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Compliance of the normal and post-thrombotic calf 

Objective. In addition to degree of outflow obstruc
tion and reflux and poor calf muscle pump function, 
vein wall compliance changes are important in 
understanding pathophysiology of venous disease. 
This study compares the pressure/volume relation
ship in post-thrombotic and healthy legs. 
Experime,ital design. Prospective and comparative 
study. 
Setting. Vascular laboratory. 
Pa,·ticipants. Investigations were performed on 24 
apparently normal legs and 30 post-thrombotic limbs 
as confirmed by phlebography. 
Method. Dorsal vein pressure and absolute calf volu
me decrease were recorded simultaneously during 
outflow form the leg after release of the cuff during 
venous occlusion air-plethysmography with and 
without reactive hyperemia. The slope of the pressu
re/volume outflow curve was calculated. In addition, 
the distensibility ( =collapsibility) was determined as 
% volume decrease/mmHg. The popliteal and femoral 
vein diameters were measured in supine and erect 
position by ultrasound. 
Results. With and withouth induced hyperemia the 
mean slope coefficients of post-thrombotic legs were 
significantly higher (0.52±0.22 and 0.53±0.18) than in 
normal (0.15±0.10 and 0.29±0.11), i.e., the curve stee
per since the calf was stiffer, less compliant. The 
degree of outflow obstruction and severity of skin 
changes did not affect the slope measurement sub
stantially. Collapsibility during venous outflow was 
significantly less in post-thrombotic legs. The post
thrombotic veins were less distended on standing. 
Conclusi011s. Post-thrombotic calfs are less compliant 
than normal legs mainly due to less compliance of 
the vein wall, although theoretically reduced venous 
volume may contribute. 
KEY woRDs: Veins - Compliance - Leg, post-thrombotic -
Plethysmography. 
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The geometry of the low pressure venous sy
stem is much more influenced by vein wall 

compliance and surrounding tissue forces than the 
high pressure arterial system. 1 This may be impor
tant in understanding venous function and in treat
ment of venous disease. Compliance may change 
in different types of venous diseases and its effect 
on calf muscle pump function and different he
modynamic tests are poorly known. It is probably 
.of much greater importance than previously thou
ght. 2 Matching mechanical properties of graft to 
host vessels in arterial surgery have been emphasi
zed repeatedly and should be of no less importan
ce- in venous reconstructive surgery.3 

Earlier attempts to assess compliance in the post
thrombotic calf have yielded conflicting results. 4 7 

These early studies utilized indirect strain gauge 
methods without any venous pressure measure
ments. The post-thrombotic state in the population 
was not always confirmed by phlebography in the 
earlier studies. Attinger has emphasized the impor
tance of simultaneous volume and pressure measu
rement in the determination of venous compliance.1 

Norgren and Thulesius demonstrated decreased 
compliance of the foot in chronic venous insuffi
ciency utilizing a combination of foot volumetry 
and simultaneous pressure measurements. 8 

The authors have validated a method using 
occlusion air plethysmography and simultaneous 
dorsal vein pressure measurement to assess the 
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Fig. 1.-Qualitati\'e tracings of anerial pulse (PPG), \"Olume (APG) 
and dorsal \'ein pressure (DVP) of a healthy leg obtained simulta
neously. Group A cuITes depict ,·enous occlusion only, V\·hile 
group B cuf\"es are recorded during initial ischemia folloV\·ed by 
,·enous occlusion before the release of the cuff. Although the volu
me is the same in both situations the pressure build up is less fol
lmving ischemia despite hyperemia f!oV\· (increased pulse amplitu
de). Just before cuff release the recording paper speed was increa
sed (from 10 mm, min to 10 mm s). 

pressure/Yolume relationship of the calf. 9 The pre
sent study is based on that technique and had a 
~'o-fold objective. On one hand, to compare the 
pressure/volume relationship in normal and post
thrombotic limbs; on the other, to evaluate the 
influence of arterial inflo\\', outflow obstruction or 
local skin changes on the plethysmographic out
flmv cuffe, i.e., potential pitfalls of the method. 

