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Abstract. Chronic limb-threatening ischemia in patients with diabetic angiopathy is associated with severe
infrapopliteal arterial involvement and a high risk of thrombotic complications after revascularization. This
study evaluated thrombotic and vascular outcomes after infrapopliteal peripheral revascularization under
different antithrombotic regimens. A total of 120 patients were divided into four equal groups receiving
aspirin plus clopidogrel, aspirin plus rivaroxaban 20 mg once daily, aspirin plus rivaroxaban 2.5 mg twice
daily, or triple therapy with aspirin, clopidogrel, and rivaroxaban 2.5 mg twice daily. During the 12-month
follow-up, thrombotic events occurred in 15 patients, with the lowest rate observed in the group treated
with aspirin plus low-dose rivaroxaban. This regimen was also associated with the highest ankle-brachial
index at 12 months, the highest primary patency rate, and the lowest restenosis rate. These findings suggest
that aspirin combined with low-dose rivaroxaban may provide the most favorable long-term vascular
outcomes after infrapopliteal revascularization in patients with diabetic chronic limb-threatening ischemia.
© 2026 Bull. Georg. Natl. Acad. Sci.
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Introduction revascularization outcomes (Conte et al., 2019;
Gerhard-Herman et al., 2017; Norgren et al., 2007).

Diabetes mellitus is associated with progressive
These pathophysiological features substantially

vascular injury involving both macrovascular and

. . . . increase the risk of postprocedural thrombosis
microvascular arterial beds. In patients with chro- postp 4

nic limb-threatening ischemia (CLTI), arterial following peripheral arterial revascularization.

. . . The diabetic vascular environment is characte-
lesions are often distal, multisegmental, and accom-

panied by impaired collateral circulation, which rized by endothelial dysfunction, platelet hyperre-

. . . activity, increased fibrinogen concentration, redu-
contributes to poor limb perfusion and complex Y &
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ced fibrinolytic activity, and activation of infla-
mmatory pathways. As a result, even technically
successful revascularization may be complicated
by early thrombotic occlusion, restenosis, or recu-
rrent ischemia (Aboyans et al., 2018; Beckman &
Creager, 2016; Hess & Hiatt, 2020). Preservation
of long-term vessel patency therefore depends not
only on procedural success but also on effective
postprocedural antithrombotic management.

Although antiplatelet therapy remains a central
component of treatment after peripheral revascula-
rization, the optimal pharmacological strategy after
infrapopliteal intervention remains incompletely
defined, particularly in patients with diabetic angio-
pathy and concomitant atherosclerosis. Recent
evidence suggests that dual-pathway inhibition
with aspirin and low-dose rivaroxaban may reduce
vascular and thrombotic events in patients with
peripheral arterial disease after revascularization,
but its role in diabetic CLTI with infrapopliteal
lesions requires further evaluation (Anand et al.,
2019; Bonaca et al., 2020; Secemsky et al., 2019).

The present work evaluates thrombotic compli-
cations and vascular outcomes under different
therapeutic regimens after infrapopliteal peripheral
revascularization in patients with diabetic CLTI.
Specifically, the study compared antiplatelet
therapy, aspirin-based anticoagulant combinations,
and triple antithrombotic therapy with respect to
thrombosis, reocclusion, restenosis, ankle-brachial
index improvement, and primary patency during a
12-month follow-up period.

This study also evaluates the effectiveness and
safety of different antithrombotic and anticoagulant
treatment strategies after peripheral arterial revas-
cularization in patients with chronic limb-threa-
tening ischemia caused by diabetic angiopathy. The
study aims to determine the optimal pharmaco-
logical management strategy that ensures reduction
of thrombotic and reocclusive complications, imp-
rovement of long-term revascularization outcomes,
limb preservation, and prolongation of patient sur-
vival. Special attention is paid to the comparative
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analysis of antiplatelet therapy and dual-pathway
treatment (combined antiplatelet and anticoagulant
therapy) in diabetic patients under conditions of
coexistence and absence of atherosclerosis. This
approach will allow formulation of evidence-based
recommendations for optimal post-revasculariza-

tion management.

Study population. The study included 120 patients
hospitalized with different clinical forms of chronic
arterial insufficiency of the lower extremities. All
patients were diagnosed with peripheral arterial
disease involving hemodynamically significant
lesions of the infrapopliteal segment. The mean age
of the study group was 64.8 £ 8.7 years, reflecting
the higher prevalence of the disease in older age

groups (Table 1).

Table 1. Characteristics of patients

Parameter Number |Percentage
(n=120) (%)

Age (mean =+ standard 64.8 £8.7 -
deviation) years
Age distribution
45-54 years 18 15.0%
5564 years 36 30.0%
65-74 years 44 36.7%
275 years 22 18.3%
Sex distribution
Male 82 68.3%
Female 38 31.7%
Comorbid conditions
Arterial hypertension 94 78.3%
Type 2 diabetes mellitus 71 59.2%
Dyslipidemia 83 69.2%
Coronary artery disease 49 40.8%
Chronic kidney disease 21 17.5%
Smoking 67 55.8%

Sex distribution was as follows: Males — 68.3%,
Females — 31.7%.

