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Original Article

Aims: Hemodialysis vintage and serum phosphorus levels adversely affect outcomes in patients on hemodialysis. 
Whether these factors have a similar prognostic impact on patients who are on hemodialysis and have chronic 
limb-threatening ischemia (CLTI) has not been systematically studied. We aimed to explore the risk factors, 
including hemodialysis vintage and serum phosphorus levels, on clinical outcomes after endovascular therapy 
(EVT) in hemodialysis patients with CLTI.

Methods: The current study rerospectively analyzed 374 hemodialysis patients with CLTI presenting with 
ischemic tissue loss (age: 72.3±9.0 years, male: 73.3%, diabetes mellitus: 68.2%, Rutherford 5: 75.9%, 6: 
24.1%, WIfI stage 4: 50.0%) primarily treated with EVT between April 2007 and December 2016. The primary 
outcome measure was 1-year amputation-free survival (AFS), while the secondary outcome measure was 1-year 
wound healing. Predictors for each outcome were evaluated by Cox proportional hazards model.

Results: Multivariate analysis significantly associated longer hemodialysis vintages with higher serum 
phosphorus levels (hazard ratio [HR], 0.599; 95% confidence interval [CI], 0.394-0.910; p=0.016) with 1-year 
AFS. Longer vintages for hemodialysis with higher serum phosphorus levels were marginally, but not 
significantly, associated with 1-year wound healing. (HR, 0.684; 95% CI, 0.467–1.000; p=0.050).

Conclusion: Longer hemodialysis vintages with higher serum phosphorus levels adversely affect outcomes after 
EVT for hemodialysis patients with CLTI presenting with ischemic tissue loss.

study reported that patients with more advanced 
CKD stages had more severe clinical presentations of 
PAD at initial diagnosis2). The management and 
prevention of patients with CLTI are pressing issues in 
terms of both medical costs and public health. They 
have poor prognoses with high mortality and 
amputation rates unless they undergo appropriate 
revascularization3-6). Currently, because of recently-
developed dedicated devices and accumulated 

Introduction

The number of patients with chronic kidney 
disease (CKD), including hemodialysis, has increased 
over the years, presumably due to the aging society as 
well as the diabetes mellitus (DM) and hypertension 
(HTN) pandemics1). CKD itself is a well-known risk 
factor in peripheral arterial disease (PAD) etiology 
since it is a part of cardiovascular disease. A previous 
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EVT Strategy
Laboratory data and prescribed medications were 

genera l ly  checked upon admiss ion before 
revascularization. The severity of ischemia in the lower 
limbs was assessed hemodynamically by the ankle-
brachial index (ABI) and skin perfusion pressure 
(SPP). Lower limb arteries were evaluated routinely by 
duplex ultrasound, and the morphology of arterial 
lesions was assessed by diagnostic angiogram before 
revascularization. EVT was indicated when the lesion 
showed 75% stenosis or greater of the vessel diameter 
on diagnostic angiography with hemodynamic 
significance. EVT was done according to the generally 
accepted principles. In the aortoiliac lesions, a primary 
stenting strategy was conducted. In the femoropopliteal 
lesions, a stent was allowed in angioplasty failure cases, 
which included severe dissection, residual stenosis, or 
a significant pressure gradient of 10 mmHg or greater 
as a provisional stenting strategy. Below-the-knee 
(BTK) lesions were generally treated with plain 
angioplasty under a health insurance system. Drug-
coated balloon and atherectomy devices were not used 
because they were not approved in Japan during the 
study period.

Follow-Up Protocol
The follow-up interval and modality for ischemic 

changing were basically at the physician’s direction, 
with the typical practice being every 2–4 weeks until 
the wound healed and every 3 months after that for as 
long as possible, using ABI, arterial duplex ultrasound, 
and SPP, if needed. Re-intervention was generally 
indicated for limbs with recurrent symptoms or 
delayed wound healing accompanied by re-occlusion 
or restenosis with hemodynamic significance measured 
by ABI, duplex ultrasound, or SPP.

experience, endovascular therapy (EVT) outcomes 
have improved considerably. EVT is now becoming an 
attractive alternative first-line treatment for CLTI3, 4). 
Despite this major paradigm shift and improved 
outcomes, CKD, especially hemodialysis, is still a 
major prognostic factor in clinical outcomes after 
revascularization. The prediction of outcomes in 
hemodialysis patients with CLTI is clinically 
important for risk stratification7).

