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Introduction

Patients who have critical limb ischemia (CLI) might be on 
the end stage of peripheral artery disease and also on systemic 
critical status, so their poor prognosis with a high mortality 
rate (19%–54% at 1 year) is quite well known.1–3 CLI does 
not represent a simple pathophysiologic process, but is caused 
by multiple pathogenetic mechanisms. Besides, the current 
knowledge base about CLI is considerably less established 
than for other major cardiovascular diseases by use of vary-
ing CLI definitions and due to incomplete knowledge regard-
ing CLI natural history.4 On the other hand, recent reports 
have demonstrated the effectiveness of endovascular therapy 
(EVT) for CLI patients as the first-line approach5–9 and also 
the difference of clinical outcome between Rutherford cate-
gory IV (R-4) and Rutherford category V/VI (R-5/6).10
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The recent reports showed that about half of CLI was due 
to isolated infrapopliteal lesions,11 and CLI attributable to 
pure isolated infrapopliteal lesions might be thought as the 
most severe form of the peripheral artery disease.12 Therefore, 
it would be important to evaluate the outcome of EVT proce-
dure focusing on the CLI patients with isolated infrapopliteal 
diseases.

Our study aims were to estimate the clinical differences 
between R-4 and R-5/6 with isolated infrapopliteal lesions 
and also to find risk factors of endovascular intervention for 
R-4 from Japanese registry database.

Method

Patient

We retrospectively analyzed a prospectively maintained multi-
center database from April 2004 to December 2012. The 
patients who were considered poor candidate for revasculari-
zation because of severe comorbidities, dementia, and social 
impairment were excluded. Although revascularization was 
not attempted in patients with unsalvageable limbs, non-
ambulatory patients without cognitive and social problems 
were challenged to be treated in expectation of their better 
social outcome by limb salvage. During this period, 1415 
limbs of 1193 consecutive CLI patients underwent EVT in 14 
cardiovascular centers in Japan. In the same period, crural 
bypass operations were performed in 470 CLI patients by a 
vascular surgeon. After excluding patients with CLI due to not 
only below-the-knee (BTK) lesions but also proximal lesions, 
such as femoro-popliteal or aorto-iliac lesions, the data set 
used for the study included 1332 limbs from 1091 consecutive 
patients who underwent angioplasty alone for de novo BTK 
lesions. And all of them gave consent to provide clinical fol-
low-up during the chronic phase. This study stratified the 
enrollees into R-4 patients (no. 226, 315 limbs) and R-5/6 
patients (no. 865, 1017 limbs) to compare clinical back-
grounds and outcomes. The study protocol was developed in 
accordance with the Declaration of Helsinki and was approved 
by the ethics committee of each hospital. This study was sub-
analysis based on the database of Japanese BElow-the-knee 
Artery Treatment (J-BEAT) registry, which was registered in 
the University Hospital Medical Information Network Clinical 
Trial Registry (UMIN-CTR) (No. UMIN000004917). All 
patients gave written informed consent for both EVT and 
inclusion in this study prior to procedure.

Protocols

The study protocol was already reported.13 On admission, 
physical findings including pulsation of peripheral arteries 
were examined and the ankle-brachial index (ABI) and the 
skin perfusion pressure (SPP) were measured to assess the 
hemodynamic status of lower limb ischemia. Lower limb 
arteries were routinely evaluated by duplex ultrasound. All 

patients also underwent digital subtraction angiography 
(DSA) before the procedure.

All EVT procedures were performed by cardiovascular 
interventional specialists, and indication of EVT was decided 
when the lesion showed >75% diameter stenosis on DSA. 
Generally, a 4-Fr sheath was inserted from the ipsi-lateral 
common femoral artery as the ante-grade approach. After 
administration of un-fractionated heparin (5000 units), 
manipulation of a 0.014-in guide wire initiated the proce-
dure. The appropriate balloon diameter was visually assessed 
and introduced. Any stent deployment and atherectomy were 
not approved in BTK intervention in Japan. We generally 
attempted angiosome-based intervention of the target lesion. 
And in a case of failed angiosome-based recanalization, 
achieving one straight-line flow to the ischemic area was 
attempted. Dual anti-platelet therapy (aspirin at 100 mg per 
day and ticlopidine at 200 mg per day or cilostazol at 200 mg 
per day) was prescribed at least 1 week prior to procedure 
and continued as long as possible.

