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The human foot is a masterpiece of 
engineering and a work of art. 
-Leonardo da Vinci 
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ABSTRACT 

Diabetes and its complications in the lower extremity are an increasing burden 
that causes individual suffering for the patient and challenges and increased costs 
to the healthcare system in the form of high morbidity and mortality. Diabetes 
causes changes in lower extremity tissues, leading to the formation of diabetic 
foot. Diabetic foot is prone to recurrent ulceration and infections that further 
predispose to lower extremity amputation (LEA). LEA is a pivotal moment in 
the patient’s life and often leads to physical and psychosocial impairment and 
premature death. This dissertation aimed primarily to evaluate the rates of LEA 
nationally in the general population and regionally in patients with diabetes. 
Secondly, the dissertation aimed to investigate the outcomes of patients after 
diabetic foot infection (DFI) and LEA and to identify the causative pathogens of 
DFI. 

The rate of amputations was evaluated in three cohorts. First, Study I 
compared cohorts of patients hospitalised due to DFI before (years 2006-7, 
n=124) and after (years 2013-14, n=148) the initiation of a dedicated wound 
centre (in 2012) at Tampere University Hospital (TAUH). A significant decrease 
in the rate of below knee amputations (BKA) from 25.8% (n=32) in 2006-7 to 
9.5% (n=14) in 2013-14 was observed. Second, patients with diabetes undergoing 
LEA (n=1081) between 2008-19 were evaluated in Study V. The number of BKA 
as index amputation (first amputation) decreased by 40% from 20 in 2008 to 12 
in 2019, while a 73% increase was identified in both below ankle (BAA, from 41 
to 71) and above knee (AKA, from 11 to 19) amputations. Third, data on all 
LEAs performed in Finland between 1997 and 2018 were obtained from the 
National Hospital Discharge Register in Study IV. The incidence of BKA 
decreased by 46.2% (from 13 to 7 per 100 000 person-years), while BAA 
increased by 104.3% (from 23 to 47 per 100 000 person-years) and AKA 
remained unchanged (16 per 100 000 person years). Crude and index minor-
major ratios increased from 1.33 (95%CI 1.23-1.44) and 1.13 (95%CI 1.03-1.24) 
in 2008 to 1.93 (95%CI 1.79-2.08) and 1.49 (95%CI 1.36-1.62) in 2018, 
respectively. 
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During the years 1997-2018, endovascular revascularisations increased 
exponentially (14-21 fold), which may have contributed to the increase in minor-
major ratios (Study IV). In addition, the percentage of patients undergoing LEA 
without prior revascularisation decreased between 2009 and 2018. However, no 
significant difference was observed in frequencies of vascular surgeon 
consultations or revascularisations between the two cohorts of DFI in Study I. 
This indicates that other factors, such as the dedicated wound centre, have 
contributed to the observed outcomes. 

Study I evaluated the outcomes for patients hospitalised due to DFI. Overall 
survival (OS) after DFI during one and five years was 81.2% (95%CI 77.5-84.9%) 
and 49.7% (95%CI 44.8-54.6%), respectively. Major amputation was the most 
significant risk factor (HR 6.673, 95%CI 2.836-15.700) for OS. After major 
amputation, OS was 41.7% (95%CI 13.9-69.5%) after one and 8.3% (95%CI 0.0-
24.0%) after five years. Other factors reducing OS included higher age, wound 
ischaemia and lower glomerular filtration rate (GFR). Major amputation-free 
survival (MAFS) was reduced by age, wound ischaemia and higher CRP. In 
addition, antihypertensive medication was associated with improved MAFS. 
Revascularisation improved MAFS in patients with ischaemic DFI (p<0.05). 
(Study III)  

After initiation of a dedicated wound centre, the median time interval from 
admission to first surgical intervention reduced from 5 to 2 (p<0.05). In addition, 
there was indication of decreased length of hospitalisation (median 7 vs. 6, 
p=0.120). No significant change was observed in time interval from admission 
to vascular surgeon consultations. 

Outcome was also evaluated for patients with diabetes who underwent LEA 
in Study V. OS after LEA during one and five years was 75.8% (95%CI 73.3-
78.3) and 38.3% (95%CI 34.7-41.7), respectively. Higher index amputation level 
decreased OS, while multiple amputations associated with improved OS. Higher 
age, peripheral artery disease and lower GFR reduced both OS and MAFS. In 
addition, dyslipidaemia and hypertension were associated with improved OS. 

In Study II, bacterial culture data on patients hospitalised due to DFI at 
TAUH were analysed. In tissue cultures, Staphylococcus aureus (SA) was the 
most frequent gram positive cocci (34.8%, n=72), followed by streptococcus 
betahaemolyticus (BHS, 18.4%, n=38). The percentage of gram negative bacilli 
(GNB) was 23.2% (n=48). SA and BHS were the most common causative 
pathogens of bacteraemia (each 32.1%, n=9). GNB was significantly more 
frequent in ischaemic infection than in nonischaemic infection (40.3% vs. 21.3%, 
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p<0.05). Superficial swab culture had 91.8-92.9 specificity and 66.7-87.5% 
sensitivity compared to tissue culture. 

In conclusion, the overall incidence of LEA is increasing due to the rising 
numbers of BAA. In contrast, the incidence of BKA seems to be decreasing. The 
outcome after DFI and especially major amputation is poor. BAA is associated 
with improved prognosis (compared to BKA and AKA) and should be preferred 
when feasible. In addition, chronic limb threating ischaemia is a serious 
comorbidity and should be swiftly diagnosed and treated in DFI. The causative 
pathogens in patients treated at TAUH are congruent with most of the European 
data that advocate selecting the antibiotic treatment of DFI according to 
international guidelines.
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TIIVISTELMÄ 

Diabetes on nopeasti lisääntyvä sairaus. Siitä aiheutuneet jalkaongelmat 
aiheuttavat potilaille elämänlaadun ja toimintakyvyn alenemista sekä 
sairastavuuden ja kuolleisuuden lisääntymistä. Diabetes vaurioittaa alaraajan 
kudoksia aiheuttaen diabeetikolle moninaisia jalkaongelmia. Diabeetikon jalka on 
altis toistuville haavautumisille ja infektioille, joiden seurauksena voidaan 
pahimmillaan joutua tekemään alaraaja-amputaatio. Amputaatio on merkittävä 
käännekohta diabetesta sairastavan potilaan elämässä, ja alentaa sekä fyysistä että 
psykososiaalista toimintakykyä ja altistaa ennenaikaiselle kuolemalle. Tämän 
väitöskirjan ensisijainen tavoite oli tutkia alaraaja-amputaatioiden määriä 
väestötasolla valtakunnallisesti ja diabetesta sairastavien osalta alueellisesti. 
Lisäksi tavoitteena oli tutkia potilaan ennustetta diabeettisen jalkainfektion ja 
amputaation jälkeen, sekä selvittää alueellisesti infektion yleisimmät 
aiheuttajabakteerit. 

Alaraaja-amputaatioiden määriä tutkittiin kolmessa eri potilasryhmässä. 
Ensiksi Osatyössä I verrattiin sairaalahoitoisen diabeettisen jalkainfektion 
Tampereen Yliopistollisessa Sairaalassa (Tays) sairastaneiden potilaiden 
kohortteja ennen (vuodet 2006-7, n=124) moniammatillisen haavaosaston 
perustamista (vuonna 2012) ja sen jälkeen (vuodet 2013-4, n=148). 
Sääriamputaatioiden määrä väheni merkittävästi 25.8 prosentista (n=32) vuosina 
2006-7 9.5 prosenttiin (n=14) vuosina 2013-4. Toiseksi, osatyössä V tutkittiin 
diabetesta sairastavia potilaita, joille tehtiin alaraaja-amputaatio (n=1081) vuosina 
2008-2019 Tays:ssa. Potilaiden määrä, joille tehtiin sääriamputaatio ensimmäisenä 
amputaationa väheni tutkimusaikana 40%, ollen 20 vuonna 2008 ja 12 vuonna 
2019. Samaan aikaan havaittiin 73% nousu  jalkaterän alueen amputaatioissa (41 
vs. 71) ja reisiamputaatioissa (11  vs. 19) amputaatioissa. Kolmanneksi, osatyössä 
IV kerättiin kansallisesta hoitoilmoitusrekisteristä Suomessa tehdyt amputaatiot 
vuosilta 1997-2018. Sääriamputaatioiden ilmaantuvuus väheni 46.2% (13 vs. 7 per 
100 000 henkilövuotta), kun taas jalkaterän alueen amputaatiot lisääntyivät 
104.3% (23 vs. 47 per 100 000 henkilövuotta) ja reisiamputaatoiden 
ilmaantuvuudessa ei tapahtunut muutosta (16 per 100 000 henkilövuotta). 
Kaikkien ja ensimmäisten nilkan ala- ja yläpuolelta tehtyjen amputaatioiden suhde 
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nousi vuoden 2008 (1.33, 95%CI 1.23-1.44 ja 1.13, 95%CI 1.03-1.24) vuoden 
2018 (1.93, 95%CI 1.79-2.08 ja 1.49, 95%CI 1.36-1.62) välillä.  

Osatyössä IV havaittiin valtimonsisäisten pallolaajennusten määrän kasvaneen 
eksponentiaalisesti (14-21 kertaiseksi) vuosien 1997 ja 2018 välillä, mikä suurelta 
osin aiheuttaa nilkan ala- ja yläpuolelta tehtyjen amputaatioiden suhteiden 
nousun. Lisäksi ilman edeltävää valtimoverenkierron korjausta alaraaja-
amputaatioon joutuvien potilaiden määrä väheni vuosien 2009 ja 2018 välillä. 
Toisaalta osatyössä I verisuonikirurgin konsultaatioiden tai 
valtimotoimenpiteiden määrissä ei havaittu eroa verrattaessa kahta diabeettisen 
jalkainfektion sairastaneiden potilaiden kohorttia. Näin ollen voidaan olettaa 
muiden tekijöiden (esim. moniammatillinen haavaosasto) vaikuttaneen 
havaittuun muutokseen amputaatiomäärissä. 

Osatyössä III tutkittiin hoidon tuloksia ja potilaan ennustetta sairaalahoitoa 
vaatineen diabeettisen jalkainfektion jälkeen. Elossa oli yhden ja viiden vuoden 
jälkeen 81.2% (95%CI 77.5-84.9%) ja 49.7% (95%CI 44.8-54.6%) potilaista. 
Nilkan yläpuolinen amputaatio oli merkittävin riskitekijä kuolemalle (HR 6.673, 
95%CI 2.836-15.700). Nilkan yläpuolisen amputaation jälkeen elossa oli yhden ja 
viiden vuoden jälkeen 41.7% (95%CI 13.9-69.5%) ja 8.3% (95%CI 0.0-24.0%) 
potilaista. Ikä, alaraajaiskemia ja alentunut munuaistoiminta olivat kuoleman 
riskitekijöitä. Elossa oloa ilman nilkan yläpuolista amputaatiota (major 
amputation-free survival, MAFS) heikensivät ikä, haavaiskemia ja korkea 
tulehdusarvo. Verenpainetta alentava lääkitys liittyi parempaan MAFS:n. 
Iskeemistä infektiota sairastavilla potilailla revaskularisaatio paransi MAFS:a 
merkittävästi (p<0.05). Osatyössä I todettiin moniammatillisen haavaosaston 
toiminnan alkamisen jälkeen sairaalaan tulon ja ensimmäisen kirurgisen 
toimenpiteen välin lyhentyneen merkittävästi (mediaani 5 vs. 2 päivää, p<0.05). 
Lisäksi todettiin hoitojakson mahdollinen lyheneminen (mediaani 7 vs. 6 päivää, 
p=0.120). Aika sairaalaan tulosta verisuonikirurgin konsultaatioon ei 
merkittävästi muuttunut. 

Osatyössä V tutkittiin diabetesta sairastavien potilaiden selviämistä alaraaja-
amputaation jälkeen. Yhden ja viiden vuoden jälkeen elossa oli 75.8% (95%CI 
73.3-78.3) ja 38.3% (95%CI 34.7-41.7) potilaista. Nilkan yläpuolinen amputaatio 
lisäsi kuoleman riskiä, kun taas useampi amputaatio liittyi parempaan 
selvitymiseen. Ikä, ahtauttava ääreisvaltimotauti ja alentunut munuaistoiminta 
lisäsivät sekä kuoleman riskiä, että heikensivät MAFS:a. Lisäksi verepainetauti ja 
rasva-aineenvaihdunnan häiriö liittyivät pienempään kuolleisuuteen.  
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Sairaalassa diabeettisen jalkainfektion vuoksi hoidettujen potilaiden 
bakteeriviljelylöydökset analysoitiin osatyössä III. Staphylococcus aureus (SA) oli 
kudosnäytteissä yleisin grampositiivinen bakteeri (34.8%, n=72) ja toiseksi yleisin 
oli beetahemolyyttinen streptokokki (Streptococcus haemolyticus, BHS, 18.4%, 
n=38). Gramnegatiivisten bakteerien (Gram negative bacilli, GNB) osuus oli 
23.2% (n=48). SA ja BHS olivat yleisimmät veressä kasvaneet bakteerit 
(kumpikin 32.1%, n=9). GNB oli merkittävästi yleisempi iskeemisessä infektiossa 
(40.3% vs. 21.3%, p<0.05). Pinnallisen pumpulitikkunäyteen tarkkuus oli 91.8-
92.9% ja herkkyys oli 66.7-87.5% verrattuna syvään kudospalanäytteeseen.  

Yhteenvetona voidaan todeta, että alaraajan (erityisesti jalkaterän alueen) 
amputaatioiden kokonaismäärä on diabeetikoilla lisääntynyt. Sääriamputaatioiden 
määrä on vähentynyt valtakunnallisesti kaikilla potilailla ja myös diabeettisen 
jalkainfektion vuoksi hoidetuilla potilailla. Diabetesta sairastavan potilaan 
ennuste jalkainfektion ja erityisesti nilkan yläpuolisen amputaation jälkeen on 
edelleen heikko. Jalkaterän alueen amputaation jälkeen ennuste on parempi 
verrattuna nilkan yläpuoliseen amputaatioon ja jalan säästämisen tulisi olla 
ensisijainen tavoite aina kun se on mahdollista. Lisäksi krooninen raajaa uhkaava 
iskemia on vakava liitännäissairaus, jonka tehokas tunnistaminen ja hoito on 
tärkeää diabeettisen jalkainfektion hoidossa. Infektion aiheuttajabakteerit 
Tays:ssa ovat yhteneväiset valtaosan muun Euroopasta julkaistun tiedon kanssa 
ja näin ollen antibioottihoidossa on perusteltua noudattaa kansainvälisten 
hoitosuositusten ohjeistuksia. 
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1 INTRODUCTION 

Diabetes is considered to be one of the fastest growing global health emergencies 
of the 21st century (International Diabetes Federation, 2019). Diabetes causes 
complications in multiple organs of the body and these complications are 
estimated to be the cause of 50% of the costs involved in treating diabetes (Driver 
et al., 2010). Lower extremity complications present themselves as the diabetic 
foot. 

Diabetic foot is associated with peripheral neuropathy (PN), peripheral artery 
disease (PAD) and deformities that are the main cause of the development of 
diabetic foot ulcer (DFU) (Cavanagh et al., 2005; Cowley et al., 2008). Moreover, 
over 30% of the costs of treating diabetes is the result of DFU. DFU is often a 
recurrent problem that eventually leads to diabetic foot infections (DFI) and 
lower extremity amputations (LEA) (Armstrong et al., 2017). 

DFI is one of the most common diabetes-related complications requiring 
hospitalisation. At the moment of admission, infection is present in 58% of all 
new DFUs (Prompers et al., 2007). Depending on the severity, DFI may be 
treated with oral medication in an outpatient setting, or it may require urgent 
surgery and broad spectrum intravenous antimicrobial treatment. In most cases, 
antimicrobial treatment is initiated empirically and knowledge of the regional 
causative pathogens of DFI is therefore crucial. Since these are common 
infections, limiting the spectrum and duration of antimicrobial therapy to the 
minimal effective option is essential, according to the principles of antibiotic 
stewardship (Uçkay et al., 2019). In contrast, the result of unsuccessful infection 
management may be the loss of a limb or even the death of the patient (Salim, 
2021). Finding a balance between the principles of antibiotic stewardship and 
potentially fatal infection highlights the challenges faced in treating these patients 
and the pivotal role foot infection plays in the lives of patients with diabetes. 

Lower extremity amputation (LEA) is a serious endpoint for complications in 
diabetic foot. Moreover, LEA can be considered a sign of the final stages of 
diabetes and peripheral artery disease (PAD), and it is often preceded by DFU 
(Jupiter et al., 2016). On the other hand, DFU and LEA seem to be individual 
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factors related to increased mortality (Armstrong et al., 2020). In addition, LEA 
and especially major amputation cause significant physical and psychosocial 
impairment (E. J. Peters et al., 2001). Indeed, some patients with diabetes fear 
major amputation even more than they do death (Wukich et al., 2018). Therefore, 
aggressive strategies of limb salvage are well-founded and major amputation-free 
survival (MAFS) should be considered an equally as important outcome as overall 
survival (OS). 

The primary aim of this dissertation was to evaluate national and regional rates 
of LEA in the general and diabetic populations. A secondary aim was to 
investigate the outcomes of patients with diabetes after DFI or LEA and to 
observe the causative pathogens of DFI. 
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2 REVIEW OF THE LITERATURE 

2.1 Overview of diabetes mellitus 

2.1.1 Definition 

The World Health Organization (WHO) describes diabetes as a chronic, 
metabolic disease characterised by elevated levels of blood glucose, which leads 
over time to serious damage to the heart, blood vessels, eyes, kidneys and 
nerves.” (World Health Organization, 2021). Diagnosis of diabetes is based on 
plasma glucose or glycated haemoglobin (HbA1c) measurements. The diagnostic 
criteria of diabetes are presented in Table 1 (American Diabetes Association, 
2021). 

Table 1. Diagnostic criteria of diabetes according to the American Diabetes Association. 

Two abnormal test 
results from the same 
sample or two different 
samples 

Fasting (8 hour) plasma glucose ≥ 7.0 mmol/l 

Two-hour plasma glucose (oral glucose tolerance test) ≥ 11.1 mmol/l 

HbA1c ≥ 48 mmol/mol 

Symptoms of hyperglycaemia* or hyperglycaemic crisis 

*typical symptoms: excessive thirst, blurred vision, bedwetting, frequent urination, fatigue, constant hunger, 
sudden weight loss 
HbA1c=glycated haemoglobin 

Generally, diabetes can be classified as type 1, type 2, specific types and 
gestational diabetes mellitus (American Diabetes Association, 2021). The most 
prevalent type is type 2 diabetes, which accounts for around 90% of cases 
worldwide. Type 2 diabetes is caused by the impaired response of cells to insulin, 
called insulin resistance. In contrast, type 1 diabetes is caused by a lack of insulin 
due to an autoimmune reaction against insulin-producing beta-cells. Type 1 is the 
most common form of diabetes among children. Specific types is a group 
including various diseases, including maturity onset diabetes of the young, drug 
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or chemical-induced diabetes or exocrine pancreas (due to, e.g., pancreatitis). 
Gestational diabetes means that the disease appears during the 2nd or 3rd 
trimester of pregnancy. (International Diabetes Federation, 2019.) 

2.1.2 Epidemiology 

Globally, the prevalence of diabetes among adults (20-79 years) is highest in 
North America and the Caribbean (13.3%) and the Middle East and North Africa 
(12.8%). The lowest prevalence is in sub-Saharan Africa (3.9%). In spite of 
having the lowest prevalence, the proportion of deaths related to diabetes 
occurring in individuals younger than 60 years in Africa is the highest in the world 
(73.1%). In Europe, the prevalence of diabetes is 8.9% and the proportion of 
deaths in the population younger that 60 is the lowest globally (31.4%). In 
contrast, among children 14 years or younger, the number of type 1 diabetes is 
the highest in Europe (n=162 600), comprising 27% of all cases globally (n=600 
900). Actually, Finland is the country associated with the highest incidence rate 
(62.3 per 100 000 population per year) of diabetes type 1. (International Diabetes 
Federation, 2019.) 

In Finland, the prevalence of diabetes is among the highest in Europe and it 
is still increasing (Figure 1). Registry-based data in the FinDM project shows 
numbers increasing between the years 2000-2017 (Arffman, 2000). The national 
FinHealth 2017 survey of the Finnish population estimated that 429 000 
individuals in Finland suffer from diabetes (Finhealth, 2018). In addition, the 
number of reimbursements for diabetes medical expenses paid by KELA 
(Finnish social insurance institution) demonstrate an increasing trend during the 
years 2008-2019 (Kelasto, 2021). Data on these estimates are summarized in 
Figure 1. 
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Figure 1. Estimates of the prevalence of diabetes in Finland. Blue line: FinDM study (Arffman, 
2000), red line: KELA reimbursements (Kelasto, 2021), purple dot: FinHealth survey 
(Finhealth, 2018).

2.1.3 Life expectancy

Traditionally, diabetes has been associated with worse life expectancy of up to 8 
years compared to the non-diabetic population (Gu et al., 1998). At the beginning 
of the millennia, diabetes was estimated to be the fifth leading cause of death 
globally and attributable to 5.2% of all cases of mortality (Roglic et al., 2005). 
With the increasing number of people with diabetes, mortality is expected to 
increase further. Indeed, mortality attributable to diabetes was recently estimated 
to be 11.3% (Saeedi et al., 2020). In 2010, an estimation was made that stated that 
life expectancy will be reduced by more than 20 years in individuals with diabetes 
type 1 and by up to 10 years in individuals with diabetes type 2 (Diabetes UK, 
2010). In contrast, a recent nationwide study in Bulgaria observed a similar life
expectancy for non-diabetic and diabetes type 2 populations and only a 5-year 
reduction in life expectancy for individuals with diabetes type 1 (Tachkov et al., 
2020). This indicates that efforts to improve disease control and prevent 
complications have improved patient outcomes.
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2.1.4 Complications of diabetes 

Diabetes causes severe acute and chronic complications. Complications increase 
morbidity, mortality and the healthcare costs of patients with diabetes. According 
to estimations in the US, chronic complications are responsible for 50% of the 
overall costs of the treatment of diabetes and 33% are related to DFU (American 
Diabetes Association, 2008; Driver et al., 2010). Half of these expenses are 
caused by the hospitalisation of patients with diabetes (American Diabetes 
Association, 2008). Overall, 90% of hospitalisations due to diabetic foot are 
caused by PN and infection and within these two the proportion of infection is 
increasing. In addition, infection is associated with significantly longer periods of 
hospitalisation (Hicks et al., 2016). 

Acute complications of diabetes include diabetic ketoacidosis and 
hypoglycaemia. Ketoacidosis is a typical problem when the diagnosis (and 
therefore the treatment) of diabetes type 1 is delayed. Elevated glucose 
concentration leads to a build-up of ketones in body, causing the state of acidosis. 
Hypoglycaemia means the lowered concentration of glucose in the blood and can 
be caused by a suboptimal balance between glucose-lowering medicine, exercise 
and food intake. Both ketoacidosis and hypoglycaemia are both manageable 
conditions if diagnosed early enough. However, if left untreated, both conditions 
can be fatal. (Rewers, 2018.) 

In the long term, cardiovascular diseases are the leading cause of chronic 
complications (American Diabetes Association, 2015). The most common 
cardiovascular complications include coronary heart disease, cerebrovascular 
disease and PAD. Diabetic eye disease may include diabetic retinopathy which 
eventually leads to blindness. Hypertension and diabetes are associated with the 
development of kidney disease (Coresh et al., 2003). 

2.2 Diabetic foot 

2.2.1 Pathophysiology 

The pathophysiology of diabetic foot is multifactorial (Figure 2). Moreover, PN, 
PAD and foot deformities are the most common risk factors behind the 
development of diabetic foot (Peter-Riesch, 2016). The eventual result of the risk 
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factors outlined above is an insensitive and deformed foot that is prone to 
repetitive trauma (Armstrong et al., 2017). Furthermore, this recurrent minor 
trauma leads to the development of DFU and DFI (Peter-Riesch, 2016). 
Unfortunately, DFU and DFI are often recurrent phenomena in diabetic foot 
that eventually lead to LEA (Armstrong et al., 2017). 

Risk factors causing a problematic diabetic foot include loss of protective 
sensation (LOPS) due to PN, deformity, PAD and a prior history of DFU or 
LEA. However, if no risk factors are present, the risk of ulceration is low (van 
Netten et al., 2020). 

Several interventions have been developed to prevent diabetic foot problems. 
Moreover, an understanding of the mechanisms and pathophysiology is 
important for healthcare professionals treating patients with diabetes. 

Figure 2. Multifactorial pathophysiology of diabetic foot. Modified from (Lepäntalo et al., 2011) 
LOPS=loss of protective sensation 
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2.2.1.1 Neuropathy 

Diabetes causes damage to the peripheral nerve fibres called peripheral 
neuropthy (PN) (Zochodne, 2014). This damage is induced by aberrant glucose 
metabolism caused by decreased insulin secretion and increased insulin resistance 
(Mizukami & Osonoi, 2020). The most common form of PN occurs in limbs, 
especially in the lower extremity. PN predisposes the diabetic foot to problems 
by affecting sensory, motor and autonomous nerve fibres (Zochodne, 2014). 

PN in the feet presents as a motor, sensory and autonomous neuropathy. 
Motor neuropathy impairs small muscles in the feet and predisposes them to 
deformities (Kimura et al., 2020). Autonomous neuropathy reduces sweating, 
which makes the skin harder and prone to ulceration (Panagoulias et al., 2020). 
Autonomous neuropathy also impairs circulation in small blood vessels, which 
further impairs skin hydration (Namgoong et al., 2019). The most harmful form 
of PN occurs in the sensory fibres, since it causes LOPS. LOPS is an independent 
risk factor for ulceration (Crawford et al., 2015). 

PN are clinically meaningful phenomena, as they greatly increase the risk of 
diabetic foot complications. Impaired sensation is associated with an increased 
risk (OR 3.2) of DFU (Crawford et al., 2015). DFU is a significant risk factor for 
DFI, LEA and even death (Lavery et al., 2006). 

2.2.1.2 Angiopathy 

Diabetes causes pathologic changes in the blood vessels of the body, which are 
referred to as diabetic angiopathy. Risk factors for these changes include 
hyperglycaemia, dyslipidaemia, hypertension, smoking, duration of diabetes and 
hyperinsulinemia (Kallio et al., 2003; Umemura et al., 2017). Angiopathy is 
classified as macroangiopathy and microangiopathy. Macroangiopathy means 
changes in large arteries (e.g., lower extremity and coronary arteries). In contrast, 
microangiopathy affects the precapillary arterioles, capillaries and small veins 
(Figure 3). 

Angiopathy causes several morbidities associated with diabetic foot. Clinically, 
macroangiopathy appears as PAD, media sclerosis and lesser collateral 
formation. PAD occludes the artery by accumulation of atherosclerotic plaque 
and is the biggest cause of ischaemia in the foot (Schaper et al., 2012). In one 
randomly selected cohort of patients with type 2 diabetes, PAD was diagnosed 
at baseline in 16% of patients, and 24% of patients developed new PAD during 
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the 11-year follow-up (Kallio et al., 2003). Media sclerosis does not usually 
occlude arteries but makes them rigid with the calcification of the tunica media. 
Media sclerosis hampers the evaluation of ankle systolic pressure and the ankle-
brachial index (ABI). In addition, media sclerosis is associated with increased 
cardiovascular mortality and more distal PAD (Chantelau et al., 1997; Edmonds, 
2000). Indeed, PAD in diabetic foot is more often located in the infrapopliteal 
arteries (Jude et al., 2001). Furthermore, diabetes is associated with lesser 
collateral vessel formation (De Vivo et al., 2005). Microangiopathy appears in 
small vessels and insidiously affects multiple organs. Microangiopathy is a part of 
pathogenesis of the cognitive impairment, retinopathy, nephropathy and even 
PN associated with diabetes (Fang et al., 2018; Ren et al., 2021; Umemura et al., 
2017). 

Figure 3. Macroangiopathy appears as atherosclerotic plaque formation and media sclerosis in the 
arteries. Microangiopathy means lesions in the capillaries and precapillary arterioles.  
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Angiopathy impairs blood circulation in diabetic foot and weakens the outcome. 
PAD is one of most important predictive factors for non-healing DFU (Schaper 
et al., 2012). PAD causes occlusions in the lower extremity arteries (Figure 4). 
Collateral vessels in the lower extremity are protective mechanisms against PAD. 
However, diabetes is associated with impaired collateral formation, which has 
been hypothesized to further weaken perfusion (De Vivo et al., 2005). The 
combination of infection and ischaemia is particularly harmful (Prompers et al., 
2008). In addition, ischaemia is a risk factor for more severe infection (Lavery et 
al., 2007). 
 

Figure 4. Digital subtraction angiography images of a patient with diabetes presenting with an ulcer 
in the heel. The posterior tibial artery is occluded. The anterior tibial artery and the 
peroneal artery are open to the level of the ankle. The heel region angiosome is normally 
perfused by calcaneal branches from the peroneal artery and the posterior tibial artery. 

The role of microangiopathy in diabetic foot is controversial. 
Microangiopathy (also known as small vessel disease) has traditionally been 
considered a significant factor in impairing perfusion in diabetic foot. However, 
opinions questioning this view were already being posed a couple of decades ago 
(LoGerfo & Coffman, 1984). Some studies indicate that microangiopathy is an 
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independent factor in the increased healing time of DFU and even the risk of 
LEA (Beckman et al., 2019; Fiordaliso et al., 2016). Anyhow, microangiopathy 
contributes to the development of PN and is therefore considered a significant 
part of the pathophysiology of diabetic foot. In addition, PN and PAD are 
considered to be the most essential risk factors for diabetic foot (IWGDF, 2019). 

2.2.1.3 Deformities 

Diabetic foot is prone to the development of deformities. This means structural 
and postural changes in the foot that cause changes in those surfaces in contact 
with the ground. Underlying factors include PN, hyperglycaemia, Charcot 
neuroarthropathy, previous ulcers, callus formation and surgical procedures (e.g., 
amputation). Motor neuropathy causes deformity by affecting the foot muscles, 
and hyperglycaemia stiffens the joints and causes misalignment. LOPS due to 
sensory neuropathy further predispose the foot to recurrent trauma and callus 
formation which, if left untreated, eventually leads to ulceration (Armstrong et 
al., 2017). 