Aim

Although hemodialysis vintage and serum 
phosphorus levels adversely impact outcomes in the 
general population on hemodialysis, whether these 
have a similarly prognostic impact on outcomes in the 
hemodialysis patients with CLTI presenting tissue loss 
has not been systematically studied. Therefore, we 
sought to explore the risk factors, including 
hemodialysis vintage and serum phosphorus levels, for 
clinical outcomes after revascularization in 
hemodialysis patients with CLTI.

Methods

Participants
We used a retrospective database of 508 

consecutive hemodialysis patients with CLTI 
presetting with ischemic tissue loss who primarily 
underwent EVT between January 2007 and December 
2016. We excluded patients who had missing baseline 
data (n=98) or had not been evaluated for 
hemodialysis vintage as well as serum phosphorus 
levels (n=36). We analyzed the remaining 374 
patients (Fig.1). The current study was performed 
under the Declaration of Helsinki and approved by 
the hospital’s ethics committee.

Fig.1. Flow chart of the study population
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distributed; therefore, the serum phosphorus level’s 
median value was used for analysis. The median value 
of the vintage of hemodialysis was used as the cutoff 
value for analysis.

Statistical Analysis
Unless mentioned otherwise, data are presented 

as the median (interquartile range) for continuous 
variables and as percentages for discrete variables. We 
performed chi-square test for discrete variables and 
Mann–Whitney U tests for ordinal variables to assess 
baseline characteristic differences between groups. 
Prognostic outcomes were assessed with the Kaplan–
Meier method, and the differences between groups 
were assessed with the log-rank test when necessary. 
Cox proportional hazards regression analysis was used 
to determine the association of clinical characteristics 
with 1-year AFS and wound healing rate.

Multivariate Cox regression analysis determined 
predictors for 1-year AFS or 1-year wound healing. 
Clinically specified predictors achieving p＜0.05 in 
univariate analysis were entered into the multivariate 
Cox regression analysis. The hazard ratio (HR) and 
95% confidence interval (CI) were reported. A p-value 
＜0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS Version 
24.0J (SPSS Inc., Chicago, IL, USA).

Result

Table 1 summarizes the study population’s limb 

Study Outcomes
The current study’s primary outcome measure 

was 1-year amputation-free survival (AFS), while the 
second outcome measure was a 1-year wound healing 
rate.

Definitions
CLI was defined under the TASC II guidelines8). 

A non-ambulatory status was defined as wheelchair 
dependence or bedridden status, as assessed upon 
admission. Hypertension was defined as systolic blood 
pressure ＞130 mmHg, diastolic blood pressure ＞80 
mmHg, or hypertension treatment history. DM was 
defined as fasting plasma glucose levels ≥ 126 mg/dl, 
casual plasma glucose levels were ≥ 200 mg/dl, 
hemoglobin A1c levels ≥ 6.5%, plasma glucose levels 
≥ 200 mg/dl 2 hours after a 75-g oral glucose tolerance 
test, or patients treated for diabetes9). Coronary artery 
disease was defined as the presence of symptoms, a 
history of infarction, or a history of any cardiac 
revascularization. Major amputation was defined as 
the surgical excision 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 via outpatient clinic follow-up contact. 
AFS was defined as freedom from major amputation 
or death.

