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Abstract

Aim: This study aimed at identifying factors that worsen the prognosis of diabetic foot, one of the most common complications seen in
patients with diabetes.

Materials and patients: The sample included 230 patients treated in the Department of Surgery at Kaspela University Hospital in
Plovdiv, Bulgaria, between January 2016 and May 2022. Of them, 55.65% were men, and 44.35% were women. The age of the patients
ranged from 18 to 77 years, with a mean age of 44.4+14.7 years.

Results: Diabetic foot patients of grade >4 were 1.8 times more likely to be amputated than the rest of the patients (AOR=1.6; 95% CI:
1.504, 4.683). The utilization of inappropriate antibiotics was associated with a 9.47-fold increased risk of amputation (p<0.001). Subse-
quently, type 2 DM was found to have a 3.63-fold higher risk (p=0.002), poor glycemic control posed a 3-fold increased risk (p<0.001),
a body mass index (BMI) greater than 29.5 was linked to a 2.66-fold raised risk (p=0.011), neuropathy was associated with a 2-fold
increased risk (p=0.017), and alcohol consumption was linked to a 1.96-fold higher risk (p=0.024).

Conclusion: Our results contribute to clinical practice by identifying risk factors that should be considered in the early monitoring and
education of patients with diabetes who are at risk for developing diabetic foot. To minimize the risk of developing diabetic foot ulcers,
it is critical to optimize antibiotic therapy and prioritize the advantages of adopting a healthy lifestyle, which includes making informed
dietary choices, weight management for reducing hyperglycemia, and refraining from harmful behaviors such as alcohol consumption.
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INTRODUCTION

One of the major worldwide issues facing contempo-
rary society is diabetes mellitus (DM), whose prevalence
has been constantly rising for the past few decades. The
World Health Organization reports that the number of
persons with this disease was little over 30 million in
1985. By 2019, that number had risen to 463 million, and
projections suggest that by 2050, that number would have
doubled and, in a more dire prediction, may perhaps tri-
ple.2l Diabetes is one of the leading causes of kidney
failure and blindness due to retina damage, as well as a
major factor in non-traumatic amputations of the lower
limbs. The complications of diabetes carry a serious risk
of disability and even fatal outcomes.® Diabetic foot is
one of the most frequently observed complications in
patients with DM. Usually, it begins as a diabetic ulcer,
and this is actually an initial manifestation of the diabetic
foot characterized by a lesion penetrating all layers of the
dermis, located below the level of the ankle (according to
the International Working Group on the Diabetic Foot).!
The frequency of patients hospitalized due to diabetic foot
is constantly increasing, reaching between 6% and 10%
according to international statistics, and it is considered
that the risk of developing diabetic foot in patients with
DM reaches 25-30%.°)

The most common predisposing factors for diabetic foot
are: inadequate glycemic control, mechanical or thermal
trauma to the lower limbs, increased pressure in the area
of the foot, excess weight, which is often accompanied by
metabolic syndrome, smoking, the patient’s age, as well as
the duration of the disease.(¢®!

Knowledge of the risk factors for the occurrence of a
diabetic foot is important because, despite the applied
preventive measures, many patients will develop it. In last
year’s debut of diabetes mellitus, the appearance of a dia-
betic foot due to unsolicited medical help was an important
risk factor, indicating a severe course and rapid progression
of the disease, threatening the patient’s life.l1!]

AIM

This study aimed at identifying factors that worsen the
prognosis of diabetic foot, one of the most common com-
plications seen in patients with diabetes.

MATERIALS AND METHODS

The study included patients seen in the Department of
Surgery at Kaspela University Hospital, Plovdiv, Bulgaria,
between January 2016 and May 2022. They were followed
up retrospectively, focusing on the risk factors and compli-
cations of diabetic foot. The study was conducted in accor-
dance with the Declaration of Helsinki and approved by the
Institutional Review Board of Kaspela University Hospital,

Plovdiv, Bulgaria (IRB No: 2021-01-04). Written informed
consent was obtained from the patients who were included
in the study. The severity of the diabetic foot was assessed
utilizing the Wagner!'?! classification system:

« grade 0 diabetic foot ulcer: No ulcer, but the foot is at

risk for ulceration

o grade 1 diabetic foot ulcer: Superficial ulceration

o grade 2 diabetic foot ulcer: Ulcer with deep infection,

but without involvement of the bone

o grade 3 diabetic foot ulcer: Ulcer with osteomyelitis

o grade 4 diabetic foot ulcer: Presence of localized gan-

grene on the foot

« grade 5 diabetic foot ulcer: Presence of gangrene of

the whole foot.

