the axillary vein in the 
apex of  the axilla; and the subclavian vein in the 
supraclavicular fossa or, if inaccessible, the area 
of the infraclavicular fossa beneath the outer 
and medial thirds of the clavicle. Figures I 
through 6 illustrate some of the positions. The 
probe should be held at a 45* angle, pointing 
centrally. 
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FIGURE 1 Auscultation of the radial vein. FIGURE 4 Auscultation of axiltary vein. 

FIGURE 2 Auscultation of basilic vein, distal part. 
FIGURE 5 Auscultation of subclavian vein. supra- 

clavicular aspect. 

FIGURE 3 Auscultation of cephalic vein, proximal 
part. 

As in other examinations, augmentation of the 
signal is produced by venous compression prox- 
imal as well as distal to the locus of ausculta- 
tion with the probe. In the upper extremity 
augmentation distal to the locus of auscultation 
always produces a prompt increase in the volume 
of the venous signal. Augmentation proximal to 

FIGURE 6 Auscultation of subclavian vein, infra- 
clavicular aspect. 

the point of auscultation does not produce the 
augmentation in signal volume that might be 
expected from experience in the lower extremity, 
Presumably the relative paucity of venous valves 
allows blood to escape, invariably suggesting 
incompetence when listening distal to the point of 
compression. Hence, instead of compression 
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proximally, the patient is instructed to inspire 
deeply and to perform the valsalva manoeuver if 
possible. 

It is helpful to compress at several levels distal 
to the point of auscultation, beginning most 
distally and allowing time for the veins to engorge 
after each compression. The technique of se- 
quential compression was developed success- 
fully for the calf by us. It improves greatly the 
sensitivity of the method, in both the upper and 
lower extremities. 

The Doppler probe is placed to auscultate the 
popliteal vein. After the signal is obtained the leg 
is squeezed at five successive levels, the first just 

above the ankle and the last about 6cm distal to 
the point of auscultation, The signal is allowed to 
return to baseline between each compression. 
The compression produces augmentation of suc- 
cessively greater intensity until the most prox- 
imal portion at which the intensity is less. In 
those instances in which this sequence of cre- 
scendo decrescendo has not been observed, 
venography has demonstrated discrete throm- 
bosis. This technique is especially valuable for 
detecting thrombi in the soleal plexus of the calf. 

Three characteristics of the venous signal 
imply an obstruction in the relevant venous 
system: (1) absence or a much diminished venous 
signal, except at the radial and ulnar veins; (2) a 
continuous signal, with loss of the phasicity with 
respiration; (3) poor or absent augmentation by 
compression or respiratory manoeuver. The 
theoretical basis for these findings is set down in 
the appendix. 

As in all diagnostic tests of this character, 
experience is necessary to interpret the results. 
The following situations, confirmed by veno- 
gram, were the most likely to cause confusion. A 
non-occlusive mural thrombus may produce only 
very subtle changes in signal and augmentation 
volumes and hence be easily overlooked. This 
can be overcome by comparing the signals and 
both extremities. Extrinsic venous compression, 
for example, by lymph nodes, can mimic the 
auscultatory findings of thrombosis. Such a dis- 
tinction is perhaps academic. Imminent as well as 
established congestive heart failure can result in a 
continuous venous signal but it is invariably 
pulsatile. We have found the presence of a 
continuous pulsatile signal, responsive to pres- 
sure augmentation, the earliest clinical sign of 
congestive heart failure in many patients. 

The distinction between an acute thrombus 
and an older, established occlusive thrombus can 
be difficult. Often the presence of extensive 
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collateral veins and the clinical history can be 
helpful. The signal in collateral veins can usually 
be obliterated with gentle pressure. 

CASE REPORTS 

Patient #1 
A 73 year-old male was referred to our hospital 

for investigation of a density in the upper lobe of 
the right lung. 

Because of impending respiratory failure the 
patient was transferred to the respiratory unit for 
intensive care. During the course of his treat- 
ment, a catheter was inserted in the patient's 
right subclavian vein. Seven days thereafter it 
was noticed that the patient's right arm was 
slightly oedematous. This was blamed on an 
intravenous catheter which had allowed intra- 
venous solutions to infiltrate the subcutaneous 
tissues. 

A Doppler ultrasound examination was done 
in both upper and lower extremities. The poster- 
ior tibial, the popliteal and the superficial and 
common femoral veins were all patent and did not 
reveal any sign of acute or old venous throm- 
bosis. The left upper extremity venous examina- 
tion was normal, the right one showed a con- 
tinuous signal in the axillary and subclavian veins 
with little augmentation; the.respiratory phasic- 
ity was nil. These findings were consistent with 
the diagnosis of right axillary and subclavian vein 
thrombosis. It was decided by the staff physician 
to withhold heparin. Four hours later, the patient 
suddenly worsened. Another Doppler examina- 
tion was done. The abnormal findings noticed in 
the right upper extremity were still present, but 
augmentation was now somewhat louder. We 
concluded that the thrombus had in part at least 
fragmented and migrated to the lungs. Two hours 
later the patient died of a cardiac arrest, unre- 
sponsive to resuscitation. 

