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Abstract

Background: The aim of this study was to assess whether venous occlusion plethysmography can be used to identify
venous obstruction and predict clinical success of stenting.

Method: Receiver operated characteristic curves were used to determine the ability of venous occlusion plethysmography
to discriminate between the presence and absence of obstruction, measured by duplex ultrasound and magnetic resonance
venography, and to discriminate between successful and non-successful stenting, measured by VEINES-QOL/Sym.
Result: Two hundred thirty-seven limbs in 196 patients were included. Areas under the curve for post-thrombotic
obstruction were one-second outflow volume 0.71, total venous volume 0.69 and outflow fraction 0.59. Stenting was
performed in 45 limbs of 39 patients. Areas under the curve for identifying patients with successful treatment at one year
after stenting were 0.57, 0.54 and 0.63, respectively.

Conclusion: Venous occlusion plethysmography cannot be used to identify venous obstruction proximal to the femoral

confluence or to distinguish which patients will benefit from treatment.

Keywords

Hemodynamics, May—Thurner syndrome, postthrombotic syndrome, stents, thrombosis, treatment outcome

Introduction

Deep venous obstruction is a frequent cause of
venous leg complaints and can be instigated by iliac
vein compression or inadequate recanalisation after
deep vein thrombosis.'? Both types of obstruction
can be diagnosed using duplex ultrasound (DUS)**
computed tomography venography,” magnetic reson-
ance venography (MRV),*? intravascular ultrasound®
and conventional venography.’ If the obstructive com-
ponent is proximally located to the femoral confluence,
it can be adequately treated by percutaneous translum-
inal angioplasty and stenting.” ° Both generic and dis-
ease specific quality of life (QoL) scores and venous
scoring systems significantly improve,® ! with patency
rates ranging from 50% to 100%.%5%'"1 Nonetheless,
15-20% of patients show little to no relief of com-
plaints,'® often despite adequate recanalisation and
patent stents that are free of stenosis. Moreover, most
modalities used to identify obstruction are expensive,

invasive and can be difficult to perform, especially
in non-specialised centres. Therefore, an inexpensive,
non-invasive test is needed to establish which patients
warrant referral to a vascular surgeon and will ultim-
ately benefit from treatment by stenting.

Air plethysmography (APG) is a non-invasive, func-
tional test that can continuously assess real-time volu-
metric changes in the calf. This test uses an air-inflated
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cuff around the calf that detects pressure changes result-
ing from variation in calf circumference. Although APG
was initially validated for deep vein incompetence,'*'”
an outflow test for measuring obstruction was
designed.'®'® However, use of this outflow test is debat-
able due to varying study results,'” >* with recent studies
suggesting it mainly tests elastic recoil properties.?!*
Our own research has recently shown poor results in
detecting chronic venous obstruction with this venous
occlusion plethysmography (VOP).>> Nevertheless, little
is known about the absolute volumetric changes or
the predictive ability for success of treatment using the
outflow test.

The aim of this study was to assess whether param-
eters obtained during VOP, including absolute volumet-
ric changes, can be used to identify deep venous
obstruction or predict clinical success of treatment by
recanalisation and stenting.

Methods
Study design and patient selection

In this retrospective study, absolute volume changes
and outflow fraction were measured using VOP. Their
ability to discriminate between limbs with and without
obstruction proximal to the femoral confluence, mea-
sured by DUS and MRV, was assessed. Additionally,
the value of these parameters to discriminate between
successful stenting and unsuccessful stenting, as mea-
sured by disease specific QoL, was evaluated.

Between the period from January 2011 until August
2013, patients referred to our tertiary, outpatient clinic
with suspected deep venous obstruction were analysed
using VOP at the time of presentation. In our clinic
criteria for suspected outflow obstruction are the pres-
ence of venous claudication, history of deep vein
thrombosis, the presence of an abdominal wall collat-
eral vein, recurrence of varicosities <5 years after treat-
ment, and C,—C4 disease according to the Clinical—
Etiology—Anatomy—Pathophysiology (CEAP) classifi-
cation. The control group consisted of patients who
underwent VOP, yet did not suffer from deep venous
obstruction. DUS and/or MRV demonstrated that con-
trol patients only suffered from superficial venous reflux
or no venous disease at all.

