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amic response to balloon

angioplasty in the treatment of outflow anomalies of

internal jugular veins
Alessia Giaquinta, MD, PhD,a Clive B. Beggs, PhD,b Massimiliano Veroux, MD, PhD,a Ester De Marco, MD,a

Adalberto Sanzone, MD,a Carla Virgilio, MD,a and Pierfrancesco Veroux, MD,a Catania, Italy; and Leeds,

United Kingdom
ABSTRACT
Objective: Percutaneous transluminal angioplasty (PTA) of the internal jugular veins (IJVs) has been proposed in recent
years to treat chronic cerebrovascular venous insufficiency, with discordant results. Moreover, very little is known about
the efficacy of PTA in restoring a normal cerebral venous outflow. The aim of this study was to investigate the anatomic
factors and patient characteristics that might influence the efficacy of PTA of the IJV.

Methods: There were 797 consecutive patients with venous outflow anomalies who underwent standardized, operator-
independent catheter venography and PTA of the IJVs. Before and after PTA, morphologic and hemodynamic anomalies
of the IJVs were documented. The primary end point of the study was to evaluate the morphologic factors influencing
the efficacy of angioplasty in improving IJV outflow.

Results: PTA resulted in an increased outflow through the IJVs in most patients. However, younger individuals with
transverse endoluminal defects and higher pre-PTA flows are more likely to respond well to PTA compared with those
who exhibit hypoplasia, stenosis, or longitudinal endoluminal defects.

Conclusions: This study identified the factors that influence and could predict the efficacy of PTA in the treatment of IJV
anomalies. (J Vasc Surg: Venous and Lym Dis 2017;5:777-88.)
In recent years, there has been considerable interest in
the use of percutaneous transluminal angioplasty (PTA)
of the internal jugular veins (IJVs) to treat chronic cere-
brospinal venous insufficiency (CCSVI), a vascular condi-
tion reportedly associated with multiple sclerosis (MS).1-6

Many thousands of PTA operations have been performed
around the world, with the procedure generally consid-
ered to be safe.7-10 Despite this, the use of PTA to alleviate
CCSVI remains controversial,11,12 with published evidence
in support of the procedure being somewhat limited.
Although a number of studies have demonstrated that
PTA can improve quality of life indicators in MS
patients13-15 and normalize venous hypertension16 and
cerebrospinal fluid motion,17 relatively little is known
about its efficacy with respect to the normalization of
cerebral venous outflow. A previous work has shown a
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high prevalence of anomalous delayed flow through
IJVs in patients with MS.18 That study also demonstrated
that although PTA generally improves IJV blood flow in
MS patients with moderate delayed flow, in those with
severe delayed flow, the procedure is successful in only
a minority of patients.18 This suggests that variations in
vascular disease may strongly influence the efficacy of
the procedure, with some morphologic features more
amenable to PTA than others. With this in mind, we
undertook the study presented here to investigate the
hemodynamic response to balloon angioplasty in the
treatment of cerebral outflow abnormalities. In particular,
we were interested in understanding the extent to which
stenosis, hypoplasia, endoluminal defects, and muscle
compression influence the efficacy of the PTA procedure.

METHODS
Study design. This was a single-center clinical

study designed to evaluate, using a standardized and
operator-independent catheter venography protocol,
the morphologic factors influencing the efficacy of
balloon angioplasty in the treatment of outflow anoma-
lies of IJVs. The study was unfunded, with the Italian
National Health System covering all the costs of the
procedures. The patients and investigators were not paid
for their participation. The study was approved by the
ethical committee of the University Hospital of Catania.
All patients signed an informed consent form on which
the potential risks and benefits of the study treatment
were detailed.
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center retrospective study
of prospectively collected data

d Take Home Message: Analysis of 797 patients under-
going balloon angioplasty of the internal jugular vein
revealed that younger individuals with transverse
endoluminal defects are more likely than those
with hypoplasia and stenosis to respond well to
balloon angioplasty.