Materials and methods 

The control group consisted of 24 legs in 13 
healthy persons ,vith no signs or symptoms of 
Yascular disease. The patient group comprised 30 
lower limbs in 27 patients with previous deep 
Yenous thrombosis \'erified by ascending and trans
femoral phlebogram. Radiologically, the thrombus 
,vas shmvn to extend proximally inYolving at least 
the superficial femoral vein segment in all cases. 
All patients had chronic venous insufficiency, often 
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,vith a combination of reflux and obstruction. The 
degree of obstruction according to Raju's classifica
tion 10 \\·as Grade 1 ( no hemodynamic obstruction) 
in 13 legs. In 10 lower limbs the hyperemia stress 
test \\·as positiYe (Grade 2). Six patients (7 legs) 
had a severe outflow obstruction (Grade 3 and 4) 
with a hand/foot pressure difference of more than 
5 mmHg. According to the classification of chronic 
venous insufficiency by the Ad Hoc Committee, 11 8 
legs ,vere only slightly symptomatic (Class n whi
le 5 had signs and symptoms corresponding to 
Class 2. Acth·e or recent ulceration "-'as obse1Yed in 
17 lower limbs (Class 3). No patient was comple
tely asymptomatic. 

Venous pressure measurement and calf volume 
determination were performed simultaneously. 
Venous pressure was measured through a 23-gauge 
scalp needle inserted into a dorsal foot vein. This 
was connected to a transducer (P 10 EZ, Gould 
Inc., USA) placed at the level of the insertion and 
the signal continuously displayed on a polygraph 
(l\.Jodel 7E, Grass Instrument Co., USA). 

The calf volume was measured with an air 
plethysmograph (APG-1000, ACI 1\.-fedical Inc. USA). 
The patient was supine throughout the procedure. 
Initially the leg \\·as emptied by elevation to at least 
45 degrees. The air bag was adapted on the leg 
and the foot lowered to 30 degrees fiye minutes 
later. An occlusive cuff \\·as fixed around the thigh. 
Volume changes were measured during Yenous 
occlusion at cuff pressure 70 mmHg (inflow) and 
after sudden release of the cuff (outflow). After a 5 
minute rest, the measurements were repeated fol
lowing induced hyperemia, a technique previously 
described. 12 An arterial occlusion pressure of 250 
mmHg was applied for 2 minutes. The cuff pressu
re was suddenlv decreased to the le\·el of venous 
occlusion, i.e.,, 7 0 mmHg. \\?hen the sudden in
crease in Yenous \'Olume due to hyperemia had 
leveled off, the cuff was instantaneously emptied 
and the resulting outflow recorded. The initial a1te
rial ischemia and the later hyperemia were moni
tored by a photoplethysmography probe (Photo
pulse Sensor l\Iodel PH 77, MedaSonics, USA) tra
cing the atterial pulse w:ffe attached to the big toe 
(Fig. 1). 

As the calf volume and the dorsal vein pressure 
curves were recorded simultaneously on the multi
channel polygraph, the volumetric and pressure 
cuf\'es could directly be compared and used for 
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Fig. 2.-A) Typical filling and outflmy pressure 'Yolume loops during venous occlusion in three individual legs. Each loop is traced coun
terclockwise and consists of inflmy curYe (open) and outflow cur.e (filled). The lower half of the loop represences pressure volume rela
tionship during inflow portion of the occlusion plethysmography and is strongly curvilinear with concavity facing pressure axis. The out
flow curve starts at the maximum ,·olurne reached at end of inflow curve and traces from right to left. Note the outflow of the loop is 
much less of a curve than the inflo~\' portion. B) T"·o sets of pressure:·volume points during outflow registration the fitted line is superim
posed and r-,·alues and slope coefficients are given. 

estimation of the pressure-volume relationship 
during expansion (inflow) and collapse (outflow) 
of the calf. The infl0vv and outflow curves are plot
ted as counterclockwise loops in Figure 2. The 
lower portion of the loop represents inflmv and the 
upper outflow. The ending inflow volume and the 
beginning outflow volume are the same and are 
plotted as a single point to the top right. 