Serum phosphorus levels were obtained as part of 
the basic metabolic panel on a non-dialysis day as part 
of admitted preoperative vascular patients’ routine 
care. The serum phosphorus level was not normally 

Table 1. Baseline characteristics of study population 

Variables

Patients status (n=374)
Age (years old) 72.3±9.0
Male gender, n (%) 274 (73.3)
Body mass index (kg/m²) 21.4±3.6
Non-ambulatory status, n (%) 172 (46.0)
Albumin, g/dL 3.2±0.6

3.2 (2.8-3.6)
Risk factors
Hypertension, n (%) 226 (60.4)
Dyslipidemia, n (%) 98 (26.2)
Diabetes mellitus, n (%) 255 (68.2)
Coronary artery disease, n (%) 188 (50.3)
Cerebrovascular disease, n (%) 36 (9.6)
Median levels of serum phosphate (mg/dl) 4.5 (3.7-5.4)
Median levels of serum calcium (mg/dl) 8.8 (8.3-9.3)
Median dialysis vintage (years) 6.1 (2.6-10.8)

Data are shown as mean±standard deviation or median with the first and third quartile as con-
tinuous data as appropriate. Categorical data are expressed as number with percentages.
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phosphorus levels (＞4.5 mg/dl or ≤ 4.5 mg/dl) and 
hemodialysis vintages (＞6.1 years or ≤ 6.1 years). The 
1-year AFS was significantly lower in the group with 
longer hemodialysis vintages and higher serum 
phosphorus levels than in the group with others 
(p=0.009)(Fig.3A). The 1-year wound healing rate 
was significantly lower in the group with longer 
hemodialysis vintages and higher serum phosphorus 
levels (p=0.019)(Fig.3B). The subgroup with 
phosphorus levels ＞4.5 mg/dl and hemodialysis 
vintages ＞6.1 years had a significantly lower 1-year 
AFS than those with levels ≤ 4.5 mg/dl and 
hemodialysis vintages ≤ 6.1 years. The HR was 0,563 
(95% CI, 0.329–0.962; p=0.036], while the subgroup 
with ＞4.5 mg/dl and with ≤ 6.1 years and the 
subgroup with ≤ 4.5 mg/dl and with ＞6.1 years had 
an HR of 0.996 (95% CI, 0.531–1.730; p=0.887) 
and 0.985 (95% CI, 0.538–1.805; p=0.962), 
respectively, relative to those with phosphorus levels ≤ 
4.5 mg/dl and hemodialysis vintages ≤ 6.1 years. The 
association of hemodialysis vintage and serum 
phosphorus level with 1-year AFS is shown in Fig.4A. 
The subgroup with phosphorus levels ＞4.5 mg/dl 
and hemodialysis vintages ＞6.1 years did not have a 
significantly lower 1-year wound healing compared to 
those with phosphorus levels ＜4.5 mg/dl and 

characteristics. Two hundred and seventy-four (73.3%) 
patients were male, and the mean age was 72.3±9.0 
years old. One hundred and seventy-two (50.0%) 
patients had a non-ambulatory status on admission. 
Notable comorbidities included hypertension (60.4%; 
226/374), diabetes mellitus (68.2%; 255/374) and 
coronary artery disease (50.3%; 188/374). The 
median level of serum phosphate was 4.5 (3.7–5.4) 
mg/dl, and the median hemodialysis vintage was 6.1 
(2.6–10.8) years. Ninety-two patients had longer 
vintages for hemodialysis (＞6.1years) and higher 
serum phosphorus levels (＞4.5 mg/dl). Regarding the 
Rutherford classification, 284 (75.9%) patients were 
classified in stage 5 and 90 (24.1%) in stage 6. WIfI 
stage IV, which was the highest risk for major 
amputation, was observed in 187 (50.0%) of the 
population. One hundred and seventy-one (45.7%) 
patients were CLTI due to isolated BTK lesions. The 
mean ABI and SPP at the dorsalis pedis and plantar 
surface before EVT were 0.65 (0.53–0.77), 28.0 
(17.0–40.5) mmHg, and 31.0 (20.0–43.0) mmHg, 
respectively (Table 2).