d Recommendation: Anatomic characteristics and
age should be considered in the selection of patients
for balloon angioplasty of the internal jugular vein.
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From May 2011 to December 2014, a total of 996
consecutive patients with venous outflow anomalies
underwent balloon angioplasty of the IJVs. All patients
underwent color Doppler ultrasound of the IJVs in
accordance with the recommendations of the interna-
tional consensus conference on the use of color
Doppler ultrasound in patients with CCSVI.19,20 Patients
were included in our study and underwent catheter
venography of the IJVs with IJV stenosis >50%, associ-
ated with anomalous outflow, and with at least two of
the following symptoms: headache or migraine,
chronic fatigue, bladder dysfunction, and walking
impairment. Asymptomatic patients or patients with
IJV bilateral thrombosis, presence of pacemakers,
documented severe intolerance to contrast medium,
and no compliance with therapy were excluded.
IJV morphologic and hemodynamic anomalies were

documented before and after PTA using a standard-
ized, validated, operator-independent catheter venog-
raphy protocol in all patients.18,21 In brief, all
procedures were performed under local anesthesia,
and access to the venous system was achieved
through a percutaneous anterograde approach of the
right common femoral vein under ultrasound guidance
to avoid pain and accidental arterial puncture. After
placement of an 8F sheath introducer, an intravenous
bolus of 5000 units of heparin was administered. The
right IJV was first cannulated, and selective venography
was performed by automatic injection of a low-
viscosity contrast medium at 4 mL/s for 2 seconds
(a total of 8 mL for each aquisition). The frame rates
were as follows: 3 frames/s for the first 4 seconds and
then 2 frames/s for 8 seconds, for a total of 28 frames
in 12 seconds. The long acquisition time was used to
detect a delay of contrast medium clearance through
the IJVs. After receiver operating characteristic anal-
ysis,18 IJVs with a clearance time of #4 seconds (frames
7-11) were considered normal.
As a consequence, IJVs with a clearance time

between 12 and 15 frames (4.1-6 seconds) were consid-
ered to have a moderate delayed flow, whereas IJVs
with a clearance time >16 frames (>6.1 seconds)
were considered to have a severe delayed flow. The
same procedure was used for the left IJV. In particular,
for the right and left IJVs, we evaluated the following
factors:

d Presence of an anomalous valve with longitudinal
defect (angle <30 degrees), determining stenosis
>50% with respect to the proximal adjacent vein
segment and associated with a moderate to severe
delay in flow through the IJV (Fig 1).

d Presence of an anomalous valve with transverse
defect (angle >30 degrees), determining stenosis
>50% with respect to the proximal adjacent vein
segment and associated with a moderate to severe
delay in flow through the IJV.
d Presence of anomalous extrinsic muscle compres-
sion, determining stenosis >80% and absence of
flow in the IJV (Figs 2 and 3).

d Presence of IJV hypoplasia with presence of collat-
eral pathways and a moderate to severe delay in
flow through the IJV (Fig 4).

No patient presented with both transverse and longitu-
dinal defects in the same IJV.
IJV angioplasty was performed only in the presence of

moderate delayed flow or severe delayed flow at
catheter venography. If endoluminal defects were
observed in the presence of a normal clearance time,
the vein was not dilated. Compliant balloons of variable
diameters (10-18 mm) were chosen to be approximately
10% larger than the native vein diameter.18 The balloon
angioplasty was considered effective when it reduced
the abnormal delayed flow. The patient’s characteristics,
morphologic and hemodynamic data, technical aspects
of the balloon angioplasty procedures, and images were
collected and saved in a database. Two expert physicians
reviewed the images. The primary end point of the study
was to evaluate the morphologic factors influencing the
efficacy of angioplasty in improving IJV outflow. Data
relating major adverse events, death, and the need for
open repair related to the procedure were collected
30 days after intervention. Although 996 patients with
venous outflow anomalies underwent balloon angio-
plasty of the IJVs, to exclude as many confounding
variables as possible, we excluded all those patients
whose profile was unusual (ie, thrombosis or previous
stenting), in whom PTA was considered not indicated
or not feasible, as these might obscure the underlying ef-
fects that we were trying to identify. Patients who had
been treated on one side only were also excluded
because we were unsure whether unilaterally treated
patients would behave in a similar manner to bilaterally
treated patients. As such, unilateral treatment might
have represented a potential confounder. The final study
data set included 797 patients treated with bilateral PTA
of the IJVs.



