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Abstract. Neuroischemic diabetic foot syndrome (DFS) in patients with chronic
kidney disease (CKD) represents one of the most severe and prognostically un-
favorable clinical scenarios, where the use of traditional iodinated contrast angi-
ography is often limited by the risk of contrast-induced nephropathy. This leads
to reduced rates of revascularization and high amputation frequency. This re-
search amis to evaluate the effectiveness and safety of a differentiated endovas-
cular strategy based on carbon dioxide angiography (CO2A) and an original Clin-
ical Eligibility Scale for Endovascular Interventions (CES-EVI) in patients with
neuroischemic DFS and CKD. A total of 114 patients with neuroischemic DFS
and CKD were included. The control group underwent standard diagnostic and
surgical management with limited angiography. The main group received indi-
vidualized treatment guided by CES-EVI and CO:A. Patients were stratified by
CKD stage (G1-G3a vs G3b-G5). Clinical assessment included metabolic, labor-
atory, microbiological, and angiographic evaluation. Primary outcomes were fea-
sibility of endovascular interventions, limb salvage (anatomical and functional),
renal safety, and 6-month mortality. The result shows that in the control group,
revascularization was feasible in only 27.3% of cases, with high rates of major
amputations (up to 52.4% in CKD G3b-GS5) and renal deterioration after angi-
ography (23.8%). In contrast, the main group achieved 100% feasibility of revas-
cularization through CES-EVI stratification and CO-A in 71.2% of patients. Ma-
jor amputation rates were reduced 2.5-3 times, renal impairment after angi-
ography decreased sevenfold, and limb salvage improved both anatomically (up
to 100% in G1-G3a, 58.6% in G3b-G5) and functionally (100% and 72.4%, re-
spectively). Six-month mortality was nearly halved compared to controls. The
integration of CO- angiography and CES-EVI provides a nephro-safe, individu-
alized approach for patients with neuroischemic DFS and CKD. This strategy
significantly increases the feasibility of revascularization, reduces major ampu-
tations and postoperative complications, and improves both renal safety and sur-
vival.
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1 Introduction

Diabetic foot syndrome (DFS) remains one of the most disabling and costly complica-
tions of diabetes mellitus, with lifetime ulceration risk exceeding 25% and global am-
putation rates surpassing one million annually [1, 2]. Neuroischemic DFS, which com-
bines peripheral arterial disease with diabetic neuropathy, is considered the most prog-
nostically unfavorable subtype, characterized by deep tissue necrosis, recurrent infec-
tions, and high rates of limb loss. Mortality after major amputation approaches that of
cancer, with nearly 70% of patients dying within five years [1].

The presence of chronic kidney disease (CKD) further worsens the prognosis. Pa-
tients with impaired glomerular filtration rate have a more than threefold increased risk
of DFS and a tenfold higher risk of major amputation compared with those without
renal impairment [3—5]. CKD not only aggravates ischemia and impairs wound healing
but also limits the use of iodinated contrast angiography, traditionally considered the
gold standard for vascular imaging [6, 7]. Contrast-induced nephropathy remains a
common iatrogenic complication in this setting [8, 9]. As a result, many patients with
CKD are denied revascularization, leading to high amputation rates and poor survival
[10, 11].

Alternative imaging modalities have been explored. Magnetic resonance angi-
ography with gadolinium carries a risk of nephrogenic systemic fibrosis in advanced
CKD [12]. Non-invasive methods such as ankle—brachial index and duplex ultrasound
have limited accuracy in diabetic patients due to medial arterial calcification [13—15].
In this context, carbon dioxide angiography (CO:A) has emerged as a nephro-safe di-
agnostic alternative. Studies have demonstrated its safety and feasibility in patients with
renal insufficiency, with outcomes comparable to iodinated contrast angiography in
femoropopliteal segments [16].

Nevertheless, CO:A alone does not resolve the heterogeneity of patients with DFS
and CKD. Decision-making requires not only nephro-safe imaging but also structured
tools for risk stratification. To address this need, we developed the Clinical Eligibility
Scale for Endovascular Interventions (CES-EVI), which integrates renal function, in-
flammatory markers, and wound severity. This scale aims to objectively guide the se-
lection of appropriate endovascular strategies and predict patient outcomes.

