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Abstract 
 
This report describes the results of the fourth audit among the recognized diabetic foot clinics 
in Belgium (hereafter referred to as “centres”). The results are compared to those from 
previous audits. Four audits have been organised between 2005 and 2014. Across all audits, 
5,510 diabetic foot problems of 4,917 unique patients were sampled in 20-34 centres. Foot 
problems were either a diabetic foot ulcer of at least Wagner grade 2 and/or an active Charcot 
foot. Data pertained to characteristics at intake and the treatment and outcomes over the 
course of 6-12 months. After the audit, centres received a feedback report including 
benchmarking of their performance with regard to a number of quality indicators. 
 
With regard to diabetic foot ulcers, the following conclusions can be drawn: 
 
• Late referral to a centre was associated with higher ulcer severity and poorer outcomes. 

Referral delay decreased significantly between audits 3 and 4, suggesting that efforts to 
reduce the delay are working. 

• Recommended treatment strategies were widely adopted by the centres. Off-loading of 
plantar mid and hindfoot ulcers occurred in over 80% of cases. Vascular imaging occurred 
in nearly 80% of patients with peripheral arterial disease. Revascularization occurred in 
nearly 70% of patients with severe ischemia. Between-centre variation should be worked 
on by exchanging practices between centres. 

• Half of the ulcers healed during follow-up. Major amputation occurred in fewer than 3% 
of patients in the latest audit. These results compare favourably to those from other 
studies, especially if we consider the high severity of ulcers included in IQED-Foot and 
the high prevalence of comorbidities. 

• Secondary prevention was adequate as illustrated by the provision of preventive footwear 
to nearly 75% of patients and the organisation of a podiatric follow-up in 70% of patients. 
Here, also, between-centre variation was large and it should be better understood and 
acted on. 

• The scope of the questionnaire was broad. We can expect data collection burden to be 
relatively high compared to other comparable audit systems. Further efforts are needed to 
reduce this burden. 

 
With regard to active Charcot foot, the following conclusions can be drawn: 
 
• The treatment and outcomes of active Charcot foot compared favourably to the limited 

data in the literature. Rates of knee-high immobilisation were high and immobilisation 
durations were short. However, it seems that the short immobilisation duration was 
paralleled by a high recurrence rate. This finding deserves further attention. Prospective 
follow-up data over 1 year (instead of 6 months) may be needed to adequately study 
outcomes of active Charcot foot. 

• Analyses at the level of individual audits and centres were hampered by the limited 
number of sampled cases of active Charcot foot, due to its rarity. Extending the 
registration, e.g. by sampling all cases of active Charcot foot during the 1-year inclusion 
period, should be considered. 
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1. General introduction 

1.1. Pathophysiology and epidemiology 
 
The prevalence of diabetes in Belgium is estimated at 4.3% and at 8.1% for those over 40 
years of age1 and it is increasing,2 primarily as a result of the population growing older.3 In 
the presence of diabetic peripheral neuropathy (DPN) and/or peripheral arterial disease 
(PAD), the feet of diabetic patients are at increased risk of ulceration. Trauma to the foot, 
usually unnoticed as a result of sensory neuropathy, may subsequently cause a diabetic foot 
ulcer (DFU)4,5 or, less frequently, a Charcot foot.6 Foot deformities and biomechanical 
problems, related or not to motor neuropathy, further increase the risk for diabetic foot 
problems.4,5 Ulcers frequently become infected,7 further complicating their treatment and 
prognosis. 
 
A history of DFU is reported by 2-10% of patients with diabetes in unselected populations.8–11 
The annual incidence of DFU among diabetic patients is around 2%.9,12,13 It is estimated that 
up to a quarter of patients with diabetes will suffer from a DFU during their lifetime.14 
Moreover, the recurrence rates in patients with a history of DFU are very high, with recent 
data suggesting annual recurrence rates of 25-40%,15–20 although lower rates can be achieved 
if evidence-based preventive measures are taken.21 As a result, some experts prefer to talk 
about DFU patients being in “remission”, instead of being “cured”, thus equating DFU with 
cancer.22 This seems warranted also in another sense: the 5-year mortality of patients with 
DFU is similar to that of some cancers.23 
 
Based on the presence of etiological factors (neuropathy, ischemia, foot deformity) and the 
life-long risk of recurrence once a patient has had a DFU, estimates of the proportion of 
patients at-risk for DFU can be made.24 Based on results from a well-performed population-
based audit in Scotland, about 1 in 4 patients with diabetes have at-risk feet.10 
 
Foot complications in patients with diabetes are highly undesirable because they may lead to 
lower-limb (LL) amputations. In fact, most LL amputations in patients with diabetes are 
preceded by a DFU.14 As a result, DFU and amputations have a large impact on quality-of-
life.25–27 They also represent a major burden on the health care budget: about 20% of the costs 
of diabetes care are the result of foot problems, their treatment and amputations.9,28 Finally, 
there is the economic loss as a result of temporary or lifelong disability. 
 
In Belgium, there are few studies estimating the proportion of patients at-risk for DFU or the 
prevalence and incidence of DFU in an unselected population of patients with diabetes. In 
“Diabetesproject Leuven”, general practitioners (GP) reported that 4% of their patients with 
type 2 diabetes (20% treated with insulin) had a history of DFU.29 Unpublished nation-wide 
results from the Belgian data of the GUIDANCE study30 show a history of DFU in 3% of type 
2 diabetes patients seen in general practice (19% treated by insulin). In the same study, 17% 
of patients with type 2 diabetes had at-risk feet, defined as either absent pedal pulses, prior 
PAD, DPN and/or prior DFU or amputation (unpublished results). Turning to patients treated 
with 2 or more insulin injections per day in hospital-based diabetes centres (“diabetes 
convention”), the prevalence of a history of DFU was 4.5% in type 1 diabetes and 8.0% in 
type 2 diabetes.31,32 Using the same definition as above, 16.1% of type 1 diabetes patients and 
33.7% of type 2 diabetes patients had at-risk feet in this population.31,32 
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Taken together, although the incidence and prevalence of DFU and amputations may be 
considered relatively low, the impact on morbidity and its associated costs is 
disproportionally high. Moreover, a considerable proportion of patients with diabetes are at-
risk for DFU. 
 

1.2. Care of diabetic foot problems 
 
The health care system should initially focus on preventing diabetes. However, in patients 
with diabetes, it is important to screen for and prevent chronic complications. A regular foot 
exam should be part of this prevention policy.33 After a foot exam, a simple risk stratification 
can be performed, based on the presence of neuropathy, ischemia, foot deformity and 
previous ulceration or amputation.34 Podiatric care should be intensified as risk increases in 
order to detect and treat pre-ulcerative signs in time.24 A modification of this tool is used in 
Belgium to risk stratify patients to podiatric care. As discussed above we estimate that at least 
1 in 6 Belgian patients with diabetes have at-risk feet according to this model, although the 
risk appears to be higher for patients in specific care settings (e.g. insulin-treated type 2 
diabetes). 
 
When primary and secondary prevention have failed,24 tertiary prevention should consist of 
treating the DFU and preventing recurrence, both according to accepted care standards, thus 
lowering the risk of major lower-limb amputations. 
 
Although the diabetic foot is a complex pathology, often affecting multimorbid individuals, 
studies have shown that the majority of foot ulcers can be healed, that recurrence can be 
prevented, and that regional major amputation rates can be lowered. More specifically, 
numerous studies have shown that improving access to effective evidence-based foot care, for 
example by introducing multidisciplinary/interdisciplinary diabetic foot clinics (DFC),35,36 has 
a beneficial effect on the rates of DFU healing, DFU recurrence and major amputation.37–49 
Taylor et al. have discussed the other end of the care spectrum in which uncoordinated and 
fragmented wound care, undue focus on one pathology, often PAD, in multimorbid patients, 
and misaligned financial incentives may result in suboptimal outcomes.50 
 
Despite improvements in care organisation, variation in the management of the diabetic foot 
and its outcomes has been observed, most notably in the Eurodiale study, studying more than 
1,200 patients in 14 DFCs across 10 European countries, including Belgium.51 These findings 
suggest that some patients are not getting the care they need. 
 
The International Working Group on the Diabetic Foot (IWGDF), a group of experts in 
almost all disciplines involved in the care of the diabetic foot, aims to improve world-wide 
access to high-quality care, in part by publishing international guidance documents. The latest 
version of these guidance documents shows that many DFUs can be healed if the following 
treatment protocol is adhered to.34 
 
If a DFU presents with infection and/or ischemia, these problems should be addressed first 
using medical or surgical interventions. Local wound care should be continued throughout the 
treatment, consisting of cleaning the wound, debridement and application of an appropriate 
dressing. Pressure relief (off-loading) is a cornerstone of treatment: unprotected walking on 
the affected foot is a major determinant of non-healing. Once healed, treatment should focus 
on preventing recurrence, by provision of education and appropriate footwear. 
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1.3. IQED-Foot 
 
In Belgium, multidisciplinary tertiary DFCs can apply for recognition from the National 
Institute for Health and Disability Insurance (NIHDI) since 2005.i In brief, recognition 
implies that the cost of organising the multidisciplinary consultation is covered. For continued 
recognition, DFCs need to participate in a quality improvement (QI) initiative termed 
Initiative for Quality Improvement and Epidemiology in multidisciplinary Diabetic Foot 
Clinics (IQED-Foot). IQED-Foot is organized by the Scientific Institute of Public Health 
(WIV-ISP). 
 
IQED-Foot is a nation-wide initiative based on cycles of audit and feedback. The activities 
within this initiative can be summarized as follows: 
 

1. IQED-Foot performs periodical audits to evaluate quality of care in the Belgian 
recognized DFCs, using valid, evidence-based quality indicators when possible. 

2. IQED-Foot stimulates DFCs to improve quality of care by providing individual 
feedback with anonymous benchmarking and by organizing information meetings 
with expert speakers and discussion between peers, thus facilitating exchange of best 
practices. 

3. IQED-Foot contributes to scientific knowledge on the presentation, management and 
outcomes of patients with diabetic foot problems. 

 
Similar nation-wide initiatives exist only in Germany,52 since 2003, and the UK,53,54 since 
2014. We recently compared the Belgian and German audit systems.55 
 
The activities of IQED-Foot, including the scope of the audits, are governed by a group of 
national experts in the care of the diabetic foot. This group also includes representatives of 
WIV-ISP and the NIHDI. 
 
This report describes the results of the 4th IQED-Foot data collection, auditing the care 
delivered in 2013-2014. Previous reports described the care in 2005-2006ii, 2008iii  and 2011iv. 
Since the audits span a period of almost 10 years, trends in patient and foot characteristics, 
treatments and outcomes will be studied systematically. Less detailed analyses spanning the 
first three audits have been published in 2014.56 

                                                 
i The agreement can be consulted at: 

• Dutch: http://www.riziv.fgov.be/SiteCollectionDocuments/overeenkomst_diabetes_voetklinieken.pdf  
• French: http://www.riziv.fgov.be/SiteCollectionDocuments/convention_diabete_cliniques_pieds.pdf  

ii Baseline report 2005-2006, on-line: 
• Dutch: http://www.wiv-isp.be/epidemio/epinl/iked/ikedpied0506nl.pdf  
• French: http://www.wiv-isp.be/epidemio/epifr/iked/ikedpied0506fr.pdf  

  Follow-up report 2005-2006 on-line: 
• Dutch: http://www.wiv-isp.be/epidemio/epinl/iked/ikedpiedFU0506nl.pdf 
• French: http://www.wiv-isp.be/epidemio/epifr/iked/ikedpiedFU0506fr.pdf  

iii  Report 2008, on-line: 
• Dutch: http://www.wiv-isp.be/epidemio/epinl/iked/ikedpied08nl.pdf  
• French: http://www.wiv-isp.be/epidemio/epifr/iked/ikedpied08fr.pdf  

iv Report 2011, on-line: 
• Dutch: https://www.wiv-isp.be/Documents/iqedfoot-2011-final-nl.pdf  
• French: https://www.wiv-isp.be/Documents/iqedfoot-2011-final-fr.pdf  
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2. Methods 

2.1. Study population 
 
The study population encompassed the recognized DFCs (“centres”) and the patients with 
diabetes presenting with a new foot problem at the consultation of these DFCs or at the 
emergency department (ED) of the hospital. 
 

2.2. Study design 
 
The 4th audit of IQED-Foot was designed as a prospective follow-up study: between 1 
September 2013 and 31 August 2014 (inclusion period), centres were to prospectively include 
52 patients satisfying the inclusion criteria. After inclusion, patients were to be followed up 
for approximately 6 months, with a maximum of 7 months. 
 
Study design has changed over the course of time. Table 1 (p. 28) summarizes the design for 
each audit. 
 

2.3. Inclusion criteria 
 
During the inclusion period, centres were to include the first 52 patients presenting with a new 
foot problem, i.e. not existing before the inclusion period, although relapses of existing foot 
problems were also eligible. 
 
The foot problem was either: 
 

• a DFU with Wagner grade 2 or higher; 
• an active Charcot foot, diagnosed through a temperature difference (≥ 1 °C to 

contralateral foot), through medical imaging, or through inflammation of the foot 
(redness, heat, swelling) without another known cause (i.e. after excluding 
osteomyelitis), regardless of the presence of foot deformity or other morphological 
abnormalities; 

• a combination of both. 
 
Although the definition of active Charcot foot has changed over time (see section  3.6.4.2), the 
general inclusion criteria have remained constant over time. 
 

2.4. Data collection 
 
The audit period during which prospective data collection took place, started on 1 September 
2013 and ended on 31 March 2015, to allow a follow-up of up to 7 months for patients 
included near the end of the inclusion period. 
 
During the audit period, each centre was to register data of 52 patients in a specifically 
designed Microsoft Access application. At the end of the audit period centres transferred 
coded data to WIV-ISP. Earlier audits also used a specific Access application, but in a 
retrospective context (see Table 1). 
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2.5. Questionnaire 
 
Screenshots of the Access applications used in audits 1-4 can be found in appendix A. This 
report will discuss in detail the evolution of the questionnaire over time and its potential 
impact on the interpretation of the results. 
 

2.6. Data cleaning 
 
Because the goal of this report was to describe the evolution across the 4 audits, the original 
data of the 4 audits was subjected to a similar data cleaning algorithm. 
 
Within records, data of individual numerical fields was checked for outliers, and fields were 
compared for consistency. Follow-up data on outcomes (healing, major amputation and death) 
was subjected to a specific data cleaning algorithm (see section  2.7.4). To varying extents 
throughout the 4 audits, data quality issues were checked with the centres in question and 
resolved. 
 
Between records, efforts were made to identify records pertaining to the same patient. In a 
first phase, this was done based on the initials of the patient, the patient’s sex and the month 
and year of birth. Because this combination did not necessarily uniquely identify a patient, 
additional parameters were used to judge whether the record pertained to the same patient or 
not. 
 
The database was restricted to satisfy the following criterion: patients should be unique within 
a centre and audit. This means that for a given audit the second and later registrations (based 
on the date of the first consultation) of a single patient within a centre were not included in the 
database used for analysis. By contrast, when during a given audit the same patient was 
registered by multiple centres, all records were included in the database. Similarly when a 
patient was registered during multiple audits, all records were included. This restriction 
resulted in the cleaned database. Depending on the type of analysis, different subsets of this 
cleaned database were created and analysed: 
 

• Cleaned database stage 1, for centre-level analyses, within and between audits: this is 
the cleaned database, i.e. the database that satisfies the criterion that patients should be 
unique within a centre and audit. 

• Cleaned database stage 2, for pooled analyses within a single audit: a database where 
only the first record of the patient during the given audit was kept. Later records 
within the same audit, from other centres, were not included. 

• Cleaned database stage 3, for pooled analyses, regardless of audit: a database where 
only the very first record of the patient was included. Later records within the same 
audit or in later audits were not included. A separate stage 3 database was created for 
audits 1-4, 2-4, 3-4 and 4, in order to study the set of unique patients that were new 
since audit 1, since audit 2 etc. 
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2.7. Data analysis and statistics 

2.7.1. General statistical procedures 
 
Statistical analyses were performed in Stata 10.1.57 Normally distributed variables are 
reported as mean ± standard error (SE) or are accompanied by a 95% confidence interval (CI). 
Non-normally distributed variables are reported as median and interquartile range (IQR, 
distance between 25th and 75th percentile). 
 
Unless stated otherwise, differences between groups were statistically analysed using 
generalized estimating equations (GEE), using the identity link function for continuous 
outcomes, the logit link function for dichotomous outcomes, an exchangeable correlation 
structure and robust SEs (xtgee in Stata). This analysis took into account that responses 
were correlated within centres and it resulted in appropriate inflation of SEs, thus preventing 
overly optimistic conclusions compared to a standard generalized linear model (GLM) 
approach. More specifically, the exchangeable correlation structure assumed a single 
correlation between any pair of responses within a centre. In case of a non-normally 
distributed continuous outcome variable, quantile regression on the median was performed, 
again accounting for correlation of responses within centres (qreg2 in Stata).58 
 
Evolutions across audits were studied in a repeated cross-sectional fashion using GEE or 
quantile regression. The only explanatory variable included in these models was “audit year”. 
It was included as a categorical and as a continuous variable in separate models. In the 
categorical case, each pair of audit years was compared, using the Holm method to adjust for 
multiple comparisons. In the continuous case, the hypothesis was tested whether there were 
linear changes in the outcome variable over time, taking into account the unequal time 
interval between audits. In stratified analyses, interactions between “audit year” and the 
parameter stratified on were included in the model. To allow correct interpretation of the 
interaction terms, “audit year” was centred on its mean value.  
 
In these repeated cross-sectional analyses one needs to keep in mind that the set of patients 
analysed in year x is not identical to that in year y. Therefore, conclusions drawn from these 
data apply to evolutions at the population level only and they cannot be extrapolated to 
evolutions at the individual patient level. 
 
The database allowed analyses both at the level of patients (stage 2 and 3 database, patients 
are unique within or across audits respectively) as at the level of foot problems (stage 1 
database, foot problems are unique within an audit). We chose not to perform any analysis at 
the foot problem level. This choice was made because foot problems in a single patient do not 
occur at random and their occurrence cannot be assumed to be independent from each other in 
the statistical sense. For example, if a patient was sampled with a DFU located on the hallux 
of the left foot in audit 1, and the patient was sampled again in audit 2, the likelihood that the 
new DFU presented on the same location could be expected to be higher than it occurring on 
another location. This may be the case due to underlying deformity or biomechanical traits 
that have remained constant over time. Alternatively, if the first DFU led to amputation of the 
hallux, the likelihood of a later DFU occurring on this location is zero, again violating the 
principle of independence.  
 
When GEE and quantile regression were not used, other parametric and non-parametric tests 
were used where appropriate. Statistical significance was defined as p < 0.05. 
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2.7.2. Geographical analysis 
 
Apart from the data in the IQED-Foot database, the following data sources were used for 
geographical analyses. 
 
First, the geographical location of each centre was determined using the Google Maps 
Geocoding API.59 
 
Second, data on the population (density) at the level of municipalities and districts was 
obtained from the FPS Economy website be.STAT.60 Using these data, the population 
(density) at the mid-point of each audit (inclusion period) was calculated. 
 
Third, data on diabetes prevalence at the level of municipalities and districts was retrieved 
from the IMA Atlas.61 The IMA Atlas reports the period prevalence (and not the point 
prevalence) of diabetes, based on delivery of antidiabetic drugs or nomenclature referring to 
diabetes, for a given calendar year (2006-2013). For audit 1 the prevalence data of 2006 was 
used, for audit 2 those of 2008, for audit 3 those of 2011 and for audit 4 those of 2013 (latest 
data available at the time of the analysis). The prevalence data is not adjusted for age or sex. It 
is therefore a real indicator of the demand for diabetes care. However, because non-
pharmacologically treated diabetes is not included and pharmacological diabetes treatment 
has probably intensified between 2006 and 2013, the rise in estimated prevalence is probably 
more pronounced than the actual rise. A further limitation is that prevalence for border 
regions may be underestimated, because patients purchased medication in one of the 
neighbouring countries. The density of the diabetic population was calculated by first 
extrapolating the diabetes prevalence (expressed as cases per 1,000 inhabitants) to the 
absolute number of cases, based on the total population in the middle of the period under 
consideration. Then, this absolute number was divided by the surface area of the geographical 
region in question. 
 
The extent to which a centre was isolated, i.e. geographically removed from other centres, 
was estimated by calculating the distance from a centre to all other centres and taking the 
median of these distances.  
 
A measure of the (diabetic) population density around a centre was estimated by dividing the 
number of (diabetic) inhabitants of each municipality by the distance between the 
municipality’s centroid and the centre in question, followed by the summing of these 
“weighted” numbers of (diabetic) inhabitants. Thus, in this estimation the contribution of 
inhabitants to the population density around a centre diminishes linearly with the distance of 
these inhabitants from the centre. These calculations resulted in the estimation for each centre 
of the observed total and observed diabetic population density around the centre. Finally, we 
also calculated the expected diabetic population around the centre in a similar manner as 
described above, but by assuming that the diabetes prevalence in each municipality equalled 
the national diabetes prevalence in that period. 
 
The patient’s place of residence was estimated by taking the centroid of the postal code area. 
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2.7.3. Centre-level analyses 
 
Centre-specific rates at which care processes were performed or outcomes obtained were 
studied for variation between centres, both within and across audits using traditional boxplots 
and “bee swarm” plots.62 The position of the centre-specific rates in a funnel plot was 
calculated using published methods.63 In this report we used the Clopper-Pearson exact 
method for calculating the prediction limits around proportions. Points in the “bee swarm” 
were color-coded to reflect the position in the funnel plot (Figure 1). Correlation of centre-
level rates in earlier audits with those in later audits were studied and visualized using 
correlograms.64,65 Quantile regression was used to investigate whether the median centre-
specific rate at with care processes were performed was associated with centre language, 
wave of recognition and hospital type (academic, semi-academic or general). Centre language 
was assumed to be Dutch for hospitals located in the Flanders region, French for hospitals in 
the Walloon region, and either Dutch or French for hospitals located in the Brussels region, 
based on their language regime. Wave of recognition was either “1” if the centre was one of 
the centres originally recognized in 2005, or “2” if the centre was recognized in the period 
2009-2010.  
 

 
Figure 1: Example to explain the construction of a “ bee swarm” plot. A. Funnel plot of the centre-speci fic 
chronic ulcer rate. Centre-specific rates were plot ted as a function of centre sample size. The funnel -
shaped thresholds were arrived at by calculating fo r each sample size (denominator) the 95.5% and 99.7 % 
prediction limits around the overall score. These c orrespond respectively to 2 and 3 standard deviatio ns 
(SD) around the overall score. B. “Bee swarm” plot w ith boxplot in the background. This graph is a one-
dimensional version of the funnel plot, in which th e notion of sample size is lost. Any variation on t he x-
axis is meaningless and only serves to prevent that  points are plotted on top of each other. Informati on 
about the position in the funnel was preserved by c olor-coding: rates exceeding 3 SDs above the overal l 
score were plotted in purple, rates between 2 and 3  SDs above the overall score in green, rates not 
exceeding 2 SDs around the overall score in grey, ra tes between 2 and 3 SDs below the overall score in 
orange, and rates falling short of 3 SDs below the o verall score in red. The overall score is indicated  by a 
black horizontal marker (near the median). 
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2.7.4. Analysis of outcomes 
 
For patients with DFUs, the outcomes (DFU healing, major amputation, death etc.) were 
studied in detail. For patients with active Charcot foot, the outcomes (cooling down of 
Charcot and death) were analysed as described in section  2.7.1. 
 
In the analysis of outcomes for patients with DFUs, the following assumptions were made. If 
the status of an outcome was missing, it was assumed as not having happened. The only 
exception to this rule was DFU healing status, where missing values were allowed. Assuming 
“non-healing” in these cases would have unduly biased the results for the primary outcome of 
interest. If both DFU healing and major amputation were reported during follow-up, the DFU 
was assumed “non-healed”. The only exception was audit 4, where DFU healing reported 
after major amputation was regarded as healing of the amputation stump. 
 
Time-to-event was determined for all outcomes where dates could be reported in the 
questionnaire, by calculating the difference between the date of the first consultation and the 
date of the outcome, except for healing of the amputation stump where the time between the 
amputation and healing was calculated. Follow-up time was calculated as the time to the last 
event, or to the last consultation, whichever was the longest. If the dates of reported outcomes 
were missing, the date of the last consultation was imputed in these fields. Outcomes 
occurring after the maximal follow-up period of 7 months were assumed as not having 
happened. The maximum number of days in any 7-month period is 215 days, and this 
maximum was used as cut-off. The analyses in this report present outcomes after 6 months. 
The corresponding cut-off used was 184 days. 
 
For ulcer-related outcomes a time-to-event (i.e. survival) analysis was carried out. We 
considered the “risk” of DFU healing, taking into account the competing risks of major 
amputation and death; the risk of major amputation, taking into account the competing risks 
of DFU healing and death; and the risk of death, taking into account the competing risks of 
DFU healing and major amputation. It is important to note that this analysis focused on DFU 
healing, major amputation and death as first events. Therefore it is important to correct for 
competing risks 66,67. Failure to correct for competing risks would overestimate the risk of the 
outcome of interest. In technical terms, we did not model cause-specific hazards, but 
subdistribution hazards. The latter entails that patients experiencing a competing event remain 
at risk for the event of interest and are not censored at the time the competing event took 
place, but at the time follow-up ended for that patient. Between-audit differences in hazards 
and associations with patient and ulcer characteristics were studied using Cox proportional 
hazards modelling. Centre-specific hazard ratios (HR) relative to the overall hazard were 
calculated and subjected to a funnel plot analysis using published methods 68,69. The control 
limits for the funnel plot were calculated knowing that the logarithm of the HR is normally 
distributed with mean 0 and the variance is equal to the sum of the reciprocal of the number of 
events in each group being compared. Given that the hazard of each centre is compared to the 
hazard of the entire sample, the inverse of the variance of centre-specific HRs (i.e. the 
precision) is slightly lower than the number of observed events in that centre. 
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2.7.5. Handling of missing values 
 
The reporting of patient, ulcer and limb characteristics at presentation does not take into 
account missing values. This means that the sample size (denominator) is always the number 
of records with a known value. This is especially relevant for dichotomous and categorical 
variables, where an “unknown” category could be introduced. This was not done. However, 
the proportion of missing values is reported for each characteristic. 
 
By contrast, the reporting of treatment during follow-up (care processes) does take into 
account missing values. This means that the denominator includes all records, even those with 
missing treatment status. This approach is equivalent to regarding missing treatment status as 
“treatment not performed”. It was chosen because the evolution of treatment rates cannot be 
correctly interpreted if the proportion of missing values also changes over time. It can be 
argued that the same holds for the characteristics mentioned in the previous paragraph. 
However, there missing values may have resulted from factors beyond the control of the 
centres, i.e. incomplete reporting by the patient or other care providers. In other words, we 
deemed the centres responsible for knowing the status of the treatments they provided. 
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3. Results and discussion 

3.1. How to read this report 

3.1.1. Tables presenting repeated cross-sectional analyses 
 
Table 7 (p. 40) is an example of how repeated cross-sectional analyses are presented in this 
report. For each parameter in the table, estimates are provided first for each audit separately. 
The final column gives the estimates for all unique patients seen in the audits mentioned in 
the table. The frequencies in the last column are not the sum of the frequencies in the 
preceding columns. Indeed, patients sampled in multiple audits are only counted once in the 
final column. 
 
The table below explains the use of superscripts in this type of tables. Any other superscripts 
are explained below each table. 
 
Superscript Explanation 
a / aa / aaa Estimate differs significantly from the estimate in audit 1. 

Either p < 0.05, p < 0.01, or p < 0.001 
b / bb / bbb Estimate differs significantly from the estimate in audit 2. 

Either p < 0.05, p < 0.01, or p < 0.001 
c / cc / ccc Estimate differs significantly from the estimate in audit 3. 

Either p < 0.05, p < 0.01, or p < 0.001 
d / dd / ddd Estimate differs significantly from the estimate in audit 4. 

Either p < 0.05, p < 0.01, or p < 0.001 
+ / ++ / +++ There is a significant positive linear trend across audits. 

Either p < 0.05, p < 0.01, or p < 0.001, shown in the last column of the table. 
- / -- / --- There is a significant negative linear trend across audits. 

Either p < 0.05, p < 0.01, or p < 0.001, shown in the last column of the table. 
NA The statistical model could not be fit. 
 
For categorical variables, these tables show frequencies and the percentage between brackets. 
For continuous variables, they show medians with the IQR between brackets. 
 
The sample size on which the estimates were calculated is mentioned in the column header. 
The sample size may be updated within the table, for instance if only known values were 
retained. Subsequent estimates were calculated using the updated sample size. Usually this is 
clearly marked. If there can be doubt on the sample size, it is explicitly mentioned inside each 
cell. 
 

3.1.2. Tables presenting associations between patient, limb and ulcer 

characteristics and care processes or outcomes 
 
Patient and ulcer/limb characteristics associated with the use of certain treatments or with the 
occurrence of certain outcomes were systematically investigated for the latest audit (audit 4). 
An example of how these analyses were reported can be seen in Table 57 (p.158). 
 
For each “outcome” variable mentioned in the column headers, the association with the 
“predictors” (rows) was studied using a simple bivariate logistic regression model. The odds 
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ratio of the association is shown and when it significantly differed from 1 at the p < 0.05 
level, it is printed in bold. The odds ratio is also color-coded based on the strength and 
direction of the association, as shown in the table below. The category limits were chosen 
based on the fractions (ratios) shown in the table, knowing that odds ratios are not 
symmetrically distributed around 1 as a result of them lying within the range (0, +∞). For 
example, an odds ratio of 0.75 (3/4) and 1.33 (4/3) were regarded as equally strong measures 
of association, only in different directions. 
 

Color code Odds ratio range Odds ratio range expressed in fractions 
 0.00 – 0.19 n.d – 1/5 
 0.20 – 0.49 1/5 – 1/2 
 0.50 – 0.74 1/2 – 3/4 
 0.75 – 0.99 3/4 – 1/1 
 1.00 – 1.32 1/1 – 4/3 
 1.33 – 1.99 4/3 – 2/1 
 2.00 – 4.99 2/1 – 5/1 
 5.00 –   +∞ 5/1 – +∞ 

 
The other symbols and abbreviations used in this type of tables are explained in the table 
below. 
 
Symbol/abbreviation Description 
ref Indicates the reference category used in case a predictor has 3 or 

more categories. 
NA Statistical model could not be fit, often due to a too low sample size. 
* Only applies to predictors consisting of 3 or more categories. 

Indicates that the overall statistical model was significant at the p < 
0.05 level, but that none of the separate comparisons of categories to 
the reference category were significant at this level. 

 
The predictor “detailed ulcer location” is composed of six categories. As a result, the 
statistical model could sometimes not be fit. In that case, a less detailed predictor, not 
accounting for plantar or dorsal location, and only comparing toe, midfoot and hindfoot ulcers 
was used. 
 
It should be noted that associations may run counter to what is expected, as a result of the 
observational nature of this study. Moreover, important factors that determine whether certain 
treatments can or should be used or whether certain outcomes occur, were not collected in this 
study: active vs. sedentary, independent vs. dependent living, expected treatment adherence, 
patient preference and expected survival are among the most general factors that may guide 
treatment decisions and determine outcomes, but that are unknown in IQED-Foot. 
 

3.1.3. Centre-level analyses 

3.1.3.1. Treatment 
 
In the investigation of centre-specific treatment rates, part of the variability can be 
explained by differences in case-mix between centres 70. Indeed, as will be discussed in the 
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sections below the treatments considered are not to be applied universally across all patients 
seen in these centres. In this report we made no attempts to correct for this case-mix bias, e.g. 
by restricting the sample to those patients for whom the treatment was recommended. This 
approach was chosen for two reasons. 
 
First, because it is not always clear for which patients a treatment is recommended. For 
example, it is not possible to judge based on the information available in IQED-Foot whether 
limb ischemia or infection is sufficiently severe to contraindicate off-loading. Similarly, there 
is insufficient information whether limb ischemia is sufficiently severe as to limit DFU 
healing, therefore making it impossible to judge whether a patient would benefit from 
revascularization. Still with regard to revascularization, we have insufficient information 
about the patient’s context (expected survival, mobility, patient preference etc.) to judge 
whether an ischemic limb should be revascularized or whether a primary amputation should 
be performed. 
 
The second reason is that restricting the sample to eligible patients for a treatment, would 
often result in a sample that is insufficiently large to allow proper statistical analysis. For 
example, while revascularization is certainly recommended for the majority of patients with 
critical limb ischemia (CLI), only about 15% of patients sampled in IQED-Foot have this 
diagnosis. On average, a centre would sample 8 patients with this condition, thus leading to 
unreliable estimations of the revascularization rate in such a small sample. 
 
A possible solution to the sample size problem exists in identifying all opportunities for error, 
regardless of the patient and treatment considered and using this as the denominator 71. 
However, this approach would still require a clear algorithm stating in which circumstances a 
treatment is recommended and in which circumstances the non-provision of this treatment 
constitutes an “error”. 
 
Therefore, the sections on between-centre variation should be interpreted cautiously. Further 
efforts are needed to clearly define a population benefiting from the treatments considered in 
this section. Alternatively, quality indicators relating to the care of all patients with DFUs 
should be identified and studied. 
 

3.1.3.2. Outcomes 
 
The problem of case-mix bias is even more urgent when comparing outcomes between 
centres. Section  3.5.5.7 discusses the progress and challenges in this area. In this report, 
outcomes were not adjusted for differences in case-mix. Therefore, between-centre variation 
should be interpreted cautiously. 
 

3.1.3.3. Active Charcot foot 
 
Because of the very small centre-level sample size of cases with active Charcot foot, no 
centre-level analyses were attempted. 
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3.2. Audit participation and number of patients sampled 
 
Table 1 shows the general characteristics of each of the 4 completed IQED-Foot audits. 
Follow-up periods and study designs have changed. Audit 4 was the first completely 
prospective audit. The table also shows centre participation rates. Figure 2 shows the detailed 
participation status of the centres for each audit on a map of Belgium. 
 
In audit 3, one recognized centre was not invited to participate because its recognition had 
started at the same time the audit period started. At the start of the 4th IQED-Foot audit, 35 
centres were recognized and invited for participation. One of these centres lost its recognition 
during the audit period and did not participate. An additional centre was newly recognized 
near the end of the audit period, but was not invited to participate. This means 34 centres 
participated: all of the centres that were recognized throughout the entire duration of the audit 
period.  
 
Each audit, over 90% of invited and continuously recognized centres participated. Audit 4 
was the first audit with a 100% participation rate.  
 
Table 1: General characteristics of each of the fou r audits in terms of study design and participation . 

 Audit 1 Audit 2 Audit 3 Audit 4 
Inclusion period, mm/yyyy 07/2005-

06/2006 
01/2008-
12/2008 

01/2011-
12/2011 

09/2013-
08/2014 

Data collection period, 
mm/yyyy 

07/2006-
09/2006 

+ 08/2007  

07/2009-
09/2009 

06/2011-
07/2012 

09/2013-
03/2015 

Follow-up period 1 year 6 months 6 months 6 months 

Study design Retrospective Retrospective 
Retrospective/ 

prospective 
Prospective 

Centres recognized at start of 
inclusion period 

22 21 36 35 

Centres invited 22 21 35 35 
Centres recognized at end of 
inclusion period 

22 21 36 34 

Centres recognized after 
inclusion period but before end 
of data collection period 

22 21 36 35 

Centres participating out of 
invited and recognized centres 
during entire audit 

20/22 20/21 32/35 34/34 
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Figure 2: Participation status of the centres in eac h audit. Centre labels are explained in appendix D.  
Background shows population density per municipalit y. 
 
Table 2 shows the number of records sampled in each audit and in each data cleaning step. 
The uncleaned database contained actual duplicate records: i.e. a single patient was registered 
multiple times by the same centre within an audit. These duplicate records violated the study 
protocol and were therefore removed, resulting in the cleaned database stage 1. 
 
Table 2: Number of records sampled in each audit an d in each data cleaning step. 

 Audit 1 Audit 2 Audit 3 Audit 4 Total  
Records in uncleaned database 1,099 1,009 1,617 1,804 5,529 
Records in cleaned database 
stage 1 

1,096 1,009 1,608 1,797 5,510 

Records in cleaned database 
stage 2 

1,091 999 1,599 1,782 5,471 

Stage 3 database: new patients 
since audit 1 

1,091 866 1,447 1,513 4,917 

Stage 3 database: new patients 
since audit 2 - 999 1,490 1,536 4,025 

Stage 3 database: new patients 
since audit 3 - - 1,599 1,582 3,181 

Stage 3 database: new patients 
since audit 4 - - - 1,782 1,782 
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Table 3 shows that not all centres provided the required minimum of 52 records pertaining to 
52 unique patients. Either they provided less than 52 records or some of the records were 
duplicates pertaining to the same patients (eliminated in stage 1 database). Because the latter 
problem was usually discovered during data cleaning after the data collection period, most 
centres did not have the chance to rectify this. Moreover, most centres usually missed the 
target of 52 records by only a few records, as evidenced by the high proportion of centres 
providing at least 50 records. 
 
Table 3: Proportion of centres having at least 52 (o r 50) records in the database. 

 Audit 1 Audit 2 Audit 3 Audit 4 
Centres participating 20 20 32 34 
Centres having at least 52 records in 
uncleaned database (%) 

18 
(90.0) 

16 
(80.0) 

24 
(75.0) 

31 
(91.2) 

Centres having at least 50 records in 
uncleaned database (%) 

20 
(100.0) 

19 
(95.0) 

27 
(84.4) 

31 
(91.2) 

Centres having at least 52 records in stage 1 
database (%) 

16 
(80.0) 

16 
(80.0) 

24 
(75.0) 

30 
(88.2) 

Centres having at least 50 records in stage 1 
database (%) 

20 
(100.0) 

19 
(95.0) 

27 
(84.4) 

31 
(91.2) 

 
Next, additional records of the same patient were removed, i.e. when the same patient was 
registered multiple times by different centres. This resulted in cleaned database stage 2. The 
proportion of patients removed from the database by going from stage 1 to stage 2 ranged 
between 0.4% and 1.0%. This proportion is an estimation of the proportion of patients visiting 
multiple centres during an audit. 
 
Finally, going from stage 2 to stage 3, records pertaining to patients sampled in 1 or more 
previous audits were removed. The number of records mentioned in the table is the number of 
patients never sampled before (new patients in IQED-Foot) at the time of that audit. The 
proportion of records removed between stage 2 and 3 is not readily meaningful, because it 
depends on the time between audits and the probability of being sampled in an audit, the latter 
in turn determined among other things by ulcer incidence/recurrence rates and mortality rate. 
 
The total number of patients in cleaned database stage 3 since audit 1 is the total number of 
unique patients (N = 4,917). Table 4 shows the frequency with which these unique patients 
were sampled in audits 1-4. Ten percent of patients were sampled more than once. 
 
Table 4: Frequency with which unique patients were sampled in audits 1-4. 

 N % 
Sampled once 4,420 89.9 
Sampled two times 446 9.1 
Sampled three times 45 0.9 
Sampled four times 6 0.1 
No. of unique patients 4,917 100.0 
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Box 1: Conclusions on audit participation and numbe r of patients sampled 

• Each audit, over 90% of recognized centres participated. Audit 4 was the first 
audit with a 100% participation rate. 

• Nearly 5,000 unique patients have been sampled during the first four audits. 

 

3.3. Geographical access to centres 

3.3.1. Background 
 
At a health system level, access to care in general and geographical access in particular is an 
important dimension of quality 72. 
 
Using data on the geographical distribution of the centres, the population and the patients 
sampled in IQED-Foot, we can gain insights with regard to access to specialized diabetic foot 
care. 
 
The report of the 3rd audit 73,74 contained a relatively in-depth geographical analysis of the 
access to the centres. The results suggested that the recognition of additional centres between 
audits 2 and 3 had resulted in a geographical distribution of centres that corresponded better 
to the geographical distribution of the population. 
 
In this report we wish to extend these analyses to all four audits. In addition, we will 
investigate whether the geographical distribution of the centres not only corresponded to the 
distribution of the general population, but also to the distribution of the population diagnosed 
with diabetes. Finally, we will use data on the place of residence of the patients sampled in 
IQED-Foot to estimate the distance patients travelled. 
 

3.3.2. Location of centres relative to total population density around them 
 
Figure 3A-D shows for each audit the geographical location of the centres recognized during 
the audit’s inclusion period. The background of the map shows the population density of each 
municipality. Between audits 2 and 3, additional centres were recognized (green symbols). 
Next to each map, a graph shows the association between the measure of isolation of a centre 
and the observed total population density around that centre (Figure 3E-H). For all audits this 
association was negative. The more the centre was isolated, the lower was the population 
density around it. This intuitively corresponds to the map (Figure 3A-D), where isolated 
centres were located in regions with low population density. Returning to the graphs (Figure 
3E-H), we can see that within a given audit, some centres were above and some were below 
the trend line. Those above had a higher population density around them than other centres 
with the same degree of isolation. Similarly, those below the trend line had a lower population 
density around them than other centres with the same degree of isolation. If the population 
density around a centre is assumed to associate to the potential number of visitors to the 
centre, the vertical distance from the trend line can be interpreted as the difference in potential 
visitors compared to the average centre. Between audits, and especially between audits 2 and 
3, the position of centres and the slope of the trend line changed. The changes in the 
population density around centres were small. The biggest changes were to the centres’ 
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degree of isolation. The recognition of additional centres between audits 2 and 3 resulted in a 
somewhat counterintuitive increase of the isolation of a number of centres. The affected 
centres are those in the Flemish diamond, delimited by the cities Antwerp, Leuven, Brussels 
and Ghent (Figure 3B-C and F-G). Before audit 3, the majority of centres in this region were 
located in close proximity to one another, while only a limited number of centres were located 
in the West Flanders, Limburg and Walloon regions. Because the newly recognized centres 
were predominantly located in these latter regions and less so in the Flemish diamond (Figure 
3C), the degree of isolation actually increased for centres in the Flemish diamond. As a result, 
the slope of the trend line increased between audits 2 and 3 (Figure 3F-G). This can be 
interpreted as an evolution towards a distribution of centres that corresponds better to the 
areas with high population density. Indeed, if the population density around all centres were 
the same, regardless of the degree of isolation, i.e. if the trend line were horizontal, then 
isolated centres would have relatively more potential visitors than less isolated centres, 
because the latter centres would share their target populations with the centres in close 
proximity to them. 
 

3.3.3. Location of centres relative to density of patients with diabetes around 

them 
 
Taken together, the observations in the previous section are similar to those reported 
before73,74 and they suggest that centres were appropriately located in areas with high 
population density. However, the main limitation in these analyses is that while centres may 
have been appropriately located with regard to the total (general) population density around 
them, this may not have been the case with regard to the density of people suffering from 
diabetic foot problems. Because there are no detailed data on the prevalence of diabetic foot 
problems in the general population in Belgium, we used the prevalence of diabetes as the 
closest proxy. 
 