Fig 2. Catheter venography of the right internal jugular
vein (IJV) documented a severe extrinsic compression
caused by omohyoid muscle entrapment (pencil tip sign,
arrows).

Fig 1. Catheter venography of the right internal jugular
vein (IJV) showing nearly total occlusion of the proximal
area caused by anomalous valve apparatus with longitu-
dinal endoluminal leaflets (arrows).
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Statistical analysis. To perform statistical analysis, the
frame counts for each subject were converted into clear-
ance times in accordance with the rules outlined before.
Statistical analysis of the data was then performed using
in-house algorithms written in R (open source statistical
software) and MATLAB (MathWorks, Natick, Mass). P.V.
has full access to all the data used in the study and takes
responsibility for its integrity and the data analysis.
Univariate analysis was performed on the left and right

IJVs separately, with all 797 subjects grouped together
and then with the subjects grouped according to clinical



Fig 4. Severe internal jugular vein (IJV) hypoplasia with
flow through collateral pathways toward ipsilateral verte-
bral plexus and contralateral brachiocephalic trunk.

Fig 3. Catheter venography documented an occlusion of
the medium portion of the left internal jugular vein (IJV)
caused by omohyoid muscle compression, with retro-
grade anomalous outflow through the contralateral IJV.
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status (ie, the presence or absence of stenosis, hypopla-
sia, muscle compression, and endothelial defects [both
transverse and longitudinal]). Differences in IJV clearance
time before and after PTA were tested using a two-tailed
Wilcoxon signed rank test; changes in the stenosis status
were evaluated using a McNemar test. The effect sizes
(r values) associated with the Wilcoxon signed rank tests
were computed from the Z statistic using the methodol-
ogy outlined by Pallant,22 with r $ 0.1 deemed to be a
small effect, r $ 0.3 a medium effect, and r $ 0.5 a large
effect.
To gain deeper insights into the impact of PTA on IJV

blood flow, for the respective pre-PTA frame count clear-
ance times, we computed the fraction of subjects whose
blood flow improved after PTA. For each clinical sub-
group, the difference in the fraction of the cohorts that
improved and did not improve was evaluated using a
c2 test. For all tests, P values < .05, adjusted for multiple
comparisons using Bonferroni correction, were deemed
to be significant.
Variables that were independently associated with the

success or failure of PTA were identified using logistic
regression analysis, which was performed using the clin-
ical subgroup status variables plus the variables sex, age,
and pre-PTA flow. Backward exclusion was used to elim-
inate variables from the respective logistic regression
models, with P > .1 used as the exclusion criterion. To
ensure that the statistical power of the logistic regression
analysis was adequate, we used the methodology
proposed by Peduzzi et al23 to calculate the minimum



Table I. Demographic and clinical results for the right and left internal jugular veins (IJVs) before percutaneous transluminal
angioplasty (PTA) for the whole study cohort (N ¼ 797)

Right IJV before PTA
(n ¼ 797)

Left IJV before PTA
(n ¼ 797) Test statistic P value

Age, years 45.04 (10.51) 45.04 (10.51) NA NA

Emptying time, seconds 6.54 (0.74) 6.70 (0.58) Z ¼ �5.04a <.001c

Stenosis 679 (85.2) 673 (84.4) c2 ¼ 0.20 (df ¼ 1)b .655

Hypoplasia 19 (2.4) 51 (6.4) c2 ¼ 15.06 (df ¼ 1)b <.001c

Muscle compression 70 (8.8) 53 (6.6) c2 ¼ 3.85 (df ¼ 1)b .050

No endoluminal defects 130 (16.3) 125 (15.7) c2 ¼ 0.15 (df ¼ 1)b .702

Longitudinal endoluminal defects 608 (76.3) 629 (78.9) c2 ¼ 1.93 (df ¼ 1)b .165

Transverse endoluminal defects 54 (6.8) 38 (4.8) c2 ¼ 3.28 (df ¼ 1)b .070

df, Degrees of freedom; NA, not applicable.
Categorical variables are presented as number (%). Continuous variables are presented as mean (standard deviation).
aP value determined using the Wilcoxon signed rank test (two tailed).
bP value determined using the McNemar test.
cSignificant after Bonferroni correction.
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required sample size. This involved multiplying the num-
ber of dependent variables used in the initial model by 10
and then dividing this by the fraction of positive cases.
This revealed that a minimum of 350 subjects were
required, far less than the 797 cases that we actually
included in our analysis.