We conducted a variety of surgical procedures, includ-
ing necrectomy, toe amputation, transmetatarsal amputa-
tion, and Chopart amputation (all of which are currently
combined under the term minor amputation in the west-
ern literature) based on the aforementioned classification
and taking the patient’s overall health into consideration.
Unfortunately, we also had major amputations located
above the ankle joint, and in a large part of this group, am-
putations were performed at the level of the thigh, main-
ly in neglected cases with a severe septic condition and a
life-threatening soft tissue infection

Statistical analysis

The SPSS 22.0 software was used for the data analysis. The
primary variables were categorical and presented as num-
bers and percentages. The Fisher’s exact test was employed
to compare the incidence of risk factors in the patients with
and without amputation. A subsequent analysis involved
computing odds ratios, 95% confidence intervals for the
odds ratios, z-statistics, and corresponding p-values. All
statistical tests were two-tailed, and the type I error was set
at 0.05 (p<0.05).

RESULTS

The study included 230 patients who were treated in the
Department of Surgery at Kaspela University Hospital,
Plovdiv, Bulgaria, in the period from January 2016 to May
2022. Of them, 128 (55.65%) were men, and 102 (44.35%)
were women. The age of the patients ranged from 18 to 77
years, with a mean age of 44.4+14.7 years. The mean BMA
was 24.94+3.69 kg/m?, with 29.60% of the patients having a
very high BMA and 13.91% being obese. The patients were
almost equally distributed by their residence, whether ur-
ban or rural.

One hundred and sixteen (50.4%) patients had comor-
bidities, with the most common ones being arterial hyper-
tension (48.7%), retinopathy (47.76%), and neuropathy
(45.20%). Sixty (26.10%) were smokers, and 72 (33.00%)
reported using alcohol every day (Table 1).

It is crucial to initiate antibiotic therapy for diabetic foot
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Table 1. Comorbidity in our patients

Risk Factors Related to Amputation

Patient:
Variables atents %
(n)
Nephropathy 92 40.00
Neuropathy 104 45.20
Arterial hypertension 112 48.79
Co-morbidity Retinopathy 110 47.76
Vascular problems 84 36.50
Heart problems/ angina pectoris/ myocardial infraction 82 35.50
Dyslipidemia 80 34.68
Daily alcohol consumption 76 33.03
Smoking and alcohol use
Smokers 60 26.06

patients for a duration of 36-72 hours, until microbiology
results are obtained. The therapy was determined in view
of the severity of the infection as well as the likely etiologic
agent. The initial antibiotic treatment for a mild soft tissue
infection was administered for about 7 days, whereas for
moderate-to-severe cases, it lasted between 14 and 21 days.
The therapy also included low-molecular-weight heparin,
antiplatelet drugs, vasodilators, insulin, electrolytes, and IV
fluids.

Clindamycin (34.15%) was the most commonly pre-
scribed antibiotic for the treatment, followed by metroni-
dazole (26.22%) and ceftriaxone (20.12%) (Table 2).

Table 2. Antibiotics used to treat diabetic foot patients

Antibiotics Use }/;otal
Clindamycin 112 34.15
Metronidazole 86 26.22
Ceftriaxone 66 20.12
Ampicillin 18 5.49
Vancomycin 20 6.00
Gentamycin 10 3.05
Ceftazidime 8 2.44
Ciprofloxacin 6 1.83
Amoxicillin 2 0.61

Table 3. Surgical procedures and level of amputation

Conservative treatment (necrectomy) was applied in
160 (69.60%) of the patients with diabetic foot, whereas
70 (30.40%) had amputation. Of the latter, 40 (57.1%) un-
derwent minor and 30 (42.9%) major amputations. Of the
patients with major amputations, 18 (60%) were below the
knee and 12 (40%) above the knee (Table 3).

