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A B S T R A C T

Aim: To evaluate the diagnosis and treatment strategies for the iliac vein compression syndrome (IVCS) and the
factors that affect the treatment outcome.
Methods: In total, 69 patients with IVCS were enrolled in the study. The patients underwent computed tomography
(CT) venography before treatment. CT observations included assessment of the iliac venous channel sagittal
diameter (IVCD) before the lower lumbar vertebra, causes of oppression, thrombus density, and embolization
range. The patients with IVCS were divided into the simple IVCS (sIVCS, n¼ 22), lumbar degeneration-related
type IVCS (dIVCS, n¼ 33), and IVCS of other causes (oIVCS, n¼ 14) including lumbar fracture, hematoma of
infection, and abscess wraping around and compressing the iliac vein, groups. The treatment methods included
target venous catheter-directed thrombolysis (CDT), a mechanical breaking and sucking treatment for the
thrombi, followed by balloon dilatation and iliac vein stent implantation. The factors that may possibly affect the
treatment outcomes included IVCS type, duration of disease, thrombus hardness, embolization length, and
treatment regimen. Logistic regression was used to analyze the factors that affected the therapeutic efficacy.
Results: At the first stage, CDT was only effective in 15 cases (5 dIVCSs and 10 oIVCSs) and was ineffective in the
remaining 54 cases, which required further mechanical breaking and sucking of the thrombi and intravenous
balloon dilatation. In the second stage, combination of thrombi breaking and suction and balloon dilatation was
preliminarily effective in 26 cases (6 sIVCSs, 16 dIVCSs and 4 oIVCSs), but during follow-up from 1 to 6 months,
treatment was considered futile for 9 recurrent cases (3 sIVCSs and 6 dIVCSs). So, 28 cases of preliminary
ineffective treatment and 9 relapse in the second stage were arranged to the third stage of treatment by iliac vein
stent implantation. All 37 cases were treated effectively and achieved a satisfactory iliac vein patency, and were
followed-up for 24 months without recurrence. Logistic regression analysis showed that IVCS type (β¼ 4.14; Wald
test, P< 0.01), duration of illness (β¼ -5.33; Wald test, P¼ 0.02), thrombus density (β¼ -6.46; Wald test,
P¼ 0.01), embolization length (β¼ 2.74; Wald test, P¼ 0.03), and treatment regimens (β¼ 11.92; Wald test,
P¼ 0.01) all had a significant effect on the treatment outcomes.
Conclusion: The selection of a suitable intervention treatment regimen for different types of IVCS may aid in
improving the curative effect.
Introduction

Iliac vein compression syndrome (IVCS) is a severe deep vein
thrombosis with a complex pathophysiology. IVCS occurs when the left
iliac vein, passing from right to left through the narrow space between
the right iliac artery and lower lumbar vertebra, is compressed by the
right iliac artery, leading to long-term pulsative compression. Chronic
interventional therapy of bone a
maging, 909th Hospital, PLA. (In
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thrombosis occurs in the lumen of the vein, as well as pelvic congestion
and the formation of collateral circulation; this is followed by left lower
extremity deep vein thrombosis, lower extremity swelling, pain, and a
series of acute clinical manifestations.1 The placement of a vena cava
filter and iliac vein stent, together with assisted intravascular throm-
bolysis is currently recognized as the first line treatment method2;
however, the efficacy of treatment is variable, with results including both
nd joint diseases.
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Fig. 1. Central plane of the iliac vein channel on the axial CT images. A.
Measurement of normal IVCD (arrows) in a 40-year-old female patient; B. The
right iliac artery compressed the iliac vein channel anterior to the vertebral body
and caused the tunnel stenosis (arrow) in 46-year-old female patient; C. The
anterior iliac artery and the posterior lumbar osteophyte compressed the
channel together (arrow) in 67-year-old male patient.
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successful iliac vein recanalization and embolism recurrence.3 This
article examines the pathways of IVCS diagnosis and treatments, as well
as the factors that influence the treatment outcome. The ultimate aim of
this study is to emphasize the accurate preoperative assessment of IVCS
and to optimize the treatment strategy based on accurate diagnosis.

