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Abstract
Introduction: This retrospective study aimed to determine the trends in the incidence of 
non-traumatic lower extremity amputations in diabetic and non-diabetic patients.
Methods: A retrospective, population-based cohort study was conducted at the Universi-
ty Medical Center Ljubljana which is representative of Slovenia. By defined inclusion cri-
teria, we gathered information on patients treated for lower extremity amputations over 19 
years (2001 - 2019). Patients were divided into two groups, diabetics and non-diabetics. 
Linear regression analysis was used to analyze amputation trends over the studied years. 
Results: A total of 2,341 patients were included in our study, the majority were diabetics 
(1412/2341; 60.32%). Our results revealed an increased incidence of lower extremity am-
putations in diabetic and non-diabetic patients alike. The age- and gender-adjusted relative 
increase in amputation rates were 45% in all amputations and 35% in major amputations 
(P < 0.001). Non-diabetics were slightly older (2 years on average; P < 0.05), with a higher 
mortality rate (6.1% vs. 1.8%; P < 0.05). 
Conclusions: Despite efforts to reduce lower extremity amputations in diabetics, their 
incidence in Slovenia is increasing. Higher amputation rates can only partially be justified 
by an aging population and an increasing number of diabetics. Preventive measures for 
amputation amply described in the literature are available and implemented also in our 
country, but considering our results, they need to be re-evaluated. 
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INTRODUCTION

Lower extremity amputation (LEA) is an event that dra-
matically changes an individual’s life, decreases the quali-
ty of life (QoL), and presents a financial and social burden 
[1]. Diabetes mellitus (DM) and peripheral arterial disease 
(PAD) are the leading causes of non-traumatic LEA in de-
veloped countries [2-8]. It is known that patients with DM 
have a four times higher likelihood of developing PAD and 
a 10-20 times higher risk of requiring LEA, compared to 
non-diabetic patients [7-11]. Since DM and its compli-
cations present a major world health problem, many ini-
tiatives have been made to alleviate the course of the dis-
ease. In 1989, European countries signed the St. Vincent 
declaration which aimed to reduce diabetic complications 
and LEA rates by half in the following five years after be-
ing signed [12]. Although this declaration encouraged re-
searchers and/or clinicians to follow the rates of LEA, many 
reporting their decline, the goal has still not been reached 
[12-15].
We collected data on non-traumatic LEA in the population 

of Central Slovenia from 2001 to 2019. This study aimed to 
analyze the incidence of LEA in the selected time observa-
tion period and to establish the situation in Slovenia. We 
hypothesized that the incidence of LEA has not declined 
and that the system needs further improvements in the mul-
tidisciplinary management of such patients.

METHODS

STUDY DESIGN

A retrospective, population-based cohort study was per-
formed by collecting patient data (national hospital dis-
charge data) on LEA, performed at the University Medical 
Center Ljubljana (UMCL) from January 2001 to Decem-
ber 2019. UMCL is a major Slovenian hospital serving the 
population of Central Slovenia, approximately a quarter of 
the country’s population, and is representative of the entire 
Slovenian population.
We gathered patients’ demographic data, comorbidities, 
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mobility data, complications, level and cause of amputa-
tion, possible revascularization procedures, and their post-
operative course and mortality.
Inclusion criteria were amputations of lower extremity 
performed due to PAD or/and infection in patients with 
diabetes mellitus (D+) or without diabetes mellitus (D-). 
Patients were classified as diabetics if DM type 1 or 2 was 
known before or confirmed during hospitalization. Exclu-
sion criteria were amputations due to trauma, tumors, or 
frostbite and amputations at the level of the knee, ankle, 
or hip joint. If patients underwent several amputations on 
the same leg, we only included the most recent amputa-
tion, the most proximal, and marked the patient as having 
had a previous amputation. We divided amputees into two 
groups: major LEA (below-knee amputation (BKA) and 
above-knee amputation (AKA)) and minor LEA (all ampu-
tations performed distal to ankle joint level). We compared 
patients with DM (D+) to those without DM (D-).

Statistical Methods

Linear regression analysis was conducted to establish the 
trends over the studied years. Before performing the anal-
ysis, data were adjusted for differences in age and gender 
distributions. The standard population age and gender 
distributions were obtained from the Statistical Office of 
Slovenia, as of 1st December 2020. Ages were grouped into 
buckets, each spanning five years. Per 100 000 population 
rates were computed based on population data from Janu-

ary 1st of each year.
Continuous variables were expressed as mean ± standard 
deviation (SD). Pearson’s Chi-Square test was used for test-
ing the relationships between categorical variables. T-test 
was used for testing the mean of continuous variables be-
tween groups. The level of statistical significance was set at 
P < 0.05. Statistical analysis was performed using IBM SPSS 
Statistics, v. 24 (IBM Corp, Armonk, NY).

