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BACKGROUND
Approximately 20% of patients with chronic limb-threatening ischemia have no 
revascularization options, leading to above-ankle amputation. Transcatheter arte-
rialization of the deep veins is a percutaneous approach that creates an artery-to-
vein connection for delivery of oxygenated blood by means of the venous system 
to the ischemic foot to prevent amputation.

METHODS
We conducted a prospective, single-group, multicenter study to evaluate the effect 
of transcatheter arterialization of the deep veins in patients with nonhealing ulcers 
and no surgical or endovascular revascularization treatment options. The composite 
primary end point was amputation-free survival (defined as freedom from above-
ankle amputation or death from any cause) at 6 months, as compared with a perfor-
mance goal of 54%. Secondary end points included limb salvage, wound healing, 
and technical success of the procedure.

RESULTS
We enrolled 105 patients who had chronic limb-threatening ischemia and were of 
a median age of 70 years (interquartile range, 38 to 89). Of the patients enrolled, 
33 (31.4%) were women and 45 (42.8%) were Black, Hispanic, or Latino. Transcath-
eter arterialization of the deep veins was performed successfully in 104 patients 
(99.0%). At 6 months, 66.1% of the patients had amputation-free survival. Accord-
ing to Bayesian analysis, the posterior probability that amputation-free survival at 
6 months exceeded a performance goal of 54% was 0.993, which exceeded the 
prespecified threshold of 0.977. Limb salvage (avoidance of above-ankle amputa-
tion) was attained in 67 patients (76.0% by Kaplan–Meier analysis). Wounds were 
completely healed in 16 of 63 patients (25%) and were in the process of healing in 
32 of 63 patients (51%). No unanticipated device-related adverse events were re-
ported.

CONCLUSIONS
We found that transcatheter arterialization of the deep veins was safe and could 
be performed successfully in patients with chronic limb-threatening ischemia and 
no conventional surgical or endovascular revascularization treatment options. (Funded 
by LimFlow; PROMISE II study ClinicalTrials.gov number, NCT03970538.)
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Arterial revascularization is stan-
dard care for patients with chronic limb-
threatening ischemia, the most advanced 

form of peripheral artery disease.1-3 In the United 
States, the annual prevalence and incidence of 
chronic limb-threatening ischemia in patients over 
the age of 40 years are estimated to be 1.33% 
and 0.35%, respectively, which translates to up 
to 1 million patients in the Medicare population 
alone.4,5 Despite advances in surgical and endo-
vascular treatment, up to 20% of patients with 
chronic limb-threatening ischemia are not can-
didates for revascularization (referred to here as 
no-option),5-7 primarily owing to the lack of an 
arterial target for distal runoff or an appropriate 
conduit for surgical bypass. Without the restora-
tion of blood flow, no-option chronic limb-threat-
ening ischemia that is characterized by pain, non-
healing wounds, and gangrene will progress to 
major (above-ankle) amputation in most cases.8,9 
Major amputation for chronic limb-threatening 
ischemia is associated with 50% mortality with-
in a year after amputation in patients over 65 years 
of age; mortality is higher among patients with 
coexisting cardiovascular conditions.10

Transcatheter arterialization of the deep veins 
is an endovascular revascularization procedure 
for the treatment of no-option chronic limb-
threatening ischemia.11 When the procedure is 
performed in the lower limbs, an arteriovenous 
fistula is created proximal to the diseased tibial 
arteries with the use of a covered stent. The oxy-
genated blood is then diverted from the tibial 
arteries to the tibial veins to bypass the severely 
diseased arterial vasculature. The venous system 
is leveraged to deliver oxygenated arterial blood 
to the foot through the pedal veins, which po-
tentially averts major amputation and promotes 
wound healing. The PROMISE I study established 
the feasibility of transcatheter arterialization of 
the deep veins for the treatment of no-option 
chronic limb-threatening ischemia.11 We per-
formed the PROMISE II study to expand on this 
work to evaluate the effect of the procedure on 
amputation-free survival and limb salvage as com-
pared with an objective performance goal.

