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Use	  of	  bypass	  is	  evolving	  

•  Very	  distal	  targets	  
•  Endovascular	  failures	  
•  Wound	  related	  artery	  
cannot	  be	  revascularized	  

•  Foot	  damage	  is	  worse	  
(Rutherford	  6)	  
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Results of Tibial Bypass Grafts 
1month	   1	  year	   2	  years	   3	  years	   4	  years	  

Primary	  Patency	  
Reversed	  saphenous	  vein	   92%	   77%	   70%	   66%	   62%	  
In-‐situ	  bypass	   94%	   82%	   76%	   74%	   68%	  

Limb	  salvage	  
Reversed	  saphenous	  vein	   95%	   85%	   83%	   82%	   82%	  
In-‐situ	  bypass	   96%	   91%	   88%	   83%	   83%	  

Mills J. Surgical revascularization of 
infrainguinal occlusive disease. 
Includes all series 1981-2009 
Rutherford 7th ed. 2010 

Good long-term patency 
and limb salvage rates. 



Bypass for CLI 

J	  Vasc	  Surg	  2008	  



•  No	  differences	  in	  treatment	  arms	  
•  Overall	  one	  year:	  primary	  patency	  61%,	  limb	  salvage	  88%	  	  
•  Factors	  influencing	  primary	  patency	  

–  GraH	  origin:	  popliteal	  
–  GraH	  diameter:	  >3.5	  mm	  
–  Conduit	  type:	  single	  piece	  GSV	  
–  GraH	  length:	  <40	  cm	  
	  

Bypass	  for	  CLI	  
Prevent	  III	  Trial	  (Level	  Ib):	  	  

•  Phase	  III,	  double-‐blinded,	  placebo-‐controlled	  RCT	  
– Edifoligide	  (E2F	  decoy)	  to	  block	  neoin<mal	  hyperplasia	  

•  Endpoint:	  30	  day	  and	  12	  month	  
–  Primary:	  gra\	  failure	  or	  major	  amputa<on	  
–  Secondary:	  patency,	  graH	  stenosis,	  limb	  salvage,	  AFS	  

Conte:	  JVS	  2006;43:742-‐51	  
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New Standards for Assessment and Reporting 
SVS Optimal Performance Goals 

Suggested objective performance goals and clinical
trial design for evaluating catheter-based
treatment of critical limb ischemia
Michael S. Conte, MD,a Patrick J. Geraghty, MD,b Andrew W. Bradbury, MD,c Nathanael D. Hevelone, MPH,d

Stuart R. Lipsitz, ScD,e Gregory L. Moneta, MD,f Mark R. Nehler, MD,g Richard J. Powell, MD,h and
Anton N. Sidawy, MD,i San Francisco; Calif; St. Louis, Mo; Birmingham, United Kingdom; Boston, Mass; Portland, Ore;
Aurora, Colo; Hanover, NH; and Washington, DC

Objective: To develop a set of suggested objective performance goals (OPG) for evaluating new catheter-based treatments
in critical limb ischemia (CLI), based on evidence from historical controls.
Methods: Randomized, controlled trials of surgical, endovascular, and pharmacologic/biologic treatments for CLI were
reviewed according to specified criteria regarding study population and data quality. Line-item data were obtained for
selected studies from the sponsor/funding agency. A set of specific outcome measures was defined in accordance with the
treatment goals for the CLI population. Risk factors were examined for their influence on key endpoints, and models of
stratification based on specific clinical and anatomic variables developed. Sample size estimates were made for single-arm
trial designs based on comparison to the suggested OPG.
Results: Bypass with autogenous vein was considered the established standard, and data compiled from three individual
randomized, controlled trials (N ! 838) was analyzed. The primary efficacy endpoint was defined as perioperative
(30-day) death or any major adverse limb event (amputation or major reintervention) occurring within one year. Results
of open surgery controls demonstrated freedom from the primary endpoint in 76.9% (95% confidence interval [CI]
74.0%-79.9%) of patients at one year, with amputation-free survival (AFS) of 76.5% (95% CI 73.7%-79.5). An additional
3% non-inferiority margin was suggested in generating OPG for catheter-based therapies. Defined clinical (age > 80 years
and tissue loss) and anatomic (infra-popliteal anatomy or lack of good quality saphenous vein) risk subgroups provided
significantly different point estimates and OPG threshold values.
Conclusions: For new catheter-based therapies in CLI, OPGs offer a feasible approach for pre-market evaluation using
non-randomized trial designs. Such studies should incorporate risk stratification in design and reporting as the CLI population
is heterogeneous with respect to baseline variables and expected outcomes. Guidelines for CLI trial design to address
consistency in study cohorts, methods of assessment, and endpoint definitions are provided. (J Vasc Surg 2009;50:1462-73.)