The predominance of male patients corresponds
to the epidemiological characteristics of peripheral
arterial disease, since atherosclerotic vascular le-
sions are more frequently observed in men. A sign-
ificant proportion of patients had the following
comorbid conditions:

e arterial hypertension,
e diabetes mellitus,
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e dyslipidemia,
e coronary artery disease,

e chronic kidney disease.

Patient grouping. A total of 120 patients were divi-
ded into four equal study groups according to the
antithrombotic treatment regimen, with 30 patients
in each group. This stratification was performed to
enable comparative evaluation of the effectiveness
of different antithrombotic strategies during the post-
procedural period after endovascular intervention of
the infrapopliteal segment. During patient allocation,
not only the prescribed antithrombotic treatment but
also the underlying pathological background was ta-
ken into account, since it significantly influences
both progression of vascular lesions and revascula-
rization outcomes. The main underlying diseases
were classified into three principal categories:
e Type 2 diabetes mellitus,
e Combination of diabetes mellitus and athero-
sclerotic vascular lesions,
e [solated atherosclerotic vascular disease.

The study demonstrated that the most frequent
clinical background was the combined form of
diabetes mellitus and atherosclerosis, accounting
for nearly half of the study population. This
distribution is clinically expected, since infrapo-
pliteal arterial lesions occur particularly frequently
in patients with multiple vascular risk factors.
According to antithrombotic regimens, the study
groups were formed as follows (Table 2):

e Group I: dual antiplatelet therapy — aspirin +

e Group III: aspirin + low-dose rivaroxaban
(2.5 mg twice daily).
e Group IV: triple therapy — aspirin + clopidogrel

+ low-dose rivaroxaban.

Thrombotic events. Evaluation of thrombotic
events during the post-revascularization period
represented one of the principal directions of the
study, since the major threats to long-term vascular
patency become evident precisely during the post-
interventional phase. In patients with diabetic
angiopathy, the risk of thrombotic complications is
significantly increased due to chronic hypergly-
cemia, endothelial dysfunction, platelet hyperre-
activity, activation of the coagulation system, and
impaired microvascular hemodynamics. During
clinical follow-up, the most frequently observed
thrombotic event was partial or complete reocclu-
sion of the revascularized arterial segment. This
finding was especially frequent after infrapopliteal
interventions, where small arterial diameter, severe
calcification, and poor distal runoff created
additional difficulties for maintaining adequate
blood flow. The tendency toward reocclusion was
particularly pronounced in cases where complete
obliteration of the posterior tibial artery was
initially present and recanalization was achieved in
only a single arterial vessel. In such cases, distal
perfusion depended entirely on the functional
patency of one arterial channel. The early phase of
thrombotic events was predominantly observed

during the first weeks after intervention, when

clopidogrel. vascular wall trauma, endothelial injury, and local
e Group II: aspirin + rivaroxaban 20 mg once  coagulation activation are most pronounced.
daily.
Table 2. Distribution of patients according to antithrombotic regimen and underlying disease (n =120)
Antithrombotic Regimen Diabetes Atherosclerosis + | Atherosclerosis Total
Mellitus Diabetes
Aspirin + Clopidogrel 10 14 6 30
Aspirin + Rivaroxaban 20 mg once daily 15 6 30
Aspirin + Rivaroxaban 2.5 mg twice daily 14 8 30
Aspirin + Clopidogrel + Rivaroxaban 2.5 mg 9 16 5 30
twice daily
Total 36 59 25 120
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The first clinical signs of reocclusion included:
e recurrence or intensification of rest pain,
e decrease in foot temperature,
e progression of ulcerative lesions,
e reduction of flow wvelocity on duplex
ultrasonography.
Duplex monitoring primarily demonstrated:
e reduction of peak systolic velocity,
e turbulent flow,
e conversion of biphasic flow into monophasic

flow.

Thrombotic outcomes during a 12-month
follow-up. During the 12-month follow-up period,
thrombotic events were identified in 15 patients
(12.5%). Among these, the most frequent com-
plication was target vessel thrombosis, observed in
10 patients (8.3%), while acute reocclusion deve-
loped in 5 patients (4.2%). According to treatment
groups, thrombotic events were distributed as fo-
llows (Table 3, Diagram 1,2):

e Group I—5 cases.

e Group II - 3 cases.

e Group III -2 cases.

e Group IV — 5 cases.

