
J Anesth (2004) 18:232–233
DOI 10.1007/s00540-004-0241-9

Short communications

Changes in femoral vein blood flow velocity by intermittent pneumatic
compression: calf compression device versus plantar-calf sequential
compression device
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Recently, a new IPC device has been developed that
compresses several parts of the lower extremities se-
quentially. Theoretically, applying compression further
up the leg from the plantar to the thigh sequentially may
be most effective [2]. In this report, we compared the
blood flow velocity in the femoral vein with use of the
calf compression device and the plantar-calf sequential
compression device.

After approval of the institutional committee of our
hospital, 10 healthy adult male volunteers who had no
history of disease and who were not taking medications
were studied. Their age, height, and weight were 35 � 9
(22– 47) years, 172 � 6 (160–180) cm, and 69 � 12 (56–
92) kg [mean � SD (range)]. The volunteer was placed
in a supine position for 30 min. A calf-length garment
with a single chamber and a plantar-calf-length garment
with four chambers were randomly assigned to be
placed onto the two legs, and were connected to two
types of IPC device (Flowtron DVT, Huntleigh
Healthcare, Manalapan, NJ, USA; and Phlebo Press
DVT, Mego Afek, Kibbutz Afek, Israel), respectively.
The former device compresses the calf uniformly with a
compression/decompression time cycle of 10/50 s, and
the latter device compresses further up the plantar to
calf gradually by inflating four chambers with a time
cycle of about 20/50 s. The compression pressure was set
at 60 mmHg for both devices. The blood flow velocity
in the femoral vein was measured by ultrasound
echography (SONOS-5500, Hewlett-Packard, Andover,
MA, USA), in which the proximal site of the femoral
vein at the branch point of the great saphenous vein was
detected in the color Doppler mode by a linear probe,
followed by measurement of the maximum velocity in
the pulsed wave Doppler mode. In our observations, the
blood flow velocity increased gradually after initiation
of compression, reached a maximum level before
release of compression, and returned to the control
level with no compression. Before use of the IPC
devices was initiated, the maximum velocity in the
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Abstract
Intermittent pneumatic compression has become widely used
to prevent deep venous thrombosis potentially causing fatal
pulmonary embolism. Although uniform compression has
been commonly applied, a new method of sequential com-
pression from plantar to calf has recently been developed. In
this report, changes in maximum blood flow velocity in the
femoral vein were compared with compression of only the calf
uniformly and compression from plantar to calf sequentially
in 10 healthy adult volunteers. A compression pressure
of 60 mmHg was applied for 5 min, and the velocity was
measured before and after this treatment by ultrasound
echography. There was no statistically significant difference in
the change in maximum velocity between calf compression
and plantar-calf sequential compression. The maximum veloc-
ity increased significantly with both compressions. However,
plantar-calf sequential compression tended to have a greater
effect. Although the results did not demonstrate an advantage
of plantar-calf sequential compression compared with calf
compression only, if the former compression is applied for a
long time, it may have a greater effect.
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The intermittent pneumatic compression (IPC) device
has been widely used to prevent deep venous thrombo-
sis followed by pulmonary embolism [1,2]. There are
several types of compression device, such as plantar,
calf, and calf-thigh, which use uniform compression
with a single chamber. Although the best compression
site remains unclear, one report showed that plantar
compression is less effective than calf-thigh compres-
sion for the prevention of deep venous thrombosis [3].



H. Iwama et al.: Changes in femoral blood flow velocity 233

femoral vein was measured on both sides. Subse-
quently, use of both of the IPC devices was initiated,
and the maximum velocities in both femoral veins were
measured again 5min later. On a different day, the same
measurements were obtained from the volunteer with
the position of the IPC devices switched. Changes in
the maximum blood flow velocity in the femoral vein
with the calf compression and plantar-calf sequential
compression were compared statistically by repeated-
measures analysis of variance. Change in the maximum
velocity in each compression was analyzed by the paired
t-test. P � 0.05 was considered to indicate statistical
significance.

There was no statistically significant difference in the
change of the maximum blood flow velocity in the femo-
ral vein between the calf compression and plantar-
calf sequential compression. The maximum velocity
increased significantly with both the IPC compressions
(Fig. 1).

In this study, we used a compression pressure of
60mmHg. Although this pressure seems high, it has
been shown that this pressure has a greater effect than a
standard pressure of around 40mmHg [4]. In our hospi-
tal, 60mmHg has recently become a routine pressure
level. The results obtained here showed that both the

calf compression and plantar-calf sequential compres-
sion IPC devices have similar increasing effects on
the maximum blood flow velocity in the femoral vein,
whereas the latter device tends to have a greater effect.
Because the plantar venous plexus has a great reservoir
of venous blood [5], this plantar-calf sequential
IPC device may theoretically be more effective. If mea-
surement of the blood flow velocity had been continued
repeatedly for a longer time, a difference might have
been obtained. The plantar compression IPC device was
operated at around 100mm Hg in some reports [6],
suggesting that a pressure of 60mmHg on the plantar
was insufficient. However, because some reports indi-
cate complications such as skin necrosis with use of
the IPC device [7,8], setting a higher pressure may
be harmful. We consider that compression pressures
up to 60mmHg may be appropriate and safe for clinical
use.

In conclusion, the present study did not demon-
strate an advantage of the plantar-calf sequential
compression IPC device in increasing the femoral
vein blood flow velocity compared with the traditional
IPC device that compresses only the calf uni-
formly, using nonanesthetized volunteers with 5min of
compression.

References

1. Goldhaber SZ (1998) Pulmonary embolism. N Engl J Med 339:93–
104

2. Iwama H, Suzuki M, Hojo M, Kaneda M, Akutsu I (2000) Intermit-
tent pneumatic compression on the calf improves peripheral circu-
lation of the leg. J Crit Care 15:18–21

3. Elliott CG, Dudney TM, Egger M, Orme JF, Clemmer TP, Horn
SD, Weaver L, Handrahan D, Thomas F, Merrell S, Kitterman N,
Yeates S (1999) Calf-thigh sequential pneumatic compression
compared with plantar venous pneumatic compression to prevent
deep-vein thrombosis after non-lower extremity trauma. J Trauma
47:25–32

4. Malone MD, Cisek PL, Comerota AJ Jr, Holland B, Eid IG,
Comerota AJ (1999) High-pressure, rapid-inflation pneumatic
compression improves venous hemodynamics in healthy volun-
teers and patients who are post-thrombotic. J Vasc Surg 29:593–
599

5. Gardner AMN, Fox RH (1983) The venous pump of the human
foot: preliminary report. Bristol Med Chir 98:109–112

6. Killewich LA, Sandager GP, Nguyen AH, Lilly MP, Flinn WR
(1995) Venous hemodynamics during impulse foot pumping.
J Vasc Surg 22:598–605

7. Parra RO, Farber R, Feigl A (1989) Pressure necrosis from inter-
mittent-pneumatic-compression stockings. N Engl J Med 321: 1615

8. Lachmann EA, Rook JL, Tunkel R, Nagler W (1992) Complica-
tions associated with intermittent pneumatic compression. Arch
Phys Med Rehabil 73:482–485

Fig 1. Change in maximum blood flow velocity of the femoral
vein with calf compression or plantar-calf sequential compres-
sion. The velocity was measured by ultrasound echography.
IPC, intermittent pneumatic compression. Values are mean �
SD. *P � 0.05 vs pre-IPC value


