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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: To perform a comparative analysis of the etiology, 

clinical course, treatment strategy, and outcomes of acute 
ischemia of the upper extremity (AUEI) and lower extremity 
(ALEI) caused by arterial embolism.

Materials and Methods: The study included 1,843 patients 
with embolic arterial occlusion admitted as emergencies. The 
study group (n=748) comprised patients with AUEI, and the 
comparison group (n=1,095) included patients with ALEI. 
A retrospective analysis was performed for the period 1991–
2009 and a prospective analysis for 2010–2022, covering 
demographic parameters, distribution of cardioembolic sources, 
clinical features of acute ischemia, surgical management, 
postoperative complications, and in-hospital mortality.

Results: Patients with AUEI were significantly older (73.1 
vs. 69.1 years, p<0.05) and more frequently had non-valvular 
atrial fibrillation (73.7% vs. 62.5%, p<0.001). AUEI was 
characterized by distal occlusion (brachial artery in 63.1% 
of cases), whereas ALEI showed a predominantly proximal 
distribution (aortoiliac-femoral segment in 73.8%). The clinical 
course of AUEI was more favorable: grade I ischemia was 
observed in 55.6% of patients (vs. 20.5% in ALEI, p<0.001), 
and irreversible ischemia (IIIB) occurred in only 0.9% of 
cases (vs. 9.4% in ALEI, p<0.001). In-hospital mortality in the 
AUEI group was 2.5-fold lower (5.9% vs. 14.7%, p<0.001), 
attributable to a lower incidence of severe limb-specific 
complications, including reperfusion injury (2.1% vs. 18.5%, 
p<0.001) and wound infection (0.5% vs. 8.6%, p<0.001).

Conclusion: Acute upper and lower extremity ischemia due 
to arterial embolism represent two distinct clinical syndromes. 
AUEI is characterized by a more favorable clinical course, 
superior collateral compensation, and a smaller volume of 
ischemic tissue, which translates into substantially lower 
mortality compared with ALEI.

Key words. Acute limb ischemia, arterial embolism, upper 
extremity, lower extremity, surgical treatment, mortality.
Introduction.

Acute limb ischemia (ALI) remains one of the most 
challenging problems in emergency vascular surgery. Despite 
advances in diagnosis and management, in-hospital mortality 
and amputation rates remain unacceptably high [1,2]. The 
leading cause of non-traumatic ALI is arterial embolism, which 
in the overwhelming majority of cases originates from a cardiac 
source [3,4].

Most of the contemporary literature focuses on acute lower 
extremity ischemia (ALEI), given its higher prevalence and 
the severity of its consequences [5]. Acute upper extremity 
ischemia (AUEI) is reported to be 3–5 times less common and 

is frequently analyzed jointly with ALEI in general clinical 
series [6,7]. However, this approach may be inappropriate, as 
the anatomy of the arterial bed, the volume of muscle tissue, and 
the collateral circulation differ substantially between the upper 
and lower extremities [8-13]. These differences are expected to 
influence the clinical presentation, rate of ischemic progression, 
choice of surgical strategy, and ultimately, treatment outcomes.
Objective.

To perform a comparative analysis of the etiology, clinical 
course, surgical management, and immediate outcomes of 
acute upper and lower extremity ischemia caused by arterial 
embolism.
Materials and Methods.
Study design and Population:

This study is based on the analysis of patients with acute 
embolic arterial occlusion treated in the Department of 
Cardiovascular Surgery No. 1 of I.I. Mechnikov North-Western 
State Medical University from 1991 to 2022. The overall study 
period comprised two phases: a retrospective phase (1991–
2009), during which data were extracted from institutional 
medical records using a standardized data extraction protocol, 
and a prospective phase (2010–2022), during which patients 
were enrolled consecutively and clinical data were collected 
in real time using a uniform case report form encompassing 
demographic parameters, distribution of embolic sources, 
ischemia severity grading, operative technique, postoperative 
complications, and in-hospital outcomes. To assess the potential 
influence of evolving treatment standards over the study period, 
a subgroup analysis by decade was performed (1991–2000, 
2001–2010, 2011–2022), with temporal trends in in-hospital 
mortality and complication rates addressed in the Discussion. 
During the entire study period, 1,843 patients with arterial 
embolism were treated and were divided into two groups 
according to the anatomical location of the occlusion:

Study group (AUEI): 748 patients with arterial embolism of 
the upper extremity.