Follow-up evaluation was planned at 1 week; 1, 3, and 
6 months after revascularization; and thereafter every 
3 months by hospital visits or interview on a telephone in all 
patients. The patients with wounds were individually fol-
lowed up by a plastic surgeon. For severity of wounds, a 
plastic surgeon carefully assessed involving the indication 
for antibiotic therapy and amputation timing. Ulcer healing 
was defined on the basis of the Tissue, Infection or 
Inflammation, Moisture imbalance and Edge (TIME) of 
wound (non-advancing or undermined)) concept, and time to 
complete healing was recorded. Indication for repeat inter-
vention was left to each operator or plastic surgeon based on 
worsening clinical symptoms and delayed wound healing.

Definitions

Ischemic tissue loss was defined in accordance with 
TransAtlantic Inter-Society Consensus (TASC) as tissue loss 
associated with an ankle pressure <70 mmHg or a toe pressure 
<50 mmHg. An SPP <40 mmHg was defined as indicating 
ischemic tissue loss.14 Atherosclerosis risk factors have been 
reported previously.15 Chronic obstructive pulmonary disease 
(COPD) was defined as history of estimated forced expiratory 
volume in 1 s (FEV1)/the forced vital capacity (FVC) ratio less 
than 70%. Coronary artery disease (CAD) was defined as hav-
ing a history of coronary interventions or coronary artery 
bypass grafting. Cerebral vascular disease (CVD) was defined 
as having a history of strokes or cerebral bleedings. Non-
ambulatory status was defined as wheelchair-bound or bedrid-
den status. EVT procedural success in R-5/6 was defined as 
successful angiosome-based recanalization or obtaining one 
straight-line flow to the wound region without occurrence of 
any flow-limiting dissection. It was difficult for R-4 patients 
to clearly separate painful region because of their fussy com-
plaints compared with R-5/6 patients in whom it was easy to 
recognize ischemic area by existence of wounds. So that, 
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obtaining not only one straight-line flow but also increasing 
blood flow to the whole resting pain region was defined as 
EVT procedure success in R-4 group. EVT with angioplasty 
was considered hemodynamically successful when post-
procedural SPP level increased more than 40 mmHg, which 
indicated high limb salvage rate. Perioperative death (POD) 
was defined as death occurring within 30 days. Major adverse 
limb event (MALE) was defined as major amputation or any 
major re-intervention (repeat angioplasty or bypass graft pro-
cedures) during the study period. Major amputation was 
defined as surgical excision of the limb above the ankle, and 
any amputation at or distal to the Lisfranc level was not con-
sidered a limb salvage failure.

Statistical analysis

The unpaired t-test or Mann–Whitney U-test was used to com-
pare continuous variables with or without normal distributions 
between groups, respectively. Variables with a normal distri-
bution were shown as mean values ± standard deviation (SD), 
while median and interquartile range were used for asymmet-
rically distributed data. Chi-square test was used to compare 
proportions between groups. Statistical significance level was 
defined as p < 0.05. Independent predictors for outcome were 

identified by the Cox proportional hazard ratio in multivaria-
ble analysis including all statistically significant variables in 
univariable analysis. Each outcome was estimated using the 
Kaplan–Meier method and compared using the log-rank test. 
Statistical analyses were performed using the Statistical 
Package for Social Sciences (SPSS) (SPSS Inc., Chicago, IL, 
USA) software.

Results

Table 1 shows patients’ characteristics. For patients’ back-
grounds, there were significant differences between R-4 and 
R-5/6 groups, in age, body mass index, ambulatory status, 
serum albumin level, C-reactive protein (CRP) level, dys-
lipidemia, diabetes mellitus, end stage of renal disease, heart 
failure history, and baseline SPP. For lesions’ characteristics, 
TASC proportion, lesion length, and a number of patent 
arteries below the ankle had significant differences between 
the groups (Table 2).

Table 3 shows the rate of EVT procedure success and 
perioperative complications. In R-4 group, EVT procedural 
success rate was significantly higher, and perioperative 
bypass conversion and amputation rate were significantly 
lower. The rate of POD was low in both groups.

Table 1.  Patient characteristics (n = 1091).

