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Surgical and endovascular central venous reconstruction

‘ W) Check for updates

combined with thoracic outlet decompression in highly
symptomatic patients

Mathew Wooster, MD,? Blake Fernandez, MD,” Kelli L. Summers, MD,¢ and Karl A. lllig, MD,” Charleston, SC;
Tampa, Fla; and New Orleans, La

ABSTRACT

Background: Subclavian vein stenosis or occlusion at the thoracic outlet is a problem associated with certain anatomic
and environmental stresses (venous thoracic outlet syndrome [VTOS]), the presence of central venous catheters, and the
high flows associated with arteriovenous (AV) access in the limb. We describe our experience with open and endovas-
cular techniques for restoring patency in highly symptomatic patients.

Methods: A prospectively collected database of patients was queried for patients treated for central venous obstructive
disease in the setting of highly symptomatic VTOS and ipsilateral AV access from October 2011 to August 2016.

Results: During the study period, 54 procedures were performed in 53 patients (68% male; mean age, 50.1years). Indications
for operation were venous outflow obstruction in patients with conventional VTOS (n = 19) or costoclavicular junction ste-
nosis associated with ipsilateral dialysis access (n = 34). All patients had significant symptoms of swelling or pain. Eight
patients underwent on-table pharmacomechanical thrombolysis for acute occlusion. All patients underwent costocla-
vicular junction decompression, 48 by infraclavicular first rib resection and 5 by claviculectomy; 6 patients underwent
sternoclavicular rotation (Molina procedure) in addition to rib resection for further exposure. Surgical reconstruction of the
vein was employed in 18 patients (33%); 9 underwent interposition grafting, 1 had jugular turndown, and 8 had patch
angioplasty. The one patient undergoing two procedures suffered acute occlusion after patch repair followed by jugular
turndown. Four patients underwent surgical reconstruction after thrombolysis. Endovascular procedures were performed
in 36 patients (67%); 23 underwent venous angioplasty alone, and 13, all with hemodialysis access-associated stenosis,
underwent stenting. Mean operative time was 135 (+63.5) minutes, and mean estimated blood loss was 238 (£261) mL.
Median length of stay was 4 days. Perioperative complications were noted in 14 (26.4%) patients, including wound com-
plications (n = 6), cardiac complications (n = 4), reocclusion (n = 3), and hemothorax requiring chest tube placement (n=1)in
a patient undergoing on-table thrombolysis. Mean follow-up was 13.6 (0.6-58.5) months. Initial clinical symptom relief was
experienced in 100% of patients at the time of hospital discharge. During follow-up, 5 (9.4%) patients developed recurrent
symptoms, 6 (11.3%) had reocclusion of the central system, and 16 (30.2%) required reintervention for restenosis, all but 2 in
patients with ipsilateral hemodialysis access. Mean time to reintervention was 134 (+285) days.

Conclusions: Given our decision-making threshold, both open and endovascular procedures are associated with rela-
tively low morbidity and high efficacy for treatment of central venous occlusion in both symptomatic VTOS and AV
access-associated subclavian vein disease. Restenosis is common in patients with a patent ipsilateral hemodialysis
access. (J Vasc Surg: Venous and Lym Dis 2019;7:106-12.)
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Stenosis or occlusion of the subclavian vein at the
anterior portion of the thoracic outlet is a problem asso-
ciated with certain anatomic and environmental factors
(venous thoracic outlet syndrome [VTOS]), injury due to
indwelling central venous catheters, and high venous
flow created by arteriovenous (AV) access for dialysis.

This area is unusually vulnerable because of the external
compression produced by the junction of the first rib and
clavicle (costoclavicular junction [CCJ]).

The classic problem created by venous injury at the
CCJ is VTOS from either intermittent positional
obstruction (McCleery syndrome) or frank thrombosis
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(Paget-Schroetter syndrome, effort thrombosis). Whereas
this has been recognized for more than a century and a
half, it is only in the past decade or so that similar lesions
in the setting of ipsilateral AV access have been thought
to be a form of VTOS as well."* Although the inevitable
extrinsic compression caused by anatomic stress in this
area is of no clinical relevance in most people, adding
the high flow (a liter or more per minute) that results
from AV access is believed to create a vicious circle of
turbulence and intimal hyperplasia, thus re-creating
the damage seen in classic VTOS. The importance of
this observation lies in the fact that first rib resection is
required to “cure” VTOS?*” and thus that the same
bone decompression will likely be required to “cure” sub-
clavian vein disease at the CCJ in patients with ipsilateral
AV access.