Critical limb ischemia (CLI) caused by infrainguinal
atherosclerosis is a substantial source of death and disabil-
ity. One year mortality ranges from 10% to 40%, and
without revascularization up to 40% will suffer limb loss

within six months. Rates of major amputation in Western
countries range from 120 to 500 per million per year.1 The
global epidemic of diabetes, coupled with smoking, diet,
and lifestyle trends, insures that the burden of CLI will
continue to grow. Unfortunately, no pharmacologic or
biologic therapy has achieved broad success in reversing
these arterial obstructions, and in the absence of successful
revascularization, both limb loss and early mortality rates
are substantial. Limb dysfunction, pain, ulceration, and
advanced comorbidities render this an extremely vulnerable
population in considering the safety and effectiveness of
new treatments.

The primacy of surgical bypass for relieving leg isch-
emia has recently been challenged by catheter-based revas-
cularization techniques. Endovascular techniques have the
potential to achieve limb salvage with less procedural mor-
bidity and mortality. However, multiple challenges arise
when attempting to critically evaluate the safety and efficacy
of catheter-based devices for treatment of CLI:

- Inclusion and exclusion criteria for CLI treatment trials
have varied, and must be standardized to permit mean-
ingful comparisons between studies. Ischemic foot pain
can be mimicked by other disease processes, and should
therefore be reinforced by hemodynamic evidence of
severely diminished arterial inflow. Tissue loss is a more
definitive sign of impaired perfusion, yet may also com-
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Outcome	   Efficacy	  OPG	  
Major	  adverse	  limb	  events/postop	  death	   71%	  
Amputa<on	  free	  survival	   71%	  
Reinterven<on/major	  amputa<on	   39%	  
Limb	  salvage	   84%	  
Survival	   80%	  



Author/Trial	   Conduit	  Type	   Primary	  
Patency	  

Secondary	  
Patency	  

Limb	  Salvage	  

Schanzer-‐2007	  
Prevent	  III	  (Ib)	  

Single	  GSV	   64%	  @	  1yr	   84%	   90%	  

Single	  LSV/Arm	  V	   52%	  @	  1yr	   72%	   81%	  

Composite	   42%	  @	  1yr	   69%	   85%	  

Kreienberg-‐2002	  
(IIb)	  

Composite	   44%	  @	  2yrs	   87%	   94%	  

Prosthe<c	  w	  Vein	  Cuff	   49%	  @2	  yrs	   59%	   83%	  

Bypass	  for	  CLI	  
Level	  Ib/IIb	  Data	  

Schanzer.	  JVS	  2007;46:1180-‐90	  
Kreienberg.	  JVS	  2002;35:299-‐306	  



Surgery:	  Fit	  Pa\ents	  With	  Vein!	  

•  30-‐day	  mortality:	  5%	  for	  surgery	  vs	  3%	  for	  
angioplasty	  

•  Surgical	  morbidity:	  higher	  (57%	  vs	  41%)	  
•  Cost	  of	  surgery:	  1/3	  higher	  at	  1	  year.	  By	  3	  

years,	  costs	  equal	  	  
•  Failure:	  20%	  PTA	  vs	  3%	  bypass	  

Reinterven<on	  28%	  PTA	  vs	  17%	  bypass	  

•  Low	  percentage	  of	  randomiza<on	  (11%)	  
•  Best	  medical	  therapy	  (sta<ns,	  an<plt	  

agents)	  not	  used	  
•  Best	  interven<onal	  therapy	  not	  used	  (stents	  

for	  TASC	  C	  and	  D	  	  femoropopliteal	  lesions)	  
•  25%	  of	  Bypasses	  with	  Prosthe<c	  gra\	  
•  Patency	  reported	  poorly	  beyond	  1	  year	  

(74%/48%/22%/8%	  @	  Yrs	  2-‐5)	  