Me thods

Study Design

PROMISE II was a prospective, single-group, mul-
ticenter study to evaluate the safety and effective-

ness of transcatheter arterialization of the deep 
veins against an objective performance goal. The 
protocol (available with the full text of this ar-
ticle at NEJM.org) was designed by the sponsor 
(LimFlow) with input from the principal investi-
gators and approved by the Food and Drug Ad-
ministration (FDA) and the institutional review 
board at each site. An investigational device ex-
emption was approved by the FDA. All the patients 
provided written informed consent.

Clinical events were adjudicated by an inde-
pendent committee, and an independent data and 
safety monitoring committee provided oversight. 
An independent core laboratory reviewed all 
wound images. Analyses were performed by the 
North American Science Association (a contract 
research organization) and Paradigm Biostatistics 
(committees are described in the Supplementary 
Appendix, available at NEJM.org). The authors had 
unrestricted access to the data; the first author 
wrote the first draft of the manuscript, and all 
the authors provided critical review. All the au-
thors vouch for the accuracy and completeness 
of the data and for the fidelity of the study to the 
protocol. No agreements existed between the 
sponsor and the authors and their institutions 
regarding confidentiality of the data, and the 
outcomes were to be published regardless of the 
results.

Patient Population

Patients with chronic limb-threatening ischemia 
with no option for arterial revascularization were 
recruited and screened for eligibility on the basis 
of lower-limb angiography, vein mapping, and 
prespecified study inclusion and exclusion criteria 
(described in the Supplementary Appendix). Be-
fore enrollment, an independent physician review 
committee confirmed each patient’s no-option 
status, defined as either the absence of a pedal 
artery target for endovascular or surgical therapy 
or the absence of a viable single segment of an 
autogenous vein conduit despite the presence of 
a pedal artery target that could receive a graft. 
Follow-up visits were scheduled at 2 weeks; at 
1, 2, 3, 6, 9, and 12 months for the first year; 
and annually to year 3. The study team at each 
site was multidisciplinary and included vascular 
specialists and wound-care experts working in 
collaboration.

Patients with Rutherford class 5 (tissue loss or 
focal gangrene) or 6 (extensive gangrene) chronic 
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limb-threatening ischemia were eligible for en-
rollment; scores on the Rutherford scale range 
from 0 to 6, with higher numbers indicating 
worse disease. Patients with dialysis-dependent 
chronic kidney disease were included if they had 
autogenous access or were receiving peritoneal 
dialysis and met the criteria for clinical stability. 
Patients with systemic infection, rapidly deterio-
rating wounds, or advanced heart failure were 
excluded. The index transcatheter arterialization 
procedure was not permitted within 30 days 
after an earlier revascularization procedure to 
prevent confounding; however, endovascular pro-
cedures to provide access to the arterial segment 
proximal to the transcatheter arterialization 
circuit were allowed during the index procedure.

 Treatment and Procedural Steps

The procedure involved the use of the LimFlow 
System (LimFlow), and all study physicians who 
performed the procedure received didactic and 
hands-on training. Before undergoing the proce-
dure, patients received dual antiplatelet therapy, 
and the patency, diameter, and tortuosity of the 
lateral plantar veins were assessed with the use 
of duplex ultrasound. The lateral plantar vein was 
accessed through the plantar surface with the use 
of ultrasound guidance and standard Seldinger 
technique (Fig. 1). A wire was advanced from the 
lateral plantar vein to the proximal posterior 
tibial vein adjacent to the tibial artery that would 
be used for arterialization in the leg. The ipsilat-
eral common femoral artery was then accessed 

Figure 1. Key Procedural Steps for Transcatheter Arterialization of the Deep Veins.