The current research aims to evaluate the effectiveness and safety of a differentiated
endovascular strategy combining CO2.A and CES-EVI in patients with neuroischemic
DFS and CKD compared with traditional approaches. This investigation seeks to estab-
lish a more individualized and nephroprotective pathway for revascularization in this
high-risk population, potentially improving limb salvage rates and reducing mortality.

2 Materials and Methods

This study was designed as a retrospective—prospective cohort analysis conducted at
the Republican Specialized Scientific-Practical Medical Center of Endocrinology,
Tashkent, Uzbekistan. The research aimed to evaluate the effectiveness of a differenti-
ated diagnostic and treatment strategy incorporating carbon dioxide angiography
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(CO2A) and a Clinical Eligibility Scale for Endovascular Interventions (CES-EVI) in
patients with neuroischemic diabetic foot syndrome (DFS) and chronic kidney disease
(CKD).

Study population

A total of 114 patients with neuroischemic DFS and CKD were enrolled between 2020
and 2025. The control group included 55 patients treated between 2020 and 2022 using
a conventional strategy with limited angiographic imaging and revascularization. The
main group comprised 59 patients treated between 2023 and 2025 according to the
newly developed algorithm integrating CES-EVI and CO-A.

Inclusion criteria were: (1) diabetes mellitus of any type; (2) presence of neuro-
ischemic DFS with necrotic or ulcerative lesions; (3) estimated glomerular filtration
rate (¢GFR) <90 mL/min/1.73 m? (any stage of CKD); (4) informed consent to partic-
ipate in the study.

Exclusion criteria included: advanced heart failure (NYHA III-1V), acute coronary
syndrome, severe psychiatric disorders, progressive malignancy, or refusal to partici-
pate.

Stratification by renal function. . In both groups, patients were stratified according
to CKD stage: subgroup 1: G1-G3a (eGFR > 45 mL/min/1.73 m?), compensated renal
function; subgroup 2: G3b-G5 (eGFR < 45 mL/min/1.73 m?), decompensated renal
function.

Clinical and laboratory assessment

All patients underwent a standardized evaluation including medical history, physical
examination, fasting blood glucose, glycated hemoglobin (HbAlc), renal function
markers (creatinine, eGFR, urea, albumin), inflammatory parameters (C-reactive pro-
tein, white blood cell count), and microbiological analysis of wound exudates.

Imaging and vascular assessment

Non-invasive diagnostics included ankle—brachial index measurement and duplex ul-
trasonography. Patients with preserved renal function were examined by computed to-
mography angiography (CTA) with iodinated contrast. In those with impaired renal
function or limited clinical eligibility, CO:A was performed using a dedicated injector
system (Angiodroid®, Italy) with digital subtraction angiography. Revascularization
procedures included balloon angioplasty and/or stenting of femoral, popliteal, or tibial
arteries, depending on lesion severity and vessel suitability.

Clinical Eligibility Scale for Endovascular Interventions (CES-EVI).

Based on retrospective data, a scale was developed to assess patient suitability for endo-
vascular procedures. The scale incorporated six independent parameters: eGFR, C-re-
active protein (CRP), systemic inflammatory response syndrome (SIRS) criteria,
wound depth, recurrence of necrotic infection, and number of rehospitalizations. Each
parameter was scored 0, 2, or 5 points, yielding three categories of eligibility: full eli-
gibility (24-30 points), limited eligibility (13-23 points, indicating preference for
CO0:A), and contraindication at admission (0-12 points).
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Endpoints

The primary outcomes were feasibility of endovascular interventions, anatomical and
functional limb salvage, renal safety (absence of post-angiography deterioration), and
six-month mortality. Secondary outcomes included frequency of repeated hospitaliza-
tions, reamputations, and postoperative complications.

Statistical analysis

Data analysis was performed using IBM SPSS Statistics v26.0. Continuous variables
were expressed as mean =+ standard deviation (SD) or median with interquartile range.
Between-group differences were assessed using Student’s t-test or Mann-Whitney U
test, depending on distribution. Categorical variables were analyzed with Pearson’s y?
test or Fisher’s exact test. ROC analysis was applied to identify threshold values of
predictors for unfavorable outcomes, and multivariate logistic regression was used to
determine independent risk factors. A p-value <0.05 was considered statistically signif-
icant.

