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WHAT THIS PAPER ADDS

The current guidelines describe the importance of assessing limb characteristics with WIfI (Wound, Ischaemia,
and foot Infection) classification system to predict limb prognosis in patients with critical limb ischaemia (CLI).
On the other hand, several reports have also suggested that systemic factors are associated with limb prognosis.
This study, involving 735 de novo CLI patients, examines factors associated with wound healing after endo-
vascular therapy. The risk stratification based on these factors and on WIfI allows further prediction of wound
healing.
Objectives: While current guidelines describe the importance of assessing limb characteristics for predicting limb
prognosis in patients with critical limb ischaemia (CLI), several reports have also suggested that systemic factors
are associated with limb prognosis. The aim of this study was to evaluate whether systemic factors have the same
impact on wound healing as limb characteristics in CLI patients undergoing endovascular therapy.
Methods: A total of 735 patients who were treated for the first time for CLI with tissue loss between April 2010
and December 2015 were extracted from a prospective registry and data for the Wound, Ischaemia, and foot
Infection (WIfI) classification were searched retrospectively. The predictors of wound healing were explored
with Cox proportional hazards regression.
Results: The one year wound healing rate was 60.2% in WIfI stage 1e3 patients and 53.6% in WIfI stage 4
(p ¼ .01). In WIfI stage 1e3, no systemic factors were significantly associated with wound healing, whereas,
in WIfI stage 4 patients, non-ambulatory status [hazard ratio (HR) 1.98; 95% confidence interval (CI) 1.37e
2.84], haemodialysis (HR 1.90; 95% CI 1.33e2.72) and an albumin level under 3.0 g/dL (HR 1.53; 95% CI
1.02e2.31), were identified as independent risk factors for failure to achieve wound healing. If none or one
of these risk factors were present, wound healing was comparable with WIfI 4 and WIfI 1e3 patients (67.7%
vs. 63.6%, p ¼ .89), whereas in patients with two or more risk factors wound healing was worse in WIfI 4
than in WIfI 1e3 patients (35.7% vs. 49.5%, p ¼ .01).
Conclusion: Non-ambulatory status, haemodialysis, and a low albumin level were additional systemic risk factors
for impaired wound healing in patients with WIfI stage 4. The wound healing rate in WIfI stage 4 patients with
one or fewer of these risk factors was comparable to that in WIfI stage 1e3.
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INTRODUCTION

Recently, the Wound, Ischaemia, and foot Infection (WIfI)
classification system, a predictor of limb prognosis in critical
limb ischaemia (CLI) established by the Society for Vascular
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Surgery (SVS), was introduced and widely applied in the
authors’ practice.1,2 In previous studies, the WIfI classifica-
tion was associated with limb prognosis, including wound
healing of diabetic foot ulcers.3,4

Traditionally, systemic factors have been associated with
limb prognosis after endovascular therapy (EVT).5e7 How-
ever, in practice, the impact of the WIfI classification for
wound healing in individuals with CLI and whether systemic
factors have the same impact as limb characteristics (e.g.
WIfI clinical stages) have not been studied systematically. The
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aim of the current study was to study the prognostic impact
of patient characteristics on the limb prognosis together with
WIfI classification in CLI patients undergoing EVT.
MATERIALS AND METHODS

Participants

Our database was retrospectively analysed and data were
included on 735 CLI patients first treated at the hospital
who underwent initial EVT between April 2010 and
December 2015 and who consented to follow up exami-
nation at a single cardiovascular centre. Patients who pre-
sented with acute limb ischaemia requiring emergency
revascularisation were excluded. Patients with rest pain
only, with missing baseline data, or who had not been
evaluated with the WIfI score were also excluded (Fig. 1).
Laboratory data and prescription forms were evaluated
upon admission before EVT. An assessment of wound
severity was performed retrospectively using the WIfI
classification, which consists of three factors that constitute
and contribute to the risk of limb threat: wound (W),
ischaemia (I), and foot infection (FI).