RESULTS
Demographic results. Of the 797 subjects included in

the study, 477 were female and 320 were male (P <

.001). The demographic and pre-PTA clinical results are
presented in Table I. Other than hypoplasia, which was
more prevalent on the left side, andmuscle compression,
which was slightly more prevalent on the right, there was
no significant difference in clinical characteristics be-
tween the right and left IJVs. Stenosis was particularly
prevalent (>84%) in the study cohort, with longitudinal
endothelial defects much more prevalent (>76%) than
transverse defects (<7%). None of the study patients died
or were documented to have major adverse events or IJV
complications needing open repair or adjunctive
procedures.

Pre- and post-PTA data. The pre- and post-PTA results
for all 797 subjects aggregated together are presented
in the first row of Table II, which shows the pre- and
post-PTA changes in the contrast medium clearance
time. PTA intervention resulted in a statistically signifi-
cant increase in blood flow rate for both the right and
left IJVs, as confirmed by a reduction in the mean
clearance time. PTA was also associated with a statis-
tically significant reduction in the incidence of residual
stenosis in both the left (pre-PTA, 673; post-PTA, 552;
P < .001; McNemar c2 ¼ 133.1 [df ¼ 1]) and right (pre-
PTA, 673; post-PTA, 552; P < .001; McNemar c2 ¼ 115.3
[df ¼ 1]) IJVs.
To gain deeper insights into the impact of PTA on IJV
blood flow, we computed the number of subjects for
the pre- and post-PTA clearance times equating to the
respective frame counts. The results of this analysis are
presented in Fig 5, which shows the percentage of sub-
jects whose IJV blood flow improved for respective pre-
PTA frame count clearance times for the right and left
IJVs. From this, it can be seen that for both the left
and right IJVs, the PTA intervention increased flow rates
in a sizable proportion of patients. However, it is also
noticeable that the intervention failed to improve the
IJV flow rate in a substantial number of subjects. This
phenomenon was observed for both the right and left
IJVs (Fig 6).

Results for clinical subgroups. The analysis of the pre-
and post-PTA IJV flow rates for the various clinical sub-
groups (Table III) demonstrated that with the exception
of the patients with hypoplasia, significant decreases in
clearance time in both IJVs were observed for all the
clinical subgroups. The impact of the PTA was of me-
dium effect (r > 0.3) for most subgroups, with the
exception of those patients with a transverse endothelial
defect, for whom the PTA had a large effect (r > 0.5;
Fig 7).
Patients were also divided into two outcome groups:

those whose IJV blood flow improved after PTA and
those who did not improve (Table III). The results of this
analysis suggest that younger patients, with fewer longi-
tudinal endothelial defects and more transverse defects,
and patients without hypoplasia are more likely to
improve after PTA. No difference in this finding was
observed between the left and right sides of the neck.
Whereas the results in Tables II and III quantify the

impact of PTA on the various clinical subgroups, these re-
sults do not take into account any interactions that



Table II. Emptying times before and after percutaneous transluminal angioplasty (PTA) for patients classified according to
clinical subgroup

Status Age, years, mean (SD)

Emptying time, seconds, mean (SD)

