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Endovenous stenting 

- 1st line therapy for post-thrombotic iliofemoral vein obstruction (PTS)

- inflow vessel disease associated with increased risk of loss primary patency

Need to better define inflow vessel disease

avoiding stenting with the potential of clinical 
deterioration a/o possibly driving the decision 
towards hybrid interventions 
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Background

Post-Thrombotic Obstruction

1Henke, P., Sharma, S., Wakefield, T., Myers, D., & Obi, A. (2020). Insights from experimental post-thrombotic syndrome and potential for novel therapies. Translational research : the journal of laboratory and 
clinical medicine, 225, 95–104. https://doi.org/10.1016/j.trsl.2020.05.005.
2Mahnken AH, Thomson K, et al. CIRSE standards of practice guidelines on iliocaval stenting. Cardiovasc Intervent Radiol. 2014;37(4):889-897.
3Foley, T. R., Waldo, S. W., & Armstrong, E. J. (2015, November 24). Iliofemoral deep vein thrombosis. American College of Cardiology. Retrieved October 3, 2022, from https://www.acc.org/latest-in-
cardiology/articles/2015/11/23/13/39/iliofemoral-deep-vein-thrombosis

Figure 2. Post-thrombotic obstruction.Post-thrombotic obstruction occurs after 
a DVT, when fibrotic tissue composed of 
collagen develops within the vein (see 
Figure 2).1
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Approximately, 70%-80% of iliac veins 
develop some degree of obstruction 
following an episode of acute DVT.2
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Iliofemoral DVT develops into PTS in 
50% of patients even when treated with 
anticoagulants or adjunctive 
therapies.3
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retrospective, monocentric study
prospectively collected, consecutive patients (2008 – 2020) 
N=452                                          211 chronic iliofemoral vein obstruction 
                                                                        ⇩
    108 patients fulfilled inclusion criteria 
   
 

Hypothesis
inguinal iliac vein inflow defined at the level of the femoral bifurcation before stenting 
is a crucial factor for expected patency
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Predictive factors for patency after endovenous stenting

readable duplex ultrasound and ascending contrast phlebography, 
magnetic resonance venography (MRV) or computer tomographic 
venography (CTV) at baseline

J Vasc Surg Venous Lymphat Disord 2023;11:91-9 

Stent Extension Below Inguinal Ligament 

consecutive pts with stenting across inguinal ligament (2018 – 2022)
63 patients (mean age, 48.1 ± 15.5 years; female 62%)

J Vasc Surg Venous Lymphat Disord. 2024 May;12(3):101816. 

demonstrated satisfactory primary and secondary
patency rates.8-11

The present study showed that venous stent implanta-
tion across the inguinal ligament is safe and effective at
midterm follow-up, regardless of the stent material. We
corroborate the idea that proper inflow ensures the
patency of the treated iliac axis. Before conducting a
recanalization procedure, a thorough assessment of
femoral confluence, profunda, and its collateral circula-
tions is mandatory. A meticulous preoperative and
intraoperative evaluation of venous femoral confluence
by CDUS or CT/MRI examinations and by intraoperative
venography and IVUS examination is mandatory for a
correct inflow evaluation. As evidenced by our out-
comes, one patient experienced ISO, whereas five had
ISRs. All these patients had residual fibrotic septa
involving the femoral confluence, DFV, and FV. Specif-
ically, the patient who suffered ISO presented with hy-
pertrophic collateral circulations in the groin region,
with occluded femoral and popliteal veins, and a fili-
form aspect of the DFV. In multivariate analysis, it has
been revealed that the presence of fibrotic septa
involving the confluence, the FV, and the DFV consti-
tutes a potential risk factor for ISO and ISR during the
follow-up period (OR, 2.41; 95% CI, 0.56-7.12; P ¼ .037).
Analyzing further results, no MAE complications
occurred, which is advantageous as it can be considered
a highly safe procedure according to the literature.26,27