The steps for transcatheter arterialization of the deep veins in the lower leg involve obtaining ultrasound-guided pedal vascular access 
(Panel A); advancing the needle into the mesh cage for establishment of arteriovenous crossing (the needle is in the arterial system and 
advances through the artery into the vein; the basket is in the vein) (Panel B); rendering venous valves incompetent with a push valvulo-
tome (Panel C); deploying a straight covered stent at the level of the calcaneus (Panel D); and lining the vein with straight stents before 
placing a tapered, self-expanding, covered stent across the arteriovenous crossing to establish arterial blood flow in the venous system 
(Panel E).
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with the use of an antegrade technique. The ar-
terial and venous catheters were introduced into 
the common femoral artery and lateral plantar 
vein, respectively, and advanced to the desired 
crossing point, typically the proximal posterior 
tibial artery and a paired posterior tibial vein. 
With the use of a reentry catheter, the reentry 
needle was deployed from the artery into the mesh 
snare of the venous catheter that was positioned in 
parallel. A wire was then advanced and external-
ized through the pedal venous access site, which 
created through-and-through access. The arterial 
catheter was removed, and the artery-to-vein cross-
over point was dilated. The forward-cutting, co-
axial valvulotome was inserted and advanced into 
the tibial vein to midfoot to render the venous 
valves incompetent. After successful valvulotomy, 
balloon dilatation of the tibial vein to the ankle 
was performed to avoid compression of the to-
be-placed covered stent graft. The self-expanding 
stent grafts were deployed in the target vein from 
the cephalad calcaneal border to just distal of the 
crossover point. The procedure was completed 
with the placement of a tapered self-expanding 
stent graft across the artery-to-vein crossing point, 
and angiographic confirmation of adequate ve-
nous pedal outflow was obtained. Dilatation of 
the pedal venous loop was performed as needed 
to ensure adequate distal venous perfusion. Pa-
tients were prescribed dual antiplatelet or antico-
agulant therapy for at least 3 months after under-
going the procedure.

Primary and Secondary End Points

The primary end point was amputation-free sur-
vival, defined as a composite of freedom from 
above-ankle amputation or death from any cause 
at 6 months. Secondary end points were primary 
patency of the transcatheter arterialization cir-
cuit (defined as the absence of occlusion of the 
endovascular intervention without the need for 
additional intervention), primary-assisted patency 
(the absence of occlusion of the endovascular 
intervention with the use of additional interven-
tion, as long as occlusion of the primary treated 
site had not occurred), or secondary patency 
(absence of occlusion of the endovascular inter-
vention that was maintained with the use of ad-
ditional procedures after an occlusion occurred); 
limb salvage; change in Rutherford classification; 
technical and procedural success; healing of the 
target wound and all wounds; and wound area at 

30 days and 6 months after the procedure. (De-
tailed descriptions of the secondary end points 
are provided in the Supplementary Appendix.) In 
addition, freedom from contrast-induced nephrop-
athy, procedure time, radiation exposure, and 
contrast volume were collected periprocedurally. 
Serious adverse events (defined as events that 
were life-threatening; resulted in death, hospi-
talization, disability, or congenital abnormality; 
or necessitated an intervention) were reported by 
the investigators, reviewed by an independent 
medical monitor, and adjudicated by the clinical 
events committee.

Statistical Analysis

We used a Bayesian Goldilocks adaptive design 
for sample-size determination,12 with possible 
sizes of 60, 75, 90, and 105 patients, which pro-
vided the study with at least 80% power when 
the probability of amputation-free survival was 
at least 0.68 and 90% power when the probabil-
ity was at least 0.70. The statistical analysis plan 
allowed for early stopping of enrollment if am-
putation-free survival was very high or very low. 
Enrollment was concluded at 105 patients.