Several different and specific deformities manifest in diabetic foot (Figure 5). 
Claw and hammer toes comprise over 50% of all diabetic foot deformities and 
cause an increased risk of ulceration in the tips of the toes (Sarla, 2019). 
According to a widely accepted conception, toe deformities are caused by atrophy 
of the intrinsic muscles that are located in the foot (van Schie et al., 2004). 
Extrinsic muscles (located outside of the foot) produce forces leading to 
extension in the metatarsophalangeal joint and flexion in the interphalangeal 
joints. The intrinsic muscles flex the metatarsophalangeal joint and extend the 
interphalangeal joints and balance the forces in a normally functioning foot 
(Coughlin, 1984). PN and claw deformity are associated with the decreased 
volume of the intrinsic foot muscles and a thickening of the plantar aponeurosis 
(Kimura et al., 2020). Similarly, intrinsic muscle atrophy is thought to be 
responsible for the development of prominent metatarsal heads and a high 
plantar arch, also known as pes cavus deformity (van Schie et al., 2004). Hallux 
valgus means the lateral angulation of the great toe from the metatarsophalangeal 
joint. In turn, varus deformity is the most common in the third, fourth and fifth 
toes and means their deviation medially. Varus deformity is often associated with 
exostosis formation in the lateral aspect of the fifth metatarsal head, also called 
tailors bunion. Charcot neuroarthropathy is nowadays a quite rare complication, 
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but when present and untreated, it causes major deformity in the foot (Cates et 
al., 2021). 

Figure 5. Typical structural changes in diabetic foot. a) High plantar arch (pes cavus), prominent 
metatarsal heads and claw toe deformity. b) Claw toe deformity. c) Plantar areas that are 
predisposed to ulcers due to deformities. d) Rocker bottom deformity due to Charcot foot. 
e) Hallux valgus, varus deformity of III-V toes, tailor’s bunion. 

Deformities are a risk factor for DFU (Cowley et al., 2008). Offloading has been 
shown to be crucial for the healing and prevention of the recurrence of ulcers 
(Bus et al., 2016). Offloading can be carried out using conservative or surgical 
methods. Conservative offloading methods include padding, orthoses (including 
insoles), therapeutic shoes and casting (de Oliveira & Moore, 2015). The correct 
offloading method is chosen on an individual basis. Non-adherence (insufficient 
use of the device) is a common challenge, which can be prevented with the use 
of non-removable devices (Jarl, 2019). While a non-removable total contact cast 
enables the best ulcer healing, it also predisposes the patient to other 
complications, such as new ulcers, maceration and infection (de Oliveira & 
Moore, 2015). In addition to conservative methods, several surgical methods 
have been described to produce offloading by changing the structure of the foot. 
It has been proposed that surgical offloading should be considered earlier and 
more often, as ulcer healing seems to be even faster after surgery than after 
conservative treatment (Yammine & Assi, 2020). These findings highlight the 
profoundly detrimental effect of deformity in diabetic foot.  
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2.2.1.4 Charcot foot 

Acute Charcot foot is an important differential diagnostic alternative to DFI 
(IWGDF, 2019). The exact pathophysiology is unclear but seems to be 
multifactorial. According to neurovascular theory, PN increases local vascularity, 
causing osteoclastic activation, which leads to osteopenia, fractures and 
deformity in the foot. Alternatively, neurotraumatic theory suggest that LOPS 
predisposes joints to continuous and only partially healing microtrauma, 
eventually deforming the foot. (Yousaf et al., 2018.) However, PN remains a 
significant pathophysiological mechanism in both theories. Although Charcot 
foot was initially described to be associated with syphilis, nowadays it is mainly 
encountered in patients with diabetes (Caputo et al., 1998).  

Offloading is the most important part of Charcot foot treatment (Yousaf et 
al., 2018). If diagnosis and treatment is delayed, Charcot foot leads to severe foot 
deformity. This rocker-bottom deformity is caused by midfoot collapse, which 
predisposes the patient to ulceration (Pakarinen et al., 2009). In order to prevent 
ulcers, the developed deformity requires careful patient education, protective 
footwear and routinely performed foot care (Caputo et al., 1998). However, in 
some cases, surgery is indicated due to unacceptable instability or recurrent 
ulceration (Pakarinen et al., 2009). 

2.2.2 Diabetic foot ulcer 

DFU is the most common major complication in the foot of a patient with 
diabetes. It is estimated that ulceration affects between 19% and 34% of persons 
with diabetes (Armstrong et al., 2017). After DFU, the risk of recurrent ulceration 
during one and three years is 34% and 61% respectively (Apelqvist et al., 1993). 
Compared to the population without DFU, mortality is roughly doubled after 
healed DFU and four times as high after DFU requiring LEA (Apelqvist et al., 
1993; Iversen et al., 2009). 

PN and ischaemia are leading causes of DFU. In a clinical setting, DFU is 
often classified as neuropathic, ischaemic or neuroischaemic ulcer (Cavanagh et 
al., 2005). The cause of the ulceration guides the selection of an appropriate 
treatment. Neuropathic ulcer is usually the consequence of trauma caused by 
LOPS and ischaemic ulcer by insufficient vascular supply due to PAD. 
Prevention of recurrent trauma is a cornerstone of neuropathic ulcer, while 
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revascularization, if possible, is essential for healing ischaemic ulcer. To date, 
neuropathic ulcer has been the most common type. However, a recent trend is 
that 50% of ulcers present as neuroischaemic, meaning that both LOPS and PAD 
are present (Peter-Riesch, 2016). 

DFU is associated with high morbidity, mortality and financial costs. When 
patients present with new DFU, PAD is diagnosed in 49% of cases and infection 
is present in 58% of cases (Prompers et al., 2007). After DFU, the risk of death 
is increased, with a mortality rate of between 42% and 46% over 5 years 
(Morbach et al., 2012; Walsh et al., 2016). Similarly, during 1 and 5 years after 
DFU, 9% and 16% of patients, respectively, end up undergoing major 
amputation (Morbach et al., 2012). Risk factors for mortality after DFU include 
male gender, age, renal insufficiency and PAD (Morbach et al., 2012). 
Interestingly, after the initiation of an aggressive policy to prevent cardiovascular 
complications in the UK, 5-year mortality was reduced from 48% to 27% 
(p<0.05) (M. J. Young et al., 2008).  

2.2.3 Risk stratification of diabetic foot and ulcer classification 

The International Working Group on the Diabetic Foot (IWGDF) has published 
a risk stratification system to guide the frequency of foot screening. The clinical 
predictors used in this system include LOPS, PAD, foot deformity, end-stage 
renal disease and history of DFU or LEA (IWGDF, 2019). Use of this system of 
risk stratification is also recommended in the recently published Finnish Current 
Care Guideline (Current care, 2021b). Both the IWGDF and Current Care 
guidelines offer a recommendation on screening frequency based on ulcer 
category. The recommendation is based on expert opinion, since no published 
evidence exists on the matter (Table 2). 
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Table 2. Expert recommendation for screening and risk assessment frequency based on risk for 

ulcer category. Combined from the IWGDF (2019) and the Current Care (2021) guidelines. 

Category and 
risk for ulcer 

Characteristics Screening frequency recommendation 

IWGDF Current Care 

0: Very low No LOPS, No PAD Once a year Once a year 

1: Low LOPS or PAD Once every 6-12 months Once every 6-12 months 

2: Moderate At least two of the following:  
- LOPS 
- PAD 
- Foot deformity 

Once every 3-6 months Patient specific assessment 

3: High LOPS or PAD and:  
- History of foot ulcer 
- Lower extremity amputation 
- End stage renal disease 

Once every 1-3 months Patient specific assessment 

LOPS=Loss of protective sensation, PAD=Peripheral artery disease, IWGDF=International working group on the 
diabetic foot 

 
 

Numerous classification systems have been developed to predict DFU healing 
or LEA. These classifications include Meggitt-Wagner, SINBAD, University of 
Texas (UT scale) and WIfI. Meggitt-Wagner (Table 3) is the most simple of these 
systems. UT scale (Table 4) is more comprehensive and is therefore a better 
predictor of outcome (Oyibo et al., 2001). The more recent WIfI (Table 5) 
classifies wound, ischaemia and infection individually on a 4-grade scale. Several 
studies have validated the association of WIfI with limb salvage, LEA and DFU 
healing (Cerqueira et al., 2020). However, WIfI requires the use of specialist 
investigations of foot perfusion (ankle and toe pressures), and it may be too 
complex therefore for use in everyday clinical practice. The SINBAD method 
(Table 6) is meant to include clinically important factors and still be simple 
enough for daily clinical use. This is a score of six binomial factors including site, 
ischaemia, neuropathy, bacterial infection area and depth (Ince et al., 2008). The 
recommendation of the Finnish Current Care Guideline is to use SINBAD for 
ulcer classification, complementing it with WIfI and IWGDF/IDSA (chapter 
2.3.4, Table 9) when needed (Current care, 2021b). 
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Table 3. Meggitt-Wagner classification, reproduced based on original publication (Wagner, 
1981). 

Grade 0 No open lesion 

Grade 1 Superficial ulcer 

Grade 2 Deep ulcer (tendon, bone, joint capsule) 

Grade 3 Deep abscess or osteitis 

Grade 4 Forefoot gangrene 

Grade 5 Whole foot gangrene 

Table 4. University of Texas classification, according to original publication (Lavery et al., 
1996). 

Stage: ischaemia and infection Grade: wound depth 

Stage A No infection/ischaemia Grade I Epithelialized pre- or post-ulceration 

Stage B Infection Grade II Superficial ulcer 

Stage C Ischaemia Grade III Wound penetrates tendon or joint 

Stage D Ischaemic infection Grade IV Wound penetrates bone or joint 

 
 
 

The use of the UT scale has been widely adopted (Ince et al., 2008). Moreover, 
it is more comprehensive and accurate than the Meggitt-Wagner classification 
(Oyibo et al., 2001). Prior to the most recent update (2021), the Finnish Current 
Care Guideline recommended grading diabetic foot with ulcer using the UT scale 
(Current care, 2009). Thus, data for the retrospective classification of the wound 
with the UT scale are available from patient records. Inter-observer reliability of 
the UT scale is similar to SINBAD. However, concern over the single observer 
reliability has been raised (Forsythe et al., 2016). It has been recommended 
therefore that other clinical data are included alongside the UT scale when using 
it for clinical or research purposes (Bravo-Molina et al., 2018). 
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Table 5. WIfI classification, modified from original publication (Mills et al., 2014).  

W: wound 

Grade 0 No ulcer 

Grade 1 Small, shallow ulcer on distal leg (no heel involvement) 

Grade 2 Deeper ulcer (exposed bone, joint or tendon) or shallow heel ulcer (no calcaneal involvement) 

Grade 3 Extensive ulcer including midfoot or full thickness calcaneal ulcer 

I: ischaemia ABI Ankle systolic pressure TcPO2 

Grade 0 ≥0.80 >100 mmHg ≥60 mmHg 

Grade 1 0.6-0.79 70-100 mmHg 40-59 mmHg 

Grade 2 0.4-0.59 50-70 mmHg 30-39 mmHg 

Grade 3 ≤0.39 <50 mmHg <30 mmHg 

fI: foot infection (similar to IWGDF/IDSA classification, Table 9) 

Grade 0 Uninfected 

Grade 1 Mild infection 

Grade 2 Moderate infection 

Grade 3 Severe infection 

ABI=ankle-brachial index, TcPO2=transcutaneous oxygen pressure 

 
 
 

Table 6. SINBAD classification, according to original publication (Ince et al., 2008). 

Category Score = 0 Score = 1 

Site Forefoot Midfoot of hindfoot 

Ischaemia At least one palpable pedal pulse Clinically reduced pedal blood flow 

Neuropathy Protective sensation intact Loss of protective sensation 

Bacterial infection None Present 

Area Ulcer < 1cm2 Ulcer ≥ 1cm2 

Depth Skin and subcutis Muscle, tendon or deeper 
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2.3 Diabetic foot infection 

The possibility of infection should be assessed every time a DFU is examined. 
Over half of all ulcers are infected at first presentation at the hospital (Prompers 
et al., 2007). For the most part, DFI diagnostic criteria are identical in various 
guidelines globally (Tchero et al., 2019). The most recent update to these criteria 
was presented in the 2019 guideline of the IWGDF (IWGDF, 2019). 

2.3.1 Diagnosis of soft tissue infection 

Soft tissue infection in diabetic foot is diagnosed based on clinical signs of 
inflammation in the foot or systemic inflammatory response (Table 7). 
Inflammatory signs in the foot include local swelling or induration, erythema over 
0.5 cm around the ulcer, tenderness or pain, heat increase or purulent discharge. 
The presence of at least two of these clinical signs and the absence of any 
explanatory reason (such as gout or Charcot foot) means infection (IWGDF, 
2019). 

Table 7. Clinical signs for diagnosing diabetic foot infection and relevant differential 
diagnostics, according to the IWGDF (2019) guideline. 

Clinical signs (at least two present) Differential diagnoses to exclude 

Local swelling or induration Trauma or fracture 

Erythema > 0.5 cm around the wound Gout 

Local tenderness or pain Acute Charcot foot 

Local increased warmth Thrombosis 

Purulent discharge Venous stasis 

No single laboratory test has been proven reliable for diagnosing DFI. At 
admission, over 50% of patients have DFI and still a normal white blood cell 
count (Armstrong et al., 1996). A single study found C-reactive protein (CRP) to 
be well specific (1.0) but less sensitive (0.7) in identifying non-infected and 
infected DFU (Jeandrot et al., 2008). Generally, erythrocyte sedimentation rate, 
white blood cell count and procalcitonin are higher in DFI than in uninfected 
DFU (AL-Shammaree et al., 2017). However, the correlation of all these markers 
with infection is too insensitive to be used as a diagnostic tool (Senneville et al., 
2020). Some studies have investigated bacterial burden of the wound. There is, 
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however, no reliable correlation between microbial load and infection (Senneville 
et al., 2020). 

Diagnosis of soft tissue infection by means of imaging is an interesting 
concept and could be used in telemedicine to speed up diagnosis. Photography 
is specific but not sensitive in the evaluation of erythema. In contrast, infrared 
imaging is sensitive for infection, but lacks specificity. Even when combined, the 
sensitivity of the tests is only 61-70% sensitive. (Hazenberg et al., 2014.) In 
addition, the availability of infrared imaging makes this tool impractical for now. 

2.3.2 Pathogens in diabetic foot infection 

Gram positive cocci (GPC) are traditionally considered to be the most common 
causative pathogens of DFI. The most common GPC is Staphylococcus aureus 
(SA), followed by Streptococcus beta haemolyticus (BHS) and coagulase-negative 
staphylococci (CONS). Major guidelines state this as fact and mostly reference 
to other guidelines or provide no reference at all (Current care, 2021b; IWGDF, 
2019). Recently, several studies have been conducted in more tropical or arid 
countries and have observed that gram negative bacilli (GNB) dominate infected 
ulcers (Table 8). The general consensus within the guidelines is that while 
covering GNB may be justified in subtropical and tropical countries, in a 
temperate climate, primary antibiotic therapy should be targeted at GPC 
(IWGDF, 2019). However, a recent study from a country with a temperate 
climate (Poland) reported GNB to be the most prevalent pathogen (70%) in DFI 
(Michalek et al., 2020). This highlights the importance of contemporary and 
regional data on the causative pathogens of DFI. Table 8 demonstrates the great 
variation in the causative pathogens reported in DFI. 

A significant portion of DFI is polymicrobial. A recent study found that 29% 
of DFI had multiple causative pathogens, which were associated with more 
severe DFI and more frequent LEA (Hitam et al., 2019). Currently, bacterial 
cultures are the standard method of identifying pathogens in DFI. PCR-based 
techniques seem to identify more pathogens, especially anaerobic species and 
corynebacteria (Malone et al., 2017). However, the clinical relevance of the more 
profound data provided by these techniques remains unknown. At best, PCR-
based methods may improve DFI treatments in future. Speculation that the 
biofilm bacteria behind bone infection do not respond to antimicrobial therapy 
has been proposed (Johani et al., 2019). However, current guidelines and 
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treatment strategies are based on knowledge provided by culture samples and 
more research on these more recent methods is needed (IWGDF, 2019). 

Table 8. Global variation of causative pathogens in diabetic foot infection. Numbers reported 
are percentages of all identified pathogens. 

Country Climate SA BHS GNB CONS Reference 

China (Southern) Subtropical 21.9 5.3 48.1* 13.4* (W.-X. Wu et al., 2017) 

Germany Temperate 20.6 6.9 23.7* 8.4 (Dörr et al., 2021) 

India (Mumbai) Tropical 26.9 1.7 56.5 n/a (Saseedharan et al., 2018) 

Indonesia Tropical 47.5 8.5 33.8* n/a (Radji et al., 2014) 

Iran Arid 8.4 1.2 51.7 2.4 (Ahmadishooli et al., 2020) 

Kuwait Arid 25.4 6.0 43.3 n/a (Abdulrazak et al., 2005) 

Lebanon Subtropical 9 4 53 10 (Jouhar et al., 2020) 

Malaysia Tropical 17.5 7.5 69.2* n/a (Kow et al., 2019) 

Morocco Tropical 12.7* 12.7* 48.8 7.8* (Belefquih et al., 2016) 

Poland Temperate 11.9 8.5 70.4* n/a (Michalek et al., 2020) 

Portugal Subtropical 35.2* 10.4 37.6* 1 (Neves et al., 2019) 

Saudi Arabia Semi-arid 35.0 8.9 42.2* n/a (Al Ayed et al., 2018) 

Scotland Temperate 84.4 6.5* 3.9* 3.9* (Macdonald et al., 2020) 

United Kingdom Temperate 35.7 16.7 36.7 12.2 (A. Nelson et al., 2018) 

US (Denver) Semi-arid 20.3* 22.9* 12.3* 20.3* (H. Young et al., 2015) 

US (Detroit) Temperate 21.6* 10.8 24.7* 5.3 (Henig et al., 2018) 

*calculated from other reported values 
n/a=data not available, SA=Staphylococcus aureus, BHS=Streptococcus beta haemolyticus, GNB=gram negative 
bacilli, CONS=coagulase-negative staphylococci 

2.3.3 Diagnosis of diabetic foot osteomyelitis 

Diabetic foot osteomyelitis (DFO) may affect any diabetic foot with ulcer. In this 
context, the term osteomyelitis is considered to include infection in the bone 
surface (periosteitis), in the bone (osteitis) and in the bone marrow 
(osteomyelitis). Osteomyelitis is present in approximately 20% of DFIs (Lavery 
et al., 2006). Typically, osteomyelitis is associated with a wide or prolonged ulcer 
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located over a bony prominence and may be showing visible bone or swollen 
erythema called a sausage toe (Lipsky & Uçkay, 2021). 

Bone biopsy is considered to be the gold standard in diagnosing osteomyelitis. 
However, it is clinically inconvenient and often unavailable. In addition, even 
bone biopsy includes the risk of contamination (microbiological analysis) and 
misinterpretation (histological analysis) and is therefore not unambiguous (Meyr 
et al., 2011). Other tests used to examine osteomyelitis include clinical probe-to-
bone test, x-ray and magnetic resonance imaging. However, these tests seem to 
be congruent with microbiological bone biopsy in only 44-52% of cases (Meyr et 
al., 2018). The IWGDF recommends using combined probe-to-bone test, 
erythrocyte sedimentation rate and plain x-rays as a first line examination to 
diagnose osteomyelitis. In selected cases, further imaging, such as magnetic 
resonance imaging or positron emission tomography, is needed (IWGDF, 2019). 
It is, however, important to remember the possibility of overdiagnosis with these 
more sensitive imaging methods. For example, magnetic resonance imaging has 
sensitivity of  0.9 and specifity of 0.79, meaning that every fifth osteomyelitis is 
false positive (Dinh et al., 2008). 

2.3.4 Classification of infection severity 

Infection severity assessment is important in clinical practice. The Infectious 
diseases society of america (IDSA) and IWGDF recommend similar 
classification as mild, moderate or severe infection (IWGDF, 2019; Lipsky et al., 
2013). The IWGDF/IDSA classification was originally published in 2007 and 
minor modifications have since been made to the 2019 IWGDF guideline. Earlier 
studies have demonstrated that this classification predicts, for example, the risk 
of LEA, amputation level, mortality and the frequency/duration of 
hospitalisations (Lavery et al., 2007; Pickwell et al., 2015; Wukich et al., 2013). 
The Finnish current care guideline also recommends the use of the 
IWGDF/IDSA classification (Current care, 2021b). 

Categories in the IWGDF/IDSA classification (Table 9) are uninfected (1), 
mild (2), moderate (3) or severe (4). Mild infection is defined as erythema under 
2 cm around the ulcer and depth no deeper than skin/subcutaneous tissue. 
Erythema at least 2 cm or involvement of deeper tissue (tendon, muscle, joint or 
bone) elevates the category to moderate. If any systemic symptoms are present, 
infection is classified as severe. The latest addition to the IWGDF 2019 guideline 
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was the addition of osteomyelitis to the classification. Infection in bone is 
indicated with the letter “O” behind the class number. In case of osteomyelitis, 
infection class is defined as moderate (3O) or severe (4O), based on the presence 
of systemic manifestation of infection (IWGDF, 2019).  

Table 9. IWGDF/IDSA classification of diabetic foot infection severity. Adapted from the  
IWGDF, 2019 guideline. 

Grade Infection Criteria 

1 Uninfected No infection 

2 Mild Superficial wound (skin or subcutis). 
Erythema around wound <2 cm. 

3 Moderate Deep wound (tendon, muscle, joint, bone). 
Erythema around wound ≥2 cm. 

4 Severe Systemic manifestation of infection:  
Temperature >38 °C or <36 °C 
Heart rate >90 beats/minute 
Respiratory rate >20 breaths/minute or PaCO2 <4.3 kPa (32 mmHg) 
White blood cell count >12.0 E9/l or <4.0 E9/l or 10% immature forms 

3O/4O Osteomyelitis Always deep infection (3 or 4). Add “O” after grade number. 

2.3.5 Ischaemic infection 

Infection and ischaemia are both severe complicating factors in diabetic foot that 
may individually lead to LEA. Ischaemia in itself nearly doubles the likelihood of 
DFI (Lavery et al., 2006). In Europe, roughly every third foot presenting to 
hospital with a new ulcer has ischaemic infection (Prompers et al., 2007). 
Ischaemia is also associated with more severe infection (Lavery et al., 2007). 
Prompt examination and management of lower extremity perfusion is 
paramount, as it improves limb salvage rate even after septic infection (Rauwerda, 
2004). In addition, peripheral ischaemia has been observed to affect antibiotic 
penetration into tissues (Raymakers et al., 2001). 

Patients with ischaemic infection are more likely to be older and have more 
co-morbidities. In addition, ulcers within this patient group are more often 
deeper, larger and non-plantar (Prompers et al., 2007). Saving the limb is not 
always possible or meaningful. Ulcers that are large and located around the heel 
predict LEA after ischaemic limb revascularisation (Tukiainen et al., 2006). For a 
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non-ambulatory patient, the benefits of limb salvage are questionable and early 
amputation might offer a complication-free stump. Postoperative complications 
are less frequent after above knee amputation (AKA) than below knee 
amputation (BKA) (Gabel et al., 2018). However, major amputation is a life 
altering event that causes increased physical disability and should be performed 
only after careful evaluation (C. M. L. Peters et al., 2019). 

2.4 Treatment of diabetic foot infection 

2.4.1 Multidisciplinary approach 

Diabetic foot presents a challenge that demands the expertise of multiple medical 
and surgical specialities. Follow-up and preventive measures are usually carried 
out in primary care. Early detection of upcoming problems and referral for 
multidisciplinary evaluation is therefore important. Moreover, treating diabetes 
and its frequent co-morbidities (e.g., hypertension, renal failure) demands 
familiarity with the fields of internal medicine. The selection of empiric antibiotic 
therapy and the interpretation of the clinical meaning of bacterial cultures may 
require the know-how of an infectious disease specialist. A specialist in vascular 
surgery is the most competent professional to evaluate the need and feasibility of 
surgical and endovascular procedures to improve vascular supply in the foot. 
Structural changes in a diabetic foot are most capably managed by an orthopaedic 
surgeon, while a significant tissue defect demands mastery of the field of plastic 
and reconstructive surgery. (IWGDF, 2019) 

In addition to physicians, other healthcare professionals are crucial for the 
optimal conservative treatment of diabetic foot. For example, local treatment is 
a core competence of a wound care nurse. With optimal wound care including 
frequent debridements and adequate dressings, the wound may either heal 
conservatively or the wound bed is prepared for reconstructive surgery. 
Offloading of the wound site is needed to enable wound healing, to prevent 
wound recurrence and to protect possible reconstruction. Offloading may be 
carried out with a cast made by an orthopaedic technologist. In the long run, 
better tolerated offloading usually requires insoles or personally constructed 
orthopaedic shoes which, in turn, require the know-how of a podiatrist. 
Decisions on these matters are often multidisciplinary and require frequent 
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collaboration and communication between these healthcare professional groups 
and physicians. (IWGDF, 2019) 

The concept of an independent and multidisciplinary wound healing centre 
was introduced after the initiation of the Copenhagen Wound Healing Center in 
1996 (Gottrup et al., 2001). The timely initiation of this centre was associated 
with the explosive (6 fold) rise in revascularisation procedures and a 75% 
decrease in major amputation rates (Holstein et al., 2000). Inspired by the results 
published from Copenhagen, multiple similar solutions have been initiated 
globally. While the exact composition of the multidisciplinary team varies from 
country to country, common features include the combination of medical and 
surgical specialities addressing glycaemic control, local wound management, 
vascular disease and infection (Musuuza et al., 2020). Moreover, reductions in the 
rates of LEA varying between 34% and 79% due to the multidisciplinary efforts 
have been reported (Anichini et al., 2007; Krishnan et al., 2008; Patout et al., 
2000; Trautner et al., 2007; van Houtum et al., 2004). 

2.4.2 International and national guidelines 

Several guidelines have been created for the treatment of DFI (Tchero et al., 
2019). The IDSA guideline was first published in 2004 and updated in 2012 
(Lipsky et al., 2013). The recommendations of the IDSA 2012 guideline are 
generally followed globally (Tchero et al., 2019). Other national guidelines for the 
treatment of diabetic foot have been created by, for example, the United 
Kingdom in 2015 (Internal Clinical Guidelines team, 2015), Australia in 2012 
(Bergin et al., 2012) and Canada 2013 (Canadian Diabetes Association Clinical 
Practice Guidelines Expert Committee et al., 2013). In Finland, the 
recommendations are summarised in the Current Care Guideline (Current care, 
2021b). In addition, the IWGDF provides global recommendations (IWGDF, 
2019). 

The first international guideline provided by the IWGDF was published in 
1999. The aim of the IWGDF is to produce a set of practical guidelines for the 
global community of professionals who treat persons with diabetes. Profound 
systematic reviews are performed as a part of this process. The latest update of 
the IWGDF guideline was published in 2019. The guideline is divided into six 
separate chapters, one of which is dedicated to DFI (IWGDF, 2019). 
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In Finland, the Current Care Guideline of diabetic foot problems was recently 
updated (Current care, 2021b). The Finnish Current Care Guidelines are an 
independent, evidence-based and practical overview of specific topics to help 
clinical decision-making. The development of these guidelines is organized by 
the Finnish Medical Society Duodecim and the guidelines are created by the 
editorial staff, including part-time editing doctors and information specialists.  

2.4.3 Surgical treatment 

2.4.3.1 Indications and timing 

Depending on the case, urgent or non-urgent surgery may be required to treat 
DFI. Indications for urgent surgery include necrotising soft tissue infection, deep 
abscess and acute infection that are usually accompanied by extensive gangrene 
or acute osteomyelitis (Aragón-Sánchez, 2011). Traditionally, osteomyelitis has 
been treated with surgical resection or LEA. Moreover, successful healing with 
antibiotic therapy alone may be achieved in non-ischaemic diabetic foot 
osteomyelitis (Lázaro-Martínez et al., 2014). When choosing conservative 
treatment, however, close monitoring of the healing is recommended with 
surgical intervention when needed. 

If urgent surgery is needed in acute ischaemic infection, immediate 
revascularisation (preferably within 48 hours) should be performed after surgical 
debridement (Chang et al., 1996). Early surgical intervention is considered crucial 
for a good outcome after DFI. However, this clinical practice is so far only 
supported by quite modest scientific evidence from several retrospective studies 
(Faglia et al., 2006; Tan et al., 1996). 

After acute infection is under control, non-urgent surgery may be indicated. 
Acute infection can result in significant soft tissue defects from necrosis or 
surgical procedures. Sometimes, these defects can heal by secondary intention. 
More extensive defects require soft tissue reconstruction, ranging from simple 
skin grafting to microvascular free flaps (Pehde et al., 2020). It is of the utmost 
important to appreciate the difference between urgent and non-urgent surgery of 
diabetic foot. 

Urgent surgery is performed as soon as possible to gain control over the 
infection. In contrast, non-urgent reconstruction should not be rushed and 
physiological balance and wound care should be optimised before any 
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reconstruction. The role of revascularisation (when needed) is crucial, especially 
for diabetic limb salvage (Caetano et al., 2020). In addition, perfusion in the 
tissues seems to improve up to one month after revascularisation, which indicates 
a respite before definitive reconstruction (Caselli et al., 2005). The different 
aspects of DFI treatment are summarised in Table 10. 

Table 10. Different aspects of the treatment of diabetic foot infection presented in typical 
order of clinical importance. 

Aspect Indication 

Urgent surgical debridement Immediate surgery if demanded by infection control. Surgical debridement 
of necrotising infection or extensive gangrene. Drainage of deep abscess. 

Circulatory optimisation Revascularisation procedures to manage ischaemia. Management of lower 
limb oedema. 

Infection management Antimicrobial therapy first empirically and then streamlined based on clinical 
response and culture findings. 

Physiology optimisation Management of hyperglycaemia and comorbidities. Nutritional optimisation. 

Wound bed preparation Adequate dressings. Bedside/operating room debridement. 

Reconstruction Additional amputations if needed. Bone reconstructions for surgical 
offloading. Covering soft tissue defects. 

