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Analysis of patent, unstented lower extremity vein

segment diameters in 266 patients with venous disease
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ABSTRACT
Objective: The objective of this study was to characterize the average maximum diameters of widely patent lower
extremity vein segments in patients with underlying venous disease and the demographic factors that affect these
diameters.

Methods: Maximum axial diameters of each deep vein segment from the diaphragm to the knee were measured from
computed tomography venography studies for all patients who underwent venous stent placement during a 20-year
period at a single quaternary venous referral institution. Limbs containing only widely patent, unstented vein seg-
ments without variant anatomy were identified for inclusion. The final analysis involved diameter measurements from
870 imaging studies of 266 patients. Multivariate linear regression was used to identify factors associated with vein
segment diameters.

Results: Average vein segment diameters ranged from 7.8 mm for the left and right femoral veins to 27.9 mm for the long
axis of the suprarenal inferior vena cava. Multivariate linear regression demonstrated that women had larger IVC, com-
mon iliac vein, and external iliac vein diameters, whereas men had larger common femoral veins. Laterality, height,
weight, and sex also had statistically significant associations with the diameters of select vein segments.

Conclusions: This study provides an estimate of the average diameters of widely patent deep vein segments in the lower
extremities from the diaphragm to the knees in patients with underlying venous disease and characterizes covariates
that significantly affect vein diameter. These findings may help interventionalists better select devices for endovascular
intervention. (J Vasc Surg: Venous and Lym Dis 2020;8:841-50.)

Keywords: Venous anatomy; Venous insufficiency; Venous thromboembolism; Cross-sectional anatomy; Endovascular
procedures
Despite millennia of anatomic exploration and knowl-
edge, no large-scale studies of widely patent lower ex-
tremity vein segment or inferior vena cava (IVC)
diameters have been published. The clinical relevance
of vein segment diameters has arguably gained impor-
tance only recently with the advent of endovenous inter-
ventions, such as IVC filter and venous stent placement.
IVC filter placement is often performed to prevent pul-

monary embolism in patients with known deep venous
thrombosis (DVT) or in patients at high risk of DVT who
have contraindications to anticoagulation.1-5 Migration,
defined as cranial or caudal movement of the filter by
>2 cm after placement, is one of the most common
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complications after IVC filter placement.1,6 The reported
rate of filter migration varies from 0% to 18%, with the
majority of these events being clinically asymptomatic.1

Clinically significant filter migration, defined as migra-
tions that are either symptomatic or require further inter-
vention, occurs in approximately 1.3% of cases.6 In rare
cases, the filter may migrate or embolize into the heart
or lungs, which may have fatal consequences.7 Although
filter migration may occur for a variety of reasons, one
common cause is placement of a filter that is undersized
for the infrarenal IVC.6,7 Many common filters, such as the
G2 filter (Bard Peripheral Vascular, Tempe, Ariz) and the
Greenfield filter (MedTech/Boston Scientific, Watertown,
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center, retrospective study
d Key Findings: Analysis of patent, unstented vein
segment diameters from 266 patients with underly-
ing venous disease revealed average maximum di-
ameters ranging from 7.8 mm for the left and right
femoral veins to 27.9 mm for suprarenal inferior
vena cava. Diameters were significantly affected by
laterality, height, weight, and sex.

d Take Home Message: The authors present average
lower extremity vein diameters and the factors that
affect vein segment diameter. Knowledge of these
diameters can help guide personalized device
selection.
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Mass), are approved for IVCs <28 mm and are at risk for
migration or embolization if they are placed in vena
cava with diameters of 28mm or larger. In these patients,
filters such as the Günther Tulip (Cook Medical,
Bloomington, Ind), OptEase (Cordis Corp, Miami, Fla), or
Bird’s Nest (Cook Medical), which are approved for larger
IVCs (30-40 mm), should be used.6 An analysis of IVC
diameters and the prevalence of IVC diameters of
28 mm or larger can help guide device selection and
potentially decrease the rate of this rare but potentially
fatal complication of IVC filter placement.
In the lower extremities, endovenous stent placement