BASIL	  Trial	  (2005)	  	  
Study	  Flaws	  

Lancet	  2005;366:1925-‐34	  
JVS	  2010;51:5S-‐17S	  



•  Retrospec\ve	  Review	  of	  2058	  Bypasses	  
•  1875	  (91%)	  for	  CLI	  
•  Primary	  Patency:	  84%	  @1	  yr,	  72%	  @	  5yrs	  
•  Limb	  Salvage:	  95%	  @	  5yrs	  
•  No	  effect	  of	  DM	  or	  bypass	  length	  on	  patency	  
•  Vein	  Diameter	  

–  >	  4mm:	  patency	  90%	  @	  1yr,	  77%	  @	  5yrs	  
–  <	  4mm:	  patency	  77%	  @	  1yr,	  66%	  @	  5	  yrs	  

In	  Situ	  Bypass	  for	  CLI	  
(Level	  III	  Data)	  

Shah.	  Ann	  Surg	  1995;222:438-‐46	  	  



•  314	  pa<ents:	  (71%	  Tissue	  Loss)	  
•  Primary	  Patency:	  61%	  @	  1yr,	  45%	  @	  5	  yrs	  
•  Limb	  Salvage:	  89%	  @	  5	  yrs	  
•  Amputa<on	  Free	  Survival:	  49%	  @	  5	  yrs	  
	  

Bypass	  for	  CLI:	  Contemporary	  Results	  	  
(Level	  III	  Data)	  

Santo	  et	  al.	  JVS	  2014;	  60(1)	  	  



What	  we	  know	  about	  bypass	  for	  CLI	  
•  Long-‐term	  patency	  can	  be	  achieved	  
•  Single	  segment	  GSV>composite>arm	  vein/
lesser	  saphenous	  vein	  
– Vein	  diameter	  makers	  
–  In	  situ	  and	  reversed	  have	  similar	  results	  

•  Use	  a	  distal	  cuff	  for	  prosthe<c	  
•  Cryopreserved:	  most	  fail	  within	  6	  months	  
•  Revisions	  are	  not	  usually	  extensive	  



•  5% mortality rate 
•  10-20% develop incisional wound complications 
•  Prospective NSQIP analysis of >2500 patients: ~20% peri-

procedural complication rate, and 49% readmission rate at 
6 months (65% bypass related) 

•  Meta-analysis: 12% decline in ambulation and 15% loss of 
independent living post bypass surgery 

•  30% of bypasses develop stenoses/occlusions at 1 year 

15	  
La Muragglia et al. Eur J Vasc Endovasc Surg 2012; 43(5):549-55 
Conte et al. Seminars of Vascular Surgery 2012 25:108-114 
 Goodney et al. J Vasc Surg 2011 : 54(1) ; 100-108  

Courtesy K. Deloose 

Challenges: Tibial Bypass Grafts 



Bypass	  for	  CLI	  
Technical	  Aspects	  

•  Treat	  inflow	  aggressively	  
•  Vein	  harvest	  

– Always	  map,	  two	  surgeons,	  skip	  incisions,	  avoid	  flaps	  

•  Minimize	  lower	  leg	  incisions	  
– Use	  ultrasound	  to	  guide	  incision	  for	  distal	  anastomosis	  

•  Post-‐op	  
– Elevate	  leg	  immediately	  a\er	  procedure	  
– Surveillance	  



Bypass	  for	  CLI	  
Technical	  Aspects:	  Selec<on	  of	  Distal	  Target	  

•  Rare	  to	  consider	  a	  target	  proximal	  to	  the	  ankle/foot	  
•  Choice	  is	  usually	  limited	  by	  exis<ng	  occlusions	  
•  Choose	  wound	  related	  artery	  whenever	  possible	  

–  Does	  not	  maker	  in	  senng	  of	  patent	  pedal	  arch	  

•  Quality	  of	  target	  vessel	  



Pop-Tib, and A-I) analyzed accounted for few additional
patients with occlusions. Most CLI patients with DM,
ESRD, or Fontaine IV, had occlusions in the Pop-Tib
group (63%, 69%, and 61%, respectively). Of non-DM
patients, 42% had occlusions in the Pop-Tib group, and
48% of non-ESRD patients had occlusions in the Pop-Tib
group.