P value (Z)RIJV before PTA R IJV after PTA

All subjects
RIJV, N ¼ 797
LIJV, N ¼ 797

45.04 (10.51) 6.54 (0.74) 6.29 (0.90) <.001a (14.74)b

Stenosis negative
RIJV, n ¼ 118
LIJV, n ¼ 124

42.19 (10.35) 6.03 (0.99) 5.76 (1.08) <.001a (6.29)b

Stenosis positive
RIJV, n ¼ 679
LIJV, n ¼ 673

45.54 (10.47) 6.63 (0.65) 6.38 (0.83) <.001a (13.33)b

Hypoplasia negative
RIJV, n ¼ 778
LIJV, n ¼ 746

44.96 (10.53) 6.54 (0.74) 6.29 (0.74) <.001a (14.67)b

Hypoplasia positive
RIJV, n ¼ 19
LIJV, n ¼ 51

48.26 (9.63) 6.58 (0.87) 6.53 (0.94) .500 (1.41)b

Muscle compression negative
RIJV, n ¼ 727
LIJV, n ¼ 744

45.08 (10.51) 6.53 (0.74) 6.29 (0.90) <.001a (14.07)b

Muscle compression positive
RIJV, n ¼ 70
LIJV, n ¼ 53

44.64 (10.59) 6.58 (0.72) 6.28 (0.88) <.001a (4.41)b

Endoluminal defect negative
RIJV, n ¼ 130
LIJV, n ¼ 125

42.49 (10.57) 6.11 (1.00) 5.88 (1.08) <.001a (5.93)b

Longitudinal defect positive
RIJV, n ¼ 608
LIJV, n ¼ 629

45.66 (10.33) 6.63 (0.63) 6.45 (0.77) <.001a (11.75)b

Transverse defect positive
RIJV, n ¼ 54
LIJV, n ¼ 38

44.43 (11.55) 6.59 (0.73) 5.52 (1.06) <.001a (6.20)b

LIJV, Left internal jugular vein; RIJV, right internal jugular vein; SD, standard deviation.
Effect size r value: small, r $ 0.1; medium, r $ 0.3; and large, r $ 0.5.
aSignificant after Bonferroni correction.
bP value determined using a Wilcoxon signed rank test (two tailed).
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might be occurring between the various pathologic pro-
cesses. Many of the patients in the study exhibited mul-
tiple pathologic changes of the IJV and so were
included in more than one subgroup. Therefore, to iden-
tify which variables could be used to predict the success
or failure of PTA, logistic regression analysis was per-
formed using the clinical subgroup variables plus sex,
age, and pre-PTA flow. The results of this analysis are pre-
sented in Table IV, which reveals that pre-PTA flow and
transverse defects were the best indicators of PTA suc-
cess for the right IJV, whereas age, stenosis, hypoplasia,
and transverse defects were the best indicators for the
left IJV. Noticeably, the sex of the subject appeared to
have had no significant impact on IJV flow after PTA. In-
spection of the models revealed the following (Fig 8):

d For both the right and left IJVs, the presence of
transverse endoluminal defects is the single most
important criterion for determining whether PTA
will be successful.
d Whereas transverse endothelial defects have a pos-
itive coefficient, all the other variables in the models
have negative coefficients, implying opposite
effects.

Collectively, this suggests that younger individuals with
transverse endoluminal defects and higher pre-PTA
flows are more likely to respond well to PTA compared
with those who exhibit hypoplasia, stenosis, or longitudi-
nal endoluminal defects.
DISCUSSION
Previous studies involving the treatment of CCSVI using

endovascular interventions (PTA or stenting) have re-
ported positive results in terms of neurologic outcomes
and effects on the quality of life.24-30 Moreover, PTA has
been shown to result in a significant improvement of hy-
percapnia and hypoxemia in the veins draining the brain
and spinal cord in MS patients.31 Nevertheless, PTA of IJVs



Effect size r value
(magnitude) Age, years, mean (SD)

Emptying time, seconds, mean (SD)

P value (Z)
Effect size r value

(magnitude)LIJV before PTA LIJV after PTA

0.369 (medium) 45.04 (10.51) 6.70 (0.58) 6.47 (0.76) <.001a (13.57)b 0.340 (medium)

0.409 (medium) 42.52 (10.45) 6.46 (0.78) 6.18 (0.97) <.001a (6.06)b 0.384 (medium)

0.362 (medium) 45.51 (10.46) 6.74 (0.53) 6.53 (0.71) <.001a (12.15)b 0.331 (medium)