is often used to address occlusion or stenosis caused
by vessel thrombosis or compression, with the goal of
re-establishment of the native vein segment diam-
eter.8-10 In a survey of 107 interventional radiology phy-
sicians about endovenous practices, only 5% to 10%
reported choosing lower extremity venous stent size
on a case-by-case basis, with the rest selecting a stent
size that falls in a “default stent range” for a particular
vein segment.11 This approach to stent selection may
stem from a lack of data on native vein segment diam-
eters and of the factors that affect native vein segment
diameters. However, obtaining data to address these is-
sues is difficult. Often, by the time a patient’s vessels
are imaged, the vessels are diseased and the native
vessel diameter is difficult to determine, making study
of normal vein segment diameters challenging. In
addition, even in normal, healthy volunteers, the preva-
lence of asymptomatic venous disease is high.12-14 In a
study by Raju et al,12 the researchers used indirect
methods, such as Poiseuille’s law, Young’s scaling law,
and analysis of only the top 5% of measurements
from a diseased cohort, to provide an estimate of
normal vein diameters. Although there are some ad-
vantages to this approach due to the difficulty of
directly measuring normal veins, the accuracy of these
estimates is difficult to determine. For example, the au-
thors make the assumption that the top 5% of
diseased vein diameters should approach normal (non-
stenotic) vein diameters. It is possible, however, that
these top 5% of values are actually abnormally
enlarged because of more central stenosis or obstruc-
tion.15 This approach also does not take into account
the significant variability in vein diameters seen in the
limited number of previous studies.16,17 Whereas clinical
outcomes for lower extremity venous stent placement
have generally been excellent,18,19 oversized or under-
sized stents may lead to adverse events, such as back
pain or restenosis.19,20 Learning how different factors
such as sex, height, and weight affect vein diameter
could help further optimize patient outcomes after
venous stent placement.
This study aimed to characterize average diameters for

all nondiseased deep vein segments from the dia-
phragm to the knee in patients with underlying venous
disease and the covariates associated with vein segment
size. By addressing this knowledge gap in fundamental
venous anatomy, this study may potentially assist in de-
vice selection for the endovascular treatment of venous
disease.

METHODS
Patient identification and clinical data collection. This

study was performed with Institutional Review Board
approval, and informed consent was waived because of
the retrospective nature of the data collection. By use
of a cohort selection tool21 that selects patients on the
basis of International Classification of Diseases, Ninth or
Tenth Revision (ICD-9/10) diagnoses and Current Proce-
dural Terminology codes, adult patients who underwent
endovenous stent placement at a single quaternary care
center were identified. For procedures after 2014, pa-
tients were identified by Current Procedural Terminology
code (37238, 37239). For procedures before 2014, patients
were identified by cross-referencing ICD-9 codes (00.40-
00.48) with the presence of at least one interventional
radiology procedure report containing the word stent.
Patients’ charts were manually reviewed to identify in-
dividuals who underwent venous stent placement by
interventional radiology physicians and had at least one
computed tomography (CT) venography scan available
for review. This yielded a total of 1317 CT venography
studies from 371 patients between January 1998 and
March 2018. Detailed clinical data, including patients’
demographics, were extracted from patients’ charts and
archived using REDCap22 (Vanderbilt, Nashville, Tenn). In
addition, the diagnosis of iliac vein compression syn-
drome was also recorded, either by ICD-9/10 code (I87.1)
or by mention of iliac vein compression syndrome, May-
Thurner syndrome, or Cockett syndrome in the
patient’s chart.