Table V describes the distribution of associated critical
stenoses and subcritical stenoses in all 234 patients with
CLI with Pop-Tib occlusions and grouped by Fontaine
stage. Critical stenoses in the proximal arteries were present
in 151 patients (65%) with Pop-Tib occlusions, and 83
(35%) had subcritical stenoses in the proximal arteries.
Most patients (72%) with Pop-Tib occlusions and associ-
ated stenoses in the A-I ! Fem group had critical stenoses.
Most patients (84%) with Pop-Tib occlusions and associ-
ated stenoses in the Fem group had critical stenoses. There
were fewer patients (37%) with Pop-Tib occlusions and

associated A-I group critical stenoses. In addition, 131
patients had diffuse infrainguinal occlusions (Fem ! Pop-
Tib); of which 116 (89%) also had proximal subcritical
stenoses in the A-I group. Finally, analyzing the patterns of
proximal stenoses in patients with Pop-Tib occlusions on
the basis of Fontaine stage, DM, or ESRD either showed
no difference or had too few numbers in the subgroups to
make meaningful comparisons (Tables V, VI, and VII).

DISCUSSION

This series reviewed angiograms of patients with CLI
who subsequently underwent infrainguinal endovascular or
surgical revascularization. Patients with CLI have diffuse
arterial disease. In this series, the vast majority of patients
with CLI had occlusions in the popliteal or tibial arteries
and most also had associated occlusions or critical stenoses
in the proximal aortoiliac and femoral arteries. The percent-
age of occlusions in the Pop-Tib group was even greater in

Table II. Number and length of occlusions by artery

Artery !5 cm, No. (%) 5-10 cm, No. (%) "10 cm, No. (%) Total, No. (%)

Iliac 39 (93) 1 (2) 2 (5) 42 (4)
Femoral 70 (41) 28 (17) 71 (42) 169 (15)
Popliteal 85 (73) 27 (23) 4 (3) 116 (10)
Anterior tibial 58 (24) 37 (15) 149 (61) 244 (22)
Peroneal 36 (15) 38 (16) 165 (69) 239 (22)
Posterior tibial 36 (12) 18 (6) 243 (82) 297 (27)
Total 324 149 634 1107

Table III. Frequency of short, medium, and long occlusions in patients with all three tibial arteries occluded

Occlusion length DM, No. (%) ESRD, No. (%)

Fontaine stage, No. (%)

All CLI, No. (%)III IV

!5 cm 46 (70) 21 (66) 14 (48) 58 (74) 72 (67)
5-10 cm 14 (22) 10 (31) 6 (21) 16 (21) 22 (21)
"10 cm 5 (8) 1 (3) 9 (31) 4 (5) 13 (12)
Total 65 32 29 78 107

CLI, critical limb ischemia; DM, diabetes mellitus; ESRD, end-stage renal disease.

Table IV. Distribution of occlusions in arterial groups in patients with critical limb ischemia

Arteries DM, No. (%) Non-DM, No. (%) ESRD, No. (%) Non-ESRD, No. (%)

Fontaine stage,
No. (%)

Total, No. (%)III IV

A-I ! Fem ! Pop-Tib 8 (3) 12 (7) 2 (1.5) 18 (6) 8 (7) 12 (4) 20 (5)
A-I ! Fem 0 (0) 4 (2) 0 (0) 4 (1) 4 (3) 0 (0) 4 (1)
A-I ! Pop-Tib 4 (1) 4 (2) 2 (1.5) 6 (2) 3 (2) 5 (1) 8 (2)
A-I 4 (1) 11 (7) 1 (1) 14 (5) 9 (7) 6 (2) 15 (3)
Fem 12 (5) 6 (4) 4 (3) 14 (5) 6 (5) 12 (4) 18 (4)
Fem ! Pop-Tib 70 (27) 61 (36) 30 (24) 101 (33) 44 (37) 87 (28) 131 (30)
Pop-Tib 164 (63) 70 (42) 87 (69) 147 (48) 47 (39) 187 (61) 234 (54)
Total 262 168 126 304 121 309 430

A-I, Aorta and iliac arteries; DM, diabetes mellitus; ERSD, end-stage renal disease; Fem, femoral arteries (common, superficial, profunda); Pop-Tib, popliteal
and tibial arteries.