The maps in Figure 4A-D show that regardless of audit the prevalence of diabetes was 
unequally distributed in Belgium. This can be explained by regional differences in age, sex, 
and other risk factors for the development of diabetes. Because of these differences, some 
centres may be located in regions with a higher density of patients suffering from diabetes 
and, potentially, from diabetic foot problems. The maps also show an increase in the 
prevalence of diabetes between audits 1 and 4. Because this may in part be due to the way the 
prevalence was calculated (based on pharmacological treatment, see Methods), we will not 
interpret this finding any further. 
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← 
Figure 3, A-D:  Location of 
centres recognized during 
audits 1-4. From audit 3 
onwards, new centres are 
shown in green. Centre labels 
are explained in appendix D. 
Background shows population 
density per municipality (see 
legend at the bottom right of 
this page). E-H: Relation 
between median distance of a 
centre to the other centres and 
total population density around 
that centre during audits 1-4. 
 

→ 
Figure 4, A-D:  Diabetes 
prevalence (per 1,000 
inhabitants) per municipality 
during audits 1-4 (see legend 
at the bottom right of this 
page). The location of centres 
is shown as in Figure 3. E-H: 
Relation between median 
distance of a centre to the 
other centres and diabetic 
population density around that 
centre during audits 1-4. I-L:  
Excess diabetic population 
density for each centre and for 
each audit compared to the 
situation where diabetes 
prevalence were equal to the 
national average in all 
municipalities. 
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Figure 4E-H shows that the degree of centre isolation was associated with the density of 
patients with diabetes around the centre. These associations were similar to those shown in 
Figure 3E-H. Thus, in general, centres were not only appropriately located with regard to the 
total population density around them, but also with regard to the density of patients with 
diabetes around them. There were however a few notable exceptions. Especially the centres in 
Liège and Charleroi (centres T, N, q, C and g), but also other centres in the Walloon region, 
were located further away from the trend line in Figure 4E-H than in Figure 3E-H, where we 
compared to total population density. Figure 4I-L shows for each audit and for each centre the 
extent to which the density of patients with diabetes around the centre was higher or lower 
than expected if diabetes prevalence were equal in all Belgian municipalities. These graphs 
confirm that the centres in the Walloon region were located in a region with a 
disproportionately higher density of patients with diabetes compared to other regions in 
Belgium, further suggesting an excess of potential visitors in these centres. Taken together, 
these observations suggest that not only the need for diabetic foot care, but the need for all 
care related to diabetes, may have been higher in these particular regions.  
 

3.3.4. Distance travelled by patients 
 
The previous sections reporting on the accessibility of centres were theoretical in the sense 
that they only took into account the geographical location of the centres and the (diabetic) 
population density. 
 
A more meaningful view on accessibility of these centres can be obtained by investigating the 
distance travelled by patients to arrive at a centre. We estimated this by calculating the 
distance in a straight line between the middle of a patient’s postal code area and the 
geographical location of the centre the patient visited. An important limitation of these 
analyses is therefore that they did not reflect the actual accessibility of a centre, taking into 
account the availability and quality of road infrastructure and public transport systems. A 
further limitation is that sufficient data on patients’ postal codes was not available for all 
patients and for all centres (Table 5). 
 
Table 5: Rate at which valid postal codes were know n for patients in the stage 1 database, audits 1 an d 4. 

 Audit 1 
(N=1,096) 

Audit 2 
(N=1,009) 

Audit 3 
(N=1,608) 

Audit 4 
(N=1,797) 

All audits 
(N=5,510) 

Postal code known 1,095 
(99.9) 

1,004 
(99.5) 

1,553 
(96.6) 

1,731 
(96.3) 

5,383 
(97.7) 

Postal code known and valid 1,088 
(99.3) 

1,003 
(99.4) 

1,546 
(96.1) 

1,721 
(95.8) 

5,358 
(97.2) 

Centres with ≥10 valid postal 
codes 

20/20 19/20 31/32 33/34 - 

 
Based on a visual and qualitative analysis, the report of the 3rd audit suggested that the more 
isolated the centre was, the longer was the distance travelled by the patients to get there 73,74. 
This suggestion has important implications. First, this would suggest that patients generally 
chose to visit the closest centre and not a centre further away, e.g. because of a higher appeal 
(e.g. better reputation, higher degree of specialisation). Indeed, if the latter scenario were true, 
then centres with an equal degree of isolation would have different average distances travelled 
by their patients, with the centre showing the longest distance travelled having the highest 
appeal. Second, if distance travelled increased with centre isolation, this would suggest that 
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patients did not experience distance to a centre as a barrier. Indeed, if distance were a barrier 
for patients to visit a centre, all centres, regardless of degree of isolation, would have the same 
average distance travelled by their patients, meaning that patients were prepared to travel a 
certain maximum number of kilometres, but not more. Patients beyond this distance would 
simply not have considered visiting a centre and would have sought care elsewhere, closer to 
home, or not at all. 
 
In this report, we wished to quantify in more detail the association between centre isolation 
and distance travelled by the patient. If a significant association exists, this suggests that 
patients generally chose the closest centre even if it was very far away (i.e. distance was no 
barrier). If no significant association exists, this suggests that patients did not generally 
choose the closest centre, either because another centre, further away, had a higher appeal, or 
because patients beyond a certain distance from the closest centre simply did not reach that 
centre (i.e. distance was a barrier). 
 

 
Figure 5: Relation between median distance of a cen tre to the other centres and median distance travel led 
by patients to that centre during audits 1-4. Refer  to the maps in Figure 3 to see the centres’ locati on. 
Some centres are not shown in these graphs because t hey did not participate or because they recorded 
the postal code for fewer than 10 patients.  

 
Figure 5 shows for each audit the relation between a centre’s degree of isolation and the 
median distance travelled by the patients visiting that centre. While the association was 
always positive, it did not reach statistical significance for any of the audits (data not shown). 
Although this does not mean that there is no association (the analysis may have been 
underpowered), it does suggest that centres with a similar degree of isolation showed vastly 
different distances travelled. For example, in centres A and B, with similar degrees of 
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isolation, patients travelled a median of 5 and 15 km respectively in audit 1. This can be 
explained by the fact that centre B was an academic hospital, with patients possibly being 
referred there from further away. 
 
Although the very modest association shown in Figure 5 does suggest, as discussed above, 
that distance was perceived as a barrier by patients, there is evidence that the recognition of 
additional centres between audits 2 and 3 lowered this barrier. The best example is centre G, 
having the highest median distance travelled by its patients in audits 1 and 2, and being the 
most isolated centre at the time. From audit 3 onwards the median distance travelled by 
patients to this centre decreased considerably, suggesting that some of the patients previously 
visiting centre G chose to visit a more nearby centre from audit 3 onwards. The report of the 
3rd audit presented a more detailed analysis of these data 73,74. Any analysis that attempts to 
associate evolutions in distance travelled by the patients with the number of recognized 
centres is however hampered by the fact that not all centres participated in a given audit and 
that not all foot problems were treated in a recognized centre. Therefore no further analyses 
were performed here. 
 
Box 2: Conclusions on geographical access to centre s 

• The geographical location of the centres was appropriately balanced by the 
general population density around them. The recognition of additional centres 
between audits 2 and 3 further improved this balance. 

• Diabetes prevalence was unequally distributed in Belgium. Some centres had a 
diabetic population around them that was 20-30% higher than the national 
average, suggesting that demand for care may have been higher in these 
centres. 

• The distance travelled by patients was not significantly higher in more isolated 
centres. This may suggest that distance was sometimes perceived as a barrier. 
For centres with an equal degree of isolation, distance travelled by patients 
varied considerably, suggesting that other factors than proximity determined a 
centre’s appeal. 

• These geographical analyses were largely theoretical and should be interpreted 
with caution. 

 

3.4. Type of foot problems 
 
Table 6 shows the distribution of the type of foot problems sampled in audits 1-4. The 
majority of foot problems consisted of one or multiple DFUs only. Approximately 5% of 
DFUs was complicated by an inactive Charcot foot, and this proportion increased 
significantly across audits. Approximately 3% of foot problems consisted of an active Charcot 
foot, complicated with a DFU in 45% of cases. Exceptionally in audit 1, three cases of 
inactive Charcot foot without a DFU were sampled. These cases will not be included in the 
further analyses in this report. 
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Table 6: Distribution of foot problem type in audit s 1-4. 

 Audit 1 Audit 2 Audit 3 Audit 4 All 
audits 

DFU only 1,013 
(92.9) 

930 
(93.1) 

1,478 
(92.4) 

1,615 
(90.6) 

5,036 
(92.0) 

DFU + inactive Charcot 26 
(2.4) 

42 
(4.2) 

78 
(4.9)a 

105 
(5.9)aaa 

251 
(4.6)++ 

Active Charcot only 35 
(3.2) 

14 
(1.4) 

16 
(1.0)aaa 

35 
(2.0) 

100 
(1.8) 

Active Charcot + DFU 14 
(1.3) 

13 
(1.3) 

27 
(1.7) 

27 
(1.5) 

81 
(1.5) 

Inactive Charcot onlyNA 3 
(0.3) 

0 
(0.0) 

0 
(0.0) 

0 
(0.0) 

3 
(0.1) 

Total 1,091 
(100.0) 

999 
(100.0) 

1,599 
(100.0) 

1,782 
(100.0) 

5,471 
(100.0) 

DFU with or with (in)active 
Charcot foot 

1,053 
(96.5) 

985 
(98.6) 

1,583 
(99.0)aaa 

1,747 
(98.0) 

5,368 
(98.1) 

Active Charcot foot with or 
without DFU 

49 
(4.5) 

27 
(2.7) 

43 
(2.7) 

62 
(3.5) 

181 
(3.3) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. This table exceptionally shows a foot 
problem-level analysis, in which the frequencies of the final column are the sum of the frequencies in the 
preceding columns. 
 
Box 3: Conclusions on type of foot problems. 

• Of all sampled foot problems, 98% included a DFU, 3% included an active 
Charcot foot (with or without a DFU) and 5% included an inactive Charcot 
foot (with a DFU). 

 

3.5. Diabetic foot ulcers: characteristics, treatment and outcomes 

3.5.1. Patient characteristics and medical history at presentation 

3.5.1.1. Background 
 
We know relatively much about the characteristics of patients who are prone to develop 
DFUs. The risk factors can be divided in general or systemic risk factors and local or foot-
related risk factors.4,5,12–14,75–80 The general or systemic risk factors are long-standing diabetes, 
older age, male sex, poor metabolic control, and other microvascular complications. The foot-
related risk factors are DPN, PAD, foot deformity (congenital, due to neuropathy or after 
surgery), trauma and ill-fitting footwear, callus, limited joint mobility and prior ulceration or 
amputation. Note that this set of risk factors also includes risk factors for DFU recurrence.16,19 
 
This section reports on some of the general and foot-related risk factors. More risk factors are 
reported in the section on ulcer characteristics ( 3.5.3). 
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3.5.1.2. Items in the IQED-Foot questionnaire 
 
The following items were available in all audits with the same definition: sex, birth year and 
month, diabetes type, and year of diabetes diagnosis. Age was calculated as the difference 
between the mid-point of each audit’s inclusion period (reference date) and the date of birth, 
the latter estimated as the 15th of the month. A more correct approach would have been to use 
the date of the first consultation as the reference date, but this item was not included in audit 
1. The calculation of diabetes duration was performed as follows. For audits where the 
inclusion period corresponded to a complete calendar year (audits 2 and 3), diabetes duration 
was calculated as the difference between the reference date (see above) and the middle of the 
year of diagnosis (taken as the 2nd of July). For audits 1 and 4 the same approach was used if 
year of diagnosis was before 2005 and before 2013 respectively. Because these audits each 
spanned 2 calendar years (2005-2006 and 2013-2014) the reference dates for patients whose 
diabetes was diagnosed in these years were calculated as the mid-point of the segment of the 
audit period falling in those particular years. For example, for 2005 the reference date was 
30/09/2015 because this is the mid-point of the period between 01/07/2015 and 31/12/2015. 
These measures were taken to prevent biased and negative diabetes durations. 
 
An item on smoking habits was included since audit 1. Patients were categorized as “never 
smoked”, “ex-smokers” and “current smokers”. Audit 1 did not define “ex-smoker”, audit 2 
defined it as having quit smoking for > 1 month, and audits 3 and 4 as having quit > 6 months. 
 
An item on current renal insufficiency was included since audit 1. In audits 1 and 2 it was 
defined as creatininemia > 1.5 mg/dl. In audits 3 and 4 it was defined as MDRD 
(Modification of Diet in Renal Disease) eGFR (estimated glomerular filtration rate) < 50 
ml/min and/or creatininemia > 1.5 mg/dl. 
 
An item on end-stage renal disease (ESRD) was included since audit 1. In audit 1 it was 
defined as history of renal transplantation, or current hemodialysis and/or peritoneal dialysis. 
In later audits it was simply defined as history of renal transplantation or current dialysis. 
 
Audit 1 had separate items on history of coronary artery disease (CAD) and stroke. The item 
on CAD was a combination of myocardial infarction (MI), percutaneous transluminal 
coronary angioplasty (PTCA) and coronary artery bypass grafting (CABG). The item on 
stroke was a combination of transient ischemic attacks (TIA) and stroke. In later audits the 
two items were merged into one item: stroke, TIA, MI, percutaneous coronary intervention 
(PCI) and CABG. 
 
An item on history of LL revascularization was included since audit 1. In audit 1 it was 
defined as any surgery or percutaneous transluminal angioplasty (PTA) performed on the LL 
arteries. In later audits it was defined as any open surgery or endovascular treatments on the 
LL arteries. 
 
An item on history of DFU was included since audit 1. In audit 1 it was defined as history of a 
foot ulcer due to neuropathy and/or vasculopathy, excluding ingrown toe nails. In later audits 
the definition was updated to also exclude blisters. 
 
Separate items on minor and major amputation were included since audit 2. In audits 2 and 3 
minor amputation were not explicitly defined. Only major amputation was explicitly defined 
in these audits. In audit 2 major amputation was defined as amputation starting from the level 
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of the ankle. In audit 3 it was defined as amputation where heel support is no longer possible, 
in other words, amputation starting from the ankle joint. This definition was also used in audit 
4. In addition, minor amputation was defined in audit 4 as amputation where heel support is 
still possible. 
 
If a patient was reported to have a history of major amputation, this implied that the major 
amputation was contralateral of the index foot problem being registered. Therefore, any 
reported contralateral DFU or Charcot foot at presentation or during follow-up would have 
been inconsistent with a history of major amputation. We did not check this data quality issue 
and the results are presented as such in this report. We will check this in future audits. 
 

3.5.1.3. Results 
 
Table 7 shows the characteristics and medical history of the patients with DFU at the time of 
presentation. Patients were predominantly male, with a median age of 70 years. About 90% of 
patients had type 2 diabetes and this proportion significantly increased over audits at the 
expense of the proportion of patients with type 1 diabetes. Median diabetes duration was 14 
years. Fewer than 20% of patients were current smokers. One in three patients had a renal 
history (renal insufficiency or ESRD). One in two patients had a cardiovascular (CV) history 
(MI, PCI/CABG, stroke, TIA, or LL revascularization), although the proportion with a 
cardiac or cerebral history significantly decreased over audits. Sixty percent of patients had a 
renal and/or CV history. Close to 60% of patients had previously suffered from DFU and this 
proportion significantly increased over audits. Between 1 and 2% of patients with a DFU 
presented with a concomitant active Charcot foot. About 4% of patients presented with a 
concomitant inactive Charcot foot, and this proportion increased significantly across audits.  
 
The results in Table 7 hide important differences between patients, mainly when medical 
history is stratified further on sex, diabetes type and smoking habits. The reports of previous 
audits describe these differences in further detail 73,74,81,82. A systematic stratification on these 
characteristics was beyond the scope of this report. 
 
 
Table 7: Characteristics and medical history of the  patients with diabetic foot ulcers at the time of 
presentation. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Sex, male 649 
(61.6) 

622 
(63.1)c 

1,080 
(68.2)aa 

1,141 
(65.3) 

3,111 
(64.5) 

Median age, years (IQR) 70.4 
(60.6-77.4) 

69.5 
(59.6-76.8) 

68.6 
(60.5-77.9) 

69.1 
(61.4-78.8) 

69.6 
(60.7-78.0) 

Diabetes type, known 1,038 
(98.6) 

974 
(98.9) 

1,553 
(98.1) 

1,734 
(99.3) 

4,759 
(98.6) 

   Type 1   119 
(11.5)d 

109 
(11.2)ddd 

137 
(8.8) 

124 
(7.2) 

424 
(8.9)--- 

   Type 2 908 
(87.5)d 

853 
(87.6)d 

1,394 
(89.8) 

1,584 
(91.3) 

4,272 
(89.8)++ 

   Other 11 
(1.1) 

12 
(1.2) 

22 
(1.4) 

26 
(1.5) 

63 
(1.3) 
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 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Diabetes duration, 
known 

824 
(78.3) 

738 
(74.9) 

1,245 
(78.6) 

1,329 
(76.1) 

3,696 
(76.6) 

   Median duration, years 
(IQR) 

13.5 
(6.5-22.5) 

14.0 
(8.0-23.0) 

14.0 
(7.0-22.0) 

14.7 
(8.7-23.7) 

13.7 
(7.0-22.7) 

Smoking habits, known 765 
(72.6) 

886 
(89.9)ad 

1,495 
(94.4)aaa 

1,693 
(96.9)aaa 

4,318 
(89.5)+++ 

   Never smoked 400 
(52.3) 

444 
(50.1) 

751 
(50.2) 

838 
(49.5) 

2,178 
(50.4) 

   Ex-smoker 202 
(26.4) 

290 
(32.7) 

468 
(31.3) 

557 
(32.9)a 

1,330 
(30.8)++ 

   Current smoker 163 
(21.3) 

152 
(17.2) 

276 
(18.5) 

298 
(17.6) 

810 
(18.8) 

Renal insufficiency, 
known 

1,019 
(96.8) 

952 
(96.6)c 

1,578 
(99.7)aaa 

1,728 
(98.9)ac 

4,735 
(98.1)++ 

   Yes 309 
(30.3) 

304 
(31.9) 

486 
(30.8) 

578 
(33.4) 

1,486 
(31.4) 

End-stage renal disease, 
known 

1,040 
(98.8) 

930 
(94.4) 

1,561 
(98.6) 

1,712 
(98.0) 

4,706 
(97.5) 

   Yes 93 
(8.9) 

89 
(9.6) 

131 
(8.4) 

150 
(8.8) 

416 
(8.8) 

History of CV disease, 
known 

1,013 
(96.2) 

945 
(95.9)c 

1,577 
(99.6)aaa 

1,734 
(99.3)aa 

4,728 
(98.0)+++ 

   Yes 393 
(38.8) 

378 
(40.0) 

579 
(36.7) 

608 
(35.1) 

1,760 
(37.2)- 

History of LL 
revascularization, known 

1,017 
(96.6) 

938 
(95.2) 

1,569 
(99.1)aaa 

1,734 
(99.3)aa 

4,717 
(97.8)+++ 

   Yes 306 
(30.1) 

285 
(30.4) 

483 
(30.8) 

526 
(30.3) 

1,377 
(29.2) 

History of DFU, known 990 
(94.0) 

948 
(96.2) 

1,569 
(99.1)aa 

1,728 
(98.9)a 

4,699 
(97.4)++ 

   Yes 470 
(47.5) 

598 
(63.1) 

981 
(62.5)aa 

1,167 
(67.5)aaa 

2,724 
(58.0)+++ 

History of minor 
amputation, known 

- 941 
(95.5) 

1,571 
(99.2) 

1,735 
(99.3) 

3,901(1) 
(98.3) 

   Yes - 
 

231 
(24.5) 

413 
(26.3) 

460 
(26.5) 

921 
(23.6) 

History of major 
amputation, known 

- 929 
(94.3) 

1,546 
(97.7) 

1,701 
(97.4) 

3,835(1) 
(96.7) 

   Yes - 34 
(3.7) 

60 
(3.9) 

74 
(4.4) 

142 
(3.7) 

Active Charcot at 
presentation 

14 
(1.3) 

13 
(1.3) 

27 
(1.7) 

27 
(1.5) 

76 
(1.6) 

Inactive Charcot at 
presentation 

26 
(2.5) 

42 
(4.3) 

78 
(4.9)a 

105 
(6.0)aaa 

189 
(3.9)++ 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
(1) N=3,967 for audits 2-4. 
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3.5.1.4. Discussion and conclusions 
 
Patients with diabetic foot problems presenting in the centres were generally elderly with a 
long history of diabetes. Almost two out of three patients had previously suffered from 
diabetic foot problems. More than half of the patients suffered from comorbidities potentially 
compromising the diagnosis, treatment and outcome of the foot problem. These 
characteristics correspond well with those reported in previous studies (see appendix B), 
although many studies failed to report the prevalence of cardiovascular and renal 
comorbidities. The fact that IQED-Foot only includes DFUs of Wagner grade 2 or higher did 
not seem to introduce a major bias in the patient characteristics. 
 
Patient characteristics evolved somewhat over time. The proportion of patients with type 2 
diabetes in the sample increased, as a result of the world-wide epidemic. A history of cardiac 
or cerebral CV events decreased, however, maybe as a result of better CV risk control in this 
population. As will be shown in section  3.5.3.4.2, the prevalence of symptomatic PAD at 
presentation also decreased over time and this may also be attributable to better prevention. 
The proportion of patients with a history of Charcot foot (i.e. current inactive Charcot foot) 
increased significantly across audits. This observation suggests that once a patient has 
experienced a Charcot foot, the foot remains prone to (re)ulceration after the Charcot foot has 
cooled down and has become inactive, thus explaining the ever increasing proportion of this 
group of patients followed in the centres. 
 
The majority of patients had already experienced one or more DFUs before their sampling in 
any of the four IQED-Foot audits. To get a better insight into the risk factors of DFU, we 
could study the characteristics of the patients without a history of prior DFU. These patient 
characteristics would then need to be compared to those of diabetic patients without a history 
of DFU. This analysis was beyond the scope of the current report but would nevertheless be 
interesting if the appropriate control group can be identified. 
 
Box 4: Conclusions on characteristics of patients w ith a DFU. 

• Patients with a DFU were predominantly male and had long-standing 
diabetes. 

• More than half of the patients suffered from CV and/or renal comorbidities 
potentially compromising both the treatment and outcome of the foot problem. 

• Almost 60% of sampled patients had previously had a DFU, underscoring the 
high recurrence rate of DFU and the difficulties with regard to prevention 
despite the centres’ best efforts. 

 

3.5.2. Patient referral and referral delay 

3.5.2.1. Background 
 
In their active phase, DFU require immediate medical attention. They may become infected or 
limb perfusion may be severely limited, two scenarios in which the risk for tissue loss and LL 
amputation increases. In this context, the phrase “time is tissue” and the term “foot attack” 
have been used to underscore the importance of quick referral and urgent treatment after 
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presentation.83,84 According to the foot attack principle, centres and hospitals are encouraged 
to provide a “fast-lane” for patients with diabetic foot problems.83 
 
Longer treatment delay has been shown to associate with poorer outcomes.85,86 Treatment 
delay is determined in large part by the way diabetic foot care is organised.36 In the first stage, 
the delay between the patient seeking care for his DFU and arriving in a DFC where specialist 
diabetic foot care is delivered (= referral delay) depends on the education of health care 
professionals (HCP), the interactions between the different health care professions, and the 
availability of expertise in the form of specialized DFCs. In other words, when first-line HCPs 
observe active ulceration or alarming pre-ulcerative signs, do they recognize these pathologies 
as a DFU; do they know DFCs exist and how to contact them; do they consult a DFC in case 
of questions; and finally, do they refer the patient to the DFC when necessary? In the second 
stage, when the patient has arrived in a DFC, further treatment delay may occur within the 
walls of the hospital if there are long waiting times for diagnostic procedures or treatments. 
Of course, treatment delays are also incurred when patients are not aware of their foot 
problem or when there are delays in seeking care. 
 

3.5.2.2. Items in the IQED-Foot questionnaire 
 
The sections on who referred the patient to the DFC (referral pattern) and on referral delay 
underwent substantial changes across audits. 
 
Referral pattern was categorized into 5 different patterns. Table 8 shows for each audit which 
particular item(s) corresponded to one of the five categories. In audits 1 and 2 there was a 
one-to-one mapping of the items to the categories used for analysis, although the terms used 
in the items were sometimes different. More specifically, audit 1 assumed that only “diabetes 
centres” referred patients to a DFC. In Belgium, the diabetes centres are a specific well-
known type of hospital-based centres that treat patients on two or more daily insulin 
injections. In audits 3 and 4, three hierarchically organised items on referral pattern existed, 
which did not always map one-to-one to the categories used for analysis. At the first level, 
centres chose between “paramedical” (i.e. allied health professions), “medical”, “nobody” and 
“other DFC”. If they chose “medical”, a follow-up question asked whether it was a medical 
doctor from primary care (i.e. a GP) or secondary care. Finally, if the centre chose “secondary 
care”, a follow-up question asked whether the doctor worked within the same hospital or 
worked outside the own hospital. 
 
In audits 3 and 4 the items on referral pattern specifically mentioned that for patients 
presenting to the ED the referring HCP should be identified and recorded. 
 
It should be noted that the “other” category existed as such only in audit 1. In audits 2-4, this 
category was termed “other DFC”. In the analysis of audit 3-4 data, patients were attributed to 
the “other” category if they were referred by a medical doctor but the centre failed to specify 
whether this was from primary or secondary care, or if the patient was referred from 
secondary care but the centre failed to specify whether this was from their own or another 
hospital (“missing details” in Table 8). 
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Table 8: Items on referral pattern in audits 1-4 an d their mapping to the categories used for analysis . 

Category for 
analysis 

Audit 1 Audit 2 Audit 3 Audit 4 

Primary care Primary care 
(GP, nurse, 
podiatrist) 

Primary care 
(GP, nurse, 
podiatrist) 

Paramedical 
(nurse, podiatrist) 

Paramedical 
(nurse, podiatrist) 

Medical >  
Primary care (GP) 

Medical >  
Primary care (GP) 

Own hospital/ 
diabetes centre 

Own diabetes 
centre 

Secondary care 
– Own hospital 

Medical > 
Secondary care > 
Own hospital 

Medical > 
Secondary care > 
Own hospital 

Other hospital/ 
diabetes centre 

Other diabetes 
centre 

Secondary care 
– Other 
hospital 

Medical > 
Secondary care > 
Outside hospital 

Medical > 
Secondary care > 
Outside hospital 

Patient’s 
initiative 

Patient’s 
initiative 

Patient’s 
initiative 

Nobody (patient’s 
initiative) 

Nobody (patient’s 
initiative) 

Other Other Other DFC Other DFC + 
missing details 

Other DFC + 
missing details 

 
The item on referral delay was termed as follows: “how long before the first consultation did 
the actual foot problem occur?”. In audit 1, there were three response categories: < 1 month, 1 
to 2 months, or > 2 months. The way these categories were termed is ambiguous. For our 
analysis, we interpreted “> 2 months” as meaning “3 or more months”, which is not 
inconsistent with the terms used for the preceding category (“1 to 2 months”). In later audits, 
the delay was expressed in weeks and categorized for analysis in months using the formula 
12 × ������ × 7 365.25⁄ �. It should be noted that strictly speaking the term “referral delay” 
is inappropriate if there was no referral, i.e. if the patient came on his own initiative. In this 
case, “referral delay” should be read as “presentation delay”. 
 
The distribution of referral delay was highly skewed. As such these data were statistically 
analysed using quantile regression (see Methods). 
 

3.5.2.3. Referral pattern 
 
Table 9 shows which HCPs, if any, referred the patient to the centre. The questionnaire with 
regard to referral pattern underwent significant changes throughout the different audits (see 
section above), so the results should be interpreted cautiously. 
 
What is clear across all audits is that one in three patients were referred by primary care 
professionals: either a GP, in 2 out of 3 cases, or a paramedical professional (home care nurse, 
podiatrist and others) in the remaining cases. More than one in three patients were referred by 
a medical doctor from secondary care, usually from within the same hospital (e.g. from the 
general diabetes convention centre). The evolution was however difficult to interpret (see 
below). Referral by a doctor from another hospital was rare. Many patients came to the 
centres on their own initiative, but again the evolution was difficult to interpret. It is unclear 
why 15% of patients had another, unspecified referral pattern in audit 1.  
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Table 9: Referral pattern of patients with diabetic  foot ulcers. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Referral pattern known 1,042 
(99.0) 

957 
(97.2) 

1,540 
(97.3) 

1,710 
(97.9) 

4,720 
(97.8) 

Primary care 370 
(35.5) 

296 
(30.9) 

493 
(32.0) 

570 
(33.3) 

1,595 
(33.8) 

   Paramedical - - 141 
(8.9) 

199 
(11.4) 

- 

   General practitioner - - 352 
(22.2) 

371 
(21.2) 

- 

Own hospital/diabetes centre 338 
(32.4) 

310 
(32.4) 

616 
(40.0) 

612 
(35.8) 

1,728 
(36.6) 

Other hospital/diabetes 
centre 

25 
(2.4) 

39 
(4.1) 

42 
(2.7) 

44 
(2.6) 

140 
(3.0) 

Patient’s initiative 156 
(15.0) 

304 
(31.8)aa 

327 
(21.2)a 

424 
(24.8)aa 

988 
(20.9)++ 

Other 153 
(14.7) 

8 
(0.8)aaa 

62 
(4.0)a 

60 
(3.5)aaa 

269 
(5.7)- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  

 
The abrupt changes in the evolution of the proportion of patients referred from secondary care 
and coming on their own initiative can be in part explained by the recognition of new centres 
between audits 2 and 3. Table 10 shows the same information as Table 9, but separately for 
the original wave 1 centres recognized since 2005 and the new wave 2 centres recognized 
since 2009-2010. With regard to wave 1 centres, a third of patients were referred from 
primary care, and another third from within the own hospital. Except for the first audit, 
between a third and a fourth of patients came to the centres on their own initiative. The lower 
proportion in audit 1 may be explained by the fact that patients did not yet know of the 
existence of these centres. Moreover, this observation suggests that once a patient knew the 
centre, the barrier to go there on his own initiative was lower. A similar pattern was observed 
during the start-up of the wave 2 centres, where the proportion of patients coming on their 
own initiative significantly increased between audits 3 and 4. In contrast to wave 1 centres, 
wave 2 centres had more referrals from within the hospital, especially in audit 3 when this 
was the main source. 
 
Overall, a history of DFU was significantly more prevalent in patients coming on their own 
initiative than in patients referred by a HCP (67.2 vs. 55.6%, p < 0.001), further suggesting 
that once a patient had suffered a DFU he was more likely to know a centre and to go there 
directly. 
 
Note that within waves the group of centres was not identical across audits, because of 
changes in the number of recognized centres and participating centres. However if the set of 
centres was restricted to the 17 wave 1 centres that participated in all 4 audits and the 13 wave 
2 centres participating in both audit 3 and 4, similar observations were made (data not 
shown). Finally, the same qualitative evolutions were observed when stratifying further on 
centre language (data not shown). 
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Table 10: Referral pattern of patients with diabeti c foot ulcers, separately for the original centres (wave 1) 
and the newly recognized centres (wave 2). 

 Audit 1 Audit 2 Audit 3 Audit 4 
Wave 1 centres, N (no. of records) 20 

(1,053) 
19 

(985) 
18 

(907) 
20 

(1,010) 
Wave 1 centres, referral pattern known 1,042 

(99.0) 
957 

(97.2) 
876 

(96.6) 
990 

(98.0) 
   Primary care 370 

(35.5) 
296 

(30.9) 
284 

(32.4) 
321 

(32.4) 
   Own hospital/diabetes centre 338 

(32.4) 
310 

(32.4) 
291 

(33.2) 
326 

(32.9) 
   Other hospital/diabetes centre 25 

(2.4) 
39 

(4.1) 
21 

(2.4) 
29 

(2.9) 
   Patient’s initiative 156 

(15.0) 
304 

(31.8)aaa 
237 

(27.1)aaa 
280 

(28.3)aa 
   Other 153 

(14.7) 
8 

(0.8)aaa 
43 

(4.9) 
34 

(3.4)aa 
Wave 2 centres, N (no. of records) - - 14 

(676) 
14 

(737) 
Wave 2 centres, referral pattern known - - 664 

(98.2) 
720 

(97.7) 
   Primary care - - 209 

(31.5) 
249 

(34.6) 
   Own hospital/diabetes centre - - 325 

(48.9) 
286 

(39.7)c 
   Other hospital/diabetes centre - - 21 

(3.2) 
15 

(2.1) 
   Patient’s initiative - - 90 

(13.6) 
144 

(20.0)c 
   Other - - 19 

(2.9) 
26 

(3.6) 
Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Table shows frequencies (%) unless 
stated otherwise. 
 

3.5.2.4. Referral delay 
 
As mentioned above, treatment delay determines the outcome of DFU. In IQED-Foot, centres 
reported “the number of weeks the foot problem existed before the first consultation”. For the 
purpose of this report, this period of time was regarded as the referral delay. The actual 
treatment delay was unknown. 
 
Table 11 shows referral delay in categories, the way they were defined in audit 1, to illustrate 
the evolution over the 4 audits. Between audits 1 and 2 there was a significant increase in the 
proportion of patients referred within a month and a significant decrease in the proportion 
referred after 3 months or more. This change was sustained between audits 2 and 4. As this 
dramatic change coincided with the change in definition, it is most likely an artefact rather 
than an actual positive evolution in referral delay. For this reason, the remainder of the 
analysis of referral delay will focus on audits 2-4 only. 
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Table 11: Referral delay in “audit 1 categories” fo r patients with diabetic foot ulcers, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Referral delay known 890 
(84.5) 

797 
(80.9) 

1,427 
(90.1) 

1,648 
(94.3)bb 

4,254 
(88.2)++ 

Delay of less than 1 month 449 
(50.4) 

490 
(61.5)a 

884 
(61.9)aaa 

1,085 
(65.8)aaa 

2,521 
(59.3)+++ 

Delay of 1 or 2 months 157 
(17.6) 

232 
(29.1)aa 

355 
(24.9)a 

389 
(23.6) 

1,044 
(24.5) 

Delay of 3 months or more 284 
(31.9) 

75 
(9.4)aaa 

188 
(13.2)aaa 

174 
(10.6)aaa 

689 
(16.2)--- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 
Considering only audits 2 through 4, Table 12 shows the referral delay expressed in number 
of weeks and in categories. Quantile regression showed that the median referral delay in audit 
4 was significantly lower compared to audit 3. No significant differences were observed when 
referral delay was categorized, although there was a trend towards fewer late referrals (> 4 
weeks) in audit 4. This is consistent with the results from quantile regression: the biggest shift 
occurred around the median (referral delay of approximately 4 weeks), but no significant 
evolution occurred within the group of patients referred within 4 weeks. 
 
Table 12: Referral delay expressed as number of wee ks or in categories for patients with diabetic foot  
ulcers, audits 2-4. 

 Audit 2 
(N=797) 

Audit 3 
(N=1,427) 

Audit 4 
(N=1,648) 

All pts 
(N=3,545) 

Median referral delay, weeks (IQR) 4 
(2-8) 

4 
(2-8) 

3 
(2-7)c 

4 
(2-8)- 

Delay of 1 week or less 152 
(19.1) 

305 
(21.4) 

337 
(20.4) 

707 
(19.9) 

Delay of 1 or 2 weeks 155 
(19.4) 

259 
(18.1) 

355 
(21.5) 

670 
(18.9) 

Delay of 3 or 4 weeks 183 
(23.0) 

320 
(22.4) 

393 
(23.8) 

824 
(23.2) 

Delay of more than 4 weeks 307 
(38.5) 

543 
(38.1) 

563 
(34.2) 

1,344 
(37.9) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. “All pts” contains all 3,967 unique 
patients across audits 2 through 4 of whom 3,545 patients had known referral delay. 
 
Considering all unique patients with known referral delay and known history of DFU since 
audit 2 (N=3,504), median referral delay was significantly shorter in patients with a history of 
DFU than in patients without a history of DFU (median [IQR] of 3 [2-8] vs. 4 [2-8] weeks, p 
= 0.011). 
 
While the median referral delay was shorter in the French-speaking centres compared to 
Dutch-speaking centres (3 vs. 4 weeks), this difference did not reach statistical significance. 
 
Table 13 shows the median referral delay as a function of referral pattern for audits 3-4. Data 
from audit 2 were not included, because referral pattern was reported in a different way 
compared to later audits. Data from audits 3 and 4 were pooled because the trends were 
similar in both audits. Referral delay was shortest if there was no HCP involved in referring 
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the patient, i.e. if the patient came to the centre on his/her own initiative (median [IQR] 
referral delay 2 [1-4] vs. 4 [2-8] weeks in case of no referral and referral by a HCP 
respectively, p < 0.001). Referral delay was second shortest if referral was done by a 
“paramedical” health profession. The median delay did not differ significantly from “patient’s 
initiative”. Compared to “patient’s initiative”, referral by a GP was significantly slower 
(median of 2 vs. 4 weeks). Similarly, median referral delay was 4 weeks when patients were 
referred to the centre by a medical doctor from within the same hospital, which was the most 
common referral pattern. Referral was slowest for patients referred by a medical doctor from 
another hospital. 
 
Table 13: Median referral delay as a function of re ferral pattern for patients with diabetic foot ulce rs, 
audits 3-4. 

Referral pattern Median referral delay, weeks (IQR) 
Patient’s initiative (N = 627) 2 (1-4) 
Paramedical (N = 298) 3 (2-6) 
General practitioner (N = 662) 4 (2-8)***  
MD within own hospital (N = 1,046) 4 (2-8)***  
MD of other hospital (N = 75) 6 (3-16)**  
Other centre, unspecified or unknown (N = 177)(1) 4 (2-8) 
Analysis on all 3,134 unique patients across audits 3 and 4 of whom 2,885 patients had known referral delay. 
(1) Category not included in statistical comparison. 
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. patient’s initiative. 
 

3.5.2.5. Discussion and conclusions 
 
A third of patients were referred by a medical doctor from the centre’s hospital. A fifth of 
patients were not explicitly referred by a HCP and came to the centre on their own initiative. 
This ensured the shortest “referral delay” with half of patients presenting within 2 weeks. 
When a HCP was involved in referral, referral delay was longer than 4 weeks for half of the 
patients. Referral by paramedical professionals was slightly shorter, possibly as a result of 
more frequent contacts with the patient or better recognition of DFUs. 
 
Median referral delay decreased significantly between audits 3 and 4, from four to three 
weeks. Compared to two single-centre studies reporting median referral delay, the delay in 
IQED-Foot was relatively short.87,88 The relatively short and decreasing referral delay may be 
the result of efforts to improve visibility of the centres, but may also be related to improved 
patient education within the centres, as a result of which patients with recurring DFUs return 
to the centres quicker. The latter hypothesis is important because patients with prior DFUs 
may refrain from returning to a centre, e.g. out of fear for further amputations. This 
encouraging result should motivate HCPs in this field to further reduce delays. Recently, 
Belgian experts have expressed the ambition that DFUs with signs of infection and/or 
ischemia should be seen “as soon as possible” and, for other DFUs, when ulcer area does not 
visibly decrease within 2 weeks.89 The results of section  3.5.3.7 suggest that while infection 
was perceived as a reason for early referral, ischemia was not. Thus, speed of referral should 
be in part based on appropriate consideration of patient and ulcer characteristics. 
 
Reducing referral delay should be an important policy goal (“time is tissue”). By investigating 
referral delay among different referral patterns, policy efforts can be aimed at specific aspects 
of the health care system. 
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There are many technical and philosophical difficulties in reporting referral pattern and delay. 
Some of them are general and some are specific to the IQED-Foot questionnaire. These may 
hamper the translation of the results to policy changes aimed at reducing referral delay. 
 
With regard to referral pattern, the following remarks need to be made. 
 
First, patients categorized as coming “on their own initiative” are likely to have included 
patients who visited the centre for a planned periodical follow-up visit during which the team 
discovered a new ulcer. In future audits the questionnaire could be altered to capture this 
difference. Nevertheless, given the important differences in “referral delay” between patients 
who were and were not referred, it seems that in most cases the DFU was a powerful trigger 
for the patient to come to the centre on his own initiative. 
 
Second, patients with severe foot problems may initially present to the ED and only later to 
the consultation of the centre. During audits 1-4 the IQED-Foot inclusion criteria were 
probably not sufficiently clear in highlighting that these patients need to be included in the 
sample of 52 patients and that the ulcer severity at the time of presentation in the ED should 
be registered and not that at the time of presentation in the centre. This is important for two 
reasons. First, if patients presenting to the ED were less likely to be sampled in IQED-Foot, 
the ulcer severity would have likely been underestimated. Second, if patients presenting to the 
ED were sampled, but ulcer severity was assessed at the time of presentation in the centre, 
ulcer severity may again have been underestimated because the impact of emergency 
procedures was ignored. It should be mentioned that from audit 3 onwards, centres were 
reminded that when they registered the referral pattern of patients initially presenting to the 
ED, the actual HCP referring the patient to the ED (if any) should be registered. However, 
this reminder may have been insufficient to prevent patients presenting to the ED from not 
being registered. From audit 5 onwards the inclusion criteria were adapted to prevent this 
potential bias. In future audits it would be useful to ask whether the patient first presented at 
the ED or at consultation. 
 
Third, the IQED-Foot questionnaire did not allow identifying the role of pharmacists in 
patient referral. However, because they dispense wound care material, they may make a 
considerable contribution to patient referral to centres. In audit 1, the only audit where the 
“other” referral category existed as such, this referral pattern may have been captured in the 
“other” category, perhaps explaining why so many patients were in this category. Some 
patients referred by a pharmacist may have ended up in the “paramedical” category in audits 
3-4, although strictly speaking pharmacists are not part of the “paramedical” profession. In 
future audits it would be interesting to explicitly include pharmacists as potential referrers in 
the questionnaire. 
 
Finally, the report of the 3rd audit suggested that the referral pattern was different according to 
the type of hospital the DFC was affiliated with: academic, semi-academic or general 73,74. 
The reader is referred to that report for more information on this association. 
 
With regard to referral delay and its association to referral pattern, another series of remarks 
should be made. 
 
The first remark focuses on who is “responsible” for the delay? This question is important 
because it determines which population(s) should be preferentially targeted by policy-makers 
to reduce referral delay. Because referral delay was defined as the time since the onset of the 
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foot problem, both the patient and HCP carried a responsibility. At a health-system level, 
policy should strive to remove barriers patients may experience when seeking care. The 
interaction between the different HCPs may introduce unnecessary delays, and care should be 
organized in such a way that these delays are minimized. In this context, it is important to 
mention that centres could record only one referring HCP. However, we can easily think of 
more complex scenarios. For instance, a home-care nurse may have referred the patient to his 
GP, who in turn referred the patient to the DFC. It is not clear how centres recorded this 
scenario, although we may assume that they only recorded the last referring HCP (GP in this 
case). We followed this assumption in our analyses, but this is not entirely fair, because in 
scenarios where multiple HCPs were involved, the delay was attributed entirely to the last 
referring HCP. 
 