The primary end point of amputation-free 
survival at 6 months was evaluated against a 
prespecified performance goal of 54%, derived 
from the upper boundary of the confidence in-
terval of 42% amputation-free survival reported 
among the patients with no-option chronic limb-
threatening ischemia (descriptions of statistical 
analyses are provided in the Supplementary Ap-
pendix).9 We assigned a uniform prior distribu-
tion for amputation-free survival at 6 months and 
updated that distribution on the basis of binary 
outcomes. We accounted for the effect of miss-
ing data with the use of multiple imputation. 
The standard of study success was a posterior 
probability exceeding 0.977, which controlled the 
false positive rate for the study at 0.025.

Prespecified subgroup analyses of sex, dialysis 
status, age (≤70 years or >70 years), presence of 
diabetes, race, ethnic group, and Rutherford class 
were performed. The effect of coronavirus dis-
ease 2019 (Covid-19) on patient mortality was 
considered, and a sensitivity analysis was per-
formed. Baseline categorical variables were sum-
marized with the use of descriptive statistics, 
including the number of observations and per-
centages. Continuous variables were summarized 
as medians with interquartile ranges. Kaplan–
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Meier estimates were used to calculate time-to-
event variables. Because the statistical analysis 
plan did not include a provision for correcting 
for multiplicity when conducting tests for second-
ary or other outcomes, results are reported as 
point estimates only. Data preparation and sta-
tistical analyses were performed with the use of 
SAS software, version 9.4 (SAS Institute), and R 
software, version 3.6.1 (R Project for Statistical 
Computing).

R esult s

Patients and Procedural Characteristics

Between December 2019 and March 2022, a total 
of 219 patients underwent screening, and 105 were 
enrolled in the study across 20 sites in the United 
States (Fig. S1 in the Supplementary Appendix). 
The median age of the patients was 70 years 
(interquartile range, 38 to 89), 33 (31.4%) were 
women, and 45 (42.8%) were Black, Hispanic, or 
Latino. Most patients had several preexisting con-
ditions associated with chronic limb-threatening 
ischemia, including diabetes, hypertension, and 
dyslipidemia, and 78 patients (74.3%) had under-
gone previous revascularization procedures on 
the index limb (Table 1). All the patients presented 
with a nonhealing ulcer or frank gangrene and 
were classified as Rutherford class 5 (68 patients) 
or class 6 (37 patients). Our study included 19 
patients with dialysis-dependent chronic kidney 
disease (18.1%) who had either a stable arterio-
venous fistula or were receiving peritoneal dialy-
sis. A total of 102 patients (97.1%) with no treat-
ment option had no runoff target for traditional 
intervention, and 3 (2.9%) did not have a usable 
autogenous conduit.

The transcatheter arterialization procedure 
was technically successful in 104 of 105 patients 
(99.0%), with no unanticipated adverse device 
events. The patient who did not have a success-
ful procedure was followed for safety through 
6 months and withdrew from the study as pre-
specified in the protocol. The posterior tibial ar-
tery was the most common target for arteriove-
nous crossing location (75.2%), followed by the 
peroneal artery (19.0%) and the tibioperoneal 
trunk (5.7%) (Table 2).

End Points

Follow-up was completed in 102 of 105 patients 
(97.1%) at 6 months (1 patient was lost to follow-

up, and 2 withdrew). A total of 23 patients un-
derwent major amputation, and 12 died.

Amputation-free survival at 6 months (the pri-
mary end point) estimated by the mean of the 
posterior distribution was 0.66, with a 95% Bayes-
ian credible interval of 0.565 to 0.745. The pos-
terior probability that this rate exceeded the per-
formance goal of 0.54 was 0.993, which was 
greater than the prespecified success criterion of 
0.977. Amputation-free survival estimated with 

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
All Patients 

(N = 105)

Median age (range) — yr 70 (38–89)

Male sex — no. (%) 72 (68.6)

Race — no. (%)†

White 64 (61.0)

Black or African descent 16 (15.2)

Asian 2 (1.9)