R-4 group (n = 226) R-5/6 group (n = 865) p Value

Age, years (mean ± SD) 74 ± 9 71 ± 11 <0.0001
Male, n (%) 155 (66) 609 (71) 0.1519
BMI, kg/m3 (mean ± SD) 22.4 ± 4.5 21.6 ± 3.8 0.0016
Ambulatory, n (%) 187 (80) 460 (54) <0.0001
Albumin, g/dL (mean ± SD) 3.8 ± 0.5 3.5 ± 0.6 <0.0001
CRP, mg/dL (mean ± SD) 1.1 ± 2.4 3.2 ± 4.7 <0.0001
Hypertension, n (%) 183 (78) 625 (73) 0.051
Dyslipidemia, n (%) 92 (39) 260 (30) 0.0026
DM, n (%) 144 (61) 646 (75) <0.0001
End stage of renal disease, n (%) 127 (54) 567 (66) <0.0001
Current smoking, n (%) 89 (38) 301 (35) 0.4231
COPD, n (%) 19 (8) 76 (9) 0.5239
HF history, n (%) 27 (11) 199 (23) <0.0001
CAD, n (%) 116 (50) 439 (51) 0.6891
CVD, n (%) 49 (21) 203 (24) 0.25
Aspirin, n (%) 185 (79) 682 (80) 0.7539
Thienopiridine, n (%) 79 (34) 309 (36) 0.1699
Cilostazol, n (%) 115 (49) 426 (50) 0.8891
Warfarin, n (%) 46 (20) 185 (22) 0.4592
Statin, n (%) 57 (24) 182 (21) 0.2453
Insulin, n (%) 45 (19) 267 (31) 0.0035
Beta-blocker, n (%) 33 (14) 123 (14) 0.8291
ABI (mean ± SD) 0.80 ± 0.23 0.82 ± 0.26 0.234
SPP dorsal, mmHg (mean ± SD) 35 ± 17 31 ± 17 0.0035
SPP plantar, mmHg (mean ± SD) 39 ± 19 34 ± 18 0.0004

R-4: Rutherford category IV; R-5/6: Rutherford category V and VI; SD: standard deviation; BMI: body mass index; CRP: C-reactive protein; DM: diabetes 
mellitus; COPD: chronic obstructive pulmonary disease; HF: heart failure; CAD: coronary artery disease; CVD: cerebral vascular disease; ABI: ankle-
brachial index; SPP: skin perfusion pressure.
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Seven cases had failed initial EVT in R-4 group. Of them, 
four cases had MALEs (three cases were converted to distal 
bypass and one case had major amputation); another one 
case was dead due to cardiac event during follow-up period.

Figure 1 shows Kaplan–Meier curves for free rate from 
MALEs with POD (MALE + POD). The estimated 
MALE + POD free percentage and standard error was 
93.6% ± 1% in R-4 versus 78.3% ± 1% in R-5/6 at 1 year, 
91.1% ± 2% versus 74.5% ± 2% at 2 years, and 91.1% ± 2% 
versus 73.9% ± 2% at 3 years (p < 0.0001). Figure 2 shows 
Kaplan–Meier curves for amputation-free survival (AFS) 
rate. The estimated AFS percentage and standard error was 
87.7% ± 2% in R-4 versus 66.7% ± 2% in R-5/6 at 1 year, 
81.4% ± 3% versus 54.0% ± 2% at 2 years, and 73.6% ± 4% 
versus 46.7% ± 2% at 3 years (p < 0.0001). Both freedom rate 
from MALE/POD and AFS rate had been better in R-4 group 
than R-5/6 group all the time during the follow-up period.

In multivariate Cox hazard regression analysis, signifi-
cant predictors for MALE/POD were small body mass index 
(<18.5 kg/m3) and EVT failure (Table 4), and those for AFS 
were small body mass index (<18.5 kg/m3), non-ambulatory 
status, high systematic inflammatory reaction (CRP > 3.0 mg/
dL), COPD, and CAD in R-4 group (Table 5).

Table 6 shows all cause of death in both groups during 
follow-up period. Distribution of causes was not signifi-
cantly different between groups, but interval to death from 
EVT in R-4 was significantly longer than R-5/6 group.

