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SEGMENTAL VASCULAR BURDEN AND OUTCOMES IN DIABETIC VS. NON-

DIABETIC CHRONIC LIMB-THREATENING ISCHEMIA AFTER ENDOVASCULAR 

REVASCULARIZATION (Abstract): Peripheral artery disease (PAD) progressing to chronic 

limb-threatening ischemia (CLTI) is associated with high morbidity and limb loss. Diabetes 

mellitus (DM) significantly influences disease distribution and clinical outcomes. The Bol-

linger score, GLASS classification, and WIfI staging are complementary tools for assessing 

anatomical burden and limb threat. This study aimed to analyze the relationships between 

these scoring systems in diabetic CLTI, with particular focus on infra-popliteal versus global 

anatomical evaluation. Materials and methods: This single-center retrospective study in-

cluded 136 patients with CLTI undergoing endovascular revascularization between May 

2021 and May 2023. Baseline characteristics, angiographic severity, WIfI stage, Bollin ger 

scores (whole limb, above- and below-knee), GLASS staging (global, femoropopliteal and 

infra-popliteal), and outcomes (technical success, bypass conversion, major amputation, and 

one-year mortality) were analyzed. Results: Patients were divided into diabetic (DM, n=85) 

and non-diabetic (NDM, n=51) groups. Diabetic patients more frequently presented with in-

fra-inguinal stenoses >50% (55.3% vs. 35.3%, p=0.024) but fewer complete occlusions 

(83.5% vs. 96.1%, p=0.028). WIfI stage 1 was more common in the DM group (54.1% vs. 

33.3%, p≈0.08). Bollinger scores were lower in diabetics for the whole limb (30.07±16.34 

vs. 36.78±16.09, p=0.018) and below-knee segment (20.53±15.88 vs. 26.86±13.93, p=0.015). 

Conclusions: Diabetic CLTI is characterized by a distal angiographic pattern with predomi-

nant infra-popliteal stenoses and lower additive Bollinger scores. Segmental infra-popliteal 

assessment showed stronger clinical relevance than global evaluation, with below-knee Bol-

linger and GLASS infra-popliteal stages most closely associated with WIfI severity. These 

findings support a segment-focused approach in endovascular planning for diabetic patients. 

Keywords: CHRONIC LIMB-THREATENING ISCHEMIA, PERIPHERAL ARTERIAL 

DISEASE, DIABETES MELLITUS, ENDOVASCULAR REVASCULARIZATION, BOL-

LINGER SCORE, GLASS CLASSIFICATION, WIFI STAGING.  

INTRODUCTION 

Peripheral artery disease (PAD) pro-

gressing to chronic limb - threatening is-

chemia (CLTI) is associated with high 
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morbidity, limb loss, and mortality, par-

ticularly in patients with diabetes mellitus 

(DM). Over the past two decades, endovas-

cular therapy has become the first-line 

strategy for most infra-inguinal lesions, 

supported by contemporary guidelines and 

randomized evidence demonstrating lower 

peri-procedural risk compared with open 

bypass in appropriately selected patients 

(1-4). Percutaneous transluminal angioplas-

ty remains the cornerstone of treatment, 

with adjunctive stenting used in selected 

cases of residual stenosis, flow-limiting 

dissection, or complex lesions. 

Diabetes mellitus significantly alters 

the anatomical and biological characteris-

tics of PAD. Diabetic arteriopathy is typi-

cally distal, multi-segmental, and fre-

quently associated with calcification, im-

paired collateralization, and microvascular 

dysfunction. This phenotype results in 

more severe infra-popliteal involvement 

and a predominance of stenotic rather than 

extensive occlusive lesions. Mechanisti-

cally, medial arterial calcification, micro-

angiopathy, and endothelial dysfunction 

have been identified as key contributors, 

influencing both procedural feasibility and 

long-term durability of endovascular in-

terventions (5-7). 

To standardize evaluation and guide 

clinical decision-making, complementary 

scoring systems are widely used. The Soci-

ety for Vascular Surgery WIfI classifica-

tion assesses wound extent, ischemia, and 

foot infection to estimate amputation risk 

and the potential benefit of revasculariza-

tion (8, 9). The Bollinger score provides a 

semi-quantitative assessment of segmental 

atherosclerotic burden across the lower 

limb arterial tree (10-12). The Global Limb 

Anatomic Staging System (GLASS) inte-

grates femoropopliteal and infra-popliteal 

disease complexity to predict technical 

success and durability of revascularization 

strategies (1, 13, 14). Together, these tools 

offer a comprehensive framework combin-

ing clinical severity, anatomical burden, 

and procedural complexity. 

