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To determine if compression of the left common iliac vein
(LCIV) by the right common iliac artery is associated with
left-sided deep venous thrombosis (DVT).

This institutional review board-approved case-control
study was performed in a cohort of 230 consecutive patients
(94 men, 136 women; mean age, 57.5 years; range, 10-94
years) at one institution who had undergone contrast ma-
terial-enhanced computed tomography of the pelvis prior
to a diagnosis of unilateral DVT. Demographic data and
information on risk factors were collected. Two board-
certified radiologists determined iliac vein compression by
using quantitative measures of percentage compression
{[1 minus (LCIV diameter at point of maximal compres-
sion/distal right common iliac vein diameter)| times 100%},
as well as qualitative measures (none, mild, moderate,
severe), with estimates of measurement variability. Lo-
gistic regression analysis was performed (independent
variable, left vs right DVT; dependent variable, iliac vein
compression). Cutpoints of relevant compression were
evaluated by using splines. Means (with 95% confidence
intervals [CIs]) and odds ratios (ORs) (and 95% Cls) of
left DVT per 1% increase in percentage compression were
calculated.

Patients with right DVT were more likely than those with
left DVT to have a history of pulmonary embolism. Over-
all, in all study patients, mean percentage compression
was 36.6%, 66 (29.7%) of 222 had greater than 50%
compression, and 16 (7.2%) had greater than 70% com-
pression. At most levels of compression, increasing com-
pression was not associated with left DVT (adjusted ORs,
1.00, 0.99, 1.02) but above 70%, LCIV compression may
be associated with left DVT (adjusted ORs, 3.03, 0.91,
10.15).

Increasing levels of percentage compression were not as-
sociated with left-sided DVT up to 70%; however, greater
than 70% compression may be associated with left DVT.

©RSNA, 2012

Supplemental material: http://radiology.rsna.org/lookup
/suppl/doi:10.1148/radiol. 12111580/-/DC1
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eep venous thrombosis (DVT)
D has been noted to occur as much

as 60% more frequently in the
left lower extremity than in the right
lower extremity (1). Investigators since
Virchow have suggested that this dis-
parity may be related to compression
of the left common iliac vein (LCIV) by
the right common iliac artery (2). In
the 1950s, May and Thurner (3) found
pathologic changes (venous spurs) at
the point where the right common il-
iac artery crosses over the LCIV. They
proposed a causal mechanism by which
chronic pulsations of the right common
iliac artery resulted in venous spur
formation in the LCIV, predisposing
patients to DVT at this location. Pre-
liminary studies comparing limbs with
left DVT to limbs without left DVT have
suggested that iliac vein compression
may be associated with a higher per-
centage of left-sided DVT (4) and a
lower percentage of symptomatic pul-
monary embolism (PE) (5). However,
Kibbe et al (6) also found a high prev-
alence of iliac vein compression in pa-
tients without DVT, suggesting that iliac
vein compression may represent a nor-
mal variation without pathologic conse-
quences. In addition, prior studies have
been limited by small sample sizes and
a lack of control groups. The purpose
of our study was therefore to determine
(a) if greater than 70% LCIV compres-
sion is a risk factor for left-sided DVT
and (b) whether increasing percentage
LCIV compression is associated with
increased odds of left-sided DVT below
70% compression.

Advances in Knowledge

® Mild or moderate levels of left
common iliac vein compression
noted at pelvic CT were not as-
sociated with left deep venous
thrombosis (DVT).

B [liac vein compression greater
than 70% may be associated with
an elevated risk of left DVT.

B [liac vein compression greater
than 70% occurred in 7.2%

(16 of 222) of all patients in
our study.

Materials and Methods

Subjects

An institutional review board exemp-
tion was obtained for the review of dei-
dentified existing data, and the require-
ment for informed consent was waived
as the study presented minimal harm to
subjects. The study was based at Johns
Hopkins Hospital (Baltimore, Md).