The pertinent autopsy findings were multiple 
pulmonary emboli, bilateral bronchopneumonia 
and microabscesses, old pulmonary fibrosis, and 
emphysema. Thorough dissection of the veins of 
the lower extremities and the left upper extremity 
revealed them to be free of any thrombus. The 
right extremity was slightly swollen and bluish, 
with venous congestion and obstruction. On 
dissection, there was evidence of non-occlusive 
thrombosis of the axillary and subclavian veins. 

Patient #2  
A 46 year-old right-handed white male under- 

went surgery for repair of a flail chest and other 
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injuries incurred in a motor vehicle accident. 
Three days after operation, the Pap2 fell from 
12.6 kPa to 6.6 kPa (95 mm Hg to 50 mm Hg) while 
the patient was breathing 40 percent oxygen. The 
patient exhibited tachycardia, tachypnoea, hyp- 
otension and profuse sweating. A pulmonary em- 
bolism was suspected. Examination and scanning 
of the lower extremities with ~2Sl-labelled fibrin- 
ogen had been negative. 

Examination of the upper extremities revealed 
the left forearm and arm to be 2cm larger in 
circumference than the right. No intravenous 
catheter devices or wounds were visible. Doppler 
ultrasound venous velocity signal revealed a 
constant signal in the left antecubital fossa and 
basilic veins. There was no respiratory variation. 
Compression of the forearm did not augment the 
venous signal or change its timbre. A thrombosis 
of the left antecubital-basilic-axillary vein system 
was diagnosed and confirmed by venography. 

The pulmonary embolism and arm thrombosis 
resolved with heparin therapy. 

Patient #3  

A 66 year-old white male was recovering 
from an orthopaedic surgical attempt to remove a 
lumbar disc. Four days after the operation read- 
ings from a Swan-Ganz catheter in the right arm 
were found to be erratic and the tissue surround- 
ing the vein was turgid and swollen. The catheter 
was removed. 

Examination of the upper extremities revealed 
swollen right upper and lower arm. Doppler 
ultrasound venous velocity signal was normally 
intermittent and phasic with respiration. The 
venous sound augmented well with compression 
distal to the site of auscultation. Venography 
confirmed the patency of the veins. 

COMMENTS AND DISCUSSION 

In the first case, the Doppler technique re- 
vealed the presence of a thrombus. This 
thrombus doubtless provided the source of a fatal 
pulmonary embolism. The Doppler findings were 
especially important in this instance since inva- 
sive techniques could not be implemented be- 
cause of the patient's precarious clinical condi- 
tion. The Doppler findings in the second case 
were of equal importance and were verified by 
venography. 

The third case provided another facet of the 
value of this noninvasive technique: no treatment 
for no disease. Bearing in mind the complications 
of anticoagulant therapy, this at least is as 

important as detection of thrombosis. In this 
patient, anticoagulant therapy would have been 
especially risky in the setting of recent spinal 
surgery. 

These cases clearly demonstrate the value of 
the Doppler ultrasound technique in the detec- 
tion of upper limb thrombosis. Its value in 
detecting thrombosis in the lower extremities is 
well known; the technique of evaluating the 
venous signal was described by Siegel, et a l ?  and 
many others. It is to be expected that it will be 
equally valuable with respect to the upper ex- 
tremities. This is especially important since the 
incidence of deep vein thrombosis in patients has 
increased. This is mostly because of the frequent 
use of indwelling central venous catheters, but 
also partly because of increased awareness of the 
possibility and dangerous sequelae of the throm- 
bosis. The sequelae of persistent swelling and 
fatigue are as easily appreciated and disabling in 
the arm as in the lower extremity, and are more 
important to the patient in many cases than the 
corresponding sequelae of lower limb throm- 
bosis. Embolism with pulmonary thrombosis is 
equally likely in both. ~~ Early detection of 
thrombus with removal of catheters and prompt 
heparin therapy are essential to preserve the 
integrity of the venous conduits, particularly 
necessary to those patients dependent on such 
catheters for total parenteral nutrition or cardiac 
pacemakers; and to avert emboli. The Doppler 
ultrasound technique is a simple, non-invasive 
method which can be most helpful in detecting 
thrombus early. It can be done many times over 
with no discomfort to the patient, and is a 
practical alternative to repeated radiopaque 
phlebography. 
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APPENDIX 

Theoretical Aspects o f  Doppler Ultrasound Ex- 
amination 
Diagnostic Ultrasound 
Ultrasound examination of veins is based on 

the Doppler effect: the change of wave length 
when a source of  vibration is moving with respect 
to the observer. A transducer is used which con- 
tains two crystals in its tip, mounted a tan angle of 
about 160 ~ to each other. One crystal is a trans- 
mitter, the other is a receiver. Energy at a high 
frequency (8 MHz) is being fed into a crystal 
which in turn transmits at narrow beam of 
ultrasound reflectant. Ultrasound is received by 
the alternate receiving crystal. The beam is 
divergent, but the angle of mounting of the two 
crystals produces a region of maximum sensitiv- 
ity of the point of intersection of the transmitted 
with the reflected beam. This is a narrow quadri- 
lateral rhomboidal shaped region axial to the 
transducer, about 3.5 cm long and 0.45 cm wide 
at maximum vertices. 