Clinical outcomes in CLTI are influ-

enced by multiple lesion- and patient-

related factors, including lesion type (ste-

nosis versus occlusion), lesion length, mul-

tilevel disease, runoff status, and comorbid-

ities such as DM and chronic kidney dis-

ease. These factors directly affect technical 

success, patency, and limb salvage, high-

lighting the importance of standardized 

assessment and reporting (1, 4, 15). How-

ever, comparative data evaluating diabetic 

versus non-diabetic CLTI using integrated 

scoring systems (WIfI, Bollinger, and 

GLASS) remain limited in Eastern Europe-

an populations. 

Therefore, this study aimed to analyze 

the characteristics of diabetic patients with 

CLTI undergoing endovascular revascular-

ization and to evaluate the relationships 

between WIfI stage, Bollinger score (whole 

limb; above- and below-knee), and GLASS 

classification (global, femoropopliteal, and 

infra-popliteal), with particular emphasis 

on segmental infra-popliteal assessment 

compared with global limb evaluation. 

 

MATERIALS AND METHODS 

Study design. This was a single-center, 

retrospective observational study conduct-

ed at the Vascular Surgery Clinic of Sf. 

Spiridon County Clinical Emergency Hos-

pital Iași, Romania. The study included 

consecutive patients diagnosed with CLTI 

who underwent endovascular revasculariza-

tion between May 2021 and May 2023. The 

study protocol complied with institutional 

and ethical standards, and all patients pro-
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vided informed consent for the procedures 

performed. 

Patients. A total of 136 patients with 

CLTI were included. Patients were strati-

fied into two groups based on the presence 

of diabetes mellitus: diabetic (DM, n=85) 

and non-diabetic (NDM, n=51). CLTI was 

defined as ischemic rest pain lasting more 

than two weeks, with or without tissue loss. 

Diabetes mellitus was defined based on 

documented medical history, ongoing anti-

diabetic treatment, or HbA1c ≥6.5% at 

admission or during hospitalization. Pa-

tients with acute limb ischemia, isolated 

aorto-iliac disease, recent surgical bypass, 

or without indication for revascularization 

were excluded. 

Data collection. Baseline demographic 

characteristics, cardiovascular risk factors, 

and comorbidities were recorded. Angio-

graphic evaluation was performed using 

digital subtraction angiography. The Bol-

linger score was calculated as a segmental 

additive measure of atherosclerotic burden, 

based on lesion severity and distribution 

(10-12). Scores were obtained for the 

whole limb, as well as for above-knee and 

below-knee segments. The GLASS classi-

fication was used to assess femoropopliteal 

and infra-popliteal lesion complexity and to 

determine overall limb staging (1, 13, 14). 

Clinical severity was evaluated using the 

Society for Vascular Surgery WIfI classifi-

cation, according to established criteria (8, 

9). WIfI staging was reconstructed retro-

spectively based on available clinical and 

hemodynamic data. 

Endpoints. The primary endpoint was 

technical success, defined as restoration of 

inline flow to at least one pedal artery with 

less than 30% residual stenosis on comple-

tion angiography. Secondary endpoints 

included early (30-day) limb-related out-

comes - major amputation, conversion to 

surgical bypass, and repeat revasculariza-

tion - as well as late outcomes, defined as 

one-year all-cause mortality. 

Statistical analysis was performed us-

ing SPSS version 29. Continuous variables 

were expressed as mean ± standard devia-

tion (SD) and compared using t-Student’s 

test or the Mann-Whitney U test, depending 

on data distribution. Categorical variables 

were expressed as absolute numbers and 

percentages and compared using the χ² test 

or Fisher’s exact test, as appropriate. Cor-

relations between scoring systems were 

assessed using Spearman’s rank correlation 

coefficient. Agreement between scoring 

classifications was evaluated using Cohen’s 

kappa coefficient. Logistic regression anal-

ysis was performed to explore predictors of 

technical failure; detailed model outputs 

are not presented, as they fall beyond the 

primary scope of the present study. Varia-

bles with potential clinical relevance or 

statistical significance in univariate analy-

sis were included in the multivariate model. 

Model performance was evaluated using 

the Hosmer-Lemeshow goodness-of-fit test 

and Nagelkerke R². Statistical significance 

was defined at p < 0.05. 

