Complications and safety of jugular and
azygous angioplasty in CCSVI patients
with multiple sclerosis

Endovascular procedures for chronic cerebrospinal venous insufficiency are now practiced in several
international centers, despite polarization of opinions among clinicians. Complications from these
procedures are now presenting to distant centers. This article reviews the reported complications from
several of these institutions. The results of this study demonstrate that the reporting of complication data
is sparse, prone to bias and lacks long-term follow-up. There is a need for robust interventional registries
of chronic cerebrospinal venous insufficiency to operate in conjunction with high-quality randomized
controlled trials in order to accurately report the safety and efficacy of endovenous procedures.
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Background

Chronic cerebrospinal venous insufficiency
(CCSVI) has been described as ‘a syndrome
characterized by stenoses of the internal jugular
veins and azygous (AZY) venous system with
opening of collaterals and insufficient drain-
age proved by increased mean transit time on
cerebral MRI [1]. The presence of this phenom-
enon in multiple sclerosis (MS) patients was first
reported in 2006 and has since been a polar-
izing topic among vascular surgeons, neurolo-
gists and patients [2]. Those in support of the
CCSVTI hypothesis have implicated its role in the
pathogenesis of MS and suggested that it causes
venous distension and iron deposition, initiating
an inflammatory response [3]. Despite questions
over whether the imaging findings are repro-
ducible [4] or clinically significant [5], some have
proceeded with venoplasty of stenotic internal
jugular veins and AZYs and/or stent placement
on the premise that treatment of CCSVI would
be beneficial to MS patients [6].

Word of putative benefits in function and
quality of life seen in relapsing—remitting
patients from a pilot case series [7] rapidly spread
to patients, media and the public, mounting a
dramatic response worldwide with social net-
work sites promoting CCSVI treatment [101].
However, the Cardiovascular and Interventional
Radiology Society of Europe and the US FDA
have warned against the procedure [8.102] until
further data from clinical trials are available,
leaving those seeking treatment to travel to inde-
pendent ‘fee-per-procedure’ centers. A substan-
tial number of procedures are thus conducted
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in overseas centers, without follow-up, as medi-
cal tourism [103]. This poses many problems of
which the most pertinent are the complication
rates, which remain largely unknown as there is
no systematic documentation of complications
or efficacy performed by independent observ-
ers. Local follow-up is variable and, as a result,
complications can present at distant centers that
have not been involved in the initial procedure
(9. This has led to the introduction of a US regis-
try for endovascular procedures for CCSVI [104].
As a result, the FDA have now requested that
patients submit post-venoplasty complications
directly to them via MedWatch [102].

The aim of this review is to examine the
safety profile of jugular and AZY angioplasty in
patients with MS from the available literature.

Methods

Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) report-
ing guidelines were used when conducting this
systematic review (Ficure 1) [10]. The PubMed and
EMBASE databases were searched, from 1946 to
date using the OVID portal, by three reviewers
(L Varatharajan, T Lane and A Thapar) in March
2012. The keywords used were ‘chronic cerebro-
spinal venous insufficiency’. Inclusion criteria
were interventional studies reporting complica-
tions following venoplasty of the internal jugular
and AZY veins in MS patients. Exclusion criteria
were duplicate publication, review articles, let-
ters and abstracts. Case reports were considered
qualitatively, as they did not report prevalence
statistics. No limits, filters or language exclusions
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses diagram of search on PubMed and EMBASE using the term
‘chronic cerebrospinal venous insufficiency’.

were applied. Authors of conference proceedings
were contacted for data and, if they replied, these
data were included.

After title and abstract screening, full-text
articles were assessed independently for method-
ological quality by two reviewers. Authors of arti-
cles without clear technical details or follow-up
protocols were contacted by email. If they did
not respond they were excluded. Data on imme-
diate (<24 h), early (<30 day) and late (>30 day)
complications were extracted onto an Excel
(Microsoft, USA) spreadsheet for analysis.

Results

W Search results

The search process is outlined in Ficure 1. Nine
relevant articles were identified for qualitative
synthesis. Of these, three case reports were
excluded from the quantitative analysis as they
did not report prevalence statistics [9.11].

B Methodological quality

The six included studies were all institution review
board-approved research studies, with five case
series and one pilot randomized controlled trial.
Three studies were prospective (Taste 1). No safety
committee was mentioned in any of the studies,
nor were details regarding any fees received per
procedure. Six studies followed up patients for at
least 24 h, four studies for at least 1 month and
three for at least 12 months. Two studies had an
independent assessor for follow-up and four gave
details of adjuvant pharmacotherapy used.