Fifty-five patients (35%) developed postoperative lower
back pain with almost complete resolution of symp-
toms over the follow-up. Additionally, we observed a
progressive healing of ulcers, with two patients experi-
encing complete healing, whereas four showed a signif-
icant reduction in diameter. Substantial enhancement
in the patients’ overall QoL was observed. In this study,
the median improvement in VCSS and Villalta scores
was 4 (IQR, 2-7; P ¼ .001) and 3 (IQR, 1.5-5; P ¼ .001),
respectively, when compared with the baseline. More-
over, at multivariate analysis, Villalta scale >15 points at
admission was predictive for ISO and ISR during the
follow-up (OR, 1.89; 95% CI, 0.15-6.11; P ¼ .043). In

aggregate, a decrease of 17 mm in pain intensity on
the VAS score was documented over the follow-up
period.
These data are consistent with those reported in the

literature. Recently Jalaie et al showed in an randomized
clinical trial that patients experiencing symptoms related
to DVT who underwent dedicated venous stenting
demonstrated notably elevated VEINES-QoL/Sym scores
after 12 months when juxtaposed with the control
cohort.28 However, the intergroup disparity fell below
the pre-defined clinically significant QoL threshold of at
least 14 points. Moreover, the authors demonstrated a sta-
tistically significant reduction in VCSS in the stent group
compared with the control group. In another randomized
trial conducted by Rossi et al, 30 limbs from a cohort of 50
patients with iliofemoral deep vein obstruction were
treated.29 Their findings indicated that the utilization of
non-dedicated venous stenting yielded substantial en-
hancements in VCSS, VAS pain scores, and SF-36 scores af-
ter a 6-month follow-up period. As demonstrated, even
when non-dedicated stents were employed, Rossi et al
achieved an improvement in the QoL. This underscores
that the specific type of stent used may not be of partic-
ular significance, but, based on our experience, the type
of pathology (non-thrombotic iliac vein lesions or occlu-
sive) and its extent play a crucial role. The involvement
of venous confluence and improper inflow are responsible
for the procedure outcome and stent patency duration.
Accordingly, Neglén et al4 observed worse secondary
patency rates in limbs stented below the inguinal liga-
ment treated for thrombotic occlusion than in non-
thrombotic obstructions. However, the association
between venous inflow, venous disease, and stent throm-
bosis should be further assessed.
Currently, additional procedures involving ilio-femoral

and popliteal veins are being employed to enhance
inflow. In the ACCESS PTS study30 (Accelerated Throm-
bolysis for Post-Thrombotic Syndrome Using the Acous-
tic Pulse Thrombolysis Ekosonic Endovascular System),
the researchers observed that, in cases of patients
suffering from PTS due to chronic venous obstruction, a

Table IV. Univariate and multivariate analysis to identify predictors of in-stent occlusion (ISO) or restenosis (ISR) in patients
with ilio-femoral vein obstruction and post-thrombotic syndrome (PTS) that underwent to endovascular treatment and
stent extension below the inguinal ligament

Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Smoke 1.05 "0.22 to 0.30 .029 e e ns

Thrombophilia 1.41 "0.54 to 2.32 .041 e e ns

Trabeculation into FV 0.95 0.28-4.11 .031 e e ns

Trabeculation into FV
and DFV

2.34 0.84-8.23 .001 2.41 0.56-7.12 .037

Villata >15 1.78 0.19-5.23 .001 1.89 0.15-6.11 .043

CI, Confidence interval; DFV, deep femoral vein; FV, femoral vein; OR, odds ratio.
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Do not leave in-flow problem, if DFV good and fem-pop diseased go for the DFV

venous inflow defined by DUS as 
a. mid-respiratory, peak flow velocity in cm/s in CFV at the 

level of inguinal ligament and 2 cm below femoral vein 
confluence (DFV and FV, respectively)

b. Postthrombotic changes in the CFV, DFV and FV 

⤑  differences between stent patency (occluded/opened)

Study design

Statistics 
• T test, Mann Whitney U test, Chi-squared or Fisher’s exact test
• skewed variables (US velocity of CFV, DFV and FV) log transformed
• Kaplan-Meier survival curves and log-rank tests 
• multivariate logistic regression models to investigate proportional contribution of flow velocity and postthrombotic lesions 

of the inflow veins (CFV, DFV and FV) to development of stent occlusion. 
• receiver operating characteristic (ROC) curve used to analyze critical values of US velocity before stenting for occlusion, and 

sensitivity and specificity were obtained. 
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study was approved by the Swiss Ethics Committee on
research involving humans (ID 2020-00825), and all
enrolled patients provided written informed consent to
participate in the study.