Discussion

There were some reports that estimated the differences in 
clinical characteristics and outcome between the CLI patients 
with and without wound, but most of the patients included in 
their reports had infra-inguinal multiple lesions.10,16 As far as 
we checked, this study might be the first report that estimated 
the difference between two categories in CLI patients with 
isolated BTK lesions.

This study showed that the patients categorized Rutherford 
IV had different characteristics in their background and 
lesion morphology compared with Rutherford V and VI. 
O’Brien-Irr et al.16 reported that patients categorized 
Rutherford IV were significantly less likely than Rutherford 
V/VI to have diabetes mellitus and end stage of renal dis-
ease. In addition to those, our data could reveal significant 
differences in age, body mass index, ambulatory status, 
serum albumin level, CRP level, dyslipidemia, heart failure 
history, baseline SPP, TASC proportion, lesion length, and a 
number of patent arteries below the ankle. If the patients cat-
egorized Rutherford IV had a similar characteristics to 
patients with ischemic wound, they would be recognized on 
early stage of CLI and also it could be a promising strategy, 
“early intervention,” to perform revascularization for pre-
venting a patient from having wound. But according to the 
present data, the patients with and without wound might 
have each different pathophysiologic process.

Table 2.  Lesion characteristics (n = 1332).

R-4 group (n = 315) R-5/6 group (n = 1017) p Value

TASC A/B/C/D, n 14/7/26/266 18/10/65/909 0.0044
Lesion length, mm (mean ± SD) 177 ± 98 194 ± 97 0.0096
Lesion distribution
  ATA, n (%) 300 (95) 973 (96) 0.9201
  PTA, n (%) 296 (94) 950 (93) 0.7684
  PA, n (%) 245 (78) 750 (74) 0.1504
CTO, n (%) 215 (68) 712 (70) 0.1776
Below the ankle
  Patent dorsal artery, n (%) 232 (74) 561 (55) <0.0001
  Patent plantar artery, n (%) 209 (67) 523 (51) <0.0001
  Number of patent arteries, n (mean ± SD) 1.0 ± 0.8 0.8 ± 0.7 0.0001

R-4: Rutherford category IV; R-5/6: Rutherford category V and VI; TASC: TransAtlantic Inter-Society Consensus; SD: standard deviation; ATA: anterior 
tibial artery; PTA: posterior tibial artery; PA: peroneal artery; CTO: chronic total occlusion.

Table 3.  Procedure success rate and perioperative complications.

R-4 group (n = 315) R-5/6 group (n = 1017) p Value

Procedure success, n (%) 308 (98) 919 (90) <0.0001
Bypass conversion, n (%) 0 (0) 19 (2) 0.0146
Perioperative death, n (%) 6 (2) 25 (2) 0.5692
Perioperative amputation, n (%) 1 (0.3) 34 (3) 0.0034

R-4: Rutherford category IV; R-5/6: Rutherford category V and VI.
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Figure 1.  Kaplan–Meier curves show free rate from major adverse limb events with perioperative death (MALE + POD) in Rutherford 
category IV and V/VI.

Figure 2.  Kaplan–Meier curves show amputation-free survival (AFS) rate in Rutherford category IV and V/VI.
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Table 4.  Association of baseline characteristics with MALE and POD in Rutherford category IV.

Univariate analysis Multivariate analysis

Patient characteristics
  Age 1.0 (0.9, 1.0)* –
    >80 years 0.6 (0.2, 1.6) –
    <70 years 2.3 (1.1, 5.1)* 2.1 (0.9, 4.7)
    <60 years 2.3 (0.7, 7.8) –
  Male gender 0.7 (0.3, 1.5) –
  BMI < 18.5 kg/m3 2.6 (1.1, 6.6)* 3.3 (1.3, 8.6)*
  Non-ambulatory 1.4 (0.6, 3.4) –
  Albumin < 3.0 g/dL 1.4 (0.3, 6.0) –
  CRP > 3.0 mg/dL 1.9 (0.6, 6.3) –
  Hypertension 0.5 (0.2, 1.1) –
  Dyslipidemia 0.9 (0.4, 1.9) –
  Diabetes mellitus 0.5 (0.2, 1.1) –
  End stage of renal disease 2.0 (0.9, 4.7) –
  Current smoking 0.6 (0.3, 1.5) –
  COPD 0.6 (0.1, 4.7) –
  CAD 1.1 (0.5, 2.4) –
  CVD 1.0 (0.4, 2.6) –
  Cilostazol 1.0 (0.5, 2.2) –
  Statin 0.5 (0.2, 1.5) –
Lesion characteristics
  BTK lesion length 1.0 (1.0, 1.0) –
  CTO 0.9 (0.4, 2.0) –
  BTK run-off vessels 1.0 (0.6, 1.6) –
  BA disease 0.9 (0.6, 1.5) –
Procedure success
  Success 0.1 (0.0, 0.3)**** 0.1 (0.0, 0.3)****