Moreover, we may assume that referral delay increases as the number of links in the referral 
chain increases. Thus, when multiple HCPs saw the patient before referral to the DFC, 
referral delay may be expected to be longer than if only one HCP saw the patient before 
referral or if the patient was not referred at all and came on his own initiative or for a planned 
follow-up. Taken together, the IQED-Foot data are insufficiently detailed to allow referral 
delays to be studied stratified by referral pattern. 
 
Second, the reader should note that referral delay as defined in IQED-Foot (period of time the 
foot problem existed before the first consultation) is prone to different interpretations. First, 
for a relapse of a pre-existing foot problem, a scenario which is very common (see General 
introduction), centres may have reported either the period of time since the original apparition 
of the foot problem, or the period of time since the most recent relapse of the foot problem. 
The first interpretation may explain some of the extreme values for referral delay in the 
database. Second, with regard to patients initially presenting to the ED, some centres may 
have reported the delay up to that moment, while others may have reported the delay until the 
first consultation in the centre, thus resulting in a longer delay. While the latter interpretation 
is closer to the definition in the questionnaire, it results in a delay that is longer than the actual 
treatment delay, something which is obviously undesirable. 
 
Finally, we should consider the difficulty of precisely determining referral delay and its 
relation to the way referral delay is asked in the questionnaire. Indeed, patients and their 
environment may struggle to remember when the foot problem first appeared. Moreover, in 
spite of the recommendation for patients to inspect their feet daily, foot problems may go 
unnoticed for a long time because of DPN, poor vision, poor mobility, or because patients 
cannot rely on someone else to inspect their feet for them. Finally, centres may be in doubt as 
to when exactly the delay should end (see previous paragraph). For all these reasons, referral 
delay will often be an estimate, and we should therefore ask ourselves if the level of detail 
with which it is asked in the questionnaire (number of weeks) is commensurate with the 
innate uncertainty around this parameter. Therefore, we should consider for future audits to 
record referral delay in categories (as it was in audit 1) and to determine the category limits 
based on the relation of different referral delay categories to outcomes. The recently started 
diabetic foot audit in the UK also used categories to measure referral delay.54 However, they 
defined referral delay as the time between the first presentation to a HCP and the first 
assessment by the DFC. This type of delay gives a picture of delays incurred within the 
confines of the healthcare system, and leaves out the variable speed at which patients seek 
care. While this definition is adequate to study the healthcare process, it would not be 
adequate to study the potential impact of delay on outcomes; in the latter case you would need 
the entire delay. 



 

51 

 
Given the clear link to policy, it is important to have sufficiently detailed and high-quality 
data on referral pattern and delay. The items in the IQED-Foot questionnaire will be adapted 
based on the discussion above. However, we need to remain conscious of the fact that overly 
detailed data are difficult to collect on a routine basis. Using the current IQED-Foot items on 
referral delay, we showed that longer delays were associated with higher DFU severity (see 
section  3.5.3.7) and poorer outcomes (see section  3.5.5.6). This in itself is an important 
finding. Further investigations into the details of these delays could also be performed outside 
the context of routine IQED-Foot audits. 
 
This report did not address the question of which patient characteristics associated with 
specific referral patterns and delays. This is left for future analyses. 
 
Box 5: Conclusions on patient referral and referral  delay of patients with a DFU. 

• A third of patients with a DFU were referred by a medical doctor from the 
centre’s hospital. A fifth of patients were not explicitly referred by a HCP and 
came to the centre on their own initiative. 

• In the latest audit, median referral delay was 3 weeks, significantly shorter 
than in the preceding audit, suggesting that efforts to promote the centres’ 
visibility and efforts to improve patient education have worked. 

• Referral delay was shortest if there was no explicit referral (i.e. patient’s 
initiative) and longer as soon as a HCP was involved.  

 

3.5.3. Ulcer characteristics at presentation 

3.5.3.1. Background 
 
Documenting DFU characteristics at the first presentation is important, because they will 
determine treatment and prognosis, together with limb and patient-related characteristics. This 
documentation and the extent to which it is standardized become even more important if 
interventions are to be compared in a clinical trial or DFCs in an audit.90,91 
 
Three recent studies have reviewed the different ulcer classification systems reported in the 
literature.90,92,93 These systems differ in their applicability (research, routine clinical care, 
audit) and the extent to which they were validated as being associated with poor outcomes. 
They include foot, limb and person-related characteristics, such as ulcer area, depth, infection, 
duration, site, phase, number (multiple ulcers), presence of oedema or local gangrene, LL 
PAD and neuropathy.90 
 
In IQED-Foot, the ulcer severity was graded according to the Meggitt-Wagner94 and PEDIS95 
classification systems. 
 
While the Wagner classification has been shown to correlate with outcomes,96 it has limited 
flexibility to reliably grade all DFUs that are seen in day-to-day clinical practice, because it 
essentially grades only depth and the presence of gangrene. For instance, limb ischemia may 
hamper DFU healing but it cannot be recorded as such in the Wagner classification. In the 
absence of gangrene, such an ulcer would be graded as 2, but this would insufficiently alarm 



 

 
52 

clinicians to the potential risk of non-healing. Nevertheless it remains the system that is most 
often used, also in the German audit system.52 
 
The PEDIS classification has been proposed by the IWGDF to grade ulcer severity for 
research purposes.95 It grades DFUs on the presence of limb ischemia (Perfusion), the surface 
area of the ulcer (Extent), the depth of the ulcer (Depth), the severity of infection (Infection), 
and loss of protective sensation (LOPS, Sensation). It should be noted that the dimensions 
“perfusion” and “sensation” relate to characteristics of the limb and not of the ulcer. In PEDIS 
skin necrosis and gangrene are also regarded as an ulcer.95 In contrast to the Wagner 
classification, the PEDIS classification therefore does not allow to distinguish between an 
actual ulcer and gangrene. 
 
The PEDIS classification is relatively detailed, which is logical because it aims to be useful 
for research purposes and not specifically to guide clinical management.95 Up to now, few 
publications have studied the association of PEDIS classification with outcomes.97–99 More 
importantly, because the PEDIS classification looks at each ulcer characteristic in isolation, it 
is clinically less useful as ulcer characteristics are not arranged according to their relation to 
prognosis (outcome). For instance, the clinically alarming combination of ischemia and 
infection is not captured in one category. This is what distinguishes classification systems for 
research from systems estimating severity to guide management.  
 
A positive side effect of the level of detail captured in the PEDIS classification is that it can 
be mapped relatively well to other ulcer classification systems, although some limitations 
hold (see next section). Mapping to the University of Texas (UT),100, “Site, Ischemia, 
Neuropathy, Bacterial Infection, and Depth” (SINBAD)101 and Diabetic Ulcer Severity Score 
(DUSS)102 classification systems was performed and the results are reported below. Other 
systems were found to map only incompletely to PEDIS and were therefore not considered. 
The purpose of this mapping was to allow comparison of ulcer characteristics and outcomes 
in IQED-Foot to those in published studies (see appendix B). 
 
The UT classification has been more extensively validated than the PEDIS 
classification.93,96,97,100,103–106 This classification uses stages to indicate the presence of 
infection and/or ischemia and grades to indicate the depth and then relates stages and grades 
in a 4-by-4 matrix. 
 
The SINBAD classification is a modification and simplification of the S(AD)SAD (Size 
[Area, Depth], Sepsis, Arteriopathy, and Denervation) classification.107 It is the system 
currently used to classify ulcers in the UK diabetic foot audit.54 It was not possible to map to 
the S(AD)SAD classification itself, because even though the dimensions corresponded to 
PEDIS, the definitions of the categories within each dimension did not. The principle of the 
SINBAD classification is to calculate an aggregate score that is supposed to correlate with 
ulcer severity. 
 
Finally, PEDIS was mapped to the DUSS, the principle of which is similar to that of the 
SINBAD classification. It has, however, been validated only once.102 It is more simple than 
the SINBAD classification, grading patients and ulcers on only 4 dimensions. 
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3.5.3.2. Items in the IQED-Foot questionnaire 
 
A number of items related to the location of the index DFU. The index DFU was the DFU 
with the worst prognosis. Centres first indicated the side of the index DFU. Then they used 
the numbered diagram shown in Figure 6 to indicate the detailed position of the index DFU. 
For toe ulcers, centres were able to indicate that the ulcer was interdigital. Finally, in audits 1 
and 2, centres were able to indicate whether the DFU extended beyond the area indicated in 
the diagram. 
 

 
Figure 6: Diagram used by the centres to indicate t he detailed ulcer location. For analysis, DFUs were  
categorized as toe ulcers (circled in dark blue), m idfoot ulcers (lightblue) and hindfoot ulcers (gree n). 
Locations 25 and 26 were counted as dorsal ulcers. 
 
For analysis, ulcer location was categorized as plantar or dorsal and as affecting the toes, the 
midfoot or the hindfoot (Figure 6). Midfoot was defined as the arch of the foot and the 
metatarsal bones. In separate analyses forefoot ulcers were studied: here, the forefoot was 
defined as the phalanges and the metatarsals. 
 
Two items related to ulcer burden. Centres were able to indicate whether there were additional 
DFUs ipsilateral of the index DFU and whether there were one or more contralateral DFUs. 
The exact number of DFUs was not asked in the questionnaire. 
 
The ulcer severity was graded according to the Wagner94 and PEDIS95 classifications. The 
definitions in the original publications were adapted and translated and they can be found in 
appendix A and in Table 15 below. 
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The description of the Wagner grades did not undergo changes over time. By contrast, the 
implementation of PEDIS in IQED-Foot changed for some dimensions. In audits 1 and 2, 
ulcer surface area was recorded as a continuous variable, expressed in cm². In later audits it 
was recorded in categories, as shown in Table 15. In this report the continuous values 
collected in audits 1 and 2 were categorized according to the categories shown in Table 15. 
With regard to ulcer depth and infection, the specification that they should be scored after 
debridement was added from audit 3 onwards. 
 
Based on PEDIS Extent and Depth grades, an estimate of ulcer volume was calculated. This 
estimate was categorized as shown in Table 14. 
 
Table 14: Estimation of ulcer volume categories base d on all possible permutations of PEDIS Extent and 
Depth grades. 

PEDIS Extent grade PEDIS Depth grade Product of 
Extent and Depth 

Estimated volume 
category 

1 1 1 1 
1 2 2 1 
2 1 2 1 
1 3 3 2 
3 1 3 2 
2 2 4 2 
2 3 6 3 
3 2 6 3 
3 3 9 3 

 
Table 15 shows how PEDIS/IQED-Foot data elements were mapped to the existing UT, 
SINBAD and DUSS classifications. It must be noted that the mapping of PEDIS to UT, 
SINBAD and DUSS classifications was imprecise. The biggest unknown is the dimension 
“ischemia”. According to the original PEDIS publication,95 the presence or absence of PAD 
may be scored on the presence or absence of symptoms and signs of PAD or CLI, the 
presence (but not the absence!) of palpable pulses, and the results of non-invasive testing 
(ankle-brachial index [ABI], toe-brachial index [TBI], transcutaneous oxygen pressure 
[TcPO2], systolic ankle or toe pressure or abnormalities on other non-invasive tests). The 
criteria adopted in IQED-Foot are loosely based on the original PEDIS publication and can be 
consulted in Table 15. One important difference to the original PEDIS criteria is that IQED-
Foot regards absent pedal pulses sufficient to diagnose PAD, although this may overestimate 
the prevalence of PAD (see section  3.5.4.3.1). Moreover, based on the questionnaire we do 
not know which criterion was used to diagnose PAD. Similarly, in the UT classification, the 
diagnosis of ischemia is based on the presence of clinical signs and symptoms and the results 
of non-invasive testing. Both in SINBAD and DUSS, PAD is regarded as present in the case 
of absent pulses, although this may overestimate the prevalence of PAD (see 
section  3.5.4.3.1).  
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Table 15: Complete description of ulcer classificat ion systems used in this report. 

Meggitt-Wagner  
Grades Description in IQED-Foot, adapted from Wagner94 
0 No ulcer, but high-risk foot 
1 Superficial ulcer, usually at the head of the first metatarsal 
2 Deep ulcer, no involvement of bone 
3 Abscess with involvement of bone 
4 Local gangrene, e.g. at toes or heel 
5 Gangrene of the entire foot 
PEDIS  
Dimensions Grades in IQED-Foot, adapted from Schaper95 
Perfusion Grade 1: no peripheral vascular abnormalities 

- Palpable pulses and/or 
- ABI 0.90-1.10  and/or 
- TcPO2 > 60 mmHg 

Grade 2: subcritical ischemia 
- No palpable pulses and/or 
- ABI < 0.90  and/or 
- TcPO2 30-60 mmHg 

Grade 3: critical ischemia 
- No palpable pulses and presence of clinical signs of severe 

ischemia     and/or 
- Systolic ankle blood pressure < 50 mmHg and/or 
- TcPO2 < 30 mmHg 

Extent(1) Grade 1: < 1 cm² 
Grade 2: ≥ 1 cm² and < 3 cm² 
Grade 3: ≥ 3 cm² 

Depth(2) Grade 1: superficial 
Grade 2: deep (fascia, muscle or tendon) 
Grade 3: probe to bone 

Infection(2) Grade 1: no infection 
Grade 2: superficial infection  

- Erythema < 2 cm 
Grade 3: deep infection 

- Erythema > 2 cm or 
- Abscess, osteomyelitis, arthritis, fasciitis 

Grade 4: systemic infection 
- Toxic 
- T° 
- Leucocytosis (> 12.000 or < 4000/mm³) 
- 10% immature (band) forms 

Sensation Grade 1: normal 
Grade 2: loss of protective sensation 

- Monofilament, negative on 2 out of 3 sites and/or 
- 128 Hz tuning fork, negative   and/or 
- Vibration threshold > 25 V 
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University of Texas Descriptions from Lavery et al.100 
Mapping to PEDIS/IQED-Foot 

Stages  
A Ulcer without infection nor ischemia 

Mapped to Infection grade = 1 and Perfusion grade = 1 
B Ulcer with infection 

Mapped to Infection grade ≥ 2 and Perfusion grade = 1 
C Ulcer with ischemia 

Mapped to Infection grade = 1 and Perfusion grade ≥ 2 
D Ulcer with infection and ischemia 

Mapped to Infection grade ≥ 2 and Perfusion grade ≥ 2 
Grades  
0 Pre- or postulcerative lesion, completely epithelialized 

Not mapped 
1 Superficial wound, not involving tendon, capsule or bone 

Mapped to Depth grade 1 
2 Wound penetrating to tendon or capsule 

Mapped to Depth grade 2 
3 Wound penetrating to bone or joint 

Mapped to Depth grade 3 
SINBAD categories Descriptions from Ince et al.101 

Mapping to PEDIS/IQED-Foot 
Site Forefoot       Score 0 

Mapped to “forefoot ulcer” as defined in text 
Midfoot and hindfoot      Score 1 
Mapped to everything but “forefoot ulcer”  

Ischemia Pedal blood flow intact: at least one pulse palpable  Score 0 
Mapped to PEDIS Perfusion grade = 1 
Clinical evidence of reduced pedal blood flow  Score 1 
Mapped to PEDIS Perfusion grade ≥ 2 

Neuropathy Protective sensation intact     Score 0 
Mapped to PEDIS Sensation grade = 1 
Protective sensation lost     Score 1 
Mapped to PEDIS Sensation grade = 2 

Bacterial infection None        Score 0 
Mapped to PEDIS Infection grade = 1 
Present        Score 1 
Mapped to PEDIS Infection grade ≥ 2 

Area Ulcer < 1 cm²       Score 0 
Mapped to PEDIS Extent grade = 1 
Ulcer ≥ 1 cm²       Score 1 
Mapped to PEDIS Extent grade ≥ 2 

Depth Ulcer confined to skin and subcutaneous tissue  Score 0 
Mapped to PEDIS Depth grade = 1 
Ulcer reaching muscle, tendon or deeper   Score 1 
Mapped to PEDIS Depth grade  ≥ 2 
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DUSS variables Descriptions from Beckert et al.102 
Mapping to PEDIS/IQED-Foot 

Pedal pulses Present        Score 0 
Mapped to PEDIS Perfusion grade = 1 
Absent        Score 1 
Mapped to PEDIS Perfusion grade ≥ 2 

Bone involvement No probing to bone      Score 0 
Mapped to PEDIS Depth ≤ 2 
Probing to bone      Score 1 
Mapped to PEDIS Depth = 3 

Site of ulceration Toe        Score 0 
Mapped to “toe ulcer” = “yes” 
Foot        Score 1 
Mapped to “midfoot ulcer” = “yes” or “hindfoot ulcer” = “yes” 

Patients with multiple 
ulcerations 

Single ulcers [sic]      Score 0 
Mapped to “additional ipsilateral ulcers” = “no” and “contralateral 
ulcers” = “no” 
Multiple ulcerations      Score 1 
Mapped to “additional ipsilateral ulcers” = “yes” or “contralateral 
ulcers” = “yes” 

(1) Extent was collected as a continuous variable in audits 1 and 2. 
(2) From audit 3 onwards, the specification “scored after debridement” was added. 
 
Based on the limb characteristics defined in PEDIS, the presumed etiology of the ulcer was 
derived. Thus, ulcers of patients with LOPS but without PAD were regarded as “neuropathic”, 
of patients without LOPS but with PAD as “ischemic”, and of patients with both LOPS and 
PAD as “neuro-ischemic”. Ulcers of patients without LOPS and without PAD were 
categorized as “other etiology”. 
 

3.5.3.3. Ulcer location 
 
Table 16 shows multiple parameters related to the location of the DFUs. Centres recorded as 
many DFUs on the right foot as on the left foot, and as many on the plantar aspect of the foot 
as on the dorsal aspect. Half of the DFUs were limited to the toes. About 15% of the forefoot 
ulcers were interdigital. A third of ulcers extended beyond the location indicated in Figure 6. 
 
Figure 7A shows the frequency with which DFUs were recorded according to the detailed 
location in the IQED-Foot diagram (see also Figure 6). The most prevalent locations were the 
hallux (21.4% of recorded DFUs), the second toe (11.0%), and the plantar aspects of the heel 
(7.5%), of the first metatarsal (6.6%) and of the fifth metatarsal (4.5%). The relation of ulcer 
location to etiology (Figure 7B-D) will be discussed in section  3.5.3.5. 
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Table 16: Location of diabetic foot ulcers, audits 1-4 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Side, known 1,043 
(99.1) 

980 
(99.5) 

1,574 
(99.4) 

1,744 
(99.8) 

4,799 
(99.5) 

Side, right foot 559 
(53.6) 

489 
(49.9) 

773 
(49.1) 

863 
(49.5) 

2,411 
(50.2) 

Detailed location, known 1,041 
(98.9) 

970 
(98.5) 

1,569 
(99.1) 

1,733 
(99.2) 

4,773 
(98.9) 

  Plantar 497 
(47.7) 

540 
(55.7) 

823 
(52.5) 

917 
(52.9) 

2,433 
(51.0) 

    Toes 201 
(19.3) 

233 
(24.0) 

358 
(22.8) 

373 
(21.5) 

1,038 
(21.7) 

    Midfoot 223 
(21.4) 

223 
(23.0) 

353 
(22.5) 

416 
(24.0) 

1,046 
(21.9) 

    Hindfoot 73 
(7.0) 

84 
(8.7) 

112 
(7.1) 

128 
(7.4) 

349 
(7.3) 

  Dorsal 544 
(52.3) 

430 
(44.3) 

746 
(47.5) 

816 
(47.1) 

2,340 
(49.0) 

    Toes 339 
(32.6) 

272 
(28.0) 

420 
(26.8) 

479 
(27.6) 

1,382 
(29.0) 

    Midfoot 114 
(11.0) 

62 
(6.4)acc 

201 
(12.8) 

193 
(11.1) 

532 
(11.1) 

    Hindfoot 91 
(8.7) 

96 
(9.9) 

125 
(8.0) 

144 
(8.3) 

426 
(8.9) 

  Toe ulcers 540 
(51.9) 

505 
(52.1) 

778 
(49.6) 

852 
(49.2) 

2,420 
(50.7) 

  Forefoot ulcers(1) 818 
(78.6) 

745 
(76.8) 

1,210 
(77.1) 

1,333 
(76.9) 

3,688 
(77.3) 

Interdigital ulcer, known (2) 757 
(92.5) 

678 
(91.0) 

1,127 
(93.1) 

1,277 
(95.8)a 

3,446 
(93.4) 

  Yes(2) 129 
(17.0) 

78 
(11.5) 

178 
(15.8) 

160 
(12.5) 

503 
(14.6) 

Ulcer spanning multiple 
locations, known 

1,021 
(97.0) 

921 
(93.5) 

- - 1,817(3) 
(95.2) 

  Yes 330 
(32.3) 

361 
(39.2) 

- - 647 
(35.6) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
(1) Forefoot is defined as phalanges + metatarsals. Compare to midfoot which includes both the metatarsals and 
the actual anatomical midfoot for the purposes of this report (see section  3.5.3.2). 
(2) Within the set of forefoot ulcers. 
(3) N = 1,909 unique patients since audit 1. 
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Figure 7: A. Location of the 5,313 diabetic foot ul cers with known location (analysis at the level of foot 
problems). Prevalence was categorized according to s extiles. B. Location of the 1,754 neuropathic ulcer s 
with known location. C. Location of the 386 ischemi c ulcers with known location. D. Location of the 2, 585 
neuro-ischemic ulcers with known location. 
 
The analysis in Figure 7 has several shortcomings. First, it includes one episode of DFU per 
patient per audit. This means that a single patient may have been included multiple times in 
the analysis, if he/she was sampled in multiple audits with a new foot problem. Although all 
foot problems in this analysis were unique, new foot problems within a single patient 
probably did not occur at random (see section  2.7.1). This may have led to some ulcer 
locations being overrepresented in the figure. Moreover, prior amputation will also have led 
to a non-random occurrence of DFUs. For example, patients with previous hallux amputations 
cannot suffer an ulcer at the same location but will rather have ulcers at the second ray (at the 
metatarsal head or tip of the toe) because of contracture of the second toe.108 Because we did 
not know the side of the prior minor amputation, we were unable to account for this. It would 
have been inappropriate to exclude all patients with prior minor amputation from this 
analysis, since some of the prior amputations were contralateral of the index DFU. 
 
The index DFU for which centres reported the characteristics, treatment and outcome was 
often not the only DFU at presentation. Table 17 shows that almost 1 in 3 patients had more 
ulcers on the same foot and 1 in 5 patients additional ulcers on the other foot. When these 
results were combined, 60% presented with only the index ulcer, 20% presented with 
additional ulcers on the same foot and another 20% presented with ulcers on both feet. 
 

3.5.3.4. Ulcer classification 

3.5.3.4.1. Wagner 
 
Table 18 shows ulcer severity staged according to the Wagner classification.94 Over half of 
the ulcers were classified as Wagner grade 2, i.e. deep but without an abscess or 
osteomyelitis. Almost 1 in 3 ulcers were classified as Wagner grade 3, i.e. deep and with an 
abscess or osteomyelitis. About 15% of ulcers were classified as Wagner grade 4, i.e. 
gangrene of a portion of the foot. Only very few ulcers were classified as Wagner grade 5, i.e. 
extensive gangrene of the foot. IQED-Foot aims to include DFUs of Wagner grade 2 or 
higher. Yet, in 2006 six Wagner grade 1 DFUs were included. For the sake of completeness 
and because the risk of bias is low these ulcers were included in the analysis. 
 
To facilitate subsequent analysis, grade 1 ulcers were categorized under grade 2 and grade 5 
ulcers under grade 4 (see Table 18). Statistical analysis revealed that ulcers were increasingly 
given lower grades across the audits and this trend reached statistical significance.  
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Table 17: Presence of additional ipsilateral and con tralateral ulcers in patients with diabetic foot ul cers, 
audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

More on same foot, known 1,034 
(98.2) 

926 
(94.0) 

1,530 
(96.7) 

1,727 
(98.9)b 

4,686 
(97.1) 

   Yes 335 
(32.4) 

274 
(29.6) 

460 
(30.1) 

484 
(28.0) 

1,397 
(29.8) 

More on other foot, known 1,033 
(98.1) 

915 
(92.9) 

1,511 
(95.5) 

1,715 
(98.2) 

4,645 
(96.3) 

   Yes 197 
(19.1) 

185 
(20.2) 

288 
(19.1) 

309 
(18.0) 

867 
(18.7) 

Both locations known 1,022 
(97.1) 

907 
(92.1) 

1,506 
(95.1) 

1,712 
(98.0)b 

4,620 
(95.8) 

   Only index DFU 601 
(58.8) 

553 
(61.0) 

916 
(60.8) 

1,051 
(61.4) 

2,809 
(60.8) 

   More on same foot 224 
(21.9) 

172 
(19.0) 

305 
(20.3) 

353 
(20.6) 

951 
(20.6) 

   More on other foot 88 
(8.6) 

91 
(10.0) 

147 
(9.8) 

183 
(10.7) 

450 
(9.7) 

   More on both feet 109 
(10.7) 

91 
(10.0) 

138 
(9.2) 

125 
(7.3)b 

410 
(8.9) 

   Ulcers on both feet(1) 197 
(19.3) 

182 
(20.1) 

285 
(18.9) 

308 
(18.0) 

860 
(18.6) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 (1) Summing of two categories above. 
 
Table 18: Severity of diabetic foot ulcers according  to the Wagner classification, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Wagner grade, known(1) 1,048 
(99.5) 

979 
(99.4) 

1,583 
(100.0) 

1,747 
(100.0) 

4,815 
(99.8)+++ 

   Grade 1NA 6 
(0.6) 

0 
(0.0) 

0 
(0.0) 

0 
(0.0) 

6 
(0.1) 

   Grade 2 486 
(46.4) 

522 
(53.3) 

876 
(55.3) 

988 
(56.6) 

2,579 
(53.6) 

   Grade 3 336 
(32.1) 

291 
(29.7) 

486 
(30.7) 

532 
(30.5) 

1,451 
(30.1) 

   Grade 4 215 
(20.5) 

161 
(16.4) 

216 
(13.6) 

222 
(12.7) 

760 
(15.8) 

   Grade 5 5 
(0.5) 

5 
(0.5) 

5 
(0.3) 

5 
(0.3) 

19 
(0.4) 

In categories      
   Grade 1-2 492 

(46.9) 
522 

(53.3) 
876 

(55.3) 
988 

(56.6)a 
2,585 

(53.7)++ 
   Grade 3 336 

(32.1) 
291 

(29.7) 
486 

(30.7) 
532 

(30.5) 
1,451 
(30.1) 

   Grade 4-5 220 
(21.0) 

166 
(17.0) 

221 
(14.0)a 

227 
(13.0)a 

779 
(16.2)-- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
(1) Only the linear statistical model could be fit. 
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3.5.3.4.2. PEDIS 
 
Table 19 shows ulcer severity staged according to the modified PEDIS classification 
implemented in the IQED-Foot questionnaire. Almost 60% of ulcers occurred in a limb with 
signs of ischemia, based on the absence of pedal pulses, ABI < 0.90, TcPO2 < 60 mmHg, 
ankle pressure < 50 mmHg or clinical signs of severe ischemia (CLI). The proportion of 
ulcers in non-ischemic limbs increased significantly across audits. In parallel, the proportion 
of critically ischemic limbs decreased significantly. Further discussion of these findings can 
be found in section  3.5.4.3. There was a significant reduction in the surface area (extent) of 
the ulcers across audits. Because the biggest difference coincided with a change in definition 
(collected as a continuous parameter in audits 1-2 and as a categorical parameter in audits 3-
4), it is hard to judge whether this evolution is real or an artefact. About 15% of ulcers were 
superficial. Although the depth was graded differently across audits, there was no clear 
evolution. Three out of 4 ulcers showed some form of infection. Compared to audit 1, deep 
infections were significantly less prevalent in later audits. About 85% of patients had DPN as 
evidenced by LOPS. 
 
 
 
 
 
 
Table 19: Severity of diabetic foot ulcers according  to the PEDIS classification, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Perfusion, known 989 
(93.9) 

962 
(97.7) 

1,554 
(98.2) 

1,712 
(98.0) 

4,687 
(97.1) 

  No PAD 354 
(35.8) 

375 
(39.0) 

662 
(42.6) 

756 
(44.2) 

1,918 
(40.9)+ 

  Subcritical ischemia 429 
(43.4) 

437 
(45.4) 

685 
(44.1) 

737 
(43.0) 

2,038 
(43.5) 

  Critical ischemia 206 
(20.8) 

150 
(15.6) 

207 
(13.3)a 

219 
(12.8)a 

731 
(15.6)-- 

Extent, known 779 
(74.0)ddd 

816 
(82.8)cc 

1,529 
(96.6)aaa 

1,710 
(97.9)bbb 

4,326 
(89.7)+++ 

  < 1 cm² 87 
(11.2)ddd 

124 
(15.2)cc 

503 
(32.9)aaa 

595 
(34.8)bbb 

1,162 
(26.9)+++ 

  ≥ 1 cm² and < 3 cm² 349 
(44.8) 

400 
(49.0) 

668 
(43.7) 

747 
(46.7) 

1,922 
(44.4) 

  ≥ 3 cm² 343 
(44.0)ddd 

292 
(35.8)ccc 

358 
(23.4)aaa 

368 
(21.5)bbb 

1,242 
(28.7)--- 

Depth, known 989 
(93.9) 

974 
(98.9) 

1,566 
(98.9) 

1,731 
(99.1) 

4,719 
(97.8) 

  Superficial 156 
(15.8) 

163 
(16.7) 

148 
(9.5) 

247 
(14.3) 

664 
(14.1) 

  Deep 491 
(49.6) 

585 
(60.1) 

927 
(59.2)a 

960 
(55.5) 

2,634 
(55.8) 

  Probe to bone 343 
(34.6) 

226 
(23.2)aa 

491 
(31.4) 

524 
(30.3) 

1,421 
(30.1) 
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 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Infection, known 996 
(94.6) 

963 
(97.8) 

1,568 
(99.1) 

1,720 
(98.5) 

4,714 
(97.7) 

  No infection 192 
(19.3) 

258 
(26.8) 

390 
(24.9) 

439 
(25.5) 

1,160 
(24.6) 

  Superficial infection 295 
(29.6) 

307 
(31.9) 

525 
(33.5) 

561 
(32.6) 

1,498 
(31.8) 

  Deep infection 464 
(46.6) 

352 
(36.6)a 

560 
(35.7)a 

645 
(37.5) 

1,819 
(38.6) 

  Systemic infection 45 
(4.5) 

46 
(4.8) 

93 
(5.9) 

75 
(4.4) 

237 
(5.0) 

Sensation, known 950 
(90.2) 

939 
(95.3) 

1,554 
(98.2) 

1,708 
(98.8) 

4,615 
(95.6) 

  No protective sensation 804 
(84.6) 

821 
(87.4) 

1,329 
(85.5) 

1,475 
(86.4) 

3,922 
(85.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 

3.5.3.4.3. University of Texas classification 
 
Table 20 highlights the complexity of the recorded ulcers: over 40% of ulcers were deep and 
combined ischemia and infection (stage D, grades 2 and 3). Only very few superficial ulcers 
without ischemia or infection were recorded, which is to be expected given the IQED-Foot 
inclusion criterion of Wagner grade 2 or higher. 
 
Table 20: Severity of diabetic foot ulcers according  to the University of Texas classification, all uni que 
patients in audits 1-4. 

 Grade 1 
Superficial 

Grade 2 
Deep 

Grade 3 
Probe to bone 

Total 

Stage A 
Clean ulcers 

156 
(3.4) 

363 
(7.8) 

24 
(0.5) 

543 
(11.7) 

Stage B 
Infected ulcers 

168 
(3.6) 

746 
(16.1) 

443 
(9.6) 

1,357 
(29.3) 

Stage C 
Ischemic ulcers 

167 
(3.6) 

370 
(8.0) 

62 
(1.3) 

599 
(12.9) 

Stage D 
Ischemic + infected 

161 
(3.5) 

1,101 
(23.7) 

877 
(18.9) 

2,139 
(46.1) 

Total 652 
(14.1) 

2,580 
(55.6) 

1,406 
(30.3) 

4,638 
(100.0) 

Table shows frequencies and cell percentages (except at the margins). 
University of Texas classification could not be determined for 187 out of 4,825 DFUs because of either missing 
PEDIS perfusion grade, PEDIS depth grade or PEDIS infection grade. 
 
Table 21 shows the UT stage and grade for each audit. Despite the fact that some categories 
were significantly more or less prevalent in certain audits, there were no clear temporal 
trends. 
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Table 21: Severity of diabetic foot ulcers according  to the University of Texas classification, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

UT classification known 980 
(93.1) 

943 
(95.7) 

1,544 
(97.5) 

1,694 
(97.0) 

4,638 
(96.1) 

Stage A      
  Grade 1 38 

(3.9) 
29 

(3.1) 
42 

(2.7) 
54 

(3.2) 
156 
(3.4) 

  Grade 2 36 
(3.7) 

79 
(8.4)a 

135 
(8.7) 

158 
(9.3) 

363 
(7.8) 

  Grade 3 2 
(0.2) 

6 
(0.6) 

8 
(0.5) 

10 
(0.6) 

24 
(0.5) 

Stage B      
  Grade 1 41 

(4.2) 
37 

(3.9) 
45 

(2.9) 
61 

(3.6) 
168 
(3.6) 

  Grade 2 139 
(14.2) 

163 
(17.3) 

266 
(17.2) 

273 
(16.1) 

746 
(16.1) 

  Grade 3 96 
(9.8) 

52 
(5.5)aa 

162 
(10.5)b 

193 
(11.4)bb 

443 
(9.6) 

Stage C      
  Grade 1 46 

(4.7) 
40 

(4.2) 
27 

(1.7) 
64 

(3.8) 
167 
(3.6) 

  Grade 2 52 
(5.3) 

86 
(9.1) 

150 
(9.7) 

130 
(7.7) 

370 
(8.0) 

  Grade 3 13 
(1.3) 

14 
(1.5) 

21 
(1.4) 

19 
(1.1) 

62 
(1.3) 

Stage D      
  Grade 1 31 

(3.2) 
51 

(5.4)a 
28 

(1.8)bbb 
66 

(3.9) 
161 
(3.5) 

  Grade 2 257 
(26.2) 

242 
(25.7) 

362 
(23.4) 

369 
(21.8) 

1,101 
(23.7) 

  Grade 3 229 
(23.4) 

144 
(15.3)aa 

298 
(19.3) 

297 
(17.5) 

877 
(18.9) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 

3.5.3.4.4. SINBAD 
 
Table 22 shows the evolution of SINBAD scores across audits. Higher scores correspond to 
more severe ulcers with a poorer prognosis. The analysis sheds new light on the data. First, 
because calculation of the SINBAD score required the availability of six parameters, the score 
was often missing, although availability improved significantly across audits. Second, about 
70% of ulcers combined 4 factors with potential detrimental effects on outcome, again 
highlighting the complexity of the recorded ulcers. Finally, the use of an aggregate score 
allows temporal trends to be studied in more detail: there was a sudden decrease in ulcer 
severity between audits 1 and 2, followed by a further decrease between audits 2 and 4 but at 
a slower rate (Figure 8). The availability of SINBAD score may have confounded the latter 
analysis if missingness was associated with severity. 
 



 

 
64 

Table 22: Severity of diabetic foot ulcers according  to the SINBAD classification, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

SINBAD score, known 740 
(70.3) 

775 
(78.7) 

1,472 
(93.0)aabb 

1,629 
(93.2)aabb 

4,125 
(85.5)+++ 

  0 2 
(0.3) 

1 
(0.1) 

4 
(0.3) 

8 
(0.5) 

15 
(0.4) 

  1 8 
(1.1) 

14 
(1.8) 

36 
(2.4) 

39 
(2.4) 

92 
(2.2) 

  2 42 
(5.7) 

54 
(7.0) 

136 
(9.2) 

170 
(10.4) 

371 
(9.0)++ 

  3 108 
(14.6) 

139 
(17.9) 

281 
(19.1)a 

351 
(21.5)aa 

790 
(19.2)++ 

  4 222 
(30.0) 

247 
(31.9) 

476 
(32.3) 

503 
(30.9) 

1,285 
(31.2) 

  5 296 
(40.0) 

251 
(32.4) 

425 
(28.9)aaa 

434 
(26.6)aaa 

1,238 
(30.0)--- 

  6 62 
(8.4) 

69 
(8.9) 

114 
(7.7) 

124 
(7.6) 

334 
(8.1) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 

 
Figure 8: Severity of diabetic foot ulcers according  to the SINBAD classification, all unique patients i n 
audits 1-4 (N = 4,125, SINBAD score was unknown for 700 patients). 
 

3.5.3.4.5. DUSS 
 
Table 23 shows that compared to the SINBAD score, the DUSS score did not show a clear 
evolution across audits. Only the proportion of ulcers with DUSS score 1 increased 
significantly, the largest difference occurring between audits 1 and 2. This is nevertheless 
consistent with the findings above using the SINBAD score. 
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Table 23: Severity of diabetic foot ulcers according  to the DUSS classification, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

DUSS score, known 949 
(90.1) 

881 
(89.4) 

1,467 
(92.7) 

1,664 
(95.2) 

4,447 
(92.2)+ 

  0 88 
(9.3) 

106 
(12.0) 

146 
(10.0) 

163 
(9.8) 

458 
(10.3) 

  1 245 
(25.8) 

278 
(31.6) 

443 
(30.2) 

524 
(31.5)a 

1,331 
(29.9)+ 

  2 354 
(37.3) 

303 
(34.4) 

531 
(36.2) 

597 
(35.9) 

1,597 
(35.9) 

  3 212 
(22.3) 

165 
(18.7) 

280 
(19.1) 

312 
(18.8) 

869 
(19.5) 

  4 50 
(5.3) 

29 
(3.3) 

67 
(4.6) 

68 
(4.1) 

192 
(4.3) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 

3.5.3.5. Ulcer etiology and its relation to location 
 
Table 24 shows ulcer etiology across audits. The proportion of neuropathic ulcers 
significantly increased, at the expense of neuro-ischemic ulcers. The proportion of purely 
ischemic ulcers remained mostly constant. This means that the declining prevalence of PAD 
reported in Table 19 was limited mostly to patients suffering also from DPN.  
 
Table 24: Etiology of diabetic foot ulcers derived f rom the PEDIS classification, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Ulcer etiology, known 948 
(90.0) 

929 
(94.3) 

1,535 
(97.0) 

1,683 
(96.3) 

4,569 
(94.7) 

  Neuropathic 270 
(28.5) 

308 
(33.2) 

547 
(35.6) 

641 
(38.1)a 

1,552 
(34.0)++ 

  Ischemic 81 
(8.5) 

63 
(6.8) 

116 
(7.6) 

127 
(7.5) 

373 
(8.2) 

  Neuro-ischemic 533 
(56.2) 

504 
(54.3) 

765 
(49.8) 

812 
(48.2) 

2,330 
(51.0)- 

  Neither (other etiology) 64 
(6.8) 

54 
(5.8) 

107 
(7.0) 

103 
(6.1) 

314 
(6.9) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 
Figure 7B-D shows the location according to ulcer etiology. Location was strongly associated 
with ulcer etiology: neuropathic ulcers predominantly occurred on the plantar aspect of the 
foot, while ischemic ulcers occurred on the toes, on the heel and presumably on the lateral 
aspect of the forefoot. The location of neuro-ischemic ulcers, the largest group, resembled that 
of the complete set of ulcers. 
 

3.5.3.6. Ulcer severity and its relation to location 
 
The previous section showed that ulcer etiology and location were intimately associated. 
Next, we investigated whether ulcer severity (size, depth and presence of infection) was 
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associated with location. We considered toe, midfoot and hindfoot locations (N = 4,773 
unique patients since audit 1 with known location). Preliminary analyses showed that the 
further distinction between plantar and dorsal location did not yield qualitatively different 
results (data not shown). We included an estimate of ulcer volume in the analyses (see 
section  3.5.3.2). 
 
Table 25: Severity of diabetic foot ulcers stratifie d by ulcer location, all unique patients in audits 1-4 with 
known detailed ulcer location. 

 Toes 
(N=2,420) 

Midfoot 
(N=1,578) 

Hindfoot 
(N=775) 

Total 
(N=4,773) 

Extent, known 2,144 
(88.6) 

1,447 
(91.7)a 

697 
(89.9) 

4,228 
(89.8) 

  < 1 cm² 754 
(35.2)ccc 

298 
(20.6)aaa 

104 
(14.9)bb 

1,156 
(27.0) 

  ≥ 1 cm² and 
  < 3 cm² 

1,026 
(47.9)ccc 

639 
(44.2)a 

249 
(35.7)bbb 

1,914 
(44.6) 

  ≥ 3 cm² 364 
(17.0)ccc 

510 
(35.2)aaa 

344 
(49.4)bbb 

1,218 
(28.4) 

Depth, known 2,371 
(98.0) 

1,549 
(98.2) 

753 
(97.2) 

4,673 
(97.9) 

  Superficial 346 
(14.6) 

174 
(11.2)a 

132 
(17.5)bbb 

652 
(14.0) 

  Deep 1,239 
(52.3)ccc 

864 
(55.8)ccc 

511 
(67.9) 

2,614 
(55.9) 

  Probe to bone 786 
(33.2)ccc 

511 
(33.0)ccc 

110 
(14.6) 

1,407 
(30.1) 

Estimated ulcer 
volume, known 

2,133 
(88.1) 

1,435 
(90.9) 

691 
(89.2) 

4,259 
(89.2) 

  Category 1 695 
(32.6) 

310 
(21.6)aaa 

145 
(21.0)aaa 

1,150 
(27.0) 

  Category 2 779 
(36.5) 

461 
(32.1)a 

228 
(33.0) 

1,468 
(34.5) 

  Category 3 659 
(30.9) 

664 
(46.3)aaa 

318 
(46.0)aaa 

1,641 
(38.5) 

Infection, known 2,367 
(97.8) 

1,550 
(98.2) 

750 
(96.8) 

4,667 
(97.8) 

  No infection 528 
(22.3) 

390 
(25.2) 

227 
(30.3)aaab 

1,145 
(24.5) 

  Superficial 
  infection 

754 
(31.9)c 

442 
(28.5)a 

292 
(38.9)bbb 

1,488 
(31.9) 

  Deep infection 988 
(41.7)ccc 

610 
(39.4)ccc 

202 
(26.9) 

1,800 
(38.6) 

  Systemic 
  infection 

97 
(4.1) 

108 
(7.0)a 

29 
(3.9) 

234 
(5.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 
Table 25 shows that toe ulcers tended to be smaller than midfoot ulcers, and these in turn 
were smaller than hindfoot ulcers (distal-proximal gradient for surface area). With regard to 
depth, the association was more complex: superficial ulcers were more common on the toes 
and the hindfoot than on the midfoot. Deep ulcers were more common on the hindfoot than on 
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the toes and midfoot. However, ulcers with exposed bone (probe to bone) were more common 
on the toes and the midfoot than on the hindfoot. Estimated ulcer volume (the product of 
surface area and depth, see Methods) was higher in midfoot and hindfoot ulcers than in toe 
ulcers. Finally with regard to infection, superficial infection was more common on the 
hindfoot than on the toes and midfoot. However, deep infection was more common on the 
toes and midfoot than on the hindfoot. The distribution of deep infection according to location 
followed that of ulcer depth. The more important association of infection with ulcer depth 
rather than with ulcer surface area was confirmed: probe to bone increased the odds of 
deep/systemic infection 43.6-fold (p < 0.001, adjusted for surface area) while surface area ≥ 3 
cm² increased it only 2.6-fold (p < 0.001, adjusted for depth). 
 