The lowest thrombotic frequency was observed
in Groups II and III, where combined antithrom-
botic regimens based on aspirin and rivaroxaban
were used. These findings were fully consistent
with the superior hemodynamic results obtained in
the same groups. Repeated endovascular interven-
tion was required in 10 patients (8.3%). Minor am-
putation was performed in 8 patients (6.7%), while
major amputation was necessary in 4 patients
(3.3%).

Table 3. Thrombetic events by treatment group

Group | Thrombosis |Reocclusion Repeated
Intervention
Group 1 3 2 3
Group II 2 1 2
Group III 1 1 2
Group IV 4 1 3
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Fig. 1. Comparison of thrombotic complications across
treatment groups.
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Fig. 2. Percentage of major vascular complications
across treatment groups.

Comparison between treatment groups. A com-
parative analysis of different antithrombotic treat-
ment regimens was performed to evaluate hemody-
namic effectiveness, maintenance of primary pa-
tency, restenosis frequency, and development of
thrombotic events (Table 4).

During the 12-month follow-up period, the hi-
ghest ankle-brachial index (ABI) values were obse-
rved in Groups II and III, where combined antithro-
mbotic regimens were used, whereas comparatively
lower values were recorded in Group I.

The primary patency rate was also highest in
Group IIT (86.7%), while in Group I it reached
76.7%.

The lowest restenosis frequency was identified
in Group III, whereas the highest frequency was
observed in Groups I and IV.

Analysis of thrombotic events also demonstrated
that Group III had the lowest complication burden.
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Table 4. Comparative hemodynamic and clinical outcomes across treatment groups

Parameter I Group IT Group III Group IV Group p-value
ABI at 12 months 0.71+0.13 | 0.78+0.12 | 0.80+0.13 | 0.74+0.13 0.032
Primary patency (%) 76.7 83.3 86.7 80.0 0.041
Restenosis (%) 16.7 13.3 10.0 16.7 0.048
Thrombotic events (%) 16.7 13.3 6.7 133 0.037
Table S. Statistical analysis
The difference between Group III and Group I Group | Thrombotic events (%) | p-value
in terms of ABI improvement and maintenance of I 16.7
primary patency was statistically significant I 133
(p<0.05). 11 6.7 0.037
Comparative analysis demonstrated that the v 133
combined antithrombotic regimen provided supe- '
rior hemodynamic and clinical outcomes, reflected Conclusion

by: higher ABI values, lower restenosis frequency,
lower incidence of thrombotic events.
These

combined therapy after infrapopliteal endovascular

findings suggest that intensified
intervention may be considered a more effective
strategy for improving long-term outcomes.

Thus, the performed comparative analysis indi-
cates that in diabetic chronic limb-threatening
ischemia (CLTI), the frequency of thrombotic ev-
ents is directly associated with: baseline hemody-
namic severity, extent of infrapopliteal arterial le-
sions, degree of calcification, subsequent antith-
rombotic management.

The obtained data confirm that clinical prog-
nosis should be assessed using an integrated model

rather than isolated individual parameters.

Statistical evaluation of thrombotic events. Dur-
ing the 12-month follow-up period, thrombotic ev-
ents were recorded in 15 patients (12.5%) (Table 5).

The distribution by treatment groups was as
follows: Group I - 16.7%; Group II - 13.3%; Group
Il - 6.7%; Group IV — 13.3%.

The difference between treatment groups was
statistically significant (p = 0.037).

The lowest thrombotic frequency was observed
in Group III, confirming the superior protective

effect of this antithrombotic regimen.
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The present study demonstrated that postprocedural
thrombotic complications remain one of the
principal determinants of long-term outcomes after
infrapopliteal revascularization in patients with
diabetic chronic limb-threatening ischemia.

Comparative analysis of four antithrombotic
regimens showed that Group III (aspirin plus low-
dose rivaroxaban 2.5 mg twice daily) achieved the
most favorable clinical and hemodynamic results.

This regimen was associated with the lowest
thrombotic event frequency (6.7%), the highest
ankle-brachial index (ABI) at 12 months (0.80 +
0.13), the highest ankle-brachial index (ABI) at 12
months (0.80 + 0.13), the highest primary patency
(86.7%), and the lowest restenosis rate (10.0%).

The superiority of Group III became especially
evident in patients with coexistence of diabetes
mellitus and atherosclerosis, suggesting that dual
pathway inhibition provides greater benefit under
combined thrombotic burden.