Unknown or declined to state 23 (21.9)

Ethnic group — no. (%)†

Not Hispanic or Latino 76 (72.4)

Hispanic or Latino 29 (27.6)

Median body-mass index (range)‡ 26.2 (18.0–48.8)

History of smoking — no. (%) 44 (41.9)

Current 6 (5.7)

Former 38 (36.2)

Previous stroke — no. (%) 9 (8.6)

Previous myocardial infarction — no. (%) 24 (22.9)

Hypertension — no. (%) 96 (91.4)

Dyslipidemia — no. (%) 73 (69.5)

Diabetes mellitus — no. (%) 81 (77.1)

Type I 11 (10.5)

Type II 70 (66.7)

Chronic kidney disease — no. (%) 41 (39.0)

Dialysis — no. (%) 19 (18.1)

Rutherford classification — no. (%)§

Stage 5 68 (64.8)

Stage 6 37 (35.2)

Previous intervention in target limb — no. (%) 78 (74.3)

*	�Percentages may not total 100 because of rounding.
†	�Race and ethnic group were reported by the patient or abstracted from medi-

cal records.
‡	�The body-mass index is the weight in kilograms divided by the square of the 

height in meters.
§	� The Rutherford scale ranges from 0 to 6, with higher numbers indicating 

worse disease.
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the use of the Kaplan–Meier method was 66.1%. 
The percentages of limb salvage and survival were 
76.0% and 87.1%, respectively (Fig. 2).

Prespecified subgroup analyses showed no 
material differences between the groups (Fig. S2), 
with the exception that 19 patients with dialysis-
dependent chronic kidney disease had amputation-
free survival of 36.8%, whereas the 86 patients 
who did not have dialysis-dependent chronic kid-
ney disease had amputation-free survival of 72.7%. 
The mortality among patients who had dialysis-
dependent chronic kidney disease was 36.2% as 
compared with 8.6% among patients who did not 
have dialysis-dependent chronic kidney disease.

At 6 months, the percentages of primary pa-
tency, primary-assisted patency, and secondary 
patency were 25.9%, 45.4%, and 64.2%, respec-
tively. Repeat interventions to address native ar-
terial disease and flow optimization within the 
transcatheter arterialization circuit occurred in 
38 patients (36.5%). A decrease in Rutherford 
class was observed in 27 of 64 patients (42%). The 
median procedure time was 199 minutes, the me-
dian radiation exposure was 195 mGy, and the 
median amount of iodinated contrast used in 
the procedures was 127 milliliters. At 72 hours 
postprocedure, 103 patients (98.1%) were free 
from contrast-induced nephropathy. Procedural 
success (technical success with absence of death, 
major amputation, or reintervention at 1 month) 
occurred in 80 patients (76.9%) (Table S1).

Wound Healing

The median primary wound area at baseline and 
at 6 months was 3.9 cm2 (interquartile range, 
1.7 to 9.3) and 1.0 cm2 (interquartile range, 0.0 to 
3.6), respectively. Since the study included patients 
with extensive gangrene and tissue loss, minor 
amputations, such as amputation of toes (40 am-
putations in 30 patients) and transmetatarsal 
amputations or revisions (51 in 41 patients) were 
allowed and expected. At 6 months, target wounds 
were completely healed in 16 of 63 patients (25%), 
and all wounds were completely healed in 24 of 
86 patients (28%). Target wounds were catego-
rized as being in the process of healing in 32 of 
63 patients (51%) (Fig. 3 and Figs. S3, S4, and S5).

Adverse Events

No unanticipated adverse device-related events 
were reported. A total of 98 of 105 patients 
(93.3%) had an adverse event (Table S2).