3.5.3.7. Referral delay and ulcer characteristics 
 
A full analysis of the relation of patient, limb and ulcer characteristics to referral delay was 
beyond the scope of the current report. However, given the reported impact of referral delay 
on ulcer outcome,85,86 we tested the hypothesis that patients with longer referral delay 
presented with more severe ulcers. 
 
Table 26 shows ulcer severity as a function of referral delay for all unique patients included in 
audits 2-4. Diabetic peripheral neuropathy was not included as a measure of ulcer severity. 
Indeed, it is more a risk factor for the development of a DFU than for non-healing of a DFU. 
Referral delay was known for 3,545 out of 3,967 patients (89.4%) included in audits 2-4. 
 
Table 26: Severity of diabetic foot ulcers stratifie d by referral delay, audits 2-4. 

 ≤ 7 days 
(N=707) 

1-2 weeks 
(N=670) 

3-4 weeks 
(N=824) 

> 4 weeks 
(N=1,344) 

Total 
(N=3,545) 

Ulcer area, known 675 
(95.5) 

636 
(94.9) 

786 
(95.4) 

1,259 
(93.7) 

3,356 
(94.7) 

  < 1 cm² 243 
(36.0)dd 

226 
(35.5)ddd 

230 
(29.3) 

297 
(23.6) 

996 
(29.7) 

  ≥ 1 cm² and < 3 cm² 296 
(43.9) 

277 
(43.6) 

366 
(46.6) 

579 
(46.0) 

1,518 
(45.2) 

  ≥ 3 cm² 136 
(20.1)ddd 

133 
(20.9)ddd 

190 
(24.2)d 

383 
(30.4) 

842 
(25.1) 

Ulcer depth, known 703 
(99.4) 

665 
(99.3) 

817 
(99.2) 

1,332 
(99.1) 

3,517 
(99.2) 

  Superficial 106 
(15.1)ddd 

105 
(15.8)dd 

120 
(14.7)dd 

128 
(9.6) 

459 
(13.1) 

  Deep 428 
(60.9) 

392 
(58.9) 

478 
(58.5) 

754 
(56.6) 

2,052 
(58.3) 

  Probe to bone 169 
(24.0)ddd 

168 
(25.3)dd 

219 
(26.8)dd 

450 
(33.8) 

1,006 
(28.6) 

Limb ischemia, known 695 
(98.3) 

661 
(98.7) 

810 
(98.3) 

1,320 
(98.2) 

3,486 
(98.3) 

  No PAD 346 
(49.8) 

299 
(45.2) 

341 
(42.1)aa 

507 
(38.4)aaa 

1,493 
(42.8) 

  Subcritical limb 
  ischemia 

280 
(40.3) 

283 
(42.8) 

370 
(45.7) 

604 
(45.8) 

1,537 
(44.1) 
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 ≤ 7 days 
(N=707) 

1-2 weeks 
(N=670) 

3-4 weeks 
(N=824) 

> 4 weeks 
(N=1,344) 

Total 
(N=3,545) 

  Critical limb ischemia 69 
(9.9) 

79 
(12.0) 

99 
(12.2) 

209 
(15.8)aa 

456 
(13.1) 

Ulcer location, known 705 
(99.7) 

665 
(99.3) 

813 
(98.7) 

1,332 
(99.1) 

3,515 
(99.2) 

  Mid or hindfoot ulcer 
  (i.e. not on toes) 

309 
(43.8)ddd 

293 
(44.1)ddd 

402 
(49.4)dd 

766 
(57.5) 

1,770 
(50.4) 

Infection, known 703 
(99.4) 

661 
(98.7) 

811 
(98.4) 

1,329 
(98.9) 

3,504 
(98.8) 

  No infection 161 
(22.9) 

175 
(26.5) 

203 
(25.0) 

345 
(26.0) 

884 
(25.2) 

  Superficial infection 223 
(31.7) 

219 
(33.1) 

276 
(34.0) 

443 
(33.3) 

1,161 
(33.1) 

  Deep infection 265 
(37.7) 

229 
(34.6) 

300 
(37.0) 

482 
(36.3) 

1,276 
(36.4) 

  Systemic infection 54 
(7.7) 

38 
(5.7) 

32 
(3.9)aa 

59 
(4.4)a 

183 
(5.2) 

Gangrene, knownNA 707 
(100.0) 

668 
(99.7) 

823 
(99.9) 

1,342 
(99.9) 

3,540 
(99.9) 

  Yes (Wagner 4-5) 82 
(11.6) 

97 
(14.5) 

116 
(14.1) 

194 
(14.5) 

489 
(13.8) 

Multiple ulcers, known 681 
(96.3) 

651 
(97.2) 

794 
(96.4) 

1,293 
(96.2) 

3,419 
(96.4) 

  Yes 250 
(36.7) 

257 
(39.5) 

306 
(38.5) 

509 
(39.4) 

1,322 
(38.7) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. We did not test for a linear trend across 
referral delay categories. 
 
Table 26 shows that ulcer area, ulcer depth and limb ischemia were significantly more severe 
in late referrals compared to early referrals. The same was true for ulcers on the mid and 
hindfoot, the proportion of which was significantly higher in late compared to early referrals. 
By contrast, the proportion of infected ulcers or gangrene was not significantly higher in late 
compared to early referrals. Similarly, the proportion of ulcer episodes complicated by 
additional ulcers (on the same foot or the other) was not significantly higher in late compared 
to early referrals. 
 

3.5.3.8. Discussion and conclusions 
 
Ulcer characteristics were relatively similar over time across the four IQED-Foot audits. 
Nevertheless, multiple indicators point to the fact that ulcers tend to have been graded less 
severely in later audits. The Wagner classification showed a significant decrease in gangrene 
(Wagner grade 4-5) and a significant increase in Wagner grade 2 ulcers. The PEDIS 
classification showed a significant decrease of ulcers in ischemic limbs and of ulcer surface 
area, although the latter finding may be an artefact of changes to the questionnaire. The 
SINBAD and DUSS classifications, estimating severity based on an aggregate score, showed 
a significant decrease of the severity score, especially between audits 1 and 2. Taken together, 
the decrease in Wagner grade and SINBAD and DUSS scores was most likely determined by 
the observed decrease in PAD. 
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Despite a gradual evolution towards lower ulcer severity scores, the ulcer severity in IQED-
Foot was considerably higher than in other studies (see appendix B). This is of course the 
result of the inclusion criteria allowing only DFUs of Wagner grade 2 or higher to be sampled 
in IQED-Foot. The only studies with a particularly high ulcer severity, comparable to IQED-
Foot, were the studies by Beckert et al.102 and Taylor et al.50 
 
The observation that the proportion of patients presenting with PAD has decreased is 
controversial as it runs contrary to the impression many professionals working in the field 
have of their patient population. If this decrease is real, then it may suggest that CV risk 
factors were increasingly adequately managed in patients with diabetes. This suggestion is 
supported by findings from the general IQED study.31,32 Moreover, this corresponds well to 
the finding that the prevalence of a CV history has also declined since audit 1 (see 
section  3.5.1.3). However, this could also lead to more ulcers being healed outside the centres, 
which would continue to lead to a higher proportion of PAD in the centres, as those with PAD 
have slower ulcer healing and would ultimately be referred to a centre. Alternatively, the 
decrease in the prevalence of symptomatic PAD may be the result of better treatment, 
including advanced revascularization techniques available in these expert centres. Indeed, 
many of the patients may have a history of LL ischemia which was subsequently treated, 
resulting in them being classified as PEDIS perfusion grade 1 at the time they present with a 
new DFU. Additionally, two methodological explanations may be formulated, although they 
are not very likely. First, patients with PAD may have been less likely to be included in the 
IQED-Foot sample in later audits (selection bias). There could be many reasons for this, but it 
is hard to imagine why this sampling bias would gradually gain importance over time. 
Second, the decrease in PAD may be an artefact of increasingly consistent and accurate 
vascular assessment of patients presenting to the centres, meaning that the higher prevalence 
in earlier audits may have been an overestimation. This last hypothesis could be applicable for 
other ulcer characteristics as well. 
 
The observed distribution of DFU etiologies corresponded well to that reported in the 
Eurodiale study, where the prevalence of neuropathic, ischemic, neuro-ischemic and “other” 
etiologies was 41.1, 11.0, 37.1 and 10.8% respectively.109 This distribution is likely only 
found in Western countries with a high burden of ischemic disease.101,110 
 
Ulcer etiology was related to ulcer location in a meaningful way. This observation suggests 
that ulcer etiology derived from PEDIS was relatively valid. A recent study reported the 
detailed DFU location of diabetic patients planned for revascularization.111 These patients 
presumably had ischemic ulcers, although the prevalence of neuropathy was not reported. The 
reported locations corresponded almost perfectly to those shown in Figure 7C. Nevertheless, 
estimation of etiology from PEDIS remains imperfect, as truly ischemic ulcers are expected 
only in case of CLI (PEDIS perfusion grade 3) and, by definition, not in those with PAD but 
not with CLI (PEDIS perfusion grade 2). It should be noted, however, that the term CLI has 
its limitations, and that patients with subcritical ischemia (PEDIS perfusion grade 2) may 
have slow wound healing and may benefit from revascularization (see discussion in 
section  3.5.4.3). 
 
Ulcer location is not only associated with the presence of DPN and/or PAD, the location 
might also determine the size and depth of the ulcer and the likelihood for infection. IQED-
Foot showed that while ulcers on the toes and midfoot were smaller than on the hindfoot, they 
were deeper and more often infected. It should be mentioned that probing to bone and deep 
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infection involving bone is more likely on toes and the forefoot than on the hindfoot, simply 
because there is very little soft tissue overlying these regions. Moreover, deep forefoot ulcers 
can, if needed, be treated with a relatively simple toe or ray amputation. By contrast, deeply 
infected ulcers on the mid and hindfoot, although less prevalent, carry a more negative 
prognosis, because they often cannot be resolved without amputating a considerable portion 
of the foot. 
 
Finally, IQED-Foot reports an important association of ulcer severity with referral delay. 
Ulcer area, ulcer depth and limb ischemia were significantly more severe in late referrals 
compared to early referrals. Non-toe ulcers carrying a more negative prognosis were also 
overrepresented in late referrals. This was not true for infected ulcers, feet with gangrene and 
feet with multiple ulcers, the prevalence of which was similar in early and late referrals. 
 
How to make sense of these findings? Any interpretation should be careful and take into 
account that the included patients were treated in tertiary, specialist centres. This means that 
many patients’ ulcers had already been treated by other HCPs before referral to a centre. 
Ulcers with a high healing potential, i.e. less severe ulcers, have a higher probability of being 
successfully treated outside the centres, and a lower probability of being referred to a centre. 
By contrast, attempts by HCPs outside the centres to heal an ulcer with a low healing 
potential, e.g. ulcers in an ischemic limb, may be unsuccessful, resulting in (late) referral to a 
centre. This scenario (scenario 1) may explain the preponderance of severe ulcers in late 
referrals: these were difficult-to-heal ulcers, surpassing the expertise of HCPs outside the 
centres and requiring expert medical attention. In other words, tertiary care specialist centres 
treated more severe ulcers, and these tended to concentrate in the late referrals, precisely 
because these ulcers did not heal in the community. More specifically, the higher proportion 
of PAD in late referrals was most likely a result of scenario 1, because PAD does not progress 
clinically in the time frame under consideration (1 month). Similarly, these observations 
suggest that toe ulcers generally had a good prognosis and could be healed outside a centre, 
thus explaining the increase in more difficult to treat mid- and hindfoot ulcers in late referrals. 
 
Alternatively, without medical attention DFUs may become more severe over time, regardless 
of their initial healing potential (scenario 2). For instance, continued walking on a neuropathic 
plantar ulcer may exacerbate ulcer surface area and depth, and increase the probability of 
infection. Similarly, continued wearing of ill-fitting shoes may exacerbate dorsal ulcers. The 
observed association of size and depth with referral delay is therefore consistent with scenario 
2.  
 
In contrast to the size, depth, perfusion and location of the ulcer, the proportion of infected 
ulcers, of gangrene and of multiple ulcers was similar in early and late referrals. Apparently 
these conditions were immediately recognized as requiring urgent expert attention. Thus, this 
phenomenon counterbalances the mechanisms leading to the preponderance of severe ulcers 
in late referrals as described in the previous paragraphs. Importantly, while these observations 
suggest that infection, gangrene and multiple ulcers were considered emergencies, the 
presence of ischemia apparently was not. This can be explained by the fact that PAD often 
remains asymptomatic, only to be diagnosed as a result of an unusually long healing delay or 
not at all. By contrast, the signs and symptoms of infection and gangrene are readily visible 
and alarming. Similarly, the apparition of a new ulcer when other ulcers were already present 
may be perceived as alarming. 
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A limitation of the IQED-Foot questionnaire is that it does not include items on 
hospitalisation of patients with DFUs. This is, however, an important parameter as multiple 
studies have reported the need for hospitalization in 20-30% of patients, mainly those with 
severe PAD and/or infection.52,54,112 Hospitalization in a specific ward may also bias the 
results of IQED-Foot if these patients were not consistently included in the IQED-Foot 
sample. 
 
Box 6: Conclusions on ulcer characteristics. 

• The specific IQED-Foot inclusion criterion requiring ulcers to be of Wagner 
grade 2 or higher yielded a sample of severe ulcers compared to previous 
studies in this field. 

• Despite the overall high ulcer severity, a significant decrease in ulcer severity 
was observed across audits. This decrease was driven by a decreasing 
prevalence of PAD, probably as a result of better vascular treatment.  

• Dorsal ulceration was equally frequent as plantar ulceration. 
• Ulcer location was associated both with ulcer etiology and with ulcer severity. 

While ulcers on the toes and midfoot were smaller than on the hindfoot, they 
were deeper and more often infected. As expected, toe ulcers were often of 
ischemic origin. 

• Referral delay was associated with ulcer severity. Severity (ulcer surface area, 
depth and ischemia) was higher in late than in early referrals. By contrast, 
infection and gangrene were equally prevalent in early and late referrals, 
suggesting that these were triggers for referral. 

 

3.5.4. Treatment of foot ulcers 

3.5.4.1. Podiatric interventions 

3.5.4.1.1. Current recommendations and background 
 
Podiatry is regarded as one of the key disciplines in the interdisciplinary care of DFUs. In 
many English-speaking countries, podiatrists and vascular surgeons make up the core of the 
interdisciplinary team.35 It should be noted, however, that in these countries podiatrists are 
medical doctors, often also performing surgery. In other countries, podiatrists are part of the 
allied health professions (“paramedical”), as is the case in Belgium. Regardless, podiatrists 
have a specific expertise in the lower extremity and the foot and have a specific training in 
biomechanics and therefore fill an important gap in the multidisciplinary care of the diabetic 
foot. Each centre is required to have at least one podiatrist in the multidisciplinary team. 
 

3.5.4.1.2. Items in the IQED-Foot questionnaire 
 
Since audit 2 the role of podiatrists in care provided by the centres has been audited.  
 
In audit 2 centres were able to indicate whether the podiatric interventions “orthoplasty” or 
“podiatric biomechanical study” were performed. From audit 3 onwards, the question was 
changed. It no longer asked whether these interventions were performed, but whether the 
podiatrist was involved in these interventions. In addition, the wording of the podiatric 
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interventions was changed. A first item pertained to “diagnostic acts documented in the 
medical record, e.g. a biomechanical study (gait analysis) or a clinical study of mobility and 
muscle tone”. Two additional items pertained to therapeutic or preventative interventions: 
orthoplasty, and off-loading around the ulcer (e.g. using felt). 
 
The comparison between audit 2 and later audits is hampered by the fact that audit 2 collected 
data on the delivery of specific medical acts, regardless of who delivered them, and later 
audits collected data on the involvement of a specific profession in the delivery of these acts. 
 

3.5.4.1.3. Results 
 
Table 27 shows the proportion of patients with a DFU that received specific podiatric 
interventions or where the podiatrist was involved in the performance of these interventions in 
audits 2-4.  
 
Table 27: Involvement of podiatry in / performance of podiatric interventions in the care of patients with a 
DFU, audits 2-4. 

 Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

Trend 

Overall     
(Podiatrist involved in) 
orthoplasty 

123 
(12.5) 

116 
(7.3) 

114 
(6.5) 

 

(Podiatrist involved in) diagnostic 
act 

206 
(20.9) 

217 
(13.7) 

118 
(6.8)bb 

-- 

Podiatrist involved in off-loading 
around the ulcer 

- 694 
(43.8) 

796 
(45.6) 

 

Allowing for combinations     
Only off-loading around the ulcer - 571 

(36.1) 
686 

(39.3) 
 

Only diagnostic act 166 
(16.9) 

96 
(6.1)bd 

33 
(1.9)bbb 

--- 

Off-loading around the ulcer + 
diagnostic act 

- 98 
(6.2) 

74 
(4.2) 

 

Only orthoplasty 83 
(8.4) 

69 
(4.4) 

74 
(4.2) 

 

Orthoplasty + off-loading around 
the ulcer 

- 24 
(1.5) 

29 
(1.7) 

 

Orthoplasty + diagnostic act 40 
(4.1)ddd 

22 
(1.4)ddd 

4 
(0.2) 

- 

All three interventions - 1 
(0.1) 

7 
(0.4) 

 

None of the two/three 
interventions 

615 
(62.4) 

631 
(39.9)bb 

770 
(44.1)b 

- 

Unknown involvement of 
podiatry / performance 

81 
(8.2) 

71 
(4.5) 

70 
(4.0) 

 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
Because not all audits included all categories, there is no “All patients” column. The “Trend” column shows the 
presence of significant linear trends over time, as included in the “All patients” column in other tables. 
Comparisons between and across audits should be interpreted cautiously, as adding or removing categories may 
affect the frequencies in other categories. 
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The definition change from “performance” to “podiatrist involved in” between audits 2 and 3 
was paralleled by a significant decrease in the rate of orthoplasty and diagnostic acts. 
 
Results from audits 3 and 4 show that podiatric involvement in therapeutic/preventive off-
loading around the ulcer was frequent, occurring in over 40% of patients with a DFU. 
Curiously, of the 694 patients in audit 3 who reportedly received podiatry-assisted off-loading 
around the ulcer, no therapeutic off-loading around the ulcer was reported for 284 patients 
(40.9%) and no therapeutic off-loading at all for 42 patients (6.1%). This apparent 
discrepancy was even higher in audit 4 in which for the 796 patients reportedly receiving 
podiatry-assisted off-loading around the ulcer, 387 patients (48.6%) did not receive 
therapeutic off-loading around the ulcer and 112 (14.1%) did not receive any therapeutic off-
loading at all. 
 
Patients receiving two or more of these podiatric interventions were rare. In audits 3 and 4, 
about 40% of patients did not have a report of podiatric involvement in any of the mentioned 
interventions. 
 
Next, we investigated the patient and limb/ulcer characteristics associated with the 
involvement of a podiatrist in podiatric interventions in audit 4 (Table 28). 
 
The odds of the podiatrist being involved in the fitting of an orthoplasty to heal or prevent a 
DFU increased with older age and older age at diabetes diagnosis and decreased with current 
smoking, history of LL revascularization, Wagner grade 3, PEDIS perfusion grade 3, 
increasing ulcer surface area, and non-toe location. 
 
The odds of the podiatrist being involved in a diagnostic act documented in the medical 
records increased with ulcer depth and decreased with ESRD and additional contralateral 
ulcers. 
 
The odds of the podiatrist being involved in off-loading around the ulcer, to heal or prevent a 
DFU increased with a history of DFU, concomitant (inactive) Charcot foot, LOPS, and 
plantar ulcer location and decreased with older age, older age at diabetes diagnosis, history of 
LL revascularization, non-neuropathic ulcer etiology, Wagner grade, PEDIS perfusion grade, 
ulcer surface area, ulcer depth, PEDIS infection grade, and additional ipsilateral ulcers. 
 
The odds that the podiatrist was not involved in any of the mentioned podiatric interventions 
were in general the reciprocal of him being involved in off-loading around the ulcer, as the 
latter intervention was the most prevalent and therefore had the most weight in this analysis. 
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Table 28: Patient and limb/ulcer characteristics ass ociated with the involvement of the podiatrist in 
podiatric interventions, audit 4. 

 

Predictor O
rt

hopla
st

y

Dia
gn

ost
ic

 a
ct

O
ff-

lo
ad

in
g 

ar
ound D

FU

N
one o

f t
hese

Older age, per 10 year change (/10 y) 1.21 0.97 0.87 1.14

Female sex 1.38 0.76 0.92 1.12

Diabetes type

   Type 1 ref ref ref ref

   Type 2 1.20 0.70 0.92 1.06

   Other type 1.08 0.77 0.83 0.96

Longer diabetes duration (/10 y) 0.94 1.02 1.03 0.98

Older age at diabetes diagnosis (/10 y) 1.13 0.98 0.92 1.08

Smoking status *

   Never smoked ref ref ref ref

   Ex-smoker 0.66 1.40 1.14 0.95

   Current smoker 0.52 1.50 1.14 0.89

Renal insufficiency 1.03 0.76 0.90 1.12

ESRD 0.71 0.29 0.86 1.46

Prior cardiovascular events 0.85 1.04 0.93 1.04

Prior lower-limb revascularization 0.50 0.89 0.79 1.38

Prior DFU 0.81 0.87 1.22 0.85

Prior minor amputation 0.71 0.65 1.06 0.97

Prior major amputation 0.12 1.22 0.94 1.47

Concomitant Charcot foot 0.90 1.23 1.56 0.75

Concomitant active Charcot foot 0.45 1.66 1.37 0.92

Concomitant inactive Charcot foot 1.07 1.07 1.58 0.72

Ulcer etiology * *

   Neuropathic ref ref ref ref

   Ischemic 0.83 0.82 0.50 1.96

   Neuro-ischemic 0.73 0.78 0.65 1.65

   Neither 0.99 0.49 0.68 1.51

Ulcer Wagner grade * *

   Grade 2 ref ref ref ref

   Grade 3 0.64 0.79 0.66 1.52

   Grade 4-5 0.63 0.75 0.35 2.84

PEDIS perfusion grade * * *

   Grade 1 ref ref ref ref

   Grade 2 0.79 0.86 0.76 1.39

   Grade 3 0.48 0.96 0.39 2.50

PEDIS extent * * *

   < 1 cm² ref ref ref ref

   ≥ 1 cm² and < 3 cm² 0.45 1.31 0.83 1.37

   ≥ 3 cm² 0.19 1.14 0.57 2.09

PEDIS depth * *

   Superficial ref ref ref ref

   Deep 1.07 2.21 1.05 1.09

   Probe to bone 0.99 1.39 0.72 1.38

PEDIS infection grade * *

   No infection ref ref ref ref

   Superficial infection 0.75 0.91 0.95 1.16

   Deep infection 0.74 0.84 0.61 1.57

   Systemic infection 0.67 0.70 0.50 2.25

Loss of protective sensation 0.94 1.33 1.35 0.76

Plantar ulcer location 0.87 1.07 1.91 0.55

Detailed ulcer location * *

   Plantar toes ref ref ref

   Dorsal toes 0.88 0.62 1.86

   Plantar midfoot 0.92 1.48 1.00

   Dorsal midfoot 0.96 0.62 2.10

   Plantar hindfoot 0.71 1.00 1.55

   Dorsal hindfoot 0.64 0.64 2.16

More ulcers on same foot 1.05 1.02 0.83 1.25

More ulcers on other foot 1.20 0.54 1.11 0.99

ref

0.21

0.04
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Figure 9 shows the distribution of the centre-specific rates at which podiatrists were involved 
in or podiatric interventions were performed in audits 2-4. The most unusual variation was 
seen in the diagnostic acts: a majority of centres showed rather low rates, but 4 centres had 
rates above 60% in audit 3, two of which continued to have rates around 40% in audit 4. 
(Involvement of podiatry in) off-loading around the ulcer showed very large variation. This 
variation may stem from different interpretations of this item (see discussion). 
 
Figure 10 shows that rates for orthoplasty significantly correlated only between audits 3 and 
4. The rates for diagnostic acts correlated between consecutive audits, but not between audits 
2 and 4. A similar picture was obtained when the rate of “none of the mentioned” was 
compared between audits. Rates of off-loading around the ulcer (involving a podiatrist) 
correlated significantly between audits 3 and 4. Compared to French-speaking centres, Dutch-
speaking centres reported significantly lower rates of involvement of podiatrists in orthoplasty 
provision in audit 4 (median rate of 8.9 vs. 2.1%, p < 0.05). 
 

 
Figure 9: Distribution of the centre-specific rates  at which podiatrists were involved in or podiatric  
interventions were performed in audits 2-4 (19, 32 and 34 centres respectively). A. Orthoplasty for 
treatment or prevention of a DFU. B. Diagnostic act . C. Off-loading (OL) around the ulcer, involving a  
podiatrist, to heal or prevent a DFU. Not asked in audit 2. D. None of the mentioned podiatric 
interventions. Points show the centre-specific rate s; their color-coding is explained in the Methods 
section. Boxplots are shown in the background. The overall rate is shown by a black horizontal marker.  
 

 
Figure 10: Correlogram of the centre-specific rates  at which podiatrists were involved in or podiatric  
interventions were performed in audits 2-4. A. Orth oplasty for treatment or prevention of a DFU. B. 
Diagnostic act. C. Off-loading around the ulcer, in volving a podiatrist, to heal or prevent a DFU. Not  asked 
in audit 2. D. None of the mentioned podiatric inte rventions. Figures in boxes show the Pearson 
correlation coefficient. The intensity of the shadi ng corresponds to the strength of the correlation. Non-
significant correlations are crossed out. 
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3.5.4.1.4. Discussion and conclusions 
 
Since audit 2, IQED-Foot has attempted to quantify the importance of podiatric interventions 
in the treatment of DFUs and the involvement of podiatrists in these interventions. The results 
are difficult to interpret because the wording of the items changed between audits and because 
the questionnaire still fails to address all the activities podiatrists are routinely involved in. 
Therefore, the results in this section are underestimating the true contribution of podiatrists in 
multidisciplinary foot care in the centres. The analysis in this section should be regarded as an 
exploration into fine-tuning the questionnaire on this topic and should not be used to draw 
conclusions on the role of podiatry in the care of DFUs. An adapted questionnaire should take 
into account that the role of individual podiatrists in DFU care is often difficult to quantify. 
For example, they often provide informal advice to other team members. 
 
Audit 2 collected data on the delivery of specific medical acts, regardless of who delivered 
them, and later audits collected data on the involvement of the podiatrist in the delivery of 
these acts. This may explain the decrease in the rates related to the fitting of orthoplasties and 
related to diagnostic acts. Indeed, the actual rate at which these acts were performed may not 
have changed across audits, but the podiatrist has always been involved in only a certain 
proportion of these acts. This is one potential explanation of the results and it requires that 
centres were conscious of the relatively subtle change of wording between audits 2 and 3, 
something we cannot be sure of. 
 
The results show that the podiatrist was involved in off-loading around the ulcer in over 40% 
of cases. Given the considerations in the next paragraph, this rate is relatively high and is 
consistent with the general perception that in terms of treatment of an active DFU the 
podiatrist’s role focuses on this aspect. Technically, this included off-loading both to heal as 
well as to prevent DFUs. There was limited overlap between the set of patients who received 
podiatry-assisted off-loading around the ulcer and the set of patients who received therapeutic 
off-loading around the ulcer (see section  3.5.4.2). The discrepancy may be explained by the 
fact that podiatric involvement in off-loading around the ulcer was acknowledged for both 
therapeutic and preventive means. Therefore, the discrepant cases presumably received off-
loading to prevent ulcer recurrence; a process in which the podiatrist was involved. However, 
it cannot be excluded that these discrepancies were real, which suggests that the section on 
therapeutic off-loading was not completed correctly by the centres. In any case, the use of the 
term “off-loading” in a context of secondary ulcer prevention is rather vague. It would be 
more interesting to know whether this concerned for instance efforts to produce preventive 
footwear with pressure-reducing characteristics at the site of a healed ulcer. 
 
The observed variability between centres may be real or a result of systematic differences in 
record-keeping. It must be admitted that these acts and the specific involvement of podiatrists 
in them were probably not always well recorded in the medical records. However, in a 
prospective study this should not be a concern. Moreover, some centres may have reported 
involvement of podiatrists, regardless of whether the involvement was documented in the 
medical records. This may also have contributed to large between-centre variation. 
 
Although the contribution of the podiatrist in the care of patients with a DFU was not 
measured adequately in IQED-Foot, they play an important role in the multidisciplinary team 
through their specific expertise in the lower extremity and the foot and their specific training 
in biomechanics. Given the specific role of podiatrists in the Belgian DFCs, it is difficult to 
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compare the results to the literature, where usually the role of podiatrists outside the context 
of a multidisciplinary team was studied.113 
 
Box 7: Conclusions on podiatric interventions in pa tients with a DFU. 

• Centres reported that podiatrists were involved in off-loading around the ulcer 
in over 40% of patients with a DFU. Practices varied widely between centres. 

• A minority of centres reported frequent involvement of podiatrists in 
orthoplasty and in diagnostic acts. 

• It is clear that the IQED-Foot questionnaire inadequately measures the real 
contribution of podiatrists to DFU care. The relative difficulty of documenting 
this type of information in the medical record and the wide range in rates 
between centres support this thesis. 

 

3.5.4.2. Off-loading 

3.5.4.2.1. Current recommendations and background 
 
Continuing pressure on an ulcer impedes the healing process and may aggravate the ulcer (see 
section  3.5.3.7). One of the cornerstones in the treatment of DFUs is pressure reduction (off-
loading) at the ulcer location.  
 
Multiple means exist to achieve off-loading. Simple and relatively inexpensive solutions are 
the prescription of bed rest, or the use of crutches or wheelchairs, which work well for 
hospitalized patients. However, these solutions suffer from the fact that patient adherence to 
these practices may be variable, especially in an out-patient context. Therefore, they are not 
mentioned in the most recent version of the IWGDF guidance documents.114 
 
Below is a brief overview of the current recommendations with regard to off-loading practices 
to heal DFUs.114 These recommendations have not changed compared to previous versions of 
IWGDF guidance, with the exception that total contact casting (TCC) and other non-
removable knee-high devices are now regarded as equivalent (see below). 
 
Multiple randomized controlled trials have shown that non-removable devices immobilising 
the foot and lower limb up to the knee are better than removable knee-high devices to heal a 
neuropathic forefoot ulcer.114–116 In this regard, TCC and removable cast walkers (RCW) 
rendered irremovable (“instant total contact casting”, iTCC) have been shown to be 
equivalent in terms of ulcer outcomes, with the iTCC requiring less time and expertise to 
apply. Non-removable knee-high devices can be considered in mildly infected ulcers, with no 
or little exudate, appropriately controlled by antibiotics. They may also be considered in 
patients with mild PAD, as long as there is potential for ulcer healing. The combination of 
mild infection and mild PAD is however a contraindication for the use of a non-removable 
device.117 
 
If a non-removable knee-high device is contraindicated or cannot be tolerated by the patient, a 
removable knee-high device can be considered to heal a neuropathic forefoot ulcer, but only if 
the patient can be expected to be adherent. Removable devices may be indicated when the 
ulcer is mildly infected and heavily exudating, thus allowing frequent inspection and wound 
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care. They may also be indicated when there is some doubt about healing potential as a result 
of PAD. Finally they may be used when both mild infection and mild PAD (with potential for 
healing) are present.114 
 
Only when a knee-high device is contraindicated or cannot be tolerated by the patient, other 
means of off-loading a neuropathic forefoot ulcer can be considered, and only if the patient 
can be expected to be compliant.114 These include half-shoes, cast shoes and custom-made 
temporary footwear. Studies have shown that these devices, when removable, are similar to 
knee-high removable devices and are inferior to non-removable knee-high devices.116 
Nevertheless, in one study, time to healing was longer in those treated with a half-shoe 
compared to those treated with a RCW, thus suggesting that knee-high devices may be 
superior to off-loading shoes.116,118 Shoes perform worse than non-removable knee-high 
devices in terms of wound healing, but this may be as much due to differences in actual off-
loading capabilities, as due to differences in patient adherence (lower with shoes) or other 
patient or ulcer-related factors.115 
 
There are virtually no studies on off-loading of other ulcers than plantar forefoot ulcers, 
despite the fact that these make up half of all DFUs (see section  3.5.3.3) and also need off-
loading to heal. To heal non-plantar ulcers without infection or ischemia, shoe modifications, 
temporary footwear, toe spacers or orthoses (orthoplasty) can be considered according to the 
IWGDF guidance.114 
 
Felted foam used as a single treatment modality, e.g. in a postoperative shoe, is stated as the 
final therapeutic option in the IWGDF guidance, because there is only low-quality evidence 
for its use to heal ulcers. Felted foam may, however, be used in conjunction with appropriate 
footwear, walkers or casts.114 An Australian study among podiatrists recently showed that 
felted foam was the most frequently used modality to off-load neuropathic forefoot DFUs.119 
 
When patients present with severe infection and/or PAD, these problems should first be 
treated and resolved before off-loading can be considered. These patients are often 
hospitalised to treat the infection and/or PAD. In this context, off-loading will consist of bed 
rest, crutches and wheelchairs.114 
 
A crucial aspect is treatment adherence.120,121 Perhaps non-removable devices perform better 
than removable devices, simply because they force the patient to be compliant. However, 
even though non-removable devices perform better, patients and care providers may have 
multiple reasons to compromise and choose other means of off-loading, for instance because 
of a need to continue certain daily activities such as driving a car, concerns about effects on 
gait and the concomitant risk of falls, or concerns about the risk of ulceration on other sites or 
on the contralateral foot. This may explain why multiple studies have shown that 
recommended off-loading strategies are underused.113,119,122–125 
 
Finally, it should be noted that language is an important obstacle in describing results of off-
loading practices, as similar devices may have different names. In this report an attempt was 
made to stick to the glossary included in the IWGDF guidance.114 
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3.5.4.2.2. Items in the IQED-Foot questionnaire 
 
The evaluation of off-loading practices and their evolution in IQED-Foot is difficult due to 
changes to the study design and the questionnaire across audits. These changes are shown in 
Table 29. It should be noted that the item descriptions in the questionnaire did not 
immediately refer to actual off-loading devices, with the exception of scotch cast boots in 
audit 1 and TCC. The item descriptions rather referred to the level up to which the LL was 
immobilised (up to the knee, up to the ankle or only around the ulcer). In later audits, some 
item descriptions were supplemented with a non-exhaustive list of examples. 
 
Table 29: Items on off-loading practices in the IQED -Foot questionnaire during audits 1-4, including th e 
examples as originally presented. 

Item description Audit 1* Audit 2 Audit 3 Audit 4  
Total contact 
casting 

Item included Item included Item included Item included 

Off-loading up 
to knee, other 
than TCC 

Item not 
included 

Item included, 
but did not 
explicitly 
exclude bed rest, 
crutches and 
wheelchairs 

Item included, 
explicitly 
excluding bed 
rest, crutches 
and wheelchairs 
Examples: 
diabetic walker 

Item included, 
explicitly 
excluding bed 
rest, crutches 
and wheelchairs 
Examples: 
diabetic walker 

Off-loading up 
to the ankle 
using a cast shoe 

Item included, 
was specifically 
termed “scotch 
cast shoe” 

Item included, 
but did not 
distinguish 
between shoe 
and cast shoe 

Item included, 
but did not 
distinguish 
between shoe 
and cast shoe 

Item included 
Examples: 
scotch cast boot 

Off-loading up 
to the ankle 
using a shoe 

Item included, 
but poorly 
formulated and 
not valid(1) 

Item included, 
but did not 
distinguish 
between shoe 
and cast shoe 

Item included, 
but did not 
distinguish 
between shoe 
and cast shoe 

Item included 
Examples: 
Barouk shoe 

Off-loading 
around the ulcer 

Item not 
included 

Item included 
Examples: 
felted foam 

Item included 
Examples: 
felted foam, 
silicone orthosis 

Item included 
Examples: 
felted foam, 
silicone orthosis 

Bed rest, 
crutches and 
wheelchairs 

Included as 
separate items 

Items not 
included 

Items not 
included 

Items not 
included 

No off-loading Item included Item included Item included Item included 
* In audit 1 only off-loading provided during the first 2 months was recorded. In addition, only 1 means could be 
recorded, presumably the most exhaustive means of off-loading during that period. In later audits all off-loading 
provided during the follow-up of up to 7 months could be recorded. 
(1) This item was meant to be formulated as “off-loading shoe”, but it was incorrectly translated in French as 
“moyen de contention” (literally “means for immobilisation”) and in Dutch as “verbandschoen” (literally “shoe 
for dressings”, i.e. a postoperative shoe, which is not an off-loading device as such). 
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3.5.4.2.3. Results  
 
The introduction to this section highlighted that ulcer characteristics dictate in large part 
which off-loading practices are recommended. Taken together, knee-high devices are 
indicated in most plantar forefoot ulcers, even in the presence of mild infection and/or 
ischemia. In the latter case, removable devices are preferred. Severe infection and/or CLI are 
contraindications to start off-loading. We can assume that the majority of patients with severe 
infection and/or CLI included in IQED-Foot, will have had these issues treated and resolved 
at some point during the follow-up of 6 months (audits 2-4). After resolution, some of these 
patients may have needed off-loading. Therefore, this set of patients was also included in the 
analyses below. 
 
Table 30 shows the off-loading practices in audits 1-4, first taking into account the most 
exhaustive means of off-loading if multiple means of off-loading were reported, then allowing 
for combinations. The order of the items in Table 29 was used to determine exhaustiveness. 
 
In audit 1, only 1 means of off-loading (presumably the most exhaustive) used in the first 2 
months of treatment was selected by the centres. Table 30 shows that in audit 1 ankle-high 
off-loading using shoes or cast shoes was selected most often. However, due to technical 
reasons, these results are not valid (see Table 29). TCC was used in a minority of cases. For a 
third of cases the use of bed rest, crutches or wheelchairs was reported. One in four cases did 
not receive off-loading. 
 
From audit 2 onwards, all means of off-loading during a follow-up of up to 7 months were 
reported. Table 30 shows that ankle-high off-loading using shoes or cast shoes was reported 
most frequently, followed by off-loading at the level of the ulcer. Knee-high offloading was 
used in a minority of cases. Qualitatively, the ranking of off-loading modalities was similar in 
audits 2 to 4. However, because the use bed rest, crutches and wheelchairs could be reported 
under “knee-high off-loading” in audit 2, results from this audit and of audit 1 will be 
excluded from further analyses. 
 
Only one combination of different types of off-loading was common: ankle-high offloading 
combined with off-loading around the ulcer (Table 30). 
 
The proportion of cases receiving no off-loading at all during follow-up was significantly 
higher in audit 4 compared to audit 3. This decrease in the reported use of off-loading was 
observable in ankle-high off-loading and off-loading around the ulcer, but did not reach 
statistical significance for these specific types of off-loading. The evolution will be studied in 
more detail below. 
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Table 30: Off-loading practices in audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

Most exhaustive means     
Off-loading up to knee(1)  32 

(3.0) 
171 

(17.4) 
174 

(11.0) 
203 

(11.6) 
  Total contact casting 32 

(3.0) 
45 

(4.6) 
59 

(3.7) 
63 

(3.6) 
  Other than TCC(2) - 126 

(12.8) 
115 
(7.3) 

140 
(8.0) 

Off-loading up to the ankle(3) 405 
(38.5) 

390 
(39.6) 

584 
(36.9) 

500 
(28.6) 

  Using a cast shoe 77 
(7.3) 

- - 51 
(2.9) 

  Using a shoe(4) 328 
(31.1) 

- - 449 
(25.7) 

Off-loading around the ulcer - 227 
(23.0) 

431 
(27.2) 

379 
(21.7) 

Bed rest, crutches and wheelchairs(5) 343 
(32.6) 

- - - 

No off-loading 243 
(23.1) 

154 
(15.6)ddd 

333 
(21.0)ddd 

601 
(34.4) 

Off-loading status unknown 30 
(2.8) 

43 
(4.4) 

61 
(3.9) 

64 
(3.7) 

Allowing for combinations(6)     
Only off-loading up to knee - 142 

(14.4) 
111 
(7.0) 

152 
(8.7) 

Only off-loading up to the ankle - 287 
(29.1) 

499 
(31.5) 

396 
(22.7) 

Only off-loading around the ulcer - 227 
(23.0) 

431 
(27.2) 

379 
(21.7) 

Knee-high + ankle-high - 8 
(0.8) 

39 
(2.5) 

8 
(0.5) 

Knee-high + ulcer - 19 
(1.9) 

13 
(0.8) 

39 
(2.2) 

Ankle-high + ulcer - 103 
(10.5) 

85 
(5.4) 

104 
(6.0) 

Knee-high + ankle-high + ulcer - 2 
(0.2) 

11 
(0.7) 

4 
(0.2) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
(1) Combining both TCC and other means of knee-high offloading. 
(2) May include bed rest, crutches and wheelchairs in audit 2 because not explicitly excluded, see Table 29. 
(3) Combining both shoes and cast shoes. 
(4) Results are not valid for audit 1 because of translation issues in the questionnaire, see Table 29. 
(5) Although not included as a separate item in audit 2, these cases may have been included under the item “Off-
loading up to knee, other than TCC”, see Table 29. 
(6) Combinations are not relevant for audit 1, because only 1 means of off-loading could be selected by the 
centres, see Table 29. 
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Before returning to the evolution of off-loading rates in audits 3 and 4, we first investigated 
the relation between ulcer location and severity on the one hand and off-loading practices on 
the other. 
 
Figure 11 shows the rate at which different off-loading means were used in audits 3-4, 
according to ulcer location and ulcer severity (UT classification). As expected, knee-high off-
loading as the most exhaustive means of off-loading was reported most frequently for plantar 
midfoot ulcers, although the rates did not exceed 30% (Figure 11A). In general, it was 
reported most often for stage B and D ulcers (infected ulcers, with or without PAD) and least 
frequently for stage C ulcers (ulcers with PAD but no infection). Knee-high off-loading was 
reported more frequently for plantar than for dorsal ulcers. 
 