The patients who underwent amputation were com-
pared with those who were treated conservatively regard-
ing potential risk factors. The following factors showed
significantly higher proportions among the patients with
amputations: alcohol consumption (p=0.026), type 2 dia-
betes (p=0.014), neuropathy (p=0.021), obesity (p=0.013),
poor glycemic control (p=0.021), ulcers of size 1 to 5 cm?,
and inappropriate use of antibiotics (p<0.001).

On the other hand, the patients who did not need to
have amputations and were treated conservatively showed
higher proportions of those categorized with a BMI <24
(p=0.005) and ulcer wounds of size <1 cm? (p=0.021). The
remaining risk factors did not show significant differences
between the two groups (Table 4).

Odds ratios were computed based on the risk factors
that exhibited a significantly higher incidence among the
patients who had undergone amputation.

The utilization of inappropriate antibiotics was associat-
ed with a 9.47-fold increased risk of amputation (p<0.001).
Subsequently, type 2 DM was found to have a 3.63-fold
higher risk (p=0.002), poor glycemic control posed a 3-fold
increased risk (p<0.001), a body mass index (BMI) greater

Location of diabetic ulcer/gangrene ﬁr(r;op)utation :?:/: )e ctomy (sharp dissection) I()(t/aol)

Inter digital toes 18 (7.83) 44 (19.13) 62 (26.96)
Forefoot/mid foot/ hind foot 22 (9.57) 52 (22.60) 74 (32.17)
Toes 12 (5.22) 48 (20.87) 60 (26.09)
Foot dorsal part 10 (4.35) 8 (3.48) 18 (7.83)
Heel 8 (3.48) 8 (3.48) 16 (6.96)
Total 70 (30.40) 160 (69.60) 230 (100%)
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Table 4. Comparison of the patients with and without amputations on potential risk factors

Amputation
Potential risk factors YES NO p-value
n (%) n (%)
. Rural 34 (29.81) 80 (50.00)
Residence 0.842
Urban 36 (31.00) 80 (68.90)
. Male 38 (54.30) 90 (56.25)
Patients sex 0.885
Female 32 (45.70) 70 (43.75)
. Yes 34 (48.60) 52 (32.50)
Alcohol consumption 0.026
No 44 (51.40) 108 (67.50)
. Yes 24 (34.00) 36 (22.50)
Smoking count 0.073
No 46 (66.00) 124 (77.50)
Y 32 (45.70 72 (45.00
Ulcer/Wound before . ( ) ( : 1.000
No 38 (54.30) 94 (55.00)
Type 2 DM 46 (66.00 76 (47.50
Diabetes type ype ( ) ( : 0.014
Type 1 DM 24 (34.00) 84 (52.50)
. , Yes 32 (45.70) 80 (50.00)
Arterial hypertension 0.569
No 38 (54.30) 80 (50.00)
Ye 28 (40.00 54 (33.70
Ischemic heart disease s ( ) ( ) 0.373
No 42 (60.00) 106 (66.30)
.. . Yes 26 (37.00) 54 (33.70)
Dyslipidemia 0.653
No 44 (63.00) 106 (66.30)
. Yes 34 (48.50) 76 (47.50)
Retinopathy 0.887
No 36 (51.50) 84 (52.50)
Yes 40 (57.00) 64 (40.00)
Neuropathy 0.021*
No 30 (43.00) 96 (60.00)
Yes 18 (25.70 36 (22.50
Coronary heart disease ( ) ( ) 0.615
No 52 (74.30) 124 (77.50)
Yes 26 (37.00 58 (36.00
Peripheral vascular disease ( ) ( ) 1.000
No 44 (63.00) 102 (64.00)
<24 30 (42.00) 100 (62.50) 0.005
Body mass index 24.5-29.5 24 (35.00) 44 (27.50) 0.347
>29.5 16 (23.00) 16 (10.00) 0.013
. Poor 40 (57.00) 64 (40.00)
Glycemic Control 0.021
Good 28 (43.00) 96 (60.00)
<5 years 28 (40.00) 56 (35.00) 0.552
Duration of diabetes 5-10 years 28 (40.00) 66 (41.00) 0.885
> 10 years 14 (20.00) 38 (24.00) 0.609
<1 cm? 32 (46.00) 100 (63.00) 0.021
Size of ulcer (wound) 1-5 cm? 22 (31.00) 30 (18.50) 0.040
>5 cm? 16 (23.00) 30 (18.50) 0.475
Antibiotics Inappropriate 44 (63.00) 36 (23.00) <0.001

than 29.5 was linked to a 2.66-fold raised risk (p=0.011),
neuropathy was associated with a 2-fold increased risk
(p=0.017), and alcohol consumption was linked to a 1.96-
fold higher risk (p=0.024) (Table 5).

