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Introduction

Critical hand ischemia (CHI) secondary to below-the-elbow 
(BTE) obstructive arterial disease can be debilitating and 
lead to amputation.1-3 Patients generally manifest with rest 
pain, non-healing ulcers, and progressive gangrene of the 
digits. BTE artery disease is common in patients with dia-
betes mellitus and chronic kidney disease.4,5 There is usu-
ally a diffuse involvement of the BTE vessels, including the 
ulnar artery, radial artery, palmar arch, and digital vessels, 
with seldom isolated involvement of the interosseous 
artery.4-10 Distal calcific arteriosclerosis plays a pivotal role 
in the pathophysiology of hand ischemia, particularly in 
hemodialysis patients.5

Currently, there is no consensus algorithm regarding the 
most appropriate revascularization strategy for patients 
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Abstract
Purpose: To perform a systematic review assessing the safety and efficacy of percutaneous transluminal angioplasty (PTA) 
for treatment of critical hand ischemia (CHI) due to below-the-elbow (BTE) obstructive arterial disease. Materials and 
Methods: MEDLINE and EMBASE systematic searches were performed from inception to December 2020 to identify 
studies assessing PTA for management of BTE obstructive arterial disease. Three independent reviewers performed abstract 
selection, data extraction, and quality assessment. The Newcastle-Ottawa Scale was used to assess individual study bias 
for non-randomized controlled trials. Results: Eight studies comprising 176 patients with obstructive BTE vessel disease 
were included. All studies had a score >5 on the Newcastle-Ottawa Scale, indicative of high quality. All studies used low-
profile balloons (1.5–4 mm) for PTA of stenotic lesions or chronic total occlusions (CTOs). The weighted average technical 
success and clinical success rates were 89.3% (range = 82%–100%) and 69.9% (range = 19%–100%), respectively, at a 
mean follow-up of 29.7 ± 17.1 months. The short-term (<30 days) complication rate was low at 4.7% and most commonly 
included access site hematomas, pseudoaneurysms, and radial artery perforation or re-thrombosis. Nearly 20% of patients 
required an amputation, and most (96%) were minor (either distal phalanges or digits). Only 2 patients required above-
wrist amputations. The primary and secondary patency rate at 5 years were 38% and 54%, respectively. The cumulative 
5-year mortality rate was 33.1%. Conclusions: PTA for CHI due to BTE obstructive arterial disease is feasible with a high 
technical success rate and a low short-term complication rate. Additional long-term comparative studies are required to 
unequivocally establish the clinical benefit of endovascular treatment compared with conservative management or surgical 
bypass.
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with CHI due to BTE vessel disease. The extensive multi-
vessel involvement seen in many of the patients with CHI 
limit the procedural efficacy of surgical bypass due to 
improper landing zone or inadequate distal run-off.11 
Alternative non-revascularization strategies aimed at symp-
tomatic relief, such as thoracic or palmar sympathetectomy, 
have been described in CHI.12,13 In the last 2 decades, sev-
eral studies have shown promising results with percutane-
ous transluminal angioplasty (PTA) of BTE arteries for the 
management of CHI.3,4,6-10,13 This systematic review aims to 
assess the feasibility, technical success, long-term out-
comes, and complications of PTA for the treatment of CHI 
due to BTE arterial disease.

Materials and Methods

This systematic review was performed in accordance with a 
protocol developed a priori and the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.14 Institutional ethics board approval 
was not required.

Eligibility Criteria

Study inclusion criteria were as follows: (1) human study; 
(2) English language; (3) prospective or retrospective study 
with 4 or more patients presenting with CHI due to BTE 
vessel disease; (4) intervention involving PTA of one or 
multiple BTE vessels; (5) with at minimum reported out-
comes on technical success and complications. Exclusion 
criteria were as follows: (1) CHI due to vasculitis or con-
nective tissue disorders in the majority of patients; (2) his-
tory of surgical or endovascular revascularization; (3) case 
reports and conference or meeting abstracts.