2.4.3.2 Surgical debridement 

Surgical treatment of DFI begins with the removal of all unviable tissue. The 
range of DFI debridement varies from simple bedside removal of superficial 
necrosis to extensive surgery through feet compartments in the operating room. 
Infection in the foot can spread through the compartments and may even cause 
compartment syndrome and progressive tissue necrosis caused by elevated 
pressure due to infection (Maharaj et al., 2005). Thorough knowledge of the 
anatomy of the foot is crucial for the optimised outcome of debridement surgery 
(Aragón-Sánchez, 2011). Insufficient or delayed debridement may cause the 
infection to spread and cause extensive necrosis and increase the likelihood of 
LEA (Faglia et al., 2006). 
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2.4.3.3 Amputation  

During the first year after DFI, 6% of patients undergo a major and 22% a minor 
amputation (Pickwell et al., 2015). The classical series of events in diabetic foot 
starts with a DFU, which fails to heal and becomes infected, leading to invasive 
infection that can cause limb-threatening infection (Lipsky et al., 2011). In 
diabetic foot, infection and ischaemia are two leading causes of LEA (Clerici & 
Faglia, 2014). For many patients with diabetes, amputation is a feared 
complication that causes significant physical impairment (E. J. Peters et al., 2001; 
Wukich et al., 2018). In addition, LEA is an independent risk factor for death 
(Armstrong et al., 2020). Therefore, the prevention of DFU and LEA is an 
important goal in the treatment of patients with diabetes.  

There are several options for classifying the level of LEA. Clinically, 
classification to minor and major amputation is meaningful. Minor amputation 
includes all the different levels below the ankle, such as toe, ray and 
transmetatarsal amputation (below the ankle amputation, BAA). Major 
amputations are performed above the ankle and may be further classified as BKA 
(e.g., transtibial amputation), knee disarticulation and AKA (e.g., transfemoral 
amputation). The different amputation levels are presented in Figure 6. 

The level of amputation has a significant impact on the life of the patient (E. 
J. Peters et al., 2001). For example, the patient may still be able to use the leg for 
walking or at least for transition between the bed and wheelchair after BAA. 
However, after BKA or AKA, walking is not possible without a lower limb 
prosthesis. The energy cost of walking depends on the level of amputation. A 
well-known fact is that ambulation with a prosthesis after AKA consumes more 
energy than BKA (Waters et al., 1976). A later study confirmed the increased 
energy cost of walking with a prosthesis after more proximal major amputation. 
However, this study also indicated an increased demand after partial foot 
amputation, compared to BKA. (Göktepe et al., 2010). In addition to quality of 
life and ambulation, LEA is associated with high mortality that is comparable to 
most cancers (Armstrong et al., 2020). Mortality increased after major amputation 
for patients with DFU (HR 1.6 between ray and major amputation) and DFI (HR 
1.8 between minor and major amputation) during 5-year follow-up (Huang et al., 
2018; Izumi et al., 2009). 
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Figure 6. Typical amputation levels in the lower limb. 
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2.4.3.4 Limb salvage vs. amputation 

For the majority of ambulatory patients, limb salvage should be the goal of DFI 
management (Pehde et al., 2020). To enable normal walking, preservation of “the 
tripod” of bony structures in the leg (calcaneus and heads of the 1st and 5th 
metatarsals) is required (Dillon & Barker, 2006; Wheble et al., 2019). Thanks to 
the methods currently in use, limb preservation is technically feasible in most 
cases. Even in non-reconstructable cases, the majority (85%) of patients avoid 
major amputation. Indeed, with proper conservative treatment and occasional 
minor amputations, the defect may heal by secondary intention (Cabeza de Vaca 
et al., 2010). However, the evaluation of the realistic outcomes of limb salvage 
versus major amputation and prosthetic fitting is important in achieving the best 
possible functional outcome for patients (Pinzur, 2011). 

There are occurrences where limb salvage is not feasible and major 
amputation is indicated (Table 11). In some cases of severe acute infection, 
urgent LEA may be needed to gain control over the infection (Aragón-Sánchez, 
2011). Among patients with end-stage renal failure, sepsis at the time of major 
amputation increases the risk of major complications (Park et al., 2018). 
Therefore, in patients with extensive tissue defect, amputation (before the 
development of septic infection) may be considered over reconstruction attempts 
or long conservative treatment. In addition to end-stage renal disease, non-
ambulatory status indicates major-amputation (Wu et al., 2017). LEA may also 
be indicated if the tripod of the foot is damaged beyond reconstruction (Wheble 
et al., 2019). Diabetic foot with ischaemic lesion and no possibility of 
revascularisation, may indicate LEA (especially if pain is present) (Hong & Oh, 
2012). However, even among these patients, every third leg can be salvaged with 
diligent conservative treatment and major-amputation seems to be an 
independent risk-factor for mortality (HR 7.8) (Dalla Paola et al., 2019). 
Therefore, the decision to perform major amputation must not be made 
precipitately (Boffeli & Thompson, 2014). Moreover, in cases of ischaemic 
diabetic foot, a vascular surgeon should be routinely consulted before major 
amputation (Lepäntalo et al., 2000). 
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Table 11. Indications for amputation instead of limb salvage attempt. 

Indications for amputation Rationale 

Life-threating acute infection Amputation is necessary to control infection, if infection cannot be 
controlled with less extensive measures. 

Non-reconstructable deformity Deformity predisposes leg to recurrent ulceration and uncontrolled 
infections. 

Ischaemia and no possibility of revascularisation Irreversible ischaemia may cause progressive necrosis and 
recurrent infections. 

Non-ambulatory patient Limb salvage does not benefit this group of patients. Amputation 
may prevent complications and recurrent surgery. 

Significant co-morbidities Complication risk is too high for limb salvage. Amputation 
minimises complications. 

2.4.3.5 Reconstruction of the soft tissue defects 

Before final reconstruction, all factors contributing to wound healing should be 
optimised. First, acute infection should be managed. Remnant infection doubles 
the risk of revision surgery from 20% to 40% (J. W. Chang et al., 2018). In 
addition to antimicrobial therapy, infection control includes the application of 
adequate wound dressings and regular debridement of the wound, if necessary 
(Pehde et al., 2020). Second, patients need to undergo vascular assessment and 
arterial blood flow should be optimised. Revascularisation significantly improves 
the limb salvage rate after DFU (Caetano et al., 2020). Third, systemic physiology 
should be preoperatively optimised. Significant factors to consider are glycaemic 
control and sufficient nutrition (J. P. Hong & Oh, 2012; Raspovic et al., 2019). 
Suboptimal long-term glycaemic control is associated with increased risk of 
postoperative infections after foot surgery (Wukich et al., 2014). In addition, poor 
perioperative blood glucose control is asscociated with mortality (Noordzij et al., 
2007). Good nutritional status is critical for chronic wound healing and is also a 
significant factor in preventing perioperative complications (Knackstedt et al., 
2020; Molnar et al., 2016). 

Following the final debridement, the remaining soft tissue defect is evaluated 
and reconstructive options considered. Choosing the reconstructive method is 
multifarious, and thus it is not possible to present an all-inclusive guideline for 
choosing the best approach (Pinzur, 2011). This highlights the importance of the 
clinical experience of the surgeon and a multidisciplinary approach when treating 
diabetic foot issues (Driver et al., 2010). Selecting a reconstruction method 
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includes the consideration of defect properties (size, shape and location), need 
for durability (weight-bearing surface, shear-stress), adequate circulatory and 
nervous supply, patient demand and risk profile, and the clinician’s preferences 
and skills. The reconstructive ladder is a traditional model, which provides 
guidance in choosing the simplest reconstructive option possible to minimise the 
risk of complications (Figure 7). In contrast, the more contemporary concept of 
the reconstructive elevator reminds us that a more complex reconstruction may 
be justified to achieve a functionally better reconstruction (Gottlieb & Krieger, 
1994). Especially in foot surgery, final functional status is an imperative outcome. 

 

Figure 7. Reconstructive options from simple to complex. Modified from Capobianco et al. (2010). 

Small wounds can be treated conservatively with close follow-up of the 
secondary healing for an appropriate time. According to one clinical study, if the 
wound size reduces by half during the first month, around 60% of wounds will 
heal during 3 months conservatively (Sheehan et al., 2003). During this secondary 
healing phase, it is essential to optimise those factors affecting wound healing. 
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Even if the wound is not healing, but adequate granulation is achieved, closure 
by simple split-thickness skin graft may be possible. According to a recent meta-
analysis, 85% of diabetic foot ulcers located on the foot (mostly dorsum), ankle 
and leg heal with split-thickness skin graft, with only 4% ulcer recurrence during 
2-year follow-up (Yammine & Assi, 2019). 

Direct closure is optimal for small tissue defects without acute infection or 
ischaemia. However, the lack of excess tissue in the foot is often a limiting factor. 
If primary closure or skin graft is not possible, the consideration of flap 
reconstruction is appropriate. 

A wide variety of surgical flaps to reconstruct the soft tissues of the foot 
affected by DFU exists. Location (fore-, mid- and hindfoot) and size of the defect 
define the options for reconstruction. Table 12 introduces some reconstructive 
options for plantar soft tissue defect that are based on location and size. 

Table 12. Commonly used flaps for reconstruction of diabetic foot with plantar deep soft tissue 
defect. Modified from Crowe et al. (2019). 

 Forefoot Midfoot Hindfoot 

Small defect Local fasciocutaneous flap 
Toe fillet or island flap 
Distally based instep flap 

Local fasciocutaneous flap 
Dist or prox based instep flap 
Toe island flap 

Local fasciocutaneous flap 
Proximally based instep flap 

Large defect Free fasciocutaneous flap* 
Free muscle flap** 

Free fasciocutaneous flap* 
Free muscle flap** 
Extended reverse sural flap*** 

Reverse sural flap 
Free fasciocutaneous flap* 
Free muscle flap** 

*e.g., anterolateral thigh (or other perforator flaps), radial forearm, contralateral instep, **e.g., gracilis, latissimus dorsi, 
serratus anterior, rectus abdominis, ***flap extended up to the knee joint 

Small defects are most conveniently managed with local flaps. Local flaps include 
traditional cutaneous flaps (e.g., V-Y, rotation, transposition, rhomboid) and 
instep flaps and toe fillet flaps are common options (Ramanujam & Zgonis, 
2019). In a sensate foot, the great advantage of a local flap is the possibility to 
preserve some protective sensation to prevent recurrent trauma to the affected 
site (Crowe et al., 2019). 

Intrinsic muscles (most commonly flexor digitorum brevis, abductor halluces, 
abductor digiti minimi or extensor digitorum) can be used to reconstruct small 
defects when bone/joint/tendon/hardware is exposed (Capobianco et al., 2010). 
The advantages of local muscle transposition include increased perfusion of 
highly vascularised muscle tissue, resistance to infection, possibility to fill soft 
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tissue or bone defects and coverage of vital structures, if needed (Ramanujam et 
al., 2018). However, in addition to small flap size, the sacrifice of local muscle 
may affect postoperative gait, and therefore local muscle flaps are not often used 
(Crowe et al., 2019).  

Some pedicled flaps can offer a larger flap (e.g., reverse sural flap) or longer 
reach (e.g., toe island flap). Reverse sural flap is a common method used to 
reconstruct defects in the ankle and foot, but its reach to the plantar side is limited 
(Crowe et al., 2019). Toe island flap, based on proper digital artery, has been 
described to cover small forefoot defects (Crowe et al., 2019). Although propeller 
flaps are classified as pedicled flaps and do not require vascular anastomosis, they 
should be considered equally challenging and as prone to complications as 
microvascular free flaps, especially among patients aged 60 years or older with 
diabetes and PAD (Bekara et al., 2016). 

Microvascular free flaps provide the most versatile repertoire of 
reconstructive options and numerous flaps have been described for diabetic foot 
reconstruction. However, the free flap is usually technically demanding and 
vulnerable to complications. An animal study observed an increased risk of 
venous anastomose thrombosis associated with hyperglycaemia (Colen et al., 
1997). In humans, perioperative hyperglycaemia is associated with surgical site 
infections and venous thrombosis in studies of head and neck free flaps (Bollig 
et al., 2018; Offodile et al., 2018). In coronary bypass surgery, intensive control 
of blood glucose reduced the rate of infections and recurrent ischaemic events 
(Lazar et al., 2004). With diligently selected patients, free flap can produce reliable 
outcomes in diabetic foot and over 90% in one- and five-year limb salvage 
(Eskelinen et al., 2015; Kallio et al., 2015). In addition, sufficient arterial supply 
in the lower extremity is a requirement for a successful free flap. A combined 
vascular reconstruction and microvascular free-flap transfer is an example of 
highly advanced methods for limb salvage (Tukiainen et al., 2006). In addition, 
free flap reconstruction may sometimes be successful even though direct 
revascularisation is not possible (Kallio et al., 2015). 
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2.4.4 Revascularisation 

2.4.4.1 Anatomy 

A continuous arterial pathway from the aorta to the tip of the toe is a prerequisite 
for adequate blood supply in diabetic foot (Figure 8). This anatomy can be 
divided into suprainguinal, femoropopliteal and infrapopliteal regions. The 
suprainguinal region consists of the aorta dividing to the iliac arteries. The 
external branch of the iliac artery continues through the inguinal ligament to the 
femoropopliteal region as a femoral artery. The superficial branch of the femoral 
artery descends towards the knee region, where it is called the popliteal artery. 
The popliteal artery gives rise to arteries in the infrapopliteal region. Three 
arteries (anterior and posterior tibial and peroneal arteries) provide the arterial 
pathway from the popliteal artery towards the foot. The anterior tibial artery 
continues as the dorsalis pedis artery at the dorsum of the foot and with the 
posterior tibial artery and its extensions, the lateral and medial plantar arteries, 
supplies smaller arteries in the leg. The medial plantar artery sends a branch, 
called the medial calcaneal artery, towards the calcaneus. The peroneal artery 
divides into the lateral calcaneal branches, which send collaterals to the posterior 
tibial and dorsalis pedis arteries. (Yadav et al., 2019). Collaterals between the 
dorsal and plantar arteries form a structure called the pedal arch (Ricco et al., 
2017). 

Anatomic distribution of PAD is different in patients with and without 
diabetes (Figure 8). In the non-diabetic population, PAD mostly occurs in the 
aorto-iliac and superficial femoral arteries. Converesely, in patients with diabetes, 
the deep femoral artery and arteries below the knee (the popliteal, tibio-peroneal 
and pedal arteries) are typically affected (Mills, 2016). Patients with PAD and 
diabetes are significantly more likely (70% vs. 25%) to require infrapopliteal 
revascularisation compared to non-diabetics (Lee et al., 2015). In addition, the 
presence of chronic kidney disease (common complication of diabetes) is 
associated with the impaired patency of the pedal arch (Haine et al., 2018). 
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Figure 8. Large arteries in the lower limb. The green line demonstrates the location of the inguinal 
ligament. Black dots represent the typical location of peripheral artery disease in the lower 
limb among patient with diabetes (left) and without diabetes (right). 

Based on angiosome theory, tissues in the foot can be divided into three 
dimensional areas based on the supplying artery (Figure 9). The leg is divided into 
six angiosomes fed by branches from three main arteries the posterior tibial 
artery, the peroneal artery and the anterior tibial artery and dorsalis pedis artery 
(M. Söderström et al., 2013; Khor & Price, 2017; Stimpson et al., 2019). Several 
models of angiosome feeding vessels have been proposed and a direct angiosome 
perfusion pathway may be altered by the structural changes caused by PAD and 
diabetes (Stimpson et al., 2019). Direct revascularisation means that the 
revascularisation is performed to the vessel feeding the angiosome containing the 
wound. In contrast, indirect revascularisation means that perfusion is restored 
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through another angiosome artery. The direct approach is superior to indirect, 
especially in the endovascular revascularisation of diabetic foot with poor 
collaterals (Jongsma et al., 2017; M. Söderström et al., 2013; Špillerová et al., 
2017). However, certain arteries may be more calcified and occluded, especially 
in diabetic foot. This means that more pliable and patent revascularisation could 
be achieved through an indirect artery (Khor & Price, 2017). A combined 
approach means the endovascular revascularisation of several vessels, including 
direct and indirect arteries. This approach seems to be the most beneficial for the 
patient’s outcome (Stimpson et al., 2019). Some studies suggest that other factors 
(e.g., patency of the pedal arch and peroneal branches) are more predictive of 
amputation-free survival than the exact vessel of the angiosome containing the 
wound (Ricco et al., 2017; Settembre et al., 2020).  

Figure 9. Angiosomes of the foot. The anterior tibial artery (ATA) continues to the foot as the 
dorsalis pedis artery (ADP). The posterior tibial artery (ATP) feeds the medial calcaneal 
(MC), the medial plantar (MP) and the lateral plantar (LP) arteries. The peroneal artery 
feeds the lateral calcaneal (LC) artery. 
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2.4.4.2 Diagnosis 

Clinical evaluation 

Circulation should be evaluated with every diabetic foot and the threshold for 
further examination of the vascular supply in diabetic foot should be kept low. 
PAD and its most severe stage known as chronic limb threating ischaemia (CLTI) 
are common co-morbidities associated with tissue loss and infection in diabetic 
foot (Fitridge et al., 2020). The presence of pedal pulses alone is not a sensitive 
enough method to rule out ischaemia in patients with diabetes and is associated 
with over 30% of underdiagnoses (Andros et al., 1984; Collins et al., 2006; Lundin 
et al., 1999). In addition, no single bedside test alone has been proven to reliably 
rule out PAD (Forsythe, 2020b). ABI is a simple bedside examination of foot 
circulation that can be performed in primary care. ABI under 0.9 is a sign 
suggesting the suspicion of impaired lower limb circulation. However, experience 
is important to produce reliable and reproducible measurements (Mätzke et al., 
2003). In addition, diabetes (especially in cases treated with insulin for a duration 
of over 30 year) is associated with falsely elevated ABI measurements (Goss et 
al., 1989). ABI over 1.4 is a sign of mediasclerosis. If clinical suspicion of CLTI 
is high and ABI is 0.9-1.4, examinations in a specialized vascular laboratory are 
needed before the possibility of PAD can be excluded (Current care, 2021a; 
Laivuori et al., 2021). 

Vascular laboratory 

Vascular laboratory examinations include toe pressure or toe-brachial index and 
transcutaneous oxygen pressure (TcPO2). Diagnostic criteria for CLTI is defined 
similar to the WIfI classification ischaemia grade 3 (ABI<0.4, ankle pressure<50 
mmHg, toe pressure/TcPO2<30 mmHg). However, if a wound is present (WIfI 
wound grade 1-3), CLTI is defined similar to WIfI ischaemia grade 1 (ABI<0.8, 
ankle pressure<100 mmHg, toe pressure/TcPO2<60 mmHg). The above 
described examinations are used to verify the presence of lower limb ischaemia. 
However, if ischaemia is detected, further imaging examinations are needed to 
evaluate possible treatment. 
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Vascular imaging 

Several imaging methods exist to investigate the arterial supply of a diabetic foot 
(Table 13). In addition to the verification of diagnosis, imaging provides 
information on the anatomical features of vascular disease and is therefore always 
indicated before revascularisation. Recommended imaging modalities include 
colour Doppler ultrasound (CDUS), computed tomography angiography (CTA), 
magnetic resonance angiography (MRA) and intra-arterial digital subtraction 
angiography (DSA) (Schaper et al., 2012). 
 

Table 13. Different imaging possibilities for lower extremity blood circulation. 

 CDUS CTA MRA DSA 

Upside + minimally invasive 
+ accurate below knee 

+ good availability 
+ good accuracy 

+ no radiation 
+ less toxic contrast 
agent 

+ “gold standard” 
+ possibility of 
endovascular 
revascularisation 

Downside - technically challenging 
- examiner dependent 
- special equipment 

- ionising radiation 
- nephrotoxic contrast 
agent (large doses) 

 - limited availability 
- artefact susceptibility 
 

- invasive 
- nephrotoxic contrast 
agent (less than CTA) 

CDUS=colour Doppler ultrasound, CTA=computed tomography angiography, MRA=magnetic resonance angiography, 
DSA=digital subtraction angiography 

 
CDUS is a minimally invasive bedside imaging method that can evaluate 

arteries even at the infrapopliteal level. However, this may be extremely 
challenging due to the calcification of these arteries. CDUS requires appropriate 
equipment and specialist expertise, and therefore it is not optimally available at 
all times. 

Availability is usually good for CTA and it is accurate with over 90% sensitivity 
and specificity (Met et al., 2009). The downside of CTA is the use of ionizing 
radiation and large doses of nephrotoxic contrast agent. 

The MRA uses no radiation and the contrast agent is usually less nephrotoxic. 
Unfortunately, MRA is more susceptible to artefacts (due to flow or previous 
stents) and availability is usually less optimal when compared to CTA. 

DSA is considered to be the gold standard for lower limb arterial imaging. 
While CDUS, CTA and MRA are non-invasive imaging methods, DSA is an 
invasive procedure and predisposes the patient to complications (puncture site 
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hematoma or allergy/nephropathy due to contrast agent). A considerable 
advantage of DSA is the possibility to perform endovascular treatments during 
the examination. Therefore, DSA is preferable when it is planned to treat patients 
with endovascular revascularisation. In other cases, non-invasive imaging 
methods are primarily used. 

2.4.4.3 Indication for revascularisation 

The consideration of revascularisation is always recommended before major 
amputation if the probability of wound healing is lowered due to PAD or if the 
patient presents with persistent ischaemic rest pain (Schaper et al., 2012). 
Furthermore, lower limb revascularisation is always recommended if the 
diagnostic criteria of CLTI are met and the patient is a candidate for limb salvage 
attempt (Current care, 2021a). WIfI classification accounts for the wound and 
therefore in most cases of DFI, the criteria of CLTI are according to ischaemia 
grade 1 (ABI<0.8, ankle pressure<100 mmHg, toe pressure/TcPO2<60 
mmHg). However, even toe pressure measurements of patients with diabetes 
differ significantly between devices, which highlights the importance of clinical 
examination and low threshold angiography, when needed (Widmer et al., 2012). 
The Finnish Current Care guideline for PAD and the IWGDF guidelines 
recommend that in diabetic foot with PN or PAD, revascularisation may be 
indicated even if the criteria of CLTI are not met (Current care, 2021a; IWGDF, 
2019). In fact, if ischaemic infection is present or suspected, foot perfusion 
should be evaluated within 1-2 days after initial debridement surgery, since 
wound healing depends on adequate tissue perfusion (Rauwerda, 2004). More 
than a two-week delay from evaluation of ischaemic DFU to revascularisation is 
associated with major amputation (OR 3.1) (Noronen et al., 2017). Even after 
LEA, wound healing correlates with a toe pressure of 30 mmHg or higher 
(Linton et al., 2020). Especially before final reconstructions, any deficiency in 
foot perfusion should be rectified, if possible. In selected cases, even a combined 
vascular bypass procedure and microvascular free flap reconstruction during the 
same operation might be beneficial (Tukiainen et al., 2006). 

Revascularisation is not always the primary treatment step. An acute deep 
infection (abscess or wet/gas gangrene) demands immediate surgery within a few 
hours. In such cases, foot surgery before vascular evaluation and 
revascularisation is mandatory to save the limb (Clerici & Faglia, 2014). In 



62

addition, not all patients benefit from revascularisation. If wound healing is 
unlikely, the postponement of inevitable LEA and excess minor surgical 
procedures weaken the patient and lower the quality of life. On the other hand, 
severe co-morbidities generate high anaesthetic risk and major reconstructions 
include the risk of considerable complications. Pulmonary disease (OR 1.8) and 
chronic kidney disease (OR 1.4) have been associated with lowered MAFS after 
infrainguinal revascularisation (Venermo et al., 2011). These situations may 
indicate a more conservative treatment plan, exploiting palliative principles 
(Dunning, 2016). It is also important to be aware that some ischaemic ulcers can 
heal without revascularisation, preserving the limb (Elgzyri et al., 2013). 
Therefore, although revascularisation is a crucial part of the treatment, it should 
always be surrounded with multidisciplinary assessment and a comprehensive 
plan to address all important issues, including infection treatment, wound 
debridement, biomechanical off-loading and the optimal control of blood 
glucose and other relevant co-morbidities (IWGDF, 2019). 

2.4.4.4 Revascularisation methods 

Methods of lower limb revascularisation can roughly be categorized as open and 
endovascular surgery. Current evidence is insufficient to prove the superiority of 
a single existing method (Forsythe, 2020a). In contrast, versatility in the 
anatomical distribution of PAD indicates the patient-specific consideration of 
the methods used. This highlights the importance of vascular surgical expertise 
in the team treating DFI (IWGDF, 2019). Performing open and endovascular 
surgery simultaneously as a hybrid procedure is becoming a more common 
practice nowadays (Soares et al., 2019). 

Open bypass surgery is a method that has been used for decades to treat lower 
limb ischaemia (Mills, 2016). In this method, a bypass route is built (mostly using 
autologous vein) from the patent artery above the occlusion to the patent artery 
below the occlusion. Bypass surgery is indicated in long and multilevel occlusions 
(Kota et al., 2013). Good long-term patency can be achieved by bypass surgery 
(Wölfle et al., 2003). Among patients with diabetes, a bypass enables reliable 
revascularisation even to arteries at the pedal level with limb salvage rates after 
five years of over 70% (Pomposelli et al., 2003; Saarinen et al., 2016). A 
prerequisite for bypass surgery is adequate inflow and an open recipient artery 
extending to the foot. Bypass surgery usually yields better long-term (2 year) 
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results compared to endovascular revascularisation (Bradbury et al., 2010). In one 
study of femoropopliteal revascularization, CLTI patients had better OS (57.1% 
vs. 49.2%, p<0.05) and MAFS (53.7% vs. 42.0%, p<0.05) five years after bypass 
surgery compared to percutaneous transluminal angioplasty (PTA). However, 
this finding is likely explained by the greater number of comorbidities (including 
diabetes) in the PTA group (Korhonen et al., 2011). The operative time of bypass 
surgery is usually longer and the costs are higher compared to endovascular 
methods (Adam et al., 2005; Kota et al., 2013). Moreover, mortality and 
morbidity are higher and major complications are more common after open 
bypass surgery than after endovascular approaches (Bodewes et al., 2018). In a 
study of infrainguinal revascularisation among patients with diabetes, no 
statistically significant difference was found between bypass surgery and PTA 
considering OS (39.2% vs. 44.3%, p=0.48) or MAFS (32.7% vs. 34.4%, p=0.87) 
(M. I. Söderström et al., 2010). Therefore, if both the open and endovascular 
approach is feasible, endovascular revascularisation as a less invasive option is 
preferable. 

The use of endovascular revascularisation methods has increased explosively 
following technological development (Mills, 2008). PTA allows for a more 
versatile choice of revascularised vessel and potentially enables the restoration of 
the patency of multiple vessels (Mills, 2016). The endovascular approach is 
preferable for stenosis and short lesions. An endovascular-first strategy is 
associated with less frequent perioperative complications (Bodewes et al., 2018). 
Therefore, PTA may be especially beneficial for older and more fragile patients 
(Gatti et al., 2018). When PTA is suitable, it seems to achieve similar outcomes 
and costs less than bypass surgery (Adam et al., 2005). However, PTA for CLTI 
is associated with more frequent reoperations (4.3% vs. 3.1%, OR 1.6, 95%CI 
1.04-2.3) within 30 days (Bodewes et al., 2018). The outcomes of bypass surgery 
after failed PTA are inferior to primary bypass, which highlights the importance 
of the pre-operational assessment of the most suitable methods (Meecham et al., 
2018). 

An increasingly common method of revascularisation is the use of open and 
endovascular methods simultaneously in a so called hybrid procedure. This 
approach enables the managing of multilevel arterial occlusions with low 
perioperative morbidity and mortality and a two-year patency rate of over 90%  
(Matsagkas et al., 2011). Most commonly, femoral endarterectomy is combined 
with endovascular procedures (Dosluoglu et al., 2010; Serna Santos et al., 2021). 
The presence of diabetes has been associated with worse patency after hybrid 
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procedure (Antoniou et al., 2009). However, over half of patients undergoing 
hybrid revascularisation have a combination of diabetes and chronic limb 
threating ischaemia (Soares et al., 2019). 

2.4.5 Antimicrobial therapy 

2.4.5.1 Indications 

On presentation to hospital with a new DFU, 58% of patients have an infection 
(Prompers et al., 2007). Clinically, there are three relevant questions when 
considering treating DFI. The first and most obvious question is the definition 
between infected and non-infected diabetic foot. The second important question 
is the classification of infection severity. The third relevant question is which 
tissues are infected (soft tissue vs. bone). The answers to these three questions 
guide the initial antibiotic therapy in DFI. (Senneville et al., 2020.) 

There is a substantial number of published studies regarding different 
antibiotic treatment regimens for DFI. Most studies examine systemic antibiotic 
therapies. However, a few trials have tried to compare topical antibiotics and 
systemic therapies. Topical antibiotics might be better tolerated and could have 
a role in treating mild infections. However, no solid evidence of the superiority 
of either exists (E. J. G. Peters et al., 2020). The IWGDF guideline does not 
recommend the use of any topical antibiotic treatment for the treatment of DFI 
(IWGDF, 2019). 

Generally, DFI always requires systemic antibiotic treatment. Most of the mild 
and even moderate cases may be treated with oral antibiotic agents. The 
treatment of severe DFI is initiated with parenteral antibiotic therapy, to reach 
immediate high serum levels. After initial intravenous treatment, a change to oral 
therapy is usually achieved during the first week after admission. However, the 
range of duration of the intravenous antibiotics varies between studies and no 
systematic conclusion can therefore be made (Selva Olid et al., 2015). 
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2.4.5.2 Initial empiric antimicrobial therapy 

Antimicrobial therapy of acute DFI is usually initiated empirically. Growing 
bacterial cultures takes time and even first and preliminary results are analysed 
after one day (Fimlab, 2021). Therefore, the selection of the first antibiotic agent 
is based on the clinician’s anticipation of the causative pathogens and the known 
susceptibilities of the pathogens. In addition, allergies, anticipated adverse effects, 
recently obtained cultures, drug interactions,  and the patient’s kidney function, 
etc., are also considered (IWGDF, 2019). Current scientific evidence is 
insufficient to demonstrate the superiority of a certain antimicrobial therapy over 
others (Selva Olid et al., 2015). 