JOURNAL OF VASCULAR SURGERY
Volume 47, Number 5 Rueda et al 997

Rueda et al. J Vasc Surg 2008;47:995 

Bypass	  Can	  Manage	  CLI	  Pakerns	  of	  Disease	  

417 diabetics with CLI-2893 lesions 
74% were in the BTK arteries 
66% of BTK lesions were occlusions 
50% of occlusions were >10cm 

Graziani et al. Eur J Vasc Endovasc Surg 2007;33:453. 
	  



in this analysis. A total of 187 patients (62%) underwent endo-
first, and 105 (35%) had initial open procedures. Ten patients
(3%) had combined (hybrid) procedures and were excluded
from our analysis. Patients in the endo-first group were
more likely to be diabetic (77% vs 54%; P ¼ .0041) and
to present with ulcer (70% vs 50%; P ¼ .011) or
gangrene (50% vs 27%; P ¼ .031). Patients in the initial
open group were more likely to present with rest pain
(56% vs 36%; P ¼ .001). Patients in the endo-first group
were more likely to receive above-knee interventions
(57% vs 30%; P # .0001). No difference was found
between two groups with respect to age, sex, active
smoking status, hypertension, coronary artery disease,
end-stage renal disease (ESRD), cerebrovascular accident
(CVA), and previous coronary artery bypass grafting
(Table I). No patients died in the perioperative period.

LS. At 5 years, no difference was found in LS between
endo-first (85%; 95% confidence interval [CI], 79%-92%)
and initial open (83%; 95% CI, 75%-91%; Fig 1). In the
unadjusted Cox regression model, procedure type was not
associated with LS (P ¼ .415). After controlling for ESRD
and Rutherford classification, procedure type was still not
associated with LS (P ¼ .586).

Survival. At 5 years, no difference was found in
survival rates between endo-first (58%; 95% CI, 49%-
67%) and initial open (52%; 95% CI, 40%-64%; Fig 2). In
the unadjusted Cox regression model, procedure type was

not associated with survival (P ¼ .508). After controlling
for age, ESRD, CVA, and Rutherford classification, endo-
first demonstrated a trend toward improved survival
benefit; however, this finding was not statistically signifi-
cant (odds ratio, 1.40; 95% CI, 0.93-2.09; P ¼ .107).

AFS. At 5 years, no difference was found between
endo-first (55%; 95% CI, 44%-66%) and initial open
(50%; 95% CI, 39%-62%; Fig 3). In the unadjusted Cox
regression model, procedure type was not associated with
AFS (P ¼ .548). After controlling for age, ESRD, CVA,
and Rutherford classification, procedure type was still not
statistically significant (P ¼ .785).

Independent predictors of survival, LS, and AFS.
ESRD was a predictor of worse LS (odds ratio, 2.5; P ¼
.028), survival (hazard ratio [HR], 3.5; P < .0001), and
AFS (HR, 3.26; P < .0001). Age predicted worse survival
in those aged 75 to 84 years (HR, 3.30; P ¼ .0007) and
$85 years (HR, 5.34; P < .0001). Similarly, ages 75 to
84 (HR, 2.03; P ¼ .018) and $85 (HR, 4.35; P <
.0001) predicted worse AFS. Prior stroke predicted worse
survival (HR, 1.55; P ¼ .036). Patients undergoing
above-knee interventions were more likely to have LS
(HR, 2.17; P ¼ .041; Tables II-VI).

DISCUSSION

By individualizing open revascularization and endo-
vascular therapy based on patient and lesion characteristics,

Fig 1. Kaplan-Meier analysis shows time until amputation in patients after an initial open procedure (n ¼ 102)
compared with patients after an initial endovascular (endo) procedure (n ¼ 170). CI, Confidence interval.

JOURNAL OF VASCULAR SURGERY
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Endo first 
Focal disease BTK 
SFA TASC A-C 
No impending limb loss 

302 patients 
62% Endo first 
35% Open first 
3% Hybrid 

From the Eastern Vascular Society

Endovascular-first approach is not associated with
worse amputation-free survival in appropriately
selected patients with critical limb ischemia
Karan Garg, MD, Patrick A. Kaszubski, BS, Rameen Moridzadeh, BS, Caron B. Rockman, MD,
Mark A. Adelman, MD, Thomas S. Maldonado, MD, Frank J. Veith, MD, and Firas F. Mussa, MS, MD,
New York, NY