For the wound, Grade 0 is no wound, Grade 1 a small,
shallow ulcer on distal leg or foot without gangrene, Grade
2 a deeper ulcer with exposed bone, joint or tendon and/or
gangrenous changes limited to toes, and Grade 3 is an
extensive deep ulcer, full thickness heel ulcer, and/or
calcaneal involvement and/or extensive gangrene. For
ischaemia, Grade 0 means ankle brachial index (ABI) � 0.80
or toe pressure (TP) � 60 mmHg, Grade 1 means ABI of
1041 CLI patients
underwent initial EVT between
April 2010 and December 2015

170 CLI patients
with rest pain

871 CLI patients
with ischaemic wound

88 CLI patients
without WIFI evaluation

783 CLI patients
evaluable for WIFI classification

48 CLI patients
with missing baseline data

735 CLI patients
enrolled in this study

Figure 1. Study flow of participants. CLI¼ critical limb ischaemia;
EVT ¼ endovascular therapy; WIfI ¼ Wound, Ischaemia, and foot
Infection.
0.60e0.79 or TP of 40e59 mmHg, Grade 2 means ABI of
0.40e0.59 or TP of 30e39 mmHg, and Grade 3 means
ABI < 0.40 or TP < 30 mmHg. ABI is a standard method to
assess limb ischaemia. However, ABI may be relatively high
in calcified vessels. Therefore skin perfusion pressure (SPP)
was also routinely measured, a widely accepted metric in
Japan, as an alternative measurement to TP. When ABI was
over 0.90 in spite of low SPP, SPP was used to define the
ischaemia grade. When SPP grade ischaemia was used, TP
pressure criteria were used as described previously.8

For foot infection, Grade 0 indicates no symptoms of
infection, Grade 1 indicates local infection involving only
skin and subcutaneous tissue, with Grade 2 local infection
involving deeper than skin/subcutaneous tissue, and Grade
3 systemic inflammatory response syndrome.

The risk of amputation was assessed with the four WIfI
stages published previously (1, very low risk; 2, low risk; 3,
moderate risk; 4, high risk) (Appendix Fig. 1, in Mills et al.1).
These grades were evaluated retrospectively using the
photographs of foot wounds and medical records including
laboratory examinations at registration. To minimise inap-
propriate wound assessment, the judgement was made by
two wound specialists. When there was disagreement, the
cases were discussed and appropriate evaluation was made.

The study was performed in accordance with the Decla-
ration of Helsinki and was approved by the ethics com-
mittee of the hospital. Written informed consent was
obtained from every participant.

Study protocol

Briefly, the severity of ischaemia in lower limb was assessed
using ABI and SPP. WIfI clinical stage 1 with Grade 1
ischaemia is generally not recommended for revascularisa-
tion at the outset under the latest guidelines. For these
patients in this study, primary conservative therapy was
carried out. If these wounds did not heal using primary
therapy, revascularisation was subsequently considered.

The lower limb arteries were routinely evaluated by
duplex ultrasound, and the presence of below the knee
lesions was assessed by digital subtraction angiography
before revascularisation. EVT was indicated when the lesion
showed a stenosis >75% of the vessel diameter on diag-
nostic angiography and was haemodynamically significant.
The endovascular treatment was done according to the
generally accepted principles. Aorto-iliac lesions were
managed by a primary stenting strategy. For femo-
ropopliteal lesions, a stent was implanted in cases of an-
gioplasty failure, which included severe dissection, residual
stenosis, or a significant pressure gradient (�10 mmHg).
Below knee lesions were treated with plain angioplasty.
Drug coated balloon and atherectomy devices were not
used because these were not approved in Japan during the
study period.