As shown in Fig.2, the 1-year AFS and 1-year 
wound healing rates were 70.5%±2.5% and 57.1%±
3.0%, respectively. The study population was 
categorized into four subgroups according to serum 

Table 2. Baseline lower limb and lesion characteristics 

Number of patients 374

Rutherford classification
5, n (%) 284 (75.9)
6, n (%) 90 (24.1)

CRP, mg/dL 1.30±5.64
WIfI classification

1 (Very low risk) 27 (7.2)
2 (Low risk) 64 (17.1)
3 (Moderate risk) 96 (25.7)
4 (High risk) 187 (50.0)

Ankle-brachial index on admission 0.65±0.20
0.65 (0.53-0.77)

Skin perfusion pressure at dorsalis pedis side 29.8±18.2
28.0 (17.0-40.5)

plantar side, mmHg 32.3±18.1
31.0 (20.0-43.0)

Aorto-iliac lesion, n (%) 46 (12.3)
Femoro-popliteal lesion, n (%) 190 (50.8)
BTK lesion, n (%) 333 (89.0)
Isolated BTK lesion, n (%) 171 (45.7)

Data are shown as mean±standard deviation or median with the first and third quartile as con-
tinuous data as appropriate. Categorical data are expressed as number with percentages.
CRP, C-reactive protein; WIfI, Wound, Ischemia, and foot Infection classification system; 
BTK, Below-the-knee 
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p=0.004), low serum albumin level (HR, 1.692; 95% 
CI, 1.184–2.415; p=0.004), WIfI stage 4 (HR, 0.561; 
95% CI, 0.364–0.865; p=0.009) and longer vintages 
for hemodialysis with higher serum phosphorus levels 
(HR, 0.599; 95% CI, 0.394–0.910; p=0.016) were 
significantly associated with 1-year AFS.

Table 4 shows the predictors of 1-year wound 
healing after EVT. After multivariate analysis, WIfI 
stage 4 (HR, 0.713; 95% CI, 0.519–0.979; p=0.037) 
was significantly associated with 1-year wound 
healing. Longer vintages for hemodialysis with higher 

hemodialysis vintages ＜6.1 years (Fig.4B). The HR 
was 0.680 (95% CI, 0.437–1.057; p=0.087], while 
the subgroup with ＞4.5 mg/dl and with ≤ 6.1 years 
and the subgroup with ≤ 4.5 mg/dl and with ＞6.1 
years had an HR of 1.040 (95% CI, 0.695–1.556; 
p=0.849) and 1.204 (95% CI, 0.806–1.798; 
p=0.364), respectively.

Table 3 shows predictors of 1-year AFS after 
EVT. After multivariate analysis, body mass index 
(HR, 1.090; 95% CI, 1.020–1.164; p=0.012), non-
ambulatory status (HR, 0.530; 95% CI, 0.343–0.818; 

Fig.2. Kaplan-Meier analysis for amputation-free survival (AFS) and wound healing

The 1-year AFS (2-A) and wound healing (2-B) rate were 70.5±2.5% and 57.1±3.0, respectively.

Fig.3. Kaplan-Meier analysis for amputation-free survival (AFS) and wound healing by serum phosphorus level and vintages of 
hemodialysis

A: 1-year AFS was significantly lower in the group with longer hemodialysis vintages and higher serum phosphorus levels than in the group 
with others (p=0.009). 
B: 1-year wound healing was significantly lower in the group with longer hemodialysis vintages and higher serum phosphorus levels than in 
the group with others (p=0.019).
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hemodialysis vintage and serum phosphorus levels on 
clinical outcomes. The results revealed longer 
hemodialysis vintages and higher serum phosphorus 
levels, poorer comorbidities, and severe wound status 
were significantly associated with 1-year AFS. On the 
other hand, WIfI stage 4 was the sole risk factor for 
1-year wound healing, while longer hemodialysis 
vintages with higher serum phosphorus levels were 

serum phosphorus levels (HR, 0.684; 95% CI, 0.467–
1.000; p=0.050) were marginally but not significantly 
associated with 1-year wound healing.