W Study demographics

The study populations ranged from 15 to
461 patients with five European studies and
one from the USA (Tase 2). Average age ranged
from 36 to 49 years, with the youngest patient
reported as being 15 years of age and the eldest
79. Approximately 33-52% of patients were
male, with average Expanded Disability Status
Scale scores of 2.5-6.0. Two studies included
severely disabled patients with Expanded
Disability Status Scale scores of up to 9.5 (bed
bound or unable to communicate or swallow)
(12.13]. Relapsing—remitting disease was found
in 36-100% of patients across the studies. The
same two studies included a larger proportion of
progressive patients (64%). Average time from
diagnosis of MS was 8-11 years.

B Technical details

Perioperative care was described in four studies
with all procedures being performed under local
anesthetic with sedation (Tase 3). All studies
described the use of the standard percutaneous
venographic technique via a femoral vein. Three
of the studies referenced the technique used in
the original Zamboni study (7). Technical details
were explicitly stated in four out of six studies.
Angioplasty was the primary intention in all
studies; however, stents were placed in 0-44%
of cases. Four studies described the pressures
used during balloon dilatation (4-15 atm) and
three reported the inflation time (30—60's). The
number of balloon inflations was recorded in
two studies only as ‘several times’. One study
described a reduction in venous pressure post-
procedure of 2.5-3.5 cm/H,0 (7).

B Post-procedure antithrombotic
therapy

All studies reviewed utilized postoperative anti-
thrombotic therapy, varying from 1 week of pro-
phylactic dose low molecular weight heparin to
lifelong aspirin. Three studies utilized the same
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Table 1. Study methodology.

Study IRB Study Prospective/ Safety Fee per Follow-up Independent Duplex at Adjuvant Ref.

(year) approval design retrospective committee procedure duration assessor follow-up therapy
(months) stated

Zamboni Yes Pilot Prospective No No 12 Yes No (6]

et al. RCT

(2012)

Mandato  Yes Case Retrospective  No Not stated 1 No Yes [14]

et al. series

(2012)

Petrov Yes Case Retrospective  No Not stated No n/a Yes (13]

etal (2011) series follow-up

Ludyga Yes Case Not stated No Not stated No Not stated Not stated  Yes [12]

et al. series follow-up

(2010)

Malagoni  Yes Case Prospective No Not stated 12 Yes Yes (171

et al. series

(2010)

Zamboni Yes Case Prospective No Not stated 18 No No (7]

et al. series

(2009)

IRB: Institutional review board,; RCT: Randomized controlled trial.

post-procedural regime of 3 weeks of prophy-
lactic-dose low molecular weight heparin (Tasie3).

B Immediate complications

There was one case report of fatal intracranial
hemorrhage and one stent migration to the right
atrium, requiring thoracotomy [11]. Other com-
plications are summarized in Tase 4. The most
frequently reported immediate complications
were arthythmia, groin hematoma and jugular
thrombosis. Although most arrhythmias were
benign atrial fibrillation, one patient developed a
hemodynamically significant tachycardia requir-
ing intensive care admission, another developed
ventricular fibrillation secondary to coronary

artery disease and a third developed ventricular
tachycardia. Jugular thrombosis was reported in
ten cases and, out of these, seven were in-stent
thromboses. One group did not re-intervene in
patients with in-stent thrombosis [12] but did
not follow them further to establish outcome;
however, others used thrombolysis and catheter
aspiration to successfully recanalize eight out of
eight patients [13].

W Early complications

There were three further jugular thromboses:
two in-stent and one in a native vein (Taste 4).
The native jugular thrombosis was treated
with stenting. Of the in-stent thromboses,

Table 2. Study demographics.

Study Country Patients Average age Males, n (%) EDSS (0-10) Relapsing-
(year) (n) (years) remitting
disease, n (%)

Zamboni Italy 15 Median: 36 5(33) Median: 2.5 15 (100)
et al. (2012) (range: 23-49) (range: 1.5-5.5)
Mandato USA 240 Mean: 49 85 (35.4) Not reported 149 (62)
etal. (2012) (range: 26-70)
Petrov etal. Bulgaria 461 Mean: 45 200 (43) Average: 5.2 169 (36.7)
(2011) (range: 21-79) (range: 0-9.5)
Ludyga et al. Poland 342 Median: 43 140 (42) Median: 6.0 124 (36.3)
(2010) (range: 15-68) (range:

1.0-9.0)
Malagoni [taly 31 Mean: 46 (SD: 9) 16 (52) Mean: 3.8 13(42)
et al. (2010) (SD: 2.2)
Zamboni [taly 65 Mean: 42 (SD: 12) 30 (46) Mean: 3 35(53.8)
et al. (2009) (range: 0-6.5)
EDSS: Extended Disability Status Scale; SD: Standard deviation.

Disease
duration
(years)
Median: 8
(range: 5-10)
Not stated

10 (range:
0-50)

Median: 10
(range: 0.5-41)

Mean: 11
(SD: 7)
Mean: 9 (SD: 7)

Ref.

(14]

(13]

(12]

(17]
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demonstrated a substantial rate of stent throm-
bosis of 57-79% at 5 years [16]. Long-term man-
agement of these stents is likely to become a
major issue in the future.