Imaging analysis and final cohort selection. CT imag-
ing was performed on 8-, 16-, or 64-row multidetector



Fig 1. Examples of the methods used to obtain maximum diameters of different vein segments. In the suprarenal
and infrarenal inferior vena cava (IVC), measurements were made in two axes (long and short); in all other vein
segments, measurements were made in one axis. A, Coronal view of the IVC. The arrow marks the origin of the
renal vein, separating the suprarenal and infrarenal portions. The dashed line marks the approximate location of
the maximum diameter. K, Kidney. B, Axial view at this level. The maximum long axis (solid line) and short axis
(dotted line) measurements are shown. A, Artery. C, Coronal view at the level of the common femoral vein. The
inguinal ligament (solid line) separates the external iliac from the common femoral vein, and the origin of the
profunda femoris vein (arrow) separates the common femoral vein from the femoral vein. The dashed line marks
the approximate location of the maximum diameter. D, Axial view at this level. The maximum diameter (solid
line) is shown. Multiple arteries (A) and lymph nodes (L) are also shown in this image.
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scanners (General Electric Medical Systems, Milwaukee,
Wisc; Siemens Healthineers, Erlangen, Germany). CT
venography of the abdomen, pelvis, and lower extrem-
ities was performed after a 180-second delay following
intravenous injection of a contrast agent, usually
through an upper extremity peripheral intravenous or
central line. Axial, sagittal, and coronal CT venography
images of 5-mm thickness or less were reviewed by two
interventional radiology physicians on the institutional
picture archiving and communication system. Three-
dimensional reconstruction images were also
reviewed. These physicians each had >10 years of
experience in interventional radiology and also received
training on the measurement and image analysis
standards for this project. Maximum diameters were
measured for all visualized deep vein segments from
the diaphragm to the knee for each imaging study us-
ing the electronic calipers picture archiving and
communication system tool in the axial plane. This
process is depicted in Fig 1. For the IVC (split into su-
prarenal and infrarenal segments), maximum di-
ameters in both long axis and short axis were measured
and recorded. For other vein segments (common iliac,
external iliac, common femoral, femoral, and popliteal
veins), maximum diameters were measured and
recorded from the axial images in one axis, perpendic-
ular to the vessel centerline, similar to techniques
employed in previous studies.23-25 The presence of
variant anatomy (such as the duplication or absence of
a vein segment), current or prior DVT, venous collaterals,
post-thrombotic changes, or previously placed stents
were recorded in each imaged vein segment, and any
vein segment containing one of these was excluded
from the analysis. In addition, any vein segment up-
stream or downstream from that vein segment was also
excluded, resulting in analysis of only vein segments in
patent, unstented limbs without post-thrombotic
changes or variant anatomy. For example, if a stent
was present in the left common iliac vein, all vein seg-
ments from the suprarenal IVC to the left popliteal vein
were excluded from the analysis. In addition, if a DVT
was present in the infrarenal IVC, then all measure-
ments from that study were excluded from the analysis.
After exclusion of any vein segments that were not in



Fig 2. Inclusion and exclusion criteria applied to this study and the number of patients affected by each criterion.
In this figure, the number (N) refers to number of patients. CPT, Current Procedural Terminology; CT, computed
tomography; ICD-9, International Classification of Diseases, Ninth Revision; IR, interventional radiology.
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patent, unstented limbs, the final study cohort included
6165 vein segment diameter measurements derived
from 870 CT venography studies of 266 patients. The
identification and selection of the final cohort are
diagrammed in Fig 2.
Statistical analyses. Characteristics of the study popu-

lation and subgroups are described as absolute numbers
and percentages for categorical variables, with mean
and standard deviation or median and interquartile
range reported for continuous variables. Average vein
diameters for the cohort were calculated in two steps:
vein measurements were first averaged across imaging
studies at the patient level (as some individuals had mul-
tiple imaging studies), producing a single set of vein
diameter measurements for each patient; these
patient-level values were then averaged across the
entire cohort. Both intrapatient variability (ie, variability in
vein segment measurements across an individual’s im-
aging history) and interpatient variability in vein diam-
eter were calculated for each vein segment. Averages of



Table I. Patient and imaging study characteristics of
cohort

Patient characteristics (N ¼ 266)

Sex

Female 167 (63)

Male 99 (37)

Race

White 188 (71)

Nonwhite 78 (29)

Height and weight

Height, cm 169.4 (10.4)

Weight, kg 81.0 (22.3)

Risk factors

Iliac vein compression syndrome 115 (43)

Imaging study (CT venography)
characteristics (n ¼ 870)

Age, years

Age at time of imaging study 54 (46, 64)