Discussion

Summary of the Current Study
The current study analyzed the impact of 

Table 3. Cox-regression analysis for 1-year amputation-free survival (AFS)

Univariate analysis Multivariate analysis

Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

Male gender 1.506 (0.607-2.188) P=0.868
Body mass index 1.145 (1.071-1.225) P＜0.001 1.090 (1.020-1.164) P=0.012
Non-ambulatory status 0.373 (0.246-0.564) P＜0.001 0.530 (0.343-0.818) P=0.004
Hypertension 0.775 (0.519-1.154) P=0.210
Diabetes mellitus 0.697 (0.464-1.049) P=0.084
Coronary artery disease 0.880 (0.591-1.307) P=1.137
Cerebrovascular disease 0.909 (0.497-1.664) P=0.757
Serum calcium level 1.110 (0.862-1.429) P=0.419
Serum phosphorus level 0.909 (0.810-1.020) P=0.106
Serum albumin level 2.232 (1.631-3.049) P＜0.001 1.692 (1.184-2.415) P=0.004
WIfI stage 4 0.438 (0.289-0.664) P＜0.001 0.561 (0.364-0.865) P=0.009
HD＞6.1 years and P＞4.5 mg/dl 0.577 (0.380-0.874) P=0.009 0.599 (0.394-0.910) P=0.016

The model included HD＞6.1 years and P＞4.5 mg/dl, body mass index, non-ambulatory status, serum albumin level, WIfI stage 4.
WIfI, Wound, Ischemia, and foot Infection classification system; HD, hemodialysis; P, phosphorus 

Fig.4. Forest plots for 1-year amputation-free survival and wound healing categorized by phosphorus level and hemodialysis 
vintage

A: The subgroup with phosphorus level ＞4.5 mg/dl and hemodialysis vintage ＞6.1 years had a significantly lower 1-year AFS compared to 
those with level ≤ 4.5 mg/dl and hemodialysis vintage ≤ 6.1 years. 
＊p＜0.05
B: The subgroup with phosphorus level ＞4.5 mg/dl and hemodialysis vintage ＞6.1 years had not a significantly lower 1-year wound healing 
compared to those without level ＞4.5 mg/dl and hemodialysis vintage ＞6.1 years.
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of our knowledge, the current study was the first to 
examine the relationship between longer hemodialysis 
vintages, higher serum phosphorus levels, and AFS.

Another highlight of the current study was to 
assess the impact of hemodialysis vintage and serum 
phosphorus level on 1-year wound healing rate. The 
1-year wound healing of 57.1% in the current study 
was consistent with previous studies12) A multivariate 
analysis demonstrated that WIfI stage 4 was 
significantly associated with 1-year wound healing, 
while longer vintages for hemodialysis with higher 
serum phosphorus levels were marginally but not 
significantly associated. Major tissue loss and severe 
wound infection are both well-known risk factors for 
delayed wound healing that generally require absolute 
blood flow17). Previous literature had reported that 
WIfI stage 4 was a strong prognostic factor reflecting 
wound healing13, 18) When the study population was 
limited to hemodialysis patients with CLTI presenting 
with ischemic tissue loss, a consistent result was 
found. Additionally, the current study did not identify 
the Rutherford classification as an interacting factor 
like the WIfI classification, presumably because it was 
not accurate to classify wound severity. At least in 
performing revascularization in this population, the 
WIfI classification would be more informative than 
the Rutherford classification for predicting wound 
healing. In terms of longer vintages for hemodialysis 
with higher serum phosphorus levels, we speculated 
that these would accelerate vessel calcification, leading 
to the results of suboptimal angioplasties and 
consequently delayed wound healing. Clinically, 
serum phosphorus levels, as well as longer vintages for 

marginally but not significantly associated.

Summary of Previously Reported Studies
CKD, including hemodialysis, is a well-known 