The transmitted beam encounters dissimilar 
tissues on its way to the moving blood, but energy 
from these tissues, since they are motionless, is 
reflected back in echo fashion at the transmitted 
frequency and thus can be ignored by the elec- 
tronic characteristics and circuitry at the receiv- 
ing crystal. 

Two surfaces present special problems: skin- 
and bone. The skin boundary causes significant 

refections and attenuation to the transmitted as 
well as the reflected signals. This interface is 
minimized by applying an ultrasonic coupling gel 
between the skin and transducer. Bone and other 
hard tissue absorb high frequency ultrasound as 
well as scattering much of the signal. Thus, a 
bony surface interposed between beam and blood 
vessel effectively prevents measurement of 
blood flow in that vessel. 

Energy reflected fl'om surfaces in motion, for 
example red cells in flowing blood, undergoes a 
change proportional to the velocity of the bound- 
ary. The amount of change is called the Doppler 
shift. 

The frequency shift of the reflected beam 
from the frequency of the transmitted beam due 
to any moving boundary is given by the formula 

2 f l x v x c o s  
f d -  

c 

fd = frequency shift 
ft = transmitted frequency 
v = velocity of moving boundary 
o = angle region of transducer sensitivity and 

direction of  boundary movement  with re- 
spect to the transducer. Arbitt, flow to- 
wards the transducer is called 0 ~ and flow 
away 180 ~ 

c = a dielectric constant peculiar to the me- 
dium through which the beam is trans- 
mitted 

The energy reflected back by moving tissue 
boundaries is converted by the receiving crystal 
into an electrical and then to an audible signal. In 
sophisticated so-called two directional Doppler 
devices the electrical signal can be used as the 
input to velocity measuring and direction indicat- 
ing circuits. This allows more accurate separa- 
tion of venous from arterial blood flow. 

Since surface other than red cells in the blood 
can be in motion, the circuitry is set to reject 
frequencies different than expected for blood 
flow. For example, velocities below 0.025 m/s 
are attenuated to emphasize the expected 3 m/s of 
red cell surface movement.  Thus, the angle of the 
transducer modifies the relationship between 
Doppler shift, frequency (kHz), and blood velo- 
city m/s. 

As noted above, additional circuiting permits 
the measurement of average velocity and direc- 
tion of blood flow, and not merely its presence or 
absence. 

In the one-directional system, the moving 
blood cells deflect the ultrasound beam, the 
amount of  deflection being directly related to the 
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velocity and turbulence of flow. As stated above,  
an energized crystal  generates  a beam of ultra- 
sound and a companion  crystal  receives the re- 
flected beam, conver t ing it to an audible signal. 
The pitch of the reflected sound increases as 
blood flow increases.  Extraneous  sound reflec- 
tion does not interfere with the blood vessels  
being examined since t ransmission and reception 
are confined to a narrow cone-shaped region axial 
to the sound t ransducer ,  as illustrated above,  and 
since only reflections with a wave length changed 

by echoing from a moving surface are conver ted 
to audible signals. 

Ultrasound is used to investigate the patency 
of  flow and competency  of the venous system by 
means of the Doppler technique.  Spontaneous 
flow as well as alterations in flow consequent  
upon respiration and provoked by muscle and 
tissue compression distal and proximal to the site 
of auscultat ion,  are analysed. The change in pitch 
reveals,  inferentially, an obstruct ion to venous  
flow, as from a thrombus  in the lumen. 

R~suM~ 

Les auteurs rapportent un cas de thrombose de la veine sous-clavi~re dont le diagnostic, non 
etabli sur base clinique, a pu 6tre pos6 au moyen d'un appareil de Doppler. lls d~crivent la 
technique d'examen du membre sup6rieur pour la recherche de thrombi au moyen de cet 
appareil. Cette m~thode devrait s'av6rer aussi utile au membre sup6rieur qu'elle I'a 6t6 au 
membre inf6rieur pour le diagnostic de thromboses veineuses. 

II s'agit d'un apport important, compte tenu de l'incidence accrue de thromboses veineuses 
profondes au membre sup~rieur associ6es ~ l'emploi de catheters centraux. On r6alise mieux 
aujourd'hui la possibilit6 de s6quelles dangereuses associ6es '/t ces thromboses. 

La d6tection prfcoce des thrombi au moyen de cette re&bode non invasive permet le retrait 
imm6diat des catheters et la raise en route d'h~parinoth6rapie, favorisant le maintien de 
I'int~gril6 veineuse et la pr6vention d'embolies. Ceci est d'importance particuli~re pour les 
anesth6sistes oeuvrant dans les unit6s de soins intensifs. 