Limbs

Right only 321 (37)

Left only 70 (8)

Bilateral 479 (55)

CT, Computed tomography.
Categorical variables are presented as number (% of total). Continuous
variables are presented as average (standard deviation) or median (Q1,
Q3).
Limbs are defined as extending from the suprarenal inferior vena cava
to the popliteal vein and are included if no vein segment in the limb
contains a deep venous thrombosis, post-thrombotic changes, variant
anatomy, or stent. The diagnosis of iliac vein compression syndrome
was based on retrospective chart review, either by International Clas-
sification of Diseases, Ninth or Tenth Revision code (I87.1) or by mention
of iliac vein compression syndrome, May-Thurner syndrome, or Cockett
syndrome in the patient’s chart.
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the largest 75%, 80%, and 90% of diameters of each vein
segment were also calculated. Linear regression analysis
was performed using number of days from baseline as a
predictor of change in vein segment diameter from
baseline. Multivariate linear regression was performed
separately for each vein segment, using sex, laterality (left
or right leg), weight, and height as predictors of
maximum vein segment diameter.

RESULTS
Cohort description and average vein segment

diameters. Patient and imaging study characteristics are
presented in Table I. The mean imaging follow-up period
for each patient was 1.7 6 2.8 years. Average diameters of
widely patent vessels are shown in Fig 3 and Table II
along with corresponding intrapatient and interpatient
variability. Averages of the largest 75%, 80%, and 90%
diameters of each vein segment are shown in Table III.
Linear regression analysis predicting the change in vein
segment diameter from the number of days from the
patient’s first (baseline) measurement had a coefficient
of determination (R2) of 0.0049 for all vein segments.

Multivariate linear regression. The results of multiple
linear regression analyses predicting the maximum vein
diameters of the suprarenal IVC long axis (F3,139 ¼ 6.3;
P ¼ .0005; R2 ¼ 0.12), infrarenal IVC long axis
(F3,136 ¼ 7.0; P ¼ .0002; R2 ¼ 0.13), common iliac vein
(F4,383 ¼ 15.5; P < .0001; R2 ¼ 0.14), external iliac vein
(F4,384 ¼ 26.5; P < .0001; R2 ¼ 0.23), common femoral
vein (F4,385 ¼ 32.9; P < .0001; R2 ¼ 0.25), femoral vein
(F4,199 ¼ 21.2; P < .0001; R2 ¼ 0.03), and popliteal vein
(F4,191 ¼ 7.9; P < .0001; R2 ¼ 0.14) are shown in Table IV.
Increases in weight and height are generally associated
with statistically significant but modest increases in vein
diameter. On average, the right common iliac vein
(1.36 mm larger; P < .0001) and right external iliac vein
(0.40 mm larger; P < .05) are significantly larger than
their contralateral counterparts. Women had signifi-
cantly larger suprarenal IVCs (1.27 cm larger; P < .05),
infrarenal IVCs (2.22 cm larger; P < .05), common iliac
veins (0.99 mm larger; P < .05), and external iliac veins
(0.86 mm larger; P < .05) and significantly smaller com-
mon femoral veins (1.01 mm smaller; P < .0001) than
men. Race did not have a statistically significant effect on
any vein segment diameter and therefore was not
included in the final analysis.

DISCUSSION
Iliofemoral vein diameters. Published studies of

directly measured patent lower extremity vein segment
diameters are extremely limited. In two studies of the
common femoral vein, the average diameter was
10.6 mm with a standard deviation of 2.9 mm in one
study17 and 11.8 mm with a standard deviation of
2.1 mm in another.16 Neither of these studies separated
vein segments on the basis of laterality. In this study, the
average diameter of the common femoral vein was
comparable to previous studies at 11.2 mm with a stan-
dard deviation of 2.3 mm bilaterally. In the study of Raju
et al,12 which used indirect methods to provide estimates
of normal vein segment diameters, the recommended
stent diameters were 16 to 18 mm in the common iliac
vein, 14 mm in the external iliac vein, and 12 mm in the
common femoral vein. In this study, the average di-
ameters of the common iliac and external iliac vein were
smaller at 13.6 mm and 12.8 mm, respectively, on the
right and 12.2 and 12.3 mm, respectively, on the left. These
differences are likely to be due to a number of factors
resulting from the different methods used in the two
studies. For example, the study of Raju et al12 included
only diseased limbs in the cohort, and their method of
analyzing only the top 5% of values was a way of
approximating nondiseased diameters from diseased
limbs. However, it is possible that these top 5% of values
are actually dilated veins due to more central stenosis or
obstruction, resulting in overestimation of the true