Wound care

Wound care is standardised in our institution. After wound
irrigation, it undergoes an assessment. If examination alone
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is insufficient or the wound defect is extensive (e.g. exposed
bone, necrosis), sharp excisional debridement is routinely
performed after revascularisation. The wound is covered
with dressing materials suitable for the wound condition.
Systemic antibiotics are prescribed only in cases of infection
at the wound site or for other lesions. Negative pressure
wound therapy is also used in cases with sufficient blood
flow to the wound and no infection. After patient discharge,
the general practitioner continues wound care, based on
instructions from physicians, cardiologists, and plastic sur-
geons, and monitors the wound condition.

Follow up protocol

The follow up interval and modality were at the discretion
of the physician, with typical practice being every two eto
four weeks until the wound healed and every three months
for as long a period as needed, thereafter with ABI, arterial
duplex ultrasound, and SPP. Re-intervention was indicated
for limbs with recurrent symptoms accompanied by recur-
rent occlusion or stenosis as measured by ABI, duplex ul-
trasound, and SPP.When patients presented with any of the
above indications, re-intervention was carried out as soon
as possible.

Study outcomes

The primary endpoint of this study was twelve month
wound healing. The endpoint measure was wound healing
rate. The results were stratified according to the WIfI grade.
Major adverse limb events (MALEs), amputation free sur-
vival (AFS), and re-intervention were also assessed as sec-
ondary endpoints.

Definitions

CLI was defined in accordance with the Trans-Atlantic Inter-
Society Consensus (TASC) II guidelines.9 Non-ambulatory
status was defined as wheel chair dependence or bed
ridden, as assessed on admission. Hypertension was diag-
nosed as systolic blood pressure >130 mmHg, diastolic
blood pressure >80 mmHg, or a history of treatment for
hypertension. Dyslipidaemia was defined as serum low
density lipoprotein (LDL) cholesterol > 100 mg/dL, high
density lipoprotein (HDL) cholesterol < 40 mg/dL,
triglycerides > 150 mg/dL, or history of treatment with lipid
lowering drugs for dyslipidaemia. Coronary artery disease
was defined as the presence of symptoms, a past history of
myocardial infarction, or a history of any cardiac revascu-
larisation. Regarding continuous variables, the cutoff values
were chosen as in previous studies.7,10 A wound requiring
surgery was defined as a wound that required invasive
debridement or minor amputation. MALEs were defined as
major amputation or major re-interventions (new bypass
graft, jump/interposition graft revision, or thrombectomy/
thrombolysis) that occurred during the study period.11

Major amputation was defined as amputation of the limb
above the ankle. Any amputation at or distal to the Lisfranc
ligament was not considered a limb salvage failure.
Amputation data were obtained from outpatient clinic
follow up contact. AFS was defined as freedom from major
amputation or death.

Complete wound healing was defined as complete epi-
thelialisation of all wounds without death or major ampu-
tation. The date of wound healing was defined as the date
when the wound was seen to completely epithelialised for
the first time. In patients who underwent major amputa-
tion, the healing time was considered infinite as noted in a
previous study.6
Statistical analysis

Unless mentioned otherwise, data are presented as median
(interquartile range) for continuous variables and as per-
centages for discrete variables. Non-parametric analysis for
continuous variables, the chi square test for discrete vari-
ables, and the ManneWhitney test for ordinal variables
were performed to assess differences in baseline charac-
teristics between groups. Prognostic outcomes were
assessed using the KaplaneMeier method, and differences
between groups were assessed with the log rank test when
necessary. Cox proportional hazards regression and logistic
regression analysis were used to determine the association
between clinical characteristics and wound healing. Clinical
variables found to influence wound healing in previous
studies6,12,13 were included in the univariable analysis.
Factors associated with wound healing in the univariable
analysis were examined by multivariable analysis. The haz-
ard ratio (HR) and 95% confidence interval (CI) were re-
ported. The influence of the WIfI clinical stage for
amputation risk on the association between baseline char-
acteristics and outcome was evaluated by interaction ef-
fects. The study population was subsequently stratified in
subgroups according to the number of independent risk
factors defined by the multivariable analysis to assess the
wound healing rate. The follow up index was evaluated for
each patient group to avoid attrition bias.14 A p
value < 0.05 was considered statistically significant. Sta-
tistical analyses were performed using SPSS version 24
(SPSS Inc., Chicago, IL, USA).