Systematic Search and Data Abstraction

The MEDLINE (1946 to December 24, 2020) and 
EMBASE (1947 to December 24, 2020) databases were 
searched for all studies assessing the feasibility, safety 
and efficacy of PTA of BTE vessels for patients with CHI. 
The detailed search strategy is shown in Supplementary 
Figure 1. Secondary searches were conducted by two 
reviewers (S.A.K. and S.M.) assessing reference lists 
from primary studies and review articles to identify addi-
tional relevant studies. Three reviewers (G.A.E., S.A.K., 
and S.M.) independently screened titles and abstracts 
found in the primary and the secondary literature searches. 
Following initial abstract screen, full texts of the remain-
ing studies were independently reviewed. Inter-reviewer 
disagreements were rectified by consensus. Data extrac-
tion was carried out in duplicate by G.A.E. and S.A.K. 
into a standardized spreadsheet. The following data were 
extracted: author, publication date, number of patients, 

number of interventions, mean age, gender, underlying 
etiology of CHI, clinical presentation, onset of symptoms 
to intervention, vessels treated, access artery, sheath size, 
guidewires used, balloons used, technical success, post-
procedural complications, hemostasis method, and out-
comes reported in follow-up.

Quality and Strength of Recommendation 
Assessment

Individual study bias was assessed using the Newcastle-
Ottawa Scale for non-randomized controlled trials. The 
Newcastle-Ottawa Scale is a 9-point rating scale with 
4 points for study selection, 2 points for study comparabil-
ity, and 3 points for study outcome assessment.15 A score 
>5 is indicative of high quality. Study quality assessment is 
presented in Supplementary Table 1. All studies had a score 
>5, which is indicative of high quality.

Statistical Analysis

Microsoft Excel (Washington, USA) was used for data tab-
ulation. Study characteristics and outcomes data, including 
odds and hazard ratios, were presented as reported in the 
original articles. The weighted average for technical suc-
cess, clinical success, as well as complication rates were 
calculated using Microsoft Excel and presented with the 
range. Cumulative mortality rates were tabulated at 
14 months, 36 months, and 60 months based on the data 
reported in the original articles.

Results

Literature Search and Study Selection

Results of the literature review strategy are summarized in 
Figure 1. Of the 3169 abstracts identified, 3127 were 
excluded and 42 underwent full-text review. Following full-
text review, 8 articles remained that met the previously 
specified eligibility criteria.3,4,6-10,13

Study Characteristics

Patient, intervention, and outcome characteristics of the 
included studies are presented in Table 1. There were 176 
patients with BTE arterial disease, 55% males, mean age 
ranging from 53 to 64 years, and with multiple comorbidi-
ties, primarily hypertension (86%), peripheral vascular dis-
ease (68%), dyslipidemia (63%), chronic kidney disease or 
ESRD (55%), diabetes (55%), and coronary artery disease 
(50%). Also, 71% of the patients had a significant smok-
ing history. With respect to CHI clinical presentation, 51% 
presented with rest pain, 31% with tissue loss or gangrene, 
and 22% with ulcers. Only 16 (12.5%) patients had active 
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ipsilateral pre-existing AVF for hemodialysis (8 brachioce-
phalic and 8 radiocephalic).3,4,10

Technique and Technical Success

BTE revascularization was commonly performed for radial 
and/or ulnar artery disease, and seldom for isolated interos-
seous artery, palmar arch, or digital artery disease (Table 1). 
Revascularization was achieved or initially attempted pre-
dominately using an antegrade brachial puncture and 4- or 
5-Fr vascular sheath.3,4,7-10 Other alternatives used in failed 
antegrade brachial cases included dual access (for example, 
femoral and radial artery, or radial artery/palmar arch),9 fis-
tula/graft access,8 retrograde transradial access,10 or the 
palmar-loop-technique.2,16 Two studies exclusively used the 
femoral artery for access.6,13 The total number of patients 
who had femoral artery access was 86 (40%).