Ankle-high off-loading as the most exhaustive means of off-loading in plantar ulcers did not 
show a consistent association with ulcer severity: this type of off-loading was reported less 
frequently in stage C toe ulcers, and more frequently as severity of hindfoot ulcers increased 
(Figure 11B). In dorsal ulcers, ankle-high off-loading was reported more frequently in stage B 
and D ulcers. Ankle-high off-loading was reported more frequently for plantar than for dorsal 
ulcers. 
 
Use of off-loading around the ulcer as the most exhaustive means of off-loading was in 
general reported more frequently for non-complicated stage A ulcers (Figure 11C). In plantar 
ulcers, the frequency was especially low in case of infection (stage B and D). Its use was 
reported equally frequently in plantar and dorsal ulcers, but most frequently in plantar toe 
ulcers. 
 
Finally, investigating the proportion of patients for who was reported that no off-loading was 
practiced, allows us to integrate the findings above. As expected, lack of off-loading was least 
prevalent in plantar ulcers, especially of the mid and hindfoot (Figure 11D). Lack of off-
loading in plantar and dorsal toe ulcers increased with severity and was highest in stage C 
ulcers. Dorsal stage C ulcers also had the lowest reported rates of off-loading. 
 
Qualitatively similar associations were observed in audits 3 and 4 (data not shown). 
 
Taken together, use of knee or ankle-high off-loading was reported more frequently for 
infected ulcers, regardless of the presence of PAD, and less frequently in the presence of PAD 
without infection. These observations cannot be reconciled easily with the recommendations 
mentioning PAD and infection as contraindications for off-loading, because in IQED-Foot 
ulcer severity is graded only once at presentation. The reported off-loading may have been 
applied after resolution of infection and ischemia. However, in this context it is still surprising 
to see that some types of off-loading were practiced more often in ulcers that were infected at 
presentation compared to ulcers that were not infected. A possible explanation is the fact that 
minor and major amputations were more prevalent in stage B and D ulcers (see below) and 
the fact that patients who underwent a minor or major amputation during follow-up also had 
higher rates of knee and ankle-high off-loading and lower rates of off-loading around the 
ulcer or no off-loading (data not shown). 
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Figure 11: Rate at which different off-loading mean s were used in audits 3 and 4, according to ulcer 
location and ulcer severity (University of Texas cl assification). Abbreviations: inf, infection; PAD, 
peripheral arterial disease. 
 
We now return to the evolution of off-loading practices during audits 3 and 4. Because off-
loading practices are determined by ulcer location and severity (see above), we wished to 
investigate whether the decline in the reported use of off-loading was visible in all types of 
ulcers. We focused on the possible modifying effect of ulcer location only. 
 
Figure 12 shows the rate at which different off-loading means were used in audits 3 and 4, 
according to ulcer location. As shown in Table 30, the reported use of knee-high off-loading 
changed little between audits 3 and 4, regardless of ulcer location (Figure 12A). With regard 
to ankle-high off-loading, there was a decrease predominantly among toe and hindfoot ulcers, 
which was more limited among midfoot ulcers (Figure 12B). With regard to off-loading 
around the ulcer, the decrease was situated predominantly among dorsal ulcers and was less 
pronounced in plantar ulcers (Figure 12C). It should be noted that Figure 12 obscures the fact 
that not all ulcer locations were equally prevalent. Most ulcers were toe ulcers, so the 



 

 
84 

decreased rates of off-loading in plantar and dorsal toe ulcers determined most the overall 
decrease in off-loading. 
 

 
Figure 12: Rate by which different off-loading mean s were used in audits 3 and 4, according to ulcer 
location. 
 
Next, we investigated the patient and limb/ulcer characteristics associated with off-loading 
practices in audit 4 (Table 31). 
 
The odds of knee-high off-loading as the most exhaustive means of off-loading increased with 
ex-smoking status, concomitant (in)active Charcot foot, ulcer surface area, ulcer depth, 
systemic infection (vs. no infection), LOPS, plantar midfoot and hindfoot ulcer location, and 
decreased with older age, older age at diabetes diagnosis, history of CV disease or LL 
revascularization, ischemic component in etiology, and PEDIS perfusion grade 3. Logically, 
the association of the predictors with knee-high off-loading overall was identical, because 
knee-high off-loading is the most exhaustive means possible. 
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The odds of ankle-high off-loading as the most exhaustive means of off-loading increased 
with history of DFU or minor amputation, Wagner grade 3 (vs. grade 2), ulcer surface area, 
ulcer depth, deep infection (vs. no infection), LOPS, plantar midfoot ulcer location, and 
decreased with older age, female sex, older age at diabetes diagnosis, isolated ischemic 
etiology, dorsal toe or hindfoot location. The association of the predictors with ankle-high off-
loading overall was similar, except that history of DFU was no longer significantly 
associated, and concomitant active Charcot foot and systemic infection were now associated. 
 
The odds of off-loading around the ulcer as the most exhaustive means of off-loading 
increased with older age and older age at diabetes diagnosis, and decreased with neuro-
ischemic etiology (vs. neuropathic), Wagner grade, PEDIS perfusion grade 3, ulcer surface 
area, probe to bone (vs. superficial), deep or systemic infection (vs. no infection), dorsal toe, 
plantar midfoot and dorsal midfoot ulcer location (vs. plantar toe location), and additional 
ipsilateral ulcers. The association of the predictors of off-loading around the ulcer overall was 
similar, except that age and age at diagnosis, and plantar midfoot location were no longer 
significantly associated, and ischemic etiology, and plantar ulcer location were now 
associated.  
 
The odds of no off-loading at all increased with older age, female sex, older age at diabetes 
diagnosis, ESRD, non-neuropathic etiology, partial or complete gangrene of the foot, PEDIS 
perfusion grade, dorsal toe, dorsal midfoot and dorsal hindfoot location, and decreased with 
current smoking, history of minor amputation, concomitant (in)active Charcot foot, deep ulcer 
(vs. superficial), LOPS, and plantar midfoot ulcer location. 
 
Figure 13 shows the distribution of the centre-specific rates at which different types of off-
loading were applied in audits 3 and 4. Variation was smallest with regard to knee-high off-
loading. The distribution of centre-specific rates of no off-loading shifted upwards. Note that 
we were not able to take ulcer location into consideration at the centre level, as this would 
lead to too low sample sizes precluding precise estimation of off-loading rates. No centre 
characteristics explained the observed variation in off-loading practices. 
 
Figure 14 shows that centre-specific rates of all means of off-loading significantly correlated 
between audits 3 and 4.  
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Table 31: Patient and limb/ulcer characteristics ass ociated with the off-loading practices, audit 4. 

 

Predictor Knee-h
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Older age, per 10 year change (/10 y) 0.76 0.80 0.99 0.76 0.80 1.14 1.24

Female sex 0.78 0.77 1.06 0.78 0.79 1.10 1.31

Diabetes type

   Type 1 ref ref ref ref ref ref ref

   Type 2 0.81 0.94 1.14 0.81 0.91 1.42 0.89

   Other type 0.85 0.79 1.21 0.85 0.81 1.63 0.74

Longer diabetes duration (/10 y) 0.97 1.02 0.99 0.97 1.03 0.99 0.98

Older age at diabetes diagnosis (/10 y) 0.88 0.87 1.02 0.88 0.87 1.11 1.13

Smoking status *

   Never smoked ref ref ref ref ref ref ref

   Ex-smoker 1.27 0.92 1.04 1.27 0.92 1.01 0.91

   Current smoker 1.17 1.12 1.00 1.17 1.10 1.08 0.74

Renal insufficiency 1.05 0.84 0.96 1.05 0.88 0.88 1.08

ESRD 1.23 0.76 0.80 1.23 0.79 0.74 1.36

Prior cardiovascular events 0.62 0.94 0.92 0.62 0.93 1.02 1.20

Prior lower-limb revascularization 0.67 1.10 0.83 0.67 1.15 0.91 1.06

Prior DFU 1.05 1.23 1.08 1.05 1.27 0.99 0.80

Prior minor amputation 1.05 1.55 0.98 1.05 1.57 0.90 0.71

Prior major amputation 0.80 0.82 0.80 0.80 0.79 1.09 1.41

Concomitant Charcot foot 5.28 1.00 0.88 5.28 0.92 0.55 0.44

Concomitant active Charcot foot 9.48 1.69 0.40 9.48 1.04 NA 0.21

Concomitant inactive Charcot foot 3.70 0.85 1.06 3.70 0.89 0.76 0.52

Ulcer etiology * * * *

   Neuropathic ref ref ref ref ref ref ref

   Ischemic 0.29 0.62 0.55 0.29 0.64 0.72 2.47

   Neuro-ischemic 0.70 0.88 0.75 0.70 0.90 0.74 1.51

   Neither 0.47 0.71 0.79 0.47 0.71 0.97 1.90

Ulcer Wagner grade * * * * *

   Grade 2 ref ref ref ref ref ref ref

   Grade 3 1.20 1.55 0.59 1.20 1.48 0.52 0.96

   Grade 4-5 0.96 0.82 0.26 0.96 0.82 0.27 2.09

PEDIS perfusion grade * * * * *

   Grade 1 ref ref ref ref ref ref ref

   Grade 2 0.78 0.88 0.79 0.78 0.90 0.79 1.35

   Grade 3 0.47 0.90 0.51 0.47 0.92 0.52 2.00

PEDIS extent * * * * * *

   < 1 cm² ref ref ref ref ref ref ref

   ≥ 1 cm² and < 3 cm² 2.13 1.41 0.64 2.13 1.35 0.53 0.95

   ≥ 3 cm² 2.60 1.69 0.40 2.60 1.61 0.32 0.92

PEDIS depth * * * * * *

   Superficial ref ref ref ref ref ref ref

   Deep 1.90 1.83 0.92 1.90 1.74 0.73 0.72

   Probe to bone 2.30 2.43 0.58 2.30 2.21 0.43 0.71

PEDIS infection grade * * * * *

   No infection ref ref ref ref ref ref ref

   Superficial infection 0.86 1.05 0.89 0.86 1.10 0.87 1.10

   Deep infection 1.43 1.41 0.57 1.43 1.38 0.49 1.04

   Systemic infection 1.99 1.78 0.45 1.99 1.72 0.23 0.72

Loss of protective sensation 2.26 1.43 1.28 2.26 1.42 1.01 0.58

Plantar ulcer location 1.98 1.75 1.66 1.98 1.69 1.25 0.40

Detailed ulcer location * * * * * * *

   Plantar toes ref ref ref ref ref ref ref

   Dorsal toes 0.88 0.65 0.62 0.88 0.68 0.70 1.90

   Plantar midfoot 2.67 1.50 0.99 2.67 1.52 0.69 0.51

   Dorsal midfoot 1.36 1.04 0.38 1.36 1.11 0.39 1.65

   Plantar hindfoot 2.42 0.89 0.72 2.42 0.95 0.63 0.88

   Dorsal hindfoot 1.03 0.40 0.70 1.03 0.43 0.76 2.09

More ulcers on same foot 1.20 1.05 0.75 1.20 0.98 0.75 1.09

More ulcers on other foot 1.06 0.95 1.15 1.06 0.98 1.13 0.89
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Figure 13: Distribution of the centre-specific rate s at which off-loading was performed in audits 3 an d 4 
(32 and 34 centres respectively). A. Knee-high off- loading. B. Ankle-high off-loading. C. Off-loading 
around the ulcer. D. No off-loading at all. Points s how the centre-specific rates; their color-coding i s 
explained in the Methods section. Boxplots are show n in the background. The overall rate is shown by a  
black horizontal marker. 

 
Figure 14: Correlogram of the centre-specific rates  at which different types of off-loading were appli ed in 
audits 3 and 4. A. Knee-high off-loading. B. Ankle- high off-loading. C. Off-loading around the ulcer. D. No 
off-loading at all. Figures in boxes show the Pearso n correlation coefficient. The intensity of the sha ding 
corresponds to the strength of the correlation. Non -significant correlations are crossed out. 
 

3.5.4.2.4. Discussion and conclusions 
 
The most frequent means of off-loading was ankle-high off-loading using a shoe, followed by 
off-loading around the ulcer and knee-high off-loading. Knee-high offloading consisting of 
TCC was used in about 4% of cases. Overall, while off-loading rates decreased at all locations 
between audits 3 and 4, the decrease was least pronounced in plantar midfoot ulcers. Together 
with plantar hindfoot ulcer, these ulcers are prime candidates for off-loading and the rates 
observed in the latest 2 audits (> 80%) were high. The overall decrease in off-loading was 
driven to a large extent by toe ulcers. These ulcers are often treated by minor (toe) 
amputation. The decrease in off-loading may therefore also be explained by the observed 
increase in minor amputations between audits 3 and 4. The data from audits 1 and 2 had 
limitations related to the questionnaire precluding a valid comparison.  
 
As highlighted in previous reports, off-loading practices varied widely between centres. In 
audit 4, two centres reported off-loading for fewer than 20% of their patients. Future audits 
should follow-up these outlying results. 
 
How do the off-loading rates in audits 3 and 4 compare to the literature? We were able to 
identify only two publications that reported off-loading practices at the level of individual 
patients. The first was a recent study using data abstracted from medical records and collected 
in a nation-wide wound care registry.122 This study had a severe limitation: off-loading 
practices were documented in only 2.2% of medical records. In the set of DFUs with known 
off-loading, use of postoperative shoes was most prevalent (37%), followed by TCC (16%). 
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The authors noted that TCC was probably overrepresented in this group of DFUs, because 
reimbursement was linked to documentation of TCC in the medical record. The second study 
was the Eurodiale study, which reported that 78% of all patients received some kind of off-
loading during follow-up.124 This rate is comparable to that in audit 3 and slightly higher than 
in audit 4. In Eurodiale knee-high off-loading using a TCC was used in 18% of neuropathic 
plantar forefoot and midfoot ulcers, with an additional 17% receiving “other casting 
modalities”. These rates of knee-high off-loading are higher than in IQED-Foot, probably 
because Eurodiale was a consortium of international expert centres. 
 
The remainder of studies consisted of surveys among HCPs asking them about their off-
loading policies. Taken together, they confirm that while HCPs acknowledge that knee-high 
non-removable devices are the gold standard of off-loading, they are relatively rarely used, 
especially the TCC.113,119,122,123,125 
 
Very few studies report on off-loading practices and rates in an unselected population of 
patients with DFU. This may be an indication of the difficulty of recording off-loading 
practices on a patient-level by means of a questionnaire. The item definitions used in audit 4 
should now be clear. We hope that the results from audit 4 are good baseline values to 
compare future results to. Although comparison to future values is important and requires that 
item definitions remain stable, one change does seem necessary. The current questionnaire 
does not distinguish between removable and non-removable devices, while a number of 
studies have shown that this aspect may be important in terms of healing. In addition, the 
items may be further clarified by the inclusion of a more exhaustive list of examples and 
photographs of the devices. 
 
Box 8: Conclusions on off-loading in patients with a DFU. 

• Off-loading is a key process in the treatment of DFU, especially for plantar 
mid and hindfoot ulcers. Over 80% of these ulcers received a means of off-
loading. There is very little evidence to compare this result to. Only the 
Eurodiale study allows a partial comparison. The rates in IQED-Foot are 
similar to those of Eurodiale 

• Progressive efforts to clarify the terminology in the questionnaire have led to 
more precise estimates in the latest audit. Therefore, we could not compare the 
results of audits 3 and 4 with those of earlier audits. There was a slight 
decrease in the overall off-loading rate, but we doubt that this phenomenon is 
relevant, because off-loading rates in plantar mid and hindfoot ulcers 
remained high. 

• There was a high variability in the means of off-loading between centres. 
Efforts to understand the sources of this variation should be intensified. 

• The questionnaire should be adapted to capture the important distinction 
between removable and non-removable devices used for off-loading. 
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3.5.4.3. Diagnosis of PAD and the use of non-invasive diagnostic tests 

3.5.4.3.1. Current recommendations and background 
 
When a DFU is diagnosed, the vascular status of the LL should be assessed,34 consisting of 
taking of history, palpating pedal pulses and, if needed, complementing the clinical exam with 
non-invasive diagnostic tests.108,126 Diabetes poses a diagnostic challenge, because clinical 
signs and symptoms of PAD and CLI, such as intermittent claudication and ischemic rest pain 
may go unnoticed due to sensory neuropathy, and because of medial sclerosis of the arteries 
rendering them incompressible, as a result of which the result of some non-invasive tests may 
be unreliable (see below). 
 
In a first setting, a vascular exam serves as a way to either rule out PAD (if negative) or to 
refer the patient for a more elaborate vascular workup or revascularization (if positive). 
Palpable pedal pulses largely rule out PAD, although a recent study found a false-negative 
rate of PAD in 5% of cases with 4 normal pedal pulses.127 However, in the hands of an 
experienced clinician, often a vascular surgeon in the recognized centres, palpation for the 
presence of pulses may be expected to adequately guide further decision-making. By contrast, 
absent pedal pulses, while sensitive for the diagnosis of PAD, are not specific, thus leading to 
overestimation of PAD.128,129 Therefore, the TASCII consensus document warns that an exam 
of pedal pulses alone may be inadequate to diagnose PAD in patients with diabetes and that 
objective non-invasive testing may be needed.108 The diagnosis of PAD using objective non-
invasive tests is usually based on measurement of the ankle-brachial index (ABI), with values 
< 0.90 suggesting PAD.108,130,131 However, because of diabetes-related medial sclerosis, 
“normal” values between 0.90 and 1.30 do not exclude PAD in patients with diabetes.108,131 
Alternatives to ABI for diagnosing PAD34,108,130 are the toe-brachial index (TBI) because the 
digital arteries are relatively spared of medial sclerosis,132 TcPO2 measurements,133 arterial 
waveform analysis using a handheld Doppler probe,134 or duplex ultrasound (DUS).108 A 
recent systematic review found that a TBI ≥ 0.75 performed best to rule out PAD in patients 
with diabetes.135 
 
There is a move away from the use of the clinical diagnosis of CLI, which is based on the 
presence of ischemic rest pain, and LL ulceration or gangrene.136 Often, specific cut-offs of 
diagnostic tests are linked to the diagnosis of CLI, such as ankle pressure < 50 mmHg and 
TcPO2 < 30 mmHg, although there is much controversy about the exact cut-offs to be used.137  
 
In a second setting, a vascular exam serves to estimate the potential for healing and the risk of 
future major amputation. As such, it is an important piece of information to decide whether 
perfusion is substantially decreased and whether revascularization should be considered. The 
use of vascular exams and vascular imaging in particular in the context of revascularization 
will be addressed in section  3.5.4.4. 
 

3.5.4.3.2. Items in the IQED-Foot questionnaire 
 
We were able to estimate the prevalence of PAD in the IQED-Foot population based on the 
reported PEDIS perfusion grade (1, 2 or 3, see also section  3.5.3.4.2). According to the 
original PEDIS publication,95 the presence or absence of PAD may be scored on the presence 
or absence of symptoms and signs of PAD (e.g. intermittent claudication) or CLI (e.g. 
ischemic rest pain), the presence (but not the absence!) of palpable pulses, and the results of 
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non-invasive testing (ABI, TBI, systolic ankle or toe pressure in isolation, TcPO2, or 
abnormalities on other non-invasive tests). The criteria adopted in IQED-Foot are loosely 
based on the original PEDIS publication and can be consulted in Table 15 (p. 55). One 
important difference to the original PEDIS criteria is that IQED-Foot regards absent pedal 
pulses sufficient to diagnose PAD, although this may overestimate the prevalence of PAD 
(see above). It should be noted however that the Eurodiale study also regarded absent pulses 
as sufficient to diagnose PAD, with or without concomitant ABI < 0.90.112 A second 
inconsistency, also present in the original PEDIS publication, is the use of the ABI range 
between 0.90 and 1.10 as “normal”, while most other works adopt higher values for the upper 
bound, such as 1.30 or 1.40.108,131 Finally and most importantly, we do not know which exact 
criterion was used to diagnose PAD. This limitation is also true for other ulcer classification 
systems, most notably the UT classification.100 Conversely, in the SINBAD and DUSS 
classifications, PAD is regarded as present in the case of absent pulses, although, as 
mentioned above, this may overestimate the prevalence of PAD. 
 
While PEDIS perfusion grading also relies on the clinical diagnosis of claudication and CLI, a 
practice that has been criticized recently,136 it is still more interesting than the UT, SINBAD 
and DUSS classifications, as it is not dichotomous but has three grades. Thus, it 
acknowledges that outcomes may be negative even when subcritical levels of ischemia are 
present (PEDIS perfusion grade 2). 
 
Since audit 3, there have been four items on non-invasive vascular exams that may be used 
for diagnosis of PAD: measurement of the ABI, of toe pressures, of TcPO2, and 
plethysmography. Duplex ultrasound is also a non-invasive test which, especially in the 
context of diabetes, may be used as a way to diagnose PAD. However its main purpose is 
imaging of the vasculature and it will therefore be discussed in the section on vascular 
imaging. The IQED-Foot questionnaire lacked an item on the use of a handheld Doppler 
probe for an analysis of arterial waveforms to diagnose PAD. It is possible that the use of this 
diagnostic modality was categorized under DUS. 
 

3.5.4.3.3. Results 
 
Table 19 (p. 61) showed that in IQED-Foot around 40% of patients had no evidence for PAD 
(palpable pedal pulses, ABI between 0.90 and 1.10, or TcPO2 > 60 mmHg), 45% had 
subcritical ischemia (absent pedal pulses, ABI < 0.90, or TcPO2 30-60 mmHg) and 15% had 
critical ischemia upon presentation (absent pulses and signs and symptoms of critical 
ischemia, systolic ankle pressure < 50 mmHg, or TcPO2 < 30 mmHg). 
 
We will first investigate the reported use of non-invasive testing and then study the relation to 
the eventual diagnosis of PAD. Specifics on non-invasive testing were only reported in audits 
3 and 4. 
 
Table 32 shows that of all non-invasive diagnostic tests included in the IQED-Foot 
questionnaire, measurement of the ABI was reported most often. All other tests were only 
used in a minority of patients. Combinations were rare, but it should be noted that toe pressure 
and TcPO2 measurements were reported together with ABI in about two thirds of cases. 
Between audits 3 and 4, the reported use of ABI decreased significantly from 20 to 12%, 
while that of toe pressure measurements increased significantly. Overall, 24% of patients in 
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audit 3, and 17% of patients in audit 4 received at least one of the four tests mentioned (p = 
0.075, audit 3 vs. 4, see Table 33). 
 
Table 32: Use of non-invasive vascular diagnostic t ests, audits 3-4. 

 Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,134) 

Overall    
Ankle-brachial index 349 

(22.0) 
259 

(14.8)c 
582 

(18.6)- 
Toe pressure measurement 11 

(0.7) 
36 

(2.1)c 
42 

(1.3)+ 
TcPO2 measurement 47 

(3.0) 
55 

(3.1) 
100 
(3.2) 

PlethysmographyNA 0 
(0.0) 

1 
(0.1) 

0 
(0.0) 

Allowing for combinations    
Only ankle-brachial index 321 

(20.3) 
213 

(12.2)cc 
510 

(16.3)-- 
Ankle-brachial index + TcPO2 measurement 21 

(1.3) 
30 

(1.7)c 
50 

(1.6)+ 
Only TcPO2 measurement 20 

(1.3) 
12 

(0.7) 
32 

(1.0) 
Only toe pressure measurement 2 

(0.1) 
18 

(1.0) 
16 

(0.5) 
Ankle-brachial index + toe pressure 
measurement + TcPO2 measurement 

4 
(0.3) 

10 
(0.6)ccc 

14 
(0.4)+++ 

Ankle-brachial index + toe pressure 
measurement 

3 
(0.2) 

5 
(0.3) 

8 
(0.3) 

Toe pressure measurement + TcPO2 
measurement 

2 
(0.1) 

2 
(0.1) 

4 
(0.1) 

Ankle-brachial index + toe pressure + TcPO2 
measurement + plethysmographyNA 

0 
(0.0) 

1 
(0.1) 

0 
(0.0) 

None 1,116 
(70.5) 

1,407 
(80.5)c 

2,365 
(75.5)+ 

Unknown use of non-invasive diagnostic tests 94 
(5.9) 

49 
(2.8)c 

135 
(4.3)- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 
Next, the reported use of any of the four non-invasive diagnostic tests mentioned above was 
stratified by PEDIS perfusion grade, i.e. the diagnosis of PAD. Table 33 shows that the use of 
non-invasive tests was highest in those patients classified as PEDIS perfusion grade 2 
(subcritical ischemia). Within each perfusion grade, the test rate decreased between audits 3 
and 4, but the difference never reached statistical significance. 
  



 

 
92 

Table 33: Use of any non-invasive vascular diagnost ic test stratified by PEDIS perfusion grade, audits 3- 4. 

 Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,134) 

Overall 373 
(23.6) 

291 
(16.7) 

634 
(20.2) 

PEDIS perfusion grade 1 131/662 
(19.8) 

115/756 
(15.2) 

232/1,100 
(17.4) 

PEDIS perfusion grade 2 183/685 
(26.7)** 

143/737 
(19.4)* 

312/1,330 
(23.5)*** 

PEDIS perfusion grade 3 54/207 
(26.1) 

31/219 
(14.2) 

83/412 
(20.1) 

PEDIS perfusion grade unknown 5/29 
(17.2) 

2/35 
(5.7) 

7/60 
(11.7) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. PEDIS perfusion grade 1 (using logistic regression). 
 
Next, we investigated the patient and limb/ulcer characteristics associated with the use of non-
invasive vascular diagnostic tests (except plethysmography) in audit 4 (Table 34). 
 
The odds that no non-invasive vascular diagnostic tests were used increased with female sex 
and decreased with prior LL revascularization, neuro-ischemic etiology, Wagner grade, 
PEDIS perfusion grade, and intermediate ulcer surface area. Ulcer etiology, ulcer Wagner 
grade and PEDIS perfusion grade may have been informed by the results of diagnostic tests 
themselves, thus making the association self-evident. Slightly different sets of predictors were 
associated with the use of specific tests. These associations may not be very meaningful in the 
case of measurement of toe pressure or TcPO2, because of the small sample sizes. 
 
Finally, we investigated the variation in the use of these non-invasive tests (except 
plethysmography). Figure 15 shows that the variation with regard to ABI was big, with some 
centres performing ABI in virtually all their patients. The other tests were used in selected 
centres only. In individual centres the rates in audits 3 and 4 were highly and significantly 
correlated for all tests considered (Figure 16). 
 
In audit 4, use of any of the non-invasive diagnostic tests was significantly higher in centres 
affiliated with academic hospitals than in centres affiliated with general hospitals (with or 
without an academic identity), controlling for centre language and wave (median [P25-P50] 
rate in academic, N = 7: 42.9 [27.1-66.0%]; general, N = 27: 0.0% [0.0-5.4%], p < 0.001 vs. 
academic). 
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Table 34: Patient and limb/ulcer characteristics ass ociated with the use of non-invasive vascular 
diagnostic tests, audit 4. 

 

Predictor ABI
Toe p

re
ss

ure

Tc
PO

2

No n
on-in

v.
 d

ia
gn

.

Older age, per 10 year change (/10 y) 1.09 1.20 1.06 0.97

Female sex 0.84 0.95 1.01 1.25

Diabetes type NA

   Type 1 ref ref ref

   Type 2 0.91 0.75 1.12

   Other type 0.78 0.01 1.63

Longer diabetes duration (/10 y) 1.09 1.05 1.06 0.94

Older age at diabetes diagnosis (/10 y) 1.01 1.12 0.96 1.01

Smoking status * *

   Never smoked ref ref ref ref

   Ex-smoker 0.98 1.29 0.60 0.90

   Current smoker 1.04 0.54 0.89 0.85

Renal insufficiency 1.14 0.93 0.94 0.97

ESRD 0.85 0.83 0.35 1.31

Prior cardiovascular events 1.15 1.22 0.88 0.91

Prior lower-limb revascularization 1.31 0.71 1.07 0.78

Prior DFU 0.90 0.67 1.20 1.04

Prior minor amputation 1.16 0.48 1.23 0.94

Prior major amputation 0.94 0.25 0.68 1.01

Concomitant Charcot foot 0.65 1.09 0.95 1.50

Concomitant active Charcot foot 0.73 4.51 1.71 1.30

Concomitant inactive Charcot foot 0.64 0.38 0.63 1.54

Ulcer etiology NA NA

   Neuropathic ref ref

   Ischemic 1.72 0.63

   Neuro-ischemic 1.76 0.63

   Neither 1.08 1.11

Ulcer Wagner grade * *

   Grade 2 ref ref ref ref

   Grade 3 1.41 0.51 1.09 0.74

   Grade 4-5 1.76 0.73 1.16 0.60

PEDIS perfusion grade * * * *

   Grade 1 ref ref ref ref

   Grade 2 1.77 2.12 1.91 0.64

   Grade 3 1.60 0.91 1.80 0.61

PEDIS extent * *

   < 1 cm² ref ref ref ref

   ≥ 1 cm² and < 3 cm² 1.46 1.17 1.59 0.71

   ≥ 3 cm² 1.17 0.87 1.25 0.85

PEDIS depth *

   Superficial ref ref ref ref

   Deep 0.95 0.65 1.56 1.18

   Probe to bone 1.19 0.36 1.44 0.93

PEDIS infection grade NA *

   No infection ref ref ref

   Superficial infection 0.93 0.90 1.05

   Deep infection 1.09 0.99 0.90

   Systemic infection 1.17 0.40 0.94

Loss of protective sensation 0.97 1.10 1.48 0.96

Plantar ulcer location 0.87 0.93 1.38 1.03

Detailed ulcer location * *

   Plantar toes ref ref ref ref

   Dorsal toes 1.38 0.80 0.69 0.84

   Plantar midfoot 1.23 0.55 1.06 0.91

   Dorsal midfoot 1.44 1.18 1.26 0.91

   Plantar hindfoot 1.52 1.59 1.16 0.78

   Dorsal hindfoot 1.08 1.04 0.23 1.09

More ulcers on same foot 0.94 1.13 0.87 1.15

More ulcers on other foot 0.88 1.10 0.90 1.20
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Figure 15: Distribution of the centre-specific rate s at which non-invasive vascular diagnostic tests w ere 
performed in audits 3-4 (32 and 34 centres respecti vely). A. Ankle-brachial index (ABI). B. Toe pressu re. 
C. TcPO2. D. No non-invasive (non-inv.) diagnostic tests. Po ints show the centre-specific rates; their 
color-coding is explained in the Methods section. B oxplots are shown in the background. The overall ra te 
is shown by a black horizontal marker. 
 

 
Figure 16: Correlogram of the centre-specific rates  at which different non-invasive vascular diagnosti c 
test were used in audits 3-4. A. Ankle-brachial ind ex. B. Toe pressure. C. TcPO 2. D. No non-invasive 
diagnostic tests. Figures in boxes show the Pearson correlation coefficient. The intensity of the shadi ng 
corresponds to the strength of the correlation. Non -significant correlations are crossed out.  
 

3.5.4.3.4. Discussion and conclusions 
 
The results show that in 1 in 5 patients the the clinical exam to diagnose PAD was 
complemented with non-invasive diagnostic testing. These tests were primarily performed in 
academic hospitals, suggesting that they also served a research purpose. In Eurodiale, 93% of 
patients with PAD had TcPO2, ankle or toe pressure measurements during a 1-year follow-
up,124 illustrating that these centres performed many of these measurements in a routine 
fashion, probably for research purposes.  
 
Box 9: Conclusions on the diagnosis of PAD and the u se of non-invasive diagnostic tests. 

• Non-invasive vascular diagnostic testing can be useful when the clinical exam 
is not clear cut. It was performed in about 1 in 5 sampled patients. 
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3.5.4.4. Vascular imaging and revascularization 

3.5.4.4.1. Current recommendations and background 
 
Aside from diagnosis, vascular exams serve to estimate the potential for healing and the risk 
of future major amputation. As such, they provide important information to decide whether 
perfusion is substantially decreased and whether revascularization should be considered. Its 
importance is highlighted by the fact that the vast majority of scoring systems for the 
classification and prognosis of DFU include an ischemia-related dimension.5,90,92 The IWGDF 
recommends toe pressure < 30 mmHg or TcPO2 < 25 mmHg as the best predictors of poor 
healing,134 and suggests that vascular imaging and revascularization should be considered in 
these cases and always if the ulcer does not improve after 6 weeks.138 It recommends the 
combination of systolic ankle pressure < 50 mmHg and ABI < 0.50 as the best predictor for 
major amputation, and likewise suggests that vascular imaging and revascularization should 
be considered in this scenario.134,138 These recommended cut-offs to consider vascular 
imaging and revascularization roughly correspond to PEDIS perfusion grade 3. 
 
Although CLI has been thought to invariably lead to poor outcomes when left untreated (non-
healing, amputation), some recent studies have observed more favourable outcomes.139,140 
This suggests that there is a spectrum of ischemia that impacts on the outcome and pleads 
against the use of one specific clinical or diagnostic cut-off. Supporting this view is the 
observation that subcritical levels of ischemia (e.g. ankle pressure > 50 but < 70 mmHg) may 
also be associated with poor ulcer healing or require revascularization to achieve 
healing.136,137 This is why patients with subcritical levels of ischemia, i.e. PEDIS perfusion 
grade 2, also regularly receive revascularization. 
 
There is growing awareness in the area of vascular medicine that the extent of ischemia and 
the specific anatomy of lesions are not the sole predictors of DFU healing and amputation. As 
is acknowledged in many specific ulcer classification systems, ischemia is but one of the 
prognostic factors, with ulcer area/depth (extent of tissue loss) and infection being two other 
important factors.136 
 
When revascularization is considered, vascular imaging often proofs necessary. A variety of 
methods exist to visualize the lower limb vasculature: arterial duplex exam (also known as 
echo-Doppler exam or DUS), CT-angiography, MR-angiography or intra-arterial digital 
subtraction angiography (DSA).84 Each method has its advantages and disadvantages.141 
 
A recent systematic review reported that although data from randomized clinical trials is 
lacking, evidence suggests that revascularization is associated with higher limb salvage rates 
than conservative therapy in patients with a DFU and severe ischemia.140,142 Despite these 
findings, there is still debate about when to choose for conservative therapy (i.e. 
recommended wound care), revascularization or primary amputation and what constitutes a 
“good outcome” for the patient, e.g. ulcer healing, amputation-free survival, functional 
independence, quality-of-life etc.143–145 
 
The IWGDF does not explicitly recommend considering revascularization in patients with 
mild to moderate PAD (PEDIS perfusion grade 2).138 However, as cited above, recent insights 
have focused on the fact that poor ulcer healing may occur in patients with subcritical 
ischemia and that these patients may therefore also benefit from revascularization.136,137 
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Moreover, risk of non-healing and amputation is not only determined by the level of ischemia, 
but also by the extent of tissue loss and the presence of infection.103,136 
 
There is little evidence to help clinicians in deciding between open bypass surgery or 
endovascular approaches. The only randomized controlled trial (RCT) was the BASIL study 
with 42% of participants having diabetes, the results of which suggested that in the short-term 
open and endovascular approaches yield similar outcomes, with surgery being more 
expensive.146 In the longer term, bypass surgery may be preferable especially in patients with 
expected survival > 2 years, because of better overall survival and lower need for repeat 
interventions.147 An observational study reported that sustained clinical success (amputation-
free survival or no need for repeat interventions) was worse in patients with diabetes 
compared to non-diabetics, although this difference disappeared if repeat interventions were 
taken into account; in this study, clinical success was not determined by the approach, i.e. 
open vs. bypass.148 
 
The aim of revascularization is to restore blood flow to the foot to improve ulcer healing. 
According to the angiosome concept, blood flow is preferably restored to the region of the 
ulcer and not simply by revascularizing the best vessel providing in-line flow to the foot. 
Although the studies on angiosome-directed revascularization are promising, they currently 
lack high enough methodological quality.149 
 

3.5.4.4.2. Items in the IQED-Foot questionnaire 
 
Starting from audit 3, the IQED-Foot questionnaire had two items on vascular imaging: 
centres could report the performance of an arterial duplex exam or of angiography. They 
could select these items even if the exams took place up to 6 months before the first 
consultation. Moreover, we have no data on the timing of vascular imaging relative to a 
possible vascular intervention, thus making it impossible to judge whether it occurred before, 
during or after a vascular intervention. 
 
The IQED-Foot questionnaire did not have specific items on CT-angiography or MR-
angiography. Centres most likely categorized them under “angiography”. Thus, not all 
reported angiographies may have had the specific disadvantages of x-ray contrast angiography 
or DSA. 
 
Centres could record the performance of revascularization since audit 1, but in the first audit 
revascularizations over a 1-year period were eligible for reporting, compared to a 6-month 
period in audits 2-4. In audits 2-4, a first follow-up question allowed centres to report the type 
of vascular intervention (endovascular and/or surgical). A second follow-up question allowed 
centres to report the revascularization level (aortoiliac, femoropopliteal and/or infrapopliteal). 
 

3.5.4.4.3. Results on the use of vascular imaging 
 
Table 35 shows the reported use of vascular imaging in audits 3 and 4, stratified by PEDIS 
perfusion grade. 
 
Overall, arterial duplex exams accounted for the majority of vascular imaging. The reported 
use of arterial duplex exams increased significantly between audits 3 and 4. Its use also 
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increased significantly according to PEDIS perfusion grade. The increased use between audits 
3 and 4 was most obvious in PEDIS perfusion grades 1 and 2 and was not significant in grade 
3. 
 
The reported overall use of angiography declined between audits 3 and 4 but not significantly 
so. The association with PEDIS perfusion grade was more pronounced than with arterial 
duplex exams. Some patients with PEDIS perfusion grade 1 also reportedly received 
angiography. This may be due to the fact that angiographies from 6 months before the first 
consultation were also eligible for reporting: these may have been patients with successful 
(patent) revascularization prior to the first consultation. 
 
When combinations of arterial duplex exam and angiography were considered, a more precise 
picture emerged. The proportion of patients in PEDIS perfusion grades 2 and 3 receiving only 
an arterial duplex exam increased by about 10 percentage points between audits 3 and 4, 
while in the same group the use of only angiography decreased by a similar margin. The 
combination of arterial duplex exam and angiography was reported to similar extents in audits 
3 and 4. 
 
Between audits 3 and 4 the proportion of patients not receiving any vascular imaging 
decreased but not significantly. This decrease was most obvious in PEDIS perfusion grade 1. 
Imaging rates in PEDIS perfusion grade 3 were high throughout, with more than 90% of 
patients receiving vascular imaging. 
 
 
 
 
Table 35: Use of vascular imaging, audits 3-4. 

 Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,134) 

Overall    
Arterial duplex exam 602 

(38.0) 
926 

(53.0)ccc 
1,418 

(45.2)+++ 
   PEDIS perfusion grade 1 205/662 

(31.0) 
344/756 
(45.5)ccc 

502/1,332 
(37.7)+++ 

   PEDIS perfusion grade 2 291/685 
(42.5)* 

440/737 
(59.7)cc** 

675/1,330 
(50.8)++***  

   PEDIS perfusion grade 3 99/207 
(47.8)**  

124/219 
(56.6)* 

217/412 
(52.7)***  

   PEDIS perfusion grade unknown 7/29 
(24.1) 

18/35 
(51.4) 

24/60 
(40.0) 

Angiography 452 
(28.6) 

445 
(25.5) 

859 
(27.4) 

   PEDIS perfusion grade 1 38/662 
(5.7) 

53/756 
(7.0) 

85/1,332 
(6.4) 

   PEDIS perfusion grade 2 266/685 
(38.8)***  

248/737 
(33.6)***  

492/1,330 
(37.0)***  

   PEDIS perfusion grade 3 143/207 
(69.1)***###  

134/219 
(61.2)***###  

270/412 
(65.5)***###  

   PEDIS perfusion grade unknown 5/29 
(17.2) 

10/35 
(28.6) 

12/60 
(20.0) 
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 Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,134) 

Allowing for combinations    
Only arterial duplex exam 430 

(27.2) 
693 

(39.7)ccc 
1,037 

(33.1)+++ 
   PEDIS perfusion grade 1 188/662 

(28.4) 
317/756 
(41.9)ccc 

463/1,332 
(36.5)+++ 

   PEDIS perfusion grade 2 199/685 
(29.1) 

304/737 
(41.2)c 

464/1,330 
(34.9)+ 

   PEDIS perfusion grade 3 38/207 
(18.4) 

59/219 
(26.9)*# 

93/412 
(22.6)## 

   PEDIS perfusion grade unknown 5/29 
(17.2) 

13/35 
(37.1) 

17/60 
(28.3) 

Only angiography 280 
(17.7) 

212 
(12.1)c 

478 
(15.3)- 

   PEDIS perfusion grade 1 21/662 
(3.2) 

26/756 
(3.4) 

46/1,332 
(3.5) 

   PEDIS perfusion grade 2 174/685 
(25.4)***  

112/737 
(15.2)***  

281/1,330 
(21.1)***  

   PEDIS perfusion grade 3 82/207 
(39.6)***###  

69/219 
(31.5)***###  

146/412 
(35.4)***###  

   PEDIS perfusion grade unknown 3/29 
(10.3) 

5/35 
(14.3) 

5/60 
(8.3) 

Arterial duplex exam + angiography 172 
(10.9) 

233 
(13.3) 

381 
(12.2) 

   PEDIS perfusion grade 1 17/662 
(2.6) 

27/756 
(3.6) 

39/1,332 
(2.9) 

   PEDIS perfusion grade 2 92/685 
(13.4)***  

136/737 
(18.5)***  

211/1,330 
(15.9)***  

   PEDIS perfusion grade 3 61/207 
(29.5)***###  

65/219 
(29.7)***#  

124/412 
(30.1)***###  

   PEDIS perfusion grade unknown 2/29 
(6.9) 

5/35 
(14.3) 

7/60 
(11.7) 

None 607 
(38.3) 

560 
(32.1) 

1,103 
(35.2) 

   PEDIS perfusion grade 1 390/662 
(58.9) 

364/756 
(48.1)c 

720/1,332 
(54.1)+ 

   PEDIS perfusion grade 2 188/685 
(27.4)***  

170/737 
(23.1)***  

329/1,330 
(24.7)***  

   PEDIS perfusion grade 3 16/207 
(7.7)***###  

16/219 
(7.3)***###  

31/412 
(7.5)***###  

   PEDIS perfusion grade unknown 13/29 
(44.8) 

10/35 
(28.6) 

23/60 
(38.3) 

Unknown use of vascular imaging 94 
(5.9) 

49 
(2.8)c 

135 
(4.3)- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. PEDIS perfusion grade 1. 
#,##,### p < 0.05, p < 0.01, p < 0.001 vs. PEDIS perfusion grade 2. 
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Table 36 shows that in audit 4 the odds of vascular imaging increased with age, older age at 
diabetes diagnosis, ex or current smoking, renal insufficiency, ESRD, history of CV events or 
LL revascularization, (neuro)ischemic etiology (vs. neuropathic), limb/ulcer severity, dorsal 
hindfoot location (vs. plantar toe) and presence of multiple ulcers. Odds decreased in case of 
concomitant (inactive) Charcot foot and plantar ulcer location. Similar characteristics 
associated with the odds of angiography, with the exception that LOPS was an additional 
characteristic decreasing the odds of angiography. With regard to arterial duplex exams, only 
a subset of the patient-related characteristics increased the odds but the set of limb/ulcer 
characteristics was similar to that of imaging in general and angiography. Stratifying by 
PEDIS perfusion grade identified only a subset of characteristics associated with imaging in 
general, and identified prior DFU and minor amputation as novel associated characteristics. 
Similar observations were made with regard to angiography, with the important note that only 
the presence of ESRD increased the odds among patients with PEDIS perfusion grade 3. 
Similar observations were also made with regard to arterial duplex exam, with the important 
note that no characteristics were identified that associated with the odds among patients with 
PEDIS perfusion grade 3, except other diabetes type and deep infection. 
 