 

RESULTS 

Baseline characteristics. A total of 136 

patients with CLTI were included in the 

study, of whom 62.5% (n=85) had diabetes 

mellitus. Baseline clinical characteristics 

are presented in first table. 

The two groups were comparable in 

terms of age and sex distribution, with a 

mean age of approximately 70 years in both 

groups (p=0.737). Urban residence was 

significantly more frequent among diabetic 

patients (72.9% vs. 49.0%, p=0.005). The 

prevalence of hypertension (85.9% vs. 
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74.5%), chronic kidney disease (18.8% vs. 

13.7%), and prior stroke (11.9% vs. 3.9%) 

was higher in the diabetic group; however, 

these differences did not reach statistical 

significance. 

Angiographic findings and WIfI stag-

es. Angiographic characteristics and WIfI 

stages are summarized in table II. 

 

TABLE I. 

Baseline characteristics of patients 

Parameter 
NDM Group 

(n=51) 

DM Group 

(n=85) 

p- 

value 

Female, n(%) 12 (23.5) 27 (31.8) 0.304 

Urban residence, n (%) 25 (49.0) 62 (72.9) 0.005** 

Age, years (mean ± SD) 69.78±11.38 69.89±8.57 0.737 

Hypertension, n (%) 38 (74.5) 73 (85.9) 0.097 

Obesity, n (%) 4 (7.8) 13 (15.3) 0.203 

Heart failure, n (%) 17 (33.3) 24 (28.2) 0.531 

Atrial fibrillation, n (%) 15 (29.4) 16 (18.8) 0.154 

Prior mi, n (%) 2 (3.9) 7 (8.2) 0.483 

Chronic coronary syndrome, n (%) 8 (15.7) 17 (20.0) 0.530 

Cardiomyopathy, n (%) 1 (2.0) 5 (5.9) 0.410 

Dilated cardiomyopathy, n (%) 4 (7.8) 4 (4.7) 0.473 

Chronic kidney disease, n (%) 7 (13.7) 16 (18.8) 0.443 

Prior stroke, n (%) 2 (3.9) 10 (11.9) 0.210 

 

TABLE II. 

Angiographic severity according with WIfI stages in the diabetes mellitus (DM) 

and non-diabetes (NDM) groups. 

Variable 
NDM Group 

(n=51) 

DM Group 

(n=85) 
p-value 

>50% stenosis, n (%) 18 (35.3) 47 (55.3) 0.024* 

Any occlusion, n (%) 49 (96.1) 71 (83.5) 0.028* 

WIfI stage 1, n (%) 17 (33.3) 46 (54.1) 0.083+ 

Stents present, n (%) 11 (21.6) 20 (23.5) NS 

*NS non-significant 

 

Patients in the diabetic group more fre-

quently presented with stenoses greater 

than 50% compared with non-diabetic pa-

tients (55.3% vs. 35.3%, p=0.024). In con-

trast, complete occlusions were less fre-

quent among diabetics (83.5% vs. 96.1%, 

p=0.028). WIfI stage 1 was more common 

in the diabetic group (54.1% vs. 33.3%), 
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although this difference did not reach sta-

tistical significance (p≈0.08). The presence 

of stents was similar between groups. 

Bollinger and GLASS scores 

Bollinger and GLASS scores are pre-

sented in table III. 

 

TABLE III. 

The Bollinger score in the DM group vs. the NDM group 

Parameter NDM Group DM Group p-value 

Bollinger whole leg, mean ± SD 36.78±16.09 30.07±16.34 0.018* 

Bollinger above knee, mean ± SD 9.92±8.01 9.54±6.96 0.941 

Bollinger below knee, mean ± SD 26.86±13.93 20.53±15.88 0.015* 

Glass global: stage 1, n (%) 23 (45.1) 28 (32.9) NS 

Glass global: stage 2, n (%) 18 (35.3) 35 (41.2) NS 

Glass global: stage 3, n (%) 10 (19.6) 22 (25.9) NS 

 

Diabetic patients exhibited lower Bol-

linger scores for the whole limb 

(30.07±16.34 vs. 36.78±16.09, p=0.018) 

and for the below-knee segment (20.53± 

15.88 vs. 26.86±13.93, p=0.015). No sig-

nificant differences were observed for 

above-knee scores. Global GLASS staging 

showed a similar distribution between the 

two groups, with no statistically significant 

differences across stages. 