RESULTS

As shown in Table 1, 450 (61.2%) patients were male, the
median age was 75 (68e81) years, and 215 patients (29.3%)
were �80 years old. In all, 44.1% of the patients were non-
ambulatory on admission. Notable comorbidities included
diabetes mellitus (66.8%; 491/735) and haemodialysis
(54.1%; 398/735). The median serum albumin was 3.4 (3.0e
3.7) g/dL, with 24.2% (178/735) of the patients having a low
albumin level (<3.0 g/dL). Regarding the limb condition
(Table 2), the median ABI and the SPP at the dorsal and
plantar surfaces before EVT were 0.64 (0.51e0.77), 24 (15e
37) mmHg and 27 (19e40) mmHg, respectively. Regarding
the WIfI clinical stage, 19.3% (142/735) of limbs were stage
1 (very low risk), 154 limbs (21.0%) were stage 2 (low risk),
168 limbs (22.9%) were stage 3 (moderate risk), and 271
limbs (36.9%) were stage 4 (high risk). Wounds requiring
surgery were observed in 458 limbs (62.3%). The frequency



Table 3. Arterial lesion characteristics

All Wound
healing D

Wound
healing e

No. of patients 735 383 352
Lesion distribution

Aorto-iliac
efemoropopliteal

92
(12.5)

39 (10.2) 53 (15.1)

Isolated below the
knee

320
(43.5)

181 (47.3) 139 (39.5)

Multilevel 323
(43.9)

163 (42.6) 160 (45.5)

Chronic total
occlusion

589
(80.1)

313 (81.7) 276 (78.4)

Lesion calcification
None 239

(32.5)
135 (35.2) 104 (29.5)

Unilateral 151
(20.5)

83 (21.7) 68 (19.3)

Bilateral 345
(46.9)

165 (43.1) 180 (51.1)

Data given as n (%).

Table 1. Baseline clinical characteristics and follow-up ankle
brachial index of the study population

All Wound
healing D

Wound
healing e

No. of patients 735 383 352
Male 450 (61.2) 229 (59.8) 221 (62.8)
Age, years 75 (68e81) 75 (68e81) 74 (68e81)

�80 215 (29.3) 110 (28.7) 105 (29.8)
Body mass index,
kg/m2

21.1 (18.8
e23.5)

21.6 (19.0
e24.0)

20.8 (18.7
e23.0)

<18.5 153 (20.8) 73 (19.1) 80 (22.7)
Non-ambulatory
status

324 (44.1) 128 (33.4) 196 (55.7)

Hypertension 482 (65.6) 257 (67.1) 225 (63.9)
Dyslipidaemia 130 (17.7) 73 (19.1) 57 (16.2)
Diabetes mellitus 491 (66.8) 262 (68.4) 229 (65.1)
Haemodialysis 398 (54.1) 192 (50.1) 206 (58.5)
Coronary artery
disease

325 (44.2) 161 (42.0) 164 (46.6)

Ejection fraction, % 64 (56e70) 65 (58e71) 64 (55e76)
<50% 114 (15.5) 50 (13.1) 64 (18.2)

Serum albumin,
g/dL

3.4 (3.0e3.7) 3.5 (3.1e3.8) 3.3 (2.8e3.6)

<3.0 g/dL 178 (24.2) 69 (18.0) 109 (31.0)
Antiplatelet therapy 673 (91.6) 349 (91.1) 324 (92.0)
Antithrombotic
therapy

156 (21.2) 68 (17.8) 88 (25.0)