0.372 (medium) 44.98 (10.46) 6.69 (0.59) 6.45 (0.77) <.001a (13.45)b 0.348 (medium)

0.229 (small) 46.00 (11.29) 6.91 (0.33) 6.85 (0.45) .250 (1.73)b 0.171 (small)

0.369 (medium) 45.03 (10.48) 6.70 (0.57) 6.47 (0.76) <.001a (13.23)b 0.343 (medium)

0.373 (medium) 45.15 (11.09) 6.76 (0.53) 6.53 (0.84) .002a (3.03)b 0.294 (small)

0.368 (medium) 43.96 (11.35) 6.57 (0.74) 6.37 (0.92) <.001a (5.09)b 0.322 (medium)

0.337 (medium) 45.39 (10.32) 6.73 (0.52) 6.56 (0.67) <.001a (11.34)b 0.320 (medium)

0.596 (large) 43.74 (10.68) 6.59 (0.72) 5.56 (0.95) <.001a (5.04)b 0.578 (large)

Table II. Continued.

Fig 5. Proportion (%) of patients whose internal jugular
vein (IJV; left and right) blood flow improved for various
frame counts before percutaneous transluminal angio-
plasty (PTA).
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is complicated by a high rate of early stenotic recurrence,
with an incidence of restenosis between 30% and 50% of
cases.13-15,32 This high restenosis rate is probably related
to an inadequate treatment of venous outflow anomalies
rather than a true restenosis or recurrence. As a conse-
quence, we tried to understand which of the different
morphologic anomalies responded better to PTA. The re-
sults of this study present a clear and consistent picture,
namely, that overall the intervention of PTA significantly
increases the rate at which contrast agent is cleared
from the IJVs. However, this effect was not homoge-
neous, with PTA being more successful in some clinical
subgroups than in others. In particular, PTA appears to
be more effective in younger individuals with transverse
luminal defects and absence of hypoplasia, compression,
or longitudinal luminal defects. The excessive length and
consequent longitudinal placement relative to the wall
of the valve leaflets appear to be decisive factors in pre-
dicting a possible failure of PTA in about 75% of cases.



Fig 6. Correlation plot of pre-percutaneous transluminal angioplasty (PTA) flow frame count vs post-PTA flow
frame count for (A) the right internal jugular vein (IJV) and (B) the left IJV. (Jitter perturbations have been added
to enable visualization of the counts for each correlation.) The blue line represents no change in IJV blood flow.
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With longitudinal luminal defects, it appears that
although the leaflets are easily pushed against the wall
by the inflated balloon, once the balloon is deflated,
they readily return to their previous position. By contrast,
PTA appears to be effective in treating rigid septa placed
transversely with respect to the jugular wall. Further-
more, hypoplasia appears not to be a favorable presenta-
tion of CCSVI,33,34 leading in our analysis to PTA failure in
most cases. A plausible interpretation is that an imma-
ture venous trunk with development arrest cannot be
dilated with the desired efficacy, even by using high-
pressure balloons. It is known that CCSVI stenotic venous
Table III. Percutaneous transluminal angioplasty (PTA) results
internal jugular veins (IJVs) for all subjects (N ¼ 797)

Right IJV

P value (stati

No
improvement

(n ¼ 566)
Improvement

(n ¼ 231)

Reduction in
clearance time,
seconds

0.87 (0.49) �0.01 (0.10) <.001a (27.6)b

Age, years 45.54 (10.32) 43.81 (10.89) .039 (�2.1, df ¼
No endoluminal
defect

92 (16.3) 38 (16.5) .946 (0.0, df ¼

Longitudinal
endoluminal
defect

460 (81.3) 148 (64.1) <.001a (26.8, df ¼

Transverse
endoluminal
defect

10 (1.8) 44 (19.0) <.001a (77.6, df ¼

Stenosis 488 (86.2) 191 (82.7) .202 (1.6, df ¼
Hypoplasia 17 (3.0) 2 (0.9) .073 (3.2, df ¼
Muscle
compression