Infection severity is an important factor when determining empiric 
antimicrobial treatment for DFI. The recommendations of the IWGDF and the 
Finnish current care guidelines are summarised in Table 14. A mild infection 
should be primarily treated with an antibiotic agent targeted to GPC, including 
SA and BHS (e.g., flucloxacillin or 1st generation cephalosporin). The Finnish 
current care guideline offers further separate recommendations for moderate and 
severe infection, whereas the IWGDF guideline merges these two as a single 
category (Table 14). In moderate/severe infection, covering most GNB is 
recommended by the current care guideline and the IWGDF (e.g., combined 
amoxicillin and clavulanic acid or 2nd/3rd generation cephalosporins). However, 
the important clinical decision remains as to whether pseudomonas should be 
covered or not (e.g., combined piperacillin and tazobactam or meropenem). 

Clinical complicating features impact on antibiotic agent selection. The 
IWGDF guideline offers specific recommendations based on certain 
complicating features (IWGDF, 2019). The Finnish current care guideline states 
that these factors should be accounted for, but does not specify most of the cases 
(Current care, 2021b). However, both guidelines offer specific recommendations 
in cases where methicillin-resistant Staphylococcus aureus (MRSA) is suspected 
(Table 14). Recent exposure to antibiotics (due to DFI or other infection) is a 
clinical sign indicating antibiotic therapy that covers GNB in addition to GBC. 
In macerated ulcer (or in warm climates), covering pseudomonas is 
recommended. Anaerobic bacteria are more frequently associated with ischaemia 
or tissue necrosis and these cases should therefore be covered, e.g., using 
metronidazole (Charles et al., 2015). 
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Table 14. Infection severity and recommendation for antimicrobial agent and duration according to international 
(IWGDF, 2019) and Finnish (Current Care)  guidelines. 

 Recommended antibiotic Recommended duration 

 IWGDF Current care IWGDF Current care 
Mild Primary:  

S-S pen, Ceph1 

β-lactam allergy: 

Clinda, FQ, TriSul, Macro, 
Doxy 

Recent antibiotics:  

AmoxiClav, TriSul, FQ 

MRSA:  

Linezolid, TriSul, Doxy, Macro 

Primary:  

S-S, Ceph1, Clinda, AmoxiClav 

MRSA:  

Clinda, TriSul, Doxy, FQ 

1-2 weeks 1-2 weeks 

Moderate Primary:  

AmoxiClav, Ceph2 or 3 

Recent antibiotics:  

PipTazo, Ceph2 or 3, 

Carbapen1 

Macerated:  

PipTazo, Carbapen2,  
S-S pen + Ceftazidime/Cipro 

Ischaemic or necrosis:  

AmoxiClav, PipTazo, 
Carbapen1 or 2,  

Ceph2 or 3 + Clinda or Metro 
MRSA risk factors:  

Vancomycin, Linezolid, 
Dapsomycin, Doxy 

ESBL:  

Carbapen1 or 2, FQ, 

Vancomycin, Colistin 

Primary:  

AmoxiClav,  

Ceph2 +/- Metro,  
Clinda + FQ or Ceph3,  

Carbapen1, PipTazo 
MRSA: 

Vancomycin or Linezolid 

1-2 weeks 2-4 weeks 

Severe Primary:  

Clinda + FQ or Ceph3,  

PipTazo, Carbapen2 
MRSA carrier: 

Vancomycin or Linezolid 

3-4 weeks 4-6 weeks 

Osteomyelitis*   ≥6 weeks 4-6 weeks 

*not surgically removed 
S-S pen=semisynthetic penicillinase-resistant penicillin (e.g., flucloxacillin), Ceph1=1st generation cephalosporin (e.g., cephalexin), Ceph2=2nd 
generation cephalosporin (e.g., cefuroxime), Ceph3=3rd generation cephalosporin (e.g., ceftriaxone), Clinda= clindamycin,  
FQ=fluoroquinolone, TriSul=trimethoprim+sulphamethoxazole, Macro=macrolide, Doxy=doxycycline, AmoxiClav=amoxicillin+clavulanic acid, 
Carbapen1=carbapenem group 1 (ertapenem), Carbapen2= carbapenem group 2 (imipenem, meropenem), 
PipTazo=piperacillin+tazobactam, Metro=metronidazole 
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Antimicrobial therapy is often initiated with broad spectrum antibiotics. This is 
understandable, since the antibiotic agent is selected empirically without 
knowledge of the exact pathogens causing the infection and the outcome of 
insufficient treatment may include high amputation or even death (Salim, 2021). 
However, the streamlining of the definitive treatment according to clinical 
development and collected cultures is important (IWGDF, 2019). When treating 
DFI, the most relevant aspects of antibiotic stewardship are reducing the 
spectrum of the antibiotic agent, when possible, and minimising the duration of 
the antibiotic therapy (Uçkay et al., 2019). In practice, a convenient time for this 
streamlining is when initial intravenous antibiotic is changed to oral form. 

In 1990, Lipsky et al. reported that most uncomplicated DFI respond to oral 
antibiotic treatment for a period of 2 weeks (Lipsky et al., 1990). However, 
studies report antimicrobial treatment durations vary between 5 and 28 days (E. 
J. G. Peters et al., 2020). The IWGDF guideline recommends treatment for 1-2 
weeks in soft tissue infection and for 3-4 weeks in cases of extensive or slowly 
resolving infection (IWGDF, 2019). The current care guideline recommends 4-6 
weeks antimicrobial treatment, depending on the clinical response in cases of 
severe infection (Current care, 2021b). On the other hand, the IWGDF guideline 
also emphasises that if the infection does not heal in 4 weeks, further diagnostics 
or alternative treatments should be considered (IWGDF, 2019).  

The presence of osteomyelitis is a defining factor for antimicrobial treatment 
duration. According to the IWGDF and the current care guidelines, if infected 
bone and soft tissue is surgically removed, 2-5 days of antibiotic treatment will 
be sufficient. If osteomyelitis is treated without surgery or the infected bone is 
left after resection, antibiotic duration should be 4-6 weeks (Current care, 2021b; 
IWGDF, 2019). However, antibiotic therapy longer than six weeks is not 
recommended and in cases of non-healing infection, bone biopsy, surgery or 
change of antimicrobial agent should be considered. A single small study 
observed similar results after six- and 12-week antibiotic therapy, whereas 12-
week therapy caused more gastrointestinal adverse effects (Tone et al., 2015).
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2.5 Outcomes 

2.5.1 Survival after DFI 

Infection is a major event for diabetic foot and it predisposes the patient to the 
risk of LEA. Among patients with diabetes, infection raises the risk of 
hospitalisation over 50-fold and LEA over 150-fold compared to not infected 
diabetic foot (Lavery et al., 2006). At first presentation to the healthcare service, 
up to 58% of new DFU are infected (Prompers et al., 2007). Therefore, it is 
important to be aware of the prognosis and risk factors at the moment of 
infection to target interventions against clinically significant problems. Clinically 
important outcome measures are OS (endpoint is death) and MAFS (endpoint is 
death or major amputation). 

Few studies have evaluated OS after DFI. A recent prospective study 
observed 84.9% OS during one year after DFI (Ndosi et al., 2018). In a cohort 
requiring surgical debridement due to DFI, OS was 95% and 78% during 1 and 
5 years, respectively (Aragón-Sánchez et al., 2021). After an episode with 
infectious gangrene, OS during 1 year was only 60% and major amputation 
(compared to minor amputation) was identified as a significant risk factor (HR 
1.8) for OS  (Huang et al., 2018). 

After DFI, approximately every third patient ends up having some level LEA 
(22% minor and 6% major amputation) during one year (Pickwell et al., 2015). 
Even after surgical debridement of DFI, 54% of cases have re-ulceration and 
26% of these end up with additional LEA (Aragón-Sánchez et al., 2021). Several 
factors, including infection severity, ischaemia, deep ulcer and osteomyelitis, have 
been identified as increasing the risk of LEA after DFI (Sen et al., 2019). After 
severe DFI (IWGDF/IDSA 4), MAFS during 1 year is 71% (Vainieri et al., 2020). 

2.5.2 Survival after amputation 

Mortality due to diabetic foot complications (DFU and LEA) is known to be 
high (Armstrong et al., 2020). LEA can be considered an indicator of the final 
stage of diabetes and its foot complications and overall poor health (Jupiter et al., 
2016). However, major amputation seems to be an independent risk factor for 
mortality (Armstrong et al., 2020). 
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According to a recent meta-analysis, OS after minor-amputation is poor (80% 
at 1 year and 66% at 5 years) and is comparable to many cancers (Yammine et 
al., 2020). Two meta-analyses of all level LEAs presented OS of 52.1%-61.5% 
after 1 year and 32.9%-37.8% after 5 years (Meshkin et al., 2021; Stern et al., 
2017). Moreover, age, renal disease, proximal or staged amputation, PAD, 
coronary or cerebrovascular disease and non-ambulatory status have all been 
identified as risk factors for OS after LEA (Stern et al., 2017; Thorud et al., 
2016b). During the first 10 month after major amputation, sepsis and 
cardiovascular disease are the most frequent causes of death (Izumi et al., 2009). 

Reamputations are unfortunately common among patients with diabetes. A 
recent meta-analysis reported a reamputation rate of 19% during 1 year and 37% 
during 5 years (Liu et al., 2021). More distal LEA may save the limb but it also 
increases the probability of reamputation (Ratliff et al., 2021). Transmetatarsal 
amputation is associated with a 30% major reamputation rate (Thorud et al., 
2016a). Major amputation is likely to impact the patients’ quality of life (Peters et 
al., 2001). In addition, most patients would retrospectively choose several limb 
salvage attempts even though the end result is major amputation (Hong et al., 
2017). Therefore, MAFS should be considered as equally as important an 
outcome as OS. 
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3 AIMS OF THE STUDY 

The primary aim of this dissertation was to study national and regional rates of 
lower extremity amputations (LEA) in the general and diabetic populations. A 
secondary aim was to investigate the outcomes and causative pathogens of 
diabetic foot infections (DFI). The detailed aims of the study were the following: 

1. To investigate the effect of a dedicated wound centre on the outcomes 
and recent trends of lower extremity amputations (Studies I, IV, V) 
 

2. To assess the outcomes and prognostic factors after diabetic foot 
infection (Study III) 
 

3. To study the outcomes and prognostic factors of patients with diabetes 
after lower extremity amputation (Study V) 
 

4. To evaluate the most common causative pathogens of diabetic foot 
infection and the reliability of the superficial swab culture (Study II) 
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4 MATERIALS AND METHODS 

4.1 Patient identification and data collection 

Studies I, II and III included patients hospitalised due to DFI at Tampere 
University Hospital (TAUH) during the years 2006 to 2007 and 2010 to 2014. 
Study V includes all the LEAs of patients with diabetes at TAUH during the years 
2007 to 2020. In Study IV, data were obtained from the National Hospital 
Discharge Register (NHDR) and include all patients who underwent LEA or 
revascularisation in Finland during the years 1997 to 2018. In studies I and V, 
each patient is considered as a single case, whereas in studies II and III, a case is 
defined as a period of hospitalisation, and therefore one patient could provide 
multiple cases (Table 15). 

Table 15. Patients and cases in each study. In studies I and V, each patient was considered as 
a single case, whereas in studies II and III one patient could provide multiple cases 
(periods of hospitalisation). In study IV, both crude incidences and per-patient 
incidences of procedures were analysed.   

 Data source Patients and cases 

Study I TAUH hospital records Patients hospitalised due to DFI in 2006-7 (n=124) and 
2013-14 (n=148). Each patient is considered as a single 
case. 

Studies II and III TAUH hospital records Patients hospitalised due to DFI in 2010-14. Data 
included 324 patients with 404 periods of hospitalisation. 
Hospitalisation period is considered as a case (multiple 
cases for one patient). 

Study IV National Hospital 
Discharge Register 

Amputations and revascularisations in 1997-2018. 
54 938 amputations for 34 427 patients. 
94 629 revascularisations for 52 931 patients. 

Study V TAUH hospital records 1081 patients with diabetes who underwent amputation 
in 2007-2020. Each patient is considered as a single 
case. 
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4.1.1 Study I 

A computer algorithm was created to identify patients with DFI, as no specific 
diagnosis code or other specific factor that could be used to find these patients 
existed. However, data on all patients treated on the multidisciplinary wound 
department have been prospectively collected in the TAUH wound registry since 
2012. The computer algorithm was used to identify all patients with any of 
following criteria: 1) Diabetes diagnosis and CRP over 100 mg/L during 
hospitalisation. 2) Some level of LEA. 3) Lower extremity wound debridement 
and bacterial culture obtained within 30 days of the operation. The prospective 
wound registry was used to back check, and all cases of DFI in the registry were 
identified by the algorithm. Next, the patient records of all patients identified by 
the algorithm were manually reviewed so that the data included only cases of 
DFI. Foot infection was defined as infection below the level of the ankle joint, 
and therefore infections more proximal were excluded (Figure 10). 

Figure 10. Algorithm used to identify patients with diabetic foot infection (Studies I-III). In study I, each 
patient contributed one case. In studies II and III, a case was defined as a period of 
hospitalisation and some patients provided multiple cases. 
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A total of 124 patients in 2006-7 and 148 patients in 2013-14 who were treated 
for DFI were identified. Patient records were reviewed from the period 2004-
2014. Co-morbidities were collected using ICD-10 (International Classification 
of Diseases, Tenth Revision) codes and surgical procedures and vascular 
investigations using Nordic Classification of Surgical Procedures (NCSP) codes. 
In addition, data on patient characteristics (age and gender), vascular surgeon 
consultation, length of hospital stay and time interval from admission to first 
surgical intervention were collected from the records. The time of death was 
obtained from the national registry maintained by Statistics Finland. 

In April 2012, a multidisciplinary wound department was initiated at TAUH, 
and the inpatient treatment of chronic wounds (including DFU) was re-organized 
into this specialised single department. Moreover, no additional resources or 
recruitment of new personnel were needed. Instead, the department was enabled 
by reorganising the schedules and redistributing the workload of existing 
personnel. Half of an existing department was dedicated to the patients of the 
wound department. The multidisciplinary team in the department includes a 
dermatologist, an internist, an infectious disease specialist, a plastic surgeon, an 
orthopaedic surgeon and a vascular surgeon.  

4.1.2 Study II & III 

Studies II and III consisted of patients hospitalised for the treatment of DFI 
during the years 2010-14 (Figure 10). The same algorithm and manual review as 
in Study I was used to identify patients. All cases were reviewed by a specialised 
plastic surgeon and wounds were classified according to the University of Texas 
Staging System for Diabetic Foot Ulcers (UT scale). 

A total of 324 patients with 404 periods of hospitalisation were identified 
during the years 2010-14 and included in the analyses. One patient had 5 periods, 
two patients had four periods, 11 patients had three periods, 48 patients had 2 
periods and 262 patients had a single period of hospitalisation. The same patient 
demographics were collected as in Study I. In addition, data on the patients’ 
medications, microbiological and clinical chemistry, during the hospital stay were 
collected. The glomerular filtration rate (GFR) was calculated from serum 
creatinine using the Modification of Diet in Renal Disease formula (Levey et al., 
1999). The Laboratory Risk Indicator for Necrotising Fasciitis (LRINEC) score 
was calculated from the first laboratory results after admission and a cut-off value 
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of 8 was selected to evaluate the possibility of necrotising fasciitis. Findings in 
bacterial cultures were classified into subgroups for statistical analysis. The 
bacteria included to each subgroup are presented in Table 16. 

Table 16. Classification of bacterial culture findings in Study II. 

SA Staphylococcus aureus 

BHS Streptococcus betahaemolyticus A, B, C, G 

GNB Pseudomonas 
Xanthomonas 
Enterobacter cloacae 
E. coli 
Proteus species 
Citrobacter species 
Serratia species 
Klebsiella species 
Morganella species 
Pasteurella species 

CONS Staphylococcus: 
- species, epidermidis, intermedius, hominis 

Other Enterococcus faecalis 
Acinetobacter species 
Corynebacter species 
Streptococci:  
- milleri, viridans 
Anaerobes:  
- peptostreptococcus, bacteroides, prevotella 

SA=Staphylococcus aureus, BHS= Streptococcus betahaemolyticus, GNB= Gram 
negative bacilli, CONS= Coagulase-negative staphylococci 



75 

4.1.3 Study IV 

The data in Study IV were collected from the NHDR. All adults (20 years and 
older) that underwent LEA or revascularisation during the years 1997-2018, were 
included in the study. Patients were identified using NCSP codes. As it could not 
be reliably evaluated whether a patient had diabetes or not in our data, this study 
included patients with and without diabetes. 

The NHDR represents a significant part of the Finnish care register for 
healthcare (HILMO). The HILMO registry contains data collected at multiple 
defined observation points during a patient’s treatment path, including discharge 
after hospitalisation or day surgery. The registry is maintained by the Finnish 
Institute for Health and Welfare (THL). All healthcare providers in Finland 
(public and private) are obligated to report certain data on the  treatment a patient 
receives, including all surgical procedures and diagnoses (Häkkinen et al., 2019). 
The NHDR has been shown to cover primary operations and diagnoses quite 
well (Sund, 2012). 

It is possible to access data from the NHDR for scientific purposes. However, 
this access is strictly regulated and only granted for the exact part of the data 
needed for the study in question. Data in Study IV contained discharge 
information for all hospitalisation periods that contained LEA or 
revascularisation procedures. In addition to procedure codes, diagnoses 
registered during discharge were also included. However, any diagnosis that was 
not registered during discharge was not included in the data. Due to the great 
variety in the registering of subsidiary diagnoses, co-morbidities (diabetes, 
atherosclerosis, etc.) could not be reliably evaluated from this NHDR data. 

The national annual crude incidences of LEAs and revascularisations were 
evaluated. Age, gender, primary and secondary diagnoses and surgical procedures 
registered during hospitalisation were collected from the NHDR. LEAs were 
classified as below ankle amputation (BAA), below knee amputation (BKA) or 
above knee amputation (AKA). Revascularisations were classified as open or 
endovascular and further as suprainguinal, femoropopliteal or infrapopliteal. 

In addition to crude incidences, data were analysed on a per-patient basis. This 
means that only index (first during 10 years), minor (BAA) and major (BKA or 
AKA) were included in the analysis. Per-patient analysis was limited to the years 
2009-2018. These numbers were then used to calculate the index minor-major 
amputation ratio. 



76

4.1.4 Study V 

This study included all adult patients with diabetes who underwent a LEA at 
TAUH between February 2007 and September 2020. All LEAs were searched 
from the hospital records and registered diagnosis codes were used to determine 
whether the patient had diabetes. Cases with inconsistent diabetes diagnosis 
codes were manually verified from the patient records. 

The following data were obtained from the hospital records: patient 
characteristics (age and gender), registered diagnosis codes, clinical chemistry 
laboratory results, LEA and revascularisation procedures and treating 
department. For CRP and serum creatinine, the highest value 5 days after LEA 
was selected for the analyses. GFR was computed using the same formula as in 
Studies II and III. 

A total of 1081 patients were included in this study. Due to missing cases in 
2007 and 2020, yearly rates are only reported between 2008 and 2019 (n=984). 
However, cases from 2007 and 2020 were also included in the remaining analyses.  

4.2 Statistical methods 

Mean and standard deviation (SD) were used for normally distributed continuous 
variables and the median and interquartile range were used for continuous 
variables with skewed distribution. For categorical variables, frequencies and 
percentages were calculated. Normally distributed continuous variables (age) 
were compared using independent samples t-test. Mann-Whitney U-test was used 
to compare variables with skewed distributions (laboratory results, time 
intervals). Differences in the frequencies of categorical variables were compared 
using Pearson’s chi-squared test. 

In the comparison of two cohorts (Study I), binomial logistic regression was 
used to evaluate the significance of individual factors and to verify the 
significance of the main finding between these cohorts. The evaluation of patient 
survival (Studies III and V) was performed using Kaplan-Meier and Cox 
regression analyses. These analyses account for the time of the endpoint and are 
therefore more suitable when evaluating patient survival. 

For the Kaplan-Meier analysis, continuous variables were transformed into 
binominal categorical variables. Median was used when choosing the threshold 
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for the categories. In addition, a clinically significant threshold (60), which was 
the closest to median, was chosen as a threshold for GFR. 

Cox regression analysis was used to evaluate the significance of individual 
factors on patient survival. All variables were first analysed individually. Then, 
individually significant variables were combined into a multivariable Cox 
regression model to evaluate the relation between the significance of individually 
observed factors. The Cox regression model is able to analyse continuous and 
categorical variables. Therefore, continuous variables were analysed without 
transformation into categorical groups. 

In Study IV, the incidence rates based on the annual mid-populations were 
calculated. The annual mid-populations were obtained from Official Statistics of 
Finland. The incidences are reported per 100 000 person-years. Instead of cohort 
based estimates, the data in Study IV contain all cases in Finland. Therefore, exact 
incidence rates without confidence intervals are reported. 

In Studies I, II, III and V all statistical analyses were performed using SPSS 
software package (IBM Statistics for Mac OS X, Versions 22.0 and 24.0, Armonk, 
NY). The power calculation in Study I was performed with G*Power (G*Power 
for Mac OS X, Version 3.1.9.2). In Study IV, R statistic software (R Foundation 
for Statistical Computing, Version 4.0.2, Vienna, Austria) was used. 
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5 RESULTS 

5.1 Patients 

5.1.1 Demographics of patients (Studies I-V) 

Study I compared two cohorts of patients with DFI before and after the initiation 
of the dedicated wound centre in the years 2006-7 vs. 2013-14. During the years 
2006-7, a total of 124 patients, with a mean age of 66 (SD 13), were hospitalised 
due to DFI. During 2013-14, a total of 148 patients, with a mean age of 68 (SD 
13) were hospitalised with DFI. Of these patients, 62.1% (n=77) in 2006-7 and 
66.4% (n=99) in 2013-14 were male.  

Study II and III identified 324 patients older than 18 with 404 hospitalisations 
due to DFI between the years 2010 and 2014. Mean age was 67 (SD 13) years 
and 73.1% (n=237) of the patients were male. 

Study IV collected 54 938 LEAs undergone by 34 427 patients in Finland 
during the years 1997-2018. Mean age at the time of BAA or BKA was 70 (SD 
13). At the time of AKA, mean age was 78 (SD 11). 

Study V found 1081 patients with diabetes who underwent LEA at TAUH 
during the years 2007-20. The mean age of patients was 71 (SD 13). Mean ages 
in the groups undergoing BAA, BKA and AKA were 68 (SD 12), 71 (SD 13) and 
77 (SD 11), respectively. The majority of patients were male (68.4%, n=739) and 
had diabetes type 2 (86.0%, n=930). 

5.1.2 Severity of diabetic foot infection (Studies II, III) 

 The type of infection was determined from patient records retrospectively in 
Studies II and III. During 2010-14, a total of 404 hospitalizations with DFI were 
identified.  

Of these, 63.9% (n=258) cases presented with deep abscess or extensive ulcer 
penetrating to the joint or bone. In 20.5% (n=83) of cases, infection was limited 
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to the skin and subcutaneous tissues. In 15.1% (n=61) of cases, infection 
penetrated the tendon or joint capsule. Ischaemia was present in 59.2% (n=239) 
of cases, whereas while 40.6% (n=164) of infections were non-ischaemic. 
Retrospective classification was not possible for two cases. Table 17 summarises 
the cases in Studies II and III according to the University of Texas Staging System 
for Diabetic Foot Ulcers. 

Table 17. Distribution of infection severity according to the University of Texas Staging 
System for Diabetic Foot Ulcers among the patients (n=404) in study III. 
Classification of infection was not possible in 2 cases. 

 Skin or subcutis Tendon or joint capsule Joint or bone 

Non-ischaemic 54 (13.4%) 34 (8.4%) 76 (18.8%) 

Ischaemic 29 (7.2%) 27 (6.7%) 182 (45.0%) 

5.1.3  Comorbidities (Studies I, II, III, V) 

 Comorbidities were primarily evaluated based on registered ICD-10 codes. 
Comorbidities were collected in Studies I-III and V. The NHDR did not provide 
reliable data on comorbidities and therefore they were not evaluated. Table 18 
summarises the frequencies of the comorbidities.  

Table 18. Comorbidities of patients with diabetes ending up hospitalised due to infection or 
undergoing lower extremity amputation. The n-count is the number of patients in all 
columns, with the exception of 2010-14, where it represents the number of 
hospitalisation periods. 

 Hospitalised due to infection Underwent amputation 

 2006-7 
(n=124) 

2013-14 
(n=148) 

2010-14 
(n=404) 

2007-20 
(n=1081) 

Hypertension 35 (28.2%) 76 (51.4%) 169 (41.8%) 683 (63.2%) 

PAD 68 (54.8%) 79 (53.4%) 267 (66.1%) 867 (80.2%) 

Ischaemic heart disease 30 (24.2%) 41 (27.7%) 113 (28.0%) 396 (36.6%) 

COPD 5 (4.0%) 18 (12.1%) 21 (5.2%) 116 (10.7%) 

Chronic kidney disease 20 (16.1%) 26 (17.6%) 83 (20.5%) 430 (39.8%) 

Heart failure 22 (17.7%) 31 (20.9%) 84 (20.8%) 419 (38.8%) 

Dyslipidaemia 4 (3.2%) 11 (7.4%) 25 (6.2%) 224 (20.7%) 

PAD=peripheral artery disease, COPD=chronic obstructive pulmonary disease 
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The reliability of the registered diagnoses of hypertension and chronic kidney 
disease was evaluated in the data of Study III. Antihypertensive medication was 
given to 47.8% (n=155) of patients during hospitalisation. Hypertension 
diagnosis was registered for 41.4% (n=134) of patients. Diagnostic criteria for 
chronic kidney disease are GFR under 60 ml/min, while GFR under 15 ml/min 
is considered end stage kidney disease. GFR below 60 was observed during 
hospitalisation in 47.5% (n=154) of patients. Chronic kidney disease diagnosis 
was registered for 20.4% (n=66) of patients. The result of this comparison was 
discordant in 43.5% and in 32.7% of patients regarding hypertension and kidney 
disease, respectively (Table 19). 

Table 19. Correlation of registered hypertension and chronic kidney disease diagnoses with 
antihypertensive medication and GFR < 60 ml/min during hospitalisation of the patients in 
Study III (n=324). 

Hypertension Diagnosis + Diagnosis - 

Medication + 74 (22.8%) 81 (25.0%) 

Medication - 60 (18.5%) 109 (33.6%) 

Kidney disease   

GFR < 60 ml/min 57 (17.6%) 97 (29.9%) 

GFR ≥ 60 ml/min 9 (2.8%) 161 (49.7%) 

5.2 Recent trends in lower extremity amputations and 
revascularisations 

5.2.1 Diabetic foot infections at Tampere University Hospital and the 
impact of the wound centre (Study I) 

Among patients hospitalised at TAUH due to DFI, the rate of BKA was 
significantly reduced from 25.8% (n=32) in 2006-7 to 9.5% (n=14) in 2013-14 
(p<0.05). This change remained significant in multivariable logistic regression 
analysis (OR 3.42, 95%CI 1.57-7.42). At the same time, there was a decrease in 
frequency (even though the absolute number of BAA increased) of BAA from 
45.2% (n=56) to 40.5% (n=60) and an increase in AKA from 7.3% (n=9) to 
9.5% (n=14). However, these changes were not statistically significant (p=0.443 
and p=0.516, respectively). 
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No significant change was observed in the percentage of revascularisation 
procedures. Open revascularisation surgery was performed on 13.7% (n=17) of 
patients in 2006-7 and on 8.1% (n=12) of patients in 2013-14 (p=0.136). 
Endovascular revascularisation was performed on 10.5% (n=13) of patients in 
2006-7 and on 12.8% (n=19) of patients in 2013-14 (p=0.548). 

5.2.2 Lower extremity amputations in patients with diabetes at Tampere 
University Hospital (Study V) 

In Study V, index amputations during the years 2007-20 among patients with 
diabetes were evaluated. A total of 1081 patients with diabetes had an LEA 
during the study period. These index amputations comprised 65.1% (n=704) 
BAA, 14.2% (n=154) BKA and 20.6% (n=223) AKA. The number of patients 
undergoing LEA increased from 72 in 2008 to 102 in 2019. The percentage of 
type 2 diabetes increased from 81.9% (n=59) in 2008 to 90.2% (n=92) in 2019. 

The rates of index amputations were compared between the first and the last 
year in the data. The number of BKA decreased by 40% from 20 in 2008 to 12 
in 2019. Simultaneously, a 73% increase was identified in both BAA (from 41 to 
71) and AKA (from 11 to 19). Index amputation rates between 2008 and 2019 
are visualised in Figure 11. 
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Figure 11. Rates of lower limb index amputations at Tampere University Hospital for patients with 
diabetes during the years 2008-2019. BAA=below ankle amputation, BKA=below knee 
amputation, AKA=above knee amputation. 

5.2.3 National trends in lower extremity amputations and revascularisations 
(Study IV) 

During the years 1997-2018, a total of 54 938 amputations were performed  on 
34 427 patients in Finland. Anatomically, these amputations comprised 55.7% 
(n=30 589) BAA, 16.6% (n=9 134) BKA and 27.7% (n=15 215) AKA. 

Between 1997 and 2018, the overall incidence of LEAs increased from 52 to 
70 per 100 000 person-years, an increase of 34.6%. This increase in overall 
incidence was the result of a 104.3% increase in BAA rates from 23 to 47 per 100 
person-years. During this period, the incidence of AKA remained quite stable at 
around 16 per 100 000 person-years and BKA decreased by 46.2% from 13 to 7 
per 100 000 person-years (Figure 12). As a result of these changes, the crude 
minor-major amputation ratio increased from 1.33 (95%CI 1.23-1.44) in 2008 to 
1.93 (95%CI 1.79-2.08) in 2018. 

In addition to overall incidence, the incidence of index amputation per patient 
(first amputation during the previous 10 years) was evaluated. The rate of patients 
undergoing index minor amputation increased from 22 in 2009 to 28 in 2018. At 
the same time, the rate of major amputations remained the same (20 vs. 19 per 
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100 000 person years). Moreover, the index minor-major amputation ratio 
increased from 1.13 (95%CI 1.03-1.24) to 1.49 (95%CI 1.36-1.62) during the 
same period.