All studies used 0.014- or 0.018-in guidewires to cross 
stenotic lesions or chronic total occlusions (CTOs), with 
low-profile balloons (1.5–4 mm) for PTA. If the guidewire 

failed to cross the lesion, other alternatives used were stiffer 
0.014-in guidewire,3 dedicated coronary wires,4 0.009-in 
wire with atherectomy of calcified plaque using a Rotablator 
(Boston Scientific, MA, USA),4 or subintimal recanaliza-
tion technique.8,9 One study exclusively explored the 
Diamondback 360 Peripheral Orbital Atherectomy System 
(OAS) (Cardiovascular Systems, Inc., MN, USA) for cross-
ing BTE CTOs.6 The total number of patients who had 
atherectomy was 13 (7.4%).

Drug-eluting balloons were used in one study for pri-
mary revascularization,4 and in another study for manage-
ment of restenosis.9 The number of patients who had 
drug-eluting balloons was either not reported4 or not 
specified.9 Stents were used in one study for BTE revas-
cularization due to suboptimal results with PTA alone 
(sluggish flow and/or residual stenosis between 30% and 
50%), with either balloon expandable stents for short 
lesions or self-expandable stents for long lesions.9

Seven of eight studies defined technical success as revas-
cularization of the target vessel with residual stenosis ≤ 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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30%. Only one study defined technical success as establish-
ing straight-line flow to the hand with final residual diame-
ter stenosis ≤ 50% for balloon angioplasty alone.7 The 
weighted average technical success rate was 89.3% (range 
= 82.4%–100%).

Four studies provided data on restenosis and the weighted 
average restenosis rate was 29.2% (range = 18%–44%) at 
6–48 months follow-up.4,9,10,13 In the Ruzsa et al study, 14 
patients had stent implantation for primary revasculariza-
tion due to suboptimal results from PTA alone.9 The stent or 
balloon restenosis rate in this study was 14.3% versus 
13.3% at 1 year follow-up, and this was not statistically sig-
nificant in the study.

Clinical Success and Long-Term Outcomes

Definitions for clinical success and outcomes varied among 
the studies and they are summarized in Supplementary 
Table 2. Short and long-term study outcomes are presented 
in Table 2.

Post-revascularization mean follow-up was 29.7 ± 
17.1 months. The weighted average clinical success rate, 
including wound healing and improved symptomatology, 
was 69.9% (range = 19%–100%). The limb salvage rate 
was 93.1% in the Tomoi et al study at 12 months follow-up7 
and 100% in the Ruzsa et al study at 36.9 months follow-up.9 
Cheun et al provided the longest follow-up outcomes data 
with primary patency, assisted primary patency, secondary 

Table 2. Study Outcomes and Restenosis Data.

Study

Follow-up
(mean or median, 

months) Outcomes Restenosis

Kawarada et al.3 11 ± 8 100% clinical success
Post-procedure significantly improved skin 

perfusion pressure

NR

Ferraresi et al.4 13 ± 9 WH in 65% with mean healing time 2 ± 
1.5 months

18% recurrent ischemia. Success-
ful re-PTA at 6 months with no 
major procedure-related events

Bahro et al.6 1 100% freedom from revascularization and 
amputation at 30 days

100% WH

NR

Tomoi et al.7 26.8 ± 27.8 19% WH at 12 months
AFS, OS, LS, and freedom from MALE were 

56.4%, 59.4%, 93.1%, and 78.5% at 1 year

NR

Chen et al.8 17
(0.5–53)

85.7% clinical success
9.3 months PP
71.4% WH at median time 4.5 months

NR

Ruzsa et al.9 36.9
(9.6–68.3)

84.2% clinical success at 1 year
100% LS

27.3% clinically driven restenosis
14.3% vs 13.3% restenosis rate if 

stent or balloon for revascular-
ization

100% secondary revascularization
10% restenosis after secondary 

revascularization
Morosetti et al.10 19.6

(8–42)
83.3% clinical success rate
Post-procedure significantly improved skin 

perfusion pressure
55.5% complete resolution of ischemic symp-

toms at 12 months
5 amputation of distal ischemic ulcer
41% PP and 76% SP at 24 months

23.5% recurrence of ischemic 
symptomatology at 8–16 months 
follow-up.