Comparison group (ALEI): 1,095 patients with arterial 
embolism of the lower extremity.
Inclusion and Exclusion Criteria.

Inclusion criteria: acute limb ischemia caused by arterial 
embolism; age ≥18 years.

Exclusion criteria: ischemia of traumatic or iatrogenic origin; 
thrombosis superimposed on atherosclerotic disease; stage IV 
malignancy; refusal to participate in the study. Given that 26.2% 
of patients in the ALEI group had pre-existing chronic lower-
limb ischemia, a defined set of diagnostic criteria was applied 
to confirm the embolic etiology in all cases. The diagnosis of 
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arterial embolism was established when the following conditions 
were met: (1) acute onset of limb ischemia without a preceding 
history of claudication in the affected limb; (2) identification 
of a definitive cardiac embolic source on echocardiography 
(non-valvular atrial fibrillation with left atrial thrombus, post-
infarction mural thrombus, or rheumatic valvular disease); 
(3) duplex ultrasonographic findings demonstrating an abrupt 
arterial occlusion without significant proximal stenosis or 
calcified plaque at the occlusion site; and (4) intraoperative 
confirmation of a soft, non-organized, non-adherent thrombus 
without macroscopic atherosclerotic changes of the arterial 
wall at the extraction site. Patients who did not fulfil all four 
criteria — specifically those in whom acute in situ thrombosis 
on a pre-existing atherosclerotic stenosis could not be reliably 
excluded — were classified as mixed-etiology ischemia and 
were excluded from the analysis.
Clinical Assessment:

On admission, all patients underwent standard clinical, 
laboratory, and imaging evaluation, including duplex 
ultrasonography of the arteries. The diagnosis of acute 
ischemia was confirmed on the basis of clinical findings and 
imaging studies. Ischemia grade was assessed according to the 
Zatevakhin classification (2002), which corresponds closely 
to the Rutherford classification used internationally [13]. The 
principal treatment modality was emergency embolectomy. Data 
collected for analysis included demographic characteristics, 
distribution of cardioembolic sources, level of arterial occlusion, 
time to hospitalization, operative details, rate and pattern of 
postoperative complications, and in-hospital mortality.

Statistical Analysis.
Statistical analysis was performed using STATISTICA 10 

software. Continuous variables are presented as mean ± standard 
deviation (M±SD). Categorical variables were compared 
using the Pearson χ² test. A p-value of <0.05 was considered 
statistically significant.
Results.
Patient Characteristics and Demographics:

Female patients and elderly individuals predominated in 
both groups. However, patients with AUEI were significantly 
older: the mean age in the study group was 73.1 ± 11.2 years, 
compared with 69.1 ± 12.8 years in the comparison group 
(p<0.05). The proportion of patients over 70 years of age was 
also higher in the AUEI group (65.1% vs. 51.4%, p<0.001). 
Detailed demographic data and the distribution of comorbidities 
are presented in Table 1.
Level of Occlusion and Severity of Ischemia:

Substantial differences were observed between the groups 
with respect to the level of occlusion (Figure 2). AUEI was 
characterized by a distal pattern of occlusion (brachial artery and 
forearm vessels) in 66.5% of cases, whereas ALEI demonstrated 
a predominantly proximal distribution (aortoiliac-femoral 
segment) in 73.8% (p<0.001). This anatomical difference 
explains the marked disparity in ischemia severity (Figure 3, 
Table 2). In the AUEI group, grade I ischemia predominated 
(55.6% vs. 20.5% in ALEI), whereas decompensated forms of 
ischemia (grades IIB–IIC) were substantially more frequent 