Patients with a reliable VOP examination and suffi-
cient imaging by DUS and/or MRV were included in
this study. Patients with unreliable outflow test traces
because of undefinable actions or evident air loss from
the cuff or tubing were excluded from analysis. Patients
with incomplete visualisation of all vessel segments
from the popliteal vein to the inferior vena cava on
DUS or MRV were also excluded. Additional analyses
were performed for patients who also underwent

stenting and had filled out QoL questionnaires before
and one year after intervention.

Retrospective analysis of these data was approved by
the Maastricht University Medical Centre institutional
review board (METC 14-4-193, March 5, 2015).
Individual patient consent was not obtained, as this is
not required by Dutch law for retrospective studies. No
patients registered an objection to anonymous use of data.

voP

The outflow fraction test was performed by one of five
dedicated physician researchers, using the APG Air
Plethysmograph C-1000 (ACI Medical, San Marcos,
CA). The procedure has been described in literature.'®%
In short, the affected lower limb was elevated above the
level of the heart on a foam block while the patient
was in the supine position. The plethysmography cuff
was placed around the calf and calibrated by inflating
and extracting 100mL of air. Subsequently, a rapid
deflatable cuff was placed above the knee and inflated
to 80mmHg, waiting until venous volume reached a
stable plateau phase. Consecutively, the proximal cuff
was rapidly deflated and outflow was measured, waiting
until a stable phase was reached again. Total venous
volume and outflow volume during the first second
after deflation were measured. Outflow fraction repre-
sents the one-second outflow volume as the percentage
of the total venous volume (Figure 1). Graphs were ana-
lysed and stored on the APG machine.

Imaging

DUS was performed with a Hitachi Aloka ProSound
Alpha 7 Premiere machine (Aloka, Tokyo, Japan). The
venous system was assessed from the suprarenal inferior
vena cava down to the calf veins as described elsewhere.*
Post-thrombotic obstruction was defined as obstruction
with intraluminal synechiae and flow division. Non-throm-
botic iliac vein compression was defined as a >50% lumen
reduction, compared with a healthy vein segment.

MRV was performed according to the protocol
described in literature* on a 1.5 T magnetic resonance
imaging system (Intera; Philips Medical Systems, Best,
the Netherlands). Post-thrombotic obstruction was
defined as hypodense intraluminal changes indicative
of trabeculation. Non-thrombotic iliac vein compres-
sion was defined as >50% lumen reduction, compared
with a normal vein segment, and the presence of regio-
nal collateral veins.

Intervention

Patients with treatable obstruction and debilitating
complaints were offered treatment by recanalisation
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Figure 1. Venous occlusion air plethysmography outflow test. A maximum amount of blood is accumulated in the calf (VC, accu-
mulation phase not depicted in image), after which the proximal cuff is rapidly deflated. Outflow fraction equals volume expelled after

one-second (Vl)/total VT x 100%.
VT: venous volume, VC: venous capacitance.

and stenting. Those with post-thrombotic disease were
treated under general anaesthesia or sedation, whereas
patients with non-thrombotic iliac vein compression
were treated under local anaesthesia. Access to the
(common) femoral vein was obtained under ultrasound
guidance, after which a guidewire was placed past the
obstructed vein segments into a healthy segment.
Subsequently, percutancous transluminal angioplasty
and stenting were performed, as has been described
elsewhere.”” In cases where the femoral confluence
was involved, a desobstruction of the common femoral
vein and the orifices of its inflow vessels (endophle-
bectomy) was performed. A temporary arteriovenous
fistula (AVF) was created to improve inflow into the
stents and prevent early stent occlusion. This procedure
was performed as described in literature.”®

Statistical analysis

Continuous data are presented as mean with standard
deviation or median with interquartile range, depend-
ing on normality of distribution. Categorical data are
presented as absolute number and percentage. Linear
regression analysis was performed to compare means of
VOP parameters between control limbs and those with
post-thrombotic and non-thrombotic obstruction.
To account for correlation between observations, a
clustered sandwich estimator was used to calculate the
variance.”’ Receiver operated characteristic (ROC)
curves were constructed for VOP parameters and
areas under the curve (AUC), with 95% confidence
intervals (CI) were calculated to assess their abilities
to discriminate between obstructed and non-obstructed
limbs. AUCs were also calculated to evaluate the ability
of these VOP parameters to discriminate between
patients who show clinically relevant improvement

in QoL after stenting and those who do not.
Clinically relevant improvement was defined as 0.5
times the standard deviation of change in VEINES-
QOL/Sym one year after stenting.”® Sub-analyses
were performed for post-thrombotic obstruction and
those with patent stents. We decided not to perform a
sub-analysis for non-thrombotic iliac vein obstruction
because of the low sample size of patients with QoL
data and treatment for such an obstruction (n=38).
QoL before and after stenting were compared using
a paired-samples t-test. AUC analysis and graphs were
obtained using GraphPad Prism version 5.04 (GraphPad
Software, San Diego, CA, USA). Other statistical ana-
lyses were performed using SPSS version 21.0 (IBM
Corporation, Armonk, NY, USA) or Stata/IC version
13.1 (StataCorp, College Station, TX, USA).