RESULTS

Documentation of more than 3000 patients who under-
went LEA over 19 years (2001 - 2019) was reviewed. After 
exclusion criteria, 2341 patients remained in the study.  This 
study mainly focused on the population of diabetic (D+) 
versus non-diabetic patients (D); the majority, 1412/2341 
(60.32%) of enrolled patients were D+. The male/female 
ratio of our study group was 1.43 (1378/963) and was com-
parable in D+ and D- groups (Table 1). The leading indica-
tion for LEA was PAD both in D+ and D- groups. Diabetics 
(D+) were significantly younger compared to non-diabetics 
(D-) (Table1).
The incidence of LEA was increasing during the observa-
tion period. An increase of LEA was observed in D+ and D- 
groups for major as well as minor amputations (Table 2). 
Most of the performed amputations in D+ and D- groups 
were major, but minor amputations were significantly more 
common in the D+ group (Table 3). 

Table 1: Demographic Data and Indication for Lower Extremity Amputation by Diabetic Status

All patients (N=2341), No. (%) P-value

D+ (N=1412) D- (N=929)

Gender 0.658

 Male 826 (58.50) 552 (59.42)

Female 586 (41.50) 377 (40.58)

Indication 0.003

Infection 322 (22.80) 164 (17.65)

PAD 1090 (77.20) 765 (82.35)

Age at amputation, y  72 ± 11  73 ± 12 < 0.05
PAD: peripheral arterial disease; N - the total number in the group.

Table 2: Lower Extremity Amputation Rates at the Beginning of the Study (2001) and the End (2019) per 100.000 Inhabitants of Cen-
tral Slovenian Population

Year Total LEA Major LEA

 2001 16.79 (87) 12.15 (63)

 2019 23.42 (128) 16.10 (88)

Age- and gender-standardized relative change (%) +45% +35%

P-value <0.001
*population in 2001: 518,128 citizens; population in 2019: 546,314 citizens.
Relative change was computed based on the age- and gender-standardized data.
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Table 3: Level of lower extremity amputation in our study group (N=2341).

D+ (N=1412), No. (%) D- (N=929) , No. (%) P-value

Minor (TMT, SM) 613 (43.40) 149 (16.00) < 0.005

Major (AKA, BKA) 799 (56.60) 780 (84.00)

TMT: transmetatarzal amputation, SM: supramelolar, BKA: below-knee amputation, AKA: above-knee amputation

Table 4. Postoperative Complications

D+ (N=1412) , No. (%) D- (N=929) , No. (%) P-value

Wound infection 142 (10.06) 90 (9.68) 0.770

Post-operative bleeding 16 (1.13) 8 (0.86) 0.523

Wound dehiscence 31 (2.20) 18 (1.94) 0.670

Cardiovascular disease 68 (4.82) 48 (5.17) 0.702

Cerebrovascular insult 5 (0.35) 4 (0.43) 0.770

Pulmonary embolism 4 (0.28) 2 (0.22) 0.750

Deep vein thrombosis 0 0 -

Delirium 9 (0.64) 6 (0.65) 0.980

Decubitus 12 (0.85) 13 (1.40) 0.206

Death (during the operation) 0 0 -

Death (postop) 25 (1.77) 57 (6.13) < 0.05
Diabetic patients (D+) had significantly higher previous amputation rates on the same leg (475/1412; 33.6%) compared to non-diabetics 
(D-) (190/929; 20.5%) (P < 0.00001). The same holds for a previous amputation on the contralateral leg, as the incidence in the D+ group 
was 396/1412 (28.0%) compared to 118/929 (12.7%) in the D- group (P < 0.00001).  The length of hospital stay was comparable between 
the groups (17.7 days for diabetics and 15.8 days for non-diabetics; P = 0.078). 

Postoperative complications were comparable in D+ and D- 
groups, as shown in Table 4. No difference was established in 
wound infection, dehiscence, or postoperative bleeding. All 
the patients survived the operative procedure, but postopera-
tive mortality during hospitalization was significantly higher 
in the D- group (Table 4).