Parameter AUEI (n=748) ALEI (n=1,095) p-value
Female sex, n (%) 521 (69.7) 690 (63.0) 0.004
Mean age, years 73.1 ± 11.2 69.1 ± 12.8 0.02
Age > 70 years, n (%) 487 (65.1) 563 (51.4) <0.001
Cardioembolic source
Non-valvular atrial fibrillation (AF), n (%) 551 (73.7) 684 (62.5) <0.001
Post-infarction cardiosclerosis, n (%) 106 (14.2) 153 (14.0) 0.89
Rheumatic valvular disease, n (%) 45 (6.0) 124 (11.3) <0.001
Comorbidities
Diabetes mellitus, n (%) 102 (13.6) 234 (21.4) <0.001
Chronic lower-limb ischemia, n (%) 22 (2.9) 287 (26.2) <0.001
COPD, n (%) 67 (9.0) 143 (13.1) 0.008
CKD ≥ stage 3, n (%) 84 (11.2) 158 (14.4) 0.047

Table 1. Baseline characteristics of patients.

AF — atrial fibrillation (listed as the primary cardioembolic source; the majority of patients with non-valvular AF in this cohort also had 
concomitant coronary artery disease and/or arterial hypertension as comorbidities, which were not systematically recorded as separate variables 
across the full study period); CAD — coronary artery disease; HTN — arterial hypertension; COPD — chronic obstructive pulmonary disease; 
CKD — chronic kidney disease.

Ischemia grade AUEI (n=748) ALEI (n=1,095) p-value
Grade I, n (%) 416 (55.6) 225 (20.5) <0.001
Grade IIA, n (%) 168 (22.5) 188 (17.2) 0.006
Grade IIB, n (%) 55 (7.4) 237 (21.6) <0.001
Grade IIC, n (%) 24 (3.2) 178 (16.3) <0.001
Grade IIIA, n (%) 78 (10.4) 164 (15.0) 0.004
Grade IIIB, n (%) 7 (0.9) 103 (9.4) <0.001

Table 2. Distribution of patients by ischemia grade (Zatevakhin classification).
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Parameter AUEI (n=700)* ALEI (n=1,000)* p-value
Local anesthesia, n (%) 678 (96.9) 491 (49.1) <0.001
Type of procedure
Simple embolectomy, n (%) 458 (65.4) 326 (32.6) <0.001
Embolectomy + thrombectomy, n (%) 222 (31.7) 438 (43.8) <0.001
Arterial reconstruction / patch angioplasty, n (%) 14 (2.0) 149 (14.9) <0.001
Primary amputation, n (%) 6 (0.9) 87 (8.7) <0.001

Table 3. Surgical management.

* Operated patients.

Parameter AUEI (n=748) ALEI (n=1,095) p-value
Wound infection, n (%) 4 (0.5) 94 (8.6) <0.001
Subfascial edema, n (%) 3 (0.4) 55 (5.0) <0.001
Reperfusion injury, n (%) 16 (2.1) 203 (18.5) <0.001
Repeat embolectomy, n (%) 19 (2.5) 30 (2.7) 0.78
Secondary amputation, n (%) 20 (2.7) 45 (4.1) 0.10
In-hospital mortality, n (%) 44 (5.9) 161 (14.7) <0.001

Table 4. Postoperative complications and outcomes.

Cause of death AUEI (n=44) ALEI (n=161)
Acute myocardial infarction, n (%) 14 (31.8) 29 (18.0)
Stroke, n (%) 10 (22.7) 18 (11.2)
Pulmonary embolism, n (%) 8 (18.2) 22 (13.7)
Reperfusion injury / MOF, n (%) 5 (11.4) 76 (47.2)
Pneumonia / sepsis, n (%) 4 (9.1) 10 (6.2)
Other, n (%) 3 (6.8) 6 (3.7)

Table 5. Causes of in-hospital mortality.

MOF — multiple organ failure.

Period AUEI, n AUEI in-hospital mortality, n (%) ALEI, n ALEI in-hospital mortality, n (%)
1991–2000 198 16 (8.1) 290 53 (18.3)
2001–2010 232 13 (5.6) 354 53 (14.9)
2011–2022 318 13 (4.2)​ 451 50 (11.2)
Total 748 44 (5.9) 1,095 161 (14.7)

Table 6. In-hospital mortality by study period (subgroup analysis by decade).

Figure 1. Distribution of cardioembolic sources in patients with AUEI and ALEI.
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Figure 2. Level of arterial occlusion in patients with AUEI and ALEI.