The up-slope \Vas curvilinear and varied mar
kedly, likely influenced by the individual variation 
in arterial inflow and induced outflow obstruction. 
The down-slope starting from a maximum volume 
was considered to better reflect a comparable 
point of full vein distention. Contrary to the inflow 
curve, the outflow curve exhibited a very gentle 
curve, which significantly related to a straight line 
(r=0.98±0.03, range 0.94-1.00, n=54). Therefore, 
the outflmv curve could for practical purposes be 
described by a linear regression analysis using the 
formula: P=kV+c, where Pis venous pressure, k is 
the slope coefficient, F is calf volume, and c a 
constant (the y axis intercept) equal to zero, when 
the line passes through origo (Fig. 2). 

Each pressure/volume outflow curve could be 
characterized by the slope coefficient, which \Vas 
used in comparison betV\,een different individuals 

and groups of patients. A higher slope coefficient 
indicated steeper curve and less vein compliance. 
This technique of assessing compliance has pre
viously been validated by comparing to other tech
niques not dependent on the outflow curve. 9 

In addition, distensibility (or collapsibility) was 
calculated as percent volume decrease per mmHg 
during 0.5 and 1 second increments during the first 
5 seconds after cuff deflation. The resulting curve is 
a different way to express compliance. 

Using duplex Doppler ultrasound (Acuson 128 
PV, probe 531 Linear) the sagittal and transverse 
diameters of the common femoral and popliteal 
veins were measured in the supine and erect posi
tion. In both positions measurements were perfor
med with and without a standardized Valsalva's 
maneuver (blowing into a mercury manometer at a 
pressure of 40 mmHg). 

Wilcoxon-Rank unpaired and paired non-para
metric tests were used for statistical analysis in the 
appropriate situations. A p-valve of <0.05 vvas con
sidered significant. Standard methods were used to 
calculate correlation coefficient and perform linear 
regression analysis. All values are given as mean ± 
SD, unless othervvise indicated. 
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Fig. 3.-A) Mean pressure/volume cur\'e during outflow in post-thrombotic (n=30) and normal (n=24) legs without previous ischemia 
(open) and following ischemia (filled). B) The a\"erage pressure/\"Olume outflmv curve in normal legs (0-0; n=24), in legs with previous 
deep ,·ein thrombosis but without hemodynamic obstruction (Grade 1; •--; n=13), in legs with Grade 2 oucflmv obstrnction (♦-♦; 
n=l0), and in legs with Grade 3/4 obstruction (■-II; n=7). For definitions of degree of obstrucion see text. 

Results 

Average pressure/volume outflow curves in pa
tients and healthy persons are depicted in Figure 3 
A. The mean slope coefficient of post-thrombotic 
legs with or without ischemia was higher (0.48± 
0.20 and 0.49±0.16, respectively) than in normal 
(0.15±0.10 and 0.29±0.11, respectively), i.e., the 
curves were steeper. Unlike healthy controls the 
patients slopes were unaffected by the induced 
ischemia and hyperemia. The abnormal pressu
re/volume relationship in the post-thrombotic calf 
,vas not influenced by any outflow obstruction sin
ce there was no significant difference in slope 
between the different degrees of hemodynamic 
obstruction. Even the curve describing the post
thrombotic legs ,vith no obstmction (Grade 1) was 
significantly steeper than the healthy legs (slope 
coefficient 0.41±0.12 vs. 0.19±0.11, respectively, 
p<0.05) (Fig. 3 B).The slope coefficient of normal 
(Grade 0) and post-thrombotic legs stratified accor
ding to clinical class (Ad Hoc Committee 11 ) are 
shown in Figure 4. Again the difference between 
normals and diseased limbs is apparent, but no dif
ferences ,vere observed among classes of various 
severity of chronic venous insufficiency. The avera
ge slope coefficient value was 0.29±0.11 in Class 0 

(normal calfs), 0.56±0.22 in Class 1, 0.50±0.27 in 
Class 2, and 0.44±0.17 in Class 3. Despite advanced 
calf tissue involvement including lipodermatoscle
rosis in Class 3, the calf pressure/volume relation
ship was similar to Class 1 with only mild swelling. 

The post-thrombotic legs had less tendency to 
collapse following cuff release. The curve depicting 
collapsibility (% volume decrease/mmHg) was 
higher in normal legs (Fig. 5). Collapsibility as mea
sured is a different way to express compliance. It 
was the same regardless of the degree of presen
ting outflow obstruction, i.e., no differences among 
post-thrombotic limbs ,vith or without outflmv 
obstmction were found. 

