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ABSTRACT 

Introduction: Diabetes and Chronic Kidney Disease (CKD) are two strong risk factors for peripheral arterial disease 
(PAD) and Critical Limb Ischemia (CLI). Further renal insufficiency increases the risk of non healing wounds and ma- 
jor amputation. Primary amputation rates of 22% to 44% have been reported for ischaemic foot lesion in End-Stage 
Renal Disease (ESRD) patients. In our study we evaluated the outcomes after Percutaneus Transluminal Angioplasty 
(PTA) in diabetic patient in relation to different CKD classes. Materials and Methods: We studied a group of 456 dia- 
betic patients with PAD complicated by foot lesion who underwent PTA because of a CLI. According to the estimated 
Glomerular Filtration Rate (eGFR mL/min/1.73 m2) we divided the patients into five CKD groups: group 1 eGFR > 90, 
group 2 eGFR 90 - 60 (n = 160), group 3 eGFR 60 - 30 (n = 152), group 4 eGFR 30 -15 (n = 34) and group 5 < 15 or in 
ESRD) (n = 60). The following outcomes were recorded: alive without major amputation, alive with major amputation 
and death. The follow-up was 16.7 ± 14.3 months. Results: Alive without major amputation, alive with major amputa- 
tion and death were respectively: for group 1 (77.8%, 11.1%, 11.1%), for group 2 (74.4%, 12.5%, 13.1%), for group 3 
(80.3%, 11.2%, 8.5%), for group 4 (82.3%, 8.8%, 8.8%). They were 60%, 18.3%, 21.7% for group 5 significantly dif- 
ferent from the other CKD groups (χ2 = 0.0175). Our analysis did not highlight any relationship between eGFR and 
outcomes and eGFR did not show any significant difference according to the different outcomes, and were respectively 
60.2 ± 1.3, 61.8 ± 3.4, 63.8 ± 3.5 (P = ns). Conclusion: The outcomes were similar for groups 1-4 and therefore, ac- 
cording to our data, they seemed not to be influenced by the decline of GFR. Outcomes worse significantly in group 5, 
but this group included only patients with ESRD in dialysis treatment. Although the outcomes after PTA in group 5 was 
significantly worse than the other groups, still a 60% limb salvage rate was obtained with PTA also in these very fragile 
patients. PTA was much less aggressive than by-pass and PTA was the only method used to treat CLI in our patients. 
This could explain why we recorded similar outcomes in all groups despite the decline of GFR that, generally speaking, 
mirrors a worsening of the general clinical conditions. Worse outcomes were recorded only in group 5 and in this group 
dialysis by itself might be responsible of the different outcomes. 
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1. Introduction 

It is well known that diabetes and renal disease are two 
independent risk factors for peripheral arterial disease 
(PAD) [1]. Further, renal failure is an independent pre- 
dictor of nonhealing of ischemic and neuroischemic foot 
lesions and it increases the risk of major amputation [2,3]. 
Some studies suggest that there is a clear temporal asso- 
ciation between the incidence of foot ulcerations and 
major amputation and the worsening of renal state [4]. In 
patients with ischemic foot lesions and end stage renal 
disease (ESRD), a primary amputation rate of 22% to 

44% has been reported [5]. Patients with Chronic Kidney 
Disease (CKD) are difficult to study with imaging ap- 
proach because iodinated contrast increases the risk of 
contrast-induced nephropathy [6,7] and paramagnetic 
contrast agents (gadolinium) can not be used in patient 
with severe renal disease (estimated glomerular filtration 
rate < 30 ml/min per 1.73 m2) due to the high risk of 
nephrogenic systemic fibrosis [8-10]. These patients are 
difficult to treat and, despite acceptable results in terms 
of patiency after revascularization treatment, long-term 
outcomes are poor [11,12]. The aim of this study was to 
identify outcomes after percutaneus transluminal angio- 
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plasty (PTA) in diabetic patients with critical limb 
ischemia complicated by foot lesion according to CKD 
classes as defined by Kidney Disease Outcomes Quality 
Initiative (KDOQI) and modified and endorsed by Kid- 
ney Disease Improving Global Outcomes (KDIGO). 