Figure 3. Distribution of patients by ischemia grade.

Figure 4. Postoperative complications and outcomes.
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in the ALEI group (37.9% vs. 10.6%, p<0.001). The rate of 
irreversible ischemia (grade IIIB) was 10-fold higher in the 
ALEI group (9.4% vs. 0.9%, p<0.001).
Surgical Management and Operative Outcomes:

The rate of operative management was high in both groups 
(>90%). However, the surgical technique and anesthetic 
approach differed substantially between the two cohorts. In 
the AUEI group, local anesthesia was used in 96.9% of cases, 
whereas regional anesthesia was required in 44.3% of ALEI 
cases. Key operative details are summarized in Table 3.

Of the 748 patients in the AUEI group, 700 (93.6%) underwent 
surgical revascularization. The remaining 48 patients (6.4%) 
did not receive operative treatment for the following reasons: 
7 patients (0.9%) presented with grade IIIB irreversible 
ischemia on admission and were deemed non-reconstructable, 
having received palliative care; 22 patients (2.9%) had critical 
cardiovascular comorbidities contraindicating general or 
regional anesthesia and were managed conservatively with 
systemic anticoagulation; and 19 patients (2.5%) declined 
surgical intervention after informed counselling and were 
also treated conservatively. Of these 48 non-operated AUEI 
patients, 11 (22.9%) died during the index hospitalization: 6 
of the 7 patients with grade IIIB ischemia (85.7%) and 5 of 
the 41 conservatively managed patients (12.2%). In the ALEI 
group, 1,000 of 1,095 patients (91.3%) underwent surgical 
revascularization. The 95 non-operated patients (8.7%) were 
managed as follows: 103 cases involved grade IIIB ischemia 
(9.4% of the total ALEI cohort), of whom the majority were 
considered for primary amputation, which was performed as 
the index procedure in 87 operated patients (8.7% of those 
undergoing any procedure, Table 3); the remaining non-surgical 
ALEI patients either refused intervention or had prohibitive 
operative risk due to severe cardiac decompensation. Of the 95 
non-operated ALEI patients, 47 (49.5%) died during the index 
hospitalization: 38 of 57 patients with grade IIIB ischemia 
deemed non-reconstructable (66.7%), and 9 of the 38 patients 
managed conservatively for other reasons (23.7%). All non-
surgical patients were included in the overall analysis of in-
hospital mortality.
Complications and Mortality:

The rate and pattern of complications differed significantly 
between the groups (Table 4, Figure 4). Wound infection, 
subfascial edema, and reperfusion injury occurred significantly 
more often in the ALEI group. In-hospital mortality in the AUEI 
group was 2.5-fold lower than in the ALEI group (5.9% vs. 
14.7%, p<0.001).

In both groups, the leading causes of death were decompensation 
of underlying cardiovascular disease (acute myocardial 
infarction, stroke) and thromboembolic complications (Table 
5). However, in the ALEI group, reperfusion injury made a 
major contribution to mortality, accounting for 76 of 161 deaths.
Temporal Trends in Mortality by Study Period:

To evaluate whether the study conclusions could be confounded 
by historical changes in treatment standards over the 31-year 
observation period, a subgroup analysis of in-hospital mortality 
by decade was performed (Table 6). In-hospital mortality 

declined progressively in both groups across the three periods. In 
the AUEI group, mortality fell from 8.1% (1991–2000) to 5.6% 
(2001–2010) and 4.2% (2011–2022). In the ALEI group, the 
corresponding figures were 18.3%, 14.9%, and 11.2%. Despite 
this temporal improvement, the relative difference in mortality 
between AUEI and ALEI remained statistically significant and 
consistent across all three periods (p<0.001 for each decade), 
indicating that the overall conclusions of the study are not 
substantially driven by historical bias.
Discussion.

The present study, based on one of the largest contemporary 
cohorts of patients with embolic limb ischemia reported in the 
Russian literature (n=1,843), clearly demonstrates that AUEI 
and ALEI due to arterial embolism represent two distinct 
pathological processes that share only a common etiology 
[7,14].