These findings indicate that aspirin plus low-
dose rivaroxaban may be considered the most
effective postprocedural antithrombotic strategy for
improving long-term vascular outcomes after

infrapopliteal intervention in diabetic CLTI.
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	Introduction
	Diabetes mellitus is associated with progressive vascular injury involving both macrovascular and microvascular arterial beds. In patients with chro-nic limb-threatening ischemia (CLTI), arterial lesions are often distal, multisegmental, and accom-panied by impaired collateral circulation, which contributes to poor limb perfusion and complex revascularization outcomes (Conte et al., 2019; Gerhard-Herman et al., 2017; Norgren et al., 2007). These pathophysiological features substantially increase the risk of postprocedural thrombosis following peripheral arterial revascularization.
	The diabetic vascular environment is characte-rized by endothelial dysfunction, platelet hyperre-activity, increased fibrinogen concentration, redu-ced fibrinolytic activity, and activation of infla-mmatory pathways. As a result, even technically successful revascularization may be complicated by early thrombotic occlusion, restenosis, or recu-rrent ischemia (Aboyans et al., 2018; Beckman & Creager, 2016; Hess & Hiatt, 2020). Preservation of long-term vessel patency therefore depends not only on procedural success but also on effective postprocedural antithrombotic management.
	Although antiplatelet therapy remains a central component of treatment after peripheral revascula-rization, the optimal pharmacological strategy after infrapopliteal intervention remains incompletely defined, particularly in patients with diabetic angio-pathy and concomitant atherosclerosis. Recent evidence suggests that dual-pathway inhibition with aspirin and low-dose rivaroxaban may reduce vascular and thrombotic events in patients with peripheral arterial disease after revascularization, but its role in diabetic CLTI with infrapopliteal lesions requires further evaluation (Anand et al., 2019; Bonaca et al., 2020; Secemsky et al., 2019).
	The present work evaluates thrombotic compli-cations and vascular outcomes under different therapeutic regimens after infrapopliteal peripheral revascularization in patients with diabetic CLTI. Specifically, the study compared antiplatelet therapy, aspirin-based anticoagulant combinations, and triple antithrombotic therapy with respect to thrombosis, reocclusion, restenosis, ankle-brachial index improvement, and primary patency during a 12-month follow-up period.
	This study also evaluates the effectiveness and safety of different antithrombotic and anticoagulant treatment strategies after peripheral arterial revas-cularization in patients with chronic limb-threa-tening ischemia caused by diabetic angiopathy. The study aims to determine the optimal pharmaco-logical management strategy that ensures reduction of thrombotic and reocclusive complications, imp-rovement of long-term revascularization outcomes, limb preservation, and prolongation of patient sur-vival. Special attention is paid to the comparative analysis of antiplatelet therapy and dual-pathway treatment (combined antiplatelet and anticoagulant therapy) in diabetic patients under conditions of coexistence and absence of atherosclerosis. This approach will allow formulation of evidence-based recommendations for optimal post-revasculariza-tion management.
	Study population. The study included 120 patients hospitalized with different clinical forms of chronic arterial insufficiency of the lower extremities. All patients were diagnosed with peripheral arterial disease involving hemodynamically significant lesions of the infrapopliteal segment. The mean age of the study group was 64.8 ± 8.7 years, reflecting the higher prevalence of the disease in older age groups (Table 1).
	Table 1. Characteristics of patients
	Parameter
	Number (n=120)
	Percentage (%)
	64.8 ± 8.7 years
	–
	45–54 years
	18
	15.0%
	55–64 years
	36
	30.0%
	65–74 years
	44
	36.7%
	≥75 years
	22
	18.3%
	Male
	82
	68.3%
	Female
	38
	31.7%
	Arterial hypertension
	94
	78.3%
	Type 2 diabetes mellitus
	71
	59.2%
	Dyslipidemia
	83
	69.2%
	Coronary artery disease
	49
	40.8%
	Chronic kidney disease
	21
	17.5%
	Smoking
	67
	55.8%
	Sex distribution was as follows: Males – 68.3%, Females – 31.7%.
	The predominance of male patients corresponds to the epidemiological characteristics of peripheral arterial disease, since atherosclerotic vascular le-sions are more frequently observed in men. A sign-ificant proportion of patients had the following comorbid conditions: 
	 arterial hypertension, 
	 diabetes mellitus, 
	 dyslipidemia, 
	 coronary artery disease, 
	 chronic kidney disease.
	Patient grouping. A total of 120 patients were divi-ded into four equal study groups according to the antithrombotic treatment regimen, with 30 patients in each group. This stratification was performed to enable comparative evaluation of the effectiveness of different antithrombotic strategies during the post-procedural period after endovascular intervention of the infrapopliteal segment. During patient allocation, not only the prescribed antithrombotic treatment but also the underlying pathological background was ta-ken into account, since it significantly influences both progression of vascular lesions and revascula-rization outcomes. The main underlying diseases were classified into three principal categories:
	 Type 2 diabetes mellitus, 
	 Combination of diabetes mellitus and athero-sclerotic vascular lesions, 
	 Isolated atherosclerotic vascular disease. 
	The study demonstrated that the most frequent clinical background was the combined form of diabetes mellitus and atherosclerosis, accounting for nearly half of the study population. This distribution is clinically expected, since infrapo-pliteal arterial lesions occur particularly frequently in patients with multiple vascular risk factors. According to antithrombotic regimens, the study groups were formed as follows (Table 2):
	 Group I: dual antiplatelet therapy – aspirin + clopidogrel. 
	Group II: aspirin + rivaroxaban 20mg once daily. 
	 Group III: aspirin + low-dose rivaroxaban (2.5mg twice daily). 
	 Group IV: triple therapy – aspirin + clopidogrel + low-dose rivaroxaban.