DISCUSSION

The global number of diabetes mellitus (DM) patients is 
rising, despite the initiatives (St. Vincent declaration, Diabe-
tes Prevention and Care Development Program 2010-2020 
preventative measures) to limit the epidemic [12, 16]. Some 
countries succeeded to lower the amputation rates; reports 
from the USA, United Kingdom, Italy, Finland, and Germany 
have confirmed a decrease of at least major amputations [6, 
13-15, 17].
Considering our results, the incidence of major and minor 
amputations in Slovenia is still increasing in both groups-in 
diabetic (D+) and non-diabetic (D-) patients alike. Our ana-
lyzed data do not provide an insight into preventive measures 
that were performed to avoid amputation, only demographic 
and medical patient data. Since the number of amputations is 
increasing, it seems that the efforts for better control of dia-
betes aimed at postponing late complications were not effec-
tive in Slovenia. It is also true that the population is aging, 
which contributes to higher morbidity rates and lower limb 
amputations. During the observation period, the percentage 
of citizens aged 65 years or more rose from 12 to 17%, and 
life expectancy has seen an increase from 74 to 80 years [18]. 
In addition, the prevalence of diabetes rose from 6.0 to 6.9%  
[18]. Even after adjusting amputation rates to age and gender, 

the incidence of major and minor amputations still increased. 
It is true, that our results do not include all amputations in 
the whole country. But UMCL is a leading hospital in the 
country and also a referral center for patients with chronic 
wounds. An increase in amputation rates shows that the pre-
ventive measures have not been (successfully) implemented. 
Our results support extant findings from the literature that 
LEA is more frequent in men and that diabetics are usually 
younger compared to non-diabetics and have a higher rate 
of minor amputations [19, 20]. According to literature, dia-
betics are younger at the onset of amputation, and amputa-
tions are more often performed at a distal level, which was 
confirmed also in our study [19-21]. Diabetics have a higher 
rate of reamputations, which raises the question of whether 
it might not be better to perform a higher amputation in the 
first place [6, 22]. In some cases, that would undoubtedly be 
the case, but on the other hand, lower amputation enables the 
patient to walk easier with a prosthesis for a limited time until 
the next amputation is unavoidable. 
In various countries, diabetes is associated with at least half 
of all LEA. Diabetics are estimated to be at an 8 to 24 times 
higher risk of LEA compared to non-diabetics [2-4, 21].  In 
our study, 1412/2341 (60.32%) of all non-traumatic and 
non-neoplasm LEA were performed in diabetics, which is 
comparable to other publications [15]. 
Although the mortality rate for diabetics with LEA is re-
ported to be high (from 18-55%), none of the patients died 
during the amputation procedure in the period which our 
study looked at [4, 6, 23, 24]. The postoperative mortality 
rate due to complications post LEA was 3.5% (82/2341) and 
mostly affected non-diabetics: 6.14% (57/929) of non-dia-
betics died and only 1.77% (25/1412) of diabetics. Most of 
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them (86%) had an above-knee amputation (AKA) and all 
had cardiovascular disease, which was a factor contributing 
to a worse prognosis. Lower amputations were more com-
mon in diabetics since this group gets amputated more often 
due to vascular complications associated with PAD and/
or infection. In non-diabetics, AKA was the most common 
(poor vascular system). Considering these findings, special 
care should be offered to the group of patients with advanced 
age and cardiovascular disease that require AKA, despite a 
negative diabetic status, as well as those with minor amputa-
tions and known diabetic foot syndrome, since these factors 
increase the likelihood of reamputation due to diabetic and/
or vascular complications. 
The length of hospital stay in our study and extant literature is 
comparable for diabetics and non-diabetics. The average hos-
pital stays at our clinic was 16 to 17 days, which is comparable 
to data from the USA (15.9 days), Australia (24.7 days), UK 
(28 days) and is shorter than in the Netherlands (42 days) 
and Spain (52 days) [2, 20, 21].
Lower limb amputation rates in the UMCL, the main Slo-
venian hospital, increased over a 19-year surveillance study. 
Reports from most countries show a decrease in LEA [13, 
14, 17, 25]. An increase in LEA has been reported in a study 
from Ireland but in a much shorter, 5-year study interval [26]. 
A diabetic foot ulcer is the most common complication in 
diabetics that leads to LEA [27]. Prevention and appropri-
ate management of diabetic foot ulcers that can lower LEA 
rates have been described [27-30]. All mentioned preventive 
measures, including patient and staff education, preventive 
foot care, protective or therapeutic shoe availability, multi-
disciplinary management of the diabetic foot ulcer, and avail-
ability of vascular interventions are available in our country. 
Considering the results of our study, preventive measures for 
LEA in Slovenia should be re-evaluated.

CONCLUSION

Despite efforts to reduce lower extremity amputations in 
diabetics, their incidence in Slovenia is increasing. Higher 
amputation rates can only partially be justified by an aging 
population and an increasing number of diabetics. Preventive 
measures for amputation amply described in the literature 
are available and implemented also in our country, but con-
sidering our results, they need to be re-evaluated. 
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