prognostic factor of mortality and major amputation 
in CLTI patients after endovascular or surgical 
revascularization10-12). In the population limited to 
CKD patients with CLTI, several comorbidities were 
prognostic factors after revascularization. The current 
study’s result supported findings from prior 
investigations that body mass index, non-ambulatory 
status, low serum albumin level, and WIfI stage 4 
affected 1-year AFS in hemodialysis patients with 
CLTI presenting with tissue loss13). Although these 
studies analyzed CLTI patients with Rutherford 4 to 6, 
the current study was limited to CLTI patients with 
ischemic tissue, leading to a somewhat different result. 
Another study reported that serum phosphorus level 
was a predictor of AFS prognosis in CLTI patients14). 
In the current study, the serum phosphorus level was 
not significantly associated with 1-year AFS among a 
cohort of hemodialysis patients with ischemic tissue 
loss, which was different from previous reports15). One 
major possibility for this difference might be the 
historical background of each study. The previous 
study enrolled CLTI patients but included Rutherford 
4 and non-dialysis CLTI patients. Guidelines for renal 
replacement therapy have reported that hemodialysis’s 
vintages are one of the risk factors for vascular 
calcification and that dialysis vintage significantly 
increased the risk of cardiac death16). Taken together, 
longer vintages for hemodialysis with higher serum 
phosphorus levels adversely impact AFS. To the best 

Table 4. Cox-regression analysis for 1-year wound healing

Univariate analysis Multivariate analysis

Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

Male gender 0.757 (0.555-1.034) P=0.080
Body mass index 1.009 (0.971-1.050) P=0.639
Non-ambulatory status 0.677 (0.496-0.923) P=0.014 0.792 (0.572-1.099) P=0.163
Hypertension 0.891 (0.654-1.215) P=0.467
Diabetes mellitus 1.038 (0.753-1.431) P=0.891
Coronary artery disease 1.135 (0.842-1.528) P=0.406
Cerebrovascular disease 0.890 (0.583-1.360) P=0.591
Serum calcium level 1.153 (0.961-1.382) P=0.125
Serum phosphorus level 0.903 (0.815-1.000) P=0.051
Serum albumin level 1.451 (1.118-1.884) P=0.005 1.249 (0.943-1.654) P=0.121
WIfI stage 4 0.616 (0.455-0.835) P=0.002 0.713 (0.519-0.979) P=0.037
HD＞6.1 years and P＞4.5 mg/dl 0.638 (0.437-0.932) P=0.020 0.684 (0.467-1.000) P=0.050

The model included HD＞6.1 years and P＞4.5 mg/dl, non-ambulatory status, serum albumin level, WIfI stage 4.
WIfI, Wound, Ischemia, and foot Infection classification system; HD, hemodialysis; P, phosphorus
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was inevitable. Fourth, we could not collect the 
baseline characteristics for a substantial amount of the 
population, leading to unfortunate exclusion. This 
may impact the study’s outcomes. 

Conclusion

Longer hemodialysis vintages with higher serum 
phosphorus levels adversely impact on outcomes after 
EVT for hemodialysis patients with CLTI presenting 
with ischemic tissue loss.



Higashino et al.

378

ischemia in patients with high prevalence of diabetes 
mellitus and hemodialysis. Eur J Vasc Endovasc Surg, 
2015; 49: 565-573

18) Jeremy DD, John CM, Peter AS, Yifan M, Mark CW, 
Allen DH, Hence JV, Marc LS. Predictive ability of the 
Society for Vascular Surgery Wound, Ischemia, and foot 
Infection (WIfI) classification system following 
infrapopliteal endovascular interventions for critical limb 
ischemia. J Vasc Surg, 2016; 64: 616-622

19) Bryan K, Joshua NS, Kyle DR, Donald JP, Stephen LS, 
Bessie Y, Donald JS, Dennis LA. Serum Phosphate Levels 
and Mortality Risk among People with Chronic Kidney 
Disease. J Am Soc Nephrol, 2005; 16: 520-528

20) Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, 
Sider D, Wang Y, Chung J, Emerick A, Greaser L, 
Elashoff RM, Salusky IB. Coronary-artery calcification in 
young adults with end-stage renal disease who are 
undergoing dialysis. N Engl J Med, 2000; 342: 1478-
1483

21) Cecilia MG. The emerging role of phosphate in vascular 
calcification. Kidney Int, 2009 May; 75: 890-897

22) Ketteler M, Bongartz P, Westenfeld R, Wildberger JE, 
Mahnken AH, Bohm R, Metzger T, Wanner C, Jahnen-
Dechent W, Floege J. Association of low fetuin-A (AHSG) 
concentrations in serum with cardiovascular mortality in 
patients on dialysis: a cross-sectional study. Lancet, 2003; 
361: 827-833

