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Table IIL. Air plethysmography data

n= 551 Prestent Poststent 95% ConDdence interval P valuc
Ejection volume 68 (4 287) 9 (6 302) 6.14, .1.39 0007
Venous volume 49 (1 215) 48 (0 192) 7.12,.2.21 .0001*
Residual volume fraction 13 (0 128) 12 (0 153) 3.00, 0.07 .0009*
Ejection fraction 50.7 (4 118.8) 53.4(2 128.1) 096,5.11 .0005*

*Significant.

will raise enough from energy conversion to overcome the
highest of the three impediments to flow (no additive effect)
as illustrated in ‘Table 1. There is a ceiling on how high the
pressure can rise in the resting limb. That ceiling is the pre-
vailing aapillary pressure, which represents all of the fluid
energy available. Only vasodilaration (relaxation of precapil-
larv sphincters) can allow for additional fluid energy in the
resting limb.

There are no collaterals or heart pump in the flow
model. Collaterals may moderate the described pressure
changes as they function as pressure relief (surge) valves,?!
opening up only after a set pressure is exceeded. After iliac
vein stenting, collaterals often dramatically “disappear,”
indicating that higher pressure had prevailed despite collat-
eral function. The influence of abdominal pressure on
collaterals is unknown. There is no heart pump in the
model. It can increase or decrease central venous pressure,
However, there will be opposite effects in the periphery.
The model does not allow for modulation of microcircula-
tion by precapillary sphincters.

The duplex findings show that there is decompression
of the common femoral vein (meaning lowered pressure)
following iliac vein stenting. This is evident in the supine
and erect positions. We have previously shown that supine
foor venous pressure decreases after iliac vein stenting??
In the erect positon, peripheral venous decompression
will be less evident as a gravity component of about 70 to
85 mm Hg is superimposed on resting venous pressure at
the calf and foot levels, respectively. Therefore, APG
measures VV in the erect position at a higher point in the
volume pressure curve, which is sharply nonlinear (much
less unit volume per unit pressure than in supine). Never-
theless, a small but significant improvement in VV' was
noticed (Table II1). We interpret this as restoration of
venous tone not only from decompression but also from
improved calf function (ejection volume, ¢jection fraction,
residual volume fraction) from unobstructed iliac vein
flow. Resting venous flow rate (volume flow/minure)
remains unchanged after stenting both in the supine and

Table IV. Occusive plethvsmography data

erect positions (ie, the same volume of flow per minute is
carried through a smaller aggrepate floav chanme! at a fower
pressure but faster velocity). Qutflow fractions (Table 111),
which are volumetric rate of flow indices in the supine posi-
tion, remain unchanged in confimation. Phasic flow
volume, which takes into account duration of flow during
the respiratory cycle, is increased in the erecr position
with possibly a trend (nonsignificant) in the supine posidon.
The phasic flow increase in the erect position is related to
prolongation of the flow phase (1). Assuming an 18/
minute respiratory rate, the respiratory flow phase is about
2 seconds flow, with 1 second cessation in the erect position
before stenting (‘Table 11). In the supine position, inspira-
tory flow occurs much longer (2.7 seconds) with a very briet’
cessation of only =0.3 seconds, which is one-third of the
erect value. T increases significandy in the erect but not
supine position after fliac vein stenting. Nevertheless, the
ratio of erect to supine flow parameters (artenolar-venous
reflux) remained unchanged after venous stenting. This,
however, relates only to postural velocity changes. Postural
change in pressure component of flow was not measured
and is not measurable because it is obscured by the gravity
component in the erect position.

The question arises whether iliac vein stenting increases
arterial inflow. There is no increase in the supine arterial
inflow measured by ocdusion plethysmography (Table 1V)
after stenting. Erect measurements were not taken. For
reasons mentioned below, it seems likely that increment in
venous phasic flow volume is due to rearrangement of pres-
sure and flow components (and possibly recruirment of
prior collateral flow) rather than a true increase in arterial
inflow.

The arterial flow (hence, pressure) o the postcapillary
venules is primarily set by the precapillary sphincters in
response to local tissue metabolism.!! There is a view
that the arterial and venous circulations are separated by
a “vascular waterfall” at the capillary level 2% Like in
a waterfall, the river level at the bottom will have little influ-
ence on the waterfall discharge. Even if there is no such

n= 110 Prestent Poststent P valuc
Arterial inflow, mL/min 2 (0.03 16.2) 2 (0.5 10) 23
Duration to platcau, scconds 55 (0.7 396) 54 (2.4 342) .92
Qutflow fraction 1 sccond, % 37.5 (3 86) 39(892) .69
Qutflow fraction 2 scconds, % 67 (7 131) 70 (14 128) .56
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waterfall break, venous stenoses are in tandem with the
powerful precapillary constrictors. In line with flow princi-
ples across tandem stenosis,'® such venous stenosis will
have very little influence on artenal inflow unless the resis-
tance of the venous stenosis exceeds that of the precapillary
sphincters. Because of the large network of veins, this only
happens rarelv (phlegmasia cerula dolens, for example).
Iliac vein stentng for chronic stenoses therefore will only
have a minor impact, if any, in improving arterial inflow.

On assuming orthostasis, the precapillary sphincters
undergo powerful vasoconstricion?3?* to maintain ho-
meostasis. As a result, arterial inflow is reduced from supine
levels,2* which is reflected in halving of the common
femoral vein phasic flow from supine 10 erect (Table 11).
The marked reduction in rate of flow and phasic flow' dura-
tion (T) when erect is likely due to this as well. There is
evidence that orthostatic venous pressure increase triggers
the arteriolar constriction (venoarteriolar rcﬂux).zs'z" The
dose-response curve, however, appears highly non-fincar.?*
The venous pressure reduction after iliac vein stenting is
dwarfed by the gravity component in the erect position,
and therefore appears unlikely to relieve the arteriolar vaso-
constriction to increase arterial inflow.

The experimental and clinical findings suggest that the
main effect of iliac vein stenting is venous decompression,
with sccondary changes in the character of the flow pattem
likelv due to reapportioning berween pressure and velodty
components of flow energy.

The authors wish to acknowledge helpful review of the
biomechanical aspects of this manuscript by Roger D.
Kamm (MIT), Geerr Schmid-Schonbein (UCSD), and
Ghassan S. Kassab (IUPUL).
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