2. Materials and Methods 

From November 2002 to November 2007, a population 
of 456 diabetic subjects (292 men and 164 women) with 
critical limb ischemia and foot ulcer was followed at U.O. 
Diabetic Foot of University of Rome Tor Vergata and 
was analyzed to describe the long-term outcomes after 
percutaneous angioplasty. Each patient was assessed for 
age, sex, type and duration of diabetes, blood pressure, 
dyslipidemia, heart disease, kidney function, smoke. 
They underwent laboratory assessment as blood glucose, 
A1C, total cholesterol, low density lipoprotein, high den- 
sity lipoprotein, triglycerides, serum creatinine, estimated 
glomerular filtration rate (eGFR). After this evaluation 
patients were divided into five groups in relation to CKD 
classes according to the Cockroft-Gault formula: class 1 
with eGFR > 90 ml/min (n = 36), class 2 with eGFR 90 - 
60 ml/min (n = 160), class 3 with eGFR 60 - 30 ml/min 
(n = 152), class 4 with eGFR 30 - 15 ml/min (n = 34) and 
class 5 ESRD under dialysis treatment (n = 60). All pa- 
tients have been examinated for foot lesions findings, 
evaluating dimension, deep, infection and Texas Univer- 
sity classification. Each patient performed a carotid ves- 
sels analysis by color duplex US and a lower limbs 

evaluation (magnetic resonance angiography, computed 
tomography, color duplex US) before performing PTA. 
All patients were also routinely treated by dual antiplate- 
let therapy (aspirin with ticlopidine or clopidogrel) be- 
fore the procedure and for one month after. The treat- 
ment protocol included: rapide and extensive debride- 
ment of foot lesion, mainly in presence of gangrene, oral 
or intravenous antibiotic therapy if requested by clinical 
signs of infection, revascularization by endovascular treat- 
ment as first strategy, strict follow-up. All of them were 
periodically evaluated after procedure: they performed 
debridement, medication, TcPO2 test, laboratory and the- 
rapy assessment. We reported outcomes at 12 months as: 
alive without major amputation, alive with major ampu- 
tation and death. Statistical analysis was performed using 
SAS (release 6.12; SAS Institute, Cary, NC) for personal 
computers. Data are expressed as means  SEM. Com- 
parisons between group characteristics were made with a 
χ2 test (frequency data) or ANOVA (continuous data).  

3. Results 

Baseline data are summarized in Table 1. The clinical 
characteristics of patients for each CKD class are similar, 
the only differences were related to age (patients in class 
1 are younger), type of diabetes (in class 5 there were 
more type 1 diabetes), diastolic blood pressure and levels 
of ldl cholesterol (both parameters were lowest in class 
5). Most of patients were aged >65 years, were male 
(64%), had type 2 diabetes (93.5%) and a mean duration 

 
Table 1. Baseline clinical characteristic of 456 patients according to chronic kidney disease stage. 

CKD classes Class 1 n = 40 Class 2 n = 164 Class 3 n = 154 Class 4 n = 38 Class 5 n = 60 P value (X ANOVA)

