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Transcatheter Arterialization of the Deep Veins for Chronic
Limb-Threatening Ischemia: A Case Series of the Direct
Cost Associated With Limb Salvage
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Abstract

Our study aims to estimate the long-term cost of procedurally suc-
cessful transcatheter arterialization of the deep veins (TADV) cou-
pled with adjunct therapy. Patients with no conventional endovascu-
lar/open options were considered for TADV. TADV index procedure
cost, cost of subsequent procedures and wound care/adjuncts were
collected. Cost data were obtained from Medicare claims and other
published sources. All patients in the study had limb salvage 180 days
after TADV. Success was defined as lime salvage with no more than
a transmetatarsal amputation of the affected limb. The average cost
of the procedure was $320,850. The average hospital cost (hospitali-
zation and wound care adjuncts) was $895,546. The overall average
total cost was $1,216,396. TADV and associated multidisciplinary
wound care approach for “no option” chronic limb-threatening is-
chemia does not appear to be a cost-effective strategy, with an aver-
age total cost of over 1 million dollars per patient.
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Introduction

Chronic limb-threatening ischemia (CLTI) is an advanced
stage of peripheral arterial disease (PAD), marked by pain at
rest, nonhealing ulcers, and gangrene due to a lack of blood
flow to the tissue. PAD affects 8.5 million individuals aged >
40, with CLTI being 11.08% annual [1, 2]. The goals of treat-
ment for CLTI include revascularization to reduce ischemic
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pain, promote wound healing, and preserve a functional limb.
Without treatment, CLTI leads to a 1-year all-cause mortality
rate of 22% and a major amputation rate of 22% [3]. Several
revascularization options include open, endovascular, and
hybrid options. Treatment evaluation and selection, consid-
ering the location and extent of vascular disease, is driven
by shared decision making between interdisciplinary and the
patient.

Up to 20% of patients with CLTI are classified as “no
option” patients because of the presence of severe tibial and
pedal disease that does not permit bypass or other less invasive
endovascular and hybrid options [4]. For this group of patients,
superficial venous arterialization (SVA) and deep venous ar-
terialization (DVA) have been shown to improve blood flow
and increase limb salvage rates. Both SVA and DVA involve
creating a connection between a proximal arterial inflow and
the distal venous outflow. Disrupting valves allows oxygen-
ated blood to flow through the vein, supplying tissue perfusion
to the distal extremities [4, 5]. Importantly, improvement in
distal perfusion following DVA may take several weeks, as the
arterialized venous network requires time to mature. Venous
arterialization can be performed with an open, percutaneous,
or hybrid approach using various conduit, inflow, and outflow
vessels. Patients with no option anatomy for CLTI generally
require multiple procedures and extensive hospital stays, and
have a high hospital readmission rate, which leads to a great
financial burden. More studies are needed to determine the
cost-effectiveness of DVA. It is estimated that approximately
$12 billion in annual costs is attributable to cases of CLTI in
the United States [6]. Our study estimates the long-term cost of
successful DVA coupled with adjunct therapies in a quaternary
vascular center.

Case Report

A retrospective observational case-control review of all pa-
tients with CLTI who presented directly to a level-1 trauma
center was performed. The facility is a level-1 trauma center
and a teaching hospital that sees more than 120,000 patients
in the emergency department (ED) annually. All patients who
were candidates for DVA were assessed. Patients with success-
ful venous arterialization (limb salvage and complete wound
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Table 1. Average Hospital LOS, Cost, and Total Costs for the Three Patients

Average hospital LOS (days) Average procedure cost

Average hospital cost Average overall total cost

135 $320,850

$895,546 $1,215,396

LOS: length of stay.

healing) were included. Cost data were obtained through hos-
pital billing using Medicare MedPAR dataset for each inpa-
tient service. These figures represent institutional charges and
do not include professional fees from physicians or follow-up
outpatient costs. During the study period, five patients under-
went attempted DVA. Three patients achieved successful limb
salvage and are included in this series.