Stenting procedure. In patients with NIVLs, endove-
nous stent implantation was undertaken using intrave-
nous remifentanil for analgesia and propofol for light
sedation. In view of higher pain levels, associated with
dilatation of post-thrombotic changes, stenting for PTO
was treated under general anesthesia. After ultrasound-
guided access had been established via popliteal or
femoral veins using 10F sheaths, biplane venograms were
obtained by digital subtraction angiography with a
frame rate of two images per second. Subsequently,
crossing of venous lesions was attempted with stiff,
angled 0.035-inch hydrophilic wires (Terumo Corpora-
tion) or with 0.018-inch wires (Astato 30; Asahi-intecc). In
the event of failure to pass the target lesion using this
approach, additional right jugular vein access was ob-
tained and bidirectional wire access was attempted.
Predilation of all obstructions was conducted using high-
pressure balloons, and stent implantation was per-
formed in a cranial to caudal direction. If more than one
stent was implanted, overlap by at least 1 cm was
ensured. The following stents were used depending on
the target lesion location: (1) in the common iliac vein,
Sinus XL stent (Optimed), Venovo Venous stent (Bard
Medical), Sinus obliquus stent (Optimed), and Vici
Venous stent (Boston Scientific); (2) in the external iliac

vein or CFV, Sinus XL Flex stent (Optimed) or Zilver Vena
stent (Cook); and (3) for extension into the DFV or FV,
Sinus Superflex stent (Optimed). Postdilatation was per-
formed to achieve complete stent expansion and satis-
factory alignment. Subsequently, a venogram was
obtained to confirm stent patency, adequate adaption to
the vessel wall, and coverage of the entire lesion. Patients
received 5000 IU of unfractionated heparin intra-
procedurally with repeated administration every 2 hours.
All procedures were performed by interventionalists with
several years of experience. We ensured complete
coverage of post-thrombotic venous segments in the
iliofemoral veins, while avoiding jailing of the contralat-
eral side by using the Sinus obliquus stent (Optimed) in
common iliac veins. Anticoagulation was initiated after
completion of the procedure using full-dose low-mo-
lecular-weight heparin for 24 hours, followed by vitamin
K antagonists or direct oral anticoagulants. The choice of

patients treated for iliofemoral 
venous disease, n = 452

n = 211 patients

Excluded: Patients with
acute thrombosis, n = 
241

Excluded: Patients 
without readable 
ultrasound, n = 39

n = 172 patients

Excluded: loss to follow-
up, n = 11

n = 161 patients

n = 125 patients

patients included 
n = 108

Excluded: Patients 
without MRV/CTV, n = 
13

n = 148 patients

Excluded: Patients 
declined to participate, 
n = 23

Excluded: Patients with 
cancer provoking 
venous compression, n = 
17

Fig 2. Study algorithm for selection of patients. CTV,
Computer tomographic venography; MRV, magnetic
resonance venography.

Fig 1. Measurement of peak flow velocity in the left com-
mon femoral vein (CFV). The insonation angle was set
#60! and aligned to the direction of flow.
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Study population

- left side 64,8%, mean age: 47.4 ± 15.4 years, 46.3% women

- inferior vena cava (IVC) involved in 34.3%
- 90 (83,3%) postthrombotic syndrome (PTS); 18 (16.7%) non-thrombotic (NIVL)

mean follow-up:  41 ± 26 months

Baseline

J Vasc Surg Venous Lymphat Disord 2023;11:91-9 

Kaplan-Meier curves of univariate cumulative patency rates

Results

loss of patency in 20 (18.5%) 
patients (PTS)