Age (mean) 62.9 66.9 70.4 71.5 71.9 <0.001 

Sex (% male) 67 70 51 53 71 ns 

Type 2 diabetes (%) 91.5 96.9 94.1 91.2 86.6 <0.001 

Diabetes duration (years) 20.9 19.4 20.4 20.5 19.8 ns 

Blood glucose (mg/dl) 159.8 146.9 151.1 145.8 139.8 ns 

A1C (%) 7.98 8.08 7.39 9.77 7.17 ns 

DBP (mmHg)) 80.5 82 79.6 78.6 77 <0.001 

SBP (mmHg) 138.7 135 134.9 135 134 ns 

Total cholesterol (mg/dl) 155.7 159.8 173.8 167.7 146.5 ns 

HDL (mg/dl) 36.1 38.2 42.6 43.6 41.4 ns 

Triglycerides (mg/dl) 126.5 135.5 140 137 163 ns 

LDL (mg/dl) 95.7 96.4 106.1 92.7 81.5 <0.001 

Ulcer dimension > 5 cm 57.58 53.06 59.71 62.4 57.04 ns 

Infection yes (%) 81.2 75.2 72 70 75 ns 

TWC D3 (%) 85.7 78.9 78.63 76.19 77.5 ns 

D  BP, diastolic blood pressure; SBP, systolic blood pressure; TWC, Texas wound classification. 
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disease of 20 years. All the classes of CKD did not 
present an adequate diabetes control (A1C > 7%) and a 
systolic blood pressure control (PAS > 134 mmHg). The 
majority of ulcers were infected and presented an exten- 
sion to the bone (Texas Wound Classification D3). Only 
a small subgroup of patients was in ESRD under dialysis 
treatment (13.1%). Surgical debridement was performed 
at first observation and repeated when necessary during 
the following control; antibiotic therapy, oral or intrave- 
nous, was continued driven by microbiological test until 
the resolution of clinical signs of infection. Our analyses 
reported the following outcomes for classes 1-4: alive 
without amputation (77.8%, 74.4%, 80.3%, 82.3%), alive 
with major amputation (11.1%, 12.5%, 11.2%, 8.8%), 
dead (11.1%, 13.1%, 8.5%, 8.8%) while outcomes for 
class 5 (ESRD) resulted respectively 60%, 18.3%, 21.7% 
(χ2 = 0.0175) (Figure 1). These datas suggest that there 
was no relationship between eGFR and outcomes. Mean 
eGFR was equivalent for the three reported major out- 
comes respectively 60.2 ± 1.3, 61.8 ± 3.4, 63.8 ± 3.5 P = 
ns. It was clearly a significant impairing in terms of out- 
comes in patients under dialysis treatment. 

4. Discussion 

Several studies reported a correlation between kidney 
function and PAD. ESRD under dialysis is considered a 
real risk for lower limbs amputations, hospitalisation and 
both total and cardiovascular mortality [13-15]. The 
NHANES study 1999-2000 reported in its epidemiologi- 
cal analysis the prevalence of PAD in patients with GFR 
below 60 compared with the population with a GFR 
higher than 60 ml/min/m2 respectively lower 3.7% and 
24% [16]. Similar results are reported in a sub-analysis 
of ARIC study, where the authors analysed the risk to 
develop PAD comparing patients with eGFR > 90 
ml/min/1.73 m2 and <60 ml/min/1.73 m2 [17]. It is not 
completely clear the reason of high prevalence of PAD in 
patients affected by CKD. The classic cardiovascular risk 
factors, prevalent in CKD patients, could probably ex- 
plain the higher presence of PAD, but it is only one of 

several hypothesis [18]. The alterations of mineral me- 
tabolism could play a role in the arterial disease and 
could be associated with increments in all-cause mortal- 
ity, above all in dialytic patients [19]. Indeed the pres- 
ence of PAD is related with higher cardiovascular and 
total mortality risk and there is a clear relationship be- 
tween renal failure and both total and cardiovascular 
morbidity and mortality, according to the decrease of 
kidney function [20,21]. In diabetic patients with CLI 
complicated by a foot lesion, CKD increases the risk of 
non healing ulcer and major amputation [4]. Some stud- 
ies suggest that outcomes are related to the level of kid- 
ney disease and the risk of major amputation increases 
according to the worsening of renal failure [3]. Venermo 
et al. showed that CKD is a formidable risk for major 
amputation of lower limbs after infrainguinal revascu- 
larization, and one-year amputation free-survival in CKD 
classes 3-5 was 41%, lower than other CKD classes. 
Other significant risk factors were aged >75 years old 
and the presence of gangrene [22]. A retrospective re- 
view conducted by Owens C.O. analyzed the outcomes 
of a cohort of 456 patients who underwent by-pass sur- 
gery treatment of lower limbs because of PAD. The re- 
sults showed as CKD staging identifies a curve of risk of 
major amputation among patient with renal disease. The 
5-year survival rates by CKD class were CKD 1-2 57%, 
CKD 3 46%, CKD 4 23% and CKD 5 9.5%. After ad- 
justment CKD 4 and 5 were significant predictors of 
mortality and major amputation (P < 0.0001) [12]. We 
assessed the outcomes of our diabetic population with 
CKD who performed PTA because of a CLI. We evalu- 
ated our results according to the level of renal disease 
expressed as a different stage of CKD and we found that 
no differences in outcomes are observed in the different 
CKD classes beside the group 5 in which significant 
worse outcomes are recorded. Our results are signifi- 
cantly different from the other literature data either for 
the patients in dialysis and for the remaining classes of 
CKD. In fact for dialysis patients we found a higher limb 
salvage rate and a reduced major amputation and death 
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Figure 1. In the figure above the outcomes of our cohort divided for CKD classes (χ2 = 0.0175).  
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in an unselected population. The same positive results are 
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