The general approach used for transcatheter arterializa-
tion of the deep venous system at our institution is as follows:
6-French sheath is placed antegrade from the ipsilateral com-
mon femoral artery. The sheath is advanced to the popliteal
artery (P3). If needed pre-treatment with plain balloon angio-
plasty is performed on the tibial peroneal trunk to allow ad-
vancement of the Pioneer Plus system. A Pioneer Plus re-entry
catheter is used to cross from the posterior tibial artery (PTA)
to the posterior tibial vein (PTV) using a 0.014" command
wire. Over a Spartacore wire (0.014"), balloon angioplasty of
the artery and valvuloplasty of the vein is then performed us-
ing a 2.5- and 4-mm balloon. This then allows delivery of two
overlapping Viabahn stents (5 x 250 mm, 5 x 2.5 mm) from the
crossing point of the posterior tibial artery down to the level of
the distal ankle. The proximal stent is post-dilated to 5 mm and
the distal stent is post-dilated to 4 mm. Additional follow-up
angiography is performed about 2 weeks later to assess matu-
ration of the arterialized venous network in the foot. Further
debridement and digital amputation are delayed until at least
6 - 12 weeks after the index procedure. The LimFlow system
was not available at our institution during the study period.
Therefore, all cases used Viabahn stents for venous arterializa-
tion.

Three patients were identified as having CLTI requiring
DVA within the last 5 years. The average length of hospital
stay for these three patients was 135 days. The average proce-
dure cost, including that of endovascular and operative proce-
dures, was $320,850. The average hospital cost for all initial
and repeat hospitalizations was $895,546. Table 1 shows the
overall average total cost of the four procedures and hospital
length of stay (LOS) was $1,215,396. Table 2 breaks down per
patient the total cost for procedures and hospital LOS includ-
ing the overall cost per patient. The range of total procedures
and hospital LOS cost was $861,079.20-$1,772,663.00. Table
3 considers the individual procedures that were included in the
initial and repeat procedures and their associated costs. This

is the generalized procedure that a patient would have. Lower
extremity DVA was $44,755.00. The venogram and angiogram
costs are $5,126 and $8,256, respectively. The remaining costs
are listed in Table 3.

Discussion

PAD affects millions of adults and increases the risk of heart
attack, stroke, and limb-threatening ischemia. Multilevel ath-
erosclerotic disease results in chronic limb-threatening is-
chemia, and patients experience rest pain, non-healing ulcers,
and reduced quality of life [7, 8]. Patients with CLTT are pos-
sible candidates for multiple complex endovascular interven-
tions including: atherectomy, angioplasty, drug-eluting stents,
and balloons; however, they are often treated with life-altering
amputations [9, 10]. “No-option” patients have an increased
risk of amputation, which ultimately results in increased mor-
tality, prolonged hospital stay, additional healthcare costs, and
reduced quality of life [7-11]. DVA is an alternative surgical
approach to amputation for patients with “no-option” CLTI by
using the venous system in an arteriovenous fistula to reper-
fuse the extremity [12]. DVA has the potential to reduce the
morbidity and mortality rates of CLTI [13].

The current literature shows varying degrees of success-
ful clinical outcomes following DVA. In a follow-up study of
CLTI patients, percutaneous DVA had a technical success rate
of 88%, but amputation rates of 22%, 55.6%, and 49.4% at 1,
6, and 12 months postoperatively, respectively [14]. Multiple
studies have shown high technical success rates but decreasing
rates of amputation-free survival within the postoperative pe-
riod [13-17]. DVA success is not yet consistent and frequently
depends on repeat interventions. A systematic review of 233
patients with DVA had a median follow-up time of 12 months
and showed a 21.8% amputation rate, a 97% technical suc-
cess rate, a 13.8% complication rate, and a 37.4% reinterven-
tion rate [18]. Schmidt et al found DVA circuit obstruction in
65% of patients with CLTI within 3 months of surgery and
required surgical reintervention. However, the DVA outcomes
may be highly dependent on the surgical technique used. In
a systematic review comparing open, percutaneous, and hy-
brid DVA strategies, limb salvage rates varied tremendously,
ranging from 60% to 71% for percutaneous and 25% to 100%

Table 2. Breakdown of Each Patient’s Costs for Procedures and Hospital Stay

Total procedures cost Total LOS cost Total (procedures + LOS) GLASS stage WiFi classification
Patient 1 $302,120.40 $713,328.00 $1,015,448.40 Stage IIT Stage IV
Patient 2 $469,449.00 $1,303,214.00 $1,772,663.00 Stage III Stage IV
Patient 3 $190,983.20 $670,096.00 $861,079.20 Stage 11 Stage IV

LOS: length of stay.
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Table 3. Estimated Costs of Revascularization Procedures and Associated Treatments