1. Materials and methods

1.1. General information

From July 2009 to June 2014, 69 patients with IVCS were enrolled;
the patients included 25 males and 44 females, aged 24–86 years (me-
dian age, 53 years). The clinical manifestations were left lower limb
swelling and progressively worsening pain for 1 day to 6 weeks. The
inclusion criteria were as follows: clear clinical and imaging-based
diagnosis of IVCS, with no limitation with respect to sex and age; clin-
ical and imaging (ultrasound, CT, and DSA) data were complete; and
treatment and results of follow-up are traceable. The exclusion criteria
were as follows:lower extremity fractures, pregnancy, lower extremity
venous lesions, abdominal or retroperitoneal space lesions, and IVCS
caused by non-left iliac vein compression; treatment was incomplete or
with a follow-up of less than 24 months.

The patients were divided into the following three types based on the
cause of IVCS as determined by CT:

sIVCS (simple type IVCS), the iliac vein was compressed only by the
iliac artery in front of the vertebra.

dIVCS (lumbar degeneration-related type IVCS), the iliac vein was
compressed by both the iliac artery from the front and lower lumbar
degenerative changes from the rear, including intervertebral disc bulge
or herniation, osteophyte, lumbar spondylolisthesis and anterior longi-
tudinal ligament ossification, which compress the iliac vein like a wedge.

oIVCS (IVCS from other causes), the iliac vein was compressed by
abscess or hematoma due to lumbar tuberculosis, inflammation and
fracture.

1.2. Imaging diagnosis

According to the previous studies4,5 and our clinical experience, an
emergency ultrasound was performed prior to admission for the initial
diagnosis and assessment of the extent of venous thrombosis; this
included embolism localized in the iliac vein, extending to the femoral
vein, or involving the distant popliteal vein. After hospitalization, the
iliac waist CT scan and deep vein imaging were supplemented in order to
determine the diagnosis, understand the anatomical location and inter-
relationship around the iliac vascular, evaluate the changes of lumbar
degeneration and the iliac vein channel vertebral anterior to the vertebra,
and to exclude other diseases in the abdominal cavity, pelvic cavity, and
lumbosacral.

1.3. Computed tomography (CT) observation index

The left iliac vein channel (IVC) is the space through which the left
iliac vein advances from the right to the left between the right iliac artery
and lower lumbar vertebra.

Iliac vein channel diameter (IVCD) (Fig. 1A): Measured on the
enhanced cross-sectional CT images of the left iliac vein from the right to
the left side. The minimum sagittal diameter between the rear edge of the
contrasted iliac artery to the leading edge of the anterior longitudinal
ligament was considered as the IVCD. Congenital or acquired passage
narrowing may lead to iliac vein thrombosis.

Causes of iliac vein compression (Fig. 1B–C): On reconstructed cross-
sectional and sagittal plane CT images, the factors of iliac vein
compression, such as simple iliac artery oppression or combined lumbar
vertebrae degeneration changes (osteophyte, disc herniation, anterior
longitudinal ligament hypertrophy, calcification, lumbar spondylolis-
thesis) or hematoma and abscesses surrounding it, were identified.
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Density of the iliac vein thrombus: On the CT axial image of the
common iliac veins, using the thrombus CT value of the left iliac vein
minus the contralateral iliac vein blood CT value (Fig. 1D), the increased
CT value was considered thrombus density, which reflects the hardness
of the thrombus.

1.4. Interventional therapy

In accordance with previous studies,2,3,6,7 a path of procedural staged
treatment was designed as follows: The first stage was catheter-directed
thrombolysis (CDT) for the target vein, that is, downstream thrombolysis
by puncturing the ipsilateral popliteal vein and detaining the thrombol-
ysis catheter at the far end of the thrombus in the target vein. The CDT
combined with oral anticoagulants persisted for 3 days. Patients inef-
fective treatment and relapse in the first stage were arranged to undergo
the second stage treatment.