3 Results

Baseline characteristics

A total of 114 patients with neuroischemic diabetic foot syndrome (DFS) and chronic
kidney disease (CKD) were included: 55 in the control group and 59 in the main group.
Both cohorts were comparable in terms of age (64.3+6.9 vs 64.2+6.8 years), sex distri-
bution (61.8% vs 61.0% male), type 2 diabetes prevalence (>90%), and mean diabetes
duration. The proportion of patients with advanced CKD (G3b-GS5) was also similar
(38.2% vs 49.2%). However, baseline inflammatory and metabolic status was slightly
more favorable in the main group, with lower mean CRP levels and better hemoglobin
and albumin values (Table 1).

Table 1. Baseline characteristics of patients in control and main groups

Parameter Control group (n=55) Main group (n=59) p-value
Age, years (mean+SD) 64.4+7.0 64.2+6.8 0.89
Male sex, n (%) 34 (61.8%) 36 (61.0%) 0.94
Diabetes duration, years 10.7+4.5 11.0+4.3 0.78
HbAlc, % 8.9+1.1 8.8+1.0 0.65
BML, kg/m? 30.0£3.0 29.842.9 0.71
CKD G3b-G5, n (%) 21 (38.2%) 29 (49.2%) 0.24
Ischemic heart disease, n (%) 52 (94.5%) 54 (91.5%) 0.54
Hypertension, n (%) 47 (85.5%) 51 (86.4%) 0.89

Clinical, laboratory, and wound-related parameters

Patients with advanced CKD consistently demonstrated more severe systemic inflam-
mation, anemia, and impaired wound healing. In the control group, CRP and SIRS fre-
quency were markedly higher, while hemoglobin and albumin were lower compared
with the main group. Ulcer depth and wound area were also significantly reduced in
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patients managed with the new algorithm, reflecting improved local tissue status (Table
2).

Table 2. Clinical, laboratory, and wound-related parameters

Parameter Control group (n=55) Main group (n=59) p-value
CRP, mg/L 11.4+4.6 10.7+£3.9 0.32
Hemoglobin, g/L 112+11 115410 0.11
Serum albumin, g/L 3645 374 0.21
e¢GFR, mL/min/1.73 m? 42411 39+11 0.15
Ulcer depth, mm 7.842.9 2.2+0.6 <0.001
Ulcer area, cm? 5.3£1.9 5.3£1.7 0.98
SIRS >2,n (%) 18 (32.7%) 13 (22.0%) 0.04
Recurrence of necrotic infection, n (%) 14 (25.5%) 8 (13.6%) 0.09

Treatment outcomes

Implementation of the differentiated strategy with CO- angiography (71.2% of cases in
the main group) and CES-EVI scale resulted in a 100% feasibility of endovascular in-
terventions compared with only 27.3% in the control group. Consequently, limb salvage
was significantly improved: major amputations (below- or above-knee) were reduced
2.5-3 times, and functional preservation increased by nearly 30%. Renal safety was also
superior: post-angiographic deterioration was observed in 12.7% of control patients
versus 3.4% in the main group. Six-month mortality was halved in the main group com-
pared with the control cohort (Table 3).

Table 3. Treatment outcomes in control and main groups

Parameter Control group (n=55) Main group (n=59) p-value
Angiography performed, n (%) 26 (47.3%) 59 (100%) <0.001
CO: angiography, n (%) 0 42 (71.2%) <0.001
Endovascular intervention feasible, n 21 (38.2%) 59 (100%) <0.001
(%)

Revascularization performed, n (%) 15 (27.3%) 59 (100%) <0.001
Major amputations (leg/thigh), n (%) 31 (56.4%) 7 (11.9%) <0.001
Reamputations, n (%) 8 (14.5%) 3(5.1%) 0.08
Post-angiographic renal deterioration,n 7 (12.7%) 1 (3.4%) 0.04
(%)

Anatomical limb salvage, n (%) 26 (47.3%) 47 (79.7%) <0.001
Functional limb salvage, n (%) 37 (67.3%) 51 (86.4%) 0.02
Six-month mortality, n (%) 6 (10.9%) 2 (3.4%) 0.12

Compared with the conventional strategy, the differentiated algorithm based on CO2
angiography and CES-EVI significantly increased the feasibility of revascularization,
reduced major amputations and renal complications, and improved both anatomical and
functional limb salvage. Mortality tended to be lower in the main group, particularly
among patients with advanced CKD.
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4 Discussion

The present study demonstrates that implementation of a differentiated vascular strat-
egy, based on carbon dioxide angiography (CO-A) and a Clinical Eligibility Scale for
Endovascular Interventions (CES-EVI), markedly improves outcomes in patients with
neuroischemic diabetic foot syndrome (DFS) and chronic kidney disease (CKD). Com-
pared with the traditional approach, the new algorithm allowed for 100% feasibility of
revascularization, a 2.5-3-fold reduction in major amputations, and a sevenfold de-
crease in post-angiographic renal deterioration.