Cheun et al.13 45.6
(12–120)

55% FBI increase of > 0.15
83% WH at 3 months
90% improved or resolved symptoms
45% LS, 38% PP, 46% APP, 54% SP, 48% AFS, 

and 45% freedom from MALE at 5 years

44% underwent additional 
endovascular interventions for 
restenosis or occlusion of one 
vessel to maintain patency; non-
specified

Tomoi et al7 and Ruzsa et al9 data include both above-the-elbow and below-the-elbow revascularization outcomes.
Abbreviations: NR, not reported; WH = wound healing; PTA, percutaneous transluminal angioplasty; AFS, amputation-free survival; OS, overall 
survival; LS, limb salvage; PP, primary patency; FBI, finger brachial index; APP = assisted primary patency; MALE = major adverse limb event.
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patency, limb salvage, amputation-free survival, and free-
dom from major adverse limb events (MALEs) rates at 38%, 
46%, 54%, 45%, 48%, and 45% at 5 years, respectively.13

Predictors of Technical and Clinical Success

Three studies described predictors of hand/wound healing, 
clinical success, cumulative patency, amputation-free sur-
vival, and freedom from MALEs, and they are summarized 
in Table 3.4,7,13

Complications and Mortality

Complications and limb loss data are presented in Table 4. 
Short-term complications (< 30 days) (4.7%) included 
access site hematomas (10/19), pseudoaneurysms (3/19), 
flow-limiting dissections (2/19), radial artery perforation or 
re-thrombosis (3/19), and contrast-induced nephropathy 
(1/19). The 30-day major adverse cardiac event and MALE 
rates reported by Cheun et al were 1 and 3%, respectively.13 
Although the Ruzsa et al study reported 42/101 cumulative 
major adverse event rate at 3 years, the data includes out-
comes for both ATE and BTE revascularization.9 Nearly 
20% of patients required an amputation, and most (96%) 
were minor (either distal phalanges or digits). Only 2 
patients required above-wrist amputations.7 Mortality data 
are summarized in Table 4. The pooled mortality rates 

across studies at 14 months, 36 months, and 60 months were 
20.5% (17/83), 25.5% (47/184), and 33.1% (78/236), 
respectively.

Conservative Management, Endovascular 
Management or Surgical Bypass

Cheun et al examined the outcomes of patients presenting 
with CHI due to BTE obstructive disease who underwent 
non-operative versus operative management (endovascular 
or surgical bypass).13 Of 108 patients (average age = 59; 
56% male), 34 underwent endovascular therapy with a 
median 1.5 vessels (UA, RA and/or IA) treated, 21 under-
went a saphenous vein bypass to either the RA (12) and/or 
ulnar artery (11), and 53 were managed conservatively.

At baseline, there was a higher proportion of patients 
with diabetes in the endovascular and surgical bypass 
groups compared with the no intervention group (94% and 
81% vs 72%, p = 0.03). The remaining demographics and 
comorbidities were similar. There was also a higher number 
of patients with intact palmar arch anatomy in the endovas-
cular and bypass groups (52% and 68%, vs 12%, p = 
0.001).

At follow-up, there was a significantly higher percentage 
of patients who had improved finger-brachial index (55% 
and 85% vs 11%, p = 0.002), wound healing rate (83% and 
95% vs 69%, p = 0.002), and 3-month symptom relief 

Table 3. Outcomes and Predictors.