Procedure Cost

Endovascular procedure cost
Common femoral artery access $1,156.00
Arteriotomy closure with Mynx Grip $1,598.40
Venogram $5,126.00
Angiogram $8,256.00
Posterior tibial artery/vein balloon angioplasty and stent $15,261.00
Balloon angioplasty and stent placement $23,529.00
Artery atherectomy and angioplasty $27,764.00
Venous arch balloon angioplasty $29,048.00
Lower extremity DVA $44,755.00

Operative debridement and metatarsal amputation procedure cost
Debridement $4,053.00
Digit amputation $6,822.00
Tangential excision $1,525.00
Split thickness autograft $4,199.00
Application of skin substitute $4.,863.00
Black sponge wound vacuum device application $181.00

DVA: deep venous arterialization.

for open procedures [13]. Similarly, a study on over 400 CLTI
patients with DVA showed a 3.7% mortality rate, a 15.5% mor-
bidity rate, and a 79% limb-salvage rate within 1 month [19].
The lack of consistently high amputation-free survival rates
beyond the 1-year post-op suggests that DVA is not a perfect
solution, as it delays eventual limb loss, and imposes addition-
al costs on the patient and hospital LOS, and overall risks a
worsened quality of life.

Our results show that the overall cost of DVA is approxi-
mately $44,000 and with additional procedures and common
interventions the cost increases tremendously. Totaling the pro-
cedures prior to DVA, the DVA, and re-interventions, it costs
our patients over $300,000. Additionally, reinterventions result
in an increased hospital LOS and a greater financial burden on
the patient. When we included the prolonged LOS, the vary-
ing costs in placement, such as telemetry, medical-surgical unit
care, and intensive care unit (ICU) stays, the CTLI manage-
ment course cost our three patients $861,079, $1,772,663, and
$1,015,448.40, respectively.

In this study, we described three patients undergoing long-
term DVA limb salvage with an average total cost of over 1
million dollars per patient. This demonstrates that DVA is not
a cost-effective treatment due to prolonged hospital stays and
repeated re-intervention such as wound debridement. The lack
of use of LimFlow devices at our center may contribute to the
increased cost compared with the cost reported in a study con-
ducted by Pietzsch et al, where percutancous DVA with the
LimFlow system was found to be cost-effective [20].

In comparison to limb salvage, lower limb amputation
serves as the definitive treatment for non-reconstructible CLTI
and may provide benefits of better pain control, wound heal-

ing, and shorter hospital stays [12]. Young patients with fewer
comorbidities are expected to have functional outcomes com-
parable to those of patients who have successfully received
revascularization [21]. In contrast, lower-limb amputation re-
mains a risk factor for perioperative and long-term mortality
[22]. In addition to mortality, Reed et al reported that most
amputees in their study were willing to undergo everything
possible to salvage the leg even if major amputation was the
eventual result [23], while some patients in Columbo et al’s
study preferred early amputation in their clinical course [24].
The total costs for primary below the knee amputation were
upwards of $185,955 USD. Comparatively to limb salvage,
these costs are lower [25]. The exact effectiveness of complex
limb salvage using DVA remains unclear when considering
psychosocial and functional outcomes. These factors need to
be further investigated.

This study has several limitations. First, due to the retro-
spective nature of the chart review, there may have been inac-
curate or incomplete documentation by medical professionals
that may not capture all the measures necessary for cost analy-
sis. Limb salvage cost can also be multifactorial and affected
by comorbidities that patients might have. This may create
uncertainty when calculating the total cost of limb salvage us-
ing DVA. Second, as a case series, our study did not include
a comparative group. All three cases were from a single qua-
ternary vascular center. It should be noted that our series only
includes patients with successful limb salvage following DVA.
Two additional patients underwent the procedure during the
study period but progressed to major amputation and were re-
moved the cost analysis. It is difficult to compare DVA cases
conducted under other settings and available resources, and to
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provide generalizability to a larger population. Therefore, fu-
ture studies should focus on multicenter investigations to bet-
ter understand and identify the benefits and disadvantages of
DVA limb salvage.

Learning points

DVA offers a potential limb salvage option for “no-option”
CLTI patients, but multiple operations and extended hospitali-
zations are often required for its success. This case series em-
phasized the significant cost per person, mainly driven by re-
operation and prolonged hospital stay. While we acknowledge
the growing literature supporting DVA’s clinical and economic
utility in selected settings, our goal is to contribute real-world
cost data from a public hospital context and emphasize the im-
portance of multidisciplinary decision-making. These findings
highlight the need for further evaluation in its cost-effective-
ness and long-term surgical and psychological outcomes of
patients in comparison to primary amputation.
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