Fig 3. Pictorial representation of the average vein segment diameters of the analyzed vein segments from the
suprarenal inferior vena cava (IVC) to the bilateral popliteal veins.
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diameter. In contrast, this study removed limbs with ev-
idence of current or prior DVT or post-thrombotic syn-
drome (PTS) a priori through manual imaging review of
CT venography images. A large meta-analysis has shown
that the sensitivity of CT venography for detecting DVT is
high at 96%,26 meaning that the included limbs have a
high likelihood of being free from DVT. Although studies
on the diagnosis of PTS with CT venography are sparse,
one study showed a sensitivity of 92%,27 meaning that
included limbs were also likely to be free from PTS.
However, even after controlling for sex, height, and
weight, it is notable that the right common and external
iliac veins were larger than their corresponding vein
segments on the left in this study. This suggests that
many of the included left limbs displayed evidence of
iliac vein compression syndrome (also known as May-
Thurner syndrome or Cockett syndrome), a well-
recognized anatomic variant characterized by compres-
sion of the left common iliac vein against the fifth lumbar
vertebra by the right common iliac artery, resulting in
nonthrombotic iliac vein stenosis.28-31 For these vein
segments, it is likely that the right-sided segment pro-
vides a better target for stenting as the rate of right-sided
stenosis is significantly less than that of left-sided
stenosis.32,33

However, because right-sided stenosis still occurs and
CT venography is not 100% sensitive for the detection
of DVT or PTS, it is possible that some diseased vein
segments are still included in this analysis. To account
for this, it is reasonable to exclude a certain percentage
of the smallest measurements in a method similar to
that of Raju et al, with the assumption that the major-
ity of occultly diseased segments are accounted for in
the bottom of the diameter distribution. The percent-
age of measurements to exclude is difficult to deter-
mine. Based on sensitivities of 92% and 96% for
diagnosis of PTS and DVT, it is reasonable to exclude
as little as 10%; however, some may understandably
argue that it is prudent to exclude up to 25% to pre-
vent the placement of undersized stents. Table III pro-
vides an average of the top 90%, 80%, and 75% of vein
segment diameters. Even with the most conservative



Table II. Average maximum diameters of vein segments

No. of patientsa No. of measurementsb
Average vein
diameter, mm

Average intrapatient
SD, mm

Interpatient
SD, mm

Suprarenal IVC

Long 146 455 27.9 1.8 2.2

Short 124 388 20.0 2.8 4.9

Infrarenal IVC

Long 143 455 23.4 1.7 3.3

Short 143 446 20.4 1.6 3.7

Common iliac vein

Right 239 758 13.6 1.2 2.9

Left 157 519 12.2 1.3 3.1

External iliac vein

Right 242 758 12.8 1.2 2.5

Left 155 508 12.3 1.3 2.6

Common femoral vein

Right 242 755 11.2 1.3 2.3

Left 155 504 11.2 1.3 2.3

Femoral vein

Right 142 229 7.8 0.8 1.6

Left 66 96 7.8 1.2 1.9

Popliteal vein

Right 137 215 8.9 0.5 1.8

Left 63 79 8.9 0.8 1.9

IVC, Inferior vena cava; SD, standard deviation.
aThe number of patients with at least one measurement for the corresponding vein measurements.
bThe number of total measurements for the corresponding vein segment.
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approach of excluding 25% of measurements, the
average diameter of the right common iliac vein
(14.8 mm) is still smaller than the 16- to 18-mm stent
diameter recommendation by Raju et al.12