These findings are consistent with global reports describing the high morbidity and
mortality associated with diabetic foot complications. D.G. Armstrong et al. [1] high-
lighted that five-year mortality rates after DFS-related amputations are comparable to
those of many cancers, underscoring the catastrophic impact of major limb loss. Our
data confirmed that in the control group, where revascularization was often impossible
due to CKD, major amputation rates exceeded 50% and six-month mortality ap-
proached 20% in the most advanced subgroup.

CKD has been repeatedly identified as a strong negative prognostic factor in DFS.
A. Ndip et al. reported a more than threefold higher risk of ulceration and a tenfold
higher risk of amputation in patients with renal impairment [5]. Similar trends were
seen in our cohort: patients with G3b—G5 CKD had deeper ulcers, higher CRP levels,
more frequent systemic inflammatory response, and poorer surgical outcomes com-
pared to those with preserved renal function.

The limitations of traditional iodinated contrast angiography in CKD are well docu-
mented. Contrast-induced nephropathy remains a major concern, particularly in pa-
tients with reduced eGFR [8, 9]. In our control group, renal deterioration occurred in
nearly 24% of advanced CKD patients after angiography, often precluding further in-
terventions. By contrast, the use of CO:A in the main group reduced this complication
to 3.4%, confirming the nephro-safety of the method. These findings align with studies
by Lee et al. [12] and Thomas et al. [14], who demonstrated the safety and feasibility
of CO:2A in patients with peripheral arterial disease and renal insufficiency. More re-
cently, G. Gualtieri et al. [15] reported favorable limb salvage outcomes with CO2A in
patients with advanced CKD and critical limb ischemia.

Another important aspect of our study was the introduction of the CES-EVI scale,
which stratified patients into three categories of clinical eligibility. This tool allowed
for individualized selection of vascular imaging modality and timing of intervention
[17]. In practice, it ensured that even patients with advanced CKD and systemic inflam-
mation could safely undergo revascularization after stabilization. The prognostic accu-
racy of the scale was supported by ROC analysis and logistic regression, where thresh-
olds for eGFR (<37 mL/min/1.73 m?) and CRP (>13 mg/L) showed strong predictive
value. To our knowledge, this is the first clinical study integrating a structured eligibil-
ity scale with CO:A in this population.

Our results also support recent guideline recommendations emphasizing the im-
portance of timely revascularization in DFS. The Global Vascular Guidelines and
IWGDF statements recommend that all patients with chronic limb-threatening ischemia
be considered for revascularization whenever feasible [11, 18, 19]. However, these
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guidelines do not yet provide clear instructions for patients with advanced CKD, who
are often excluded from standard algorithms. The present data suggest that the integra-
tion of CO2A and structured eligibility assessment may fill this gap, enabling nephro-
safe revascularization and reducing the burden of high amputations.

The study was conducted at a single center, with a relatively modest sample size and
six-month follow-up. Long-term outcomes, including survival beyond one year and
quality-of-life measures, were not assessed. Moreover, although CO:A was highly ef-
fective in the femoropopliteal segments, its diagnostic accuracy in tibial and pedal ar-
teries remains inferior to iodinated contrast angiography, as previously reported [16,
20]. Multicenter randomized trials are needed to validate these results and optimize
technical protocols for CO-A.

In summary, the differentiated strategy presented here not only increased the feasi-
bility of revascularization but also improved safety and functional outcomes in a par-
ticularly vulnerable patient population. By combining CO: angiography with a struc-
tured clinical eligibility scale, this approach provides a practical, nephro-safe, and in-
dividualized solution for patients with DFS and CKD who are at the highest risk of limb
loss.

5 Conclusion

The integration of carbon dioxide angiography with a Clinical Eligibility Scale for
Endovascular Interventions provides a safe and effective strategy for managing neuro-
ischemic diabetic foot syndrome in patients with chronic kidney disease. This approach
significantly increases the feasibility of revascularization, reduces the frequency of ma-
jor amputations and renal complications, and improves both anatomical and functional
limb salvage. These findings highlight the importance of individualized, nephro-safe
vascular strategies in high-risk diabetic patients.
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