Although the studies reporting data in this
review were all institutional review board
approved, it was interesting that no safety com-
mittee was mentioned by any group. In some
studies, the patients treated were as young as
15 years old [12], or included patients who were
bed bound with difficulty feeding or communi-
cating [13]. These individuals are classed as vul-
nerable individuals by research ethics boards
and require special consideration.

This is the first analysis of the reported safety
outcomes of venoplasty for CCSVI in the lit-
erature. It demonstrates that without registry
data collection, complications may be under-
reported and may present to distant centers,
without funding arrangements and without
any evidence base on which to treat these
complications. These findings are relevant to
regulatory bodies, MS societies and healthcare
providers, and will facilitate informed consent
for patients. The limitations of this analysis are
largely due to the paucity and variable qual-
ity of the source data, which did not permit
meta-analysis.

Conclusion

The most commonly reported adverse events
following venoplasty for CCSVI include
arthythmia, jugular thrombosis and puncture
site bleeding; however, rare complications such
as intracranial hemorrhage, cranial nerve palsy,
stent migration and venous sinus thrombosis
have been reported. The current data quality is
the limiting factor; in particular, it is difficult
to provide accurate complication rates owing to
the limitations of the data presented above and
the large number of cases performed outside

Background

Venoplasty for chronic cerebrospinal venous insufficiency is practiced at several international centers. The safety profile of the procedure

is relatively unknown.
Methods

A systematic review of the PubMed and EMBASE databases from 1947 to the present was performed according to Preferred Reporting

of these studies. This issue can only be solved
if centers submit data to a registry or perform
the procedure within the context of a research
trial. We note that in the USA, the first CCSVI
endovascular registry has been formed, and, in
Europe, a randomized controlled trial has com-
menced. Other institutions should follow suit
and patients should look for data submission to
aregistry or trial as a safety mark. Intervention
outside this setting is inappropriate and hard
to justify. It is currently unclear who will fund
and provide treatment for complications of
CCSVI venoplasty and this will need to be

considered carefully by healthcare providers.

Future perspective

To address safety concerns, registry data col-
lection will capture large numbers of nontrial
procedures, reflecting real-world practice.
European countries should follow suit and set
up an international endovascular CCSVT regis-
try, starting, perhaps, on a voluntary basis. The
results of randomized controlled trials assessing
the efficacy of the technique are still awaited.
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Results

The quality of the studies obtained was generally poor, reporting limited follow-up with a high risk of bias.
The most commonly reported complications were arrhythmia, groin hematoma and jugular thrombosis. There were case reports of stent

migration, intracranial hemorrhage and cranial nerve palsy.

Implications

Chronic cerebrospinal venous insufficiency venoplasty is still an experimental procedure and researchers should practice it within the

context of a clinical trial or registry.
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Table 4. Complications following venoplasty for chronic cerebrospinal venous insufficiency.

Study Patients Procedures Follow-up Immediate complications (<24 h) Ref.
(year) treated performed period Death Stroke Major Acute Stent Jugular
hemorrhage coronary  migration thrombosis
syndrome
Zamboni 15 15 12 months 0 NR 0 NR n/a n/a [6]
etal. (2012)
Mandato 240 257 1 month 0 NR 0 NR NR NR [14]
et al. (2012)
Petrov 461 495 24 h 0 NR 0 1 0 8 (13]
etal. (2011)
Ludyga 342 344 24 h 0 0 0 NR 0 2 [12]
et al. (2010)
Malagoni 31 NR 12 months 0 NR NR n/a n/a 0 [17]
et al. (2010)
Zamboni 65 65 18 months 0 NR NR NR n/a 0 (7]
et al. (2009)
*Indicates the end of follow-up period.
NR: Not reported; n/a: Not applicable.
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Table 4. Complications following venoplasty for chronic cerebrospinal venous insufficiency (cont.).

Study
(year)

Zamboni
etal. (2012)
Mandato
etal. (2012)
Petrov

etal (2011)
Ludyga

et al. (2010)
Malagoni
etal. (2010)
Zamboni

et al. (2009)

Immediate complications (<24 h) (cont.) Early complications (<30 days)  Ref.
Open Groin Arrhythmia Vein Vein Minor Headache Gastro-  Jugular
retrieval of hematoma rupture dissection contrast intestinal thrombosis
balloon reaction bleeding
required
0 NR NR NR NR 0 NR NR NR [6]
NR 2 3 NR NR 7 23 NR 3 [14]
NR 5 6 2 15 NR n/af n/at n/a’ [13]
1 4 2 NR NR NR n/af 1" n/af [12]
NR NR NR 0 NR 0 NR NR NR [17]
NR NR NR 0 NR 0 6 NR 0 (7]

"Indicates the end of follow-up period.
NR: Not reported on, n/a: Not applicable.
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