Objective: Endovascular interventions for critical limb ischemia are associated with inferior limb salvage (LS) rates in most
randomized trials and large series. This study examined the long-term outcomes of selective use of endovascular-first
(endo-first) and open-first strategies in 302 patients from March 2007 to December 2010.
Methods: Endo-first was selected if (1) the patient had short (5-cm to 7-cm occlusions or stenoses in crural vessels); (2) the
disease in the superficial femoral artery was limited to TransAtlantic Inter-Society Consensus II A, B, or C; and (3) no
impending limb loss. Endo-first was performed in 187 (62%), open-first in 105 (35%), and 10 (3%) had hybrid
procedures.
Results: The endo-first group was older, with more diabetes and tissue loss. Bypass was used more to infrapopliteal targets
(70% vs 50%, P[ .031). The 5-year mortality was similar (open, 48%; endo, 42%; P[ .107). Secondary procedures (endo
or open) were more common after open-first (open, 71 of 105 [68%] vs endo, 102 of 187 [55%]; P [ .029). Compared
with open-first, the 5-year LS rate for endo-first was 85% vs 83% (P[ .586), and amputation-free survival (AFS) was 45%
vs 50% (P[ .785). Predictors of death were age >75 years (hazard ratio [HR], 3.3; 95% confidence interval [CI], 1.7-6.6;
P [ .0007), end-stage renal disease (ESRD) (HR, 3.4; 95% CI, 2.1-5.6; P < .0001), and prior stroke (HR, 1.6; 95% CI,
1.03-2.3; P [ .036). Predictors of limb loss were ESRD (HR, 2.5; 95% CI, 1.2-5.4; P [ .015) and below-the-knee
intervention (P [ .041). Predictors of worse AFS were older age (HR, 2.03; 95% CI, 1.13-3.7; P [ .018), ESRD
(HR, 3.2; 95% CI, 2.1-5.11; P < .0001), prior stroke (P [ .0054), and gangrene (P [ .024).
Conclusions: At 5 years, endo-first and open-first revascularization strategies had equivalent LS rates and AFS in patients
with critical limb ischemia when properly selected. A patient-centered approach with close surveillance improves long-
term outcomes for both open and endo approaches. (J Vasc Surg 2014;59:392-9.)

Endovascular interventions for critical limb ischemia
(CLI) are viewed as an inferior long-term alternative to
open revascularization, especially when autologous saphe-
nous vein is available.1,2 Open bypass, however, can be
detrimental to those with reduced life expectancy from
severe comorbidities or with diminished quality of life.3

Furthermore, patients undergoing open revascularization
are at significant risk for perioperative morbidity and
mortality.4

The technological growth during the past few years has
led to wide adoption of complex endovascular approaches
(eg, infrapopliteal stenting, tibial atherectomy, retrograde
tibial access) by most interventionalists, including vascular
surgeons.5-9 Selecting the appropriate method of revascu-
larization should be based on the individual characteristics
of each patient (anatomy, comorbidities, extent of tissue
loss, expected benefits in functional status), operator skill
level, and institutional algorithms.

We use an endovascular-first (endo-first) approach
based on patient-centered criteria. Patients with CLI
were offered revascularization based on lesion characteris-
tics and distribution as well as medical comorbidities,
with a preference for endo-first interventions. The goal of
this study was to determine predictors and 5-year rates of
survival, limb salvage (LS), and amputations-free survival
(AFS) between endo-first patients and open-first patients
within our institution since the patient-centered approach
was incorporated.

METHODS

The New York University School of Medicine Institu-
tional Review Board approved this study.

Study sample and data collection. From March 2007
to December 2010, endo-first was selected if (1) the
patient had short (5-cm to 7-cm occlusions or stenoses in
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Fig 2. Kaplan-Meier analysis shows time until death in patients after an initial open procedure (n ¼ 95) compared with
patients after an initial endovascular (endo) procedure (n ¼ 168). CI, Confidence interval.

Fig 3. Kaplan-Meier analysis shows time with amputation-free survival (AFS) in patients after an initial open procedure
(n ¼ 102) compared with patients after an initial endovascular (endo) procedure (n ¼ 170). CI, Confidence interval.
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Amputation Free Survival 

Using	  bypass	  for	  worse	  disease	  morphology	  
and	  worse	  foot	  damage	  
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CCI	  2010	   86%	  limb	  

salvage/2years	  
69%	  limb	  
salvage/2years	  

Results	  of	  Angiosomal	  Perfusion	  



Propensity score analysis

A propensity score for angiosome-targeted or non-
angiosome-targeted revascularization strategy was calcu-
lated by means of logistic regression (Hosmer-Lemeshow’s
test: p ¼ .924, area under the ROC curve 0.630, 95% CI
0.590e0.670).