Outcomes of revascularization. Early 

limb-related outcomes and one-year mor-

tality are presented in table IV. 

 

TABLE IV. 

Success rate in the DM group vs. NDM group 

Outcome 
NDM Group 

(n=51) 

DM Group 

(n=85) 

p- 

value 

Technical success, n (%) 37 (72.5) 64 (75.3) 0.71 

Bypass, n (%) 6 (11.8) 10 (11.8) 1.00 

Major amputation, n (%) 2 (3.9) 8 (9.4) 0.32 

Death, n (%) 1 (2.0) 3 (3.5) 1.00 

 

Technical success was achieved in 

74.3% of cases, with no significant differ-

ence between diabetic and non-diabetic 

patients (75.3% vs. 72.5%, p=0.71). Bypass 

conversion rates were identical in both 

groups (11.8%). Major amputation occurred 

more frequently in the diabetic group (9.4% 

vs. 3.9%), without statistical significance 

(p=0.32).  

In-hospital mortality was low and com-

parable between groups (3.5% vs. 2.0%, 

p=1.00). 

Correlations between scoring sys-

tems. Correlations between WIfI stage, 

Bollinger score, and GLASS classification 

are presented in table V. 
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TABLE V. 

Correlations between WIfI stage, Bollinger score and GLASS classification. 

Correlation ρ p-value 

WIfI ↔ Bollinger (whole leg) 0.290 <0.001 

WIfI ↔ GLASS (global) 0.173 0.044 

Bollinger (whole leg) ↔ GLASS (global) 0.643 <0.001 

Above - knee: Bollinger ↔ GLASS-FP 0.762 <0.001 

Below - knee: WIfI ↔ Bollinger-IP 0.266 0.002 

Below - knee: Bollinger-IP ↔ GLASS-IP 0.713 <0.001 

 

A strong correlation was observed be-

tween Bollinger whole-limb score and 

global GLASS stage (ρ=0.643, p<0.001). 

Moderate correlations were identified be-

tween WIfI stage and Bollinger score 

(ρ=0.290, p<0.001), and a weaker correla-

tion between WIfI stage and GLASS classi-

fication (ρ=0.173, p=0.044). At the seg-

mental level, the strongest association was 

observed between infra-popliteal Bollinger 

score and GLASS infrapopliteal stage 

(ρ=0.713, p<0.001). 

Correlations heatmap illustrating these 

relationships are shown in the first figure.  

 

 
Fig. 1. Spearman’s correlation heatmap (ρ) between WIfI stage, infra-popliteal Bollinger 

score (below-knee burden), and GLASS infra-popliteal (IP) stage.  

 

DISCUSSION 

This study provides a comparative eval-

uation of diabetic and non-diabetic patients 

with CLTI undergoing endovascular revas-

cularization, integrating 3 complementary 

scoring systems: WIfI, Bollinger, and 

GLASS. The combined use of these tools 

allowed a structured assessment of clinical 
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severity, anatomical burden, and procedural 

complexity. Our findings confirm that dia-

betes significantly alters the angiographic 

pattern of peripheral arterial disease. Pa-

tients in the DM group more frequently 

presented with infra-inguinal stenoses 

>50% and fewer complete occlusions, ac-

companied by lower Bollinger scores for 

both the whole limb and the below-knee 

segment. This pattern reflects the known 

pathophysiology of diabetic arteriopathy, 

characterized by diffuse, calcific, predomi-

nantly distal disease with relative preserva-

tion of luminal continuity (15, 20-22). 

At first glance, the lower Bollinger 

scores observed in diabetic patients may 

appear contradictory to the established 

concept of diffuse and severe disease in 

diabetes. However, this discrepancy likely 

reflects a limitation of occlusion-weighted 

scoring systems, which may underestimate 

disease severity in the presence of heavily 

calcified but patent distal vessels (23-25). 