Between the years 1997 and 2018, a total of 94 629 revascularisation 
procedures were performed on 52 931 patients. The overall rate of 
revascularisations increased during these years. Indeed, the incidence of 
endovascular revascularisations in all parts of the lower limb increased 
exponentially (between 14- and 21-fold). Simultaneously, the incidence of open 
femoropopliteal revascularisations increased by 31%. However, the incidences of
other open revascularisations decreased (Figure 13). 

The percentage of patients undergoing LEA without prior revascularisation 
decreased during the study period. In the year 2009, for example, 74% (n=692) 
and 71% (n=591) of patients had no revascularisation during the ten years prior 
to their index minor and major amputation, respectively. In the year 2018, these 
portions were 65% (n=816) and 59% (n=497).

Figure 12. Trend of amputation incidences in the years 1997-2018 from the National Hospital 
Discharge Register in Finland. BAA=below ankle amputation, BKA=below knee 
amputation, AKA=above knee amputation.
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Figure 13. Trend of revascularisation incidences in the years 1997-2018 from the National Hospital 
Discharge Register in Finland.

5.3 Outcomes after diabetic foot infection 

5.3.1 Overall survival (Study III)

Overall survival (OS) of the whole cohort was 81.2% (95%CI 77.5-84.9%) after 
one year, 61.9% (95%CI 57.2-66.6%) after three years and 49.7% (95%CI 44.8-
54.6%) after five years. If a patient underwent major amputation during 
hospitalisation, OS after one, three and five years was 41.7% (95%CI 13.9-
69.5%), 16.7% (95%CI 0.0-37.9%) and 8.3% (95%CI 0.0-24.0%), respectively.

Univariate Cox regression was first performed to all factors separately (Table 
20). It identified nine factors significant to OS: a major amputation, ischaemic 
infection or revascularisation procedure within a month of admission, ischaemic 
heart disease, congestive heart failure, age, gender, GFR and HbA1c. Next, these 
separately significant factors were analysed with multivariable Cox regression. In 
the multivariable model, major amputation, ischaemic infection, higher age and 
lower GFR were identified as factors significantly reducing OS (Table 21).
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Table 20. Univariate Cox regression analysis of overall survival after diabetic foot infection. 
Individually significant variables are bolded. 

Factor n* pos** p HR 95%CI 
Male (vs. Female) 404 301 0.015 0.69 0.511-0.930 
Age 404  <0.001 1.054 1.042-1,067 
Wound ischaemia (vs. non-ischaemic wound) 403 239 <0.001 2.417 1.772-3.296 
Wound depth 402     
1: skin or subcutis  83 0.016 1  
2: tendon or joint capsule  61 0.454 0.82 0.487-1.380 
3: joint or bone  258 0.057 1.421 0.989-2.040 
Minor amputation 404 36 0.395 0.801 0.481-1.335 
Major amputation 404 12 <0.001 4.373 2.373-8.058 
Revascularisation (within one month) 404 65 0.012 1.543 1.098-2.168 
Ischaemic heart disease 404 113 <0.001 1.927 1.447-2.567 
Chronic obstructive pulmonary disease 404 21 0.092 0.627 0.364-1.080 
Congestive heart failure 404 84 <0.001 2.125 1.576-2.866 
Dyslipidaemia 404 25 0.149 0.612 0.313-1.193 
GFR*** 304  <0.001 0.989 0.984-0.994 
Antihypertensive medication 404 188 0.594 1.078 0.818-1.419 
LRINEC ≥ 8 305 62 0.193 0.756 0.496-1.152 
Delay to first surgery 208  0.161 0.961 0.909-1.016 
SA in wound 404 77 0.9 0.977 0.684-1.396 
GNR in wound 404 60 0.93 1.017 0.694-1.491 
MRSA in wound 404 10 0.965 1.02 0.420-2.478 
BHS in wound 404 51 0.095 0.675 0.425-1.070 
CONS in wound 404 20 0.328 0.703 0.347-1.425 
CONS in bone 404 10 0.225 0.493 0.158-1.543 
Bacteria in bone 404 38 0.196 0.707 0.418-1.196 
HbA1c (mmol/mol)*** 262  0.042 0.99 0.981-1.000 
CRP (first week highest, mg/l)*** 310  0.893 1 0.999-1.002 
Leukocytes (first week highest, E9/l)*** 316  0.092 1.023 0.996-1.050 

*number of cases providing data 
**number of positive cases (for indicator variables) 
***GFR, HbA1c, CRP and leukocytes were used as numerical values in the analyses 
SA, Staphylococcus aureus; GNR=gram negative rods; MRSA=methicillin-resistant staphylococcus aureus; 
BHS=beta haemolytic streptococci; CONS=coagulase negative staphylococci, GFR=glomerular filtration rate, 
HbA1c=glycated haemoglobin, CRP=C-reactive protein 
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Table 21. Multivariable Cox regression of overall survival after diabetic foot infection. 
Significant factors are bolded. 

Factor p HR 95%CI 

Male (vs. Female) 0.470 1.173 0.761-1.807 

Age <0.001 1.055 1.035-1.076 

Wound ischaemia (vs. non-ischaemic wound) 0.046 1.598 1.008-2.532 

Major amputation <0.001 6.673 2.836-15.700 

Revascularisation (within one month) 0.720 1.091 0.678-1.755 

Ischaemic heart disease 0.208 1.321 0.856-2.038 

GFR* <0.001 0.989 0.982-0.995 

HbA1c (mmol/mol)* 0.832 0.999 0.987-1.011 

Congestive heart failure 0.237 1.310 0.837-2.049 

*GFR and HbA1 were used as numerical values in the analyses 
GFR=glomerular filtration rate, HbA1c=glycated haemoglobin 

A Kaplan-Meier sub-analysis was performed to evaluate the effect of 
revascularisation on patient survival after ischaemic infection (Figure 14). 
Revascularisation was found to have had no effect on OS after ischaemic 
infection (p=0.950). In addition, the method of revascularization (open or 
endovascular) did not affect OS (p=0.956) 
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Figure 14. Kaplan-Meier analysis of overall survival for non-ischaemic infection (blue), and ischaemic 
infection receiving revascularisation (red) and not receiving revascularisation (green), 
p>0.05 (Log-Rank). Between ischaemic groups p=0.950 (Log-Rank).

5.3.2 Major amputation-free survival (Study III)

Similar to OS, the individual effect of each factor on MAFS was assessed using 
univariate Cox regression (Table 22). Six factors measured as significant 
(ischaemic infection, deep wound, age, highest leucocyte count, highest CRP and 
antihypertensive medication) and were included in multivariable Cox regression
analysis (Table 23). The multivariable model showed that ischaemic infection, 
higher age and higher CRP reduced MAFS. Surprisingly, antihypertensive 
medication was also associated with improved MAFS.

An additional analysis for this dissertation was carried out after original 
publication to evaluate the effect of bacteraemia on patient survival. Positive 
blood culture was identified in 6.4% (n=26) of cases. Bacteraemia was 
insignificant for OS (p=0.626). However, bacteraemia was identified as a 
significant risk factor for MAFS individually and also remained significant in the 
multivariable model. In spite of this addition, all covariates that were significant 
in the original published model, retained their significance (Table 23).
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Table 22. Univariate Cox regression analysis of major amputation-free survival after diabetic 
foot infection. Individual significant variables are bolded. 

Factor n* pos** p HR 95%CI 
Male (vs. Female) 404 301 0.469 0.859 0.568-1.297 

Age 404  <0.001 1.038 1.022-1.054 

Wound ischaemia (vs. non-ischaemic 403 239 <0.001 4.724 2.853-7.822 

Wound depth 402     

1: skin or subcutis  83 0.001 1  

2: tendon or joint capsule  61 0.72 0.859 0.376-1.964 

3: joint or bone  258 0.003 2.276 1.317-3.933 

Minor amputation 404 36 0.354 0.712 0.347-1.460 

Revascularisation (within one month) 404 12 0.882 1.038 0.634-1.699 

Ischaemic heart disease 404 113 0.554 1.128 0.757-1.679 

Chronic obstructive pulmonary disease 404 21 0.871 1.071 0.471-2.436 

Congestive heart failure 404 84 0.196 0.723 0.442-1.183 

Dyslipidaemia 404 25 0.477 0.742 0.326-1.689 

GFR*** 304  0.53 0.998 0.992-1.004 

Antihypertensive medication 404 188 0.037 0.668 0.458-0.976 

LRINEC ≥ 8 305 62 0.472 1.19 0.741-1.913 

Delay to first surgery 208  0.154 0.948 0.882-1.020 

SA in wound 404 77 0.757 0.927 0.572-1.501 

GNR in wound 404 60 0.349 1.259 0.777-2.040 

MRSA in wound 404 10 0.366 1.584 0.584-4.296 

BHS in wound 404 51 0.082 0.546 0.277-1.079 

CONS in wound 404 20 0.168 0.446 0.142-1.404 

CONS in bone 404 10 0.227 0.298 0.042-2.131 

Bacteria in bone 404 38 0.183 0.595 0.277-1.278 

Bacteraemia 404 26 0.031 1.934 1.063-3.517 
HbA1c (mmol/mol)*** 262  0.41 0.995 0.984-1.007 

CRP (first week highest, mg/l)*** 310  0.032 1.002 1.000-1.004 

Leukocytes (first week highest, E9/l)*** 316  0.002 1.046 1.016-1.076 
*number of cases providing data 
**number of positive cases (for indicator variables) 
***GFR, HbA1c, CRP and leukocytes were used as numerical values in the analyses 
SA, Staphylococcus aureus; GNR, gram negative rods; MRSA, methicillin-resistant staphylococcus aureus; 
BHS, beta haemolytic streptococci; CONS, coagulase negative staphylococci, GFR=glomerular filtration rate, 
HbA1c=glycated haemoglobin, CRP=C-reactive protein 
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Table 23. Multivariable Cox regression of major amputation-free survival after diabetic foot 
infection. Significant factors are bolded. 

Influencing factor p HR 95%CI 

Age 0.001 1.033 1.014-1.053 

Wound ischaemia (vs. non-ischaemic wound) <0.001 4.353 2.443-7.754 

Ulcer penetrating to joint or bone 0.057 1.819 0.983-3.363 

Antihypertensive medication 0.002 0.509 0.331-0.782 

CRP (first week highest, mg/l)* 0.011 1.003 1.001-1.005 

Leukocytes (first week highest, E9/l)* 0.237 1.024 0.985-1.064 

Bacteraemia 0.009 2.424 1.243-4.728 

*CRP and leukocytes were used as numerical values in analyses 
CRP=C-reactive protein 

 
The role of revascularisation in patients with ischaemic infection was evaluated 
with Kaplan-Meier sub-analysis (Figure 15). Revascularisation significantly 
improved MAFS for patients with ischaemic infection compared to patients with 
ischaemic infection who did not receive revascularisation (p<0.05). Another 
analysis was performed to compare revascularisation methods (open or 
endovascular). However, the method of revascularisation had no significant 
effect on MAFS (p=0.554). 
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Figure 15. Kaplan-Meier analysis of major amputation-free survival for non-ischaemic infection (blue), 
and ischaemic infection receiving revascularisation (red) and not receiving 
revascularisation (green), p>0.05 (Log-Rank). Between ischaemic groups p>0.05 (Log-
Rank).

5.3.3 Impact of the wound centre at Tampere University Hospital (Study I)

After the initiation of the dedicated wound centre, the median time interval from 
admission to first surgical intervention (revision or amputation) at TAUH 
decreased from 5 days in 2006-7 to 2 days in 2013-14 (p<0.05). In addition, there 
was indication of a decrease in the length of hospitalisation (from 7 days to 6
days, p=0.120). Vascular surgeon consultation was requested in 59% and 55% of 
cases in 2006-7 and 2013-14, respectively. Median time of the consultation was 3 
days after admission in both cohorts.
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5.4 Outcomes after amputation (Study V) 

5.4.1 Overall survival 

In total, 1081 patients with diabetes underwent LEA (704 BAA, 154 BKA and 
223 AKA) at TAUH during the years 2007-2020. OS in the entire cohort during 
one, three and five years were 75.8% (95%CI 73.3-78.3), 54.6% (95%CI 51.5-
57.7) and 38.3% (95%CI 34.7-41.7), respectively. OS was further reduced by 
higher amputation level, PAD and GFR under 60 ml/min (Table 24). 

Table 24. Overall survival rates of the patients in Study V broken down by index amputation 
level, presence of PAD and moderate kidney disease (GFR < 60 ml/min). 

 1 year 3 years 5 years 

Overall survival 75.8 (73.3-78.3) 54.6 (51.5-57.7) 38.2 (34.7-41.7) 

Amputation level 

BAA (n=704) 84.4 (81.7-87.1) 65.3 (61.4-69.2) 47.9 (43.4-52.4) 

BKA (n=154) 66.0 (58.6-73.4) 42.2 (34.0-50.4) 26.7 (18.9-34.5) 

AKA (n=223) 55.6 (48.9-62.3) 30.6 (24.1-37.1) 16.2 (10.1-22.3) 

Vascular status 

PAD+ 73.0 (70.1-75-9) 49.4 (45.9-52.9) 31.4 (27.7-35.1) 

PAD- 87.3(82.8-91.8) 77.1 (70.8-83.4) 68.8 (61.4-76.2) 

GFR 

60 ml/min and over 81.0 (77.5-84.5) 63.8 (59.3-68.3) 49.0 (43.9-54.1) 

Under 60 ml/min 68.4 (64.1-72.7) 43.4 (38.5-48.3) 25.4 (20.5-30.3) 

BAA=below ankle amputation, BKA=below knee amputation, AKA=above knee amputation, PAD=peripheral 
artery disease, GFR=glomerular filtration rate 

Several variables were individually significant to OS (bolded in Table 25). These 
significant variables were included in a multivariable model. In the initial 
multivariable model, HbA1c was not significant and it limited the number of 
cases (420 vs. 838). For this reason, it was excluded from the final model. In 
addition, revascularisation before/after index amputation was excluded from the 
final multivariable model, since it indicates the patient has PAD and is a mediator 
of the same risk. Practically all patients (99%) with revascularisation had a PAD 
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diagnosis. The final Cox regression model identified seven covariates significant 
to OS (Table 26). Risk factors for mortality over time included higher age, lower 
GFR, presence of PAD and higher index amputation level. In contrast, multiple 
amputations, dyslipidaemia and hypertension were identified as factors 
improving OS. 

Table 25. Univariate Cox regression analysis of overall survival after amputation. Individually 
significant variables are bolded. 

Factor n* pos** p HR 95%CI 
Age 1081  <0.05 1.047 1.039-1.056 

Male (vs. female) 1081 739 <0.05 0.697 0.586-0.829 

Diabetes type 2 (vs. type 1) 1081 930 <0.05 1.582 1.210-2.069 

Inpatient treatment in wound centre 1081 761 0.927 1.008 0.845-1.203 

PAD 1081 867 <0.05 2.882 2.165-3.835 

Multiple amputations*** 1081  <0.05 0.830 0.766-0.900 

Index amputation level 1081     

BAA  704  1  

BKA  154 <0.05 1.953 1.557-2.451 

AKA  223 <0.05 2.800 2.307-3.398 

Year of index amputation 1081  0.439 0.991 0.967-1.015 

CRP (highest)*** 851  <0.05 1.002 1.001-1.003 

GFR*** 882  <0.05 0.990 0.988-0.993 

HbA1c*** 473  <0.05 0.993 0.985-1.000 

Revascularisation before amputation**** 1081 390 <0.05 1.429 1.206-1.693 

Revascularisation after amputation**** 1081 213 0.606 1.058 0.854-1.310 

Dyslipidaemia 1081 224 <0.05 0.697 0.557-0.872 

Hypertension 1081 683 <0.05 0.778 0.656-0.923 

Coronary artery disease 1081 396 <0.05 1.289 1.088-1.528 

Heart failure 1081 419 <0.05 1.393 1.178-1.648 

COPD 1081 116 0.117 1.234 0.949-1.604 
*number of cases providing data 
**number of positive cases (for indicator variables) 
***Multiple amputations, CRP, GFR and HbA1c were used as numerical values in the analyses 
****1 year before/after index amputation 
PAD=peripheral artery disease, BAA=below ankle amputation, BKA=below knee amputation, AKA=above knee 
amputation, CRP=C-reactive protein, GFR=glomerular filtration rate, HbA1c=glycated haemoglobin, 
COPD=chronic obstructive pulmonary disease 
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Table 26. Multivariable Cox regression of overall survival after amputation. Significant factors 
are bolded. 

 p HR 95%CI 

Age <0.05 1.029 1.019-1.040 

Male (vs. female) 0.412 0.920 0.754-1.123 

Diabetes type 2 (vs. type 1) 0.832 1.037 0.739-1.456 

PAD <0.05 2.091 1.452-3.011 

Multiple amputations* <0.05 0.852 0.778-0.934 

Index amputation level    

BAA <0.05   

BKA <0.05 1.315 1.022-1.693 

AKA <0.05 1.618 1.289-2.031 

CRP (highest level)* 0.755 1.000 0.999-1.001 

GFR* <0.05 0.991 0.988-0.994 

Dyslipidaemia <0.05 0.729 0.566-0.940 

Hypertension <0.05 0.808 0.663-0.984 

Coronary artery disease 0.590 1.056 0.867-1.285 

Heart failure 0.445 1.078 0.889-1.308 

*Multiple amputations, CRP and GFR were used as numerical values in the analyses 
PAD=peripheral artery disease, BAA=below ankle amputation, BKA=below knee amputation, AKA=above 
knee amputation, CRP=C-reactive protein, GFR=glomerular filtration rate 

5.4.2 Major amputation-free survival 

Age, diabetes type, PAD, CRP, GFR, revascularisation before and after index 
amputation, coronary artery disease and heart failure were identified individually 
as significant factors for MAFS (Table 27). Similar to the analyses of OS, 
revascularisation was interpreted as a mediator of PAD risk and therefore 
excluded from the final model. All other significant covariates were evaluated 
with the Cox regression multivariable model. Three of the covariates retained 
their significance (Table 28). Higher age, presence of PAD and lower GFR 
decreased MAFS over time. In addition, there was indication that CRP was a risk 
factor for MAFS (p=0.07). 
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Table 27. Univariate Cox regression analysis of major amputation-free survival after minor 
amputation. Individually significant variables are bolded. 

Factor n* pos** p HR 95%CI 

Age 704  <0.05 1.047 1.037-1.058 

Male (vs. female) 704 514 0.239 0.864 0.677-1.102 

Diabetes type 2 (vs. type 1) 704 588 <0.05 1.445 1.051-1.987 

Inpatient treatment in wound centre 704 509 0.842 0.977 0.773-1.233 

PAD 704 527 <0.05 3.477 2.446-4.941 

Multiple amputations*** 704  0.366 1.036 0.960-1.118 

Year of index amputation 704  0.391 0.986 0.956-1.018 

CRP (highest)*** 535  <0.05 1.002 1.000-1.003 

GFR*** 554  <0.05 0.988 0.984-0.991 

HbA1c*** 354  0.660 0.998 0.990-1.006 

Revascularisation before amputation**** 704 235 <0.05 2.114 1.693-2.639 

Revascularisation after amputation**** 704 179 <0.05 1.635 1.279-2.089 

Dyslipidaemia 704 158 0.096 0.788 0.595-1.043 

Hypertension 704 461 0.250 0.874 0.695-1.099 

Coronary artery disease 704 255 <0.05 1.608 1.289-2.005 

Heart failure 704 265 <0.05 1.836 1.474-2.288 

COPD 704 62 0.202 1.273 0.879-1.845 

*number of cases providing data 
**number of positive cases (for indicator variables) 
***Multiple amputations, CRP, GFR and HbA1c were used as numerical values in the analyses 
****1 year before/after index amputation 
PAD=peripheral artery disease, CRP=C-reactive protein, GFR=glomerular filtration rate, HbA1c=glycated 
haemoglobin, COPD=chronic obstructive pulmonary disease 
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Table 28. Multivariable Cox regression of major amputation-free survival after minor 
amputation. Significant factors are bolded. 

 p HR 95%CI 

Age <0.05 1.035 1.022-1.048 

Diabetes type 2 (vs. type 1) 0.857 0.963 0.640-1.449 

PAD <0.05 2.572 1.666-3.970 

CRP (highest level)* 0.074 1.002 1.000-1.003 

GFR* <0.05 0.990 0.986-0.994 

Coronary artery disease 0.622 1.067 0.825-1.380 

Heart failure 0.209 1.178 0.912-1.520 

*CRP and GFR were used as numerical values in the analyses 
PAD=peripheral artery disease, CRP=C-reactive protein, GFR=glomerular filtration rate 

5.5 Causative pathogens of diabetic foot infection (Study II) 

The bacterial cultures of 324 patients who underwent 404 periods of 
hospitalisation due to DFI during the years 2010-14 were analysed. The data 
consisted of 456 cultures: 160 superficial swab, 113 deep tissue, 46 bone and 137 
blood. For statistical analyses, deep tissue and bone cultures were combined as a 
tissue culture. 

5.5.1 Bacteria cultures 

Superficial and deep samples were combined as a tissue culture in the analysis of 
the causative pathogens of DFI (findings of both were included). SA was the 
most frequent causative bacteria, followed by GNB and BHS. In blood cultures, 
BHS surfaced along with SA as the most prevalent pathogen to cause bacteraemia 
(Table 29). Pseudomonas was identified in 8.7% (n=17) of tissue cultures and 
was included in the GNB group in the analyses. Enterococci was present in 7.7% 
(n=15) and anaerobes in 10.8% (n=21) of tissue cultures and were included in 
the ‘Other’ category in the analyses. 
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Table 29. Pathogens causing diabetic foot infection. Percentage is calculated from the total 
number of bacteria. 

Pathogen Tissue culture (n=195) Blood culture (n=26) 

SA 72 (34.8%) 9 (32.1%) 

BHS 38 (18.4%) 9 (32.1%) 

GNB 48 (23.2%) 5 (17.9%) 

CONS 20 (9.7%) 1 (3.6%) 

Other 47 (22.7%) 4 (14.3%) 

SA=Staphylococcus aureus, BHS=Beta-haemolytic streptococci, GNB=Gram negative bacilli, 
CONS=Coagulase-negative staphylococci 

5.5.2 Microbial susceptibility 

Microbial susceptibilities in the bacterial cultures were combined with known 
inherent antibiotic resistances to evaluate overall resistance to most common 
antibiotics. Table 30 summarises the rate of resistant pathogens in the tissue and 
blood cultures. MRSA was identified in 5.1% (n=10) of tissue cultures but not in 
any of the blood cultures. 

Table 30. Microbial susceptibility of bacteria in tissue and blood cultures obtained during 
diabetic foot infection. 

 Tissue culture Blood culture 

Resistant Undefined Resistant Undefined 

Cefuroxime 43 (31.4%) 1 (0.7%) 7 (25.0%) 0 

Ceftriaxone 41 (29.9%) 1 (0.7%) 6 (21.4%) 0 

Clindamycin 63 (46.0%) 0 7 (25.0%) 0 

Levofloxacin 33 (24.1%) 10 (7.3%) 4 (14.3%) 0 

Piperacillin-tazobactam 38 (27.7%) 6 (4.4%) 8 (28.6%) 0 

Oxacillin 63 (46.0%) 5 (3.6%) 9 (32.1%) 3 (10.7%) 

5.5.3 Superficial swab vs. tissue culture 

Superficial swab and (deep) tissue cultures were compared with SA, BHS and 
GNB. Tissue culture was considered as a reference test to which the reliability of 
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the superficial swab was compared. Both tissue sample and superficial swab were 
available in 66 cases. Sensitivity, specificity and predictive values are presented in 
Table 31. 

Table 31. Reliability of superficial swab compared to tissue sample. 

 Sensitivity Specificity PPV NPV 

SA 87.5 92.9 87.5 92.9 

BHS 66.7 92.2 71.4 90.4 

GNB 76.5 91.8 76.5 91.8 

PPV=positive predictive value, NPV=negative predictive value, SA=Staphylococcus aureus, BHS=Beta-
haemolytic streptococci, GNB=Gram negative bacilli 

5.5.4 Non-ischaemic vs. ischaemic infection 

Infections were clinically classified as non-ischaemic (165 patients with 122 
cultures) and ischaemic (239 patients with 124 cultures). The prevalence of the 
most common pathogens was compared between these groups. The frequency 
of GNB was significantly higher in ischaemic infection. In non-ischaemic 
infection, GPC (especially CONS) was more frequent. Table 32 presents the 
comparison between the tissue cultures. 

Table 32. Pathogens in non-ischaemic and ischaemic diabetic foot infection. 

 Non-ischaemic Ischaemic p* 

SA 50 (41.0%) 48 (38.7%) 0.795 

BHS 34 (27.9%) 28 (22.6%) 0.380 

GNB 26 (21.3%) 50 (40.3%) <0.05 

CONS 17 (13.9%) 7 (5.6%) <0.05 

SA=Staphylococcus aureus, BHS=Beta-haemolytic streptococci, GNB=Gram negative bacilli, 
CONS=Coagulase-negative staphylococci 
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6 DISCUSSION 

6.1 General considerations 

Diabetic foot poses an increasing burden on healthcare resources (International 
Diabetes Federation, 2019). Diabetic complications (especially the development 
of wounds and recurrent infections) predispose the foot to amputations that 
further weaken the quality of the patient’s life (E. J. Peters et al., 2001). Therefore, 
aiming for limb salvage is a rational goal when treating these patients. Due to the 
increasing number of patients with diabetes, adequate follow-up and prevention 
of foot problems (especially ulcers) requires substantial resources in primary care. 
Diabetic foot ulcers are prone to recurrence and often lead to adverse events for 
the patient and a considerable economic burden for healthcare systems, which 
highlights the importance of these preventive measures for both the patient and 
society (IWGDF, 2019). In contrast, type 2 diabetes rarely presents with dramatic 
symptoms at the onset of the disease, and therefore it may remain undiagnosed 
for a long period, leading to a treacherous development of complications. The 
age of patients with diabetes and the prevalence of diabetes type 2 are constantly 
increasing and leading to more complicated foot problems. (International 
Diabetes Federation, 2019). This means bigger challenges for the healthcare 
professionals treating these patients and necessitates a constant effort to improve 
existing methods.  

The optimal treatment of diabetic foot problems demands a multidisciplinary 
approach. The founding of the Copenhagen Wound Healing Center in 1996 was 
the beginning of global enthusiasm for the treating of these most challenging 
patients in dedicated multidisciplinary units (Gottrup et al., 2001). International 
guidelines promote universal standards of treatment and the distribution of new 
knowledge and methods. In general, wound care needs organization and 
evidence-based planned action. However, the diversity of the patients makes it 
unfeasible to provide exact guidelines for every clinical situation. Therefore, 
decisions on the most challenging cases should be made after multidisciplinary 
consideration. (IWGDF, 2019). 
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6.2 Recent trends in lower extremity amputations and 
revascularisations 

6.2.1 Diabetic foot infection at Tampere University Hospital and the impact 
of the wound centre (Study I) 

The aim of Study I was to evaluate the effect of a dedicated wound centre on the 
treatment and outcomes of DFI. The overall rate of LEAs decreased by 9% 
between 2006-7 and 2013-14. This decrease was due to a substantial reduction in 
BKA rate (56%). Simultaneously, the frequency of BAA decreased by 10% and 
AKA increased by 30%. These changes were not, however, statistically 
significant. One possible explanation for the change in amputation rates is the 
improvement in treatment after the initiation of the multidisciplinary wound 
department in 2012. The aim of this reorganisation and new department was to 
improve the MDT approach in the treatment of DFI and DFU. In a central 
district hospital in Copenhagen, a 75% reduction in the incidence of major 
amputations among patients with diabetes was observed, coinciding with the 
initiation of the Copenhagen Wound Healing Center (Holstein et al., 2000).  

One indication of an improvement in care after 2012 was a significant 
reduction (from 5 to 2 days) in the median time interval from admission with 
DFI to first surgical intervention. This was an important improvement because 
any delay in surgical debridement has been shown to weaken the outcome of an 
infected wound (Faglia et al., 2006). 

In Study I, the rate of revascularisation procedures remained unchanged 
between cohorts. The significant increase in endovascular revascularisations has 
been associated with a decrease in major amputation rates (Holstein et al., 2000; 
Londero et al., 2019). However, since the rate of these procedures did not change, 
it is likely that other factors contributed to the decrease in major amputation rates 
among these cohorts of patients with DFI. 

6.2.2 Lower extremity amputations in patients with diabetes at Tampere 
University Hospital 

In Study V, it was observed that the number of patients with diabetes ending up 
with LEA increased by 42% between 2008 and 2019. Moreover, the rate of BAA 
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and AKA as index amputations increased (73% each) and BKA decreased (40%). 
Similar trends (increase in the rate of BAA) among the general population 
(percentage of patients with diabetes varying from 26% in Finland to 74% in 
Slovakia) has been observed in many countries across the world (Behrendt et al., 
2018). 

BAA avoids the need for rehabilitation with a prosthesis afterwards and may 
lead to reasonable function in patients with low physical demands. According to 
a previous study, 73% of patients (79% had diabetes) achieved independent 
ambulation after a healed transmetatarsal amputation (Landry et al., 2011). 
However, to date, functional outcomes after different types of BAA among 
patients with diabetic foot are poorly understood. In contrast, only 25% of 
patients (74% had diabetes) remain ambulatory after AKA (MacCallum et al., 
2021). Patients undergoing AKA are usually older and more likely to be non-
ambulatory than patients undergoing BKA (Gabel et al., 2018). 

For non-ambulatory patient or patients with end-stage renal failure and poor 
ambulatory status, AKA may  be justified over BKA (J. T. Wu et al., 2017), as 
BKA offers no benefit over AKA for non-ambulatory patients. The development 
of knee flexion contractures after BKA predisposes the stump to develop 
pressure ulcers. AKA is less susceptible to wound complications and is therefore 
a more reliable choice for fragile or comorbid patients who are non-ambulatory 
(Gabel et al., 2018). Study IV revealed that in spite of an exponential increase in 
lower extremity revascularisations, the incidence of index major amputations did 
not decrease. It is likely that a substantial portion of these patients who ended up 
with index major amputation were non-ambulatory and therefore did not receive 
(and would not have benefited from) active revascularisations or limb salvage 
attempts. 