Propensity score matching with a caliper width of 0.02
resulted in 252 pairs with similar baseline and operative
characteristics (Table 1). Angiosome-targeted revasculari-
zation was associated with significantly better limb salvage
and a trend towards improved wound healing (Table 2).

The propensity score adjusted analysis showed that
angiosome-targeted revascularization tended to lead to
improved wound healing (p ¼ .058, HR 1.275, 95% CI
0.992e1.639). When adjusted for propensity score and
treatment method (bypass surgery vs. angioplasty),
angiosome-targeted revascularization was associated with a
significantly higher wound healing rate (p ¼ .046, HR 1.295,
95% CI 1.005e1.668). It is worth noting that, in this
regression model, bypass surgery was also an independent
predictor of a higher rate of wound healing (p < .0001, HR
1.720, 95% CI 1.354e2.185).

Angiosome-targeted revascularization yielded a signifi-
cantly lower risk of major amputation (p ¼ .010, HR 0.637,
95% CI 0.452e0.897, Fig. 3) and better amputation free
survival (p ¼ .037, HR 0.788, 95% CI 0.630e0.986) in the
propensity score adjusted analysis. When treatment strat-
egy, that is bypass surgery versus angioplasty, was included
in this regression model, bypass surgery yielded a lower risk
of major amputation (p ¼ .070, HR 0.703, 95% CI 0.480e
1.029). Angiosome-targeted revascularization did not affect
patient survival (p ¼ .601, HR 1.071, 95% CI 0.828e1.384).

Bypass surgery versus angioplasty in angiosome-targeted
revascularization

A propensity score was calculated to estimate the proba-
bility of being included in the bypass surgery or angioplasty
group among patients who underwent angiosome-targeted
revascularization. The obtained propensity score had an
area under the ROC curve of 0.774 (95% CI 0.724e0.824)
(Hosmer-Lemeshow’s test: p ¼ .378). Propensity score
adjusted analysis showed that bypass surgery was associ-
ated with a significantly better rate of wound healing
(p ¼ .014, HR 1.536, 95% CI 1.091e2.162). However, an-
gioplasty and bypass surgery achieved similar limb salvage
rates (p ¼ .440, HR 0.791, 95% CI 0.437e1.434).

DISCUSSION

The idea of applying the angiosome concept to the treat-
ment of lower limb ischaemia with tissue lesions seems
attractive, and during the last decade, a number of studies
have been conducted to evaluate the efficacy of angiosome-
targeted revascularization.3e6,9,10,13,14,16,20,21,24e26 Two
recent meta-analyses of the angiosome concept used in
treatment of CLI agreed on the considerable potential for
angiosome-orientated revascularization,18,19 as confirmed
by the present results. Herein, it is observed that better
wound healing is associated with angiosome guided revas-
cularization, low C-reactive protein, and a low number of
affected angiosomes. Unlike previous studies,3e17 endo-
vascular revascularization was compared with surgical
revascularization using multivariate analysis as well as by
propensity score analysis in a large patient population.
Interestingly, better wound healing was observed in open
surgical revascularization, independently of the angiosome
orientation, rather than in angiosome-targeted or non-
targeted angioplasty. Limb salvage was significantly better
if angiosome-targeted bypass was achieved, and non-

Figure 3. Propensity score adjusted hazard of major amputation
according to angiosome-targeted and non-targeted revasculariza-
tion (p ¼ .010, HR 0.637, 95% CI 0.452e0.897).

Figure 2. Adjusted Cox proportional hazards estimates of wound
healing according to treatment method and angiosome-targeted
revascularization (p < .0001).
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Balloon angioplasty 

Bypass 



Isolated dorsalis pedis artery 

Bypass	  has	  a	  special	  role	  in	  pa<ents	  with	  poor	  arterial	  anatomy	  



 Bypass first? 

Patent target in correct angiosome that 
cannot be revascularized by endovascular 
means should get a bypass, especially if 
there is major foot damage. 