This study and the previously published studies on
vein segment diameters have demonstrated sizable
interpatient variability, with standard deviations of
approximately 2 to 3 mm for most vein segments.16,17

Fronek et al16 analyzed the effect of age, race/ethnicity,
and sex on the diameter of the common femoral vein
and found that men had significantly larger common
femoral veins, a result that was replicated in this study
(Table IV). Fronek et al also found that common femoral
vein diameter decreased significantly after the age of
60 years and was significantly smaller in Hispanic and
Asian patients.16 The ethnicity differences were not
replicated in this study, probably because of the smaller
cohort size and its relative homogeneity. In addition,
given that vein diameters in multiple imaging studies,
some of which occurred more than a decade apart,
were averaged for each patient, age was not included
as a factor in this analysis.
In addition to men having larger common femoral

veins, sex also had a statistically significant effect on the
diameters of the IVC, common iliac vein, and external
iliac vein. After differences in height and weight were
accounted for, women had larger suprarenal IVCs,
infrarenal IVCs, common iliac veins, and external iliac
veins than men (by 1.27 cm, 2.22 cm, 0.99 cm, and
0.86 cm, respectively). The reason for these sex differ-
ences may be secondary to differences in pelvic anatomy
and vascular demands between the sexes, but further
research is needed to investigate these hypotheses.
Height and weight also had statistically significant ef-

fects on vein segment diameter, although these were
relatively clinically modest (Table IV). To illustrate, the
multivariate linear regression model for the common
iliac vein predicts that an individual who weighs 100 kg
(220 pounds) would have common iliac veins that are
only 0.60 mm larger than those of an individual who
weighs 50 kg (110 pounds). Similarly, a 183-cm (6-foot) in-
dividual would be expected to have a common iliac vein
0.99 mm larger than that of a 152-cm (5-foot) individual.
Height and weight appear unlikely to drastically affect
vein diameter except at the extremes of body habitus
for most vein segments.

IVC diameters. The average diameter of the infrarenal
IVC long axis was 23.4 mm, which is well below the
maximum diameter for all commonly used IVC filters.



Table III. Average of top 90%, 80%, and 75% of
measurements

Top 90%
(Z > �1.28)

Top 80%
(Z > �0.84)

Top 75%
(Z > �0.67)

Suprarenal IVC

Long 28.4 28.8 29.0

Short 20.9 21.7 22.1

Infrarenal IVC

Long 23.9 24.4 24.6

Short 21.1 21.6 21.8

Common iliac vein

Right 14.2 14.6 14.8

Left 12.7 13.2 13.4

External iliac vein

Right 13.2 13.5 13.7

Left 12.7 13.1 13.3

Common
femoral vein

Right 11.5 11.9 12.1

Left 11.6 11.9 12.1

Femoral vein

Right 8.0 8.2 8.4

Left 8.0 8.3 8.4

Popliteal vein

Right 9.3 9.5 9.7

Left 9.2 9.5 9.6

IVC, Inferior vena cava.
Values are reported in millimeters.

Table IV. Multiple linear regression results: Change in vein
diameter expected on the basis of covariate value