The second stage was mechanically thrombi-broken aspiration and
balloon dilatation. This was performed by selectively stabbing the left
femoral or popliteal vein, antegrade or retrograde breaking the thrombus
in the iliac vein and femoral vein above the hip, or in the femoral vein
and popliteal vein under the hip and sucking away the smashed thrombus
before using a balloon to dilate the affected veins. And CDT combined
with oral anticoagulants was maintained for 3 days after operation. Pa-
tients ineffective treatment and relapse in the second stage were arranged
to undergo the third stage treatment.

The third stage was stent implantation after balloon dilatation. After
interventional therapy, CDT combined with oral anticoagulants was also
performed for 3 days. Oral anticoagulants were arranged for 6 months
continuously after each stage treatment. Relapse patients were recalled
to perform the next stage treatment.

1.5. Evaluation indicators

The suspected influencing factors for therapeutic effect were the pa-
tient’s course of disease, IVCS type, thrombus hardness, embolization
length, and therapeutic regimen.

The immediate effect after interventional therapies was assessed ac-
cording to venous angiography, which is divided into four grades: Grades
I, II, and III represent effective treatment, while IV grade is ineffective.8

The follow-up effect classified into the following four levels9: excel-
lent, good, and medium, which represent effective treatment, and poor,
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which represents an ineffective treatment. The treatment was deemed to
be ineffective if recurrence was observed during the 24 month follow-up,
and effective if there was no recurrence.

Two radiation intervention physicians, with 20 years and 11 years’
experience in this field, evaluated the indicators, and these two physi-
cians discussed and then decided the results.

1.6. Statistical analysis

The measurement data were expressed as mean� standard error, and
included age of onset, course of disease, thrombus density, and IVCD. The
difference between the two groups was analyzed by variance. The chi-
square test was used to analyze the differences between groups in
terms of the iliac vein oppression position and embolization range. The
amount of strain variable binary logistic regression analysis was per-
formed for the effect of treatment on IVCS and its influencing factors. The
independent variables values and variables assignments are listed in
Table 1 for the logistic regression analysis. Statistical analysis was per-
formed using SPSS 17.0 software, and significance was set at P< 0.05.

2. Results

2.1. General clinical characteristics and computed tomography (CT)
features of iliac vein compression syndrome (IVCS)

In a total of 69 patients, there were 22 cases of sIVCS (6 males and 16
females), 33 cases of dIVCS (12 males, 21 females), and 14 cases of oIVCS
(7 males and 7 females). In terms of the course of disease, 44 cases had a
disease course �2 weeks and 25 cases had a disease course of 2 weeks–6
weeks. With regards to the thrombus density, 21 cases had a density�10
HU, 19 cases had a density of 10–20 HU, and 29 cases had a density of
20–30 HU. In 33 dIVCS cases, 17 had intervertebral disc anterior bulge
compressing the iliac vein, 16 had vertebral osteophyte compressing the
iliac vein, and 8 had inferior lumbar spondylolisthesis compressing iliac
vein. Fourteen oIVCSs included 6 cases of lumbar tuberculosis, 4 cases of
inflammation, and 4 cases of fracture. With regards to the embolization
range, 12 cases were only in the iliac vein, 38 cases involved the popliteal
vein and above, and 19 cases involved the popliteal vein and below
(Table 2).

2.2. Evaluation of factors affecting the therapeutic effect

The treatment process and results are shown in Table 3. Regression
analysis showed that IVCS type (β¼ 4.14; Wald test P, < 0.01); before
treatment lower limb swelling and pain duration (β¼ -5.33; Wald test,
P¼ 0.02), iliac vein thrombus density (β¼ -6.46; Wald test, P¼ 0.01);
deep vein thrombus length (β¼ 2.74; Wald test, P¼ 0.03); and the
treatment regimen (β¼ 11.92; Wald test, P¼ 0.01) had significant in-
fluences on IVCS therapeutic efficacy (Fig. 2).