	Thrombotic events. Evaluation of thrombotic events during the post-revascularization period represented one of the principal directions of the study, since the major threats to long-term vascular patency become evident precisely during the post-interventional phase. In patients with diabetic angiopathy, the risk of thrombotic complications is significantly increased due to chronic hypergly-cemia, endothelial dysfunction, platelet hyperre-activity, activation of the coagulation system, and impaired microvascular hemodynamics. During clinical follow-up, the most frequently observed thrombotic event was partial or complete reocclu-sion of the revascularized arterial segment. This finding was especially frequent after infrapopliteal interventions, where small arterial diameter, severe calcification, and poor distal runoff created additional difficulties for maintaining adequate blood flow. The tendency toward reocclusion was particularly pronounced in cases where complete obliteration of the posterior tibial artery was initially present and recanalization was achieved in only a single arterial vessel. In such cases, distal perfusion depended entirely on the functional patency of one arterial channel. The early phase of thrombotic events was predominantly observed during the first weeks after intervention, when vascular wall trauma, endothelial injury, and local coagulation activation are most pronounced.
	The first clinical signs of reocclusion included:
	 recurrence or intensification of rest pain, 
	 decrease in foot temperature, 
	 progression of ulcerative lesions, 
	 reduction of flow velocity on duplex ultrasonography. 
	Duplex monitoring primarily demonstrated:
	 reduction of peak systolic velocity, 
	 turbulent flow, 
	 conversion of biphasic flow into monophasic flow.
	Thrombotic outcomes during a 12-month follow-up. During the 12-month follow-up period, thrombotic events were identified in 15 patients (12.5%). Among these, the most frequent com-plication was target vessel thrombosis, observed in 10 patients (8.3%), while acute reocclusion deve-loped in 5 patients (4.2%). According to treatment groups, thrombotic events were distributed as fo-llows (Table 3, Diagram 1,2):
	 Group III – 2 cases.
	The lowest thrombotic frequency was observed in Groups II and III, where combined antithrom-botic regimens based on aspirin and rivaroxaban were used. These findings were fully consistent with the superior hemodynamic results obtained in the same groups. Repeated endovascular interven-tion was required in 10 patients (8.3%). Minor am-putation was performed in 8 patients (6.7%), while major amputation was necessary in 4 patients (3.3%).
	Table 3. Thrombotic events by treatment group
	Group
	Thrombosis
	Reocclusion
	Repeated Intervention
	Group I
	3
	2
	3
	Group II
	2
	1
	2
	Group III
	1
	1
	2
	Group IV
	4
	1
	3
	/
	Fig. 1. Comparison of thrombotic complications across treatment groups.
	/
	Fig. 2. Percentage of major vascular complications across treatment groups.
	Comparison between treatment groups. A com-parative analysis of different antithrombotic treat-ment regimens was performed to evaluate hemody-namic effectiveness, maintenance of primary pa-tency, restenosis frequency, and development of thrombotic events (Table 4).
	During the 12-month follow-up period, the hi-ghest ankle-brachial index (ABI) values were obse-rved in Groups II and III, where combined antithro-mbotic regimens were used, whereas comparatively lower values were recorded in Group I.
	The primary patency rate was also highest in Group III (86.7%), while in Group I it reached 76.7%.
	The lowest restenosis frequency was identified in Group III, whereas the highest frequency was observed in Groups I and IV.
	Analysis of thrombotic events also demonstrated that Group III had the lowest complication burden.
	The difference between Group III and Group I in terms of ABI improvement and maintenance of primary patency was statistically significant (p<0.05).
	Comparative analysis demonstrated that the combined antithrombotic regimen provided supe-rior hemodynamic and clinical outcomes, reflected by: higher ABI values, lower restenosis frequency, lower incidence of thrombotic events. 
	These findings suggest that intensified combined therapy after infrapopliteal endovascular intervention may be considered a more effective strategy for improving long-term outcomes.
	Thus, the performed comparative analysis indi-cates that in diabetic chronic limb-threatening ischemia (CLTI), the frequency of thrombotic ev-ents is directly associated with: baseline hemody-namic severity, extent of infrapopliteal arterial le-sions, degree of calcification, subsequent antith-rombotic management. 
	The obtained data confirm that clinical prog-nosis should be assessed using an integrated model rather than isolated individual parameters. 
	Statistical evaluation of thrombotic events. Dur-ing the 12-month follow-up period, thrombotic ev-ents were recorded in 15 patients (12.5%) (Table 5).
	The distribution by treatment groups was as follows: Group I – 16.7%; Group II – 13.3%; Group III – 6.7%; Group IV – 13.3%. 
	The difference between treatment groups was statistically significant (p = 0.037).
	The lowest thrombotic frequency was observed in Group III, confirming the superior protective effect of this antithrombotic regimen.
	Table 5. Statistical analysis
	Group
	Thrombotic events (%)
	p-value
	I
	16.7
	II
	13.3
	III
	6.7
	0.037
	IV
	13.3
	Conclusion
	The present study demonstrated that postprocedural thrombotic complications remain one of the principal determinants of long-term outcomes after infrapopliteal revascularization in patients with diabetic chronic limb-threatening ischemia.
	Comparative analysis of four antithrombotic regimens showed that Group III (aspirin plus low-dose rivaroxaban 2.5 mg twice daily) achieved the most favorable clinical and hemodynamic results.
	This regimen was associated with the lowest thrombotic event frequency (6.7%), the highest ankle-brachial index (ABI) at 12 months (0.80 ± 0.13), the highest ankle-brachial index (ABI) at 12 months (0.80 ± 0.13), the highest primary patency (86.7%), and the lowest restenosis rate (10.0%). 
	The superiority of Group III became especially evident in patients with coexistence of diabetes mellitus and atherosclerosis, suggesting that dual pathway inhibition provides greater benefit under combined thrombotic burden.
	These findings indicate that aspirin plus low-dose rivaroxaban may be considered the most effective postprocedural antithrombotic strategy for improving long-term vascular outcomes after infrapopliteal intervention in diabetic CLTI.
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Introduction