In audit 4, patient and ulcer/limb characteristics increasing the odds of use of arterial duplex 
exam vs. angiography in patients with PAD and receiving vascular imaging were: 
concomitant (in)active Charcot foot, neuro-ischemic ulcer (vs. ischemic ulcer), LOPS. 
Characteristics decreasing odds of arterial duplex exam vs. angiography were: prior LL 
revascularization, critical ischemia (vs. subcritical ischemia). 
 
Figure 17 shows that the use of arterial duplex exams varied widely between centres, with 
some examining no or very little of their sampled patients in this way and others all of their 
sampled patients. Between-centre variation was less outspoken with regard to the use of 
angiography. Similar variation was obvious in all PEDIS perfusion grades (data not shown). 
 
Figure 18 shows that the centre-specific rates of vascular imaging in audit 3 correlated 
significantly with those in audit 4. 
 
In audit 4, centre language, wave or type of hospital were not significantly associated with the 
centre-specific rates of arterial duplex exams, angiographies or vascular imaging in general. 
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Table 36: Patient and limb/ulcer characteristics ass ociated with overall performance of vascular imagin g 
and angiography or arterial duplex exams in particu lar, stratified by PEDIS perfusion grade, audit 4. 

 

Predictor Im
ag

in
g,

 o
ve

ra
ll

Im
ag

in
g,

 P
2

Im
ag

in
g,

 P
3

Angi
ogr

ap
hy,

 o
ve

ra
ll

Angi
ogr

ap
hy,

 P
2

Angi
ogr

ap
hy,

 P
3

Duple
x,

 o
ve

ra
ll

Duple
x,

 P
2

Duple
x,

 P
3

Older age, per 10 year change (/10 y) 1.20 1.02 0.74 1.33 0.94 0.98 1.07 1.04 0.83

Female sex 0.88 0.92 1.00 0.86 0.77 1.01 0.93 0.94 1.29

Diabetes type * NA *

   Type 1 ref ref ref ref ref ref ref ref

   Type 2 0.96 0.79 2.32 1.26 1.02 0.90 0.78 1.35

   Other type 1.34 2.45 26.4 2.59 2.28 1.06 0.59 15.1

Longer diabetes duration (/10 y) 1.08 1.04 0.92 1.08 0.95 0.95 1.06 1.13 0.99

Older age at diabetes diagnosis (/10 y) 1.06 1.01 0.92 1.12 1.00 0.98 1.01 0.98 0.92

Smoking status * * *

   Never smoked ref ref ref ref ref ref ref ref ref

   Ex-smoker 1.46 1.30 1.68 1.40 1.27 0.99 1.20 1.18 0.93

   Current smoker 1.31 1.03 1.63 1.46 1.63 1.58 1.10 0.88 0.99

Renal insufficiency 1.33 1.34 0.69 1.27 0.94 0.97 1.24 1.31 1.03

ESRD 1.81 1.34 3.06 1.67 0.94 3.28 1.37 1.14 1.23

Prior cardiovascular events 1.79 1.77 0.33 1.92 1.43 0.97 1.26 1.24 0.68

Prior lower-limb revascularization 2.70 1.79 0.94 3.90 1.98 0.96 1.36 1.20 0.95

Prior DFU 0.87 0.58 0.38 1.01 0.92 0.82 0.88 0.73 0.92

Prior minor amputation 1.10 0.68 0.68 1.14 0.91 1.05 1.05 0.82 0.86

Prior major amputation 1.42 1.20 0.83 1.10 0.87 0.46 1.07 0.99 1.18

Concomitant Charcot foot 0.63 0.72 0.69 0.45 0.82 0.14 0.93 1.16 4.73

Concomitant active Charcot foot 1.17 NA NA 0.86 1.06 NA 1.63 76.9 NA

Concomitant inactive Charcot foot 0.55 0.53 0.57 0.37 0.77 0.17 0.80 0.80 3.50

Ulcer etiology * * * * *

   Neuropathic ref NA NA ref NA NA ref NA NA

   Ischemic 4.09 ref ref 14.0 ref ref 1.33 ref ref

   Neuro-ischemic 3.50 0.86 0.96 8.58 0.59 0.54 1.64 1.29 1.33

   Neither 0.99 NA NA 1.11 NA NA 0.85 NA NA

Ulcer Wagner grade * * * * * *

   Grade 2 ref ref ref ref ref ref ref ref ref

   Grade 3 1.53 1.83 0.94 1.54 1.46 1.05 1.28 1.38 1.13

   Grade 4-5 5.15 3.06 1.39 4.43 2.14 1.38 2.06 1.60 1.89

PEDIS perfusion grade * NA NA * NA NA * NA NA

   Grade 1 ref ref ref

   Grade 2 3.14 7.35 1.69

   Grade 3 7.30 19.4 1.63

PEDIS extent * * * * * *

   < 1 cm² ref ref ref ref ref ref ref ref ref

   ≥ 1 cm² and < 3 cm² 1.65 1.48 1.35 1.37 0.93 1.04 1.54 1.46 1.65

   ≥ 3 cm² 2.29 2.43 2.90 1.81 1.54 1.35 1.93 1.99 1.84

PEDIS depth * * * *

   Superficial ref ref ref ref ref ref ref ref ref

   Deep 1.73 1.89 3.56 1.22 1.07 1.01 1.46 1.46 2.04

   Probe to bone 2.25 2.27 2.61 1.61 1.30 1.02 1.64 1.52 2.04

PEDIS infection grade * * * * * *

   No infection ref ref ref ref ref ref ref ref ref

   Superficial infection 1.32 1.44 1.86 1.22 1.20 0.93 1.06 1.03 1.07

   Deep infection 1.68 2.02 3.57 1.36 1.17 1.21 1.40 1.34 2.20

   Systemic infection 2.40 15.9 1.66 2.20 4.79 2.01 2.11 2.30 1.37

Loss of protective sensation 0.94 0.86 0.96 0.67 0.59 0.54 1.21 1.29 1.33

Plantar ulcer location 0.77 0.85 0.61 0.63 0.89 0.73 0.89 0.88 0.79

Detailed ulcer location * * * *

   Plantar toes ref ref ref ref ref ref ref ref ref

   Dorsal toes 1.21 1.13 1.44 1.35 0.89 1.22 1.18 1.35 1.16

   Plantar midfoot 1.04 0.99 1.87 0.74 0.67 0.92 1.37 1.61 1.15

   Dorsal midfoot 1.45 1.08 2.02 1.53 1.06 1.09 1.44 1.28 1.80

   Plantar hindfoot 1.04 0.95 0.63 0.91 0.75 0.78 1.14 1.21 0.66

   Dorsal hindfoot 1.61 1.40 22.2 1.28 0.77 2.24 1.69 2.11 1.02

More ulcers on same foot 1.67 1.34 1.29 1.91 1.31 1.36 1.28 1.30 0.90

More ulcers on other foot 1.45 1.32 0.55 1.38 1.03 1.14 1.43 1.56 0.56
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Figure 17: Distribution of the centre-specific rate s at which vascular imaging was performed in audits  3-4 
(32 and 34 centres respectively). A. Arterial duple x exam. B. Angiography. C. No vascular imaging. Poin ts 
show the centre-specific rates; their color-coding is explained in the Methods section. Boxplots are 
shown in the background. The overall rate is shown by a black horizontal marker. 

 
Figure 18: Correlogram of the centre-specific rates  at which vascular imaging was used in audits 3-4. 
Figures in boxes show the Pearson correlation coeff icient. The intensity of the shading corresponds to  
the strength of the correlation. Non-significant co rrelations are crossed out. 
 

3.5.4.4.4. Discussion and conclusions on the use of vascular imaging 
 
Taken together, vascular imaging rates were high in audits 3-4. In Eurodiale, 40% of patients 
with PAD (PEDIS perfusion grades 2 and 3) received vascular imaging,124 whereas this rate 
was 76% in IQED-Foot for all unique patients with PAD in audits 3-4.  
 
In general, the use of vascular imaging during follow-up increased as ulcer severity and 
patient co-morbidity increased. With regard to ulcer severity this result can be expected, 
because more severe ulcers will be more difficult to heal if PAD is present, thus prompting 
the centres to invest in a more elaborate vascular diagnostic work-up which may eventually 
result in the decision to revascularize. Impaired renal function or ESRD did not emerge as 
factors associated with a lower use of vascular imaging and angiography in particular, even 
though they are often seen as contraindications in clinical practice. In fact, in some situations 
they were associated with higher use of imaging, probably as a result of the fact that patients 
with renal insufficiency were also more likely to have macrovascular disease. With the 
observed increase in the use of arterial duplex exams, the question arises which patient 
characteristics were associated with the use of arterial duplex instead of angiography. The 
results suggest that, as expected, more severe ischemia was associated with the use of 
angiography instead of arterial duplex. Again, impaired renal function or ESRD were not 
associated with preferential duplex use. Judicious use of DSA with a minimum of contrast 
indeed does not exclude patients with impaired renal function. In these patients MR-
angiography is also an option. 
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The results above suggest that in patients with PAD, vascular imaging practices have shifted 
between audits 3 and 4, with an increasing reported use of arterial duplex exams at the 
expense of the use of angiographies. This shift was clearest in patients with critical ischemia. 
Overall, between audits 3 and 4, more patients received vascular imaging, arterial duplex 
exams to be precise, and this was most outspoken in patients without PAD and those with 
subcritical ischemia. The policy with regard to the use of arterial duplex exams varied widely, 
but no measured centre characteristics could explain it. These findings should be interpreted 
as a manifestation of the increasing role of arterial duplex exams as a first-line diagnostic tool, 
routinely available to vascular surgeons during consultation. These findings also need to be 
interpreted in light of the fact that increasingly a first angiography (DSA) is performed during 
a vascular intervention. It is uncertain if these angiographies were consistently recorded in the 
IQED-Foot questionnaire and how this would have affected the observed decrease in 
angiography rate. 
 

3.5.4.4.5. Results on the use of revascularization 
 
We refer the reader to section  3.5.4.4.1 for a general introduction to the subject of vascular 
imaging and revascularization. 
 
Centres have reported the performance and details of revascularization procedures since audit 
1. However, in audit 1, the procedures were recorded over a period of 1 year, compared to 
only 6 months in later audits. The overall revascularization rate in audit 1 was 28.9% (N = 
1,053), but the status was unknown for 19.1% of patients, thus casting doubt on the reliability 
of these results. The results of audit 1 will not be presented in further detail below. 
 
Table 37 shows the overall revascularization rates in audits 2-4 as well as the rates stratified 
by PEDIS perfusion grade. It also shows the extent to which revascularization and vascular 
imaging occurred together during follow-up, without being able to say anything about the 
relative timing of both procedures. 
 
Overall, about 1 in 4 patients received revascularization in audits 2-4. No significant temporal 
trends emerged, neither in the overall analysis nor in the analysis stratified by PEDIS 
perfusion grade. Some patients with PEDIS perfusion grade 1 at presentation received 
revascularization during follow-up: either the diagnosis at presentation was wrong, or it 
changed during follow-up, or registration errors occurred. 
 
As discussed in the previous section, the use of arterial duplex exams increased between 
audits 3 and 4 at the expense of angiographies, but the overall imaging rate remained stable 
(Table 37). In patients receiving revascularization, this shift was most obvious is patients with 
PEDIS perfusion grade 2, where, at the expense of angiography alone, a large absolute 
increase in the proportion of patients with duplex only on the one hand, and both duplex and 
angiography on the other hand, was observed.  
 
Of patients with PEDIS perfusion grade 3, about 30% did not receive revascularization during 
follow-up. However, still 30-40% of these patients received angiography and more than 75% 
received some kind of vascular imaging.  
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Table 37: Revascularization rates, overall and stra tified by PEDIS perfusion grade, and the extent of 
concomitant vascular imaging, audits 2-4. 

 Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,967) 

Patients who received 
revascularization 

248 
(25.2) 

401 
(25.3) 

457 
(26.2) 

1,026 
(25.9) 

PEDIS perfusion grade 1 12/375 
(3.2) 

27/662 
(4.1) 

37/756 
(4.9) 

64/1,643 
(3.9) 

   Arterial duplex exam only - 6/27 
(22.2) 

14/37 
(37.8)c 

17/58 
(29.3)+ 

   Angiography only - 9/27 
(33.3) 

10/37 
(27.0) 

18/58 
(31.0) 

   Arterial duplex exam + angiography - 6/27 
(22.2) 

9/37 
(24.3) 

14/58 
(24.1) 

   No vascular imaging - 5/27 
(18.5) 

2/37 
(5.4) 

6/58 
(10.3) 

PEDIS perfusion grade 2 133/437 
(30.4) 

219/685 
(32.0) 

263/737 
(35.7) 

572/1,703 
(33.6) 

   Arterial duplex exam only - 38/219 
(17.4) 

77/263 
(29.3) 

108/456 
(23.7) 

   Angiography only - 110/219 
(50.2) 

66/263 
(25.1)cc 

174/456 
(38.2)-- 

   Arterial duplex exam + angiography - 56/219 
(25.6) 

104/263 
(39.5) 

144/456 
(31.6) 

   No vascular imaging - 10/219 
(4.6) 

12/263 
(4.6) 

21/456 
(4.6) 

PEDIS perfusion grade 3 99/150 
(66.0) 

148/207 
(71.5) 

147/219 
(67.1) 

370/541 
(68.4) 

   Arterial duplex exam only - 19/148 
(12.8) 

29/147 
(19.7) 

46/286 
(16.1) 

   Angiography only - 72/148 
(48.6) 

56/147 
(38.1)c 

125/286 
(43.7)- 

   Arterial duplex exam + angiography - 51/148 
(34.5) 

55/147 
(37.1) 

104/286 
(36.4) 

   No vascular imaging - 2/148 
(1.4) 

2/147 
(1.4) 

4/286 
(1.4) 

PEDIS perfusion grade unknown 4/23 
(17.4) 

7/29 
(24.1) 

10/35 
(28.6) 

20/80 
(25.0) 

Patients who did not receive 
revascularization 

682 
(69.2) 

1,123 
(70.9) 

1,261 
(72.2) 

2,806 
(70.7) 

PEDIS perfusion grade 1 339/375 
(90.4) 

600/662 
(90.6) 

706/756 
(93.4) 

1,511 
(92.0) 

   Arterial duplex exam only - 178/600 
(29.7) 

300/706 
(42.5)cc 

440/1,228 
(35.8)++ 

   Angiography only - 12/600 
(2.0) 

16/706 
(2.3) 

28/1,228 
(2.3) 

   Arterial duplex exam + angiography - 11/600 
(1.8) 

17/706 
(2.4) 

24/1,228 
(2.0) 

   No vascular imaging - 381/600 
(63.5) 

357/706 
(50.6)ccc 

706/1,228 
(57.5)--- 
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 Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,967) 

PEDIS perfusion grade 2 286/437 
(65.4) 

451/685 
(65.8) 

463/737 
(62.8) 

1,089/1,703 
(63.9) 

   Arterial duplex exam only - 157/451 
(34.8) 

225/463 
(48.6)c 

350/849 
(41.2)+ 

   Angiography only - 64/451 
(14.2) 

46/463 
(9.9) 

107/849 
(12.6) 

   Arterial duplex exam + angiography - 36/451 
(8.0) 

31/463 
(6.7) 

66/849 
(7.8) 

   No vascular imaging - 177/451 
(39.2) 

157/463 
(33.9) 

306/849 
(36.0) 

PEDIS perfusion grade 3 46/150 
(30.7) 

54/207 
(26.1) 

68/219 
(31.1) 

158/541 
(29.2) 

   Arterial duplex exam only - 19/54 
(35.2) 

30/68 
(44.1) 

47/117 
(40.2) 

   Angiography only - 10/54 
(18.5) 

12/68 
(17.6) 

20/117 
(17.1) 

   Arterial duplex exam + angiography - 10/54 
(18.5) 

10/68 
(14.7) 

20/117 
(17.1) 

   No vascular imaging - 14/54 
(25.9) 

14/68 
(20.6) 

27/117 
(23.1) 

PEDIS perfusion grade unknown 11/23 
(47.8) 

18/29 
(62.1) 

24/35 
(68.6) 

48/80 
(60.0) 

Patients with unknown 
revascularization status 

55 
(5.6) 

59 
(3.7) 

29 
(1.7) 

135 
(3.4)- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 
Of the patients with PAD who received revascularization, more than 95% also received 
vascular imaging during follow-up (Table 37). Table 38 shows results from the inverse 
analysis studying the revascularization rate in patients who received vascular imaging during 
follow-up, stratified by PEDIS perfusion grade. Of patients who received only arterial duplex 
exams, only 17% also received revascularization during follow-up, but this proportion 
increased significantly between audits 3 and 4. Of patients who received angiography, in 
isolation or combined with arterial duplex exams, approximately 70% also received 
revascularization. 
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Table 38: Revascularization rate among patients who  received vascular imaging during follow-up, 
stratified by imaging type and by PEDIS perfusion grad e, audits 3-4. Compare to Table 35 to understand 
the origin of the denominators. 

 Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,134) 

Overall    
Arterial duplex exam 179/602 

(29.7) 
295/926 
(31.9) 

443/1,418 
(31.2) 

   PEDIS perfusion grade 1 12/205 
(5.9) 

23/344 
(6.7) 

31/502 
(6.2) 

   PEDIS perfusion grade 2 94/291 
(32.3) 

181/440 
(41.1)c 

252/675 
(37.3)+ 

   PEDIS perfusion grade 3 70/99 
(70.7) 

84/124 
(67.7) 

150/217 
(69.1) 

   PEDIS perfusion grade unknown 3/7 
(42.9) 

7/18 
(38.9) 

10/24 
(41.7) 

Angiography 308/452 
(68.1) 

308/445 
(69.2) 

590/859 
(68.7) 

   PEDIS perfusion grade 1 15/38 
(39.5) 

19/53 
(35.8) 

32/85 
(37.6) 

   PEDIS perfusion grade 2 166/266 
(62.4) 

170/248 
(68.5) 

318/492 
(64.6) 

   PEDIS perfusion grade 3 123/143 
(86.0) 

111/134 
(82.8) 

229/270 
(84.8) 

   PEDIS perfusion grade unknown 4/5 
(80.0) 

8/10 
(80.0) 

11/12 
(91.7) 

Allowing for combinations    
Only arterial duplex exam 64/430 

(14.9) 
122/693 
(17.6)c 

174/1,037 
(16.8)+ 

   PEDIS perfusion grade 1 6/188 
(3.2) 

14/317 
(4.4) 

17/463 
(3.7) 

   PEDIS perfusion grade 2 38/199 
(19.1) 

77/304 
(25.3) 

108/464 
(23.3) 

   PEDIS perfusion grade 3 19/38 
(50.0) 

29/59 
(49.2) 

46/93 
(49.5) 

   PEDIS perfusion grade unknown 1/5 
(20.0) 

2/13 
(15.4) 

3/17 
(17.6) 

Only angiography 193/280 
(68.9) 

135/212 
(63.7) 

321/478 
(67.2) 

   PEDIS perfusion grade 1 9/21 
(42.9) 

10/26 
(38.5) 

18/46 
(39.1) 

   PEDIS perfusion grade 2 110/174 
(63.2) 

66/112 
(58.9) 

174/281 
(61.9) 

   PEDIS perfusion grade 3 72/82 
(87.8) 

56/69 
(81.2) 

125/146 
(85.6) 

   PEDIS perfusion grade unknownNA 2/3 
(66.7) 

3/5 
(60.0) 

4/5 
(80.0) 
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 Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,134) 

Arterial duplex exam + angiography 115/172 
(66.9) 

173/233 
(74.2) 

269/381 
(70.6) 

   PEDIS perfusion grade 1 6/17 
(35.3) 

9/27 
(33.3) 

14/39 
(35.9) 

   PEDIS perfusion grade 2 56/92 
(60.9) 

104/136 
(76.5)cc 

144/211 
(68.2)++ 

   PEDIS perfusion grade 3 51/61 
(83.6) 

55/65 
(84.6) 

104/124 
(83.9) 

   PEDIS perfusion grade unknown 2/2 
(100.0) 

5/5 
(100.0) 

7/7 
(100.0) 

None 17/607 
(2.8) 

16/560 
(2.9) 

31/1,103 
(2.8) 

   PEDIS perfusion grade 1 5/390 
(1.3) 

2/364 
(0.5) 

6/720 
(0.8) 

   PEDIS perfusion grade 2 10/188 
(5.3) 

12/170 
(7.1) 

21/329 
(6.4) 

   PEDIS perfusion grade 3 2/16 
(12.5) 

2/16 
(12.5) 

4/31 
(12.9) 

   PEDIS perfusion grade unknown 0/13 
(0.0) 

0/10 
(0.0) 

0/23 
(0.0) 

Unknown use of vascular imaging 12/94 
(12.8) 

11/49 
(22.4)c 

21/135 
(15.6)- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 
Table 39 shows that the odds of revascularization increased with age, diabetes duration, 
smoking, co-morbidity, limb/ulcer severity and presence of multiple ulcers. Odds decreased in 
case of concomitant active or inactive Charcot foot and plantar ulcer location. Stratifying by 
PEDIS perfusion grade identified only a subset of characteristics associated with 
revascularization in general, and identified presence of contralateral DFUs as an additional 
characteristic associated with revascularization among patients with PEDIS perfusion grade 3. 
Considering revascularizations among patients with reported angiographies, again only a 
subset of characteristics associated with revascularization in general was identified: only prior 
LL revascularization, (neuro-)ischemic ulcer etiology, Wagner grade and PEDIS perfusion 
grade and dorsal ulcer location increased the odds. Stratifying further by PEDIS perfusion 
grade identified a subset of these characteristics with some notable exceptions. Among 
patients with PEDIS perfusion grade 2, odds were lower in type 2 diabetes and in larger 
ulcers. Among patients with PEDIS perfusion grade 3, odds increased with ulcer surface area 
and depth, and decreased with contralateral ulcers. Finally, considering revascularizations 
among patients with reported vascular imaging (angiography and/or arterial duplex exams), 
similar observations were made compared to revascularization in general, although further 
stratification on PEDIS perfusion grade identified only very few characteristics. 
 
Table 40 shows the revascularizations stratified by type (endovascular or surgical) in audits 2-
4. It also shows the extent to which each revascularization type and vascular imaging 
occurred together during follow-up, without being able to say anything about the relative 
timing of both procedures. It should be noted that the reporting of revascularization type 
decreased significantly across audits. 
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Table 39: Patient and limb/ulcer characteristics ass ociated with revascularization in general and in 
patients who received angiography or vascular imagi ng, stratified by PEDIS perfusion grade, audit 4. 
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Older age, per 10 year change (/10 y) 1.38 0.98 0.85 1.15 0.99 0.84 1.32 1.00 0.89

Female sex 0.85 0.75 0.79 0.98 0.76 1.31 0.90 0.76 0.83

Diabetes type *

   Type 1 ref ref ref ref ref ref ref ref ref

   Type 2 0.97 0.74 1.27 0.39 0.17 1.61 1.02 0.76 0.96

   Other type 1.50 1.25 1.32 0.30 0.20 0.71 1.56 0.94 0.84

Longer diabetes duration (/10 y) 1.21 1.14 1.00 1.20 1.30 1.02 1.16 1.15 0.98

Older age at diabetes diagnosis (/10 y) 1.07 0.92 0.92 0.96 0.86 0.96 1.06 0.92 0.96

Smoking status * *

   Never smoked ref ref ref ref ref ref ref ref ref

   Ex-smoker 1.53 1.37 1.50 1.02 1.26 0.50 1.36 1.31 1.34

   Current smoker 1.38 1.46 1.94 1.43 1.43 1.14 1.29 1.50 1.80

Renal insufficiency 1.53 0.99 1.62 1.30 0.84 1.49 1.35 0.89 1.54

ESRD 1.84 1.34 1.98 1.26 0.76 2.04 1.49 1.17 1.87

Prior cardiovascular events 1.93 1.27 0.95 1.27 1.10 1.38 1.54 1.19 1.11

Prior lower-limb revascularization 5.22 2.56 1.46 1.82 1.65 1.55 3.77 2.30 1.78

Prior DFU 1.10 1.07 0.80 1.28 1.12 1.47 1.18 1.30 1.00

Prior minor amputation 1.36 1.23 1.33 1.26 1.13 1.91 1.28 1.43 1.64

Prior major amputation 1.29 1.18 0.61 0.78 1.20 0.83 1.03 1.08 0.40

Concomitant Charcot foot 0.32 0.62 0.14 0.62 1.05 NA 0.44 0.69 0.16

Concomitant active Charcot foot 0.30 0.64 NA 0.36 1.16 NA 0.29 0.46 NA

Concomitant inactive Charcot foot 0.34 0.63 0.14 0.89 1.00 NA 0.53 0.83 0.18

Ulcer etiology * * *

   Neuropathic ref NA NA ref NA NA ref NA NA

   Ischemic 16.0 ref ref 5.36 ref ref 9.96 ref ref

   Neuro-ischemic 12.1 0.75 1.04 4.67 0.79 1.47 7.76 0.81 1.09

   Neither 1.03 NA NA 2.38 NA NA 1.12 NA NA

Ulcer Wagner grade * * * *

   Grade 2 ref ref ref ref ref ref ref ref ref

   Grade 3 1.54 1.31 1.59 1.21 1.13 1.61 1.25 1.06 1.84

   Grade 4-5 5.43 2.10 1.89 2.47 1.57 2.09 3.43 1.81 1.94

PEDIS perfusion grade * NA NA * NA NA * NA NA

   Grade 1 ref ref ref

   Grade 2 9.70 3.41 6.14

   Grade 3 34.9 7.47 19.2

PEDIS extent * * * * *

   < 1 cm² ref ref ref ref ref ref ref ref ref

   ≥ 1 cm² and < 3 cm² 1.63 0.99 3.22 0.82 0.35 4.30 1.35 0.83 3.11

   ≥ 3 cm² 2.03 1.38 3.79 0.99 0.44 4.27 1.57 1.11 3.03

PEDIS depth * *

   Superficial ref ref ref ref ref ref ref ref ref

   Deep 1.55 1.20 2.86 1.23 1.15 2.18 1.14 0.96 2.00

   Probe to bone 2.07 1.44 3.25 1.50 1.63 1.84 1.38 1.12 2.31

PEDIS infection grade * * *

   No infection ref ref ref ref ref ref ref ref ref

   Superficial infection 0.95 1.10 0.68 0.66 0.90 0.31 0.85 1.14 0.44

   Deep infection 1.34 1.25 1.71 0.77 1.20 0.32 1.12 1.17 0.99

   Systemic infection 1.24 2.21 0.87 0.71 1.13 0.22 0.95 1.67 0.50

Loss of protective sensation 0.83 0.75 1.04 0.78 0.79 1.47 0.84 0.81 1.09

Plantar ulcer location 0.56 0.71 0.79 0.56 0.55 1.40 0.61 0.83 0.82

Detailed ulcer location * * * *

   Plantar toes ref ref ref ref ref ref ref ref ref

   Dorsal toes 1.47 1.18 1.14 1.47 1.51 1.12 1.39 0.95 1.30

   Plantar midfoot 0.67 0.84 0.67 0.60 0.75 1.20 0.70 0.75 0.75

   Dorsal midfoot 1.51 1.50 0.63 0.90 1.32 0.34 1.30 1.13 0.66

   Plantar hindfoot 1.09 1.08 0.80 0.76 0.59 77.3 1.11 0.99 1.57

   Dorsal hindfoot 1.82 1.59 2.59 2.17 1.93 2.46 1.65 1.32 2.40

More ulcers on same foot 1.77 1.21 0.81 1.20 1.14 0.65 1.39 0.97 0.82

More ulcers on other foot 1.02 0.85 0.40 0.76 0.75 0.39 0.89 0.82 0.47
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The vast majority of revascularizations were endovascular. Surgery was used in only 1 out of 
6 revascularizations. The proportion of endovascular revascularizations increased 
significantly between audits 2 and 3, at the expense of surgery. Sometimes both endovascular 
and surgical techniques were used during follow-up: the rate was 3.6% in audit 2, 4.0% in 
audit 3 and 5.1% in audit 4 (p > 0.05 for trend across audits). 
 
Compared to endovascular revascularizations, surgery rarely happened in patients when 
vascular imaging consisted only of an arterial duplex exam. In other words, angiography was 
more common in patients receiving surgery than in patients receiving endovascular 
revascularization. Moreover, all patients receiving surgery had a report of vascular imaging 
performed during follow-up. In this group of patients, the use of arterial duplex exams did not 
increase between audits 3 and 4. 
 
Revascularization type was not clearly associated with PEDIS perfusion grade at presentation 
(data not shown). It was, however, associated with revascularization level, as explained in the 
following paragraphs. 
 
Table 40: Revascularization type and the extent of concomitant vascular imaging, audits 2-4. 

 Audit 2 
(N=248) 

Audit 3 
(N=401) 

Audit 4 
(N=457) 

All pts 
(N=1,026) 

Revascularization type, known 221 
(89.1) 

350 
(87.3) 

376 
(82.3) 

884 
(86.2)- 

Overall     
Endovascular 185 

(83.7) 
311 

(88.9)b 
335 

(89.1)bb 
774 

(87.6)++ 
   Arterial duplex exam only - 54 

(17.4) 
93 

(27.8) 
138/616 
(22.4) 

   Angiography only - 148 
(47.6) 

100 
(29.9)c 

242/616 
(39.3)- 

   Arterial duplex exam + angiography - 84 
(27.1) 

121 
(36.1) 

193/616 
(31.3) 

   No vascular imaging - 16 
(5.1) 

13 
(3.9) 

27/616 
(4.4) 

Surgery 44 
(19.9) 

53 
(15.1) 

60 
(16.0) 

150 
(17.0)- 

   Arterial duplex exam only - 7 
(13.2) 

7 
(11.7) 

14/108 
(13.0) 

   Angiography only - 23 
(43.4) 

25 
(41.7) 

47/108 
(43.5) 

   Arterial duplex exam + angiography - 23 
(43.4) 

26 
(43.3) 

46/108 
(42.6) 

   No vascular imaging - 0 
(0.0) 

0 
(0.0) 

0/108 
(0.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. 
 
Table 41 shows the levels at which revascularizations were performed. It also shows the 
associated type of revascularization used. The level was unknown in up to 20% of cases. Most 
revascularizations were performed at the femoropopliteal level, followed by infrapopliteal and 
aortoiliac revascularizations. The reported performance of aortoiliac revascularizations 
steadily and significantly increased across audits 2-4. This increase was most obvious among 
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cases were aortoiliac revascularization occurred together with revascularizations at lower 
levels during follow-up. Revascularization at multiple levels was relatively common, 
especially the combination of femoro- and infrapopliteal revascularizations, occurring in 
almost 1 out of 10 revascularizations. We do not explicitly know whether these 
revascularizations occurred during the same procedure or whether they were performed in 
separate procedures. 
 
Table 41 also shows that revascularizations at the aortoiliac level and at the femoropopliteal 
level “relied” more on surgery than those at the infrapopliteal level (in 19% vs. 6% among all 
patients in audits 2-4). However, with regard to femoropopliteal revascularizations, the 
importance of surgery significantly decreased across audits, and that of endovascular 
revascularizations increased. With regard to the combination of femoropopliteal and 
infrapopliteal revascularization, the distribution of revascularization type was somewhat 
intermediate to that observed in “isolated” femoropopliteal and infrapopliteal 
revascularizations. The proportion of cases having received both endovascular and surgical 
revascularizations was highest in this group, suggesting that it actually concerned 2 separate 
revascularizations.  
 
 
 
Table 41: Revascularization level and associated re vascularization type, audits 2-4 

 Audit 2 
(N=248) 

Audit 3 
(N=401) 

Audit 4 
(N=457) 

All pts 
(N=1,026) 

Revascularization level, known 200 
(80.6) 

342 
(85.3) 

383 
(82.8) 

854 
(83.2) 

Overall     
Aortoiliac 10 

(5.0) 
27 

(7.9) 
47 

(12.3) 
78 

(9.3)++ 
   Endovascular 7/10 

(70.0) 
21/27 
(77.8) 

21/40 
(52.5) 

45/72 
(62.5) 

   Surgery 3/10 
(30.0) 

3/27 
(11.1) 

9/40 
(22.5) 

15/72 
(20.8) 

   Endovascular + surgeryNA 0/10 
(0.0) 

3/27 
(11.1) 

10/40 
(25.0) 

12/72 
(16.7) 

Femoropopliteal 125 
(62.5) 

208 
(60.8) 

234 
(61.1) 

526 
(61.6) 

   Endovascular 77/112 
(68.8) 

141/180 
(78.3) 

150/189 
(79.4) 

342/451 
(75.8)+ 

   Surgery 27/112 
(24.1) 

30/180 
(16.7)b 

27/189 
(14.3)bb 

80/451 
(17.7)--- 

   Endovascular + surgery 8/112 
(7.1) 

9/180 
(5.0) 

12/189 
(6.3) 

29/451 
(6.4) 

Infrapopliteal 84 
(42.0) 

152 
(44.4) 

164 
(42.8) 

366 
(42.9) 

   Endovascular 66/76 
(86.8) 

119/132 
(90.2) 

115/138 
(83.3) 

273/316 
(86.4) 

   Surgery 8/76 
(10.5) 

6/132 
(4.5) 

14/138 
(10.1) 

26/316 
(8.2) 

   Endovascular + surgery 2/76 
(2.6) 

7/132 
(5.3) 

9/138 
(6.5) 

17/316 
(5.4) 
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 Audit 2 
(N=248) 

Audit 3 
(N=401) 

Audit 4 
(N=457) 

All pts 
(N=1,026) 

Allowing for combinations     
Only aortoiliac 8 

(4.0) 
18 

(5.3) 
23 

(6.0) 
45 

(5.3) 
   Endovascular 6/8 

(75.0) 
14/18 
(77.8) 

15/19 
(78.9) 

31/41 
(75.6) 

   Surgery 2/8 
(25.0) 

3/18 
(16.7) 

3/19 
(15.8) 

8/41 
(19.5) 

   Endovascular + surgeryNA 0/8 
(0.0) 

1/18 
(5.6) 

1/19 
(5.3) 

2/41 
(4.9) 

Only femoropopliteal 106 
(53.0) 

167 
(48.8) 

182 
(47.5) 

423 
(49.5) 

   Endovascular 65/94 
(69.1) 

110/143 
(76.9) 

118/142 
(83.1)b 

275/357 
(77.0)+ 

   Surgery 23/94 
(24.5) 

29/143 
(20.3) 

19/142 
(13.4)b 

67/357 
(18.8)-- 

   Endovascular + surgery 6/94 
(6.4) 

4/143 
(2.8) 

5/142 
(3.5) 

15/357 
(4.2) 

Only infrapopliteal 67 
(33.5) 

115 
(33.6) 

120 
(31.3) 

277 
(32.4) 

   Endovascular 55/60 
(91.7) 

90/99 
(90.9) 

86/96 
(89.6) 

212/234 
(90.6) 

   Surgery 5/60 
(8.3) 

5/99 
(5.1) 

8/96 
(8.3) 

16/234 
(6.8) 

   Endovascular + surgeryNA 0/60 
(0.0) 

4/99 
(4.0) 

2/96 
(2.1) 

6/234 
(2.6) 

Aortoiliac + femoropopliteal 2 
(1.0) 

5 
(1.5) 

14 
(3.7) 

20 
(2.3) 

Aortoiliac + infrapoplitealNA 0 
(0.0) 

1 
(0.3) 

6 
(1.6) 

6 
(0.7) 

Femoropopliteal + infrapopliteal 17 
(8.5) 

33 
(9.6) 

34 
(8.9) 

76 
(8.9) 

   Endovascular 11/16 
(68.8) 

25/29 
(86.2) 

27/32 
(84.4) 

55/69 
(79.7) 

   Surgery 3/16 
(18.8) 

1/29 
(3.4) 

3/32 
(9.4) 

7/69 
(10.1) 

   Endovascular + surgery 2/16 
(12.5) 

3/29 
(10.3) 

2/32 
(6.3) 

7/69 
(10.1) 

Aortoiliac + femoropopliteal + 
infrapopliteal 

0 
(0.0) 

3 
(0.9) 

4 
(1.0) 

7 
(0.8) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Denominators in sections on 
revascularization type are cases with known revascularization type. 
 
The levels at which revascularizations were performed did not show particular associations 
with vascular imaging practices during follow-up, nor with PEDIS perfusion grade at 
presentation (data not shown). Thus, the increased use of arterial duplex exams (in isolation) 
was evident at all revascularizations levels. 
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Figure 19A shows the between-centre variation in the reported performance of 
revascularization in patients with PAD, stratified by PEDIS perfusion grade. The data of 
audits 2-4 were pooled to have sufficiently precise estimates. Half of the centres 
revascularized between 20 and 43% of patients with PEDIS perfusion grade 2. A quarter of 
the centres revascularized fewer patients and another quarter revascularized more. Similarly, 
half of the centres revascularized between 57 and 83% of patients with PEDIS perfusion 
grade 3, with a quarter of the centres on each side of this range. 
 
Figure 19B shows that between-centre variation was smallest for aortoiliac revascularizations 
and largest for infrapopliteal revascularizations. There were 5 centres who sampled no 
patients with infrapopliteal revascularizations in audits 2-4. These centres tended to have 
reported a lower absolute number of revascularization (with known revascularization level). 
 
Finally, Figure 19C shows that between-centre variation was larger for surgical 
revascularizations than for endovascular revascularizations. 
 

 
Figure 19: Distribution of the centre-specific rate s at which revascularization was performed, pooled data 
from audits 2-4. A. Revascularization rate stratifi ed by PEDIS perfusion grade. B. Proportion of all 
revascularizations performed at the mentioned level . C. Proportion of all revascularization according t o 
the mentioned type. Points show the centre-specific rates; their color-coding is explained in the Metho ds 
section. Boxplots are shown in the background. The overall rate is shown by a black horizontal marker.  
 
The results in Table 37 already showed that imaging practices, angiography in particular, 
were strongly associated with revascularization practices. If we assume that reported 
angiographies took place before revascularizations, the data suggest that the decision to 
perform angiography or not may have an impact on the subsequent revascularization rates. 
We sought to investigate this process at the centre-level. First, Figure 20 shows the 
association of angiography with total revascularization rate at the centre level (open blue 
squares) for pooled data of audits 3-4. This association was positive and statistically 
significant (Pearson correlation coefficient r = 0.58, p < 0.001). The correlation of vascular 
imaging in general (angiography and/or arterial duplex exam) with revascularization rate was 
less outspoken and did not reach statistical significance (data not shown, Pearson correlation 
coefficient r = 0.33, p = 0.055). Second, Figure 20 shows the rate of revascularizations with a 
reported angiography (closed red circles). This rate is always lower or equal to the total 
revascularization rate. This analysis shows that some centres reported an angiography for 
every sampled patient who received revascularization (5 out of 35 centres participating in 
audits 3-4). In other centres revascularizations were performed without reported 
angiographies and this to varying extents: in most cases these patients received arterial duplex 
exams instead of angiography (data not shown); only rarely was there no imaging performed 
at all (see also Table 37). Third, the identity line (green) in Figure 20 allows estimating the 
proportion of angiographies that resulted in revascularization, if we assume the former 
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preceded the latter. The identity line shows the actual angiography rate, while the closed red 
circles show angiographies with reported revascularizations (or vice versa). The further the 
distance between both, the higher the proportion of angiographies that did not lead to 
revascularization. Figure 20 shows that also in this regard there was variation between 
centres: in some centres almost all angiographies were accompanied with a reported 
revascularization, whereas in others this rate was lower. 
 

 
Figure 20: Association of angiography rate with tot al revascularization rate (open blue squares) or 
revascularizations with reported angiography (close d red circles), at the centre level for pooled data  of 
audits 3-4. The distance between the closed red cir cles and the green identity line allows estimation of 
the proportion of cases in which co-reporting of an giography and revascularization occurred. N = 35 
centres. 
 
Considering all revascularizations since audit 2, centre language was significantly associated 
with centre-specific revascularization rates, but this difference was no longer statistically 
significant after stratification for PEDIS perfusion grade. Centre wave or hospital type was 
not significantly associated with the centre-specific rates. Revascularization rates at specific 
levels were not significantly associated with centre characteristics. The repartition of 
endovascular vs. surgical revascularization was significantly associated with centre language. 
Endovascular revascularization was reported for a median (IQR) of 76.7% (72.7-82.0%) of 
revascularized patients in Dutch-speaking centres, compared to 64.9% (53.6-75.0%) in 
French-speaking centres (p < 0.05). By contrast, surgical revascularization was reported for a 
median (IQR) of 10.0% (1.9-21.8%) of revascularized patients in Dutch-speaking centres, 
compared to 21.1% (16.0-30.2%) in French-speaking centres (p < 0.05). 
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3.5.4.4.6. Discussion and conclusions on the use of revascularization 
 
IQED-Foot shows that overall revascularization rates were high and stable over time. The 
Eurodiale study reported rates of 28% in patients with PAD and 43% in patients with severe 
PAD (ABI < 0.50), much lower than the rates in IQED-Foot.124 In the German quality 
improvement initiative a similar rate of 28% in patients with PAD was reported for the period 
2005-2012.52 An observational single-centre study in a vascular surgery service in the US 
reported a revascularization rate of 48% in patients with PAD and DFUs between 2002 and 
2007.50 An observational single-centre study in Switzerland including 185 diabetic patients 
with CLI between 1999 and 2004, reported a revascularization rate of 78%.148 A single Italian 
expert centre studying a cohort of 344 unselected diabetic patients with CLI and similar or 
higher co-morbidity compared to IQED-Foot, reported a revascularization rate of 97% in 
2009, suggesting that revascularization was technically feasible in almost all patients.150 
However, while revascularization may be technically feasible in many cases, it is no 
guarantee for an outcome that is valued by the patient. For example, amputation and 
subsequent provision of adequate prosthetics may be preferable to revascularization if the 
outcome of the revascularization or its impact on DFU healing are considered uncertain or 
negative.143–145 
 
Over 80% of patients who were sampled in IQED-Foot since 2008 and who received 
revascularizations, received an endovascular procedure. In 2003-2004, the Eurodiale study 
still reported more surgical than endovascular revascularizations,124 in part due to 
geographical differences in policies and availability of techniques but also due to the fast 
advances in the field of endovascular interventions in more recent years.151 An observational 
study which ran from 1999 to 2004, and which included 144 diabetic patients with CLI who 
underwent revascularization, reported endovascular revascularization in 83% of patients.148 
The study by Faglia et al. (cited above) found that in their cohort about 10% of limbs could 
not be revascularized using an endovascular approach. Given these data, the rate of surgical 
interventions reported in IQED-Foot of about 15-20% suggests that the surgical approach was 
rarely a choice and most often a necessity. Nevertheless, surgical rates differed according to 
centre language, suggesting that there may still have existed different policies, preferences 
and availabilities with regard to endovascular techniques. However, this finding also needs to 
be interpreted in the light of the limited evidence to suggest that either endovascular or 
surgical procedures are superior.146,147 
 
Over 75% of patients with PEDIS perfusion grade 3 who did not receive revascularization, 
did receive vascular imaging. This observation suggests that when a decision was made in 
these cases not to revascularize, it may have been in part based on the results of vascular 
imaging. For example, the extent or the localization of the arterial lesions may have precluded 
successful revascularization. In the remaining patients who did not receive vascular imaging, 
patient-related factors may have served as contraindications for revascularization (see below), 
or for vascular imaging (angiography) itself (see section  3.5.4.4.3).  
 