48 (8.5) 22 (9.5) .639 (0.2, df ¼

df, Degrees of freedom.
Categorical variables are presented as number (%). Continuous variables are p
of patients from each clinical subgroup in the respective improvement and n
in the respective fractions for each clinical subgroup between those who im
aSignificant after Bonferroni correction.
bP value determined using a two-tailed Mann-Whitney U test.
cP value determined using a two-tailed t-test.
dP value determined using a c2 test.
segments contain a high proportion of type III collagen
less prone to be stretched with respect to type I.35 Finally,
our study confirmed PTA failure in case of extrinsic mus-
cle compression.36,37

Collectively, the findings of our study suggest that it
should be possible to preoperatively identify CCSVI
anatomic presentations favorable to PTA treatment
through careful assessment of the color Doppler ultra-
sound criterion 3.38 Ultrasound permits the detection of
nonmobile valve leaflets by means of M mode, whereas
B mode yields complementary information on valve
leaflet disposition with respect to the luminal wall.39,40
(improvement vs no improvement) for the right and left

stic)

Left IJV

P value (statistic)

No
improvement

(n ¼ 592)
Improvement

(n ¼ 205)

0.90 (0.55) �0.01 (0.09) <.001a (27.5)b

408)c 45.85 (10.32) 42.71 (10.75) <.001a (�3.6, df ¼ 343)c

1)d 99 (16.7) 26 (12.7) .170 (1.9, df ¼ 1)d

1)d 480 (81.1) 149 (72.7) .011 (6.5, df ¼ 1)d

1)d 10 (1.7) 28 (13.7) <.001a (48.0, df ¼ 1)d

1)d 505 (85.3) 168 (82.0) .254 (1.3, df ¼ 1)d

1)d 48 (8.1) 3 (1.5) <.001a (11.2, df ¼ 1)d

1)d 41 (6.9) 12 (5.9) .596 (0.3, df ¼ 1)d

resented as mean (standard deviation). The values refer to the numbers
o improvement groups. Statistical significance relates to the differences
proved and those who did not improve.



Fig 7. Catheter venography demonstrating (A) severe stenosis of left internal jugular vein (IJV) caused by
transverse endoluminal septum (arrow), with (B) restoration of normal outflow after percutaneous transluminal
angioplasty (PTA).
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Moreover, muscle compression of the IJV more
frequently by the omohyoid muscle can be detected
preoperatively by means of the pencil tip sign. Finally,
Table IV. Results of logistic regression for the right and left int

IJV side Groups included Independent variables

Right IJV Improvers and
nonimprovers

Intercept

Pre-PTA clearance time

Transverse endoluminal defects

Left IJV Improvers and
nonimprovers

Intercept

Age

Stenosis

Hypoplasia

Transverse endoluminal defects

CI, Confidence interval; PTA, percutaneous transluminal angioplasty.
the third unfavorable presentation, hypoplasia, can be
easily identified through assessment of the IJV cross sec-
tion area at J1, J2, and J3 level.20 However, color flow
ernal jugular veins (IJVs; N ¼ 797)

Coefficient (b) P value Odds ratio 95% CI

1.6845 .0132 5.390 1.411-20.396

�0.4281 <.0001 0.652 0.531-0.801

2.6485 <.0001 14.132 7.210-30.425

0.7281 .0768 2.071 0.926-4.659

�0.0262 .0018 0.974 0.958-0.990

�0.7870 .0018 0.455 0.278-0.751

�2.3614 .0002 0.094 0.022-0.286

2.2596 <.0001 9.579 4.608-21.599



Fig 8. Results of percutaneous transluminal angioplasty (PTA) for the right (A) and left (B) internal jugular veins
(IJVs), showing the relationships between the variables in the respective eigensystems. Endo.DIF., Endoluminal
defect; Endo.DIF.L., endoluminal defect longitudinal; Endo.DIF.T., endoluminal defect transversal; MC, muscle
compression.
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Doppler echocardiography has not been completely vali-
dated for the monitoring of patients undergoing PTA in
long-term follow-up.20