The optimal method for management of central
venous disease remains to be elucidated. As such, we
report our management of a cohort of patients with
emphasis on the outcomes of open vs endovascular
management of venous occlusive disease with com-
bined bone decompression.

METHODS

Data were derived from a retrospective review,
approved by our Institutional Review Board, of all
patients whose subclavian veins were directly treated
for CCJ stenosis in addition to bone decompression of
the CCIJ. Patients’ consent was not obtained because of
the exempt status of the retrospective review. This was
a review of a prospectively maintained database of all
those treated from October 2011 to August 2016 at our
institution, dating from the time of arrival of the senior
author. All diagnoses were described according to the
Society for Vascular Surgery reporting standards paper,®
although most patients were treated before its
publication.

Two groups of patients were treated and analyzed:
those with conventional VTOS and those with AV
access-associated subclavian vein injury. Patients with
VTOS are treated with bone decompression and throm-
bolytic therapy (unless contraindicated), with treatment
of underlying venous lesions selectively based subjec-
tively on degree of relief of swelling after lytic therapy
alone. All AV access patients had repetitive attempts at
endovascular therapy alone for access dysfunction with
evidence of recurrence of stenosis at the CCJ on angiog-
raphy before being referred for decompression. Patients
with swelling alone were treated with arm elevation
and compression therapy distal to the AV access before
being deemed candidates for decompression.

All patients in this series were highly symptomatic,
defined as having enough swelling or pain to interfere
with daily living or dialysis access. All underwent bone
decompression of the anterior portion of the thoracic
outlet, with either first rib resection or claviculectomy.
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ARTICLE HIGHLIGHTS

- Type of Research: Single-center retrospective cohort
study of a prospectively maintained database

- Take Home Message: A review was conducted of
patients treated from October 2011 to August 2016
with bone resection and adjunctive open or endo-
vascular techniques for central venous obstruction
(CVO) in the setting of highly symptomatic venous
thoracic outlet syndrome (VTOS) or severe swelling
with an ipsilateral arteriovenous (AV) access.
Fifty-four procedures, 20 for VTOS and 34 for CVO
with an ipsilateral AV access performed in 53
patients, had a 100% technical success, 100% symp-
tom relief before discharge, 1 (1.9%) death, and 14
(26.4%) perioperative complications. At a mean of
13.6 months, 9.4% developed recurrent symptoms
(one central venous occlusion), and 30.2%, mostly
with AV access, had reintervention.

- Recommendation: Bone decompression for CVO
with adjunctive endovascular or open techniques is
a reasonable option in patients with symptomatic
VTOS or CVO with ipsilateral AV access.

First rib resection and surgical exposure of the vein,
when performed, were primarily accomplished through
the infraclavicular approach,”'® with first interspace ster-
notomy and cephalad rotation of the intact sternoclavic-
ular junction upward when needed.®"? Claviculectomy
was employed in a minority of patients when it was
deemed more appropriate for the given anatomy.”"
Claviculectomy is primarily reserved for reoperative fields
or patients in whom first rib resection is thought to be
otherwise higher risk as well as in cases of primarily cen-
tral exposure. Venous reconstructive technique was at
the surgeon’s discretion, with endovascular intervention
generally preferred and stenting reserved for >50% resid-
ual lesions after angioplasty. Open reconstructive tech-
niques were generally reserved for those patients failing
to respond to endovascular interventions or who were
not candidates for endovascular techniques (ie, total
occlusion unable to be crossed). Open repair techniques
included interposition grafting, internal jugular turn-
down, and patch angioplasty. Postoperatively, all VTOS
patients were maintained on anticoagulation, given their
deep venous thrombosis diagnosis. Dialysis access-
associated CCJ patients were not routinely anticoagu-
lated. Patients treated with an open reconstruction of
the axillosubclavian vein with adjunctive endovascular
intervention more central or more peripheral to the
repair site were considered “open” for the purposes of
comparison.

Follow-up was performed according to our clinical pro-
tocol. Patients are seen at 3 weeks for wound checks,
then for clinical examination and ultrasound evaluation
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at 3 months and approximately 6-month intervals after-
ward. Patency of our intervention is based on either
high-quality duplex ultrasound or venography or fistu-
lography. Technical success was defined as venous
patency at completion of the procedure; clinical success
was defined as improvement in swelling or access
dysfunction.

Statistical analysis was performed using Microsoft Excel
(Microsoft, Redmond, Wash). Categorical variables were
analyzed by the y? test, whereas continuous variables
were compared by Student t-test.