Discussion

In this prospective study involving patients with 
chronic limb-threatening ischemia and no con-
ventional surgical or endovascular revasculariza-
tion treatment options, transcatheter arterializa-
tion of the deep veins was successfully performed 
in 104 of 105 patients (99.0%), was associated 
with 66.1% amputation-free survival, and improved 
wound healing with complete healing in 16 pa-
tients (25.4%) and partial wound healing in 32 
patients (50.8%) at 6 months. Results appeared 
consistent among the subgroups, with the ex-
ception that among patients with dialysis-depen-
dent chronic kidney disease, amputation-free sur-
vival occurred in a smaller proportion and death 
occurred in a greater proportion.

Relieving ischemia by arterializing the deep 
veins is not a new concept, having first been hy-
pothesized and attempted more than 100 years 
ago and evaluated in multiple open surgical se-
ries.13-15 However, the surgical technique was 
associated with several complications, including 
infection, deep incisions to create anastomosis, 
difficulty in lysing valves in the target vein, and 
difficulty in prevention of a steal phenomenon 
(diversion of blood flow away from the affected 
area) from venous branches at the calf and an-
kle.16 Transcatheter arterialization addresses some 
of the limitations that resulted in failure in ear-
lier surgical attempts. The transcatheter arteri-

Table 2. Procedural Characteristics of Transcatheter 
Arterialization of the Deep Veins.*

Characteristic
All Patients 

(N = 105)

Technical success — no. (%) 104 (99.0)

Arteriovenous crossing target vein 
location — no. (%)

Peroneal vein 6 (5.7)

Posterior tibial vein 99 (94.3)

Arteriovenous crossing target artery 
location — no. (%)

Peroneal artery 20 (19.0)

Posterior tibial artery 79 (75.2)

Tibioperoneal trunk 6 (5.7)

Reintervention within 6 mo after pro-
cedure — no./total no. (%)

38/104 (36.5)

*	�Percentages may not total 100 because of rounding.
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alization endovascular technique circumvents an 
open incision and directs arterial blood to the 
pedal venous arch without diversion through the 
venous branches. Antegrade valvulotomy allows 
for the ablation of venous valves in the pedal loop 
that would otherwise hinder adequate blood flow 
to the distal foot. In addition, venous congestion 
as a side effect of the procedure has not been 
observed. The transcatheter arterialization proce-
dure allows oxygenated blood to reach the distal 
foot by way of the venous system while address-
ing the limitations of surgical arterialization of 
deep veins.

Early prospective pilot studies in Singapore 
and Europe supported European Certificate of 
Conformity (known as the  CE mark) approval 
and led to the PROMISE I early feasibility study 
in the United States.17-19 Results across all studies 
were consistent, with the pilot studies that were 
performed outside the United States showing 
percentages of 6-month and 12-month amputa-
tion-free survival of 83.9% and 71.0%, respectively; 
6- and 12-month amputation-free survival was 
74% and 70%, respectively, in the PROMISE I 
study.11,19,20 Patients who were enrolled in the 
PROMISE II study were representative of real-
world patients (Table S3), including those with 

dialysis-dependent chronic kidney disease and 
Rutherford class 5 or 6 wounds, who are routinely 
excluded from vascular device studies. Beyond 
the presence of routine coexisting conditions, 
including diabetes, 74.3% of the patients had a 
history of previous unsuccessful revasculariza-
tion procedures of the index limb, which indicated 
that this complex cohort of patients included 
those with limb pain, nonhealing wounds, and 
gangrene who were probably at risk for major 
amputation.

Results of a prespecified subgroup analysis 
were aligned with those of previously published 
outcomes indicating an increased risk of death 
after peripheral arterial revascularization proce-
dures among patients who were undergoing di-
alysis.21,22 Although the incidence of limb salvage 
was similar between patients who had dialysis-
dependent chronic kidney disease and those who 
did not, mortality appeared to be greater in the 
population with dialysis-dependent disease. The 
decision to offer transcatheter arterialization of 
the deep veins to patients with dialysis-depen-
dent chronic kidney disease should take into con-
sideration life expectancy and patient preferences.