In Study V, the proportion of type 2 diabetes increased from 82% to 90% of 
all diabetic patients. Globally, the increasing rate of type 2 diabetes is a significant 
burden on healthcare systems (International Diabetes Federation, 2019). Type 2 
diabetes is insidious, as it may remain undiagnosed for a long time. Up to 50% 
of patients have developed at least one complication at the time of diagnosis 
(King et al., 1999). Secondary prevention has produced some improvements, 
such as lower rates of myocardial infarction and hyperglycaemic crisis, but rates 
of LEA and stroke have not declined (Gregg et al., 2014). 
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6.2.3 National trends in lower extremity amputations 

Nationally, the overall incidence of LEAs among the general population, 
evaluated in Study IV, increased by 35% from 52 per 100 000 person-years in 
1997 to 70 per 100 000 person-years in 2018. Simultaneously, there was an 
increase in crude minor-major and index minor-major ratios. This demonstrates 
the changing trend from major amputation towards minor amputations. The 
index minor-major ratio and the population-corrected incidence of major 
amputation rate have been identified as useful indicators for comparing the 
outcomes of diabetic foot care (Winell et al., 2013). 

The shift from major to minor amputation could be due to several reasons. 
First, one patient may undergo multiple minor amputations. In the data of this 
dissertation, the increase in crude minor amputation rate was higher than the 
index minor amputation rate (104% vs. 27%). This indicates, that the number of 
minor amputations per patient increased. Diabetes is associated with the risk of 
recurrent minor amputation. In Australia, an increase in recurrent minor 
amputations was observed among patients with type 2 diabetes even though the 
number of patients undergoing minor amputation decreased (Kurowski et al., 
2015). 

The second reason for the minor-major ratio increase may simply be the 
improved management and increasing knowledge and skills associated with limb-
salvaging procedures. The selection of appropriate surgical techniques may 
enable limb salvage with partial foot amputation (Boffeli & Thompson, 2014). It 
is also possible that early minor amputation is sufficient and the correction of 
underlying pathology might prevent the need for major amputation (Tan et al., 
1996). On the other hand, methods for the surgical offloading of DFU have been 
developed to provide results that are even superior to standard conservative care 
(Yammine & Assi, 2020). Multiple studies demonstrate the benefits of 
investment in diabetic foot care such as multidisciplinary solutions and 
intensified screening and follow-up (Basiri et al., 2019; Paisey et al., 2018). 

The third, and possibly the most significant factor behind the change in trends 
may be the considerable technical developments in revascularisation methods. 
Endovascular revascularisation to the infrapopliteal arteries has been found to be 
a safe method that greatly improves limb salvage among patients with DFU 
(Caetano et al., 2020). Moreover, according to the findings of study V, the 
percentage of LEAs without prior revascularisation has decreased. This can be 
seen as a sign of more active revascularisation attempts before amputation.
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6.2.4 National trends in lower extremity revascularisations 

Study IV identified an exponential increase in endovascular revascularisations. 
However, the data did not include the indications for revascularisation and the 
proportion of those procedures performed to treat claudication. Most (over 80%) 
patients who undergo infrapopliteal revascularisation have diabetes and tissue 
loss (Forsythe et al., 2020a). Therefore, the increase in infrapopliteal 
revascularisations is likely to contribute to the trend in LEA towards more 
frequent limb salvage. 

In Denmark, the nationwide incidence of major amputations among the older 
population (50 years and older) decreased simultaneously with an increase in 
cardiovascular prevention and lower extremity revascularisations between 1997 
and 2014 (Londero et al., 2019). Improvements in the incidence of LEA is likely 
to have been partially caused by more frequent revascularisations. Earlier studies 
from Finland have also observed this inverse correlation between increased 
revascularisations and decreased major amputations over several decades 
(Eskelinen et al., 2006; Winell et al., 2006; Nikulainen et al., 2019). 

However, any explanation of the improvements in the incidence of LEA  is 
likely to be multifactorial. In Denmark, for example, the Copenhagen Wound 
Healing Center, which was initiated in 1996, promotes education and a 
multidisciplinary approach to wound management which has most certainly 
contributed to these changing trends (Gottrup et al., 2001). In Study I of this 
dissertation, the overall rate of LEA among patients with DFI decreased by 9%, 
whereas no significant change in the rate of revascularisations was observed. 

6.3 Outcomes after diabetic foot infection 

Study III demonstrates that even in a university hospital with advanced treatment 
resources, prognosis after DFI is poor. In the literature, the term “diabetic foot 
attack” is used to describe the most severe form of DFI. It is characterised with 
systemic infection (IWGDF/IDSA class 4) and deep ulcer (UT scale 3B and 3D) 
and presents as rapidly advancing skin and tissue necrosis (Vainieri et al., 2020). 
The 1-year OS and MAFS after diabetic foot attack are 76% and 71%, 
respectively (Vainieri et al., 2020). In Study III, 1-year OS was 81%. However, in 
addition to these more severe DFIs, this study included some less severe 
infections with more superficial ulcers. A prospective study from the United 
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Kingdom reported a 15% 1-year mortality rate after hospitalisation due to DFI, 
which is comparable to the mortality rate in Study III (Ndosi et al., 2018). The 
data in this dissertation provided a follow-up period of 5 years after DFI, 
revealing OS under 50%. This is comparable to the 5-year survival of 52% after 
a stroke, 59% after myocardial infarction without reperfusion and 49% among 
patients undergoing haemodialysis (Buargub, 2008; Corraini et al., 2018; Danchin 
et al., 2014). 

In Study III, major amputation due to DFI was identified as the most 
significant risk factor for OS. HR was 6.6 after major amputation compared to 
other patients. The financial costs and mortality rates associated with LEA have 
been compared to those of cancer (Armstrong et al., 2020). A systematic review 
by Jupiter et al. (2016) highlighted the complex question of whether major 
amputation after DFU is an independent risk factor or rather an indication of 
more severe underlying disease (e.g., PAD and renal disease). Study III accounted 
for several co-variates and identified the association of wound ischaemia, higher 
age and lower GFR with reduced OS. However, major amputation retained its 
significance in a multivariable model with these co-variates, and it should 
therefore be considered as an individual risk factor for mortality. An earlier study 
of patients with diabetes and infectious gangrene by Huang et al. (2018) reported 
improved survival in patients with BAA compared to patients with major 
amputation. In Study III, BAA did not have an impact on OS. This indicates that 
in patients who can be treated with surgical debridement (e.g., infected gangrene) 
and BAA if needed, the limb may be salvaged with superior functionality and 
possibly with better prognosis. 

Ischaemia and infection are considered to be the two major risk factors for 
amputation in diabetic foot (Clerici & Faglia, 2014). In the current study, 
ischaemia significantly reduced MAFS (HR 4.4, 95%CI 2.4-7.8). In addition, 
MAFS was significantly improved among patients with ischaemic infection who 
underwent revascularisation. On the other hand, those patients who did not 
undergo revascularisation included cases with more severe PAD that was not 
possible to revascularise. Therefore, improved MAFS among patients receiving 
revascularisation may be partially caused by the selection of patients with less 
severe PAD. Even though revascularisation is a cornerstone of treatment, a 
comprehensive treatment plan for other comorbidities alongside ischaemia 
should always be made (IWGDF, 2019). This dissertation identified no difference 
in outcomes after open or endovascular revascularisation. Systematic reviews 
conclude that current data is inadequate to support the superiority of either 
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endovascular or open revascularisation (Almasri et al., 2019; Hinchliffe et al., 
2016; Levin et al., 2020). This demonstrates the diversity of atherosclerosis in the 
lower limb and highlights the importance of experience and knowledge of 
vascular surgery when choosing the proper approach for revascularisation. 

Unsurprisingly, a higher CRP value (indicating more severe infection) was 
identified as a factor in decreasing MAFS. Bacteraemia is also a sign of severe 
infection and MAFS was significantly reduced by positive blood culture (HR 2.4, 
95%CI 1.2-4.7) in study III. A deep wound and high leukocyte count were 
individually associated with worse MAFS. However, these factors were not 
significant in the multivariable model. Previously, wound depth, necrosis and 
high leukocyte count and CRP have been shown to increase the risk of LEA in 
patients with DFI (Sen et al., 2019). The deep wound usually develops in the feet 
with LOPS over a long period and is due to recurrent trauma (Armstrong et al., 
2017). Therefore, deep wound could be prevented with proper follow-up and the 
timely initiation of offloading, when needed (Bus et al., 2016). Similarly, the early 
detection of an infection is important to prevent the development of a severe 
infection. 

An interesting and novel finding in this dissertation was that antihypertensive 
medication was associated with improved MAFS (HR 0.5, 95%CI 0.3-0.8). In 
addition, the diagnosis of hypertension was also associated with better MAFS. 
However, comparison of these two factors showed that these two groups are 
only partially correlated and the data are partly inconsistent. Therefore, the 
prevalence of comorbidities is likely to be underestimated in this data and the 
significance of this statistical finding remains unclear. According to previous 
studies, hypertension increases the risk of higher amputation among patients with 
DFU (Shin et al., 2017). Controversially, there is no evidence that 
antihypertensive medication improves rates of LEA in patients with diabetes 
(Malik et al., 2013). In the current study, we had no data on the actual blood 
pressure levels of the patients. Although the association of antihypertensive 
medication and hypertension diagnosis with improved MAFS is intriguing, an 
adequate interpretation requires more targeted research on the topic. 

6.4 Outcomes after amputation 

The aim of Study V was to evaluate survival after LEA among patients with 
diabetes and to identify those factors that contribute to their outcomes. Proximal 
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level of amputation was associated with worse OS compared to BAA (BKA: HR 
1.3, 95%CI 1.0-1.7 and AKA: HR 1.6, 95%CI 1.3-2.0). Some patients ending up 
with major amputation had more severe comorbidities, such as more advanced 
diabetes, cardiovascular disease and PAD. However, amputation level remained 
as a significant factor in the multivariable model and therefore may be considered 
as an individual risk factor for OS. A recent meta-analysis observed that even 
after minor amputation, mortality is higher than many cancers (Yammine et al., 
2020). In Study V, multiple amputations over time were associated with improved 
OS compared to single amputation. This finding remained significant in the 
multivariable model with various factors, including patient’s age. There is a 
perception that diabetes type 2 predisposes patients to recurrent amputations 
(Kurowski et al., 2015). Previous LEA associated with LOPS or PAD indicates 
high ulcer risk and therefore frequent follow-up and prompt action are required 
when any sign of imminent complication emerges. The Finnish Current Care 
guideline recommends the individual evaluation of follow-up frequency (Current 
care, 2021b). The international guideline specifies the frequency  of the follow-
up to be once in every 1-3 months (IWGDF, 2019). Based on the findings in 
Study V, it is recommended to aim for the most distal possible amputation, since 
it is associated and may lead to improved OS. In addition, distal amputation 
usually preserves the optimal functional outcome (E. J. Peters et al., 2001). 
Retrospectively, most patients prefer multiple limb salvage attempts with minor 
amputations and revascularisations, even if the result is eventually major 
amputation (Hong et al., 2017; Reed et al., 2008). In some situations, however, 
AKA is preferable to BAA and the risk of recurrent surgery. AKA as the initial 
amputation is often chosen as a palliative procedure for bedridden patients 
(Gabel et al., 2018). In addition, there is a suggestion that AKA is a 
recommendable option for those patients who have dementia, end stage renal 
disease or advanced coronary disease (Taylor et al., 2005). 

As would be expected, higher age, lower GFR and the presence of PAD were 
risk factors for OS. In a recent systematic review, all of these factors alongside 
male gender were identified as risk factors for mortality after DFU (Jupiter et al., 
2016). In contrast to previous publications, gender did not affect OS in Study V. 
In fact, in individual analyses, male gender was associated with improved OS, but 
the significance was missing in the multivariable model. Moreover,  an earlier 
systematic review and a meta-analysis of survival after non-traumatic amputation 
failed to identify gender as a significant factor for OS (Stern et al., 2017; Thorud 
et al., 2016b). According to an earlier meta-analysis, male patients are more likely 
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to end up with LEA than females (Fan & Wu, 2021). Perhaps, the role of gender 
is not significant in this population, where all patients have undergone LEA. 

Surprisingly, dyslipidaemia and hypertension were associated with improved 
OS in Study V. As in Study III, this data did not contain blood pressure or lipids 
and these factors were based on the diagnosis codes assigned to the patient. One 
possibility is that finding these diagnoses in patient records reflects a 
confounding factor that is not included in the multivariate analysis. Low 
socioeconomical status has been associated with a doubled risk of major 
amputation and low minor-major ratio (Venermo et al., 2013). Other factors, 
such as non-independent living, better compliance to follow-ups and the 
multidisciplinary demands of these patients, may also contribute as confounding 
factors for the improved OS detected in this study. It is also possible that there 
is a considerable number of patients with undiagnosed and untreated 
hypertension that might contribute to lower OS. However, this finding raises 
interesting questions about whether there exists a certain medication or blood 
pressure level that could improve the outcome of these patients. An earlier study 
identified statin therapy as a protective factor for OS after major amputation 
(DeCarlo et al., 2017). Fenofibrate intervention (to reduce blood cholesterol 
levels) seems to reduce the rate of minor amputations (Malik et al., 2013). In 
addition, calcium channel blockers (medication to lower blood pressure) may 
improve limb salvage (Harb et al., 2018). These factors may therefore contribute 
to OS, since minor amputation is associated with increased mortality even though 
evidence of causality is lacking (Yammine et al., 2020). 

PAD was associated with reduced MAFS. In addition, there was an indication 
of increased risk with higher CRP (p=0.07, HR= 1.002, 95%CI 1.000-1.003). 
Ischaemia and infection are major predecessors of limb loss (Clerici & Faglia, 
2014). However, Study V did not contain clinical information as to whether the 
foot was actually infected or ischaemic before index amputation. Elevated CRP 
can be caused by several factors, such as tissue necrosis due to ischaemia or 
trauma. 

Study III included patients hospitalised for the treatment of DFI during the 
years 2010-14, and Study V included patients with diabetes who underwent LEA 
during the years 2007-2020. A recent meta-analysis found, that risk factors for 
LEA differ between patients with DFU or DFI (Sen et al., 2019). In this 
dissertation, higher age, ischaemia or PAD and lower GFR were identified as risk 
increasing factors for OS and MAFS in both populations. The significance of 
amputation level for OS was also identified in both populations. OS was better 
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after DFI than LEA during one (81.2% vs. 75.8%) and five (49.7% vs. 38.2%) 
years. This reflects the fact that amputees with diabetes are a group of high-risk 
patients. Roughly two out of three LEAs are preceded by DFI (Lavery et al., 
2006). In addition, patients undergoing LEA seem to be older and have more 
severe underlying diseases. This was reflected in the data  of this dissertation as 
a higher frequency of comorbidities, such as PAD (80% vs. 63%), ischaemic heart 
disease (37% vs. 27%) and heart failure (39% vs. 20%), in patients undergoing 
LEA compared to DFI patients. For these reasons, DFI should be considered as 
the final warning to take extensive predictive measures in order to prevent 
imminent LEA. 

6.5 Causative pathogens 

Study II investigated the bacteria causing DFI at TAUH. Internationally, a wide 
variation appears in the reported causative pathogens of DFI (Table 8). Since the 
antimicrobial treatment is in most cases initiated empirically, this variation 
highlights the importance of local and contemporary data. In Study II, SA, BHS 
and CONS comprised over 60% of the bacteria in tissue samples. Therefore, this 
data seems to agree with the common consensus that in temperate climates the 
causative pathogens of DFI are mostly GPC (IWGDF, 2019). A great variation 
in the reported percentages of SA (11.9-84.4%) and BHS (6.5-16.7%) is even 
seen between countries with temperate climates (Dörr et al., 2021; Henig et al., 
2018; Macdonald et al., 2020; Michalek et al., 2020; A. Nelson et al., 2018). 
Compared to these studies, the data in study II showed the frequency of BHS 
was remarkably high. This is a clinically important finding, since BHS was the 
most common pathogen causing bacteraemia along with SA. Diabetes and poor 
glycaemic control have been associated with the increased risk of bacteraemia 
caused by BHS (Thomsen et al., 2011).  

GNB comprised 23% of the bacteria in Study II. GNB is a minority (3.9-
36.7%) in most studies from temperate climates (Dörr et al., 2021; Henig et al., 
2018; Macdonald et al., 2020; A. Nelson et al., 2018). However, in Poland, GNB 
was observed to comprise 70% of the pathogens (Michalek et al., 2020). The 
likelihood of GNB in DFI is important, since it affects the selection of empiric 
antibiotic therapy (e.g., combination of clavulanate or intravenous 
cephalosporin). One of the most common gram-negative organisms is 
Pseudomonas (Al Ayed et al., 2018; Radji et al., 2014). Pseudomonas is usually 
considered an indication of broad-spectrum antibiotic therapy (e.g., piperacillin-
tazobactam). However, covering pseudomonas with empiric antibiotic therapy is 
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usually unnecessary and therefore not recommended (H. Young et al., 2015). In 
this dissertation, pseudomonas was found in only 8% of tissue samples, which 
advocates compliance with this recommendation. 

In Study II, overall resistance was highest to clindamycin and oxacillin (46% 
each), whereas resistance to cephalosporins, levofloxacin and piperacillin-
tazobactam was lower (24-31%). GNB and enterococci are inherently resistant 
to clindamycin. In the current study, GNB and enterococci comprised around 
30% of the pathogens in tissue samples and is therefore reflected as high 
resistance to clindamycin and oxacillin. This study included hospitalised patients 
with DFIs in a University hospital and around 80% of ulcers were deep or 
extensive, indicating at least moderate infection. The recommendation of the 
IWGDF guidelines is to primarily aim the empiric antibiotic treatment at GPC 
(SA and BHS) in mild infections and then to cover GNB if the infection is 
moderate or severe (IWGDF, 2019). Diabetes is a risk factor for MRSA infection, 
and it is estimated to impinge on 9% of patients with diabetes (Stacey et al., 2019). 
However, the proportion of MRSA was relatively low in Study II (5%). 

Deep tissue sample is considered to be the gold standard and is recommended 
by the Finnish Current Care and the IWGDF guidelines (Current care, 2021b; 
IWGDF, 2019). In Study II, the reliability of the superficial swab sample was 
compared against the deep sample. The specificity of SA, BHS and GNB was 
over 90%. However, sensitivity was poorer, especially for GNB (76.5%) and BHS 
(66.7). Since GNB are inherently resistant to clindamycin, their presence is 
important information that can affect antimicrobial therapy selection. BHS is 
usually a virulent pathogen and the subsequent risk of BHS septicaemia increases 
for patients with diabetes (Thomsen et al., 2011). Therefore, test sensitivity to 
GNB and BHS is crucial when a broad spectrum antimicrobial agent is 
streamlined to a narrow spectrum alternative. A large prospective study suggested 
that although deep tissue samples are associated with more frequent ulcer pain 
and bleeding, they identify more pathogens compared to swab samples (A. 
Nelson et al., 2018). However, some studies suggest that swabs and tissue 
cultures may provide similarly reliable results (Haalboom et al., 2018; Pellizzer et 
al., 2001). One downside of superficial swab culture is that some pathogens are 
not reported individually. For example, CONS is usually considered a 
contamination and therefore not reported. However, CONS may be a significant 
bacteria causing osteomyelitis (Aragón-Sánchez et al., 2010). In contrast, there is 
an indication that each method may miss some pathogens (E. A. Nelson et al., 
2016). Furthermore, it is still unclear whether a better outcome is acquired by 
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streamlining the antibiotic treatment according to deep tissue sample results (A. 
Nelson et al., 2018). 

Wound ischaemia had a significant effect on the bacterial frequencies in Study 
II. GNB were significantly more common in ischaemic ulcers compared to non-
ischaemic ulcers (40% vs. 21%, p<0.05). A recent study observed similarly that 
GNB are four-times more common in ischaemic foot (Małecki et al., 2021). A 
German study reported that GNB are more frequent with older patients and in 
more deep and ischaemic ulcers (Dörr et al., 2021). Another study confirms that 
SA and other GPC are the most frequent in non-ischaemic ulcers, while 
pseudomonas and other GNB dominate in ulcers in ischaemic foot (Alhubail et 
al., 2020). The presence of GNB is associated with increased resistance to most 
common antimicrobial agents, such as penicillins and cephalosporins (Małecki et 
al., 2021). According to the IWGDF guidelines, wound ischaemia is a clinical clue 
indicating the covering of GNB and anaerobes when choosing the empiric 
antibiotic treatment for DFI (IWGDF, 2019). Ischaemic infection and the 
presence of GNB are both associated with the risk of limb loss (Saltoglu et al., 
2015). Therefore, the presence of ischaemia is an extremely important clinical 
aspect when treating a patient with DFI. 

6.6 Strengths 

This dissertation provides the targeted data of patients hospitalised at TAUH due 
to DFI (Studies I-III). In addition, comprehensive data on the trends in the rate 
of LEA are presented among patients with diabetes at TAUH (Study V) and the 
general population nationwide (Study IV). 

Studies I-III used an algorithm especially designed to identify patients with 
DFI. The list of patients provided by the algorithm was compared with a list of 
known patients with DFI prospectively collected after 2012 and was found 
reliable. Therefore, these studies presumably include all patients hospitalised for 
DFI at TAUH. The catchment population of TAUH is around 0.5 million 
(Ihalainen, 2012; Kuntaliitto 2019).  

Study I provided data on comparable cohorts before and after the initiation 
of the dedicated wound centre. The main finding was verified against 
confounding factors with regression analysis. 

The population in Studies II and III included a good number of patients. 
Cases were reviewed by a specialised plastic surgeon and it was possible to classify 
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all except two cases using the UT scale. This population offered a long follow-
up of over 5 years to evaluate survival. 

Data for Study IV were obtained from the NHDR, which contains 
information from all hospitals, public and private. Therefore, this study 
presumably gives accurate incidences of LEA and revascularisations. The NHDR 
data included patient identification codes, which enabled the evaluation of 
amputations on a per patient basis. In addition, based on NCSP codes, the 
identification of different amputation levels was possible. 

Study V included over one thousand patients with diabetes who underwent 
amputation from 2007 to 2020 at TAUH. Identification of patients with diabetes 
and the evaluation of comorbidities was possible with the registered ICD-10 
codes in the hospital records. In addition, laboratory results (such as CRP, 
HbA1c and serum creatinine) provided additional covariates for the regression 
model, reducing the risk of confounding.  

6.7 Limitations 

The most significant limitation of this dissertation is the retrospective nature of 
the studies. The ulcer and infection classification in Studies II and III was 
retrospectively evaluated from patient records. Therefore, data on infection 
severity and ankle-/toe pressures were not available in most cases, and this 
prevented the use of currently recommended scales (e.g. WIfI). However, it was 
possible to classify all but two of the cases with the UT scale, and the cases were 
reviewed and classified by a specialised plastic surgeon. In general, the UT scale 
and even the WIfI classification of the wound are vague and miss the diversity 
of wounds of different sizes, depths and anatomic locations. A more accurate 
definition of the wound cannot be reliably made retrospectively from patient 
records and therefore demands prospective studies with clearly defined follow-
up criteria (such as wound diameter). 

Similarly, due to the retrospective nature of current studies, bacterial cultures 
were not obtained from all patients. This lowered the number of cases in the 
comparison of swab and tissue cultures. A prospective study obtaining both 
samples (swab and deep) from each patient would provide more reliable data for 
comparison. 

The evaluation of comorbidities was mostly made based on the ICD-10 codes 
registered in hospital records. The data of this study were found to be 
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inconsistent when the ICD-10 codes of hypertension and renal disease were 
compared to the data on patient medication and laboratory results. It is 
reasonable to assume, therefore, that registered diagnoses underestimate the 
prevalence of diagnosed co-morbidities. Another possible confounding factor is 
a patient with undiagnosed diabetes or co-morbidity. In addition, data on patient 
smoking was not available in most of cases and therefore could not be evaluated 
in these retrospective studies. More reliable data could be obtained by manually 
reviewing all texts in patient records or by conducting a prospective study. In 
addition, covariates included in analyses should be carefully selected beforehand 
based on a clinical question and presumed causality. 

Data on patient medications in studies II and III were obtained from hospital 
records. All patients in these studies were hospitalised and medication is always 
carefully surveyed at admission to the department, and therefore this data are 
likely to be accurate. However, our data lacked the indication of every medication 
(e.g., Antihypertensive medication). The results of this study cannot be used to 
reliably evaluate the protective effect of certain medications and larger population 
studies are needed to do this.  

Study IV lacked reliable data on comorbidities due to the coding of the 
NHDR. This is a major limitation, since it was not possible to evaluate whether 
increasing incidences of diabetes and PAD are the main causes contributing to 
changing trends in amputation rates. However, Study IV offered valuable, 
nationwide information on amputation incidences and more targeted future 
studies may ponder the reasons behind these observations. 

Study V obtained data on ICD-10 diagnoses and laboratory results from 
hospital records and was therefore able to identify patients with diabetes and 
other comorbidities. However, more detailed clinical data before amputation 
were not included in this register-based data. Even though CRP and PAD 
diagnoses were accounted for in the analyses, these are not accurate measures of 
the presence of infection or ischaemia. 

All studies in this dissertation lacked the data on the lateralisation of the 
amputation. This information is inconsistently registered in hospital records and 
was not available in the NHDR data. The analyses in this dissertation assumed 
that all procedures are performed on the same limb. Although this is likely to be 
true in most cases, in some cases this assumption is undoubtedly confounding 
the data. Lateralisation would have been important knowledge in Studies IV and 
V, since these evaluated the time period between minor and major amputation. 
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In Studies I-III, lateralisation was not significant for the interpretation of the 
results. 

This dissertation did not include any patient-reported outcome measures 
(PROM). This data would have offered additional information to evaluate the 
benefits to patients. Instead, this dissertation offers population-based results with 
a good number of cases that can be used to plan targeted research to produce 
and answer questions on a more individual level. 

6.8 Future perspectives  

Diabetic foot complications are a common challenge in healthcare. Due to the 
chronic nature of diabetes, the variations in medical history and the considerable 
number of comorbidities, a “one size fits all” approach to creating treatment 
strategies is not feasible. In Study III, wounds were classified according to the 
UT scale, which accounts for wound depth and ischaemia. Ischaemia was 
identified as a significant factor. However, ischaemia should not be viewed as a 
binary variable, but rather a scale. On the other hand, infection severity 
(IWGDF/IDSA classification) would be an important factor to include in 
analyses and requires clinical data on the erythema around the wound and ulcer 
depth. The WIfI classification accounts for infection severity, ischaemia (using 
non-invasive measurements) and a description of the wound and is therefore a 
recommendable method for use in future studies. In addition, prospective studies 
would enable the accurate classification of the primary infection. The dedicated 
wound centre at TAUH and the wound registry provide optimal conditions for 
arranging such prospective studies in future. 

The results of this dissertation suggest that major amputation may be an 
independent risk factor for OS. However, it would not be ethically possible to 
conduct a randomized study between major amputation and limb salvage. 
Moreover, evidence of causality between major amputation and death is difficult 
to find (Jupiter et al., 2016). It is clinically relevant to ask how those patients who 
would benefit more from limb salvage than from major amputation can be 
recognised. Clinical infection, vascular supply, overall health and ambulatory 
status are all factors that clinicians use to determine between major amputation 
and limb salvage (Gabel et al., 2018; Taylor et al., 2005). Sometimes, these factors 
determine a clear indication for either option and the clinical decision is obvious. 
In contrast, limb salvage or minor amputation sometimes starts a cascade of 
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recurrent amputations that eventually result in major amputation. In these cases, 
one could argue that major amputation in the beginning would have been the 
optimal solution. However, data in Study V suggest otherwise, since distal 
multiple amputation is associated with improved OS. In addition, functional 
status remains better after minor amputation (E. J. Peters et al., 2001). In future 
studies, a comparison between patients that have one well-healing minor 
amputation and patients who have a minor amputation leading to recurrent 
amputations could possibly expose clinical clues that could be used to determine 
those patients who would benefit most from limb salvage attempts. 

The studies in this dissertation evaluated outcomes based on death and major 
amputation. The level of major amputation was identified as a significant factor 
for OS. An increasing rate of BAA indicates that the number of patients with 
diabetes and a history of amputation will similarly increase in future. However, 
functional outcome after BAA remains poorly understood. In future studies, the 
use of PROMs to evaluate outcome after different surgery would be crucial for 
the evidence-based selection of the best approach for each situation. Moreover, 
the validation of suitable questionnaires for PROMs and their routine use with 
patients with DFI would be essential in enabling future studies. In addition, 
methods of surgical offloading and reconstructive methods are constantly 
evolving. Therefore, PROM-based knowledge of existing procedures will enable 
evaluation of the benefits achieved with the new methods. 

Study II compared superficial swab and tissue culture to evaluate the causative 
pathogens of DFI. Although the retrospective nature of this study limited the 
number of cases, surprisingly good specificity was observed. Prospective data on 
patients with both swab and tissue culture would provide a more comprehensive 
evaluation of the predictive value of the swab. In addition, PCR-based techniques 
seem to identify more pathogens than tissue cultures. In future, the role of these 
more sensitive results in the  treatment strategy requires more targeted studies. 
Cultures and PCR are slow for immediate clinical decision making, which 
mandates the empirical initiation of antimicrobial therapy. Exploring faster 
methods (e.g., antigen test or electronic nose) for specific clinically relevant 
questions could result in the less frequent use of unnecessarily broad spectrum 
antibiotic agents. Clinically significant questions in DFI include the presence of 
GNR, anaerobes or multidrug-resistant strains (e.g., MRSA). These questions call 
for more targeted and prospective studies. 

In Study III, an association between antihypertensive medication and 
improved MAFS was found. In addition, hypertension and dyslipidaemia 
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diagnoses were associated with improved OS in Study V. The data in this 
dissertation are inconsistent regarding these medications and diagnoses and no 
data on actual blood pressure or lipids were examined. However, this is an 
interesting finding that calls for a large population-based study in future. 
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7 CONCLUSIONS 

1. The number of below knee amputations (BKA) after diabetic foot 
infection (DFI) decreased after the initiation of a dedicated wound centre 
at Tampere University Hospital (TAUH). The number of lower extremity 
amputations (LEA) among patients with diabetes and in the general 
population have increased. This increase is attributed to an increase in 
below ankle (BAA) and above knee amputations (AKA), whereas the rate 
of BKA has decreased. The rate of infrapopliteal revascularisations have 
increased exponentially. The reasons behind the changing trends in LEA 
are most likely multifactorial. At TAUH, the dedicated wound centre is a 
significant part of this change. 
 