Data are hazard ratios and 95% confidence intervals.

MALE: major adverse limb events; POD: perioperative death; BMI: body mass index; CRP: C-reactive protein; COPD: chronic obstructive pulmonary 
disease; CAD: coronary artery disease; CVD: cerebral vascular disease; BTK: below-the-knee; CTO: chronic total occlusion; BA: below-the-ankle.
* p < 0.05; ****p < 0.0005.

Overall high EVT procedural success rate (92%, 1227 
success/1332 limbs) was the same as previous report.10 The 
reason why overall perioperative major complication rate 
(6%, 85 complications/1332 limbs) and POD rate (3%, 31 
death/1091 patients) was not low might be attributed to the 
fact that this study included many high-risk patients, such as 
hypertension (74%, 808/1091 patients), diabetes mellitus 
(72%, 790/1091 patients), end stage of renal disease (64%, 
694/1091 patients), and heart failure (21%, 226/1091 
patients). Significant higher success rate in Rutherford IV 
than V and VI might be due to less complex lesion morphol-
ogy, such as TASC proportion, lesion length, and number of 
patent below-the-ankle arteries.

The previous reports indicated that CLI patients without 
wounds had better prognosis after initial catheter interven-
tion than those with wounds.10,16 This study also showed the 
significant different outcome between Rutherford IV and V/
VI all the time during the follow-up period. For the predic-
tors for MALE in the CLI patients who underwent catheter 
intervention, younger age, hypo-albuminemia, high systemic 
inflammatory reaction, diabetes mellitus, end stage of renal 

disease, heart failure, and below-the-ankle disease have been 
reported.9,12,13,16 However, in this study where risk factors 
only for the patients categorized Rutherford IV were evalu-
ated, only low body mass index (<18.5 kg/m3) and initial 
EVT success were estimated as multivariate significant pre-
dictors for MALE in the patients without any wounds. 
Compared with patients with wound, who tend to need repeat 
intervention due to delayed wound healing, patients without 
wound seem not to recognize recurrence of symptom. This 
might also contribute to the better free rate from MALE and 
less predictors in Rutherford IV as well as advantage of their 
backgrounds. It might be possible of simpler lesions, even in 
the below-the-knee segment, to have relatively higher 
patency rate after the initial intervention, which conducted to 
less MALE. But it could not be discussed in this study 
because patency of treated vessel was not estimated. About 
age, in an attempt to find a cut-off line which might separate 
their prognosis, each parameters, such as over 80, under 70, 
and under 60 years old, were estimated. But none of them 
could have statistical power as a significant predictor for 
prognosis.
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As the predictors for mortality in the CLI patients who 
underwent catheter intervention, over 80 years, low body 
mass index, non-ambulatory status, hypo-albuminemia, 
high systemic inflammatory reaction, diabetes mellitus, end 
stage of renal disease, heart failure, and presence of tissue 
loss have been reported.9,12,13,16,17 In this study, low body 
mass index (<18.5 kg/m3), non-ambulatory status, high sys-
temic inflammatory reaction (CRP > 3.0 mg/dL), COPD, 

and CAD were also estimated as multivariate significant 
predictors for AFS in the patients without any wounds. 
Although the interval to death from initial intervention was 
longer in the patients without wounds than with wounds, the 
distribution of causes of death was the same and the rate of 
death related to peripheral vascular events was low (5%–
6%). These findings might suggest that the initial EVT pro-
cedure success could lead to high rate of limb salvage and 

Table 5.  Association of baseline characteristics with major amputation and mortality in Rutherford category IV.