DISCUSSION

Many authors tried to evaluate the predictive value for
amputation of the Wagner ulcer classification.'>! In our

study, patients with a Wagner score of >3 had a 1.5-fold
higher risk of amputation than the others with a lower
score. This result was consistent with multiple trials and
meta-analyses worldwide.[141]

Most of our patients with advanced Wagner grade (3-5)
usually had poorly managed diabetes, severe neuropathy,
and peripheral vasculopathy.'>!¢l In our study, diabet-
ic neuropathy and vasculopathy were seen more in cases
with increased HbAlc, advanced age, increased blood
sugar levels, and duration of diabetes, all of which are in-
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Table 5. Factors showing increased risk for amputation

Risk Factors Related to Amputation

Risk factors ;);/zlscrlatlo z statistic p-value
Inappropriate antibiotics 9.47;4.79 to 18.73 6.46 <0.001
Type 2 DM 3.63;1.85t07.12 3.75 <0.001
Poor glycemic control 3.00; 1.60 to 5.59 3.45 <0.001
BMI >29.5 2.66;1.24 to 5.70 2.53 0.011
Neuropathy 2.00; 1.13 to 3.53 2.38 0.017
Alcohol consumption 1.96; 1.10 to 3.48 2.30 0.024

creasing the amputation risk. Farooque et al. reported that
26.1% of their patients showed foot ulcerations with ne-
phropathy, which was considered another predictive fac-
tor of amputation in diabetic foot patients.!'”]

In our study, neuropathy increased the risk of amputa-
tion more than 1.5 times, and this result is in agreement
with Manada et al.'8! Peripheral arterial disease and arte-
rial insufficiency usually result in prolonged healing when
ulceration develops, increasing the significantly increased
risk of amputation.'”) Additionally, attempts to control
bacterial infections will be impaired due to the impossi-
bility of delivering antibiotics to the infection site. There-
fore, early recognition and aggressive treatment of lower
extremity ischemia are vital to lowering limb salvage.l20-2

The most commonly prescribed antibiotics in our study
patients were clindamycin (34.1%), followed by metroni-
dazole (26.2%) and ceftriaxone (20.1%). A study by Selva
et al. found that the most commonly used antibiotics were
clindamycin and ciprofloxacin.??! However, in a Swedish
study, metronidazole (56%) and ciprofloxacin (54%) were
the most commonly used, followed by flucloxacillin (40%)
and cefadroxil (31%). Additionally, Chismann et al. also
showed that the most commonly prescribed antibiotic
therapy included semi-synthetic penicillin and third-gen-
eration cephalosporins or fluoroquinolones.'?*! The variety
of prescribed antibiotics can be attributed to differences in
the bacterial agents, patients’ conditions, the availability
of the drugs, and the personal preference of the physicians.

The outcome of diabetic foot patients was associated
with antibiotics given for the treatment of diabetic foot
infections. Patients with empiric inappropriate antibiotic
therapy showed two times more risk of being amputated.
Our result was in agreement with the UK study, in which
the amputation rate dropped from about 70% to about
30% with appropriate antibiotic therapy.?# In our study,
more than 3/4 of the antibiotics were prescribed appropri-
ately. Inappropriate antibiotic treatment increases the risk
of developing resistant pathogens.?”)

The duration of diabetes prior to its appearance does
not affect the outcome of diabetic foot ulcers. Previous
studies from Germany, Pakistan, and the UK have demon-
strated the inhibiting effects of diabetes on wound heal-
ing, but the duration of the disease is not as important as
overall blood glucose control (which was not looked at in
this study).26:27]

Of our diabetic foot patients, 30.43% were amputated.
Of them, 57.14% had minor amputations, and 42.86% had
major amputations. These results are in accordance with
those of other authors worldwide, such as Acar et al.l?®!
and Kow et al.l?! There are also studies that show a lower
rate of amputations caused by diabetes.**3!l Perhaps the
variations in the standard of care for diabetic feet and the
challenge of establishing precise standards for major and
minor amputations contributed to these disparities.?!
This disparity may also be attributable to individual choic-
es. Some individuals hold the view that amputation is pref-
erable to death, particularly in less developed nations, and
they are vehemently opposed to the procedure. Conse-
quently, it follows that the incidence of amputations would
be lower in these countries.