The sagittal and transverse diameters of the com
mon femoral vein were not significantly different in 
the supine position (11. 5±2.1 vs 11.8±2.1 mm, 
respectively). This suggests that the vein was fully 
extended in the this position. In the popliteal vein 
the transverse diameter was constantly slightly lon
ger than the sagittal regardless of posture or 
Valsalva's maneuver (in supine position, 9.2±1.6 vs 
7.8±1.2 mm, respectively). This might be due to 
compression by surrounding structures. No sub
stantial calla pse of any vein was observed in any 
position used. 

The influence of Valsalva 's maneuver and change 
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Fig. '-!.-Pressure. ·volume slope coefficients (compliance) in 24 con
trols. (~lass 0) a_nd 30 post-thrombotic limbs distributed according 
to cl1111cal seventy Class 1-3. No compliance difference was obser- 10 
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Fig. 5.-Collapsibility (C),o \'Olume decrease/mmHg) following relea
se of venous occlusion in post-thrombotic (n=l6) and apparently 
healthy legs (n=l6) (l\.lean±SD). 

of posture on the common femoral and popliteal 
vein sagittal diameters in controls and patients is 
shown in Figure 6. This diameter was chosen since 
it ~:vas technically easier to delineate and thus bet
ter reproducible. The measurement provides an 
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Fig. 6.-Diameter of the post-thrombotic (n=19) and normal (n=23) 
common femoral (A) and popliteal (B) veins in supine position 
with and without Valsalva's maneuver and erect position. The post
thrombotic vein dilates significantly less than the normal vein 
(Mean±SD; NS = no significance, * p<0.05, ** p<0.005; see text for 
details). 

index of venous distensibility. The common femo
ral vein of both the normal and post-thrombotic 
limbs dilated significantly on assuming the erect 
position, but the latter dilated less on standing 
compared to controls (2.4±1.6 mm and 4.9±2.2 
mm, respectively, p<0.05). A similar difference ~vas 
observed following Valsava's maneuver in supine 
position. While the post-thrombotic vein changed 
very little, the normal vein dilated markedly (1.0± 
1.7 mm and 4.9±2.6 mm, respectively, p<0.001). 
The healthy popliteal vein dilated significantly on 
standing (7.8±1.2 to 9.8±1.4 mm, p<0.001), but the 
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post-thrombotic popliteal vein did not (7.7±1.6 to 
8.3±2.1 mm, no significance). 

Discussion and conclusions 

The method to assess the pressure/volume rela
tionship of the apparently healthy and post-throm
botic limbs in this report has been validated in a 
previous study.9 It shmved that the degree of venous 
reflux has no influence on the pressure/volume cur
ve, "'hich is theoretically not expected since the 
subject is in supine position \vith elevatd leg. 
Although plethysmographic outflmv pressure -'volume 
curves are slightly cu1Yed ("-foch physiologically is 
expected) the practical approximation into a straight 
line was shown to be acceptable for the purpose of 
this studv. With this method onlv relative volume 
changes ~re measured. A potential pitfall is the ina
bility to measure baseline venous \'Olume of the 
\\·hole leg and the distribution between superficial 
and deep systems. To our knowledge no practical 
method to do so is available. Other potential pitfalls, 
e.g., influence of outflow obstruction, local skin and 
subcutaneous changes, and arterial inflo\\·, are eva
luated in this study. 

The patients with leg ulcers, scar tissue or lipo
dermatosclerosis in clinical severity Class 2 and 3 
had the same range of slope coefficients, i.e., com
pliance, as the patients \\-'ith \'ery slight or no local 
calf signs of chronic venous insufficiency. As \·enous 
wall changes probably precedes tissue compliance 
changes, the authors speculate that the latter are 
preempted from being manifest in pressure/volume 
curves that are already abnormal from venous \\rall 
changes. Also, local skin changes and lipodermato
sclerosis are confined to the gaiter area and less 
commonly involve the bulky more proximal por
tion of the calf enclosed in the plethysmography. 