Results

Using VOP, 331 limbs of 262 patients were analysed for
deep venous obstruction at our outpatient clinic. As a
result of technical difficulties, 23 limbs did not have
proper VOP results. Of the remaining 308 limbs,
57 demonstrated post-thrombotic changes solely per-
ipheral to the femoral confluence and 14 limbs had
insufficient imaging data, leaving 237 limbs in 196
patients with either obstruction proximal to the femoral
confluence or no obstruction at all (Figure 2). Mean age
was 44.5+ 14.2 years, and 64.8% were female. A total
of 93.1% of patient were symptomatic with a median
duration of 3 years (1-52), and 61.4% suffered from
venous claudication. Post-thrombotic obstruction
proximal to the femoral confluence was present in
62.0% limbs, non-thrombotic iliac vein compression
in 11.0%, and no obstruction in 27.0% (Table 1).
This latter group consisted of people suffering from
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331 limbs
(262 patients)

Technical difficulties APG
(n=23)

308 limbs
(248 patients)

Obstruction distal to femoral
> confluence (n=57)
Insufficient imaging (n=14)

No obstruction Qbstruction central to
femoral confluence

64 limbs 173 limbs
(53 patients) (144 patients)

No stenting (n=74) -«

Stenting

99 limbs
(86 patients)

No gquality of life before and |_
after stenting (n=54)

Inclusion predictive analysis

45 limbs
(39 patients)

Figure 2. Patient inclusion flowchart. APG: air plethysmography.

no or only superficial venous disease and is defined as  was lower in limbs with post-thrombotic obstruction
the control group. (48.7£28.4mL; P <.001) and limbs with non-throm-

Limbs without obstruction demonstrated a mean botic iliac vein compression (53.6 +26.0mL, P=.014).
one-second outflow volume of 70.1+£33.3mL. This Total venous volume was 142.6 £60.0 mL in healthy
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Table |. Baseline patient characteristics.

Patients undergoing

Total population stenting with QoL scores

Patients
Limbs
Left
Right
Bilateral
Sex (M/F)
Age, years (mean & SD)
Median duration of complaints, years (range)
Symptomatic?
Venous claudication®
History of venous interventions
Highest C of CEAP®
Co
G
G
G
Cs
Cs
Ce
Post-thrombotic obstruction
Non-thrombotic iliac vein compression

No obstruction

196 39
237 45
109 (55.6) 26 (66.7)
46 (23.5) 7 (17.9)
41 (20.9) 6 (15.4)
69/127 (35.2/64.8) 10/29 (25.6/74.4)
4454142 4334147
3 (1-52) 5 (1-48)
224 (94.5) 45 (100)
138 (58.2) 31 (66.7)
67 (34.4) 9 (23.1)
24 (10.1) 5(11.1)
18 (7.6) | (2.2)
44 (18.6) 7 (15.6)
66 (27.8) 5 (33.3)
55 (23.2) 10 (22.2)
21 (8.9) 6 (13.3)
7 (3.0) | (2.2)
147 (62.0) 37 (82.2)
26 (11.0) 8 (17.8)
64 (27.0) -

Qol: quality of life; SD: standard deviation; CEAP: Clinical-Etiology—Anatomy—Pathophysiology.