2. Overall survival (OS) and major amputation-free survival (MAFS) after 
DFI remained poor. Major amputation during hospitalisation due to 
infection associates with a seriously increased risk for mortality. Limb 
ischaemia is a threat to both OS and MAFS. However, revascularisation 
of the ischaemic limb improves MAFS, but not OS. 
 

3. LEA is associated with the inferior OS of patients with diabetes. Proximal 
level of amputation associates with a higher rate of mortality. In addition, 
peripheral artery disease (PAD) and kidney function have a predictive 
effect on OS and MAFS. While in some cases major amputation is clearly 
indicated, due to patient-related factors and general condition, in many 
cases, a clinical decision is made between limb salvage attempt and major 
amputation. In these cases, aiming for BAA and performing additional 
amputation if needed is recommended, since to do so associates with 
improved OS. 
 

4. Causative pathogens of DFI at TAUH are mostly gram positive cocci 
(GPC). Gram negative bacilli (GNB) is more frequently encountered in 
ischaemic wounds than in non-ischaemic wounds. Methicillin-resistant 
Staphylococcus aureus and other resistant bacteria remain uncommon 
pathogens in DFI at TAUH. The specificity of superficial swab was good 
(over 90%). However, sensitivity to GNB and beta-haemolytic 
streptococci was less than 80%, and the superficial swab was therefore 
considered suboptimal. 
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A B S T R A C T

Aims: In this study, we evaluated the effects of the re-organization of inpatient care for

patients with a diabetic foot infection, and the implementation of a specialized multi-

disciplinary wound department at an academic tertiary hospital.

Methods: This was a retrospective cohort study, comprising 272 patients treated for diabetic

foot infections in 2006–2007 (Group 1, n = 124) and 2013–2014 (Group 2, n = 148). In 2012,

inpatient care of all chronic wounds was centralized at a single wound department with

a multi-disciplinary team. We assessed group outcome before and after the re-

organization.

Results: During the 7-year study period, the incidence of hospitalized patients with a dia-

betic foot infection increased 19%. After initiating the re-organization, the below-the-

knee amputation rate was significantly reduced (25.8% vs. 9.5%, p < 0.001). The median time

from admission to surgical intervention decreased from 5 days to 2 days, p < 0.001. The

length of hospitalization also tended to decrease after the reorganization.

Conclusions: The findings of this study demonstrate the benefits of treating diabetic foot

infections at a specialized wound department with a multi-disciplinary team. The benefits

were achieved by simply distributing the workload and organizing schedules, without new

investments or additional personnel. The findings of this study indicate that patients with

diabetic foot infections present a challenge that is beyond the expertise of a single field of

medicine. A working collaboration between disciplines and a specialized wound depart-

ment are central in achieving better results.
� 2017 Elsevier B.V. All rights reserved.

1. Introduction

Diabetes mellitus (DM) and its complications are a growing

burden on the health care system. Among patients with dia-

betes, foot problems are the leading cause of hospitalization.

The incidence of DM is growing worldwide [1], as is the num-

ber of hospitalized patients with diabetic foot problems. DM is

the number one cause of non-traumatic lower limb amputa-

tions, and infection is present in 60% of cases [2]. In the Uni-

ted Kingdom, the amputation rate among patients with type 1

http://dx.doi.org/10.1016/j.diabres.2017.01.007
0168-8227/� 2017 Elsevier B.V. All rights reserved.
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DM has decreased, but simultaneously the amputation rate

among type 2 diabetics has rapidly increased [3]. The general

consensus is that amputations should be avoided as they

decrease the quality of life, prolong hospital stays, and

increase mortality. In fact, the 5-year survival after a major

limb amputation among diabetics is only 42% [4].

It has been suggested that diabetic foot infections (DFI) are

usually preceded by chronic neuropathic ulcers [2]. Recent

data, however, suggest that diabetic foot infections com-

monly affect patients without a prior chronic foot ulceration

and can directly lead to the loss of a limb [5].

A severe DFI typically leads to hospitalization. If left

untreated, the patient’s limb – or in some cases, the patient’s

life – may be threatened [2]. Therefore, the primary aim of

treatment is to save the affected limb, and to maintain ambu-

lation and function. Previous studies demonstrated the

importance of isolated interventions in the treatment of DFIs.

Quick diagnosis of the vascular patency and appropriate

revascularization is crucial to reduce mortality and complica-

tions [6]. Other critical interventions include early debride-

ment, blood glucose control, antimicrobial therapy, and

reconstructive surgery [7–10]. As DFIs tend to progress from

superficial to deep infections without prompt management,

delayed treatment may prolong inpatient care, increase mor-

bidity, and eventually lead to the loss of a limb.

Several guidelines exist for treating DFIs. Meeting these

requirements, however, demands a functioning multi-

disciplinary team (MDT) approach [11]. The importance of

an MDT to organize diabetic foot care is widely agreed upon.

The Infectious Diseases Society of America, International

Working Group on the Diabetic Foot, and National Institute

for Health and Care Excellence guidelines all recommend that

DFI care should be provided by an MDT [12–14]. A specialized

wound department with an MDTapproach has been shown to

improve results [15]. Although an MDT approach is strongly

recommended, this recommendation is based on only

moderate-quality evidence [12].

We analyzed the clinical outcome of patients with a DFI,

hospitalized before and after the re-organization of inpatient

diabetic foot wound care. A period of 2 years in both cases

was selected to ensure a sufficient number of patients. The

primary outcome measures were mortality, lower limb ampu-

tation, and length of hospital stay. Secondary outcome mea-

sures included the number of vascular and soft tissue

reconstructions, and the delay to surgery in these patients.

2. Materials and methods

This study was conducted at Tampere University Hospital, a

tertiary teaching hospital, directly serving over 0.5 million

people. Before April 2012, inpatient care of patients with DFI

was managed on several hospital wards, including internal

medicine, infectious diseases, plastic surgery, vascular sur-

gery, dermatology, and orthopedics. Physicians from a single

discipline who consulted other specialties primarily managed

the patients. A diabetic foot group served outpatient clinics,

but an MDTwas not implemented for inpatient care.

In April 2012, we reorganized the inpatient care of chronic

wounds (including DFIs) to a specialized wound department.

In the department, an MDT, including a dermatologist, a plas-

tic surgeon, an internist, an infectious disease specialist, an

orthopedic surgeon, and a vascular surgeon, managed the

patients (Fig. 1). The reorganization was done without the

addition of new resources or recruitment of new personnel,

and rather by simply redistributing the workload and organiz-

ing schedules.

The data in this study were obtained from two cohorts of

patients, treated in 2006–2007 (Group 1) and 2013–2014 (Group

2). Group 1 constitutes the first 2 years of all the patient

records being available in a digital format. Group 2 consists

of patients treated during the two calendar years after the

inception of the specialized wound department. During

2006–2007, the diabetic foot group operated as an outpatient

clinic, while the other specialties involved in the treatment

of DFIs collaborated through nonsystematic consultations.

The hospitalization of patients with a DFI into various hospi-

tal wards was arbitrary, however, and followed no fixed proto-

col. In 2013–2014, all patients with a DFI were primarily

admitted to the specialized wound department and managed

with an MDT approach.

There was no registry of the inpatient care of DFIs before

2012, so study cases were collected from the medical records

through a computer search. The search encompassed three

groups. First, we identified all patients with a diagnosis of dia-

betes and C-reactive protein over 100 mg/L. Second, we iden-

tified all patients with some level of lower extremity

amputation. Third, we identified the patients that underwent

lower extremity wound debridement and bacterial culture

sampling within 30 days of the operation. This search pro-

vided 2044 cases. This list was back-checked to the existing

registry of 2013–2014 to confirm that the algorithm found all

known cases. From this point, the cases were reviewed

manually to include only patients with a DFI, excluding

infections like pneumonia and pyelonephritis or

amputation due to ischemia, but no DFI. A DFI was defined

as an infection at the level at or below the ankle joint.

Therefore, lower limb infections above the ankle level were

excluded (Fig. 2).

This process produced two cohorts: 124 patients in 2006–

2007 and 148 patients in 2013–2014. The following informa-

tion was collected from each group: patient characteristics,

mortality, length of hospital stay, surgical procedures, vascu-

lar investigations and interventions, and time between

admission and any procedures. Patient records were reviewed

from the period 2006–2014.

All statistical analyses were performed using the SPSS

software package (IBM SPSS Statistics for Mac OS X, Version

22.0. Armonk, NY). The power calculation was performed

with G*Power (G*Power for Mac OS X, Version 3.1.9.2). Analy-

ses were planned and reviewed with a professional

statistician.

3. Results

The number of DFIs increased 19% during the study period

(from 124 to 148). The patients were predominantly men in

both groups, with a mean age of 66 years (SD 13) and 68 years

(SD 13) in Groups 1 and 2, respectively. Co-morbidities were
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comparedwith Pearsons chi-square test. Group 2 had a higher

rate of hypertension (28.2% vs. 51.4%, p < 0.001) and obstruc-

tive lung disease (4.0% vs. 12.1%, p = 0.016) than Group 1.

The presence of atherosclerosis (54.8% vs. 53.4%), ischemic

heart disease (24.2% vs. 27.7%), kidney failure (16.1% vs.

17.6%), heart failure (17.7% vs. 20.9%), or dyslipidemia (3.2%

vs. 7.4%) did not differ significantly between groups. The

patient demographics of the two groups are summarized in

Table 1.

The rate of below-the-knee amputations (BKA) was signif-

icantly reduced in Group 2 compare with Group 1 (from 32 to

14, p < 0.001). Post hoc sample size for evaluating BKA reduc-

tion was assessed with G*Power software, and the statistical

power was adequate (0.94). The number of above-the-knee

Fig. 1 – Re-organization of care centralized patients with wounds (including DFI patients) to the one department, where they

are treated by the multi-disciplinary team.

Fig. 2 – A flowchart showing the procedure, how the two groups of patients were collected.
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(AKA) or below-the-ankle amputations did not differ signifi-

cantly between groups. The major amputation rate (AKA

and BKA combined) was reduced by more than 40%, from 41

in Group 1 to 28 in Group 2. The rates of the DFI-associated

surgical procedures are presented in Table 2.

A Kaplan–Meier analysis was performed to compare over-

all survival and survival with intact legs (no major amputa-

tion) between the groups. Overall survival was not

significantly different (log-rank p = 0.75) between groups. Sur-

vival with intact legs, however, tended to be more likely in

Group 2 than in Group 1 (p = 0.059, Fig. 3).

The median delay from admission to first surgical inter-

vention was significantly shorter in Group 2 than in Group 1

(p < 0.001). Altogether, 94 patients (75.8%) in Group 1 required

Table 1 – Patient demographics and DFI associated co-morbidities.

Group 1 Group 2
2006–7 2013–4
(n = 124) (n = 148) p*

Age
Mean 66 68
SD 13 13
Range 16–91 33–95

Sex, n (%)
Male 77 (62.1) 99 (66.4)
Female 47 (37.9) 49 (32.9)

Co-morbidities, n (%)
Hypertension 35 (28.2) 76 (51.4) < 0.001
Atherosclerosis 68 (54.8) 79 (53.4) 0.810
Ischemic heart disease 30 (24.2) 41 (27.7) 0.512
Obstructive chronic lung disease 5 (4.0) 18 (12.1) 0.016
Kidney failure 20 (16.1) 26 (17.6) 0.753
Heart failure 22 (17.7) 31 (20.9) 0.506
Dyslipidemia 4 (3.2) 11 (7.4) 0.130

* Pearsons chi-square test is used to compare co-morbidities between groups.

Table 2 – The absolute and relative number of DFI-related operations and delays in a patient’s treatment.

2006–7 2013–4 p*

Amputations, n (%)
Below ankle 56 (45.2) 60 (40.5) 0.443
Below knee 32 (25.8) 14 (9.5) <0.001
Above knee 9 (7.3) 14 (9.5) 0.516

Reconstructive operations, n (%)
Skin graft 10 (8.0) 23 (15.5) 0.060
Flap 4 (3.2) 5 (3.4) 0.944
Micro flap 1 (0.8) 1 (0.7) 0.900

Vascular procedures, n (%)
Angiography 55 (44.4) 39 (26.4) 0.002
Endovascular revascularization 13 (10.5) 19 (12.8) 0.548
Reconstructive surgery 17 (13.7) 12 (8.1) 0.136

Vascular surgeon’s consultation
Rate, n (%) 73 (58.9) 81 (54.7)
Median days (Range) 3 (0–266) 3 (0–48) 0.938
Mean (SD) 12 (35) 6 (9)

Surgical intervention
Rate, n (%) 94 (75.8) 106 (71.6)
Median days (Range) 5 (0–336) 2 (0–112) <0.001
Mean (SD) 19 (44) 7 (17)

Days of hospitalization
Median days (Range) 7 (0–89) 6 (0–49) 0.120
Mean (SD) 12 (15) 8 (8)

* Analyses were performed by Pearson chi-square or Mann–Whitney U-test.
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Fig. 3 – Kaplan–Meier survival analysis (alive and no major amputation) between groups indicates better survival for patients

treated by multidisciplinary team. Log Rank (Mantel-Cox) p = 0.059.

Fig. 4 – Box plot comparison of delays (in days) of vascular surgeon consultation, surgical intervention and length of

hospitalization.
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surgery and 106 patients (71.6%) in Group 2 required surgery.

Hospital inpatient treatment tended to be shorter in Group 2

comparedwith Group 1. The variability in time interval to sur-

gery and length of hospitalization was considerably greater in

Group 1 than in Group 2 (Fig. 4).

The impact of co-morbidities and vascular procedures on

the outcomewas evaluatedwith a logistic regression analysis.

Group 1 was the most significant risk factor predicting BKA

(OR 3.42, CI 1.57–7.42). Atherosclerosis was another significant

risk factor for BKA (OR 2.44, CI 1.01–5.89). The number of vas-

cular procedures did not significantly affect the outcome

(Table 3).

4. Discussion

Three clear benefits were demonstrated by re-organization of

the management of DFIs. First, this study showed that MDT-

based inpatient care reduced the rate of major amputations

in patients with a DFI. Second, the delay between admission

and the first surgical procedure was reduced by half. Third,

the hospital stay length also tended to be reduced. These ben-

efits were achieved by simply reorganizing and redistributing

the workload, without requiring new investments or addi-

tional personnel.

The prevalence of diabetes has been rapidly increasing

from the 1990s, especially among developing countries [16].

In the follow-up period between 2006 and 2014, the number

of DFI patients treated in our institution grew by 19%. DFIs

are responsible for the majority of inpatient care associated

with DM, suggesting that the costs of DM will significantly

rise in the future, as was also suggested by Hex et al. [17].

Therefore, it is crucial to seek ways to improve the care of

DFIs, not only for the benefit of our patients, but also to con-

trol the cost of care.

The major finding of this study was a significant reduction

in the rate of major amputations. These results are in agree-

ment with studies published by Gottrup [11] and Krishnan

et al. [18]. Trautner et al. [19] also reported that the risk of

amputations decreases when a network of specialist physi-

cians and clinical pathways for wound treatment is defined.

These studies showed a reduction in the number of major

amputations in a population of DM patients after initiating

a diabetic foot group at outpatient clinics. In our study, the

same effect was found in a cohort of hospitalized patients

with a DFI.

In the Copenhagen Wound Healing Center, an MDT

approach to diabetic foot ulcers resulted in a 20% decrease

in the rate of major amputations over a period of 10 years

[11]. The same institution recently reported that the 10-year

healing rate of toe ulcers, utilizing an MDT approach,

improved from 75% to 91% for neuropathic ulcers, from 72%

to 80% for neuroischemic ulcers, but no change for ischemic

ulcers [20]. In our study, major amputations were reduced

by over 40%. Ipswich Hospital reported an even more dra-

matic improvement where the rate of major amputations

decreased by over 80% [18]. They also reported a reduced rate

of minor amputations, which was not detected in our inpa-

tient data.

A major amputation is a great threat to a DM patient.

Rehabilitation after a major amputation is challenging, espe-

cially for elderly patients. These patients have a high 5-year

mortality rate, which is comparable to that of many cancer

patients [4]. A major amputation might also lead to perma-

nent inability and hospice care and will greatly impact the

patient’s quality of life. The costs incurred by permanent hos-

pitalization and intensive rehabilitation also place great bur-

den on the health care system [21]. Amputation is usually

an indication of more severe disease, which is associated with

increased treatment expense [22].

Our findings revealed that the delay to necessary surgery

was decreased by 60%. In fact, in Group 1, many patients

did not undergo debridement during their first inpatient visit,

Table 3 – Regression analysis for the below the knee
amputation, co-morbidities and vascular procedures.

Below the knee amputation

Variables N OR (95% CI)

Age 272 1.02 (0.98–1.05)
Sex

Women 96 1.01 (0.48–2.15)
Men 176 1.00

Group
2006-7 124 3.42 (1.57–7.42)
2013-4 148 1.00

Hypertension
Yes 111 0.79 (0.36–1.77)
No 161 1.00

Atherosclerosis
Yes 147 2.44 (1.01–5.89)
No 125 1.00

Ischemic heart disease
Yes 71 0.95 (0.40–2.28)
No 201 1.00

Obstructive chronic lung disease
Yes 23 0.96 (0.23–3.93)
No 249 1.00

Kidney failure
Yes 46 0.82 (0.29–2.28)
No 226 1.00

Heart failure
Yes 53 0.48 (0.17–1.39)
No 219 1.00

Dyslipidemia
Yes 15 0.36 (0.04–3.37)
No 257 1.00

Vascular reconstructive surgery
Yes 29 0.49 (0.15–1.55)
No 243 1.00

Angiography
Yes 94 1.73 (0.78–3.83)
No 178 1.00

Endovascular revascularization
Yes 32 2.11 (0.80–5.52)
No 240 1.00
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but later returned to undergo a major amputation. Early

debridement in DFI patients is a significant factor affecting

the outcome, by minimizing the level of amputation required

[10]. Tan et al. [23] reported that early surgical treatment

decreases the rate of BKA and the hospital stay length.

The length of the delay may be affected by various factors,

including system reviews, decision-making, consultations, or

patient flow, as well as the lack of communication between

professionals. Better vascular, radiologic, and microbiologic

services, andmultidisciplinary collaboration may also explain

the improvements in the outcomes of DFIs [18].

We saw also a reduction in the hospital stay length. This

reduction was not statistically significant, probably due to

the large amount of variation. It could be an important factor,

however, regarding the cost of treatment. Reasons for this

reduction are probably the same factors that led to the reduc-

tion in the delay for operative treatment. Along with surgery

and antibiotics, hospitalization accounts for the majority of

the cost in the treatment of diabetic foot ulcers [22].

There were some limitations to this study. First, this study

was retrospective, and detailed characteristics of the ulcers

are lacking. A retrospective study setting often underesti-

mates and misclassifies amputations [18]. This effect was

minimized, though, as a single author meticulously per-

formedmanual investigation of the patient records. Addition-

ally, the Finnish procedure codes [24] distinguish between

minor and major amputations.

Second, the selection of cases theoretically omitted

patients with a DFI, but with a C-reactive protein under 100

and no bacterial samples or surgical procedures performed.

The data from both groups, however, were collected accord-

ing to the same algorithm, leading to no selection bias

between the groups. Also, when back-checked against the

existing registry in cohort 2, we found nomissing cases. Over-

all, the groups were comparable in terms of age, sex, and co-

morbidities.

There was also a 7-year period between the two cohorts.

During that time, there were notable improvements in

endovascular techniques, wound dressing, and antibiotic

therapy, which could be partially responsible for the improved

results. We have no data of antibiotic therapies or wound

dressings applied in our cohorts, but it is likely that usage

of these treatments has become more systematic after the

re-organization of the care. Endovascular treatments of DFI

have undoubtedly improved over the years. Based on our

data, none of the vascular procedures seemed to have signif-

icant impact on the risk of BKA. Therefore, we are quite con-

fident that the most substantial difference between the two

groups in this study was implementing the wound depart-

ment with the MDT.

5. Conclusion

We demonstrated considerable benefits of re-organizing inpa-

tient care of DFI patients. It is important to note that this

organizational change did not require new resources or lead

to the recruitment of new personnel. The findings of this

study indicate that patients with a DFI present a challenge

beyond the expertise of a single specialty. Considering the

existing data on the inpatient management of DFIs, the use

of an MDTapproach is recommended to obtain better results.
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Introduction: An acute diabetic foot infection (DFI) is a serious condition and a leading

cause of hospitalization and major amputation in patients with diabetes. Aim of this study

was to evaluate the long term survival and risk factors for death and amputation after the

DFI requiring hospital treatment.

Materials and Methods: A retrospective study included all adult patients hospitalized

for DFI treatments during 2010–2014. Overall survival (OS) and amputation free survival

(AFS) (without major amputation) was calculated. We performed a Cox regression

analysis of several clinical parameters to evaluate the effects of clinical parameters on

overall and amputation-free survival.

Results: Total of 324 patients with mean age of 66.8 (SD 12.8) years were included.

The one- and five-year OS after DFI 81.2% (95%CI 77.5–84.9%) and 49.7% (95%CI

44.8–54.6%), respectively. Major amputation, wound ischemia, older age, and a low

glomerular filtration rate reduced the OS after DFI. After a major amputation, the one- and

five-year OS was 41.7% (95%CI 13.9–69.5) and 8.3% (95%CI 0.0–24.0%), respectively.

Wound ischemia, older age, and elevated C-reactive protein reduced AFS. In contrast,

hypertensive medication use was identified as a protective factor.

Conclusion: Mortality after a DFI remains high and is significantly increased after a major

amputation. Findings highlight the importance of early wound and ischemia management

for DFI prevention.

Keywords: diabetic foot, risk factors, amputation, morbidity, mortality, survival rate

INTRODUCTION

The burden of diabetes and its complications is an increasing problem worldwide. The prevalence
of diabetes is likely to grow in coming years, which will lead to increases in deaths and healthcare
costs (1). A patient with diabetes is at major risk of developing a foot ulceration, which can lead to
infections, extensive hospitalizations, lower-extremity amputations, and even death. It is important
to keep up to date on knowledge of factors that can predict mortality and morbidity to meet this
global challenge.
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The 5-year overall survival of patients with diabetic foot ulcers
(DFUs) is 70%, and after a major amputation, it declines to
only 43% (2). The most important risk factors for mortality in
patients with DFUs are age, ischemia, impaired renal function,
and male sex (3–5). Infection is a major complication of DFUs,
and long-term survival of these patients remains unknown.
Few studies have focused on patients with acute diabetic foot
infections (DFIs). A recent study showed that patients with DFIs
had 15% mortality at 1 year, and 17% of patients underwent
lower extremity amputations (6). In another study, patients with
infectious gangrene had 40% survival over 5 years (7). DFIs also
have a profoundly negative impact on patient quality of life (8).

A major amputation is a feared consequence of complicated
diabetes; it is associated with severe physical impairment (9).
Lower extremity amputations, due to diabetic foot complications,
were identified as an independent risk factor of premature death
(2). Therefore, next to overall survival (OS), amputation-free
survival (AFS; that is, survival without amputations above the
ankle) is an important outcome for patients with DFI.

The Laboratory Risk Indicator for Necrotizing Fasciitis
score (LRINEC score) is a diagnostic scoring system that was
developed to distinguish necrotizing fasciitis from other soft
tissue infections (10). Originally, the LRINEC cutoff score for
identifying necrotizing fasciitis was defined as 6; however, a more
recent study indicated that a LRINEC score of 8 or higher was
more sensitive for patients with diabetes (11). We investigated
whether the LRINEC score could be used as an indicator of severe
DFI and a poor prognosis.

The primary aim of this study was to investigate the long-
term survival and risk factors for OS and AFS in patients
with DFI that required inpatient treatment in a tertiary
university hospital.

MATERIALS AND METHODS

This retrospective cohort study was conducted at Tampere
University Hospital (Institutional Review Board approval ETL-
code: R14545S). All adult patients hospitalized with an acute DFI
during 2010–2014 were included in the study. This population
and patient selection process was described in an earlier study in
detail (12). Compared to the previous study cohort, we excluded
one patient that was under 18 years of age.

From the hospital records, we collected data on patient
demographics (age and gender), registered diagnoses (ischemic
heart disease, chronic obstructive pulmonary disease, congestive
heart failure and dyslipidemia), microbiological and clinical
chemistry findings, surgical revisions and amputations, open
and endovascular revascularization procedures, and the length
of hospital stay. Wound status was assessed from the patient
records, and wounds were staged according to the University of
Texas Staging System for Diabetic Foot Ulcers (UT scale) by a
specialized plastic surgeon (13). For the analysis, wounds were
classified separately, based on wound perfusion (ischemic vs.
non-ischemic) and wound depth (1: superficial, 2: penetrating
tendon or capsule, 3: penetrating joint or bone). We calculated
the LRINEC score from the first laboratory results after

admission, and we chose a cutoff score of 8 or higher to
identify necrotizing fasciitis. The interval from admission to
surgery was defined as the number of days from admission
to a first surgical revision. The glomerular filtration rate
(GFR) was calculated with the Modification of Diet in Renal
Disease equation (14). Hypertension was defined as the use of
antihypertensive medication.

The mean and standard deviation (SD) were calculated
for normally distributed continuous variables. The median
and interquartile range (IQR) were calculated for continuous
variables with skewed distributions. We performed a Cox
regression analysis to evaluate the significance of associations of
different variables with OS and AFS. In the AFS analysis, the
endpoint was defined as death or a major amputation (above
the ankle), and in the OS analysis, the endpoint was death.
AFS analysis was limited to 2 years following hospitalization,
since most patients had censored out after this time. Time
of follow up was considered to end in last visit to hospital.
However, OS was reliably analyzed during 5 years, since the
data of death dates was obtained from national registry. All
variables were first analyzed individually with Cox regression.
For the Cox regression, we included the GFR, hemoglobin
A1c (HbA1c), C-reactive protein (CRP), and leukocyte levels
as continuous variables without thresholds. Then, all variables
that were individually significantly associated with survival
were included into a multivariable Cox regression analysis. For
variables that showed a significant association with survival in
the multivariable analysis, we performed Kaplan-Meier analyses
and reviewed survival tables. For these analyses, age and GFR
were divided into two groups. For age, the median (67.0 years)
was used as a cutoff value. For GFR, a value of 60.0 ml/min was
chosen as a cutoff value, because this value served as the threshold
between mild and moderate kidney disease; in addition, it was
close to the median (58.6 ml/min). Statistical analyses were
planned and reviewedwith a professional statistician. All analyses
were performed with SPSS software (IBM SPSS Statistics, Version
24.0. Armonk, NY).

RESULTS

We enrolled 324 patients (237 males, 87 females; mean age,
66.8 years, SD 12.8) with 404 periods of hospitalization. Their
comorbidities, wound characteristics, and bacterial findings
are presented in Table 1. A case was defined as a period
of hospitalization.

The median hospitalization time was 6 days (IQR: 4–10).
Surgical debridement (wound debridement or amputation) was
performed in 208 cases. The median interval from admission
to the first surgical intervention was 2 days (IQR: 1–4).
Revascularization within 1 month of admission, was performed
in 65 cases. Open revascularization procedure was performed in
17 cases, endovascular revascularization in 45 cases, and both
in 3 cases. Median interval from admission to revascularization
was 3 days (IQR: 1.5–6). Table 2 summarizes the distribution of
laboratory test results among the cases. Data for computing the
LRINEC score were available in 305 cases. The LRINEC scores
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TABLE 1 | Comorbidities, wound characteristics, and bacterial culture findings.

Comorbidities n (%)

Hypertension 188 (46.5)

Ischemic heart disease 113 (28)

Impaired kidney function (GFR <60 ml/min) 157 (38.9)

Chronic obstructive pulmonary disease 21 (5.2)

Congestive heart failure 84 (20.8)

Dyslipidemia 25 (6.2)

Ulcer type and depth*

non-ischemic wound infection (B) 164 (40.6)

ischemic wound infection (D) 239 (59.2)

ulcer type undefined 1 (0.2)

superficial ulcer (1) 83 (20.5)

penetrating to tendon or capsule (2) 61 (15.1)

penetrating to joint or bone (3) 258 (63.9)

ulcer depth undefined 2 (0.5)

Bacterial cultures in wound

Staphylococcus aureus 77 (19.1)

MRSA 10 (2.5)

Gram-negative rods 60 (14.9)

Beta hemolytic streptococci 51 (12.6)

Coagulase-negative staphylococci 20 (5)

*University of TexasWound Classification System of Diabetic Foot Ulcers; GFR, glomerular

filtration rate; (B), (D), ulcer type classifications; (1), (2), (3), ulcer depth classifications;

MRSA, methicillin-resistant Staphylococcus aureus.

TABLE 2 | Distribution of laboratory test results among the cases.

Cases Median IQR

GFR (ml/min) 304 58.6 36.1–88.7

HbA1c (mmol/mol) 262 62 51–74

CRP (first week highest, mg/l) 310 150.8 87.3–231.5

Leukocytes (first week highest, E9/l) 316 13.4 10.1–17

(mean: 4.6, SD 3.0) were over 6 in 118 (38.7%) cases, and over 8
in 62 (20.3%) cases.

The OS rates for the entire population after one, three,
and 5 years were 81.2% (95%CI: 77.5–84.9%), 61.9% (95%CI:
57.2–66.6%), and 49.7% (95%CI: 44.8–54.6%), respectively.
Among patients that underwent a major amputation, these
survival rates were 41.7% (95%CI: 13.9–69.5%), 16.7% (95%CI:
0.0–37.9%), and 8.3% (95%CI 0.0–24.0%), respectively. In the
Cox regression analysis, we found that four factors were
associated with a significantly shorter OS: a major amputation
during hospitalization, ischemia with an infected ulcer, age over
67 years, and a GFR under 60 ml/min (Figure 1).