Outcome Predictor OR/HR Confidence interval p

Hand/wound healing PTA technical success OR 0.5
OR 2.1

0.28–0.88
1.5–3.1

< 0.00014

< 0.0513

 Intact palmar arch prior to intervention OR 1.9 1.3–2.0 < 0.0513

 Digital run-off score post intervention OR 0.37
OR 1.5

0.19–0.71
1.1–1.8

< 0.0034

< 0.0513

Clinical success Presentation with rest pain only HR 2.6 1.9–3.8 < 0.0513

 Presence of complete palmar arch prior 
to intervention

HR 1.6 1.2–2.1 < 0.0513

Cumulative patency
Amputation-free survival

Intact palmar arch prior to intervention HR 1.6 1.1–1.8 < 0.0513

Presentation with rest pain only HR 3.1 1.3–3.9 < 0.0513

No 30-day major adverse cardiac event HR 1.6 1.1–1.8 < 0.0513

Patency of the revascularization HR 2.0 1.4–3.1 < 0.0513

Wound healing HR 2.6 1.9–3.4 < 0.0513

Diabetes — — 0.037

 Hemodialysis — — < 0.0017

 PAD — — 0.0037

 Presence of a wound — — < 0.0017

Freedom from major 
adverse limb events

Presentation with rest pain HR 2.3 1.8–3.4 < 0.0513

Cumulative patency HR 1.4 1.0–1.9 < 0.0513

Wound healing within 3 months HR 1.4 1.1–1.5 < 0.0513

 Intact palmar arch prior to intervention HR 2.3 1.5–2.7 < 0.0513

Abbreviation: PTA, percutaneous transluminal angioplasty.



474 

T
ab

le
 4

. 
C

om
pl

ic
at

io
ns

, L
im

b 
Lo

ss
, a

nd
 M

or
ta

lit
y 

D
at

a.

St
ud

y
C

om
pl

ic
at

io
ns

Li
m

b 
lo

ss
M

or
ta

lit
y

K
aw

ar
ad

a 
et

 a
l.3

N
on

e
N

R
N

R
Fe

rr
ar

es
i e

t 
al

4
1/

34
 R

A
 p

er
fo

ra
tio

n 
se

al
ed

 b
y 

pr
ol

on
ge

d 
ba

llo
on

 
in

fla
tio

n,
 2

/3
4 

flo
w

-li
m

iti
ng

 d
is

se
ct

io
ns

 o
f t

he
 R

A
 

su
cc

es
sf

ul
ly

 t
re

at
ed

 w
ith

 n
iti

no
l s

el
f-

ex
pa

nd
ab

le
 

st
en

ts

9 
di

gi
ts

 a
nd

 1
4 

di
st

al
 p

ha
la

ng
es

10
/2

8 
pa

tie
nt

s 
di

ed
 d

ur
in

g 
fo

llo
w

-u
p 

(1
3 
±

 9
 m

on
th

s)

Ba
hr

o 
et

 a
l6

N
on

e
N

R
N

R
T

om
oi

 e
t 

al
.7

1/
36

 p
un

ct
ur

e 
co

m
pl

ic
at

io
n

7 
di

st
al

 p
ha

la
ng

es
 a

nd
 2

 a
bo

ve
-w

ri
st

 
am

pu
ta

tio
ns

23
/3

6 
(3

 w
ith

in
 3

0 
da

ys
, a

nd
 2

0 
du

ri
ng

 
fo

llo
w

-u
p 

[2
6.

8 
±

 2
7.

8 
m

on
th

s]
)

C
he

n 
et

 a
l.8

5/
25

 a
cc

es
s 

si
te

 h
em

at
om

as
 o

r 
po

st
-a

ng
io

pl
as

ty
 

pe
rf

or
at

io
ns

 t
ha

t 
re

so
lv

ed
 w

ith
 b

al
lo

on
 

ta
m

po
na

de
, 1

/2
5 

re
th

ro
m

bo
si

s 
of

 t
he

 R
A

 w
ith

in
 

ho
ur

s 
of

 e
nd

ov
as

cu
la

r 
tr

ea
tm

en
t 

th
at

 r
eq

ui
re

d 
su

rg
ic

al
 t

hr
om

be
ct

om
y

N
R

4/
19

 a
t 

a 
m

ed
ia

n 
9.