An important aspect of the PROMISE II study 
was the analysis of the independent multidisci-

Figure 2. Survival and Freedom from Amputation.

Panel A shows the posterior probability distribution for the primary end point of 6-month amputation-free survival (defined as freedom 
from amputation or death from any cause). The mean of the distribution is 0.66. The 95% Bayesian credible interval ranges from the 
2.5th to the 97.5th percentiles of the distribution. The posterior probability that the 6-month amputation-free survival exceeds the per-
formance goal of 0.54 was 0.993, represented by the area under the curve and to the right of 0.54. Panel B shows Kaplan–Meier estimates 
of the composite primary end point of amputation-free survival and its components.

Pe
rc

en
ta

ge
 o

f P
at

ie
nt

s

100

40

80

60

20

0
0 30

Days after Index Procedure

A Amputation-free Survival

Overall survival
Freedom from target

limb amputation
Amputation-free survival

105
105

105

92
92

92

87
87

87

79
78

78

75
74

74

69
69

69

67
67

67

55
55

55

54
52

52

48
48

48

43
42

42

40
40

40

29
28

28

360300 3302702402101801501209060

No. at Risk

Pr
ob

ab
ili

ty
 D

en
si

ty

0.0 0.2

6-Month Amputation-free Survival

1.00.80.6

0.54

0.4

B Amputation-free Survival or Death from Any Cause

Inferior Superior

Posterior mean, 0.66
(95% Bayesian credible interval, 0.56–0.74) 

Overall survival
Freedom from target limb amputation
Amputation-free survival

The New England Journal of Medicine 
Downloaded from nejm.org by MARYAM MEHRPOOYA on March 30, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med 388;13 nejm.org March 30, 20231178

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

plinary physician review committee, which con-
firmed the patient’s no-option status before enroll-
ment. However, the presence of no-option chronic 
limb-threatening ischemia is associated with sev-
eral variables beyond anatomy alone. Access to 

subspecialty care, geographic location, and socio-
economic status all contribute to a real-world lack 
of peripheral artery revascularization and an 
increased incidence of major amputation. The 
transcatheter arterialization procedure may ad-
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dress some of these issues by removing the ana-
tomical barriers to revascularization by allowing 
for restoration of blood flow to the foot in pa-
tients who otherwise would have no option for 
treatment.

The increasing number of patients with chron-
ic limb-threatening ischemia represents a large 
burden for the health care system and a reduced 
quality of life and life expectancy for patients. 
Major amputation results in loss of mobility and 
a host of secondary effects, including decondition-
ing, depression, and social isolation, and has 

been associated with an increased risk of death.23 
Revascularization and limb salvage avert this 
trajectory and have been shown to be more cost 
effective than amputation.24 The introduction of 
transcatheter arterialization provides the possi-
bility of revascularization in patients with no-
option chronic limb-threatening ischemia who 
previously were consigned to primary amputa-
tion, thus potentially reducing the resulting ill-
ness, death, and economic burden of amputation.

Our study has several limitations, including 
the lack of a control group; however, random 
assignment of patients destined for major ampu-
tation was practically and ethically unfeasible. 
The study continuously enrolled patients during 
the Covid-19 pandemic, with 12 reported infec-
tions and 5 deaths adjudicated by the clinical 
events committee as being related to Covid-19. 
In addition, transcatheter arterialization was per-
formed by experienced interventional cardiologists 
and vascular surgeons who underwent training to 
perform the procedures, and the procedure may 
be available only at a specialist center. In addition, 
follow-up was limited to 12 months, and the num-
ber of patients dependent on dialysis was small.

We found that transcatheter arterialization of 
the deep veins was safe and could be performed 
with a high degree of procedural success in pa-
tients with chronic limb-threatening ischemia 
and no conventional surgical or endovascular re-
vascularization options to promote wound heal-
ing and prevent major amputation.

Supported by LimFlow.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.
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