Patients with a diagnosis of left- or
right-sided DVT who also had under-
gone abdominal and/or pelvic com-
puted tomographic (CT) studies with
contrast material since 2004 were
identified. DVTs were characterized by
side and location. Compared with ilio-
femoral or popliteal DVT, calf DVT has
a lower probability of propagation to
the lungs; hence, we limited our study
to popliteal and iliofemoral DVT (7).
Cases were defined as patients with
left-sided DVT, while control subjects
were patients with right-sided DVT.
Control subjects with right-sided DVT
were selected because they, unlike pa-
tients without DVT, would be expected
to have distributions of potential con-
founders similar to those of patients
with left-sided DVT. Patients with bilat-
eral DVT or a history of bilateral DVT
and those with unilateral risk factors
(eg, trauma, tumors, lymphadenopathy,
surgical clips) were excluded.

To ascertain patients, 147879 ul-
trasonography (US), venography, CT,
and magnetic resonance (MR) imaging
reports from January 1, 2004, through
December 31, 2008, were acquired
from the Hospital Radiology Informa-
tion Systems and imported into an MS
Access Database. DVT cases were as-
certained by performing automated text
searches of these reports (Appendix E1
[online]). The remaining reports were

Implication for Patient Care

B Greater than 70% iliac vein com-
pression noted at pelvic CT may
be associated with left-sided
DVT, but mild or moderate levels
of iliac vein compression at
pelvic CT were not associated
with left-sided DVT.

read by the primary author (A.K.N.) to
yield 4423 cases of DVT (3.0%) (Fig 1).
Of these, 1461 were noted to have been
observed at pelvic CT examinations
performed with contrast material. We
selected CT studies performed prior to
the diagnosis of DVT but used concur-
rent or subsequent CT studies when
prior CT studies were not available.
After excluding patients with current
or historical bilateral involvement, we
randomly selected 230 patients, ending
up with 127 patients with left DVT and
103 patients with right DVT. Of these
230 patients, 70 did not have any symp-
toms of DVT, 126 had undergone CT to
evaluate malignancy (diagnosis or fol-
low-up), and 33 had undergone CT for
abdominal pain. Data were controlled
by A.N. and J.C.

CT Parameters

Studies were performed with a 64-de-
tector CT scanner (Somatom Sensa-
tion 64; Siemens Medical Solutions,
Malvern, Pa) (detector thickness, 0.6
mm; section thickness, 0.75 mm; re-
construction interval, 0.5 mm; 120

Published online
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Abbreviations:

Cl = confidence interval

DVT = deep venous thrombosis
LCIV = left common iliac vein
OR = odds ratio

PE = pulmonary embolism
RCIV = right common iliac vein

Author contributions:

Guarantors of integrity of entire study, A.N., K.H.; study
concepts/study design or data acquisition or data analysis/
interpretation, all authors; manuscript drafting or manu-
script revision for important intellectual content, all authors;
manuscript final version approval, all authors; literature
research, A.N., M.S., K.H.; clinical studies, A.N., L.C., S.M.,
M.A., N.P, K.H.; experimental studies, A.N., K.H.; statistical
analysis, A.N., J.E., A.R.S.; and manuscript editing, A.N.,
J.E,MA,ARS., MS., J.C,N.P,KH.

Funding:
This research was supported by the National Institutes
of Health (grant 5F30HL094095).

Conflicts of interest are listed at the end
of this article.

950

radiology.rsna.org = Radiology: \V'olume 265: Number 3—December 2012



Radiology

VASCULAR AND INTERVENTIONAL RADIOLOGY: lliac Vein Compression as a Risk Factor for Left-Sided Deep Venous Thrombosis

Narayan et al

147,879 CT, MR or US exams performed

from 1/2004 to 12/2008

|

4,423 (3.0%) positive for DVT

|

1,461 (33.0%) with pelvic CT
scans with contrast

l

1205 (82.5%) patients with
unilateral DVT eligible for selection

|

230 patients (19.1%) randomly
selected for inclusion

kVp; 120-200 mAs). Contrast material
(100-120 mL of Iohexol 350 [milligrams
of iron per milliliter| or lodixanol 320
[milligrams of iron per milliliter]; GE
Healthcare, Princeton, NJ) was inject-
ed intravenously (at 4 mL/sec). Patients
underwent either single-phase (after
60-80 seconds) or dual-phase (arte-
rial, after 25-30 seconds; venous, after
25-35 additional seconds) acquisitions.