Fig. 2. 67-year-old male, CT diagnosis of dIVCS. A. Shows the verte-
bral anterior iliac vein channel oppressed and narrowed by the right iliac
artery and the posterior of the fifth lumbar osteophyte (arrow). B. Due to
ineffective iliac vein CDT, further shredded, plunger aspiration, and
balloon dilatation stenosis were performed (arrow), and the embolized
iliac vein became patency. C. Three-month follow-up found recurrent
Table 1
The independent variables of influencing factors and variables assignments.

Assignment
No.

Lower extremity swelling and
pain period

Iliac vein thrombus density (Ipsilatera
contralateral)
(unit)

1 �2 weeks Density difference� 10 units
2 >2 weeks 10<Density difference� 20

3 20<Density difference� 30
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embolization; thus, further use of balloon dilatation-assisted implanta-
tion of a venous stent (arrow), iliac vein became patency again. D.
Postoperative anticoagulant therapy for 6 months was followed up for 24
months without recurrence.

3. Discussion

IVCS can lead to serious clinical symptoms and adverse consequences
that require timely and effective clinical intervention measures. Surgical
treatment can achieve a higher iliac vein embolization open rate, and a
study by Brazeau et al.3 found that different surgical procedures after
surgery and long-term (postoperative 3–4 years) opening rate up to 54%
and 83%; however, in this study, patients were subjected to highly
invasive surgical techniques, and as such, a high mortality rate was to be
expected. Vascular interventional therapy of IVCS has proven to be a safe
and effective therapeutic method. Pre-operative anticoagulation therapy
is an important part of the standard treatment for deep vein thrombus.10

Furthermore, thrombolytic therapy is recommended by the US Food and
Drug Administration11; however, this treatment does not treat the rea-
sons for the oppression and the "intravenous thorns" structure.12 Simi-
larly, balloon dilatation therapy cannot effectively open the iliac vein
cavity in IVCS.13 Moreover, the effects of these treatments were variable
across different studies.6 Therefore, this study used a unified treatment
path and evaluation method to analyze the individual impact factors
influencing the therapeutic effect.

In this study, IVCS was divided into sIVCS, dIVCS, and oIVCS ac-
cording to the CT manifestations and etiology differences. The results
showed that the onset age of sIVCS was earlier than that of dIVCS, and the
course of disease of lower extremity swelling and pain was shorter in
dIVCS; this was associated with a more hardness in dIVCS compared to
sIVCS. Since the lumbar degenerative changes compressing the iliac vein
is a chronic progressive oppression, which leads to an increasing nar-
rowing of the iliac vein channel. Although both sIVCS and dIVCS are
caused by stenosis of the iliac venous channel, sIVCS is simply oppressed
by the pulsating iliac artery from the anterior, while dIVCS is simulta-
neously oppressed by the front iliac artery and the back osteophyte,
intervertebral disc, and spondylolisthesis of the vertebral body; thus,
sIVCS represents a primary iliac vein channel stenosis, whereas dIVCS is a
secondary iliac vein channel stenosis. Lower lumbar degenerative
changes are also known to induce or promote the occurrence of
dIVCS.14,15

The preferred treatment for IVCS is to place a vena cava filter and
target intravascular thrombolysis and iliac venous stent. Due to hyper-
plasia osteophyte, spondylolisthesis of the lower lumbar vertebraes, and
more hard thrombi, dIVCS needs an implantation of longer and harder
stent compared to sIVCS. The primary disease symptoms of oIVCS
(lumbar tuberculosis, inflammation, or fracture) are obvious, as are its
complications; thus the course is shorter and the thrombi are softer.
Furthermore, the iliac vein channel has no true narrow and is enlarged by
abscess or hematoma, thus, its intervention therapy is simpler, and the
effect is better, than that of sIVCS and dIVCS.

Regression analysis showed that IVCS types, course of disease,
thrombus density, embolization range, and treatment regimen have sig-
nificant effects on the outcomes. In this study, the first stage was the
target intravenous thrombolytic therapy with CDT, and the second stage
l - Types of
IVCS

Embolization ranges Therapeutic programs

sIVCS Iliac vein only Simple thrombolysis
dIVCS Femoral vein

involved
1 þ Thrombi-broken suction and
balloon dilatation

oIVCS Popliteal vein
involved

1 þ 2 þ iliac vein stent implantation



Table 2
General clinical characteristics and computed tomography (CT) features of iliac vein compression syndrome (IVCS).