velocities of #7 cm/s (IQR: 0-20 cm/s) in the CFV and
#8 cm/s (IQR: 5-10 cm/s) in the FV, as well as post-
thrombotic changes in the CFV, DFV, and FV before stent
placement, were all significantly associated with stent
occlusion (Tables I and II). After log transformation and
adjustment for sex and age, lower preinterventional
flow velocity in the CFV (odds ratio [OR]: 7.52, 95% confi-
dence interval [CI]: 2.54-22.28; P < .001) and FV (OR: 10.75,
95% CI: 2.07-55.82; P ¼ .005), but not the DFV, was asso-
ciated with higher odds of stent occlusion. Similarly, the
presence of post-thrombotic changes of the DFV (OR:
4.51, 95% CI: 1.53-13.25; P ¼ .006) and FV (OR: 3.62, 95%
CI: 1.11-11.84; P ¼ .033) was associated with higher risk of
occlusion (Table II). Findings remained consistent after
adjustment for smoking status and comorbidities (renal
failure, arterial vascular disease, hypertension, obesity,

and thrombophilia). Additional adjustment for stent
location attenuated the results, yet the association be-
tween lower duplex ultrasound velocity in the CFV and
stent occlusion remained highly significant (OR: 7.42,
95% CI: 1.99-27.68; P ¼ .003, Table III). Acknowledging
the unique features of the different etiologies, we
excluded patients with NIVLs in model 3. Restriction of
the analysis to patients with a PTO provided similar re-
sults to the main analysis, but the association between
post-thrombotic signs in the FV and stent occlusion
was attenuated (OR: 1.3, 95% CI: 0.30-5.31; P ¼ .74). A sensi-
tivity analysis was performed adjusting for covariates in
model 2, as well for stent location (model 3) and number
of stents implanted (model 4). We observed a higher risk
of occlusion with increasing number of stents (data not
shown), and further adjustment for stent number did

Fig 3. Kaplan-Meier curves of univariate cumulative patency rates for stented limbs with nonthrombotic iliac vein
lesions (NIVL) and post-thrombotic vein obstruction (PTO). PTS, Post-thrombotic syndrome.
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Results
Baseline patient characteristics and comorbidities

experiencing stent occlusions developed symptoms, 14
patients suffered from leg swelling, one patient had a
nonhealing leg ulcer, four patients complained of venous
claudication, and one patient reported sensation of
heaviness. Eleven patients presented outside the sched-
uled follow-up visits. All 20 patients with stent occlusion
reported compliance with anticoagulation therapy, and
9 (45.0%) were taking additional antiplatelet therapy at
the time of the event (Table I). Ten occlusions (50%)
occurred within the first year. In 16 (17.8%) patients with
PTO, anticoagulation was discontinued because of
various reasons without stent occlusion occurring during
follow-up. If thrombotic deposits were observed on ul-
trasound examination during follow-up, anticoagulation
was resumed in patients who had previously dis-
continued it. In continuously anticoagulated patients,
the quality of anticoagulation was monitored by means

of International Normalized Ratio or antifactor Xa activ-
ity, and dosage adjustments were performed if levels
were outside the target range.
Characteristics of patients with patent and occluded

stents are shown in Table I. The prevalence of renal fail-
ure, arterial vascular disease, hypertension, obesity, and
thrombophilia did not differ between patients with or
without stent occlusion. Moreover, there were no differ-
ences regarding the side of intervention and patient
sex. Thrombophilia was more frequent in limbs with
PTO, yet the presence of thrombophilia was not statisti-
cally associated with stent occlusion. In patients with
loss of patency, the number of stents implanted was
significantly higher (P < .001) and distal stent extension
into the CFV (n ¼ 66; 61.1%) or DFV and FV (n ¼ 8; 7.4%)
was significantly more common (P < .001) compared
with patients with patent stents. In addition, peak

Table I. Baseline patient characteristics and comorbidities

Demographics Total (n ¼ 108) Occluded (n ¼ 20) Open (n ¼ 88) P value

Age, years, mean 6 SD 47.4 6 15.4 47.1 6 15.8 47.5 6 15.4 .785

Sex (female) 50 (46.3) 7 (35) 43 (48.9) .262

Smoking 22 (20.4) 3 (15) 19 (21.6) .759a

Renal failure 12 (11.1) 2 (10) 10 (11.4) .611a

Arterial vascular disease 6 (5.6) 1 (5) 5 (5.7) .693a

Hypertension 36 (33.3) 4 (20) 32 (36.4) .161

Obesity 53 (49.1) 11 (55) 42 (47.7) .557

Thrombophilia 14 (13) 2 (10) 12 (13.6) .497a

Intervention side (left) 70 (64.8) 10 (50) 60 (68.2) .124

Etiology .022a

NIVLs 18 (16.7) 0 18 (20.5)