The univariate Cox regression analysis identified six factors
that significantly reduced the OS: a major amputation, wound
ischemia, revascularization procedure within a month of
admission, ischemic heart disease, congestive heart failure and
age. In contrast, male gender, a high GFR, and a low HbA1c
increased the OS (Supplementary Table 1). The multivariable
model showed that a major amputation, wound ischemia, age,

and GFR remained significant factors (Table 3). A univariate
analysis showed that AFS was reduced in patients with wound
ischemia, deep wounds (to the bone or joint), age, high
leukocyte counts, and high CRP levels. In contrast, AFS
was increased in patients that used hypertension medications
(Supplementary Table 1). The multivariable analysis showed
that wound ischemia, age, CRP, and hypertension medication use
retained significance (Table 4). Neither the OS nor the AFS was
significantly affected by bacterial culture findings, interval from
admission to surgery, or the LRINEC-score.

A Kaplan-Meier subanalysis was performed to further
evaluate the role of revascularization on survival. OS and AFS
were compared within groups receiving open, endovascular or
both revascularizations (Figure 2). There was no significant
difference in OS (p = 0.956) nor AFS (p = 0.554). In
addition, a subanalysis to compare survival between non-
ischemic infection and ischemic infection with and without
revascularization was conducted (Figure 3). OS was similar
after ischemic infection with and without revascularization.
However, AFS was improved after revascularization compared
to ischemic infection without revascularization. This difference
remained statistically significant, when a Kaplan–Meier analysis
was performed only to ischemic infection as a subgroup.

DISCUSSION

This study showed that survival after a DFI was poor, even in
a tertiary university hospital setting with advanced treatment
resources. Age, wound ischemia, major amputations, and
impaired kidney function were the most important predictors
of a reduced OS. Moreover, age, wound ischemia, and high
CRP were associated with a reduced AFS; however, use of a
hypertensive medication seemed to increase the AFS.

The one-year OS after hospitalization due to a DFI was
81.2%. This result was similar to that found in a recent
prospective multi-center study in England, where 15% mortality
was observed during the first year after a DFI (6). Diabetes is
estimated to be related to 31.4% of deaths in Europe (1). In our
study, half of the patients died within 5 years after a DFI. This
finding highlighted the serious nature of a DFI. For comparison,
the 5-year mortality after a DFI was larger than themortality after
an ST-elevation myocardial infarction without any reperfusion
(41%) and similar to mortality after a stroke (48%) or among
patients undergoing hemodialysis (51%) (15–17).

Among patients that underwent a major amputation, the risk
of death after the infection was nearly six-fold that of patients
with infections that could be managed without amputation. After
a 5-year follow-up, only 1 of 12 patients (8.3%) survived. We
found that a lower OS was partially associated with age and
comorbidities, such as foot ischemia and impaired renal function.
However, a major amputation remained a significant factor, when
the multivariable analysis was adjusted for these comorbidities;
thus, a major amputation should be considered an independent
risk factor for death. A previous study of patients withDFIs found
that mortality was associated with minor and major amputations
and ischemia (2). In contrast, our data did not show an increased
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FIGURE 1 | Kaplan–Meier curves compare survival between subgroups identified with a significant risk factor. (A) Age under (blue line) or over (red line) 67 years;

(B) GFR under (red line) or over (blue line) 60 ml/min; (C) individuals with (red line) or without (blue line) a major amputation; and (D) individuals with (red line) or without

(blue line) wound ischemia.

TABLE 3 | Multivariable Cox regression analysis of overall survival (N = 247).

Influencing factor P HR 95% CI

Male (vs. Female) 0.470 1.173 0.761–1.807

Age <0.001 1.055 1.035–1.076

Wound ischemia (vs. non-ischemic wound) 0.046 1.598 1.008–2.532

Major amputation <0.001 6.673 2.836–15.700

Revascularization (within 1 month) 0.720 1.091 0.678–1.755

Ischemic heart disease 0.208 1.321 0.856–2.038

GFR (ml/min) <0.001 0.989 0.982–0.995

HbA1c (mmol/mol) 0.832 0.999 0.987–1.011

Congestive heart failure 0.237 1.310 0.837–2.049

GFR, glomerular filtration rate; HbA1c, glycated hemoglobin.

Variables significant in multivariable model are bolded.

risk of death after a minor amputation. We interpreted this
result as an indication that, in the face of an acute infection,
a minor amputation could control the infection, avoid a major
amputation, and save the limb.

The AFS was greatly reduced in patients with ischemic
wounds. Ischemia and infections are considered the two
most threatening factors for a diabetic foot prognosis (18).
Revascularization is the cornerstone of treatment, but patients
with an ischemic DFI should be given a comprehensive
treatment plan for treating both the infection and other

TABLE 4 | Multivariable Cox regression analysis of amputation-free survival

(N = 308).

Influencing factor P HR 95% CI

Age 0.001 1.033 1.014–1.052

Wound ischemia (vs. non-ischemic wound) <0.001 3.922 2.219–6.933

Ulcer penetrating to joint or bone 0.077 1.742 0.943–3.221

Hypertension 0.004 0.533 0.349–0.814

CRP (first week highest, mg/l) 0.007 1.003 1.001–1.005

Leukocytes (first week highest, E9/l) 0.073 1.035 0.997–1.074

CRP, C-reactive protein.

Values significant in multivariable model are bolded.

comorbidities (19). In our study, 16.1% of the cases had
revascularization within 1 month of admission and in
most cases within 1 week. We found no difference in
survival between patients receiving open or endovascular
revascularization (Figure 2). In addition, revascularization
did not affect OS after the infection. However, AFS within
patients with ischemic infection was significantly improved
by revascularization (Figure 3). This shows that timely
management of ischemic in DFI is crucial to improve limb
salvage among patients surviving DFI. Therefore, early
involvement of vascular surgery in treatment of acute diabetic
foot is strongly indicated.
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FIGURE 2 | Kaplan–Meier curves compare overall survival (A) and amputation

free survival (B) after different revascularization approaches. Groups presented

are open revascularization procedure (blue line), endovascular revascularization

(red line) and both open and endovascular procedure (green line).

In our cohort, a higher CRP (indicating a more severe
infection) was also associated with a worse AFS. In the univariate
analysis, we found that the AFS was also associated with
a deep wound (penetrating to the bone or joint) and high
blood leukocytes. However, these factors lost significance in
the multivariable analysis. A deep wound often develops over
a long time, and it can go unnoticed with lack of proper
foot care and diabetic neuropathy. Long-lasting and multiple
foot ulcers were associated with a worse outcome (6). This
observation highlighted the importance of detecting the infection
early and providing sufficient interventions in treating diabetic
foot ulcers.

Our results showed that use of a hypertensive medication
was associated with an increased AFS. Hypertension has been
identified as a risk factor for major amputations among patients
with diabetes (20). However, previous studies have shown that
hypertension did not impact major amputation rates (21). In
our study, we lacked data on blood pressure; therefore, we could
only analyze the association between the use of hypertensive
medication and AFS. Although our finding is interesting, it
requires more targeted research for adequate interpretation.

A major amputation due to a DFI causes serious physical
impairment (9). Therefore, a reasonable goal is to improve
the survival of patients with diabetes without performing
a major amputation. In some cases, a major amputation

FIGURE 3 | Kaplan–Meier curves compare overall survival (A) and amputation

free survival (B) between non-ischemic infection (blue line), ischemic infection

receiving revascularization (red line) and ischemic infection and no

revascularization (green line).

is the best option, and it can improve the quality of
life (22). This quandary emphasizes the importance of a
careful preoperative assessment for determining whether limb
salvage or a major amputation would be more beneficial to
the patient.

The major strengths of this study were the inclusion of
all hospitalized DFI cases in our area and the long-term
follow-up. The retrospective nature of the study was an
inevitable limitation. Our data did not include features as
ankle-brachial index or clinical severity of infection, which
are included in most recent scales. Nevertheless, we could
classify all but two wounds retrospectively using the UT
scale. Other study limitations included the fact that complete
data on covariates were not available for all cases and there
may be some inconsistency in registered diagnosis of co-
morbidities. Moreover, the population of this study comprised
only hospitalized patients in a tertiary care hospital, although
DFIs are also treated in primary and secondary hospitals and
in outpatient care. On the other hand, this might also be
viewed as a study strength, because we focused on the most
severe DFIs.

In conclusion, patients with DFIs comprise a group associated
with high mortality and morbidity. A major amputation often
precedes death; therefore, treatments should aim to improve both
the AFS and OS. Ischemic infections in deep wounds, combined
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with a high CRP level is the worst case scenario for a DFI; hence
preventing this scenario merits robust action.
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WHAT THIS PAPER ADDS
This is an observational analysis of the lower limb amputations and revascularisations performed in Finland
between 1997 and 2018. Previous studies from Finland evaluating the changes in the incidence of minor and
major amputations have reported contradictory results. Despite the increasing trend in total amputations, a shift
from transtibial amputations to partial foot amputations has been noted. The incidence of index major am-
putations is slowly decreasing in addition to an increasing minoremajor ratio, suggesting an improvement in the
treatment of diabetic foot wounds and lower extremity artery disease in Finland during the study period.

Objective: To investigate the rates of transfemoral, transtibial foot and toe amputations, and lower limb
revascularisations in Finland between 1997 and 2018.
Methods: Retrospective observational cohort study. Data from the Finnish National Hospital Discharge Register
for the period 1997 e 2018 were used. The study population covered all patients 20 years and older who
underwent lower limb revascularisations or amputations in private and public hospitals during the study
period. All (outpatient and inpatient) amputations and revascularisations were included. The age adjusted
incidence rates were based on the annual mid populations, which were obtained from the Official Statistics
of Finland. Continuous variables were presented as median with interquartile range (IQR) or as mean with
standard deviation. The 95% confidence intervals (CI) for the incidence rates were calculated using the
Poisson exact method. All changes in incidence were calculated as relative change (%).
Results: A total of 75 230 patients underwent 149 492 lower limb revascularisations and amputations between
1997 and 2018 in Finland. The median (IQR) age of the patients was 73 (65, 80) and 60% of the patients were
men. The incidence of all endovascular lower limb revascularisations increased by 159% while the incidence of
lower limb amputations increased by 25%. The most notable increase occurred in toe (84%) and foot (107%)
amputations, while the incidence of transfemoral amputations remained steady and transtibial amputations
decreased by 53%. The first minor-major amputation ratio (CI) increased from 1.13 (1.03 e 1.24) to 1.49
(1.36 to 1.62) during the study period.
Conclusion: The findings of this nationwide cohort study suggest that the incidence of both lower limb
revascularisations and amputations is increasing. More specifically, revascularisations are more often
performed endovascularly, and the incidence of transtibial amputations is declining, whereas the incidence of
toe and foot amputations is increasing.
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INTRODUCTION

Diabetic foot ulcers and lower extremity artery disease are the
most important risk factors for lower extremity amputation
(LEA).1e9 Indeed, the prevalence of diabetes mellitus, particu-
larly type 2 diabetes, has increased alarmingly in recent de-
cades, both in the Finnish population and worldwide.10

According to the International Diabetes Federation, there
were 463 million people worldwide with diabetes in 2019, and
it is estimated that this figurewill have increased to 763million
by 2045.10

The most severe stage of lower extremity artery disease
is chronic limb threatening ischaemia (CLTI). In patients
with CLTI, effective revascularisation is a crucial component
of treatment.11 Vascular reconstruction has proved to be a
cost efficient procedure for the management of CLTI
compared with LEA or wound care in 10 year follow up.12

Moreover, both bypass surgery and endovascular proced-
ures have been shown to yield excellent outcomes in the
treatment of CLTI in terms of limb salvage.13 However,
current evidence is inadequate to demonstrate the superi-
ority of either approach.14e17 In the clinical setting, both
procedures are sometimes used complementary to each
other as part of a hybrid procedure.14e17

The treatment of diabetic foot ulcers and leg ischaemia has
improved remarkably during recent decades.5,18,19 Conse-
quently, between 1980 and 2000, the incidence of LEAs
decreased.5,18 Thereafter, the nationwide incidence of major
LEAs remained between 18 and 20 per 100 000 inhabitants
from 2007 to 2017.20 An international VASCUNET report21

concluded that in Finland between 2000 and 2014 the inci-
dence of minor amputations slowly increased, while the inci-
dence of major amputations decreased. Conversely, Hughes
et al.22 reported that the incidence of amputations proximal to
the toes and toe amputations reached the highest point in the
early 21st century, and started to decrease thereafter.

Previous studies have reported that the incidence of
endovascular revascularisations and minor amputations in
Finland is rising, whereas the number of major LEAs is
decreasing,20,21 however the specific changes among
different revascularisation and amputation levels and sexes
remain unknown. The objective of this study was to inves-
tigate trends in lower limb revascularisations and LEAs in
Finland between 1997 and 2018, with a secondary objective
of stratifying the results based on sex.

MATERIALS AND METHODS

The Finnish National Hospital Discharge Register (NHDR)
was used to collect patient data for the period 1997 to
2018. Information on age, sex, primary and secondary
diagnosis, and operations performed during the hospital
stay were obtained from the database. The external validity
in terms of coverage and accuracy of the NHDR for proce-
dural coding has been shown to be high.23,24 However, as
the database does not include comorbidities or other risk
factors, diabetes, lower extremity artery disease, or other

risk factors could not be combined reliably with patients
undergoing amputation or revascularisation from the reg-
ister.23 Thus, this study focused solely on incidence rates.

All Finnish adults (20 years of age or older) who under-
went lower limb amputation or revascularisation between
1997 and 2018 were included. Lower limb disarticulations
were excluded due to the rarity of these procedures (a total
of 61, 0.1%, ankle; 146, 0.3%, knee; and 316, 0.6%, hip).
Wound revisions or the revisions of the amputation stump
of the lower leg were not included. The procedure codes
were based on the NOMESCO (Nordic Medico-Statistical
Committee) classification (Finnish version),25 and the pro-
cedures were grouped into transfemoral amputations,
transtibial amputations, foot (including the foot from below
ankle to toes), and toe amputations, and revascularisations
(open and endovascular). Revascularisations were further
classified anatomically into supra-inguinal, femoropopliteal,
and infrapopliteal procedures. All procedure codes and
groups are provided in Appendix 1. The amputations were
further classified as minor (below ankle) and major (above
ankle) amputations. If a single patient underwent multiple
different level operations during the hospital stay, each
distinct code was considered as separate operations, it
could not be ascertained whether the operations were
conducted on different limbs.

The data were first analysed on a per procedure basis to
investigate the incidence of the procedures, and then on a
per patient basis to identify the index amputations for each
patient and to compute the total number of amputations
and revascularisations per patient. The per patient analyses
were calculated using raw patient level data. The data were
reorganised based on patient ID and the date of the oper-
ation, resulting in data that included all operations (and the
dates) the patient underwent between 1997 and 2018.
Thus, both index and recurrent operations on a patient level
could be analysed in chronological order, including the in-
tervals between operations.

The index minor (without previous minor amputations)
and major (without previous major amputations) were
considered as the first amputation after a 10 year ampu-
tation free period. Therefore, only the results from the year
2009 are presented to obtain a similar follow up before the
index procedure for each patient.

The minoremajor ratio was calculated by dividing the
incidence of minor amputations by the incidence of major
amputations for each year. The first minoremajor ratio was
calculated in a similar way, including only index minor and
index major amputations for each patient.

Ethical considerations

The study is based on retrospective register data, and
therefore ethics committee permission is not required in
Finland. Study permission was obtained from the Finnish
Institute of Health and Welfare (permission number: THL/
1800/5.05.00/2019).
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Statistical analysis

The primary outcome was the incidence rate of amputa-
tions and revascularisations per year. Subgroup analyses
included the evaluation of incidence rates stratified by sex
and index amputation. The incidence rates were based on
the annual mid populations, which were obtained from the
Official Statistics of Finland. All incidence rates (per 100
000 inhabitants) were age adjusted by the five year age
distribution of the European Union for the corresponding
years obtained from Eurostat (https://ec.europa.eu/
eurostat). The 95% confidence interval (CI) for the inci-
dence rates were calculated using the Poisson exact
method. All changes in incidence were calculated as rela-
tive change (%). Continuous variables were presented as
median with interquartile range (IQR) or as mean with
standard deviation (SD) based on the distribution of the
variable. The normality of the data was evaluated by his-
togram inspection. The data did not include missing values,
and therefore imputation or other ways of handling
missing data were not used. The minoremajor ratio was
calculated as an incidence rate ratio with 95% CI. R version
4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria) statistics software was used for the statistical
analysis. The R codes for the analyses are provided as a
supplementary file (Appendix 2A e C).

RESULTS

A total of 75 230 patients underwent 149 492 lower limb
revascularisations and amputations between 1997 and 2018
in Finland. The median (IQR) age of the patients was 73 (65,
80). In total, 60.2% (n ¼ 89 957) of the patients were men.

Lower limb revascularisations

A total of 52 931 patients underwent 94 629 revascularisations
during the study period. The median (IQR) age of the patients
was 72 years (65, 79). Of these revascularisations, 45 316
(48%) were endovascular and 49 313 (52%) open. The inci-
dence (CI) of all endovascular lower limb revascularisations
increased by 159% from 68 (61 e 77) to 176 (165 e 188)
between 1997 and 2018 (Fig. 1A). The incidence (CI) of
endovascular infrapopliteal revascularisations increased 19
fold from 1.7 (0.7 e 3.4) to 34 (29 e 39) per 100 000 in-
habitants and endovascular supra-inguinal revascularisations
17 fold from 2.2 (1.1 e 4.1) to 41 (36 e 48) per 100 000 in-
habitants during the same period (Fig. 1B). In addition, the
incidence (CI) of endovascular femoropopliteal revascularisa-
tions increased 12 fold from 3.9 (2.3e 6.3) to 50 (45e 57) per
100 000 inhabitants between 1997 and 2018, and thus
reached the highest incidence among endovascular revascu-
larisations in 2018. Simultaneously, the incidence (CI) of open
femoropopliteal revascularisations increased by 19% from 31
(26e 37) to 37 (32e 43) per 100 000 inhabitants, whereas the
incidence of open infrapopliteal and supra-inguinal revascu-
larisations decreased by 39%, from 14 (10e 18) to 8.5 (6.2 e
12) per 100 000 inhabitants, and by 66%, from 16 (12e 20) to
5.5 (3.7 e 8.3) per 100 000 inhabitants, respectively (Fig. 1C).

Lower limb amputations

A total of 34 361 patients underwent 54 938 LEAs between
1997 and 2018 in Finland. Of these, 23 634 (43%) were toe
amputations, 6 921 (13%) were foot amputations, 9 112
(17%) were transtibial amputations and 15 196 (28%) were
transfemoral amputations. The median (IQR) age of patients
undergoing toe amputations was 71 (61, 80) years, foot
amputations 71 (62, 80) years, transtibial amputations 72
(62, 80) years, and transfemoral amputations 80 (72, 86)
years.

The total incidence (CI) of all lower limb amputations
increased by 25% from 55 (48 e 64) per 100 000 in-
habitants in 1997 to 69 (62 e 79) per 100 000 inhabitants in
2018 (Fig. 1A). This increase was mostly caused by a sharp
rise in toe amputations, as the incidence of these ampu-
tations increased by 84%, from 19 (14 e 24) to 35 (30 e 42)
per 100 000 inhabitants, between 1997 and 2018 (Fig. 2A).
In addition, the incidence (CI) of foot amputations increased
by 107%, from 5.3 (3.3 e 8.4) to 11 (8.2 e 15) per 100 000
inhabitants, during the same period. The incidence (CI) of
transfemoral amputations, however, remained relatively
stable (e5%), from 17 (14 e 22) to 16 (13 e 20) per 100
000 inhabitants, between 1997 and 2018. Conversely, the
incidence (CI) of transtibial amputations decreased over the
same period by 53%, from 14 (11 e 19) to 7 (4 e 9.8) per
100 000 inhabitants.

These changes in amputation rates were observed in
both men and women (Fig. 2B, C). However, the increased
incidence (CI) of toe amputations was slightly more prom-
inent among men (89% from 28 [20 e 38] to 53 [43 e 65]
per 100 000 inhabitants) than women (75% from 12 [7.9 e
18] to 21 [16 e 28] per 100 000 inhabitants). Furthermore,
the incidence (CI) of foot amputations among men
increased by 146%, from 7.7 (4.1 e 14) to 19 (14 e 27) per
100 000 inhabitants, whereas the increase among women
was only 31%, from 3.6 (1.7 e 7.2) to 4.7 (2.6 e 8.4) per
100 000 inhabitants. The incidence of transfemoral ampu-
tations changed only slightly: a 0% change among men and
a 13% decrease among women. However, the incidence (CI)
of transtibial amputations decreased by 52%, from 20 (14 e
27) to 9.6 (5.8 e 15) per 100 000 inhabitants among men,
and by 56%, from 9.6 (6.3 e 15) to 4.3 (2.1 e 8.3) per 100
000 inhabitants, among women.

Lower limb amputations per patient

The incidence (CI) of patients with an index major ampu-
tation decreased from 20 (16 e 25) per 100 000 in-
habitants in 2009 to 19 (15 e 23) per 100 000 inhabitants
in 2018 (Fig. 3). The incidence (CI) of index minor ampu-
tations increased from 22 (18 e 27) per 100 000 in-
habitants in 2009 to 28 (23 e 34) per 100 000 inhabitants
in 2018. In total, 74% (n ¼ 692) of the patients ended up
having their index minor amputation without revascular-
isation during a period of 10 years prior to amputation in
2009, whereas the corresponding percentage was 65%
(n ¼ 816) in 2018. Similarly, the percentage of patients
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with their index major amputation without previous
revascularisation was 71% (n ¼ 591) in 2009 and
decreased to 59% (n ¼ 497) in 2018.

The proportion of patients who had undergone at least
one amputation during the previous 10 year period
increased among toe (from 25% to 32%) and foot (15% to
22%) amputations between 2009 and 2018 (Fig. 4). The

proportion of transtibial amputations decreased from 17%
to 11% but remained relatively stable among transfemoral
amputations (15% to 18%).

The crude minoremajor ratio (CI) increased from 1.33
(1.23 e 1.44) to 1.93 (1.79 e 2.08) during the study period
(Fig. 5). Similarly, the first minoremajor amputation ratio
increased from 1.13 (1.03 e 1.24) to 1.49 (1.36 e 1.62).
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Figure 1. (A) The age adjusted incidence of all amputations and revascularisations and (B,C) the incidence of
(B) endovascular and (C) open revascularisations stratified by the site of amputation in Finland between 1997
and 2018. The age adjusted amputation incidence has increased rapidly since 2002, while the incidence of all
lower limb amputations increased slowly. There is a notable shift from open to endovascular revascularisations
starting from 2002.
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DISCUSSION

The purpose of this study was to evaluate the incidence of
revascularisation procedures and LEAs in the Finnish pop-
ulation during the period 1997 e 2018. There were three
major findings. First, there was a shift in crude incidences
from transtibial amputations to partial foot amputations
(toe and foot amputation). Second, a substantial increase in
the incidence of revascularisation procedures was

identified. An increase in the minoremajor ratio and a
decrease in amputations without prior revascularisation
was demonstrated.

A clear shift from transtibial amputations to partial foot
amputations was observed, particularly towards the end of
the study period. The most notable increases in incidence
occurred in toe (84%) and foot (107%) amputations. The
incidence of transfemoral amputations remained steady,
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Figure 2. The incidence of lower limb amputations in Finland between 1997 and 2018. (A) Toe and foot
amputations increased during the study period, whereas the incidence of transfemoral and transtibial ampu-
tations decreased. The incidence of toe amputations increased more among (B) men than (C) women between
1997 and 2018.
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whereas the incidence of transtibial amputations decreased
by 53%. These changes were seen among both sexes. This
shift from major to minor amputations in Finland has also
been reported in a recent international VASCUNET study for
the period 2010 e 2014.21 However, Hughes et al.22 re-
ported that the incidence of amputations proximal to toes
and toe amputations both reached the highest point in the
early 21st century and began to decrease thereafter. Thus,
the findings of these studies are somewhat contradictory,
and this inconsistency may be partly explained by the dif-
ferences in the inclusion criteria. However, as both of these
studies focused on the differences between nations, they
lacked a further evaluation of the changes between
different anatomical areas. In addition to these

international studies, a systematic review by Dillon et al.
identified 22 studies from different nations that reported an
increase in partial foot amputations, particularly in patients
with diabetes type 2, and a decrease in transtibial ampu-
tations during the same time period.26

The apparent shift from transtibial amputations to partial
foot amputations in the Finnish population can be explained
in a number of ways. First, the NHDR data do not separate
initial and recurrent amputations or the laterality of the
amputation, which is a major limitation in the data. Thus,
the same individual could have undergone several partial
foot amputations during the study period, which would
partially explain the exponential increase in the incidence of
partial foot amputations. This was also found in a study
from a Western Australian population, where the authors
found a particularly high risk of recurrent partial foot am-
putations in patients with type 2 diabetes.27 Therefore, the
increasing prevalence of diabetes in the ageing populations
puts a growing number of people at risk of initial and
recurrent partial foot amputations.26

Second, the arrival of multidisciplinary wound centres
and specialised diabetic foot groups has improved the
outcomes of patients with diabetes.28 This might in part
explain the earlier observed decline in the number of
transtibial amputations over the past few decades in
Finland.20,29 Indeed, these highly specialised and multidis-
ciplinary clinics are known to be effective in reducing
amputation rates.28,30,31 These clinics improve the conser-
vative treatment of diabetes and its related complications
by better blood glucose control and advanced foot and
wound care.

Finally, the frequency of revascularisation procedures has
increased and the technical possibilities have improved.20

This was seen in the data as a 12 e 19 fold increase in
the number of endovascular lower limb revascularisations
between 1997 and 2018. This is likely to be a meaningful
contributing factor to a shift towards fewer transtibial
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Figure 3. The incidence of major and minor amputations in
Finland between 2009 and 2018. The incidence of the index major
amputations decreased, while the incidence of index minor
amputations increased.
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amputations. Other potentially meaningful factors behind
the changes may be decreased smoking prevalence,32

advanced hypertension control,33 cancer screening,34e36

and increased use of seatbelts.37

The data indicate that the nationwide incidence of
transfemoral amputations has remained quite stable,
although a previous cohort study from Finland suggested
that the regional incidence in Southern Finland decreased
between 1990 and 2001.38 The most logical explanation for
the constant incidence of transfemoral amputations is that
they are often the favoured approach in treating CLTI in the
most elderly and bedridden patients who are not candi-
dates for rehabilitation with a prosthesis. In this patient
group, the most reliable amputation level is above the knee,
where wound healing is the safest and there is no risk of
flexion contracture of the knee.39

When compared with other nations, the incidence of
LEAs in Finland is one of the highest among the European
countries.22 Moreover, when compared with other Euro-
pean countries, the incidence has not decreased remarkably
between 1990 and 2017.22 This difference in incidence may
be explained by the prevalence of diabetes in Finland,
which is above the European average (9.2 vs. 8.9).40 Glob-
ally, the major amputation incidence is highest in Hungary
(41.4/100 000 inhabitants) and lowest in New Zealand (7.2/
100 000 inhabitants).21 In Finland, the major amputation
rate in this study was 18.0/100 000 inhabitants. Another
possible reason that could explain the between nation dif-
ference might be the high proportion of people 65 years
and older in the Finnish population, which increases the
overall incidence. However, the data were interpreted as
age adjusted incidence rates to mitigate the effect of an
ageing population.

An exponential increase in the incidence rates of revas-
cularisation procedures was discovered. The trend has
shifted from open revascularisations towards endovascular
procedures. The endovascular approach is less invasive and
may reduce early morbidity when compared with open
surgery.41 However, the endovascular approach may lead to
a higher rate of repeated re-operations.41 The data do not
include the indication for revascularisation and, for
example, the high rate of the supra-inguinal and femo-
ropopliteal procedures is probably caused by the treatment
of claudication. In contrast, infrapopliteal revascularisations
are always indicated in the treatment of CLTI and are
common among patients with diabetes. Therefore, the in-
crease in these rates can be interpreted, at least in part, as
improved treatment of the diabetic foot.

The incidence of the first major amputations and the
majoreminor ratio have been shown to be useful indicators
in comparing the outcomes of diabetic foot care.29,42 Overall,
a slowly decreasing incidence of first major amputations was
noted in addition to an increasing minoremajor ratio. This
possibly indicates that diabetic foot care improved during
the study period. A decrease in the number of patients
having their first major and minor amputations without

prior revascularisation was also identified. Thus, it seems
that the revascularisations have become more common as a
first line procedure when treating lower extremity artery
disease. In addition, it might also be that major amputation
is avoided after successful revascularisation and that the
limb is salvaged by minor amputation, leading to the
decreased incidence of first major amputations between
2009 and 2018.

The strength of the study is the nationwide data that
included all amputations performed in all public and private
Finnish hospitals. The coverage and accuracy of the data-
base has been shown to be high.23,24 In addition, the data
contains an ID number for each patient that runs through
the years. Thus, all operations that a single patient under-
went during the study period were included. The main
limitation of this study is that the data do not reliably
contain comorbidities, such as atherosclerosis and diabetes,
or the severity of these comorbidities (such as the stage of
diabetes or CLTI), which would have added more important
information regarding indication for revascularisations and
amputations. Similarly, the amputations due to trauma
could not be separated from other amputations. This limi-
tation also exposes to confounding, as the changes in the
incidence rates are most probably related to the distribu-
tion of the comorbidities of the patients, and thus may have
affected the results of this study. In addition, the NHDR data
do not contain information on amputation laterality.
Therefore, when analysing the data by pati, it was not
completely certain that consecutive operations had been
conducted on the same limb.

The incidence of the index major amputations and the
minoremajor ratio have been shown to be useful in-
dicators for comparing the outcomes of diabetic foot
care.42 Thus, based on the results, it is assumed that the
treatment of diabetic foot wounds and lower extremity
artery disease has improved during recent years. Never-
theless, it is important that these favourable changes
continue. Further studies on the effect of CLTI stage and
diabetes on amputation incidence rates and outcomes are
therefore needed.

In conclusion, the findings of this nationwide cohort
study suggest that the incidence of both lower limb
revascularisations and amputations is increasing. In addi-
tion, revascularisations have become more common pro-
cedures for treating lower extremity artery disease. A
further shift away from transtibial amputations to partial
foot amputations was observed, particularly towards the
end of the study period, as the number of transtibial
amputations is decreasing, whereas the incidence of toe
and foot amputations is increasing. These results suggest
that the treatment of diabetic foot wounds and lower
extremity artery disease has improved in Finland during
the study period.
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