Statin 166 (22.6) 88 (23.0) 78 (22.2)
Insulin 169 (23.0) 95 (24.8) 74 (21.0)
Oral hypoglycaemic
agent

331 (45.0) 173 (45.2) 158 (44.9)

Follow up index 1.00 (0.96
e1.00)

1.00 (1.00
e1.00)

0.92 (0.10
e1.00)

Data given as n (%) or median (interquartile range).
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of wounds requiring surgery in each group was 187 limbs
(40.3%) in WIfI stage 1e3 and 271 limbs (100%) in WIfI
stage 4. Regarding the distribution of the arterial lesions, as
demonstrated in Table 3, 92 limbs (12.5%) had aorto-iliace
Table 2. Limb characteristics

All Wound
healing D

Wound
healing e

No. of patients 735 383 352
Ankle brachial
index

0.64 (0.51
e0.77)

0.65 (0.51
e0.79)

0.63 (0.51
e0.76)

Skin perfusion pressure, mmHg
Dorsal surface 24 (15e37) 23 (15e36) 25 (15e38)
Plantar surface 27 (19e40) 28 (19e40) 26 (17e39)

Clinical stage in WIfI classification
1 (very low risk) 142 (19.3) 84 (21.9) 58 (16.5)
2 (low risk) 154 (21.0) 78 (20.4) 76 (21.6)
3 (moderate risk) 168 (22.9) 97 (25.3) 71 (20.2)
4 (high risk) 271 (36.9) 124 (32.4) 147 (41.8)

Wound requiring
surgery

458 (62.3) 242 (63.2) 216 (61.4)

Data given as n (%) or median (interquartile range). WIfI ¼ Wound,
Ischaemia, and foot Infection. Stage in WIfI classification is to
predict one year amputation risk.
femoropopliteal lesions, 320 limbs (43.5%) had isolated
below the knee lesions, and 323 limbs (43.9%) had both
types of lesions. Chronic total occlusion was observed in
80.1% of this population. Additionally, 345 limbs (46.9%)
had bilateral calcified lesions. These characteristics were
also observed in subgroups whether wound healing was
completed in follow up period.

Prognosis of patients with critical limb ischaemia after EVT

Mortality, and the frequency of major amputation and
MALEs, within 30 days after EVT, were 2.6% (18 patients),
2.0% (14 patients), and 3.3% (22 patients), respectively.

The one year AFS and freedom from MALEs were 78.3%
and 93.1%, respectively, and the two year rates of them
were 66.0% and 91.4%, respectively. At two years, 176
patients had died, 46 patients had undergone major
amputation, and 66 patients had suffered from MALEs. The
one year re-intervention rates in patients with WIfI stage
1e3 and stage 4 were 43.4% and 53.5%, respectively.

Wound healing rate and its predictors after EVT

The overall one and two year wound healing rates were
57.7% and 65.3%, respectively. A total of 383 patients
achieved complete wound healing. Fig. 2 shows the cu-
mulative two year wound healing rate after EVT according
to the WIfI classification. The wound healing rate in patients
with WIfI stage 1e3 and stage 4 were 60.2% and 53.6%,
respectively, with WIfI stage 4 patients showing a signifi-
cantly worse cumulative healing rate (p ¼ .01). Tables 4 and
5 show the association between baseline characteristics and
poor wound healing. Systemic factors were not associated
with poor wound healing in patients with WIfI stage 1e3,
whereas in those with WIfI stage 4, non-ambulatory status,
haemodialysis, and a low albumin level (<3.0 g/dL) were
associated with poor wound healing. The multivariable Cox
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Figure 2. Wound healing rates after endovascular therapy (EVT). Wound healing rates at 1 year
after EVT were 60.2% in WIfI stage 1e3, and 53.6% in stage 4. WIfI stage 4 CLI patients had a
significantly worse cumulative wound healing rate compared to WIfI stage 1e3 (p ¼ .011).
CLI ¼ Critical Limb Ischaemia; WIfI ¼ Wound, Ischaemia, and foot Infection; SE ¼ Standard Error.