IVCS
group

Age of
onset

Lower extremity
swelling period
(days)

Thrombus
density(Hu)

IVTD (mm) Iliac vein compression position Embolization ranges

L4/5
front

L5 left
front

L5 straight
front

L5 right
front

Iliac
vein
only

Femoral vein
involved

Popliteal vein
involved

sIVCS 42.3� 6.5 12.1� 9.2 14.30� 6.60 2.50� 0.50 4 0 4 14 0 6 16
dIVCS 61.5� 10.6 22.5� 7.6 18.40� 6.10 2.30� 0.50 9 3 18 3 6 10 17
oIVCS 53.1� 16.8 6.8� 6.7 11.60� 9.50 5.90� 2.30 0 0 0 0 4 6 4
F(χ2)
P

11.03
<0.01

7.81
<0.01

1.96,
0.16

125.27
<0.01

19.31
<0.01a

–,
0.03b

a Using χ2 test.
b Using the Fisher exact algorithm.

Table 3
IVCS interventional therapeutic strategies and results.

Group First stage CDT (n¼ 69) Second stage thrombi-broken and suction,
and balloon dilatation (n¼ 54)

Third stage stent implantation (n¼ 37)

Therapeutic effective Therapeutic ineffective Therapeutic effective Therapeutic ineffective Therapeutic effective

No recurrence Relapse No recurrence Relapse

sIVCS (n¼ 22) 0 0 22 3 3 16 19
dIVCS (n¼ 33) 5 0 28 10 6 12 18
oIVCS (n¼ 14) 10 0 4 4 0 0 –

χ2 value
P-value

27.27
<0.01a

12.19
<0.01a

–

–b

IVCS: Iliac vein compression syndrome.
a Data analysis, preliminary therapeutic effective cases included no recurrence cases and relapse cases, and relapse cases were scheduled for the second stage

treatment with those who fail to respond to previous treatment.
b In the third stage, sIVCS and dIVCS groups were all attained effective treatment, and oIVCS group had no case into the stage, so the third stage did not need for

statistical differences test.

Fig. 2. Measurement of thrombus density in the left iliac vein: ROI 1 was the
central 2/3 area of the embolic left iliac vein on the axial cross-sectional CT
image; the CT value was 64.29 Hu. ROI 2 at the right iliac vein was set as the
control, with a CT value of 43.26 Hu. So the more difference of the bilateral CT
values, the more hardness of the thrombus.
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was the thrombi smashing and sucking away, followed by treatment with
balloon dilatation. Despite this, the treatment was ineffective in 51.85%
(28/54) of patients, and the treatment was effective, but with recurrence,
in 16.67% (9/54) of patients (mainly those with sIVCS and dIVCS). In the
clinic, these two types of patients occurred insidiously, had a longer
treatment duration, and relapsed easily; thus a combination of target vein
catheterization thrombolysis, thrombus smashing and sucking away, and
balloon dilatation and iliac vein stent implantation was necessary.
Additionally, these patients required sufficient thrombolytic drugs and
an extended treatment duration, including interventional treatment and
126
follow-up treatment. The extend of deep venous thrombus also had a
significant influence on the treatment effect because long and large range
embolization blocked the venous return channel. So in case of this,
sucking away the deep vein thrombus, balloon dilatation and iliac vein
stent implantation for reconstruction of the venous channel as early as
possible is an excellent choice. This treatment regimen makes foot dorsal
vein intravenous thrombolysis effectively, avoiding the long time CDT
retention and its possible complication of exogenous infection.

In summary, this study demonstrates that there are significant dif-
ferences in the age of onset, course of disease, thrombus hardness, and
embolization extent in IVCS. These factors affect the curative effect of
interventional therapy, and before the intervention, detailed image
evaluation of IVCS features are important for rationalizing the treatment
regimen and improving efficacy.
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