Development of Measurement Instrument

A pilot study was conducted with two
board-certified  radiologists  (K.H.,
M.A.) to develop an instrument to
measure iliac vein compression and
other potentially causally relevant var-
iables (Fig 2). Iliac vein compression
was defined by using qualitative and
quantitative measures. Quantitative
measures include the minor diameter
of the LCIV at the point of maximal
compression and percentage compres-
sion, which can be defined as the minor
diameter of the LCIV at maximal com-
pression divided by the minor diame-
ter of the LCIV prior to the bifurcation
of the LCIV or the minor diameter of
the LCIV at the point of maximal com-
pression divided by the minor diameter
of the right common iliac vein (RCIV)
prior to the bifurcation of the RCIV. As
the diameter of the LCIV may be influ-
enced by the presence or absence of
clot, we used the measure of percentage

Figure 1:  Patient flow

diagram.

Excluded 256 patients with
clot in both legs

compression in which the distal RCIV
was the reference denominator as the
primary measure of our exposure of
interest. A qualitative estimate of iliac
vein compression was estimated by
asking radiologists to rate the level of
LCIV compression (none [0%-25%],
mild [>25%-50%], moderate [>50%-
75%], or severe [>75%]). Detailed in-
formation regarding the measurement
of iliac vein compression and other
related measurements are provided in
Appendix E2 (online).

All of the cases were read in dupli-
cate by two board-certified radiologists
during (S.M.) and 1 year after (L.C.)
interventional radiology fellowship,
with assessments of interreader vari-
ability. Intrareader variability was as-
sessed by asking radiologists to reread
30 randomly selected cases (sample
size based on convenience). Intrapa-
tient variability was assessed by iden-
tifying patients who had undergone
repeat CT for routine screening pur-
poses (typically patients with cancer)
or patients who had undergone repeat
CT for reasons not related to the iliac
vein anatomy. By using the continuous
outcome of the compressed LCIV diam-
eters, intraclass correlation coefficients
were determined and Bland-Altman
plots were generated.

Study radiologists who are aware of
the link between iliac vein compression

and left-sided DVT might be more likely
to report higher levels of iliac vein com-
pression if they observe left-sided DVT.
A masking substudy of 25 patients was
performed to provide a quantitative es-
timate of the potential bias associated
with unmasked readings (Appendix E3
[online]).

Statistical Analysis

Baseline demographic variables in pa-
tients with left-sided DVT and those
with right-sided DVT were described
by using means for continuous variables
and proportions for categoric variables.
Statistical significance was tested by
using t tests for continuous variables
and x? tests for categoric variables (P
< .035).

The main exposure (iliac vein com-
pression) was evaluated by creating
density plots of compressed LCIV di-
ameters, distal LCIV diameters, RCIV
diameters, and subjective compression
ratings separately according to the side
of DVT.

Logistic regression analysis was
performed with the outcome as the
log odds of being a left-sided DVT case
and with the exposures as the differ-
ent measures of iliac vein compression.
First, we evaluated the hypothesis that
a binary threshold for iliac vein com-
pression is associated with left-sided
DVT. A priori we did not have a strong
prior belief about any particular thresh-
old or cutpoint; however, one study
suggested 70% as a cutpoint for iliac
vein compression (8). Hence, for our
primary analysis, we used a logistic
regression model in which percentage
compression (using the distal RCIV as
the reference diameter) was modeled
as a binary risk factor (yes or no) with
70% used as the cutpoint. To assess the
sensitivity of our results to the choice
of the threshold, we ran logistic regres-
sion models by using different thresh-
olds for percentage compression, using
the distal RCIV and LCIV as reference
diameter.