Vein segment
Female

sex
Right

laterality
Weight,

kg
Height,
cm

Suprarenal IVC, long 1.27a N/A 0.01 0.08b

Infrarenal IVC, long 2.22a N/A 0.005 0.15c

Common iliac vein 0.99a 1.36c 0.012 0.032c

External iliac vein 0.86a 0.40a 0.018a 0.11c

Common
femoral vein

�1.01c �0.011 0.037c 0.0074

Femoral vein �0.67 �0.019 0.0037 �0.011

Popliteal vein �0.087 0.042 0.011a 0.042a

IVC, Inferior vena cava; N/A, not applicable.
Sex and laterality values indicate expected absolute change in vein
diameter (in millimeters) based on having female sex and right later-
ality, respectively. Weight and height values indicate expected change
in vein diameter (in millimeters) per 1 unit increase in covariate.
aP < .05.
bP < .001.
cP < .0001.
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However, 16 of the 143 patients (11%) with IVC measure-
ments in this study had IVC diameters of 28 mm or
larger, putting them at increased risk for filter migration
or embolization. After the other variables were controlled
for, female sex and height had statistically significant ef-
fects on infrarenal IVC diameter, whereas weight did not
have a statistically significant effect (Table IV). Based on
themultivariate linear regression model, a woman would
be expected to have an infrarenal IVC that is 2.22 mm
larger than that of a man of the same height. In addition,
a 183-cm (6-foot) individual would be expected to have
an infrarenal IVC that is 4.65 mm larger than that of a 152-
cm (5-foot) individual of the same sex. These findings
suggest that tall female patients are more likely to have
larger IVC diameters and are therefore at greater risk for
placement of undersized IVC filters and subsequent
migration or embolization.

Study limitations. Although certain factors affecting
vein segment diameter were accounted for in this study,
it was impossible to control for other variables that may
affect vessel size, such as hydration status and patient
positioning (supine vs upright). Whereas it is widely
accepted that hydration has a moderate effect on IVC
size,34-37 some studies have shown that the long axis of
the IVC experiences a <10% diameter change in a pa-
tient with hypovolemia compared with the same patient
after resuscitation.38 In addition, there is some evidence
that the effect of hydration on the iliac and femoral vein
segment diameters is mild.39 Physiologically, because
the iliac and femoral veins are thin-walled tubes, they
reach the top portion of the volume-pressure curve even
at low pressures. In other words, these vein segments are
already full at physiologic venous pressures, and it would
take substantial changes in hydration status to signifi-
cantly affect their diameters.40,41 Given the elective na-
ture of most endovenous stent placement procedures, it
is unlikely that most patients are at the extremes of hy-
dration at the time of their scans, minimizing the effect
of hydration on vein segment diameter. Patient posi-
tioning may also have an effect on vein segment di-
ameters. Because CT scans are performed with the
patient supine, it is possible that measurements would
be different in Trendelenburg or reverse Trendelenburg
positioning because of venous compliance. A few studies
have shown little or no effect of positioning on lower
extremity vein diameter42,43; others have shown moder-
ate44 or large45 effects, indicating the need for further
studies on this topic.
One potential limitation of this study is that the cohort

was derived from a database of patients who at some
point in their clinical history underwent stenting for
venous disease, limiting the study’s applicability to the
general population. To ensure that only vein segments
that were highly likely to be normal were included in
the study, limbs with current or prior DVTs, stents, post-
thrombotic changes, collateral vessels, or variant anat-
omy were excluded. In an attempt to exclude occult
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disease, averages of the top 75%, 80%, and 90%
(ie, excluding the smallest 10%, 20%, and 25%) of vein di-
ameters were also calculated. Despite these measures,
the possibility of occult disease remains, particularly in
the left limb because of the prevalence of iliac vein
compression syndrome. Unfortunately, direct compari-
son of vein diameters of venous patients with a control
group of nonvenous patients is limited in a retrospective
study as only patients with venous disease receive CT
venography in normal clinical practice.
Another limitation of this study is the inherently error

prone process of manual radiologic and clinical data
collection. To limit errors in data entry, data curators
were routinely trained in best practices for acquiring
vein measurements by the senior investigator. Auto-
mated data validation systems within the REDCap data-
base (eg, the flagging of text data entered into a
numerical data field) were also employed.22 In addition,
a team composed of data scientists and clinicians sys-
tematically screened, validated, and cleaned the data
to generate the final data set for analysis.

CONCLUSIONS
Based on an analysis of vein segment measurements

from 266 patients undergoing venous stenting, this study
provides an estimate of the average diameters of widely
patent deep veins in the lower extremities from the dia-
phragm to the knees. In addition, this study characterizes
covariates that significantly affect vein diameter: right lat-
erality is associated with larger common and external
iliac vein size; women have larger IVCs, common iliac
veins, and external iliac veins but smaller common
femoral veins; and increased height and weight portend
modest increases in vein diameter across multiple vein
segments. These findings can help interventionalists bet-
ter select devices for endovascular intervention with the
goal of preventing complications and improving patient
outcomes.
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