Thus, in diabetic CLTI, anatomical burden 

is not fully captured by additive occlusion-

based metrics alone. In contrast, patients in 

the non-DM group more frequently exhib-

ited proximal and occlusive lesions, con-

sistent with a classical macro-

atherosclerotic pattern. These differences 

underline the importance of considering 

disease phenotype when interpreting angi-

ographic scores and planning revasculariza-

tion. The observed trend toward a higher 

prevalence of WIfI stage 1 in diabetic pa-

tients suggests a potential mismatch be-

tween clinical presentation and anatomical 

severity. In this population, neuropathy and 

early-stage tissue loss may lead to lower 

wound grades despite advanced an in-

frapopliteal disease. This highlights the 

limitation of relying solely on clinical stag-

ing and supports the need for detailed distal 

anatomical assessment. A key finding of 

our study is the strong correlation between 

infra-popliteal Bollinger and GLASS 

scores (ρ = 0.713), which was higher than 

correlations observed at the global or fem-

oropopliteal level. This reinforces the cen-

tral role of the infra-popliteal compartment 

in determining both anatomical complexity 

and clinical severity in CLTI, particularly 

in diabetic patients. Similar observations 

have been reported in contemporary studies 

emphasizing the predominance of distal 

disease in diabetes (15, 20-22). The agree-

ment analysis further supports this concept, 

showing moderate-to-substantial concord-

ance between Bollinger and GLASS over-

all, with stronger agreement in the DM 

group. In contrast, the weak association 

between femoropopliteal GLASS stages 

and WIfI underscores that proximal anato-

my alone does not adequately reflect limb 

threat. The modest agreement between 

infra-popliteal GLASS and WIfI in diabetic 

patients suggests that distal disease has a 

more direct clinical impact. These findings 

are consistent with the pathophysiological 

model proposed by Ferraresi et al., in 

which small artery disease (SAD) and be-

low-the-ankle (BAD) involvement play a 

critical role in tissue perfusion, even after 

technically successful revascularization 

(27). Histopathological studies further 

support the presence of diffuse distal ob-

struction and microvascular dysfunction in 

CLTI, particularly in diabetic limbs (28). In 

this context, angiographic scoring systems 

may act as indirect markers of perfusion 

impairment rather than direct measures of 

microcirculatory status. 

 From a procedural standpoint, technical 

success rates were comparable between 

groups, confirming that diabetes does not 

preclude effective endovascular revascular-
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ization. However, clinical outcomes tended 

to be less favorable in the DM group, with 

higher rates of major amputation and 

slightly increased mortality. Although not 

statistically significant, these trends are 

consistent with previous reports highlight-

ing the influence of systemic factors such 

as infection, neuropathy, and impaired 

wound healing on outcomes in diabetic 

CLTI (17, 29). The relationship between 

lesion characteristics and procedural suc-

cess also differed between groups. While 

stent implantation was associated with 

higher technical success in the non-DM 

group, this effect was less evident in dia-

betic patients, possibly due to smaller ves-

sel caliber, diffuse disease, and increased 

calcification. These findings support a 

more selective use of stenting in infra-

popliteal disease, in line with contemporary 

endovascular strategies. 

Overall, the integration of WIfI, Bol-

linger, and GLASS provides a comprehen-

sive framework for CLTI evaluation. WIfI 

reflects clinical severity, Bollinger quanti-

fies anatomical burden, and GLASS esti-

mates procedural complexity. Their com-

bined use allows a more accurate character-

ization of disease and may improve deci-

sion-making in endovascular planning. The 

strong segmental correlations observed 

below the knee support the routine inclu-

sion of infra-popliteal scoring, particularly 

in diabetic patients. Our results are con-

sistent with prior studies, including BASIL 

and subsequent analyses, which demon-

strated the prognostic value of anatomical 

scoring systems in CLTI (12).  

At the same time, our findings highlight 

potential limitations of global scoring ap-

proaches and support a shift toward seg-

ment-focused evaluation, especially in 

populations with a high prevalence of dia-

betes.  

From a clinical perspective, recognizing 

the infra-popliteal predominance of diabet-

ic PAD may facilitate earlier intervention, 

optimize revascularization strategies, and 

improve multidisciplinary management of 

CLTI. 

A final aspect to consider is the retro-

spective, single-center design, which may 

limit generalizability. In addition, WIfI 

staging was reconstructed retrospectively 

and long-term outcomes were not systemat-

ically assessed. Despite these limitations, 

the study provides relevant insights into the 

segmental distribution of disease and the 

complementary role of integrated scoring 

systems in diabetic CLTI. 
 

CONCLUSIONS 

In diabetic patients with CLTI, anatom-

ical evaluation may benefit from moving 

beyond global limb scoring toward seg-

mental infra-popliteal assessment. When 

planning endovascular revascularization, 

below-knee Bollinger burden and GLASS 

infra-popliteal staging, integrated alongside 

WIfI, better reflect distal disease severity 

and procedural complexity. These findings 

support a segment-focused approach to 

endovascular management in diabetic 

CLTI. 
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