To determine if greater percentage
compression levels were associated
with increasingly greater odds of left
DVT, we used logistic regression with
splines. Lowess plots were generated

Radiology: \olume 265: Number 3—December 2012 = radiology.rsna.org
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for exploratory analysis. Given the
prior suggestion that 70% compres-
sion may be clinically relevant, the 70%
percentage compression threshold was
evaluated as a spline knot for the pri-
mary analysis. Different combinations
of spline knots were investigated to as-
sess the sensitivity of our findings.

Various risk factors for DVT were
collected, including recent surgery,
cancer, oral contraceptive usage,
trauma, short-term immobility, long-
term  immobility,  hypercoagulable
states, previous or concurrent DVT
or PE, obesity, and pregnancy. How-
ever, we did not expect any of these
risk factors to be confounders in our
study (Appendix E4 [online]). Primary
analyses were unadjusted and adjusted
only for demographic variables (age,
sex, ethnicity). We also conducted
more customary analyses to determine
if measured covariates met statistical
criteria for confounders as long as they
were not hypothesized to act through
venous compression (Appendix ES
[online]).

In terms of effect modifiers, the
left-sidedness of DVT has been noted
to be more pronounced (9) in certain
types of patient groups. We performed
stratified analyses to identify possible
effect modification by location, chro-
nicity, and extent of DVT (iliofemoral
vs popliteal) (10), mode of diagnosis,
sex, ethnicity, indication, and timing of
the CT studies. Tests of heterogeneity
were performed, with P < .01 used
as a cutoff for identification of effect
modifiers.

Summary estimates were produced
with 95% confidence intervals (Cls),
and statistical significance was assessed
by using Wald tests (P < .03). Sensitiv-
ity analyses were performed, excluding
potentially influential observations and
cases with atypical anatomy in which
the right common iliac artery overlies
the RCIV.

Sample Size and Power

Prior case series suggested a difference
in proportions of 18%-26% between
patients with left-sided and those with
right-sided DVT (ie, proportion on the
left of 59%-63%) (4). On the basis of

May Thurner Syndrome Study

Reader

Case Number HN

X

Last Name

o

\

Compressed LCIV:
What slice:

NI

Distal LCIV:
What slice:

A\

G - Characterize the percentage of compression

None (0-25) Mild (25-50) Moderate (50-75) Severe (75-100)

K - Are there any bony spurs leading
to further compression?

H - Are there any calcifications noted
in the iliacs and/or abdominal aorta?

Yes No

| - Are there any other findings
specifically affecting one side?

Yes No

If so where:

J - Presence or absence of collaterals?

Yes No

Yes No

L - Is there DVT noted
on CT scan?

Yes No
If so where:

M - Do you recall reading
this case?

Yes No

N - Is this image adequate for
assessing iliac vein compression?

Yes No

Figure 2: Data entry form. AA = abdominal aorta.

these estimates, a sample size of 216
patients would be required to detect a
difference of 17% with 80% power (11).

Demographic Data

Patients with left- and those with right-
leg DVT were comparable in terms of
baseline demographic data and risk
factors for DVT (Table 1). Although pa-
tients with right- and those with left-leg
DVT were equally likely to have PE at

presentation, patients with left-leg DVT
were less likely to have a history of PE
(P = .013). Patients with left DVT were
more likely to have involvement of the
profunda femoris (P = .003) and com-
mon femoral vein (P < .001) segments
(Table 2) at presentation.