2 missing.
b o )

14 missing, only for total population.
2 missing, only for total population.

limbs, which was also lower in those with post-
thrombotic obstruction (105.9+49.6mL; P <.001)
and non-thrombotic iliac vein compression (108.8+
41.8mL, P=0.003). Mean outflow fraction was
48.4+9.3% in control limbs. In post-thrombotic
limbs, this was only marginally lower (45.6 4 13.1%;
P=.089). Thus, mean outflow fraction was higher
than the cut-off value for the presence of obstruction
(<38%). For limbs with non-thrombotic iliac vein com-
pression, outflow fraction was also not significantly dif-
ferent from control limbs (49.5 +13.1%; P =.704).
ROC curves were constructed to test the ability of
the VOP parameters to discriminate between the pres-
ence and absence of deep venous obstruction proximal
to the femoral confluence (Figure 3(a) to (c)). One-
second outflow volume yielded an AUC of 0.71 (95%
CI, 0.63-0.78) for post-thrombotic obstruction and
0.66 (95% CI, 0.54-0.78) for non-thrombotic iliac
vein compression. Total venous volume demonstrated
an AUC of 0.69 (95% CI, 0.61-0.77) for post-throm-
botic and 0.67 (95% CI, 0.55-0.78) for non-thrombotic
obstructions. The relative outflow fraction revealed

lower AUCs: 0.59 (95% CI, 0.51-0.67) and 0.51 (95%
CI, 0.38-0.65) for post-thrombotic and non-thrombotic
obstruction, respectively.

Stenting was performed in 99 (41.8%) limbs of 86
patients, yet only 45 (45.5% of those treated) limbs in
39 patients had VEINES-QOL/Sym scores both before
and one year after intervention. Eight limbs received
stenting for non-thrombotic compression, whereas 37
limbs received stents for post-thrombotic syndrome.
Fifteen of these also received an endophlebectomy
and AVF. Baseline characteristics were similar to
those of the complete group (Table 1). Mean
VEINES-QOL was 49.8+21.1 before intervention
compared with 61.5+25.0 one year after intervention
(P=.031). VEINES-Sym improved from 46.9+22.9
before stenting to 59.7 £27.6 one year after (P=.017).

Employing 0.5 times the standard deviation of the
change in QoL to define patients with successful treat-
ment, 20 patients (21 limbs) had a successful treatment.
Nineteen patients (24 limbs) had an unsuccessful treat-
ment. One-second outflow volume yielded an AUC of
0.51 (95% CI, 0.34-0.69) for VEINES-QOL score
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Figure 3. Receiver operated characteristic curves of the venous occlusion plethysmography parameters for the identification of
obstruction. (a) One-second outflow volume, (b) total venous volume and (c) outflow fraction.
IVCS: iliac vein compression syndrome; PTS: post-thrombotic syndrome.

Table 2. Areas under the receiver operated characteristic curves for the different venous occlusion plethysmography parameters in
identifying patients with clinically relevant quality of life improvement.

One-second outflow volume

Total venous volume

Qutflow fraction

VEINES-QOL VEINES-Sym VEINES-QOL VEINES-Sym VEINES-QOL VEINES-Sym
(95% ClI) (95% ClI) (95% Cl) (95% Cl) (95% ClI) (95% Cl)
Treated patients 0.51 0.57 0.54 0.52 0.58 0.63
(0.34-0.69) (0.40-0.74) (0.37-0.72) (0.35-0.69) (0.41-0.76) (0.46-0.81)
Treated patients 0.53 0.62 0.51 0.55 0.59 0.61
with patent (0.33-0.72) (0.43-0.80) (0.32-0.70) (0.36-0.74) (0.40-0.78) (0.42-0.80)
stents
Patients treated for 0.52 0.58 0.55 0.52 0.58 0.65
post-thrombotic (0.31-0.72) (0.39-0.77) (0.36-0.75) (0.33-0.71) (0.36-0.80) (0.45-0.85)

obstruction

Cl: confidence interval.

and 0.57 (95% CI, 0.40-0.74) for VEINES-Sym score
in identifying patients with a successful treatment.
The AUC of total venous volume was 0.54 (95% ClI,
0.37-0.72) for VEINES-QOL and 0.52 (95% CI, 0.35-

0.69) for VEINES-Sym. Outflow fraction demonstrated

an AUC of 0.58 (95% CI, 0.41-0.76) for VEINES-QOL

and 0.63 (95%
(Table 2, Figure 4(a) to (c)).

Cl, 0.46-0.81) for VEINES-Sym
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Figure 4. Receiver operated characteristic curves of the venous occlusion plethysmography parameters for the prediction of
successful treatment, as measured by VEINES-QOL/Sym. (a) One-second outflow volume, (b) total venous volume and (c) outflow

fraction.