Diabetes mellitus is associated with progressive vascular injury involving both macrovascular and microvascular arterial beds. In patients with chro-
nic limb-threatening ischemia (CLTI), arterial lesions are often distal, multisegmental, and accom-
panied by impaired collateral circulation, which contributes to poor limb perfusion and complex revascularization outcomes (Conte et al., 2019; Gerhard-Herman et al., 2017; Norgren et al., 2007). These pathophysiological features substantially increase the risk of postprocedural thrombosis following peripheral arterial revascularization.

The diabetic vascular environment is characte-
rized by endothelial dysfunction, platelet hyperre-
activity, increased fibrinogen concentration, redu-
ced fibrinolytic activity, and activation of infla-
mmatory pathways. As a result, even technically successful revascularization may be complicated by early thrombotic occlusion, restenosis, or recu-
rrent ischemia (Aboyans et al., 2018; Beckman & Creager, 2016; Hess & Hiatt, 2020). Preservation of long-term vessel patency therefore depends not only on procedural success but also on effective postprocedural antithrombotic management.

Although antiplatelet therapy remains a central component of treatment after peripheral revascula-
rization, the optimal pharmacological strategy after infrapopliteal intervention remains incompletely defined, particularly in patients with diabetic angio-
pathy and concomitant atherosclerosis. Recent evidence suggests that dual-pathway inhibition with aspirin and low-dose rivaroxaban may reduce vascular and thrombotic events in patients with peripheral arterial disease after revascularization, but its role in diabetic CLTI with infrapopliteal lesions requires further evaluation (Anand et al., 2019; Bonaca et al., 2020; Secemsky et al., 2019).

The present work evaluates thrombotic compli-
cations and vascular outcomes under different therapeutic regimens after infrapopliteal peripheral revascularization in patients with diabetic CLTI. Specifically, the study compared antiplatelet therapy, aspirin-based anticoagulant combinations, and triple antithrombotic therapy with respect to thrombosis, reocclusion, restenosis, ankle-brachial index improvement, and primary patency during a 12-month follow-up period.

This study also evaluates the effectiveness and safety of different antithrombotic and anticoagulant treatment strategies after peripheral arterial revas-
cularization in patients with chronic limb-threa-
tening ischemia caused by diabetic angiopathy. The study aims to determine the optimal pharmaco-
logical management strategy that ensures reduction of thrombotic and reocclusive complications, imp-
rovement of long-term revascularization outcomes, limb preservation, and prolongation of patient sur-
vival. Special attention is paid to the comparative analysis of antiplatelet therapy and dual-pathway treatment (combined antiplatelet and anticoagulant therapy) in diabetic patients under conditions of coexistence and absence of atherosclerosis. This approach will allow formulation of evidence-based recommendations for optimal post-revasculariza-
tion management.

Study population. The study included 120 patients hospitalized with different clinical forms of chronic arterial insufficiency of the lower extremities. All patients were diagnosed with peripheral arterial disease involving hemodynamically significant lesions of the infrapopliteal segment. The mean age of the study group was 64.8 ± 8.7 years, reflecting the higher prevalence of the disease in older age groups (Table 1).