As discussed in section  3.5.4.4.4 an increasing proportion of patients who received 
revascularization only received arterial duplex exams and no angiography during follow-up or 
they received both duplex and angiography. This was more obvious in patients with PEDIS 
perfusion grade 2 (vs. grade 3) and patients eventually undergoing endovascular 
revascularizations (vs. surgical). There was no association with revascularization level, 
meaning that infrapopliteal revascularizations were performed without angiography to a 
similar extent as revascularizations at more proximal levels. We have insufficiently detailed 
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information to judge whether the angiography rate for revascularizations at the level of the 
pedal arteries were higher. A further limitation is that we do not gather information on the 
level of the lesions, only on the level of the eventual revascularization. Taken together, these 
observations suggest that in patients where there was doubt about the level of ischemia and 
the resulting potential for healing, there was a growing preference for a first-line, non-
invasive, non-radiation and non-contrast-based, low-risk solution towards vascular imaging, 
later followed by angiography. The data suggest that in a proportion of cases of PEDIS 
perfusion grade 2, the intervention was based on results from a duplex exam only.  
 
As with vascular imaging, the odds of revascularization increased with patient co-morbidity 
and ulcer severity. Interestingly, larger ulcer surface area increased the odds of 
revascularization, but mostly in patients with PEDIS perfusion grade 3. This suggests than in 
patients with PEDIS perfusion grade 2 conservative treatment (i.e. no revascularization) was 
considered regardless of ulcer surface area, or even that conservative treatment was more 
likely in case of larger ulcers (when considering angiography + revascularization). In patients 
with PEDIS perfusion grade 3 the results suggest that centres perceived a more urgent need to 
revascularize in case of larger ulcers, possibly because they considered the likelihood of DFU 
healing low without revascularization. 
 
While we found no statistical evidence that infrapopliteal revascularizations were performed 
in specific types of centres, there were 5 centres that sampled no patients with infrapopliteal 
revascularizations in audits 2-4. However, this may be due to sampling issues rather than 
actually different practices. 
 
The results suggest that the performance of vascular imaging, angiography in particular, was 
intimately linked to the performance of revascularizations, also at the centre-level. If we 
assume that the reported angiographies were part of pre-interventional planning, the results 
further suggest that centres had different policies with regard to which patients to consider for 
a vascular diagnostic work-up and subsequent revascularization. 
 
An important question is whether revascularization led to improved outcomes. This question 
is difficult to answer in an observational study such as IQED-Foot, as we cannot exclude 
indication bias, a scenario in which patients with ulcers having an intrinsically lower 
probability of healing are also more likely to receive revascularization. The results presented 
in this section suggest that there is in fact a high likelihood of indication bias. Because of 
these difficulties, the association of processes and outcomes was not studied in this report. 
 
Box 10: Conclusions on the use vascular imaging and  revascularization 

• In patients with PAD at presentation the overall rate of vascular imaging was 
high and it remained stable between audits 3 and 4. However, in audit 4 
imaging seemed to rely more on arterial duplex exams and less on 
angiographies. 

• In patients without PAD at presentation, vascular imaging, mainly arterial 
duplex exams, was increasingly performed between audits 3 and 4. 

• IQED-Foot has no data on the timing of the vascular imaging exams relative to 
the vascular intervention, thus limiting the interpretation of the results. 

• With regard to revascularization, the rates in patients with PAD were high 
compared to other studies. 
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• Endovascular procedures made up the bulk of revascularizations. The rates of 
surgical revascularizations were comparable to the literature.  

• Performance of angiography and revascularization were intimately linked. 
Centres with low angiography rates tended to have lower revascularization 
rates, suggesting that different thresholds to commence a vascular diagnostic 
work-up existed and that they resulted in different revascularization rates. 

• Patients with larger and more severe ulcers were more likely to receive 
vascular imaging and revascularization. This suggests that the clinical decision 
to commence a vascular diagnostic work-up and revascularize was preceded 
by an evaluation of DFU healing potential and the potential benefit of 
revascularization. 

 

3.5.4.5. Orthopaedic surgery 

3.5.4.5.1. Current recommendations and background 
 
The role of orthopaedic surgery in the care of DFU is diverse and is situated both in treatment 
and prevention of ulcer recurrence.152 Because the IQED-Foot questionnaire treats these 
different aspects in one section of the questionnaire, the presentation of the results will follow 
this approach. However, it should not be forgotten that there is a complex interplay between 
the items discussed in this section and those in other sections. 
 
First, orthopaedic surgery may be indicated in cases of severe infection and tissue necrosis, 
especially of the bony parts of the foot (i.e. osteomyelitis), in which bedside debridement is 
insufficient to remove all such tissue. The aim is to limit the spread of limb-threatening 
infection. Depending on the extent and depth of infection and necrosis, surgical debridement, 
minor or major amputation may prove necessary. Surgical debridement implies removal of 
tissue without changing the general outward appearance of the foot and the LL. By contrast, 
amputation should be regarded as a change to the general outward appearance of the foot.108 
For example, removal of infected/necrotic bone and other tissue without resection of a toe or 
other part of the foot is considered surgical debridement, as it maintains the general outward 
appearance of the foot, and only disturbs the internal architecture. By contrast, resection of a 
toe, a ray, or parts of the foot or leg is considered amputation. Amputations are usually 
categorized as minor (below the ankle), and major (above the ankle). In turn, major 
amputations may be below or above the knee. 
 
It should be mentioned that not all cases of DFU with infection and/or necrosis require 
orthopaedic surgery. They may also be treated by bedside debridement and pharmacological 
(antibiotic) treatment. Recent studies suggest that to combat deep infection and/or 
osteomyelitis, surgical debridement on the one hand and bedside debridement with 
pharmacological therapy with antibiotics on the other may be equivalent in achieving healing 
in patients without ischemia or necrosis, but they are associated with differences in adverse 
events and costs.153–155 Older studies found that early surgical debridement lowered the risk of 
major amputation compared to medical treatment.156 Regardless of the presence of infection, 
the evidence on the impact of surgical debridement on healing is limited and contradictory,157–

159 although the timing of surgical debridement may be important.160 Bedside debridement 
which includes the removal of callus and necrotic tissue may reduce peak pressure by 26%161 
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and is considered standard practice for virtually all DFUs, except non-infected ulcers with 
signs of severe ischemia.34 
 
The natural history of amputations should be considered before the procedure because this 
may have an impact on the ease with which adequate footwear can be provided and ulcer 
recurrence can be prevented.108 For example, amputation of medial rays will transfer force to 
the first remaining medial ray. If multiple medial rays are involved a midfoot 
(transmetatarsal) amputation could be considered as an alternative, as this will make it easier 
to provide adequate shoes.162 
 
When severe ischemia is present, infection and its spread are usually controlled first, 
pharmacologically or surgically, before revascularization is considered, although sometimes 
revascularization and surgical debridement or amputation are performed in one session.152,163 
If major amputation is considered, it is good practice to first evaluate the potential benefit of 
revascularization by consulting a vascular surgeon.34,55 
 
Second, orthopaedic surgery may be a means to promote ulcer healing. It usually does so by 
correcting foot anatomy to prevent high-pressure areas.164 This is why this type of surgery is 
also called “surgical off-loading”. A recent systematic review identified the following 
procedures that may be used in this context: Achilles tendon lengthening, single or pan 
metatarsal head resection, metatarsophalangeal joint arthroplasty, osteotomy, digital flexor 
tenotomy, and others.21,165 Their application goes beyond primary ulcer healing and also aims 
at preventing ulcer recurrence.21 Because these surgeries also carry potential risks (e.g. 
reduced mobility, transfer ulcers), they should be restricted to patients with non-healing or 
recurrent ulcers.21 A recent systematic review suggested that the effects on healing are inferior 
to those on recurrence.165 The IWGDF recommends surgery as a means to heal an ulcer only 
if conservative treatment has failed.114 The result of surgical debridement may be plantar 
pressure reduction, e.g. if infected metatarsal heads are resected, but its primary aim remains 
infection control and not pressure reduction. 
 

3.5.4.5.2. Items in the IQED-Foot questionnaire 
 
With regard to debridement, the items in the IQED-Foot questionnaire changed over time. In 
audit 1, debridement occurring during the first two months of follow-up was captured in an 
item termed “Debridement of deep structures and/or of osteomyelitis and/or amputation”. 
Although this formulation did not explicitly exclude bedside debridement, inclusion of the 
terms “deep” and “osteomyelitis” would have guided centres towards reporting surgical rather 
than bedside debridement. Importantly, amputation was included in the same category, thus 
making it impossible to properly interpret the findings. In audit 2, there was a separate item 
on debridement occurring during the 6-month follow-up, termed “debridement (to sanitize the 
ulcer)”. This formulation is very broad and thus the data may have included both bedside and 
surgical debridement. Audit 3 did not include an item on debridement because earlier 
formulations were deemed inadequate and a better formulation was not yet available. In audit 
4 an item termed “surgical debridement (in operating theatre)” was introduced. 
 
With regard to amputation there also were changes over time. Audit 1 only captured 
amputations during months 3-12 of follow-up. Amputations were categorized as “limited to 
the foot”, “below the knee” or “above the knee”. From audit 2 onwards there were separate 
items for minor and major amputations. In audit 2, these items were not explicitly defined. In 
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audit 3, minor amputation was defined as amputation of “toe, ray or forefoot” and major 
amputation was not explicitly defined. In audit 4, minor/major amputation was defined as an 
amputation “where heel support remains/is no longer possible”. Despite the changes to the 
definitions, the concepts of minor and major amputation can be expected to be sufficiently 
known and understood, so that the impact of the changes on the results is probably small. 
 
With regard to surgical off-loading, audit 1 captured the procedures occurring in the first two 
months of follow-up in an item termed “correction overpressure”. From audit 2 onwards the 
same formulation captured the procedures during the 6-month follow-up. From audit 3 
onwards, examples were provided (Achilles tendon lengthening, resection of head of 
metatarsal). 
 

3.5.4.5.3. Results 
 
In this section we will present the overall rates at which (surgical) debridement, minor and 
major amputations were performed, as well as the rates of surgical off-loading. 
 
Table 42 shows that the proportion of patients receiving minor amputations increased 
significantly across audits. The proportion of patients receiving major amputations decreased 
significantly, especially between audits 3 and 4. The proportion of patients receiving surgical 
off-loading was very variable from one audit to the other. The significant decrease in the 
proportion of patients receiving debridement probably reflects the increasingly narrow 
definition of “debridement”. 
 
Table 42: Use of orthopaedic surgery in patients wi th DFUs, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

Trend 

Overall      
Debridement(1) 355 

(33.7) 
172 

(17.5) 
- 179 

(10.2) 
--- 

Minor amputation 136 
(12.9) 

166 
(16.9) 

307 
(19.4)a 

369 
(21.1)aa 

++ 

Major amputation 52 
(4.9) 

35 
(3.6) 

65 
(4.1) 

45 
(2.6)aa 

-- 

Surgical off-loading 12 
(1.2) 

72 
(7.3) 

67 
(4.2)a 

45 
(2.6) 

 

Unknown orthopaedic 
surgery status 

40 
(3.8) 

135 
(13.7)aa 

57 
(3.6)bb 

25 
(1.4)bb 

--- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
(1) Included amputations in audit 1, bedside and surgical debridement in audit 2, and surgical debridement only in 
audit 4. 
 
Combinations of minor and major amputations were rare. Combinations with debridement 
were not investigated due to the changing definitions and lack of data in audit 3. 
Combinations with surgical off-loading did not show specific patterns. 
 
As presented in the introduction to this section, surgery is usually necessary in case of severe 
infection and/or gangrene in order to resect non-viable tissue. We therefore investigated the 
surgery rates as a function of PEDIS infection grade, a classification promoted by the IWGDF 
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and also adopted by the Infectious Diseases Society of America (IDSA), and as a function of 
PEDIS perfusion grade. Associations with the UT classification were also investigated. 
However, the dichotomous nature of the stages (infection yes/no, ischemia yes/no), hid 
important differences in the most extreme categories of both PEDIS infection and perfusion 
grades. Moreover, for infected ulcers PEDIS infection grades and PEDIS depth grades (= UT 
grades) corresponded well, in the sense that deep and systemic infections only occurred in 
deep ulcers and ulcers with probe-to-bone. Therefore, PEDIS infection grades also contained 
information about depth (UT grades), further decreasing the attractiveness of analyses as a 
function of UT classification. 
 
Table 43 shows the association of surgical debridement with PEDIS infection and perfusion 
grades. Only data from audit 4 were included here, because this was the only audit in which 
the definition of debridement was unambiguous. The table shows that for patients without 
ischemia or with subcritical ischemia, rates of surgical debridement increased significantly as 
the infection grade increased. In patients with critical ischemia, there was no significant 
association with infection grade, possibly due to the low sample size. In none of the infection 
grades were rates of surgical debridement significantly associated with perfusion grades. 
 
Table 43: Association between the use of surgical d ebridement and PEDIS infection and perfusion grades 
of the patient’s index DFU at presentation, audit 4 . 

 No ischemia Subcritical 
ischemia 

Critical 
ischemia 

Total 

No infection 7/222 
(3.2) 

4/166 
(2.4) 

4/48 
(0.8) 

15/436 
(3.4) 

Superficial 
infection 

12/231 
(5.2) 

24/261 
(9.2)* 

2/56 
(3.6) 

38/548 
(6.9) 

Deep infection 41/261 
(15.7)***  

46/281 
(16.4)***  

15/95 
(15.8) 

102/637 
(16.0) 

Systemic infection 13/35 
(37.1)***  

5/22 
(22.7)***  

3/18 
(16.7) 

21/75 
(28.0) 

Total 73/749 
(9.7) 

79/730 
(10.8) 

24/217 
(11.1) 

176/1,696 
(10.4) 

PEDIS infection and/or perfusion grades were missing for 51 patients 
*, **, ***  p < 0.05, p < 0.01, p < 0.001 vs. no infection. 
#, ##, ### p < 0.05, p < 0.01, p < 0.001 vs. no ischemia. 
 
Table 44 shows the association of minor amputation with PEDIS infection and perfusion 
grades in all unique patients since audit 1. The table shows that for patients without ischemia 
or with subcritical ischemia, minor amputation rates increased significantly as the infection 
grade increased. In patients with critical ischemia, there was no significant association with 
infection grade. Except for patients with systemic infection, minor amputation rates increased 
as the grade of ischemia increased. 
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Table 44: Association between the use of minor ampu tation and PEDIS infection and perfusion grades of 
the patient’s index DFU at presentation, all unique  patients since audit 1. 

 No ischemia Subcritical 
ischemia 

Critical 
ischemia 

Total 

No infection 22/543 
(4.1) 

33/463 
(7.1) 

36/141 
(25.5)### 

91/1,147 
(7.9) 

Superficial 
infection 

31/603 
(5.1) 

80/711 
(11.3)**### 

36/162 
(22.2)### 

147/1,476 
(10.0) 

Deep infection 143/662 
(21.6)***  

239/777 
(30.8)***###  

126/361 
(34.9)### 

508/1,800 
(28.2) 

Systemic infection 31/94 
(33.0)***  

32/79 
(40.5)***  

22/62 
(35.5) 

85/235 
(36.2) 

Total 227/1,902 
(11.9) 

384/2,030 
(18.9) 

220/726 
(30.3) 

831/4,658 
(17.8) 

PEDIS infection and/or perfusion grades were missing for 167 patients. 
*, **, ***  p < 0.05, p < 0.01, p < 0.001 vs. no infection. 
#, ##, ### p < 0.05, p < 0.01, p < 0.001 vs. no ischemia. 
 
Table 45 shows the association of major amputation with PEDIS infection and perfusion 
grades in all unique patients since audit 1. The table shows that for patients without ischemia 
or with critical ischemia, major amputation rates increased significantly as the infection grade 
increased. In patients with subcritical ischemia, there was no significant association with 
infection grade. Regardless of infection grade, major amputation rates increased as the grade 
of ischemia increased. 
 
Table 45: Association between the use of major ampu tation and PEDIS infection and perfusion grades of 
the patient’s index DFU at presentation, all unique  patients since audit 1. 

 No ischemia Subcritical 
ischemia 

Critical 
ischemia 

Total 

No infection 2/543 
(0.4) 

18/463 
(3.9)### 

9/141 
(6.4)### 

29/1,147 
(2.5) 

Superficial 
infection 

3/603 
(0.5) 

24/711 
(3.4)## 

18/162 
(11.1)### 

45/1,476 
(3.0) 

Deep infection 10/662 
(1.5) 

25/777 
(3.2) 

38/361 
(10.5)### 

73/1,800 
(4.1) 

Systemic infection 4/94 
(4.3)* 

5/79 
(6.3) 

14/62 
(22.6)***###  

23/235 
(9.8) 

Total 19/1,902 
(1.0) 

72/2,030 
(3.5) 

79/726 
(10.9) 

170/4,658 
(3.6) 

PEDIS infection and/or perfusion grades were missing for 167 patients. 
*, **, ***  p < 0.05, p < 0.01, p < 0.001 vs. no infection. 
#, ##, ### p < 0.05, p < 0.01, p < 0.001 vs. no ischemia. 
 
In audit 4, as infection and ischemia grades increased, the proportion of patients receiving 
both surgical debridement and amputation during follow-up increased (data not shown). 
 
With regard to minor and major amputations, we next investigated whether the evolutions 
observed in Table 42 were seen in all ulcers or only in ulcers with certain PEDIS infection 
and perfusion grades. Due to sample size limitations, the association with PEDIS infection 
and PEDIS perfusion grades was investigated separately. 
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Table 46 shows that the increase in minor amputation rates was a gradual process in all ulcer 
severity categories. However, the increase seems to have occurred sooner in cases with deep 
infection, systemic infection or PAD (primarily between audits 1 and 2) than in cases without 
infection, superficial infection or without PAD (primarily between audits 3 and 4). 
 
Table 46: Association between the use of minor ampu tation and PEDIS infection and perfusion grades of 
the patient’s index DFU at presentation, audits 1-4 . 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

By PEDIS infection grade      
No infection 10/192 

(5.2) 
17/258 
(6.6) 

21/390 
(5.4) 

55/439 
(12.5)cc 

91/1,160 
(7.8)++ 

Superficial infection 27/295 
(9.2) 

23/307 
(7.5) 

61/525 
(11.6) 

69/561 
(12.3) 

152/1,498 
(10.1)+ 

Deep infection 86/464 
(18.5) 

108/352 
(30.7)a 

184/560 
(32.9)aa 

209/645 
(32.4)aaa 

512/1,819 
(28.1)+++ 

Systemic infection 7/45 
(15.6) 

16/46 
(34.8) 

38/93 
(40.9)a 

32/75 
(42.7)a 

85/237 
(35.9)++ 

Unknown infection gradeNA 6/57 
(10.5) 

2/22 
(9.1) 

3/15 
(20.0) 

4/27 
(14.8) 

14/111 
(12.6) 

By PEDIS perfusion grade      
No ischemia 33/354 

(9.3) 
46/375 
(12.3) 

78/662 
(11.8) 

111/756 
(14.7) 

228/1,918 
(11.9)+       

Subcritical ischemia 56/429 
(13.1) 

77/437 
(17.6) 

145/685 
(21.2)aa 

166/737 
(22.5)aa 

386/2,038 
(18.9)++ 

Critical ischemia 40/206 
(19.4) 

41/150 
(27.3) 

79/207 
(38.2)a 

84/219 
(38.4)a 

222/731 
(30.4)+++ 

Unknown perfusion gradeNA 7/64 
(10.9) 

2/23 
(8.7) 

5/29 
(17.2) 

8/35 
(22.9) 

18/138 
(13.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 
Table 47 shows that the decrease in major amputation rates was a gradual process in most 
ulcer severity categories. The decreases were rarely statistically significant due to the rare 
nature of major amputations. However, the decrease seems to be less outspoken in cases with 
systemic infection and in cases of critical ischemia. 
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Table 47: Association between the use of major ampu tation and PEDIS infection and perfusion grades of 
the patient’s index DFU at presentation, audits 1-4 . 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

By PEDIS infection grade      
No infection 5/192 

(2.6) 
6/258 
(2.3) 

13/390 
(3.3) 

6/439 
(1.4) 

29/1,160 
(2.5) 

Superficial infection 10/295 
(3.4) 

9/307 
(2.9) 

20/525 
(3.8) 

11/561 
(2.0) 

45/1,498 
(3.0) 

Deep infection 28/464 
(6.0) 

14/352 
(4.0) 

20/560 
(3.6) 

21/645 
(3.3) 

73/1,819 
(4.0) 

Systemic infection 4/45 
(8.9) 

5/46 
(10.9) 

11/93 
(11.8) 

6/75 
(8.0) 

24/237 
(10.1) 

Unknown infection gradeNA 5/57 
(8.8) 

1/22 
(4.5) 

1/15 
(6.7) 

1/27 
(3.7) 

8/111 
(7.2) 

By PEDIS perfusion grade      
No ischemia 7/354 

(2.0) 
3/375 
(0.8) 

7/662 
(1.1) 

5/756 
(0.7) 

19/1,918 
(1.0)       

Subcritical ischemia 18/429 
(4.2) 

15/437 
(3.4) 

32/685 
(4.7) 

16/737 
(2.2)d 

73/2,038 
(3.6)- 

Critical ischemia 21/206 
(10.2) 

16/150 
(10.7) 

26/207 
(12.6) 

24/219 
(11.0) 

80/731 
(10.9) 

Unknown perfusion gradeNA 6/64 
(9.4) 

1/23 
(4.3) 

0/29 
(0.0) 

0/35 
(0.0) 

7/138 
(5.1) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 
Table 48 shows that in audit 4 the odds of surgical debridement increased with concomitant 
(active) Charcot foot, Wagner grade (but not in case of gangrene), ulcer surface area, ulcer 
depth, PEDIS infection grade, plantar non-toe location. Odds decreased with older age and 
older age at diabetes diagnosis. Considering surgical debridement without reported 
amputation, a subset of characteristics associated with surgical debridement in general was 
identified. 
 
The odds of minor amputation increased with prior CV events, prior LL revascularization, 
prior minor amputation, (neuro-)ischemic etiology, Wagner grade, PEDIS perfusion grade, 
ulcer surface area, ulcer depth, PEDIS infection grade and additional ipsilateral ulcers. Odds 
decreased with female sex, concomitant (inactive) Charcot foot and plantar non-toe location. 
 
The odds of major amputation increased with prior CV events, prior LL revascularization, 
prior DFU, (neuro-)ischemic etiology, Wagner grade, PEDIS perfusion grade, ulcer surface 
area, dorsal hindfoot location, additional ipsilateral an contralateral ulcers. Odds decreased 
with type 2 diabetes. 
 
In audit 4, the proportion of patients with deep or systemic infection (N = 720) receiving 
surgical debridement and/or amputation was 48.3%. For the remainder no orthopaedic surgery 
was reported. As expected, the characteristics increasing or decreasing the likelihood of any 
surgery (vs. no surgery) in this group were very similar to those affecting the likelihood of 
minor amputation (among all patients), as the latter was the most prevalent surgery. 
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The odds of surgical off-loading increased with concomitant active Charcot foot and plantar 
ulcer location. Odds decreased with renal insufficiency and ESRD. 
 
Centre-specific rates of surgical debridement were only investigated for audit 4. Figure 21A 
shows wide variation in rates, with 5 centres (14.7%) having higher rates than expected and 8 
centres (23.5%) having lower rates than expected. No centre characteristics explained the 
variation. 
 
Figure 21B shows the evolution of the variation of centre-specific minor amputation rates in 
audits 1-4. Median and overall rates increased, but variation remained relatively stable since 
audit 2. From one audit to the next, similar proportions of centres (10-15%) had higher or 
lower rates than expected. Figure 22A shows that only between audits 3 and 4 centre-specific 
rates significantly correlated. No centre characteristics explained the variation. 
 
Figure 21C shows the centre-specific rates for all major amputations performed in audits 1-4. 
Three centres (8.6%) had exceptionally high rates. Seven centres (20%) had exceptionally low 
rates. No centre characteristics explained the variation. 
 
Figure 21D shows the evolution of the variation of centre-specific surgical off-loading rates in 
audits 1-4. It shows that in audit 2 one centre had a very high rate, thus pushing up the overall 
rate (compare to Table 42). It also shows that it is a rare surgery in the majority of centres. 
Figure 22B shows that centre-specific rates were not correlated over time. No centre 
characteristics explained the variation. 
 
Finally we investigated the association between minor and major amputations at the centre-
level (N = 35) for pooled data of audits 1-4. Figure 23A shows that minor amputations rates 
showed a significant and positive correlation with major amputation rates at the centre-level 
(Pearson’s r = 0.45, p = 0.007). 
 
The association between minor and major amputation obscures the fact that there was large 
variation in the major-minor (high-low) ratio (Figure 23B). Overall, 5 minor amputations 
were performed for each major amputation (overall/median high-low ratio of 0.2). However, 
three centres reported minor amputations and no major amputations (high-low ratio of 0); six 
centres reported 3 or fewer minor amputations for each major amputation (high-low ratio in 
excess of 0.30). Importantly, centres with a high high-low ratio also had high major 
amputation rates (Pearson’s r = 0.82, p < 0.001, Figure 23C). A similar correlation was not 
observed with minor amputations (Pearson’s r = -0.06, p = 0.742, Figure 23D). 
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Table 48: Patient and limb/ulcer characteristics ass ociated with the performance of specific orthopaedi c 
surgeries, audit 4. 

 

Predictor Su
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Older age, per 10 year change (/10 y) 0.83 0.87 0.98 1.11 0.95 0.84

Female sex 0.95 1.07 0.70 1.09 0.68 1.03

Diabetes type *

   Type 1 ref ref ref ref ref ref

   Type 2 1.02 0.99 0.96 0.39 0.88 0.82

   Other type 1.10 0.01 0.57 0.57 0.44 1.36

Longer diabetes duration (/10 y) 0.97 0.91 1.07 1.12 1.00 0.93

Older age at diabetes diagnosis (/10 y) 0.88 0.92 0.95 0.93 0.97 0.92

Smoking status

   Never smoked ref ref ref ref ref ref

   Ex-smoker 0.89 1.23 0.99 1.12 1.32 0.87

   Current smoker 0.86 0.93 1.05 1.03 1.10 1.07

Renal insufficiency 1.01 1.06 1.35 1.40 1.21 0.31

ESRD 1.30 1.53 1.44 1.66 1.30 0.16

Prior cardiovascular events 0.74 0.76 1.37 1.94 1.14 0.68

Prior lower-limb revascularization 0.94 0.78 1.69 2.32 1.70 0.63

Prior DFU 1.16 0.93 1.15 3.17 1.01 1.17

Prior minor amputation 1.36 0.99 2.07 1.25 1.80 1.09

Prior major amputation 1.50 1.70 0.83 3.07 1.78 NA

Concomitant Charcot foot 1.55 1.83 0.65 0.80 1.31 1.96

Concomitant active Charcot foot 3.77 2.94 0.88 1.28 3.80 4.18

Concomitant inactive Charcot foot 1.03 1.48 0.60 0.68 0.85 1.22

Ulcer etiology * * *

   Neuropathic ref ref ref ref ref ref

   Ischemic 0.55 0.51 1.89 6.46 1.24 0.13

   Neuro-ischemic 1.09 0.78 2.06 6.48 1.57 0.75

   Neither 0.65 0.88 0.77 1.42 0.64 0.38

Ulcer Wagner grade * * * * *

   Grade 2 ref ref ref ref ref ref

   Grade 3 3.03 2.25 5.63 3.61 4.20 1.18

   Grade 4-5 1.83 1.12 9.22 15.8 10.4 0.28

PEDIS perfusion grade * * * *

   Grade 1 ref ref ref ref ref ref

   Grade 2 1.10 0.80 1.79 3.48 1.35 0.92

   Grade 3 0.96 0.62 3.75 18.2 2.72 0.21

PEDIS extent * * * * *

   < 1 cm² ref ref ref ref ref ref

   ≥ 1 cm² and < 3 cm² 1.93 1.80 1.45 5.19 1.77 1.34

   ≥ 3 cm² 4.71 3.71 1.94 10.0 2.95 1.12

PEDIS depth * * * *

   Superficial ref ref ref ref ref ref

   Deep 4.17 5.24 1.28 1.87 1.22 1.41

   Probe to bone 7.77 7.61 6.49 3.29 4.28 1.68

PEDIS infection grade * * * *

   No infection ref ref ref ref NA ref

   Superficial infection 1.75 1.44 1.02 1.38 NA 1.87

   Deep infection 4.76 3.05 3.32 2.30 ref 1.40

   Systemic infection 9.14 4.74 4.93 5.39 2.13 1.08

Loss of protective sensation 1.77 1.30 1.19 0.99 1.45 3.73

Plantar ulcer location 1.42 1.50 0.58 0.61 0.78 1.86

Detailed ulcer location * * * * *

   Plantar toes ref ref ref ref ref ref

   Dorsal toes 1.07 1.41 1.28 0.93 1.38 0.53

   Plantar midfoot 3.26 4.89 0.39 0.60 1.04 1.63

   Dorsal midfoot 1.99 2.24 0.88 1.07 1.17 1.45

   Plantar hindfoot 2.73 5.05 0.06 0.69 0.71 0.97

   Dorsal hindfoot 2.96 5.29 0.18 2.71 0.93 0.19

More ulcers on same foot 1.24 1.03 1.42 2.33 1.29 1.05

More ulcers on other foot 0.98 0.92 0.87 2.24 0.86 0.80
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Figure 21: Distribution of the centre-specific rate s at which orthopaedic surgery was performed. A. 
Surgical debridement in audit 4 (34 centres). B. Min or amputation in audits 1-4 (20, 19, 32 and 34 cent res 
respectively). C. Major amputation, pooled data fro m audits 1-4 (35 centres). D. Surgical off-loading i n 
audits 1-4 (20, 19, 32 and 34 centres respectively) . Points show the centre-specific rates; their color -
coding is explained in the Methods section. Boxplot s are shown in the background. The overall rate is 
shown by a black horizontal marker. 
 

 
Figure 22: Correlogram of the centre-specific rates  at which minor amputation (A.) and surgical off-
loading (B.) were performed in audits 1-4. Figures in boxes show the Pearson correlation coefficient. T he 
intensity of the shading corresponds to the strengt h of the correlation. Non-significant correlations are 
crossed out. 
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Figure 23: Association between minor and major ampu tations at the centre-level (N = 35) for pooled dat a 
of audits 1-4. A. Correlation between minor and maj or amputation rates. The colour of the points 
corresponds to sextiles of the high-low ratio (refe r to panel B). B. Distribution of the high-low rati o. The 
colour of the points corresponds to sextiles of the  high-low ratio and this colour coding is used in t he 
other panels of the figure. Boxplots are shown in t he background. The overall rate is shown by a black  
horizontal marker. C. Correlation between major amp utation rates and the high-low ratio. D. Correlatio n 
between minor amputation rates and the high-low rat io. 
 

3.5.4.5.4. Discussion and conclusions 
 
With regard to orthopaedic surgery, IQED-Foot shows that between audits 1 and 4 the minor 
amputation rate increased significantly, while that of major amputation decreased 
significantly. In audit 4, surgical debridement was necessary in about 10% of patients. 
Surgical off-loading was a relatively rare procedure. 
 
As presented in the introduction, the current literature suggests equivalence in terms of 
outcomes of infected ulcers for both surgical debridement and non-surgical approaches, 
consisting of bedside debridement and antibiotics. Because we have no data on the use of 
antibiotics in IQED-Foot, we cannot judge whether the observed surgical debridement rate is 
high or low. We identified no observational studies reporting on surgical debridement rates. 
However, in audit 4 we observed that about half of the patients with deep or systemic 
infection received surgery (debridement and/or amputation), suggesting that the other half 
was treated with bedside debridement and antibiotics only. 
 
The minor amputation rate in IQED-Foot, especially in later audits, was comparable to that 
reported in other studies. The Eurodiale study reported a rate of 18% in 2003-2004.166 The 
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German quality improvement initiative reported rates in the range of 15-24% between 2005-
2011.52 Confirming previous findings of the Eurodiale study,166 the likelihood of minor 
amputation increased with ulcer severity. Although ulcer severity increased the likelihood of 
both minor amputation and surgical debridement, there was a clear difference between ulcers 
where minor amputation was performed and those where surgical debridement was 
performed. Ischemia or gangrene did not increase the likelihood of debridement but 
significantly increased the likelihood of minor amputation. Plantar mid and hindfoot ulcer 
location increased the likelihood of debridement; toe location increased that of minor 
amputation. Taken together, ulcer etiology (ischemic vs. non-ischemic) and its relation to 
ulcer location (toe or non-toe location) seemed to determine the surgical approach. 
 
Major amputation rate is regarded as an important quality of care indicator at a regional or 
national level, as it is the ultimate and undesirable outcome of DFU and thus captures all the 
steps in between, relating both to prevention and treatment. At the level of centres treating 
DFUs, major amputation is sometimes inevitable (e.g. referral of a patient with a “lost” limb) 
and should therefore not be used as the primary quality indicator of care provided. Because 
DFU is always undesirable, ulcer healing may be a better indicator of quality.91 These aspects 
are discussed in more detail in the section on outcomes.  
 
The decrease of the major amputation rate was most obvious in the group of least severe 
ulcers, suggesting that over time centres increasingly looked for more conservative treatment 
strategies in these patients. 
 
As with minor amputation, likelihood of major amputation increased with ulcer severity, 
although some aspects of ulcer severity did not reach statistical significance, possibly due to 
power issues related to the rare nature of major amputation. Interestingly and in contrast to 
minor amputations, heel ulcers, by virtue of their specific location, increased the likelihood of 
major amputation. 
 
The results show that centres that had high minor amputations rates also had higher major 
amputation rates, suggesting that the likelihood that a patient received any amputation was 
either high or low, depending on the centre in which he was treated. A similar but more 
pronounced positive correlation between minor and major amputations was observed in a 
study investigating regional differences in amputation rates in the UK.48 A study in the US 
observed a positive correlation between a centre’s major amputation rate and its high-low 
(major-minor) ratio, and thus proposed to use the latter as a quality indicator; the idea behind 
this indicator being that optimal use of minor amputations will lead to fewer major 
amputations.167 This latter study observed that centres performing many major amputations, 
performed fewer minor amputations and vice versa, i.e. an inverse relationship. In that 
context, the use of the high-low ratio as a quality indicator makes sense. However, in IQED-
Foot minor and major amputation rates were positively and not inversely correlated. This 
raises the question how the positive correlation between a centre’s major amputation rate and 
its high-low ratio should be interpreted. It could be argued that centres with a high ratio 
should look at ways to increase their minor amputation rate at the expense of major 
amputations, or at least try to understand why major amputation was chosen. This 
argumentation is supported by the observation that among the four centres with a high minor 
amputation rate of 30%, two had a major amputation rate around 2% and the other two had a 
rate around 10%, i.e. 5 times higher (Figure 23A). What was different in these centres? The 
IQED-Foot results suggest that the likelihood of both minor and major amputation increased 
with ulcer severity. Thus, differences in ulcer severity may explain in part these differences. 
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However, also treatment policy and the decision-making process leading up to an amputation 
may explain these differences. 
 
Finally, surgical off-loading was practiced in a minority of patients. Concomitant active 
Charcot foot was one of the few characteristics increasing the likelihood of this surgery, but 
even in this group it was rare (11%, data not shown). 
 
Box 11: Conclusions on the use orthopaedic surgery 

• The rate of minor amputations increased significantly between audits 1 and 4 
to 21%, while that of major amputation decreased significantly to 2.6%. 

• The decrease in major amputations was most obvious in the group of least 
severe ulcers, suggesting that over time centres increasingly looked for more 
conservative treatment strategies in these patients. 

• Centres that performed many minor amputations also tended to perform more 
major amputations. However, calculation of the major-minor ratio identified 
centres with similar minor amputation rates but vastly different major 
amputation rates, thus pointing to important differences in case-mix or 
treatment policy. 

• Surgical debridement was practiced in about 10% of patients. Deep infection 
was the primary indication. 

• Surgical off-loading was practiced in a small set of patients (usually < 5%). 

 

3.5.5. Outcomes of patients with foot ulcers 

3.5.5.1. Background 
 
Often the incidence of major amputation is regarded as the most important outcome measure 
of diabetic foot care.168 Leese and Stang recently proposed that a better measure would be 
DFU healing, as having an unhealed ulcer is always the undesirable outcome.91 Indeed, major 
amputation may sometimes be the best solution and may actually be preferred by the patient 
over the prospect of continuing life with an unhealed ulcer requiring daily medical 
attention.143 The discussion is in part also determined by differing treatment philosophies. In 
Europe the emphasis is usually placed on ulcer healing as the primary goal of treatment; 
treating PAD can help to achieve that goal. By contrast, in the United States foot ulceration is 
usually seen as a sign of PAD, that triggers the need for revascularization, from which 
logically follows a higher focus on limb salvage and major amputation rates.50 
 
Both outcome measures are, however, mostly useful to assess the quality of diabetic foot care 
at the health system level. Indeed, they are the result of the quality of care at all levels 
(primary and specialist), and of referral delays between levels.168 However, if the purpose is 
to audit DFCs and compare outcomes between them, using DFU healing as the main outcome 
seems logical, as this is usually the primary goal of treatment, although due care should be 
taken to correct outcomes for baseline differences in ulcer severity, patient comorbidity and 
referral delay. 
 
In the context of the treatment of DFUs in DFCs, DFU healing, and resolution by major 
amputation or by death, are ulcer-related outcomes measures. Because they focus on the 
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outcome of an ulcer, they may not be related to the overall quality of care. Indeed, the index 
ulcer may have healed, but another ulcer developed in the meantime, or the patient died due to 
comorbidities etc. Jeffcoate et al. showed that patient-related outcome measures, such as 
survival, being ulcer-free at the end of follow-up or disability may provide a different, less 
positive but more holistic picture of the outcomes of care than ulcer-related outcome 
measures.88 
 
The choice of the outcome measure also depends on the length of follow-up. In recent audits, 
IQED-Foot used a 6-month follow-up. This length of follow-up is ideal to assess DFU 
healing, but less so to assess ulcer-free status or survival, because follow-up is too short to 
observe sufficient events of ulcer recurrence, new ulceration, limb salvage or death. 
 
A number of studies have reported long-term outcomes of patients with DFU.50,169–171 They 
confirm that long term outcomes are relatively poor with 5-year survival rates comparable to 
those of certain malignancies. Interestingly, Taylor et al. reported that patients whose DFU 
healed during follow-up had longer (amputation-free) survival. DFU healing may simply be a 
marker of general health, but it may also directly affect outcomes by limiting exposure to 
chronic infection.50 These observations highlight the importance to attempt DFU healing in all 
patients. 
 

3.5.5.2. Items in the IQED-Foot questionnaire 
 
The IQED-Foot questionnaire included the following items pertaining to the outcome of the 
DFU and the patient at the end of follow-up: 
 

• Healing status of the index ulcer/gangrene (+ date in audits 2-4) 
• Minor amputation status 
• Major amputation status (+ date in audits 2-4) 
• Vital status (+ date of death in audits 2-4) 
• Occurrence of index ulcer relapse if ulcer healed before 
• Occurrence of new ipsilateral ulcers of Wagner grade 2 or higher (W2+) during 

follow-up 
• Occurrence of new contralateral W2+ ulcers during follow-up 
• Occurrence of new active Charcot feet during follow-up (+ side [ipsi/contralateral] in 

audits 3 and 4). 
• Follow-up status: whether patient was lost to follow-up before ulcer healing (in audit 

1) 
• Date of first and last consultation in centre (in audits 2-4) 

 
A major change between audits 1 and 2 was the shortening of the follow-up period of 12 to 6 
months, thus rendering the comparison of outcomes between audit 1 and subsequent audits 
difficult. 
 
Assessment of loss to follow-up was different across audits. In audit 1, centres explicitly 
indicated whether the patient was lost to follow-up before ulcer healing. However, for some 
of the patients who were supposedly lost to follow-up, healing status was reported rather than 
missing. Moreover, for some of the patients not lost to follow-up, healing status was missing 
rather than reported. For the purpose of the analyses in this report, loss to follow-up in audit 1 
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was defined as “lost to follow-up” AND missing healing status. In audits 2-4, loss to follow-
up was assessed by comparing the dates of first and last consultation. If the dates were equal, 
this was assumed as loss to follow-up. Still, for some patients who were not lost to follow-up, 
ulcer healing status was unknown. These observations highlight the need for increased 
support towards centres in terms of correct registration of outcomes, both in the primary 
systems as in the IQED-Foot questionnaire.  
 
With regard to amputations, the questionnaire did not explicitly mention that only 
amputations related to the treatment of the index ulcer were eligible for recording. This means 
that it is theoretically possible that in patients with multiple ulcers at presentation and/or with 
new ulcers during follow-up, ipsilateral amputations were recorded in relation to another ulcer 
than the index ulcer, or even that amputations of the contralateral limb were recorded. 
 
Despite this limitation, the IQED-Foot questionnaire equated major amputation with non-
healing in audits 1-3, even if the amputation stump healed. More specifically, it was 
impossible to indicate ulcer healing if a major amputation was recorded. In audit 4, the 
possibility to record healing of the amputation stump was introduced. Minor amputation was 
not regarded as treatment failure. 
 
The questionnaire did not provide a definition of DFU relapse, although some organisations 
require at least 2 weeks since healing before they consider the new ulcer a relapse and not just 
an exacerbation of the initial DFU.126 
 
Finally, it should be stressed that only the occurrence of new W2+ ulcers was recorded. This 
means that any new Wagner grade 1 ulcers that occurred during follow-up were not recorded. 
This restriction on Wagner grade was dropped from the questionnaire in audit 5. 
 