Measurement of lliac Vein Compression

Average values were determined for
each of the measurements obtained
in our study, along with summary esti-
mates of interreader, intrareader, and
intrapatient correlations (Tables 3, 4).
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Table 1 For the main quantitative measures

used to determine iliac vein compres

Baseline Clinical Characteristics of Patients with Left- and Those with Right-Leg DVT sion, intraclass correlation coefficients
Patients with Patients with ranged from 0.560 to 0.957. In our
Characteristic Right-Leg DVT (%) Left-Leg DVT (%) PValue masking substudy, the intraclass cor-
relation coefficient for comparison of
Demographic data masked and unmasked readings was
Age (y)” 96.3 * 184 584 £ 17.7 375 noted to be 0.942 for both radiologists
Female. SeX 2 (BUIE) S () iE combined. According to graphic inspec-
Nonwhite 42.7(447103) 48.8 (62/127) 356 tion, increasingly severe degrees of iliac
PE at presentation 28.2 (29/103) 30.7 (39/127) .673 vein compression (qualitative measure
Diagnosis made at CT or MR imaging 30 1(31/103) 27.6 (35/127) 672 L . A
Chronic DVT 8(6/103) 5.5 (7/127) 918 o.[ iliac vein c'ompressmn) were asso-
Risk factors for venous thromboembolism ciated with higher mean peljcentages
Active cancer 49.5 (51/103) 54.3 (69/127) 467 of percentage LCIV compression using
Recent surgery 27.2 (28/103) 19.7 (25127) 179 both measures of percentage compres-
Immobility 262 (27/103) 18. 11 23/127) 138 sion (Appendix E3 [online]).
Trauma 8 (7/103) 4(3127) 101 .
History of DVT 14 6 (15/103) 8 7(11127) 160 Percentage Compression
History of PE 6 (13/103) 3.9 (5/127) 015 The distributions of the measures of il-
Exogenous estrogen use’ .0 (1/103) 0.8 (1/127) 882 iac vein compression according to DVT
Hypercoagulable state .9 (4/103) 5.5 (7/127) 565 side are displayed in Figures 3 and 4.

By using the primary measure of iliac
vein compression and the distal RCIV
as the denominator for the calculation
of percentage compression, mean per-
centage compression was 36.6% (95%

Table 2 Cl: 33.4, 39.7). In terms of percentage
i i 74.8% (166

compression categorles,

Note.—Unless otherwise specified, data are percentages of patients, with raw data in parentheses.
* Data are means =+ standard deviations.
T Hormone replacement therapy or oral contraceptives.

Distribution of DVT Locations according to Side of DVT of 222) of patients were noted to have
Vein Segment Patients with Right-Leg DVT (%) Patients with Left-Leg DVT (%) PValue greater than 25% compression, 33.3%

had greater than 50% compression,
Popliteal 41.8 (43/103) 48.0 (61/127) 341 and 7.2% had greater than 70% com-
Femoral 50 5 (52/103) 55.9 (71/127) 413 pression. Twelve (9.8%) of 123 pa-
Profunda 9(3/103) 14.2(18/127) 003 tients with left DVT were noted to have
Common'f.emoral 35 9 (37/103) 59.1 (75/127) .000 greater than 70% compression, com-
External ".I?C 18.5 (19/103) 28.4 (36/127) .080 pal‘cd with four (4.0%) of 99 patients
Common iliac 13.6 (14/103) 11.8 (15/127) 686

with right DVT.

Note.—Data are percentages of patients, with raw data in parentheses (eg, 41.8% of patients with DVT in their right leg were ) ) ; :
noted to have clot in their popliteal vein). Multiple segments of the vein could be involved; hence, column totals do not add up to lliac Vein Compression as a Risk Factor

100%. for Left DVT
First, we tested our hypothesis that il-

Table 3 iac vein compression greater than 70%

(ves or no) would be associated with

Results of CT Readings: Intraclass Correlation Coefficients for Continuous greater odds of left DVT. Using logistic
Measurements regression analysis adjusted for demo-
Interreader Intrareader Intrapatient graphic variables (age, sex, ethnicity),
Continuous Measurement Mean (mm)* Coefficient Coefficient Coefficient we found that iliac vein compression
greater than 70% (yes or no) was asso-
Inferior vena cava diameter 15.7 0.818 0.932 0.743 ciated with increased odds of left DVT
RCIV diameter 121 0.620 0.916 0.832 (OddS ratio [OR]: 3.03: 95% CI: 0.91
Right common iliac artery diameter 10.6 0.809 0.905 0.688 10 15) (Table 5) Results were similar
Abdominal aorta dla.meter 16.6 0.693 0.736 0.742 for other measures of compression and
Compressed LCIV diameter 7.7 0.739 0.957 0.689 with different thresholds for iliac vein
Distal LCIV diameter 1.4 0.560 0.937 0.650