Table 1. Characteristics of patients

		Parameter

		Number (n=120)

		Percentage (%)



		Age (mean ± standard deviation)

		64.8 ± 8.7 years

		–



		Age distribution

		

		



		45–54 years

		18

		15.0%



		55–64 years

		36

		30.0%



		65–74 years

		44

		36.7%



		≥75 years

		22

		18.3%



		Sex distribution

		

		



		Male

		82

		68.3%



		Female

		38

		31.7%



		Comorbid conditions

		

		



		Arterial hypertension

		94

		78.3%



		Type 2 diabetes mellitus

		71

		59.2%



		Dyslipidemia

		83

		69.2%



		Coronary artery disease

		49

		40.8%



		Chronic kidney disease

		21

		17.5%



		Smoking

		67

		55.8%







Sex distribution was as follows: Males – 68.3%, Females – 31.7%.

The predominance of male patients corresponds to the epidemiological characteristics of peripheral arterial disease, since atherosclerotic vascular le-
sions are more frequently observed in men. A sign-
ificant proportion of patients had the following comorbid conditions: 

arterial hypertension, 

diabetes mellitus, 

dyslipidemia, 

coronary artery disease, 

chronic kidney disease.

Patient grouping. A total of 120 patients were divi-
ded into four equal study groups according to the antithrombotic treatment regimen, with 30 patients in each group. This stratification was performed to enable comparative evaluation of the effectiveness of different antithrombotic strategies during the post-
procedural period after endovascular intervention of the infrapopliteal segment. During patient allocation, not only the prescribed antithrombotic treatment but also the underlying pathological background was ta-
ken into account, since it significantly influences both progression of vascular lesions and revascula-
rization outcomes. The main underlying diseases were classified into three principal categories:

Type 2 diabetes mellitus, 

Combination of diabetes mellitus and athero-
sclerotic vascular lesions, 

Isolated atherosclerotic vascular disease. 

The study demonstrated that the most frequent clinical background was the combined form of diabetes mellitus and atherosclerosis, accounting for nearly half of the study population. This distribution is clinically expected, since infrapo-
pliteal arterial lesions occur particularly frequently in patients with multiple vascular risk factors. According to antithrombotic regimens, the study groups were formed as follows (Table 2):

Group I: dual antiplatelet therapy – aspirin + clopidogrel. 

Group II: aspirin + rivaroxaban 20mg once daily. Table 2. Distribution of patients according to antithrombotic regimen and underlying disease (n=120)

Antithrombotic Regimen

Diabetes Mellitus

Atherosclerosis + Diabetes

Atherosclerosis

Total

Aspirin + Clopidogrel

10

14

6

30

Aspirin + Rivaroxaban 20mg once daily

9

15

6

30

Aspirin + Rivaroxaban 2.5mg twice daily

8

14

8

30

Aspirin + Clopidogrel + Rivaroxaban 2.5mg twice daily

9

16

5

30

Total

36

59

25

120





Group III: aspirin + low-dose rivaroxaban (2.5mg twice daily). 

Group IV: triple therapy – aspirin + clopidogrel + low-dose rivaroxaban.

Thrombotic events. Evaluation of thrombotic events during the post-revascularization period represented one of the principal directions of the study, since the major threats to long-term vascular patency become evident precisely during the post-interventional phase. In patients with diabetic angiopathy, the risk of thrombotic complications is significantly increased due to chronic hypergly-
cemia, endothelial dysfunction, platelet hyperre-
activity, activation of the coagulation system, and impaired microvascular hemodynamics. During clinical follow-up, the most frequently observed thrombotic event was partial or complete reocclu-
sion of the revascularized arterial segment. This finding was especially frequent after infrapopliteal interventions, where small arterial diameter, severe calcification, and poor distal runoff created additional difficulties for maintaining adequate blood flow. The tendency toward reocclusion was particularly pronounced in cases where complete obliteration of the posterior tibial artery was initially present and recanalization was achieved in only a single arterial vessel. In such cases, distal perfusion depended entirely on the functional patency of one arterial channel. The early phase of thrombotic events was predominantly observed during the first weeks after intervention, when vascular wall trauma, endothelial injury, and local coagulation activation are most pronounced.



The first clinical signs of reocclusion included:

recurrence or intensification of rest pain, 

decrease in foot temperature, 

progression of ulcerative lesions, 

reduction of flow velocity on duplex ultrasonography. 

Duplex monitoring primarily demonstrated:

reduction of peak systolic velocity, 

turbulent flow, 

conversion of biphasic flow into monophasic flow.

Thrombotic outcomes during a 12-month follow-up. During the 12-month follow-up period, thrombotic events were identified in 15 patients (12.5%). Among these, the most frequent com-
plication was target vessel thrombosis, observed in 10 patients (8.3%), while acute reocclusion deve-
loped in 5 patients (4.2%). According to treatment groups, thrombotic events were distributed as fo-
llows (Table 3, Diagram 1,2):

Group I – 5 cases. 