Univariate analysis Multivariate analysis

Patient characteristics
  Age 1.0 (1.0, 1.0) –
    >80 years 1.0 (0.6, 1.9) –
    <70 years 1.2 (0.7, 2.2) –
    <60 years 1.0 (0.3, 3.1) –
  Male gender 1.1 (0.6, 1.9) –
  BMI < 18.5 kg/m3 3.4 (1.8, 6.3)**** 2.7 (1.4, 5.4)***
  Non-ambulatory 2.1 (1.1, 3.9)* 3.0 (1.5, 5.9)***
  Albumin < 3.0 g/dL 3.1 (1.6, 6.3)*** 2.0 (0.9, 4.4)
  CRP > 3.0 mg/dL 3.1 (1.5, 6.3)*** 2.8 (1.2, 6.5)*
  Hypertension 1.4 (0.7, 2.8) –
  Dyslipidemia 0.6 (0.3, 1.0) –
  Diabetes mellitus 0.9 (0.5, 1.6) –
  End stage of renal disease 1.8 (1.0, 3.1)* 1.3 (0.7, 2.4)
  Current smoking 1.2 (0.7, 2.1) –
  COPD 2.9 (1.2, 6.8)* 2.9 (1.2, 7.1)*
  CAD 2.1 (1.2, 3.6)** 2.6 (1.5, 4.7)***
  CVD 1.5 (0.8, 2.7) –
  Statin 0.5 (0.2, 1.0)* 0.5 (0.2, 1.1)
Lesion characteristics
  BTK lesion length 1.0 (1.0, 1.0) –
  CTO 1.7 (0.9, 3.2) –
  BTK run-off vessels 1.0 (0.8, 1.4) –
  BA disease 0.8 (0.6, 1.1) –
Procedure success
  Success 2.4 (0.3, 17.4) –

Data are hazard ratios and 95% confidence intervals.
BMI: body mass index; CRP: C-reactive protein; COPD: chronic obstructive pulmonary disease; CAD: coronary artery disease; CVD: cerebral vascular 
disease; BTK: below-the-knee; CTO: chronic total occlusion; BA: below-the-ankle.
*p < 0.05; **p < 0.01; ***p < 0.005; ****p < 0.0005.

Table 6.  Cause of death (n = 470).

R-4 group (n = 226) R-5/6 group (n = 865) p Value

All cause death, n 79 391 0.7332
  Cardiac death, n (%) 30 (38) 145 (37)  
  Vascular death, n (%) 4 (5) 23 (6)  
  Infection, n (%) 19 (24) 128 (33)  
  Cancer, n (%) 6 (8) 18 (5)  
  Unknown and others, n (%) 20 (25) 77 (20)  
Days to death from initial EVT, mean ± SD 628 ± 589 432 ± 423 <0.0001

R-4: Rutherford category IV; R-5/6: Rutherford category V and VI; EVT: endovascular therapy; SD: standard deviation.
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free from re-intervention, but better long-term prognosis 
had to have careful systemic maintenance of risk factors 
kept even in the patients without wounds as the same as the 
patients with wounds.

Study limitations

This study was a retrospective and non-randomized study 
despite use of a prospectively maintained database with a 
large number of consecutive CLI patients with isolated infra-
popliteal lesions. Patients considered unsuitable for revascu-
larization or treated with bypass surgery were not managed 
by the physicians involved in the study. In addition, espe-
cially in indication of EVT, selection of strategy was left to 
physicians’ discretion which lead to possible selection bias.

It has been well-known of plain balloon angioplasty for 
BTK lesions in CLI patients to have low patency rate even in 
short term. And hypertension, administration of cilostazol, 
statin, lesion length, and chronic total occlusion were listed 
as multivariate predictors for angiographic restenosis at 
3 months.18,19 Actual restenosis rate of treated vessel was not 
estimated in this study; however, initial procedural success 
could conduct to high rate of freedom from MALE in the 
patients categorized Rutherford IV. Further study would be 
expected to estimate the relation between MALE and reste-
nosis of the treated vessels in this category.

Conclusion

From the present results, patients categorized Rutherford IV 
should be recognized to have quite different backgrounds 
from those categorized Rutherford V/VI. There might be 
operators’ bias in indication of EVT for Rutherford IV, but 
their clinical outcome was better in spite of that they are cat-
egorized in CLI.
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