As expected, a severe outflow obstruction did not 
affect the pressure/volume outflow slope follmving 
the release of the occluding cuff. An significant out
flow obstruction resulted in a higher dorsal vein 
pressure at a smaller calf volume. but the 
pressure/volume curve slope was not affected. Post
thrombotic legs without any hemodynamical obs
truction were significantly stiffer than the healthy. 
Thus, an outflow obstrnction did not substantially 
influence the pressure/volume relationship. 

CO/\IPLIANCE OF THE NORJ\L-\L AND POST-THRO/\IBOTIC CALF 

Hyperemic tlo\\' induced elevation of the dorsal 
foot \·ein pressure has successfully been used pre
\·i o u sly to detect and classify venous outflow 
obstmction. 10 12 In order to accentuate or precipitate 
any «critical» outflow obstruction the occlusion 
plethysmography was also performed during hype
remia induced by ischemia. Since dorsal foot vein 
pressure was simultaneously recorded, pressu
re/volume outflow curves were obtained with and 
without ischemia. Unexpectantly, the compliance 
of the calf did not change after ischemia in the 
post-thrombotic legs, but increased in the normal. 
The mechanism for this is unknown. After a deep 
venous thrombosis a process of repair \\'ith an 
inflammatory response and invasion of granulation 
tissue starts in the valve and \·ein wall. 13 1 ➔ The ulti
mate result is often ,·ah·e destruction, \·ein wall 
thickening and endothelium injury. To explain the 
unresponsh·eness to ischemia it can be speculated 
that endothelium mediated relaxing factors may be 
deficient in the post-thrombotic vein. It can also be 
due to a pure mechanical problem, i.e., the post
thrombotic vein wall is so stiff that it is unable to 
dilate. The technique of occlusion plethysmogra
phy itself or the metabolites produced during the 
ischemic occlusion period may ha\·e had a diffe
rential effect on \·enous compliance of normal and 
post-thrombotic calf. It is a novel observation, whi
ch needs fu1ther studies. 

Several other observations suppo1ted the conclu
sion that previously thrombotic ,·eins are «stiffer» 
than healthy. The collapsibility of the calf veins after 
release of the occluding cuff was significantly lo\\·er 
in the post-thrombotic legs compared with normal 
controls. The inability of the popliteal vein to fully 
dilate on standing denoted a stiffer wall. Interestin
gly. this was also seen in the common femoral vein, 
even if the previous thrombosis only reached a 
lower level and the ascending or transfemoral phle
bogra phy appeared normal in the examined seg
ment. This suggests that the post-thrombotic inflam
matory response can reach a higher level of the vein 
than radiologically expected. During the course of 
valve reconstructive surgery the authors have en
countered post-thrombotic wall changes in veins, 
which appeared radiographically ··normal''. Contrast 
phlebography is sensitive to the technique used and 
can underestimate the extent of deep vein thrombo-
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sis. 15 The inability to dilate the post-thrombotic com
mon femoral vein "-"ith Valsah·a 's maneuver in the 
supine position did not necessarily indicate a greater 
stiffness. The necessary pressure build up against a 
closed femoral \·alve does not occur since the valves 
often are incompetent resulting in reflux. However, 
incompetent valves do not affect the finding in the 
standing person. 

It can be concluded that post-thrombotic calfs exhi
bit an abnormal pressure/volume relationship compa
red to normal controls under the conditions of the 
present study. It is likely that low compliance of the 
post-thrombotic veins are mainly responsible even 
though other factors may also contribute to the obser
ved abnormal pressure/volume curves. A reduced 
venous volume may shift the curve to the left without 
any changes of vein compliance. On the other hand, 
large varicosities "·mild lead to underestimation of 
any decrease of compliance of the deep \'eins. 

The importance of \·ein v,.rall properties in the 
etiology of chronic venous disease and how they 
influence presently used hemodynamic tests needs 
to be further studied. As in surgery on the arteries, 
the design of an adequate synthetic graft for ve
nous reconstruction has to take mechanical wall 
properties into account to be successful. The sub
stantial failure rate of a compliant axillary vein tran
splant to a «stiff» post-thrombotic popliteal may par
tly be explained by a compliance ·'mismatch", re
sulting in the obse1Yed late dilatation. 16 
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