compression. Results were also similar
* Data represent the average of two radiologists’ readings. after adjusting for various risk factors
for DVT. Tests for interaction for age,

Radiology: \olume 265: Number 3—December 2012 = radiology.rsna.org 953
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Table 4

Results of CT Readings: Intraclass Correlation Coefficients for Ordinal or Binary Measurements

Interreader Interreader  Intrareader Intrareader  Intrapatient Intrapatient
Ordinal or Binary Measurement Percentage® Agreement (%) « Value (%) Agreement (%) « Value (%) Agreement (%) « Value (%)
Percentage of severe compression ratings NA 51.6 32.0 59.3 49.6 33.3 33.3
Percentage with calcifications in iliac arteries or aorta 62.3 95.9 91.2 80.0 64.7 86.7 86.7
Percentage with specific findings on one side 19.4 79.3 37.5 84.6 62.2 60.0 60.0
Percentage with collateral vessels 71 85.9 0 96.2 64.9 100 100
Percentage with bony spurs contributing to compression 201 81.1 41.4 80.0 39.0 80.0 80.0
Percentage with DVT noted on CT study 225 92.2 76.6 96.2 83.9 60.0 60.0
Percentage recalling having read this case 0.4 99.5 0 100 100 93.3 93.3
Percentage of cases noted to have adequate image quality  94.0 91.6 0.1 96.2 0 20.0 20.0

Note.—NA = not applicable.

* Mean percentage, averaged between the two radiologists’ readings.

sex, presence of unilateral findings,
ethnicity, presence of lower extremity
or pulmonary symptoms, mode of DVT
detection, location and extent of DV'T,
timing and indication for CT exami-
nation, presence of collateral vessels,
and history of PE were not statistically
significant (P > .01) (Table 6).

Given that iliac vein compression
greater than 70% may be associated
with left DVT, we then sought to deter-
mine if greater levels of percentage com-
pression were associated with greater
odds of left DVT. Lowess plots were cre-
ated to explore the relationship between
percentage compression and left DVT.
Splines were used in logistic regression,
with left DVT as the outcome and per-
centage LCIV compression as the expo-
sure, with knots set at 0.0% and 70%
(Fig 5). At levels of compression of less
than 70%, greater percentage compres-
sion was not found to be associated with
increasing odds of left DVT per 1% in-
crease in percentage compression (ORs:
1.00, 0.99, 1.02) (adjusted for demo-
graphic data) (Table 5). These results
were consistent using unadjusted and
adjusted logistic regression models, as
well as in logistic regression models us-
ing other spline knots and measures of
percentage compression.

The results of our study suggest that mild
or moderate levels of iliac vein compres-
sion were not associated with left DVT;

— Left DVT Cases
—— Right DVT Controls

-
n
1

Frequency
)

0.5

T
-0.5 0 0.5 1
Percentage LCIV Compression

Figure 3: Density plots of compressed LCIV diameter according to side of DVT.

Distal LCIV as Diameter Distal RCIV as Diameter

27 — Lot DVT Cases 27— LerDVT Cases
— Right DVT Controls — Right DVT Controls
1.5 1.5
Y oy
5 &
3 14 g 17
o o
L w
0.5+ 0.5 4
0 0
T T T T T T T T
-0.5 0 0.5 1 -0.5 0.5 1

0
Percentage LCIV Compression Percentage RCIV Compression

Figure 4:  Density plots of percentage LCIV compression values according to side of DVT and reference
used in the denominator to define compression. Left: LCIV as the reference. Right: RCIV as the reference.
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sex, ethnicity)

not applicable.