RESULTS

A total of 54 procedures were performed in 53 patients
(68% male; mean age, 50.1 years; Table I). Nineteen
patients (20 procedures) had highly symptomatic VTOS;
34 had CCJ stenosis associated with ipsilateral dialysis
access (Table II; Supplementary Table, online only).

Twelve patients, all in the VTOS group, presented with
acute thrombotic occlusion. Eight underwent on-table
pharmacomechanical thrombolysis for acute presenta-
tion, whereas four underwent preoperative thrombolysis
followed by operation.

All patients underwent CCJ decompression, all as the
initial procedure. The majority (n = 42) underwent infra-
clavicular first rib resection alone; the remainder (n = 1)
had claviculectomy or sternoclavicular junction rotation
by partial sternotomy (alone or in addition to first rib
resection; Table ).

Endovascular procedures were performed in 36 cases
(67%); 23 underwent venous angioplasty alone, whereas
13, all with hemodialysis access-associated stenosis,
underwent stenting. Eighteen surgical reconstructions
were performed in 17 patients (33%); 9 underwent inter-
position grafting, 8 had patch angioplasty, and 1 had
jugular turndown (after failure of patch angioplasty).
Mean operative time was 135 (*£63.5) minutes, with
mean estimated blood loss of 244 (£261) mL (Table IV).

Perioperative (30-day) complications were noted in 14
(26.4%) patients, including wound complications (n = 6),
cardiac complications (non-ST elevation myocardial
infarction [n = 2], atrial fibrillation with rapid ventricular
response [n = 2]), reocclusion (n = 3), and hemothorax
requiring chest tube placement (n = 1) in a patient

Table I. Demographics

Age, years, 50.1 (15-82)

mean (range)

42.7 (18-70) 53.4 (15-82)

Dialysis 34 6
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Table Il. Indication for procedure by repair type

CCJ stenosis with 34 6 28
HD access

undergoing on-table thrombolysis. Median length of
stay was 4 (1-19) days. There was one 30-day death
secondary to ischemic colitis requiring subtotal colec-
tomy with perioperative cardiac arrest and family
withdrawal of care.

Clinical symptom relief was experienced in 100% of
patients before discharge. At mean follow-up of 13.4
(range, 0.6-58.5) months, 5 (9.4%) patients developed
recurrent symptomes, 6 (11.3%) had reocclusion of the cen-
tral system, and 16 (30.2%) required reintervention (n =11
for restenosis, n = 5 for wound complications), all but 2 in
patients with ipsilateral hemodialysis access (Fig). Mean
time to reintervention was 134 (+285) days (Table V).

Looking at those patients treated for classic VTOS vs
those treated for AV access dysfunction (Table VI), we
see that they are younger overall (mean 30.9 vs 61 years;
P = .0001) with less male predominance (58% vs 74%;
P = 2). Operative details were not significantly different,
but treatment for VTOS was associated with a higher
complication rate (42% vs 17.6%; P = .05), accounted for
by bleeding complications (three), occlusion (three),
superficial infection (one), and cardiac complications
(one). The complications in those with AV access
included infection (two), cardiac problems (two), occlu-
sion (one), and ischemic colitis leading to death (one).
During follow-up, the reintervention rates were similar.
Reinterventions in the VTOS group, however, tended to
be performed earlier after acute occlusions, whereas AV

Table lll. Surgical technique

First rib resection 5 5 0
with SCJ rotation

First rib resection and 2 2 (0]
claviculectomy
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Table IV. Operative details
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135.3 (50-300)
238.9 (10-1200)

Operative time, minutes
Blood loss, mL

1815 (120-260)
377.6 (30-800)

117.0 (50-300)
173.5 (10-1200)

Values are reported as mean (range).

Operative time and blood loss were significantly increased in the open reconstruction cohort (P < .05).

access patients more commonly required later reinter-
vention for restenosis. On latest follow-up, three VTOS
patients had occlusion of the central system, with one
patient remaining asymptomatic and two with recurrent
swelling. AV access patients suffered three access occlu-
sions, and three patients had persistent although
improved arm swelling despite that duplex ultrasound
demonstrated patency (and continued to use their
access on the affected arm).