8 
m

on
th

s 
af

te
r 

in
te

rv
en

tio
n

R
uz

sa
 e

t 
al

.9
1/

10
1 

as
ym

pt
om

at
ic

 R
A

 o
cc

lu
si

on
, 1

/1
01

 C
IN

, 
3/

10
1 

br
ac

hi
al

 a
rt

er
y 

ps
eu

do
an

eu
ry

sm
s,

 a
nd

 
2/

10
1 

fe
m

or
al

 h
em

at
om

as
8/

10
1 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n 
an

d 
7/

10
1 

st
ro

ke
 a

t 
3 

ye
ar

s
42

/1
01

 c
um

ul
at

iv
e 

m
aj

or
 a

dv
er

se
 e

ve
nt

 a
t 

3 
ye

ar
s

6 
di

gi
ts

20
/1

01
 d

ea
th

s 
at

 3
 y

ea
rs

M
or

os
et

ti 
et

 a
l.10

2/
18

 lo
ca

l h
em

at
om

as
 t

ha
t 

re
so

lv
ed

 c
on

se
rv

at
iv

el
y

N
R

3/
18

 b
y 

42
 m

on
th

s 
fo

llo
w

-u
p

C
he

un
 e

t 
al

.13
30

-d
ay

 M
A

C
E 

1%
30

-d
ay

 M
A

LE
 3

%
17

/5
3 

in
 n

on
-in

te
rv

en
tio

n 
gr

ou
p 

ha
d 

ei
th

er
 p

ha
la

nx
 o

r 
di

gi
ta

l a
m

pu
ta

tio
n

10
/3

4 
in

 e
nd

ov
as

cu
la

r 
gr

ou
p 

ha
d 

ei
th

er
 

a 
ph

al
an

x 
or

 d
ig

ita
l a

m
pu

ta
tio

n
9/

21
 in

 t
he

 s
ur

gi
ca

l b
yp

as
s 

gr
ou

p 
ha

d 
ei

th
er

 a
 p

ha
la

nx
 o

r 
di

gi
ta

l a
m

pu
ta

tio
n

18
/3

4 
at

 5
 y

ea
rs

T
om

oi
 e

t 
al

7  
an

d 
R

uz
sa

 e
t 

al
9  

da
ta

 in
cl

ud
es

 b
ot

h 
ab

ov
e-

th
e-

el
bo

w
 a

nd
 b

el
ow

-t
he

-e
lb

ow
 r

ev
as

cu
la

ri
za

tio
n 

ou
tc

om
es

.
A

bb
re

vi
at

io
ns

: N
R

, n
ot

 r
ep

or
te

d;
 R

A
, r

ad
ia

l a
rt

er
y;

 C
IN

, c
on

tr
as

t-
in

du
ce

d 
ne

ph
ro

pa
th

y;
 M

A
C

E,
 m

aj
or

 a
dv

er
se

 c
ar

di
ac

 e
ve

nt
; M

A
LE

, m
aj

or
 a

dv
er

se
 li

m
b 

ev
en

t.



Awad El-Karim et al 475

(75% and 82% vs 7%, p = 0.002) in the endovascular and 
surgical bypass groups compared with the conservative 
management group. Although the clinical efficacy (47% 
and 59% vs 33%, p = 0.12) and limb salvage rates (45% 
and 55% vs 37%) were higher in the operative management 
group, they did not reach statistical significance.

There was no significant difference in overall morbidity, 
30-day objective performance goals, or 90-day mortality 
rates between all groups. There was also no significant dif-
ference in overall amputation rate (either a phalanx or a 
digit) between all groups: 17/53 (32%) in the conservative 
management group, 10/34 (29%) in the endovascular treat-
ment group, and 9/21 (43%) in the surgical bypass group.

The amputation-free survival and overall survival rates 
at 5 years were significantly higher in the endovascular and 
bypass groups compared with the conservative manage-
ment group (48% and 65% vs 35%, p = 0.04 for AFS; 48% 
and 65% vs 33%, p = 0.04 for OS).

The primary, assisted primary, and secondary patency 
rates at 5 years trended toward the bypass group compared 
with the endovascular group, however this did not reach 
statistical significance (38% vs 54%, 46% vs 64%, and 54% 
vs 69%). Bypass grafting was a predictor for cumulative 
patency (HR = 2.2, 95% CI = 1.9%–3.4%). The endovas-
cular group had a statistically significant lower rate of 
MALEs compared with the bypass group (45% vs 64%, p = 
0.02).