As such, our study poses questions about the future
treatment of cases that are not suitable for balloon
angioplasty. Balloon angioplasty is safe but failed to
improve the IJV flow rate in a substantial number of
subjects, as demonstrated in this study, suggesting
that an alternative approach may be more appropriate
in these patients. In cases unsuited to PTA, stenting of
IJVs may be one solution; stenting has reportedly been
used in studies ranging from 10% to 44% of patients,
with no increase of risk.7,41,42 However, the safety profile
of stenting techniques is less attractive because of a
warning from the Food and Drug Administration
against the use of off-label stents in the extracranial
veins. The use of cutting balloons for the treatment
of obstructive lesions in the IJVs has recently been
reported with an immediate technical success of
94.3%.43 The authors concluded that cutting balloon
could be used in case of poor results of PTA, but the
use is limited by the fact that only small diameters of
the device are available.
Because of unsatisfactory early results of standard

balloon angioplasty of IJVs, an open surgical treatment
comprising removal of the septum followed by autolo-
gous patch angioplasty has been proposed. The surgical
procedure was complemented by the section of the
omohyoid muscle when appropriate, with an
18-month patency rate of 75%. This study also demon-
strated that the procedure restored cerebral venous
outflow, with overall cerebral perfusion also being
improved.
This study did not correlate hemodynamic effect of PTA

with clinical outcomes. There are many studies in the
literature describing the use of PTA for the treatment of
occlusive disease of the IJVs, with conflicting results.
One of the main concerns for such discordant results is
the lack of a valid method for quantifying the venous
outflow before and after PTA. Therefore, clinical out-
comes could not be accurately evaluated without a vali-
dated method for quantifying the hemodynamic
efficacy of PTA. Our study addresses this important issue
and for the first time attempts to identify the factors that
could influence the immediate hemodynamic results
obtained using PTA.
One of the major limitations of previous studies investi-

gating the efficacy of IJV PTA is that they have tended to
ignore the effect of differences in luminal defect on the
ability of PTA to restore patency in occluded vessels. As
such, the findings of these studies could be compro-
mised because not all defects might respond to
ballooning in a similar manner. Consequently, there
was pressing need for a rigorous study to investigate
the impact that different luminal defects have on the he-
modynamic response to IJV PTA. Without a good under-
standing of the vascular pathophysiologic factors that
influence the patency of ballooned IJVs, it is difficult to
perform any meaningful work relating any neurologic
condition that may or may not be associated with con-
stricted cerebral venous outflow. If it is not recognized
that different IJV luminal defects respond differently to
PTA, it might be all too easy to come to erroneous
conclusions about the treatment. Consequently, we
undertook this study with the sole aim of better under-
standing the vascular factors that limit the effectiveness
of IJV PTA with regard to restoring blood flow.
Moreover, there are no validated alternative methods to

angiography (including color Doppler ultrasound) with
which to evaluate the hemodynamic results of PTA in
the long term, making any correlation with clinical out-
comes extremely difficult. Performing venous angiog-
raphy to evaluate hemodynamic performance in the
long term may be unreliable, particularly in stable pa-
tients. Notwithstanding this, an ongoing study evaluating
and validating color Doppler ultrasound as a useful tool
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for monitoring the hemodynamic effect of PTA is being
undertaken, in which we hope to be able to correlate
safely clinical outcomes with the effect of PTA in the
long term.
Although IJV morphologic and hemodynamic anoma-

lies were documented for all patients using a
well-standardized and validated catheter venography
protocol, data on intra-rater and inter-rater variability
of the measurements taken were not available. As
such, this represents a limitation of the study. Another
limitation relates to our decision to exclude subjects
who were treated on one side only or who had throm-
bosis or previous stenting. However, PTA has only
limited indications in such patients, making them un-
representative of the general population of patients.

CONCLUSIONS
Our study identifies the factors that influence the

hemodynamic response to balloon angioplasty in the
treatment of IJV anomalies. Younger patients with trans-
verse endoluminal defects are more likely to experience
a significant improvement in IJV outflow after PTA,
whereas in older patients with IJV hypoplasia or longitu-
dinal endoluminal defects, angioplasty is likely to have
only a limited effect.
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