DISCUSSION

It is known that the subclavian vein is prone to injury at
the CCJ because of the bone compression that occurs at
this point. It seems to be a reasonable hypothesis that
the vein at this same location may also be prone to ste-
nosis in patients with AV access because of the very
high flow past this area, creating a positive feedback
loop of turbulence and further stenosis. We view this as
a form of VTOS and, as such, follow a similar treatment
protocol.”” Traditionally accepted therapy for classic
VTOS is the restoration of venous patency by means of
catheter-directed thrombolytic therapy followed by
bone decompression. In classic VTOS, lesser degrees of
residual stenosis are believed likely to remodel,'*'® but
if the high flow rates seen in patients with AV access
are present, this may not be the case. We thus have
evolved to a policy of aggressive venous reconstruction
in two classes of patients: those with classic VTOS who

Complications over Follow Up
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Fig. Outcomes during the course of follow-up. The num-
ber of patients remaining at risk and in follow-up at the 3-,
6-, 12-, and 18-month time points is seen along with the
number of patients in each time frame experiencing
return of symptoms, reintervention, or reocclusion. An
additional four patients underwent reintervention at
outside facilities at unspecified times and therefore are
not displayed in this figure.

are highly symptomatic (including those with rethrom-
bosis after thrombolysis within the same hospitalization)
and those with AV access-associated VTOS who present
with swelling or fistula dysfunction.

Open operations are typically seen as “highly invasive,”
“last resort,” and reserved for those who have failed to
respond to endovascular interventions. Surgical options
include extra-anatomic bypass to the internal jugular
vein,®'® subclavian or axillary vein to right atrial
bypass,"'°?° and superior vena cava or innominate
reconstruction using vein or prosthetic graft for more
proximal obstructions.?’ Although these procedures carry
the increased risks of major surgery, the patency rates
reported are far superior to endovascular treatments for
central lesions, with 80% to 90% patency rates at
1 year®'®"922 Directly comparing open reconstruction
with percutaneous transluminal angioplasty (PTA), one
study found that the long-term success rate was greater
in the open procedure compared with a single PTA; how-
ever, in comparison with repeated angioplasty, the suc-
cess rate was comparable to that of the open
procedures.'® Most endovascular procedures have not
included decompression of the CCJ, so theoretical suc-
cess is probably underestimated. Although it is difficult
to draw direct comparisons between our highly focused
cohort (central stenosis with CCJ involvement) and the
majority of the literature, which mixes central with
more peripheral disease, the high technical success
and patency rates at >1 year at a minimum suggest an
important role of bone decompression as an adjunct to
whatever method is used to restore central venous flow.

In this series of patients who all underwent bone
decompression followed by either endovascular or
open venous reconstruction, we experienced a technical
success rate of 1009% with associated symptom relief and
low rates of reocclusion or recurrence of symptoms (9.4%
and 11.3%, respectively, overall, and just one central reoc-
clusion in the AV access subset). This is a respectable
outcome compared with the current standard proposed
by the National Kidney Foundation Kidney Disease Out-
comes Quality Initiative guidelines of endovascular ther-
apy alone for AV access failure, for which technical
success rate of PTA ranges from 70% to 90%, with highly
variable patency rates in the literature. Six-month pri-
mary and cumulative patency ranges are 23% to 63%
and 29% to 100%, respectively. Twelve-month primary
and cumulative patency ranges are 13% to 100%."22%
Again, patency data in the literature are largely mixed
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Table V. Postoperative outcomes by reconstruction technique

Symptom relief 45 (84.9) 15 (83.3) 32 (91.4)

Central occlusion 6 (11.3) 4 (22.2) 2 (5.7)

Mean time to reintervention, days 133.8 = 284.9

between truly access-related stenosis and central steno-
sis, making true comparison a challenge.

In this cohort of patients, we experienced a 100%
level of clinical success with resolution of swelling in
VTOS patients and continued or resumed use of the
ipsilateral access in hemodialysis patients at time of
discharge. This was not without complications, partic-
ularly with an associated increase in wound healing
and bleeding complications. This may suggest a value
in delayed decompression after completed thrombol-
ysis and an initial period of thrombolysis. Importantly,
there was recurrence of swelling in 9.4% of patients
during the follow-up period, which is lower than
the reocclusion rate, suggesting a benefit to bone
decompression with or without re-establishment of
venous patency.