PTO 90 (83.3) 20 (100) 70 (79.5)

Anticoagulation at last F/U, yes 80 (74.1) 18 (90) 62 (70.5) .072

Antiplatelet agents at last F/U, yes 9 (8.3) 4 (20) 5 (5.7) .059a

Stents (number) 2 (1-2) 2 (2-3) 2 (1-2) <.001
Stent localization

CIV and EIV 34 (31.5) 0 34 (38.6) <.001
Additional stent in CFV 66 (61.1) 14 (70) 52 (59.1)

Additional stent in DFV and FV 8 (7.4) 6 (30) 2 (2.3)

US velocity, CFV, cm/s 20 (10-30) 7 (0-20) 20 (10-30) .001

US velocity, DFV, cm/s 11 (8-20) 10 (5.75-15) 12 (10-20) .177

US velocity, FV, cm/s 10 (5-15) 8 (5-10) 10 (8-15) .001

US post-thrombotic signs, CFV 73 (67.6) 20 (100) 53 (60.2) .001

US post-thrombotic signs, DFV 25 (23.1) 10 (50) 15 (17) .003a

US post-thrombotic signs, FV 61 (56.5) 16 (80) 45 (51.1) .019

CFV, Common femoral vein; CIV, common iliac vein; DFV, deep femoral vein; EIV, external iliac vein; F/U, follow-up; FV, femoral vein; NIVLs, non-
thrombotic iliac vein lesions; PTO, post-thrombotic obstruction; SD, standard deviation; US, ultrasound.
Data are presented as number (%) unless otherwise specified.
Boldface P values represent significance P < .05.
Definitions: renal failure glomerular filtration rate <30 mL/min; arterial vascular disease established cerebrovascular disease, coronary artery disease, or
peripheral artery disease; obesity body mass index >30.0 kg/m2.
aFisher’s exact test.
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thrombotic iliac vein lesions; PTO, post-thrombotic obstruction; SD, standard deviation; US, ultrasound.
Data are presented as number (%) unless otherwise specified.
Boldface P values represent significance P < .05.
Definitions: renal failure glomerular filtration rate <30 mL/min; arterial vascular disease established cerebrovascular disease, coronary artery disease, or
peripheral artery disease; obesity body mass index >30.0 kg/m2.
aFisher’s exact test.
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Volume 11, Number 1 Predictive factors for stent occlusion
Odds ratios (OR) for stent occlusion defined for logarithmic ultrasound velocity
measurements and post- thrombotic signs defined for inflow veins in the groin

not materially change findings (Supplementary Table,
online only).
We performed ROC curve analysis to assess the perfor-

mance of flow velocity in predicting stent occlusion.
Threshold values of 6.5 cm/s and 9 cm/s in the CFV and

FV, respectively, were identified as cutoffs with the best
overall predictive performance. A peak velocity of
6.5 cm/s in the CFV was associated with a sensitivity of
92%, specificity of 50%, PPV of 89%, and NPV of 58.8%
in predicting primary stent patency. A velocity of 9 cm/
s in the FV demonstrated a sensitivity, specificity, PPV,
and NPV of 72%, 65%, 90%, and 34% for primary stent
patency, respectively. Seven of 17 patients (41.2%) with ve-
locities below 6.5 cm/s in the CFV achieved stent
patency, whereas 10 patients (11.1%) with velocities above
6.5 cm/s experienced stent occlusions. The sensitivity,
specificity, PPV, and NPV using both inflow velocity and
post-thrombotic changes of inflow veins (model 2)
were 40%, 95.4, 66.7%, and 87.5%, respectively. The
finding that lower preinterventional peak flow velocities

are associated with higher risk of stent occlusion
remained consistent among all three inflow veins.