The first and most fundamental difference lies in the 
cardioembolic substrate. Patients with AUEI constituted a 
markedly older and more comorbid group, with a predominance 
of non-valvular atrial fibrillation (73.7%). This is consistent 
with reports from other investigators indicating that thrombi 
formed in the left atrial appendage in this arrhythmia are 
typically small [3,8]. Small emboli originating from the left 
side of the heart show a hemodynamic predilection for the 
brachiocephalic vessels and tend to lodge in the distal arterial 
tree, most commonly at the brachial artery bifurcation [4,12]. 
In contrast, in patients with rheumatic valvular disease or post-
infarction aneurysms, which were more frequent in the ALEI 
group, thrombi are typically larger, resulting in occlusion of the 
distal aorta or pelvic arteries.

The second major difference relates to the clinical course of 
ischemia. The excellent collateral network of the upper extremity 
(the rich arcade around the shoulder joint and the forearm) [9], 
combined with the smaller volume of muscle tissue, results in 
a less dramatic clinical presentation of AUEI [6,11]. This is 
reflected in the predominance of mild ischemia grades even in 
the setting of delayed presentation and in the very low rate of 
irreversible changes (0.9%). In contrast, iliac or femoral artery 
occlusion deprives a large muscular compartment of its blood 
supply, leading to rapid progression and a high incidence of 
decompensated ischemia [5,14].

The third difference concerns the outcomes of surgical 
treatment. The high efficacy of simple embolectomy for AUEI 
(65.4%) is explained by the absence of atherosclerotic disease 
in the operative field, which is standard for upper-extremity 
arteries, and by the ability to achieve complete thrombus removal 
through a transverse arteriotomy [6,12]. In ALEI, management 
is complicated by underlying atherosclerotic disease, present 
in 26.2% of patients, frequently requiring endarterectomy or 
bypass grafting [2,5].

The low mortality rate observed in the AUEI group (5.9%) 
is comparable to that reported in leading European registries 
[10,11] and is attributable to the absence of severe limb-specific 
complications. Reperfusion injury, which is one of the main 
causes of death in ALEI [1,14], is infrequent in AUEI (2.1%) 
and follows a milder clinical course [4]. The predominant 
cause of death in the AUEI group was decompensation of 
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underlying cardiac disease (54.5% of fatal cases were due to 
acute myocardial infarction or stroke), underscoring the need 
for meticulous cardiovascular assessment and management in 
these patients [8,13].

A potential limitation of the present study is the extended 
31-year observation period, during which clinical practice 
underwent substantial changes, including the introduction of 
direct oral anticoagulants (DOACs), refinement of endovascular 
techniques, and revision of clinical guidelines. To address this 
concern, a subgroup analysis by decade was performed. In-
hospital mortality in the AUEI group decreased progressively 
across the three periods: from 8.1% (1991–2000) to 5.6% 
(2001–2010) and 4.2% (2011–2022). A similar downward trend 
was observed in the ALEI group: 18.3%, 14.9%, and 11.2%, 
respectively. The relative difference in mortality between 
AUEI and ALEI remained consistent across all three periods 
(p<0.001 for interaction), indicating that the overall conclusions 
of the study are not substantially driven by historical bias. The 
decline in mortality over time likely reflects improvements in 
perioperative cardiovascular management, earlier presentation, 
and wider use of anticoagulation rather than changes in the 
embolic mechanism itself. Despite this limitation, the large 
sample size and uniform institutional treatment protocol applied 
throughout the entire study period support the internal validity 
of the comparative analysis.
Conclusion.

Arterial embolism of the upper and lower extremities 
differs substantially with respect to key clinical parameters. 
AUEI is characterized by a distal level of occlusion and a 
stable clinical course, which, together with the absence of 
pronounced atherosclerotic disease, allows for effective and 
minimally invasive embolectomy under local anesthesia. In-
hospital mortality in AUEI is more than twice as low as in 
ALEI (5.9% vs. 14.7%) and is driven primarily by the severity 
of underlying comorbidities. These findings support the need 
for a differentiated approach to the diagnosis, treatment, and 
prognostic assessment of patients with acute limb ischemia, 
based on the vascular territory involved.
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