The study’s findings hold practical significance as they
have the potential to inform clinical practice and contrib-
ute to related research. The absence of antibiotic therapy
guidelines for patients with diabetic foot complications
in our country is one of the limitations. Consequently, we
typically initiate empiric treatment in our clinic on the
basis of our experience. Another constraint is that the fol-
low-up was conducted by telephone, which may reduce the
reliability of the data.

CONCLUSIONS

According to our results, overweight, uncontrolled diabetes,
neuropathy, inappropriate antibiotic treatment, alcohol con-
sumption and advanced grades of diabetic foot ulcers were
important factors that predicted a high risk for amputation
in diabetic foot patients. Comprehension of their impact on
amputations is necessary to create risk assessment, manage-
ment, and treatment protocols for diabetic foot patients.
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daKTopbl PUCKa, CBA3aHHbIE C aMNyTaLuei
y NauMeHToB ¢ AnabeTUUYecKol CTonoii:
pe3ynbTaTtbl OAHOIO LLeHTpa

Tanuo Kocros!?, Mnagen [loiiko>4, Boxxumap Xpucros>®, leopru Amanues’, Kpacumup Kpaes?,
Tauuen Noitkos®, Enyapn Tunkusu®, Jlw6ocnas Iumos! %!, Pocen [Tnumos!?

! Kagpedpa cneyuanusuposantoii xupypeuu, Paxynvmem meduyunol, Meduvurcruii ynusepcumem — I1nosous, Ilnosous, Boneapus

2 Kagpeopa xupypeuu, YMBAJI ,Kacnena®, [Inoeous, Boneapus

3 Kagpedpa yponozuu u o6uieii meduyunol, Paxynomem meduyurv, Meduyunckuil ynusepcumem — I1noe0us, I1nosous, boneapus

4 Omaenenue yponozuu, YMBAJI ,,Kacnena’; ITnoedus, boneapust

5 Cexuyus eacmposrmeponozuu, Bmopas kagedpa enympennux onesteil, Paxynvmem medununv, Meduvurckuil ynusepcumem - I1nosous, I1n060us,
Bonzapus

¢ Omdenenue 2acmpoarmeponozuu, YMBAJI ,Kacnena®; IInoedus, boneapus

7 Kagpedpa axywepcmea u zurexonozuu, Paxynvmem meduyunol, Meduvyurckuil ynusepcumem — I1nosous, Ilnosous, boneapus

8 Bmopas kagedpa ernympennux 6onesneil, Qaxynvmem meduvunvl, Meduyunciuil ynueepcumem — I1nosous, I1nosous, Bonzapus

¥ Cexuyus Hepponoeuu, Bmopas xadedpa erympenrux 6onesneil, axynomem meduyunvt, Meduyunckuii ynusepcumem — I1noe0us, I1noeous, boneapus

10 Kagpedpa andokpuronozuu, Paxynvmem medurutvt, Meduyurckuil ynusepcumem — IInoeous, Ilnosous, boneapus

T Omoenenue andoxpuronozuu, YMBAJI ,,Kacnena'; I1nosdus, boneapus

Aapec ans koppecnoHgeurum: Tando Kocros, Oraenenne xupyprun, YMBAJI ,Kacnena®, yi. ,Codusa“ Ne 64, ITnosaus, Bonrapus; E-mail:
caspela@abv.bg; Ter.: 0895762972

[Jara nonyyeHus: 9 uions 2024 r. ¢ [lata npueMku: 1 okrsa6ps 2024 r. ¢ flata nyonukaumm: 31 okrsa6ps 2024 r.

O6pasel, yutuposaHus: Kostov G, Doykov M, Hristov B, Amaliev G, Kraev K, Doykov D, Tilkiyan E, Dimov L, Dimov R. Risk factors
related to amputation in diabetic foot patients: single center outcomes. Folia Med (Plovdiv) 2024;66(5):629-636. doi: 10.3897/folmed.66.
el31632.