Data are ORs, with 95% Cls in parentheses. NA
* For the range values, ORs are those for left DVT for a 1-mm increase in compressed LCIV diameter for each range of compressed iliac vein diameter (>4.0 mm, 4-14 mm, and >14 mm).

Note.

*Percentage LCIV Compression 1 is that calculated by using the distal LCIV as the reference denominator. For the range values, ORs are spline ORs for left DVT for a 1% increase in percentage compression for each region of percentage compression

(<0%, 0%~-70%, and >70%).

*Percentage LCIV Compression 2 is that calculated by using the distal RCIV as the reference denominator. For the range values, ORs are spline ORs for left DVT for a 1% increase in percentage compression for each region of percentage compression

(<0%, 0%=70%, and >70%).

S$This OR was estimated—six of six patients with compression > 70% had left DVT, compared with 117 of 216 patients with < 70% compression. The OR was estimated by adding 0.5 to each cell.

however, iliac vein compression greater
than 70% was associated with substan-
tially greater odds for left DVT. We also
noted that greater than 70% iliac vein
compression occurred in 9.8% of pa-
tients with left DVT (12 of 123) and 4.0%
of patients with right DVT (four of 99).

The results of our study are consis-
tent with those of previous smaller stud-
ies on iliac vein compression. Fraser et
al (4) found evidence of at least 50% il-
1ac vein compression in 11 of 36 patients
(31%) with left-sided DVT compared
with two of 20 patients (10%) with right-
sided DVT and four of 28 control patients
(14.3%). Oguzkurt et al (8) compared
34 patients with left-sided DVT and 34
age-and sex-matched control subjects
without DVT and found that percentage
compression in patients with left-sided
DVT was significantly higher in patients
with left-sided DVT (74% vs 28%, P <
.001). The results of our study suggest
that iliac vein compression (>70%) may
be associated with an elevated risk of
left-sided DVT.

Although the data are limited, we
found a higher prevalence of severe il-
iac vein compression in our study com-
pared with prior studies. In a sample
of 50 emergency room patients under-
going pelvic CT, Kibbe et al (6) found
evidence of greater than 50% iliac vein
compression in 24% of patients (12 of
50); however, only 2% of patients were
noted to have iliac vein compression
greater than 70% (one of 50), com-
pared with 7.2% of patients in our
study. The higher percentages noted in
our study may also be attributable to
measurement error or selection biases
in which our sample of patients may
have been enriched for causes of DVT
that required percutaneous manage-
ment at a tertiary care center.

In our study, we also noted that pa-
tients with right DVT were more likely
to have a history of PE than patients
with left DVT. In a study of 75 patients
with unilateral DVT, Chan et al (5) found
that LCIV compression (compressed di-
ameter, <4 mm) was associated with
decreased odds of symptomatic PE.
These results provide some support for
the hypothesis that LCIV compression
may impede clot progression to the
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lungs. Additional studies of the natural
history of left versus right DVT are re-
quired to evaluate this hypothesis.

In our subgroup analyses, we did
not find any statistically significant
differences in the effects of iliac vein
compression in different subgroups;
however, we did note large differences
in some of the subgroups (women vs
men, white vs nonwhite patients, tim-
ing and mode of DVT diagnosis). Al-
though these differences were not
statistically significant, these subgroup
comparisons may have been underpow-
ered and represent findings for future
investigations.

Limitations of our study included
retrospective data collection, the lack
of an established reference standard
measurement, a lack of comprehensive
evaluation of the deep veins, and a small
number of patients with high levels of
compression. We noticed a lower ra-
tio of left:right DVT in patients with
DVT and pelvic CT compared with all
patients with DVT, suggesting that our
selection criteria may have decreased
the overall proportion of patients with
iliac vein compression. Although this
may limit the generalizability of our
findings, we did not find any statistically
significant differences when we strati-
fied according to indication for CT. In
addition, the use of patients with right-
sided DVT as a control group limits
confounding in our data set.