Discussion

CHI due to BTE obstructive arterial disease is an emerging 
and debilitating problem particularly for patients with dia-
betes and chronic kidney disease.4 The true prevalence is 
difficult to assess because most patients are managed con-
servatively.4,5,13 The broader collateral networks in the arm 
and reduced relative strain of the upper extremity muscle 
mass compared with the lower limbs, are thought to provide 
compensatory response to stenotic lesions and delay the 
onset of symptoms.3,10,17 Quality of life preservation 
requires early identification of CHI patients to minimize tis-
sue loss and preserve hand function.

The understanding of the pathophysiology in BTE 
obstructive arterial disease is evolving, but parallels have 
been drawn from the below-the-knee (BTK) arterial litera-
ture. It is likely BTE obstructive arterial disease is a com-
bination of medial calcification (Mönckeberg’s sclerosis) 
and to a lesser degree atherosclerosis that results in luminal 
stenosis.18,19 In a histopathological study of 239 lower 
extremity arteries collected from patients who underwent 
amputation due to critical limb ischemia, atherosclerosis 
was more frequent in the femoral and popliteal arteries 
compared to the infrapopliteal arteries.20 Diabetes and 
chronic kidney disease are risk factors for increased medial 

calcification,19 and therefore, it is not surprising that these 
patients are the ones that suffer the most from extensive 
BTE occlusive disease. Furthermore, in patients with type 
2 diabetes, medial calcification was associated with a 
4-fold increased risk for lower extremity amputation.21 
Further understanding of the underlying pathophysiology 
leading to BTE occlusive disease is necessary to adequately 
identify patients and manage their disease.

Pre-existing ipsilateral AV fistula and history of prior 
endovascular intervention via radial access (eg, coronary 
angiogram/revascularization) are also considerations in this 
population. However, the incidence of symptomatic steal 
syndrome is low, occurring in 4%–10% of patients under-
going vascular access for hemodialysis.22-25 AV fistula man-
agement may also fail to improve digital blood flow in 
patients with diffuse BTE vascular disease.26 Conversely, 
treating a stenotic non-AVF related artery can reduce or 
resolve hand ischemia while sparing the AVF for dialysis 
(eg, PTA of ulnar artery stenosis in a patient with radioce-
phalic AVF).4 In this systematic review, only 12.5% of 
patients were reported to have an active ipsilateral AV fis-
tula. Vascular complications following transradial access, 
particularly for coronary angiography and percutaneous 
coronary intervention, are summarized elsewhere.27 None 
of the included studies in this systematic review reported on 
history of previous transradial access.

Similar to BTK revascularization, the goal of endovas-
cular treatment of BTE vessel disease is to establish inline 
flow to the palmar arch, preferably via both radial artery 
and ulnar artery supply. In the studies included in this 
review, 0.014- and 0.018-in guidewires were essential to 
cross vascular lesions, including CTOs, with low-profile 
balloons for angioplasty using an anterograde brachial 
access and 4- or 5-Fr vascular sheaths. Low-profile bal-
loons can be particularly helpful for more distal lesions; 
they can also reduce access site hemostasis complications 
and minimize patient discomfort for those with advanced 
ischemic hand symptoms.3 If antegrade recanalization fails, 
other options include dual access (for example, femoral 
artery/radial artery or radial artery/palmar arch),9 retrograde 
access using transradial-transbrachial approach,10 subinti-
mal recanalization,8,9 or the palmar arch loop technique.10 
The latter is akin to the pedal plantar loop technique for 
BTK revascularization.28 Atherectomy has been described 
for BTE arterial occlusive disease, but due to limited avail-
able evidence to date, no definitive conclusions can be 
drawn.6

There was a high technical success rate across all studies 
ranging from 82% to 100% (weighted average was 89.3%), 
demonstrating that PTA is feasible and can reliably estab-
lish inline flow to the palmar arch. The restenosis rate var-
ied from 18% to 44% at 6–48 months follow-up in 4 
studies.4,9,10,13 Primary patency, assisted primary patency, 
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and secondary patency rates were reasonable at 38%, 46%, 
and 54% at 5 years, respectively.13 Cheun et al showed that 
an intact palmar arch prior to intervention was predictive of 
cumulative patency.13 Use of drug-eluting balloons and 
stents was rare for primary revascularization in the included 
studies, and as such, no meaningful conclusions can be 
made with respect to their efficacy in managing BTE vessel 
disease.