Table 4. Unadjusted association of baseline characteristics with poor wound healing in WIfI stage 1e3 vs. 4

Unadjusted HR (95% CI)
for poor wound healing

Interaction
effect
(p value)

WIfI
stage 1e3

p
value

WIfI
stage 4

p
value

Female 0.97 (0.76e1.25) 0.82 0.82 (0.56e1.18) 0.27 0.48
Age � 80 years 0.83 (0.68e1.08) 0.15 0.97 (0.63e1.49) 0.90 0.53
Non-ambulatory status 1.26 (0.96e1.64) 0.09 2.00 (1.41e2.86) <0.001 0.03
Diabetes mellitus 0.81 (0.63e1.06) 0.14 1.15 (0.78e1.69) 0.48 0.72
Haemodialysis 1.19 (0.93e1.52) 0.16 1.85 (1.32e2.63) 0.001 0.03
Coronary artery disease 1.04 (0.82e1.33) 0.71 1.14 (0.80e1.64) 0.47 0.92
BMI < 18.5 kg/m2 1.05 (0.78e1.45) 0.72 1.20 (0.81e1.89) 0.40 0.88
Serum albumin <3.0 g/dL 1.15 (0.81e1.61) 0.45 1.85 (1.23e2.78) 0.003 0.06
Ejection fraction < 50% 1.41 (0.98e2.04) 0.07 1.23 (0.74e2.04) 0.42 0.64
Isolated below the knee lesion 0.80 (0.63e1.02) 0.07 1.05 (0.73e1.52) 0.76 0.18

BMI ¼ body mass index; CI ¼ confidence interval; HR ¼ hazard ratio; WIfI ¼ Wound, Ischaemia, and foot Infection.
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regression analysis revealed that non-ambulatory status (HR
1.98; 95% CI 1.37e2.84; p < .001), haemodialysis (HR 1.90;
95% CI 1.33e2.72; p < .001), and a low albumin level (HR
1.53; 95% CI 1.02e2.31; p ¼ .04 were independent factors
that predict poor wound healing after EVT in WIfI stage 4
patients. In addition, WIfI stage 4 was associated signifi-
cantly with decreased wound healing (HR 1.43; 95% CI
1.00e2.04; p ¼ .05). The follow up index was added the to
multivariate Cox regression analysis. Eventually, these three
factors were identified as independent factors associated
with poor wound healing. According to the three factors,
patients were divided into the following four groups: WIfI
stage 1e3 with one or no factors, WIfI stage 4 with one or
no factors, WIfI stage 1e3 with two or more factors, and
WIfI stage 4 with two or more factors. WIfI stage 4 patients
with two or more factors showed significantly worse wound
healing than WIfI stage 1e3 patients with two or more
factors (Fig. 3, p ¼ .013). Furthermore, the wound healing



Table 5. Adjusted association between baseline
characteristics and poor wound healing

Adjusted HR
(95% CI) for
poor wound
healing

p
value

Interaction
effect
(p value)

Non-ambulatory status 0.04
In WIfI stage 1e3 1.24 (0.95

e1.62)
0.12

In WIfI stage 4 1.98 (1.37
e2.84)

<0.001

Haemodialysis 0.03
In WIfI stage 1e3 1.19 (0.93

e1.52)
0.17

In WIfI stage 4 1.90 (1.33
e2.72)

<0.001

Serum albumin < 3.0 g/dL 0.20
In WIfI stage 1e3 1.07 (0.75

e1.52)
0.70

In WIfI stage 4 1.53 (1.02
e2.31)

0.04

WIfI stage 4 1.43 (1.00
e2.04)

0.05

CI ¼ confidence interval; HR ¼ hazard ratio; WIfI ¼ Wound,
Ischaemia, and foot Infection.
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rate was not significantly different between WIfI stage 1e3
patients with one or no factors and WIfI stage 4 patients
with one or no factors (p ¼ .89).