DISCUSSION
Endovenous stent placement has emerged as the

method of choice in the treatment of chronic femoro-
ilio-caval venous outflow obstructions since the late
1990s.6-9 Stenting of outflow obstructions in the lower ex-
tremities can be performed with high technical success
and low periprocedural morbidity, yet patency rates
can vary widely.12,15-17 Our findings are consistent with
previous studies regarding technical success, safety, and
patency rates of endovenous stent placement. We
observed an overall technical success rate of 100%
without the occurrence of major adverse events. In
accordance to the study by Neglén et al,6 neither the
side of the intervention nor patient sex significantly influ-
enced stent patency in our cohort. Similar to previous
studies we also found patency rates to be lower in pa-
tients with PTO compared with patients with NIVLs
(79.5% vs 100%).6,12,18,19 The comparatively poor outcomes
in PTO reflect the more distal extension of venous
changes in these patients in contrast to patients with
chronic nonthrombotic venous lesions, which are charac-
terized by short-segment stenosis or occlusion in the pel-
vic axis. Previous studies have emphasized that adequate
inflow into stented segments from femoral veins is a pre-
requisite to maintaining patency.6,20,21 However, the defi-
nition of adequate inflow has remained unclear, with no
further details given by previously published studies. In
the present study, we retrospectively explored predictors
for midterm patency loss after stenting for PTO or NIVLs,
specifically examining the influence of venous inflow,
defined as peak velocity, and the presence of post-
thrombotic changes in the CFV, DFV, and FV before inter-
vention. After a mean follow-up duration of 41 6
26 months, the patency rate was 100% in patients with
NIVLs, compared with 79.5% in patients with PTO. In
addition to the etiology of venous obstruction, lower
peak velocities in the CFV and FV were associated with

Table II. Odds ratios (OR) for stent occlusion defined for logarithmic ultrasound velocity measurements and post-
thrombotic signs defined for inflow veins in the groin

Model 1 Model 2

P value OR (95% CI) P value OR (95% CI)

Log US velocity, CFV, cm/s <.001 7.52 (2.54, 22.28) <.001 9.49 (2.74, 32.83)

Log US velocity, DFV, cm/s .081 6.79 (0.79, 58.20) .097 6.22 (0.72, 54.06)

Log US velocity, FV, cm/s .005 10.75 (2.07, 55.82) .012 10.23 (1.68, 62.32)

US post-thrombotic signs, DFV .006 4.51 (1.53, 13.25) .008 5.02 (1.53, 16.42)

US post-thrombotic signs, FV .033 3.62 (1.11, 11.84) .042 3.64 (1.05, 12.70)

CFV, Common femoral vein; CI, confidence interval; DFV, deep femoral vein; FV, femoral vein; US, ultrasound.
Model 1: adjusted for age and sex.
Model 2: adjusted for age and sex smoking, comorbidities (renal failure, vascular diseases, hypertension, obesity, thrombophilia).
Log transformation was performed for US velocities due to skewed distribution.

Table III. Odds ratios (OR) for peak flow velocity and post-
thrombotic lesions contributing to stent occlusion using
model 3

Model 3

P value OR (95% CI)

Log US velocity, CFV, cm/s .003 7.42 (1.99, 27.68)

Log US velocity, DFV, cm/s .23 6.58 (0.31, 139.54)

Log US velocity, FV, cm/s .13 5.05 (0.62, 41.31)

US post-thrombotic signs, DFV .13 2.81 (0.73, 10.74)

US post-thrombotic signs, FV .74 1.3 (0.30, 5.31)

CFV, Common femoral vein; CI, confidence interval; DFV, deep femoral
vein; FV, femoral vein; US, ultrasound.
Model 3: adjusted for age, sex, smoking, comorbidities (renal impair-
ment, vascular diseases, hypertension, obesity [yes, no], thrombophilia),
and stent localization.
Log transformation was performed for US velocities due to skewed
distribution.
US post-thrombotic signs, CFV was excluded from analysis because all
occluded patients had signs.
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ROC curve analysis
Mid-respiratory peak velocity in CFV of 6.5 cm/s: sensitivity of 92%, specificity of 50% to predict stent occlusion

Inflow disease as assessed by low peak velocities in the CFV as well as post-
thrombotic findings in the DFV represent risk predictors for stent occlusions

Conclusion

DUS useful pre-interventional predictor considered for decision making process 

➞ listen to your DUS technician

after multivariate analysis including stent location as well, mid-respiratory low peak velocity 
in the CFV remained as a single highly significant, independent predictor for stent occlusion
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