23) Matsukura M, Hoshina K, Shigematsu K, Miyata T, 
Watanabe T. Paramalleolar Arterial Bollinger Score in the 
Era of Diabetes and End-Stage Renal Disease - Usefulness 
for Predicting Operative Outcome of Critical Limb 
Ischemia. Circ J, 2016; 80: 235-242

24) Nakama T, Watanabe N, Haraguchi T, Sakamoto H, 
Kamoi D, Tsubakimoto Y, Ogata K, Satoh K, Urasawa K, 
Andoh H, Fujita H, Shibata Y. Clinical Outcomes of 
Pedal Artery Angioplasty for Patients with Ischemic 
Wounds: Results From the Multicenter RENDEZVOUS 
Registry. JACC Cardiovasc Interv, 2017; 10: 79-90

25) Sushant KD, Yi FY, Mao QL. Predictors of delayed 
wound healing after successful isolated below-the-knee 
endovascular intervention in patients with ischemic foot 
ulcers. J Vasc Surg, 2018; 67: 1181-1190

patients with CLI. ENDOVASCULAR TODAY MAY 
2019 VOL. 18, NO. 5

11) Michael SC, Andrew B, Philippe K, John VW, Florian D, 
Robert F, Joseph LM, Jean-Baptiste R, Kalkunte RS, 
Murad MH, GVG Writing Group. Global vascular 
guidelines on the management of chronic limb-
threatening ischemia. J Vasc Surg, 2019; 69: 3S-125S

12) Iida O, Nakamura M, Yamauchi Y, Fukunaga M, Yokoi Y, 
Yokoi H, Soga Y, Kan Zen, Suematsu N, Inoue N, Suzuki 
K, Hirano K, Shintani Y, Miyashita Y, Urasawa K, Kitano 
I, Tsuchiya T, Kawamoto K, Yamaoka T, Uesugi M, 
Shinke T, Oba Y, Ohura N, Uematsu M, Takahara M, 
Hamasaki T, Nanto S. A Prospective, Multi-Center, 
Three-Year Follow-Up Study on Endovascular Treatment 
for Infra-Inguinal Vessel in Patients With Critical Limb 
Ischemia OLIVE 3-Year Follow-Up Study. JACC Intv, 
2015; 8: 1493-1502

13) Joseph L, Michael S, David G, Frank B, Andres S, George 
A. The Society for Vascular Surgery Lower Extremity 
Threatened Limb Classification System: risk stratification 
based on wound, ischemia, and foot infection (WIfI). J 
Vasc Surg, 2014; 59: 220-234

14) Sara LZ, Peter AS, Klaas HJU, Crystal S, Jinhee O, Kevin 
M, Marc LS, Raul JG. Elevated serum phosphate levels 
are associated with decreased amputation-free survival 
after interventions for critical limb ischemia. J Vasc Surg, 
2017; 65: 431-437

15) Hioki H, Miyashita Y, Shiraki T, Iida O, Uematsu M, 
Miura T, Ebisawa S, Ikeda U. Impact of deteriorated 
calcium-phosphate homeostasis on amputation-free 
survival after endovascular revascularization in patients 
with critical limb ischemia on hemodialysis. Vascular 
Medicine, 2016; 21: 137-143

16) Lijie M, Sumei Z. Risk factors for mortality in patients 
undergoing hemodialysis- A systematic review and meta-
analysis. International Journal of Cardiology, 2017; 238: 
151-158

17) Shiraki T, Iida O, Takahara M, Soga Y, Yamauchi Y, 
Hirano K, Kawasaki D, Fujihara M, Utsunomiya M, 
Tazaki J, Yamaoka T, Shintani Y, Suematsu N, Suzuki K, 
Miyashita Y, Tsuchiya T, Uematsu M. Predictors of 
delayed wound healing after endovascular therapy of 
isolated infrapopliteal lesions underlying critical limb 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