The lack of an established refer-
ence standard measurement of iliac
vein compression prevents us from fully
evaluating pelvic CT as a method of di-
agnosing iliac vein compression. Prior
investigators have described the use
of intravascular US to characterize not
only percentage compression but also
venous webs and spurs (12). Although
this method may be used to detect
more cases of iliac vein compression,
it may not be feasible in a population-
based study. Although these data were
not available, three-dimensional recon-
structions would have provided precise
determinations of the cross-sectional
area of the compressed iliac vein. In the
absence of a comparison with a refer-
ence standard measurement, we col-
lected and compared different measures

Table 6

Results of Effect Modification Analyses

Percentage Compression Test for Effect
Parameter No. of Patients >70% (Yes/No)* Modification
Combined 222 3.03(0.90, 10.15) NA
Sex 0.091
Male 92 0.42 (0.04, 4.97)
Female 130 6.41(1.29, 31.77)
Ethnicity 0.096
White 124 11.06 (1.27, 96.53)
Nonwhite 98 0.93 (0.19, 4.64)
Diagnostic modality 0.086
us 156 9.70 (1.15, 81.93)
CT and/or MR imaging 66 0.75(0.12, 4.66)
Chronicity of DVT NA
Acute 210 2.23(0.63,7.85)
Chronic 12 Not estimable
DVT location NA
Popliteal 30 Not estimable
lliofemoral 192 2.87 (0.84,9.78)
Indication for CT 0.587
Not cancer 99 3.49 (0.61, 19.95)
Cancer 123 2.52 (0.46, 13.92)
Timing of CT examination 0.396
Before or concurrent with DVT 172 3.71 (0.94, 14.65)
After DVT 50 1.06 (0.06, 18.86)
DVT involvement 0.969
Isolated 107 2.59 (0.40, 16.76)
Multiple segments 115 3.40 (0.65, 17.92)
Presence of collateral vessels 0.904
No 191 3.23(0.79, 13.11)
Yes 31 2.68 (0.24, 30.40)
Symptomatic DVT and/or PE 0.986
Lung and/or leg Symptoms 144 Not estimable
No symptoms 69 0.53 (0.09, 2.96)

Note.—NA = not applicable.
* Data are ORs, with 95% Cls in parentheses.

of iliac vein compression to provide us
with indirect assessments of iliac vein
compression. High intrareader (0.91-
0.94) intraclass correlation coefficients
were noted, while moderate interread-
er (0.56-0.74) and intrapatient (0.65-
0.83) intraclass correlation coefficients
noted. Overall, results
were noted by using quantitative and
qualitative measures of iliac vein com-
pression. Finally, comprehensive eval-
uation of the deep veins was not per-
formed, as patients with DVT diagnosed
at pelvic CT may have had undiagnosed

were similar

popliteal DVT. However, the percentage
of cases and control subjects in whom
the diagnosis was made with CT and/
or MR imaging was similar, suggesting
a source of error that biases the study
toward the null (13).

In conclusion, we found that mild
or moderate iliac vein compression was
not associated with an elevated risk
of left-sided DVT, while greater than
70% compression may be associated
with an elevated risk of left-sided DVT.
Further studies are needed to better
characterize the risk and outcomes
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Figure 5:  Odds of left DVT versus percentage LCIV compression (using distal RCIV as refer-

ence denominator) is modeled by using logistic regression with splines (solid line with dots) with
95% confidence limits (upper and lower lines). Knots are set at 0% and 70% with reference at
36.6%. Density plot with distributions of percentage compression values by side of DVT is over-
laid on top of regression lines (blue line = patients with left-sided DVT, orange line = patients
with right-sided DVT). kdensity = Frequency of patients with left-sided DVT or right-sided DVT

with a given level of percentage stenosis.

of patients with high levels of LCIV
compression.
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