On the other hand, in WIfI stage 1e3 patients, each risk
factor impaired wound healing with a HR 1.19 (95% CI
1.02e1.39) and in WIfI 4 patients by HR 1.79 (95% CI 1.45e
2.20) (p for interaction ¼ 0.001), as shown in Appendix
Table 1. In Fig. 3, the wound healing rate was worse in
patients with two or more factors than in patients with one
or no factors in patients with WIfI stage 1e3 (p ¼ .009).

The result of multivariable logistic regression analysis
whether wound healing was completed at one year or not is
also shown in Appendix Table 2 and KaplaneMeier esti-
mates of outcomes in all WIfI stages in Appendix Fig. 2.
DISCUSSION

Factors associated with wound healing after EVT were
analysed in patients with CLI in a real world practice. This is
the first study to perform a risk stratification of the wound
healing rate based on WIfI stage and systemic factors
following EVT in a real world CLI setting.

When comparing the data with recent studies, there
were few differences in wound severity; however, the fre-
quency in elderly patients and patients on haemodialysis
was greater in the study population, indicating that CLI
patients with worse or more advanced conditions were
more frequently included in this study. The one year
freedom from MALEs rate and the one year AFS in this
study were acceptable in keeping with those in previous
reports.2,5,15 Regarding the one year wound healing rate,
the results are also comparable with the 55.9% in the
Japanese OLIVE study7 and the 37% reported by Darling
et al.15

The WIfI classification was introduced by the SVS and has
been widely used for decision making when treating CLI
patients.1 The WIfI classification is a novel classification
system that stratifies the risk relating to limb prognosis.
Three components of the wound condition, the degree of
ischaemia, the severity of the wound and presence of
infection, can distinguish ischaemic wounds more precisely
than the traditional Rutherford or Fontaine classifications.
Based on the findings of this study, the WIfI classification is
clinically useful, and complete wound healing was more
difficult to achieve when the WIfI stage was higher. How-
ever, the WIfI classification alone is not sufficient to predict
the prognosis of CLI patients with many comorbidities. The
risk stratified analysis revealed that the prognosis of WIfI
stage 4 patients was strongly influenced by systemic factors,
specifically, systemic complications, activity levels, and
nutritional status, which can have an impact on clinical
outcomes. The results suggest that by considering also the
significant systemic factors, the predictive value of WIfI
classification in wound healing would be even better.
Regarding statistical analysis, Cox regression analysis was
chosen to assess the outcome because wound healing time
is also important in clinical settings. Multivariable logistic
regression analysis was conducted to ascertain whether
wound healing was completed at one year or not (shown in
Appendix Table 2). Non-ambulatory status and haemodial-
ysis were independent predictors of wound healing at one
year, whereas a low albumin level was not.

With respect to non-ambulatory status, Lu et al.16 re-
ported that mortality and complication rates were
increased after EVT or bypass surgery in patients who could
not walk independently. The latest guideline mentions that
patients with extensive necrosis or infectious gangrene and
those who are non-ambulatory with severe comorbidities
may best be served by primary major amputation. In the
current study, EVT was conducted for non-ambulatory pa-
tients who were ambulatory before the onset of CLI and
would present with a change in ambulatory status after
revascularisation.

Several studies have demonstrated that haemodialysis
can influence survival and worsen the limb prognosis.8 For
most patients on haemodialysis, treatment is difficult due
to concomitant coronary artery disease, vulnerability to
infection, and severe vascular calcification.

A low albumin level is a surrogate marker of malnutrition.
In the OLIVE study,7 nutritional status was not a factor
affecting lower limb prognosis. However, only 7% of pa-
tients in the OLIVE registry had an albumin level <3.0 g/dL,
whereas 56% of patients in this study met this criterion.
Thus, more patients with a poor nutritional status were
enrolled, which may have contributed to a stronger impact
of low albumin levels.