At one year after intervention, loss of patency was
present in seven limbs of five patients. Sub-analysis of
patients with a patent stent at one year follow-up
did not alter AUC results for one-second outflow
volume (VEINES-QOL, 0.53; VEINES-Sym, 0.62),
total venous volume (VEINES-QOL, 0.51; VEINES-
Sym, 0.55), or outflow fraction (VEINES-QOL, 0.59;
VEINES-Sym, 0.61). Type of obstruction also proved
of little influence on the ability of the VOP parameters
to predict clinical outcome, as one-second outflow
volume (AUC, 0.52 for VEINES-QOL; 0.58 for
VEINES-Sym), total venous volume (AUC, 0.55 for
VEINES-QOL; 0.52 for VEINES-Sym), and outflow
fraction (AUC, 0.58 for VEINES-QOL; 0.65 for
VEINES-Sym) did not relevantly change (Table 2).

Discussion

This study demonstrates that absolute volumetric
changes measured by VOP are not able to properly
identify the presence of deep venous obstruction prox-
imal to the femoral confluence. Previous research has
already shown that the relative outflow fraction is not
able to do this,” though the hypothesis was that abso-
lute volumetric changes might be more informative. We

surmised that the level of pre-existent oedema should be
of lesser influence on the total venous volume and abso-
lute outflow volume after one second. Total venous
volume has been found to significantly differ between
obstructed and non-obstructed limbs before, yet with
considerable overlap in range.'’

One of the proposed explanations that outflow frac-
tion yields poor results is the void left by the rapid
deflatable cuff.*' This could initially lead to fair propul-
sion of blood, causing the outflow fraction to appear
normal, which could also explain a higher outflow
volume at one second. Another possible explanation
is the distance of the iliac veins with respect to the
plethysmography cuff. A significant obstruction prox-
imal to the femoral confluence may not lead to abnor-
mal values if expulsion into the popliteal and femoral
veins is adequate. However, in the presence of post-
thrombotic disease, these vein segments are often also
affected to a certain extent. Finally, differences in
venous anatomy and patient size will likely lead to a
significant variation in volumetric reference values and
thus an inferior ability of these absolute volumetric
measurements to identify obstruction.

The ultimate goal of proper patient selection for
interventional treatment of deep venous obstruction is
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that the appropriate patients are treated. Also, patients
who will not benefit from treatment ought to be spared
the possible complications and discomforts of such a
treatment. Therefore, we evaluated whether the outflow
parameters of VOP are able to identify those who will
benefit from treatment the most. However, areas under
the ROC curves for both the absolute volume param-
eters and the relative outflow fraction were too low for
clinical use. Sub-analyses for aetiology of obstruction
and patency of the stented tract did not yield better
results. This lack of diagnostic ability might be influ-
enced by post-thrombotic vessel damage distal to the
treatable tract. The change in VEINES-QOL/Sym was
striking as this appeared to be lower than previously
reported in similar patient groups.'® As a result of the
limited number of patients with both VOP results and
valid QoL scores, we might have described a less repre-
sentative group of patients. In addition, QoL may still
change in some patients after one year.'®

Given these negative results, the standard APG out-
flow test should be abandoned. However, a different
plethysmography technique might be of more value in
identifying patients with a clinically relevant obstruc-
tion. The venous drainage index is a parameter that can
be obtained by postural changes of the patient using a
tilt table. A small study describing three groups of par-
ticipants (obstruction, primary reflux and controls) has
shown promising results with respect to identification
of obstructed patients, particularly given the lack of
overlap in range between the obstructed patients and
the other groups.* Furthermore, another study mea-
suring this parameter in healthy subjects undergoing
various degrees of vascular compression demonstrates
a correlation between the venous drainage index and
degree of compression.®® Nonetheless, larger studies
should prove its usefulness.

Several limitations of this study should be men-
tioned. Since control patients were also referred to
our clinic with complaints that could be explained by
deep venous obstruction, a selection bias may be pre-
sent. Regarding the diagnostic abilities of obstruction,
the lack of intravascular ultrasound use could have led
to misidentification of some cases of iliac vein compres-
sion. However, this should not have influenced results
in the post-thrombotic and treatment group. Finally,
due to the retrospective nature of this study, missing
data could have been of influence, especially with
respect to analyses into the prediction of treatment
effect, which resulted in a low sample size.

Conclusions

None of the measurements taken from the outflow
curve of venous occlusion APG can be used to ade-
quately identify deep venous obstruction proximal to

the femoral confluence, nor can they be used to distin-
guish which patients will benefit from treatment and
which will not. Therefore, use of this test is not war-
ranted in daily clinical practice and future research
should focus on other applications of this modality.
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