Group II – 3 cases. 

Group III – 2 cases.

Group IV – 5 cases. 

The lowest thrombotic frequency was observed in Groups II and III, where combined antithrom-
botic regimens based on aspirin and rivaroxaban were used. These findings were fully consistent with the superior hemodynamic results obtained in the same groups. Repeated endovascular interven-
tion was required in 10 patients (8.3%). Minor am-
putation was performed in 8 patients (6.7%), while major amputation was necessary in 4 patients (3.3%).



Table 3. Thrombotic events by treatment group

		Group

		Thrombosis

		Reocclusion

		Repeated Intervention



		Group I

		3

		2

		3



		Group II

		2

		1

		2



		Group III

		1

		1

		2



		Group IV

		4

		1

		3
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Fig. 1. Comparison of thrombotic complications across treatment groups.
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Fig. 2. Percentage of major vascular complications across treatment groups.

Comparison between treatment groups. A com-
parative analysis of different antithrombotic treat-
ment regimens was performed to evaluate hemody-
namic effectiveness, maintenance of primary pa-
tency, restenosis frequency, and development of thrombotic events (Table 4).

During the 12-month follow-up period, the hi-
ghest ankle-brachial index (ABI) values were obse-
rved in Groups II and III, where combined antithro-
mbotic regimens were used, whereas comparatively lower values were recorded in Group I.

The primary patency rate was also highest in Group III (86.7%), while in Group I it reached 76.7%.

The lowest restenosis frequency was identified in Group III, whereas the highest frequency was observed in Groups I and IV.

Analysis of thrombotic events also demonstrated that Group III had the lowest complication burden.



The difference between Group III and Group I in terms of ABI improvement and maintenance of primary patency was statistically significant (p<0.05).Table 4. Comparative hemodynamic and clinical outcomes across treatment groups

Parameter

I Group

II Group

III Group

IV Group

p-value

ABI at 12 months

0.71 ± 0.13

0.78 ± 0.12

0.80 ± 0.13

0.74 ± 0.13

0.032

Primary patency (%)

76.7

83.3

86.7

80.0

0.041

Restenosis (%)

16.7

13.3

10.0

16.7

0.048

Thrombotic events (%)

16.7

13.3

6.7

13.3

0.037





Comparative analysis demonstrated that the combined antithrombotic regimen provided supe-
rior hemodynamic and clinical outcomes, reflected by: higher ABI values, lower restenosis frequency, lower incidence of thrombotic events. 

These findings suggest that intensified combined therapy after infrapopliteal endovascular intervention may be considered a more effective strategy for improving long-term outcomes.

Thus, the performed comparative analysis indi-
cates that in diabetic chronic limb-threatening ischemia (CLTI), the frequency of thrombotic ev-
ents is directly associated with: baseline hemody-
namic severity, extent of infrapopliteal arterial le-
sions, degree of calcification, subsequent antith-
rombotic management. 

The obtained data confirm that clinical prog-
nosis should be assessed using an integrated model rather than isolated individual parameters. 

Statistical evaluation of thrombotic events. Dur-
ing the 12-month follow-up period, thrombotic ev-
ents were recorded in 15 patients (12.5%) (Table 5).

The distribution by treatment groups was as follows: Group I – 16.7%; Group II – 13.3%; Group III – 6.7%; Group IV – 13.3%. 

The difference between treatment groups was statistically significant (p = 0.037).

The lowest thrombotic frequency was observed in Group III, confirming the superior protective effect of this antithrombotic regimen.

Table 5. Statistical analysis

		Group

		Thrombotic events (%)

		p-value



		I

		16.7

		



		II

		13.3

		



		III

		6.7

		0.037



		IV

		13.3

		







Conclusion

The present study demonstrated that postprocedural thrombotic complications remain one of the principal determinants of long-term outcomes after infrapopliteal revascularization in patients with diabetic chronic limb-threatening ischemia.

Comparative analysis of four antithrombotic regimens showed that Group III (aspirin plus low-dose rivaroxaban 2.5 mg twice daily) achieved the most favorable clinical and hemodynamic results.

This regimen was associated with the lowest thrombotic event frequency (6.7%), the highest ankle-brachial index (ABI) at 12 months (0.80 ± 0.13), the highest ankle-brachial index (ABI) at 12 months (0.80 ± 0.13), the highest primary patency (86.7%), and the lowest restenosis rate (10.0%). 

The superiority of Group III became especially evident in patients with coexistence of diabetes mellitus and atherosclerosis, suggesting that dual pathway inhibition provides greater benefit under combined thrombotic burden.
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These findings indicate that aspirin plus low-dose rivaroxaban may be considered the most effective postprocedural antithrombotic strategy for improving long-term vascular outcomes after infrapopliteal intervention in diabetic CLTI.
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