The definition of clinical success varied across studies, 
as well as the follow-up algorithm and measured secondary 
outcomes. For example, Kawarada et al defined clinical 
success as resolution of resting pain or improvement in an 
ulcer or gangrene.3 Comparatively, Ruzsa et al defined clin-
ical success as an improvement of at least one clinical cat-
egory in the Rutherford-Becker classification.9 Therefore, 
while the average rate for clinical success was effective at 
69.9%, the lack of a standardized definition limits the gen-
eralizability of this statistic. Analysis of the Ruzsa et al 
study is also somewhat limited by the variable etiology of 
chronic CHI.

Three studies described predictors of hand/wound heal-
ing, clinical success, cumulative patency, amputation-free 
survival, and freedom from MALEs, as summarized on 
Table 3. In both the Ferraresi et al and Cheun et al studies, 
digital run-off post revascularization was predictive of 
hand/wound healing.4,13 Building on this concept, the 
Ferraresi et al study described a useful quantitative tool, the 
modified digital obstruction index, which is predictive of 
clinical success of revascularization. This modified digital 
obstruction index is based on giving one point for each pat-
ent digital artery in the final angiogram, for a maximum of 
9 points. The premise behind this tool is that obstructive dis-
ease within the digital vessels will ultimately reduce hand-
healing even if successful PTA of inflow lesions was 
established. In the Cheun et al study, the status of the palmar 
arch prior to intervention was also predictive of wound 
healing, clinical success, cumulative patency, and freedom 
from MALE.13

PTA of BTE vessels is safe. Two studies reported no 
complications, and the remaining studies reported pre-
dominately minor complications pertaining to access site 
hematoma or pseudoaneurysm. One study reported a case 
of rethrombosis of the radial artery shortly following 
revascularization, which required surgical thrombectomy. 
However, this was due to inappropriate postprocedure 
heparin dosing.

Cheun et al was the only comparative study that exam-
ined the outcomes of BTE CHI patients who underwent 
conservative management, endovascular treatment, or  
surgical bypass.13 There were significantly higher rates  
of improved finger-brachial index, wound healing, and 
3-month symptom relief among patients who had operative 
management (either endovascular or surgical bypass) ver-
sus conservative therapy. The overall survival and AFS 

rates were also significantly higher. However, it is impor-
tant to note these findings may be confounded by the statis-
tically significant higher proportion of patients in the 
operative groups with intact palmar arch anatomy prior to 
the interventions. Interestingly, there was no significant dif-
ference in the amputation rate (either a phalanx or digit) 
between all management groups: 17/53 (32%) in the non-
operative group, 10/34 (29%) in the endovascular group, 
and 9/21 (43%) in the surgical bypass group. While this 
may seem to contradict the aforementioned benefits of PTA 
revascularization or surgical bypass compared to non-oper-
ative management, this finding instead reinforces the need 
for early identification of CHI patients, particularly with 
diffuse BTE vessel disease, to establish inflow to the palmar 
arch and digital vessels, and thereby improve wound heal-
ing and reducing the amputation rate. More comparative 
studies are necessary to elucidate the long-term benefit of 
endovascular PTA compared to surgical bypass and conser-
vative management.

The limitations of this systematic review include inher-
ent biases of retrospective, nonrandomized, observational 
studies, utilizing Embase and MEDLINE only for the litera-
ture search, small population size, clinical success defini-
tion heterogeneity, differences in wound care regimens and 
follow-up criteria at each institution, and limited data on the 
use of drug-coated balloons and stenting.

Conclusion

Critical hand ischemia due to below-the-elbow obstructive 
arterial disease is a devastating condition, and may result in 
amputation. There is currently no consensus on the revascu-
larization strategy for these patients, and most are managed 
conservatively. Early identification is necessary to preserve 
hand function. PTA of BTE vessels is feasible with high 
technical success. Further comparative studies are neces-
sary to establish the long-term clinical benefits of PTA 
revascularization compared to non-operative management 
and surgical bypass.
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