Focusing on VTOS, these results are in line with what
has previously been reported. Studies assessing anticoa-
gulation as the sole therapy observed high rates of resid-
ual venous obstruction and persistence of symptoms”
and post-thrombotic syndrome in up to 75%.2° Decom-
pressing the thoracic outlet before stenting the subcla-
vian vein is also recognized as a critical step in
treatment of VTOS’°3? Reviewing retrospective case

Table VI. Postoperative outcomes by clinical indication

214 = 36.9 2623 + 3953

series, Lugo et al*® found that first rib resection after
thrombolysis increases the likelihood of permanent
symptom relief and long-term patency. A combination
of thrombolysis and decompression surgery still does
not address the residual intrinsic lesions and stenosis of
the subclavian vein, which increases the risk of rethrom-
bosis.>***> Approaches to treatment include PTA, stent-
ing, open venous reconstruction, and a combination of
techniques. Although it has been previously recommen-
ded that PTA be delayed after decompression,®***®
Schneider et al” demonstrated that PTA performed after
decompression intraoperatively is a successful algorithm
with 1-year primary and secondary patency rates of 92%
and 96%, respectively. Molina et al®’ have also had suc-
cess with vein patch angioplasty of the stenotic segment
of the vein immediately after decompression. Their 97
patients had 100% patency postoperatively with
a <10% reintervention rate.

CCJ stenosis in AV access does appear to function simi-
larly to classic descriptions of VTOS. A higher rate of
endovascular reintervention including the need for stent
placement can be expected for AV access patients, how-
ever, presumably because of the increased flow (and tur-
bulence) caused by the AV connection. Both cohorts of

Age, years, mean (range) 50.1 (15-82) 30.9 (15-70) 61 (30-82)

Length of surgery, minutes 1353 145.4 129.4

Length of stay, median days 4 5 4

Reinterventions 16 5 N

Open reconstruction 18 12 6
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patients do well in the long term, and aggressive early rib
resection can be performed safely with great benefit to
the patient.

CONCLUSIONS

Central venous occlusion in the setting of significant
symptoms in patients with and without AV access
responds well to bone decompression followed by
aggressive attempts at correction of the underlying sub-
clavian vein occlusion. In patients with classic VTOS, early
failures can occur but longer term outcome is excellent,
whereas those with AV access-associated VTOS tend to
present with later restenosis. Both open and endovascu-
lar procedures can be performed with relatively low
morbidity and high efficacy for treatment of central
venous occlusion.
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Supplementary Table (online only). List of individual patients and procedures with complications and reinterventions

2 AV access FRR, SCV stent, 14 mm NA

4 AV access FRR, SCV stent, 12 mm 1443

6 AV access FRR, SCV stent, 14 mm 48

8 AV access Claviculectomy, SCV stent, 574
10 mm, stage 1 basilic vein
transposition, DRIL

10 AV access FRR, SCV stent, 14 mm 734

12 AV access FRR, SCV PTA, 14 mm 271 Fistula revision and 74
SCV 10-mm stent

14 AV access FRR, SCV stent, 10 mm, 324
pacemaker lead extraction

16 AV access FRR, SCV PTA, 12 mm 307
7 AVaccess  FRRSCVPTARZmm 56
18 AV access FRR, SCV PTA, 12 mm 126 PTA 126
9 VIos  FRRSCVPTARZmm s0s
20 AV access FRR, SCV PTA, 12 mm Wound infection 54 1&D of abscess OSH
21 Avaccess  FRRinnominatestentizmm - NAL
22 AV access Transaxillary FRR, SCV stent, 456
10 mm

24 AV access FRR, SCV stent, 14 mm 399

26 AV access FRR, SCV PTA, 12 mm, AVG Ischemic colitis, 17
creation subtotal
colectomy,

cardiac arrest,
CMO, died 7/9/15

(Continued on next page)
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Supplementary Table (online only). Continued.

28 AV access FRR, SCV stent, 13 mm 93

30 AV access FRR/Molina procedure, NSTEMI 95
SCV-SCV bypass with
femoral vein

32 AV access FRR, SCV PTA, 12 mm NA

34 VTOS FRR, SCV PTA, 12 mm 1455

36 VTOS FRR, SCV patch with GSV 557

38 VTOS FRR, thrombolysis, SCV PTA, 370
10 mm

40 AV access FRR, SCV PTA, 10 mm, AVF 440
revision

42 VTOS FRR, SCV PTA, 8 mm 468

44 VTOS FRR, Molina, SCV patch with 385
bovine pericardium

46 VTOS FRR, attempted thrombolysis, POD 2 95 5
SCV patch with GSV rethrombosed

48 VTOS FRR, Molina, stent removal, Hematoma 95 Takeback for SCV- 3
innominate vein patch with requiring innominate bypass
bovine pericardium, evacuation, with femoral vein
SCV-innominate bypass, occlusion on
6-mm Artegraft POD 2, return to

OR
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Supplementary Table (online only). Continued.

50 VTOS FRR, SCV PTA, 8 mm 102

52 AV access FRR, SCV PTA, 12 mm 1370 PTA/stenting 1040
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