Pe3rome

U.enl/l: Hef[b}() JAHHOTO UCC/IEA0OBAHNA 6bI/I0 BBISB/IEHIIE (baKTOpOB, YXYyALIAOINX IIPOTrHO3 I[I/[a6€TI/I‘{€CKOI7[ CTOIIbI, OMTHOI'O U3 Haubo-
ee pacr[pocrpaﬂél—mblx OCJIO>KHEHUIA, Ha6}'IIOI[a€MbIX Yy NaME€HTOB C JII/Ia6eTOM.

Matepuanb! u nayneHTbl: Beibopka Bxiodana 230 MaiyeHToB, IPOXOANBIINX JIeYeH)e B XMPYPrUUecKOM OTAe/ICHNN YHIBEPCUTET-
ckoit 6onbHNLEI ,,Kacrena® B ITnosause, Bonrapus, B neproz ¢ suBaps 2016 roga o mait 2022 roga. VI3 HUxX 55.65% ObUIN My)XYMHAMUI
u 44.35% >xeHIIMHaMK. BospacT nanyueHToB BapbupoBancs oT 18 1o 77 net, cpefHnit Bo3pacT cocTaBui 44.4+14.7 ropa.

Pesynbrarbl: [TanuenTs! ¢ AabeTndecKoil CTOION = 4 cTereHy Menit B 1.8 pasa 60/bIIIYI0 BepOATHOCTb AMITYTALNH, YeM OCTA/IbHbIE
manyentsl (AOR=1.6; 95% CI: 1.504, 4.683). Vicronb3oBaHIe HEIOAXOMSAIINX aHTHOMOTUKOB ObIIO CBA3aHO C 9.47-KPaTHBIM YBe/IN-
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YyeHyeM pucka ammyranuu (p<0.001). Briocnencrsum 6110 o6HapyxeHo, uto CJI 2 Tuma umMeeT B 3.63 pasa 6oree BHICOKNUIT pUCK (p
= 0.002), m10X0il IIMKEMUYECKUIT KOHTPO/Ib IIPEACTaBIIAeT cO00il 3-KPaTHBII HMOBBILIEHHBI pucK (p < 0.001), MHAEKC Macchl Tea
(VIMT) 6oree 29.5 6b11 cBsA3aH € 2.66-KpaTHBIM IOBbIIIEHHBIM pycKoM (p = 0.011), HeBpomatys 6blTa CBA3aHa C 2-KPATHBIM IIOBBIIIEH-
HBIM puckoM (p = 0.017), a ynoTpebyeHme anKoross ObI0 CBA3aHO ¢ 1.96-KpaTHBIM MOBBIIIEHHBIM prcKoM (p = 0.024).

3akntoueHve: Haum pe3ynbTaTbl BHOCAT BK/IAJl B K/IMHIYECKYIO IPAKTUKY, Opee/saa GaKTopbl pUCKa, KOTOPbIE C/Ie[yeT YIUThIBATD
[PV paHHeM MOHUTOPHHTe U 00y4eHIN IALVEHTOB C AuabeToM, KOTOPbIe IIOBEPIKEHBI PIUCKY PasBUTIS fUabeTIdecKolt cTombl. Uto-
6Bl MUHIMI3MPOBATh PUCK Pa3BUTI ANAOETHUECKIUX 3B CTOIBI, KPaliHe BAXXHO ONTUMU3NPOBATb AHTUOAKTEPUATbHYIO TePAIIMIO 1
PacCTaBUTb IIPHOPUTETHI IPEVMYILeCTB IPUHATISA 3[OPOBOro 06pasa >XU3HM, KOTOPBIIT BK/IIOYAET B Ce0s1 0CO3HAHHbII BBIOOD AMETHL,
KOHTPOJIb Beca J/I CHVDKEHMA TMIEePITIMKEMUN U BO3JiepXKaHNe OT BPEJHOTO MOBEIEHN A, TAKOTO KaK yIoTpeb/IeHNe alKOrOJIA.

KnwoueBble cnoBsa

JII/Ia6€TI/I‘IECKaH CTOIIa, A3Ba CTOIbI, aMITy TallisA CTOIIbI, CI)aKTOPbI pucka
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