The current guidelines mention that the management
of patients with CLI should consider WIfI classification
system and it is well known that WIfI stage 4 has a
poor prognosis.17 However, in the clinical setting there



0.0

0.2

0.4

0.6

0.8

1.0

0 12 24

Follow-up period (month)

W
o
u
n
d
 h

e
a
li

n
g
 r

a
te

0 12 24

WIfI stage 1-3

With ≤1 factor

WIfI stage 1-3

With ≤1 factor

WIfI stage 1-3

With ≥2 factors

WIfI stage 1-3

With ≥2 factors

WIfI stage 4

With ≤1 factor

WIfI stage 4

With ≤1 factor

WIfI stage 4

With ≥2 factors

WIfI stage 4

With ≥2 factors

at risk

%±SE

at risk

%±SE

at risk

%±SE

at risk

%±SE

334 80

30

31

42

19

16

28

36

100

100

100

63.6±2.9

67.7±4.5

49.5±5.3

35.7±5.1

76.6±4.4

59.7±5.9

39.7±5.5

71.5±3.0

145

130

100

126

p value (versus
WIfI stage 1-3)

Reference

Reference

.89

.013

- Nonambulatory status

- Hemodialysis

- Serum albumin < 3.0 g/dL

Risk factors
for wound healing

Figure 3. Risk stratification for wound healing based on logistic analysis. Patients in WIfI stage 4 were assigned to groups
based on the number of risk factors for wound healing. The cumulative wound healing rate at one year after EVT was
63.6% in WIfI stage 1e3 with one or no factors, 67.7% in WIfI stage 4 with one or no factors, 49.5% in WIfI stage 1e3
with two or more factors, and 35.7% in WIfI stage 4 with two or more factors. WIfI stage 4 patients with two or more
factors had significantly worse wound healing than WIfI stage 1e3 patients with two or more factors (p ¼ .013). On the
other hand, the wound healing rate was not significantly different between WIfI stage 1e3 patients with �1 factor and
WIfI stage 4 patients with �1 factor (p ¼ .89). In WIfI stage 1e3 and 4, patients with one or no factors were significantly
better for wound healing than those with two or more factors (p ¼ .009 and p < .001, respectively). EVT ¼ endovascular
therapy; WIfI ¼ Wound, Ischaemia, and foot Infection; SE ¼ Standard Error.

554 Yosuke Hata et al.
are patients with WIfI stage 4 who can achieve com-
plete wound healing. Patients who did not have three
risk factors detected in this study could achieve wound
healing after EVT.

Limitations

This study has some limitations. First, it was a retrospective
single centre study and the WIfI clinical stage was assessed
retrospectively. In addition, the WIfI classification was
originally proposed for patients with diabetic foot ulcers. In
this study, validation of the WIfI classification cannot be
evaluated in CLI patients without diabetes mellitus. How-
ever, a previous study has suggested the usefulness of the
WIfI classification in patients without diabetes mellitus.18
Second, only patients who underwent EVT were analysed
and patients who underwent bypass surgery were excluded.

Third, evaluation of the timing of wound healing was
limited. For inpatients, the exact time required for epi-
thelialisation can be assessed, but whether a wound has
healed can only be confirmed when an outpatient visits the
hospital.

Fourth, 88 patients were excluded because some data to
define the WIfI clinical stages were missing.

Finally, this is a post hoc stratification. Although three
predictive factors identified from this analysis were
reasonable in the clinical setting, post hoc findings should
be regarded as hypothesis generating and thus require
external validation before being more broadly accepted.
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CONCLUSIONS

In this study, not only WIfI classification but also three
systemic factors including non-ambulatory status, haemo-
dialysis and low albumin level were associated with wound
healing in CLI patients. These results suggest that systemic
factors should be considered for stratification of limb
prognosis of CLI patients.
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