3.5.5.3. Analytic models and outcomes considered 
 
The items in the IQED-Foot questionnaire pertaining to ulcer and patient-related outcomes 
were organised in a model. The model served to visualize which outcomes could occur 
together and which outcomes were mutually exclusive. We made separate models for ulcer 
and patient-related outcomes. They are a representation of the natural history of patients with 
DFU, but also of the restrictions imposed by the study design, e.g. major amputation was 
regarded as non-healing, and of limitations of the questionnaire, e.g. we did not know the date 
of minor amputation. 
 
With regard to ulcer-related outcomes, we distinguished between 3 possible outcomes, all 
mutually exclusive: index ulcer healed, index ulcer not healed or index ulcer healing status 
unknown. Figure 24 shows that the further possible outcome of healed and non-healed ulcers 
was different. For healed ulcers, either no further events occurred before the end of follow-up 
or death, or minor amputation or ulcer relapse occurred. For non-healed ulcers, either no 
further events occurred before the end of follow-up or death, or an amputation (minor and/or 
major) occurred. A similar diagram may be drawn for cases in which the index ulcer healing 
status was unknown. 
 
Patient-related outcomes start with the patient’s vital status (alive or dead) and then consider 
further outcomes, which are identical regardless of the patient’s vital status. The further 
outcomes include the occurrence of other foot problems apart from the index ulcer considered 
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in ulcer-related outcomes. Figure 25 shows the possible outcomes for patients who were alive 
at the end of follow-up. Six primary events could occur, of which two were mutually 
exclusive, i.e. ulcer healing and major amputation could not occur together. 
 

 
Figure 24: Diagram showing the potential ulcer-rela ted outcomes. Diamonds filled with an “X” indicate 
that the items that follow were mutually exclusive.  Diamonds filled with a “+” indicate that the items  that 
follow could occur in parallel. The further outcome s in case index ulcer healing status was unknown ar e 
not shown. 
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Figure 25: Diagram showing the potential patient-re lated outcomes. Diamonds filled with an “X” indicat e 
that the items that follow were mutually exclusive.  Diamonds filled with a “+” indicate that the items  that 
follow could occur in parallel. The further outcome s in case the patient died are not shown but are 
identical to the case where the patient is alive. 
 
While these diagrams may suggest a temporal order, care should be taken not to interpret 
them strictly in this way. For instance, the diagram of healed index ulcers shows minor 
amputation below ulcer healing, but in reality we did not know the relative timing. In many 
cases minor amputation will have occurred before healing. By contrast, death is always the 
last event, ulcer relapse may only occur after ulcer healing etc., showing that sometimes the 
organisation in the diagram does correspond to the natural history. 
 
For ulcer-related outcomes a further important limitation should be considered. There is no 
data from the IQED-Foot questionnaire to indicate that amputations were carried out in 
relation to the index ulcer. Thus, it is possible that in patients with multiple ulcers at 
presentation and/or with new ulcers during follow-up, ipsilateral amputations were recorded 
in relation to another ulcer than the index ulcer, or even that amputations of the contralateral 
limb were recorded. However, for the purpose of this analysis we assumed that the recorded 
amputations were ipsilateral to the index ulcer and related to the treatment of that ulcer. 
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As stated above, these diagrams show which outcomes could occur together and which 
outcomes were mutually exclusive. They do not readily show all potential (combinations of) 
outcomes, nor do they necessarily organise (combinations of) outcomes in a meaningful way. 
For instance, the patient-related outcome “alive, without amputation, with a healed index 
ulcer and no relapse nor new W2+ ulcers” may be regarded as an important outcome, because 
it is the outcome closest to being ulcer-free at the end of follow-up. Yet, there is no separate 
box for this outcome in Figure 25, nor is this outcome readily visible. In fact, this outcome 
corresponds to the scenario in which the response in all boxes is “no”, except the box marked 
“Index ulcer healed”. 
 
Based on the diagrams, we made an inventory of potential outcomes. To simplify matters, we 
excluded the occurrence of new active Charcot feet from our analyses, and for intermediary 
events we equated “unknown” with “no”. Because some of the “unknowns” may have been 
“yes”, the results presented here are a best-case scenario. 
 
We regarded the following ulcer-related outcomes at the end of follow-up (or at death) as 
being the most important: 
 

1. Healed, overall 
2. Healed with minor amputation 
3. Healed but then relapsed 
4. Healed but patient died 
5. Resolved by major amputation 
6. Resolved by major amputation and the stump healed 
7. Resolved by death 
8. Unhealed and alive without major amputation (= chronic ulcer) 

 
We regarded the following patient-related outcomes at the end of follow-up as being the most 
important: 
 

1. Alive, without amputation, with healed index ulcer and no relapse nor new W2+ 
ulcers* 

2. Alive, without MAJOR amputation, with healed index ulcer and no relapse nor new 
W2+ ulcers* 

3. Alive, without amputation, but with a non-healed index ulcer or ulcer relapse or new 
W2+ ulcers, i.e. with persisting ulcers# 

4. Alive, after amputation, but with a healed index ulcer (or stump) and no relapse nor 
new W2+ ulcers* 

5. Alive, after amputation, and with a non-healed index ulcer (or stump) or ulcer relapse 
or new W2+ ulcers, i.e. with persisting ulcers# 

6. Died, without amputation, with healed index ulcer and no relapse nor new W2+ 
ulcers* 

7. Died, without amputation, but with a non-healed index ulcer or ulcer relapse or new 
W2+ ulcers, i.e. with persisting ulcers# 

8. Died, after amputation, but with a healed index ulcer (or stump) and no relapse nor 
new W2+ ulcers* 

9. Died, after amputation, and with a non-healed index ulcer (or stump) or ulcer relapse 
or new W2+ ulcers, i.e. with persisting ulcers# 

  



 

133 

* This does not necessarily mean the patient was ulcer-free at the end of follow-up! There 
may have been multiple ulcers at presentation, some of which were not healed at the end of 
follow-up, or new Wagner grade 1 ulcers may have occurred during follow-up, which were 
not allowed to be recorded. Neither of these two scenarios can be excluded based on the 
collected data. However, some outcomes were stratified on the presence of additional ulcers at 
presentation to approach the concept of “being ulcer-free” as much as possible. 
 
# With regard to “persisting ulcers”, we assumed that if the index ulcer had healed and if there 
was no relapse of the index ulcer, any new W2+ ulcers that occurred during follow-up had not 
healed before the end of follow-up. This assumption may not be warranted and may be overly 
pessimistic. Future data collections should ask whether the patient was ulcer-free at the end of 
follow-up. 
 
Note that the 2nd and 4th outcomes partially overlap, because they both include those with 
minor amputations. Obviously the 1st and 2nd outcomes also overlap partially. 
 

3.5.5.4. Ulcer and patient-related outcomes at the end of follow-up 
 
In this section we will present the crude ulcer and patient-related outcomes at the end of 
follow-up and their evolution over time. The maximal follow-up period for audit 1 was 12 
months, while the follow-up period for audits 2-4 was restricted at 6 months, even though 
outcomes up to 7 months after first presentation could be recorded. This restriction was 
applied because 6-month outcomes were deemed to be easier to compare to the literature. 
Note that some of the minor amputations, ulcer relapses, and new ulcers reported in the 
results below may have occurred in the 7th month of follow-up and that the 6-month rate may 
therefore be overestimated. 
 
Table 49 shows the ulcer-related outcomes mentioned in the previous section for audits 1-4. 
Since audit 2, about 4% of patients were lost to follow-up, meaning that they only presented 
once during follow-up. The percentage was higher in audit 1, possibly as a result of 
differences in follow-up period and differences in the definition of “lost to follow-up”. In 
addition to patients lost to follow-up, some patients with follow-up had an unknown ulcer 
healing status. This proportion tended to decrease across audits and was very low in audit 4. It 
is important to note that we excluded these patients from the analysis of ulcer-related 
outcomes. The median follow-up time in audits 2-4 was 4.4 months. 
 
We will first present the results of the index ulcers that healed during follow-up. About 1 in 2 
index ulcers healed during follow-up in audits 2-4, without a significant change across audits. 
In audit 1 the healing rate was higher, which is explained by the longer maximal follow-up 
period. Time-to-healing did not show significant changes across audits. About 1 in 10 healed 
ulcers also had a report of minor amputation. Time-to-healing increased significantly across 
audits for this group of ulcers. About 3% of ulcers that initially healed during follow-up in 
audits 2-4 recurred (relapsed) during follow-up. The rate was higher in audit 1, again as a 
result of the longer maximal follow-up period. One percent or less of patients died after ulcer 
healing but before the end of follow-up in audits 2-4. This proportion increased significantly 
between audits 3 and 4. 
 
We now turn to the index ulcers that did not heal during follow-up. The majority of unhealed 
ulcers, about 42% of all ulcers in audits 2-4, occurred in patients alive at the end of follow-up 
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and without major amputation. This proportion of chronic ulcers did not change across audits. 
About 3% of ulcers were resolved by major amputation in audits 2-4. The rate was 
significantly lower in audit 4 compared to audit 3. Median time-to-amputation was 1.9 
months, and did not change significantly across audits. The major amputation rate was higher 
in audit 1, as a result of the longer maximal follow-up period. In audit 4, about 1 in 3 major 
amputations healed during follow-up after a median period of 1.4 months. Finally, about 3% 
of ulcers were resolved by death in audits 2-4. The rate was significantly higher in audit 4 
compared to audit 3. This rate was higher in audit 1, as a result of the longer maximal follow-
up period.  
 
 
 
 
 
Table 49: Ulcer-related outcomes of patients with D FUs, audits 1-4. 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts (1) 
(N=3,967) 

Lost to follow-up 149 
(14.2) 

33 
(3.4) 

68 
(4.3) 

83 
(4.8) 

177 
(4.5) 

Not lost to follow-up, 
healing status unknown 

82 
(7.8) 

44 
(4.5) 

10 
(0.6) 

6 
(0.3) 

59 
(1.5) 

Ulcers remaining for 
analysis 

822 
(78.1) 

908 
(92.2) 

1,505 
(95.1) 

1,658 
(94.9) 

3,731 
(94.1) 

   Follow-up time - 140 
(65-184) 

134 
(70-181) 

142 
(70-182) 

135 
(66-182) 

Healed, overall 570 
(69.3) 

448 
(49.3) 

795 
(52.8) 

837 
(50.5) 

1,914 
(51.3) 

   Time-to-healing - 76 
(43-128) 

84 
(48-126) 

83 
(43-126) 

81 
(45-126) 

   Follow-up time - 112 
(56-167) 

112 
(63-157) 

114 
(63-164) 

112 
(59-161) 

Healed with minor 
amputation 

97 
(11.8) 

92 
(10.1) 

169 
(11.2) 

180 
(10.9) 

395 
(10.6) 

   Time-to-healing - 63 
(43-121) 

90bbb 
(59-131) 

80bb 
(47-126) 

81+ 
(49-128) 

   Follow-up time - 85 
(50-159) 

126b 
(77-161) 

124b 
(70-166) 

119 
(65-162) 

Healed but then 
relapsed 

46 
(5.6) 

22 
(2.4) 

39 
(2.6) 

55 
(3.3) 

103 
(2.8) 

   Time-to-healing - 80 
(36-140) 

93 
(58-140) 

59 
(35-105) 

84 
(42-140) 

   Follow-up time - 162 
(126-179) 

147 
(97-183) 

161 
(98-184) 

161 
(98-182) 

Healed but patient died 26 
(3.2) 

4 
(0.4) 

8 
(0.5) 

19c 
(1.1) 

25 
(0.7) 

   Time-to-healing - 88 
(47-114) 

64 
(46-82) 

37 
(27-81) 

42 
(27-84) 

   Time-to death - 118 
(109-139) 

127 
(109-165) 

87 
(57-151) 

115 
(63-150) 
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 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts (1) 
(N=3,967) 

Resolved by major 
amputation 

45 
(5.5) 

33 
(3.6) 

62 
(4.1) 

44 
(2.7)d(2) 

128 
(3.4) 

   Time-to-amputation - 44 
(13-72) 

65 
(40-109) 

54 
(12-113) 

58 
(15-104) 

   Follow-up time - 98 
(51-170) 

121 
(60-161) 

147 
(83-184) 

125 
(62-174) 

Resolved by major 
amputation, healed 

- - - 16 
(1.0) 

- 

   Time-to-amputation - - - 49 
(8-61) 

- 

   Time from amputation 
   to healing 

- - - 42 
(24-93) 

- 

   Follow-up time - - - 121 
(59-147) 

- 

Resolved by death 63 
(7.7) 

24 
(2.6) 

41 
(2.7) 

71 
(4.3)d(2) 

124 
(3.3)+ 

   Time-to-death - 72 
(19-131) 

72 
(48-132) 

92 
(42-133) 

79 
(41-133) 

Chronic ulcer 144 
(17.5) 

403 
(44.4) 

607 
(40.3) 

706 
(42.6) 

1,565 
(41.9) 

   Follow-up time - 182 
(98-184) 

173 
(108-184) 

175 
(105-184) 

175- 
(99-184) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Follow-up time, time-to-healing, time-
to-amputation and time-to-death are expressed as median no. of days (IQR). 
(1) All patients of audits 2-4, comparisons excluded audit 1 because of difference in follow-up period. 
(2) Only audits 3 and 4 were compared. 
 
The ulcer-related outcomes between audits 3 and 4 showed a significant decrease in major 
amputation as a first event and a significant increase in death as a first event. We therefore 
investigated whether these observations were linked. The overall 6-month mortality rate was 
3.9, 3.9 and 5.9% in audits 2, 3 and 4 respectively (significant linear trend across audits 2-4 [p 
< 0.05] and significant difference between audits 3 and 4). This rate takes into account deaths 
that occurred after healing or major amputation. Among those who eventually died by the end 
of follow-up, 20.0% had experienced a prior major amputation in audit 2. This percentage 
was only 15.5% in audit 3 and 7.2% in audit 4 (p < 0.05 for linear trend across audits 2-4). 
Had the rate of major amputation among those who eventually died remained at the level of 
audit 2, then the rates of major amputation as a first event would have been 3.6% in audit 2 
(i.e. the observed rate presented in Table 49), 4.9% in audit 3 and 3.8% in audit 4, i.e. not a 
decline with regard to audit 2. Therefore, these observations suggest that the decline in major 
amputation rate (as a first event) is mostly due to fewer major amputations being performed in 
those patients with a low life expectancy. 
 
We now turn from an analysis focused on the outcome of a single index ulcer, to an analysis 
of the patient-related outcomes of patients with DFUs. 
 
Table 50 shows the patient-related outcomes mentioned in the previous section for audits 1-4. 
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We will first present the results of patients alive at the end of follow-up. We considered 5 
potential different outcomes for these patients, which we will present in decreasing order of 
prevalence. 
 
Overall in audits 2-4, the biggest proportion of patients, 42%, was alive, had intact feet (no 
amputation), but still had at least 1 active ulcer at the end of follow-up, either because the 
index ulcer had not healed or had relapsed, or because new ulcers of Wagner grade 2 or 
higher had occurred (= outcome no. 3). There was a significant decrease in this proportion 
across audits 2-4. 
 
The second most prevalent outcome among alive patients in audits 2-4 were patients whose 
index ulcer healed with or without minor amputation (= outcome no. 2). Among all patients 
the prevalence was 40% and it increased between audits 2 and 3, but not significantly so. 
 
The third most prevalent outcome among alive patients in audits 2-4 were patients whose feet 
were intact (no amputation), whose index ulcer healed, and where no new ulcers of Wagner 
grade 2 or higher occurred (= outcome no. 1). The prevalence among all patients was 32% 
and remained stable over time. It is important to note that among 32% of patients having this 
outcome, multiple ulcers were present at the first consultation, of which we do not know the 
healing status. Therefore we are sure only of the fact that in 22% of patients (68% of 32%) the 
single ulcer present at the first consultation was healed. Moreover, among these 22% we do 
not know how many developed a Wagner 1 grade ulcer; we can only state that they were 
definitely free from Wagner grade 2 or higher ulcers at the end of follow-up. 
 
The fourth most prevalent outcome among alive patients in audits 2-4 were patients who 
underwent an amputation (minor or major) and still had at least 1 active ulcer at the end of 
follow-up (= outcome no. 5). The prevalence among all patients was 13% and remained stable 
over time. 
 
The least prevalent outcome among alive patients in audits 2-4 were patients whose index 
ulcer healed, where no new ulcers of Wagner grade 2 or higher occurred, but whose feet were 
no longer intact due to a minor or major amputation (= outcome no. 4). The prevalence among 
all patients was 8% and remained stable over time. 
 
Overall in audits 2-4, 5% of patients was dead at the end of follow-up (outcome no. 6-9). The 
majority of these patients (62%) died with at least 1 active ulcer, and the prevalence of this 
outcome increased significantly across audits 2-4. 
 
The prevalence of these outcomes was quite different in audit 1 because of the longer 
potential follow-up of up to 1 year. 
  



 

137 

Table 50: Patient-related outcomes of patients with DFUs, audits 1-4. 
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Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts (1) 
(N=3,967) 

Lost to follow-up 149 
(14.2) 

33 
(3.4) 

68 
(4.3) 

83 
(4.8) 

177 
(4.5) 

Patients remaining for 
analysis 

904 
(85.8) 

952 
(96.6) 

1,515 
(95.7) 

1,664 
(95.2) 

3,790 
(95.5) 

   Follow-up time - 140 
(65-184) 

134 
(70-181) 

142 
(70-182) 

136 
(66-182) 

(1) no none none 329 
(36.4) 

275 
(28.9) 

502 
(33.1) 

531 
(31.9) 

1,221 
(32.2) 

   Follow-up time - 107 
(53-164) 

95 
(49-147) 

101 
(55-160) 

98 
(50-154) 

(2) no no 
maj. 

none 380 
(42.0) 

340 
(35.7) 

629 
(41.5) 

655 
(39.4) 

1,506 
(39.7) 

   Follow-up time - 104 
(51-161) 

98 
(56-147) 

105 
(56-158) 

98 
(54-154) 

(3) no none any 313 
(34.6) 

454 
(47.7) 

618 
(40.8) 

669 
(40.2) 

1,595 
(42.1)- 

   Follow-up time - 175 
(84-175) 

166 
(94-184) 

168 
(91-184) 

168 
(84-184) 

(4) no any none 51 
(5.6) 

65 
(6.8) 

127 
(8.4) 

139 
(8.4) 

300 
(7.9) 

   Follow-up time - 70 
(50-158) 

112bb 
(66-148) 

112bb 
(63-151) 

106 
(61-150) 

(5) no any any 97 
(10.7) 

119 
(12.5) 

209 
(13.8) 

226 
(13.6) 

497 
(13.1) 

   Follow-up time - 168 
(90-184) 

168 
(112-184) 

182cc 
(136-184) 

175+ 
(119-184) 

(6) yes none none 17 
(1.9) 

4 
(0.4) 

4 
(0.3) 

8 
(0.5) 

15 
(0.4) 

   Follow-up time - 118 
(109-139) 

109 
(84-116) 

103 
(58-142) 

115 
(65-133) 

(7) yes none any 67 
(7.4) 

24 
(2.5) 

35 
(2.3) 

59 
(3.5) 

109 
(2.9)+ 

   Follow-up time - 72 
(19-122) 

79 
(46-139) 

79 
(40-121) 

74 
(39-124) 

(8) yes any none 4 
(0.4) 

0 
(0.0) 

2 
(0.1) 

7 
(0.4) 

7 
(0.2)+ 

   Follow-up time - - 154 
(137-170) 

68 
(42-173) 

68 
(42-173) 

(9) yes any any 26 
(2.9) 

11 
(1.2) 

18 
(1.2) 

25 
(1.5) 

46 
(1.2) 

   Follow-up time - 115 
(22-143) 

94 
(51-163) 

109 
(82-158) 

100 
(64-153) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Follow-up time is expressed as median 
no. of days (IQR). For outcome numbers see section  3.5.5.3. Min. = minor; maj. = major; unh. = unhealed. 
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Table 51 shows limb/ulcer characteristics associated with ulcer-related outcomes in audit 4. 
None of the measured characteristics significantly increased the odds of overall healing. Odds 
decreased with longer diabetes duration, with a history of renal disease, CV disease, DFU and 
amputation, with concomitant inactive Charcot foot, neuro-ischemic etiology (vs. 
neuropathic), PEDIS perfusion grade, ulcer surface area, plantar midfoot and hindfoot 
location, and with additional ipsi or contralateral ulcers. 
 
Characteristics associated with healing with minor amputation were a subset of those 
associated to minor amputation in general (see Table 48) and were very different from those 
associated to overall healing. 
 
The odds of ulcer relapse within the maximal follow-up period of 6 months decreased with 
increasing ulcer severity. 
 
The odds of death after healing increased with older age at diabetes diagnosis and renal 
disease, and decreased with plantar location. 
 
Characteristics associated with resolution by major amputation were a subset of those 
associated to major amputation in general (see Table 48) except that prior major amputation, 
probe-to-bone and systemic infection were additional characteristics increasing the odds of 
this outcome and concomitant inactive Charcot foot an additional characteristic decreasing the 
odds. 
 
The odds of resolution by death increased with older age, female sex, longer diabetes 
duration, older at age diabetes diagnosis, with a history of renal and CV disease, with (neuro-
)ischemic etiology, Wagner grade 4-5, PEDIS perfusion grade, ulcer surface area, plantar 
hindfoot location and with additional ipsi and contralateral ulcers. 
 
The odds of having an unhealed (chronic) index ulcer at the end of follow-up increased with a 
history of minor amputation, concomitant inactive Charcot foot, PEDIS perfusion grade 2, 
ulcer surface area, plantar midfoot and hindfoot location, and contralateral ulcers. The odds 
decreased with female sex and PEDIS infection grade. 
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Table 51: Patient and limb/ulcer characteristics ass ociated with ulcer-related outcomes, audit 4. 
 

 

Predictor Heal
ed

, o
ve

ra
ll

Heal
ed w

ith
 m
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n

Heal
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eal
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ed b
y 

deat
h

Chro
nic 

ulc
er

Older age, per 10 year change (/10 y) 0.89 0.97 0.90 1.57 1.15 1.35 2.15 0.99

Female sex 1.11 0.74 1.41 2.11 1.12 0.90 1.67 0.82

Diabetes type NA NA NA

   Type 1 ref ref ref ref ref

   Type 2 1.24 2.04 0.39 1.83 0.84

   Other type 1.02 2.17 0.57 3.32 0.86

Longer diabetes duration (/10 y) 0.88 0.94 0.99 0.80 1.12 1.12 1.23 1.09

Older age at diabetes diagnosis (/10 y) 1.01 0.99 0.99 1.42 0.95 1.01 1.25 0.96

Smoking status NA

   Never smoked ref ref ref ref ref ref ref

   Ex-smoker 0.92 1.20 0.89 1.07 1.01 0.73 1.16

   Current smoker 1.15 1.40 0.60 1.03 0.81 0.52 0.94

Renal insufficiency 0.78 1.20 0.95 5.81 1.50 0.88 3.37 0.98

ESRD 0.62 1.17 1.15 4.02 1.77 0.76 3.27 1.12

Prior cardiovascular events 0.80 1.15 0.65 1.07 2.04 2.28 2.97 0.96

Prior lower-limb revascularization 0.59 1.04 0.79 1.38 2.26 2.27 2.50 1.30

Prior DFU 0.73 0.94 1.96 0.53 3.07 NA 1.15 1.22

Prior minor amputation 0.59 1.33 1.19 1.25 1.12 1.51 1.37 1.61

Prior major amputation 0.56 0.67 0.46 1.39 3.20 3.44 1.81 1.26

Concomitant Charcot foot 0.78 0.68 0.74 NA 0.49 NA 0.71 1.42

Concomitant active Charcot foot 1.19 0.70 0.01 NA 1.27 NA NA 0.97

Concomitant inactive Charcot foot 0.70 0.68 0.96 NA 0.31 NA 0.92 1.54

Ulcer etiology * * NA * NA * *

   Neuropathic ref ref ref ref ref ref

   Ischemic 0.64 1.75 0.62 7.08 3.97 1.13

   Neuro-ischemic 0.55 1.42 0.42 6.41 4.34 1.30

   Neither 1.24 0.53 0.60 1.45 1.30 0.78

Ulcer Wagner grade * * * * *

   Grade 2 ref ref ref ref ref ref ref ref

   Grade 3 0.88 6.80 0.60 2.41 3.67 8.36 1.28 1.01

   Grade 4-5 0.52 8.75 0.35 1.97 16.2 45.4 3.02 0.99

PEDIS perfusion grade * * * * * *

   Grade 1 ref ref ref ref ref ref ref ref

   Grade 2 0.60 1.33 0.43 1.04 3.35 2.72 3.38 1.34

   Grade 3 0.37 2.67 0.55 1.32 18.9 16.4 7.18 1.19

PEDIS extent * * * * *

   < 1 cm² ref ref ref ref ref ref ref ref

   ≥ 1 cm² and < 3 cm² 0.62 1.44 0.48 0.81 5.06 6.01 0.97 1.51

   ≥ 3 cm² 0.52 1.68 0.61 0.95 10.3 11.0 2.32 1.36

PEDIS depth *

   Superficial ref ref ref ref ref ref ref ref

   Deep 0.79 1.04 0.63 0.67 1.77 1.75 1.36 1.15

   Probe to bone 0.75 6.52 0.49 1.22 3.28 3.12 1.21 1.14

PEDIS infection grade * NA *

   No infection ref ref ref ref ref ref ref

   Superficial infection 1.19 1.62 0.84 1.39 0.39 1.51 0.75

   Deep infection 1.09 4.24 0.69 2.28 1.27 1.44 0.79

   Systemic infection 1.28 7.65 1.10 5.38 2.45 0.83 0.60

Loss of protective sensation 0.81 1.10 1.15 2.81 0.92 1.86 1.05 1.23

Plantar ulcer location 0.80 0.55 2.43 0.39 0.62 0.82 0.75 1.39

Detailed ulcer location * * NA * * *

   Plantar toes ref ref ref ref ref ref

   Dorsal toes 0.96 2.19 0.94 0.31 1.61 0.96

   Plantar midfoot 0.51 0.59 0.58 0.35 0.71 2.14

   Dorsal midfoot 0.81 2.63 1.07 1.22 1.62 1.13

   Plantar hindfoot 0.35 1.01 0.67 0.66 3.74 2.13

   Dorsal hindfoot 0.35 0.94 2.51 1.68 1.75 2.23

More ulcers on same foot 0.69 1.05 0.53 0.30 2.26 1.15 2.35 1.10

More ulcers on other foot 0.60 0.70 1.04 1.30 2.07 1.20 1.88 1.32

ref

0.41

0.03
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Table 52 shows limb/ulcer characteristics associated with patient-related outcomes in audit 4. 
The odds of being alive at the end of follow-up, without amputation and with a healed index 
ulcer and no new W2+ ulcers (patient outcome no. 1) increased when ulcer etiology was 
neither neuropathic nor ischemic. The odds decreased with longer diabetes duration, history 
of renal disease, LL revascularization, DFU and minor amputation, with (neuro-)ischemic 
etiology, Wagner grade, PEDIS perfusion grade, ulcer surface area, probe-to-bone, PEDIS 
infection grade, LOPS, and with additional ipsi and contralateral ulcers. 
 
Characteristics associated with being alive at the end of follow-up, with or without minor 
amputation and with a healed index ulcer and no new W2+ ulcers (patient outcome no. 2) 
were a subset of those associated patient outcome no. 1 except that current smoking was an 
additional characteristic increasing the odds of this outcome and plantar midfoot and hindfoot 
location an additional characteristic decreasing the odds. 
 
The odds of being alive at the end of follow-up, without amputation but with at least 1 active 
ulcer (patient outcome no. 3) increased with history of DFU, concomitant inactive Charcot 
foot, plantar midfoot and hindfoot location, and with additional contralateral ulcers. The odds 
decreased with history of CV disease, when ulcer etiology was neither neuropathic nor 
ischemic, with Wagner grade, PEDIS perfusion grade 3, probe-to-bone, PEDIS infection 
grade, and dorsal toe location. 
 
The odds of being alive at the end of follow-up, with minor or major amputation and with a 
healed index ulcer (or stump) and no new W2+ ulcers (patient outcome no. 4) increased with 
current smoking, (neuro-)ischemic ulcer etiology, Wagner grade, PEDIS perfusion grade 3, 
ulcer surface area, probe-to-bone, PEDIS infection grade. The odds decreased with 
concomitant inactive Charcot foot, plantar midfoot and hindfoot location, and with additional 
contralateral ulcers. 
 
The odds of being alive at the end of follow-up, with minor or major amputation and with at 
least 1 active ulcer (patient outcome no. 5) increased with a history of CV disease, DFU and 
minor amputation, with neuro-ischemic etiology, Wagner grade, PEDIS perfusion grade, ulcer 
surface area, probe-to-bone, PEDIS infection grade, and with additional ipsilateral ulcers. The 
odds decreased with female sex, older age, and with midfoot and hindfoot location. 
 
In general, the odds of being dead at the end of follow-up, with or without amputation, and 
with or without active ulcers (patient outcome no. 6-9) increased with older age, older age at 
diabetes diagnosis, history of renal and CV disease, prior major amputation, (neuro-)ischemic 
etiology, Wagner grade, PEDIS perfusion grade, ulcer surface area, plantar hindfoot location, 
and additional ipsi and contralateral ulcers. The odds of these outcomes decreased with longer 
diabetes duration, prior DFU and plantar ulcer location. 
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Table 52: Patient and limb/ulcer characteristics ass ociated with patient-related outcomes, audit 4. 

 
 

Predictor Patie
nt o

utc
om

e n
o. 1

Patie
nt o

utc
om

e n
o. 2

Patie
nt o

utc
om

e n
o. 3

Patie
nt o

utc
om

e n
o. 4

Patie
nt o

utc
om

e n
o. 5

Patie
nt o

utc
om

e n
o. 6

Patie
nt o

utc
om

e n
o. 7
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Older age, per 10 year change (/10 y) 0.95 0.95 0.95 1.01 0.93 1.45 2.08 2.69 1.50

Female sex 1.15 1.10 1.00 0.92 0.61 3.18 1.62 0.75 1.81

Diabetes type NA NA NA

   Type 1 ref ref ref ref ref ref

   Type 2 1.02 1.06 0.98 0.86 1.41 1.84

   Other type 1.35 0.98 0.82 0.96 3.24 4.39

Longer diabetes duration (/10 y) 0.88 0.88 1.04 0.98 1.13 0.92 1.21 0.27 1.23

Older age at diabetes diagnosis (/10 y) 1.04 1.03 0.97 0.98 0.90 1.20 1.25 3.37 1.07

Smoking status * * NA NA NA

   Never smoked ref ref ref ref ref ref

   Ex-smoker 0.81 0.87 1.27 1.19 0.90 0.69

   Current smoker 1.10 1.31 0.93 1.71 0.91 0.63

Renal insufficiency 0.64 0.72 0.87 1.15 1.29 6.16 4.42 5.11 2.60

ESRD 0.40 0.53 0.94 1.35 1.31 6.67 4.46 NA 2.98

Prior cardiovascular events 0.84 0.90 0.75 1.31 1.34 0.61 2.82 0.73 3.77

Prior lower-limb revascularization 0.60 0.63 0.86 1.06 2.05 1.40 1.85 0.39 3.89

Prior DFU 0.60 0.59 1.37 1.01 1.42 0.47 1.07 0.18 2.33

Prior minor amputation 0.51 0.55 1.05 1.00 2.30 0.38 1.08 1.07 2.81

Prior major amputation 0.74 0.71 0.99 1.09 1.21 NA 2.93 NA NA

Concomitant Charcot foot 0.87 0.78 1.64 0.55 0.66 NA 0.88 NA 0.99

Concomitant active Charcot foot 0.86 0.88 1.42 0.94 0.83 NA NA NA 2.49

Concomitant inactive Charcot foot 0.88 0.77 1.67 0.47 0.62 NA 1.14 NA 0.61

Ulcer etiology * * * * NA * NA

   Neuropathic ref ref ref ref ref ref ref

   Ischemic 0.66 0.90 0.72 2.36 1.63 4.08 1.94

   Neuro-ischemic 0.53 0.62 0.81 1.54 2.32 4.18 2.21

   Neither 1.93 1.76 0.60 0.55 0.89 0.78 1.26

Ulcer Wagner grade * * * * * *

   Grade 2 ref ref ref ref ref ref ref ref ref

   Grade 3 0.49 0.83 0.57 6.29 3.97 0.74 1.16 5.62 4.07

   Grade 4-5 0.22 0.61 0.34 11.9 6.13 0.91 2.25 13.9 8.69

PEDIS perfusion grade * * * * * NA * * *

   Grade 1 ref ref ref ref ref ref ref ref

   Grade 2 0.59 0.66 0.94 1.42 1.91 3.89 1.02 1.10

   Grade 3 0.26 0.48 0.49 3.55 3.89 6.19 5.30 5.71

PEDIS extent * * * * * *

   < 1 cm² ref ref ref ref ref ref ref ref ref

   ≥ 1 cm² and < 3 cm² 0.63 0.74 1.14 1.80 1.38 0.60 1.07 2.23 0.77

   ≥ 3 cm² 0.47 0.58 0.93 2.08 1.86 0.41 2.53 2.93 2.61

PEDIS depth * * * *

   Superficial ref ref ref ref ref ref ref ref ref

   Deep 0.79 0.79 1.07 1.08 1.38 0.63 1.53 0.51 0.74

   Probe to bone 0.32 0.67 0.62 5.78 4.53 0.23 1.13 1.82 1.88

PEDIS infection grade * * * * NA NA

   No infection ref ref ref ref ref ref ref

   Superficial infection 1.02 1.10 0.85 1.24 0.99 1.52 1.34

   Deep infection 0.66 0.98 0.55 3.28 2.64 1.17 3.39

   Systemic infection 0.45 0.94 0.48 4.94 3.81 0.46 3.80

Loss of protective sensation 0.64 0.63 1.32 0.91 1.35 NA 1.08 1.01 1.05

Plantar ulcer location 0.89 0.72 1.81 0.49 0.80 0.51 0.83 0.32 0.44

Detailed ulcer location * * * * * NA NA

   Plantar toes ref ref ref ref ref ref ref

   Dorsal toes 1.07 1.19 0.67 1.23 1.08 2.39 1.69

   Plantar midfoot 0.83 0.60 2.24 0.24 0.62 0.88 0.98

   Dorsal midfoot 1.02 1.03 0.99 1.15 0.64 1.96 2.25

   Plantar hindfoot 0.87 0.58 2.16 0.10 0.13 2.96 6.09

   Dorsal hindfoot 0.79 0.55 2.11 0.28 0.45 2.74 2.41

More ulcers on same foot 0.69 0.69 0.85 0.91 2.00 NA 2.42 1.02 1.53

More ulcers on other foot 0.47 0.44 1.57 0.65 1.15 6.08 2.01 NA 1.92
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We now turn to the description of centre-specific outcomes. As previously stated, between-
centre differences may be in large part determined by differences in case-mix. Therefore, no 
conclusions with regard to quality-of-care should be drawn from these results. 
 
Figure 26 shows the distribution of centre-specific rates of the three most prevalent ulcer-
related outcomes and their evolution in audits 2-4. Between-centre variation in overall healing 
rate and chronic ulcer rate was small in audit 2 and was bigger in audits 3-4 (Figure 26A and 
C). Variation in healing with minor amputation rate was stable across audits (Figure 26B). No 
centre characteristics explained the variation in these three ulcer-related outcomes. 
 

 
Figure 26: Distribution of the centre-specific rate s of the three most prevalent ulcer-related outcome s in 
audits 2-4 (19, 32 and 34 centres respectively). A.  Overall healing rate. B. Healing with minor amputa tion 
rate. C. Chronic ulcer rate. Points show the centre -specific rates; their color-coding is explained in  the 
Methods section. Boxplots are shown in the backgrou nd. The overall rate is shown by a black horizontal  
marker. 
 
Figure 27 shows that centre-specific outcome rates in audit 2 did not predict rates in later 
audits. Rates of overall healing and chronic ulcer in audit 3 significantly predicted rates in 
audit 4. 
 

 
Figure 27: Correlogram of the centre-specific of th e three most prevalent ulcer-related outcomes in au dits 
2-4. A. Overall DFU healing. B. Healing with minor amputation. C. Chronic DFU. Figures in boxes show t he 
Pearson correlation coefficient. The intensity of th e shading corresponds to the strength of the 
correlation. Non-significant correlations are cross ed out. 
 
Figure 28 shows the distribution of centre-specific rates of the three most prevalent patient-
related outcomes and their evolution in audits 2-4. The rate of alive patients, with or without 
minor amputation, a healed index ulcer and no new W2+ ulcers (patient outcome no. 2, Figure 
28B) showed very little variation in audit 2, compared to audits 3-4. This was also the case for 
the other 2 outcomes considered, but the differences were less prominent. No centre 
characteristics explained the variation in these three patient-related outcomes. 
 



 

143 

 
Figure 28: Distribution of the centre-specific rate s of the three most prevalent patient-related outco mes in 
audits 2-4 (19, 32 and 34 centres respectively). A.  Alive, without amputation, with a healed index ulc er and 
no new ulcers of Wagner grade 2 or higher (patient outcome no. 1). B. Alive, with or without minor 
amputation, with a healed index ulcer and no new ul cers of Wagner grade 2 or higher (patient outcome 
no. 2). C. Alive, without amputation, but with at l east 1 active ulcer (patient outcome no. 3). Points show 
the centre-specific rates; their color-coding is ex plained in the Methods section. Boxplots are shown in 
the background. The overall rate is shown by a blac k horizontal marker. 
 
Figure 29 shows that only the rate of patient outcome no. 1 and 3 significantly predicted rates 
in later audits. 
 

 
Figure 29: Correlogram of the centre-specific rates  of the three most prevalent patient-related outcom es 
in audits 2-4. A. Patient outcome no. 1. B.  Patient outcome no. 2. C. Patient outcome no. 3. Figures in 
boxes show the Pearson correlation coefficient. The intensity of the shading corresponds to the strengt h 
of the correlation. Non-significant correlations ar e crossed out. 
 

3.5.5.5. Time-to-event analysis for ulcer-related outcomes 
 
For ulcer-related outcomes a time-to-event (i.e. survival) analysis was carried out. We 
considered the “risk” of DFU healing, taking into account the competing risks of major 
amputation and death; the risk of major amputation, taking into account the competing risks 
of DFU healing and death; and the risk of death, taking into account the competing risks of 
DFU healing and major amputation. It is important to note that this analysis focused on DFU 
healing, major amputation and death as first events, and is similar in that sense to the results 
of the end-point analysis presented in Table 49. In this context it is important to correct for 
competing risks. More details can be found in the Methods section. 
 
Figure 30 shows the cumulative incidence functions of DFU healing, major amputation, and 
death for all unique patients with DFUs sampled since audit 2, who were not lost to follow-up 
and who had known DFU healing status. At 6 months the probability of DFU healing was 
59.5%, of major amputation 3.8%, of death 3.9%, and of chronic DFU (no event) 32.8%. This 
figure also illustrates the concept of competing risks: if patients experiencing the competing 
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event “major amputation” would be censored at the time of amputation, the probability of 
DFU healing as a first event would be overestimated (grey curve in Figure 30). 
 

 
Figure 30: Cumulative incidence functions of DFU he aling, major amputation, and death (black curves), 
for all unique patients sampled since audit 2. Thos e not experiencing any of these 3 events were 
considered to have a chronic DFU. The grey curve sh ows the cumulative incidence function of DFU 
healing if major amputation (and death) as a compet ing event would be ignored. 
 
Figure 31 shows the cumulative incidence functions of DFU healing as a first event for audits 
2-4. Compared to audit 2, the hazard of healing was not significantly higher in audits 3 and 4. 
 
Figure 32 shows the cumulative incidence functions of major amputation as a first event for 
audits 2-4. Compared to audit 2, the hazard of amputation tended to be lower in audit 4, but 
this difference did not reach statistical significance. 
 
Figure 33 shows the cumulative incidence functions of death as a first event for audits 2-4. 
Compared to audit 2, the hazard of death was significantly higher in audit 4. 
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Figure 31: Cumulative incidence functions of DFU he aling as a first event in audits 2-4. The legend sh ows 
hazard ratios (HR) with their 95% confidence interv als, with audit 2 as the reference (ref.) category.  
 

 
Figure 32: Cumulative incidence functions of major amputation as a first event in audits 2-4. The lege nd 
shows hazard ratios (HR) with their 95% confidence intervals, with audit 2 as the reference (ref.) cat egory. 
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Figure 33: Cumulative incidence functions of death as a first event in audits 2-4. The legend shows 
hazard ratios (HR) with their 95% confidence interv als, with audit 2 as the reference (ref.) category.  
 
Table 53 shows patient and limb/ulcer characteristics associated with the risk of DFU healing, 
major amputation and death as first events in audit 4. 
 
The predictors of the risk of DFU healing in a time-to-event analysis were similar to the 
characteristics associated with the odds of DFU healing in an endpoint analysis, with the 
following exceptions: the time-to-event analysis additionally identified age, ulcer depth, 
LOPS and ulcer etiology neither ischemic nor neuropathic as characteristics associated with 
DFU healing. Cardiovascular history and plantar ulcer location were not identified as 
significantly associated with DFU healing in the time-to-event analysis, compared to the 
endpoint analysis. 
 
The predictors of the risk of major amputation in a time-to-event analysis were similar to the 
characteristics associated with the odds of major amputation in an endpoint analysis, with the 
following exceptions: the time-to-event analysis additionally identified PEDIS perfusion 
grade 2 as a characteristic associated with major amputation. Ulcer depth and the presence of 
additional contralateral ulcers were not identified as significantly associated with major 
amputation in the time-to-event analysis, compared to the endpoint analysis. 
 
The predictors of the risk of death in a time-to-event analysis were similar to the 
characteristics associated with the odds of death in an endpoint analysis, with the following 
exceptions: diabetes duration, ulcer surface area and the presence of additional contralateral 
ulcers were not identified as significantly associated with death in the time-to-event analysis, 
compared to the endpoint analysis. 
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Table 53: Patient and limb/ulcer characteristics ass ociated with the risk of DFU healing, major amputat ion 
and death as first events, audit 4. 

 

Predictor DFU
 h

eal
in

g

M
aj

or a
m

puta
tio

n

Death

Older age, per 10 year change (/10 y) 0.94 1.18 2.16

Female sex 1.13 1.15 1.81

Diabetes type  

   Type 1 ref ref ref

   Type 2 1.16 0.41 1.82

   Other type 0.99 0.68 3.29

Longer diabetes duration (/10 y) 0.91 1.12 1.20

Older age at diabetes diagnosis (/10 y) 1.02 0.96 1.28

Smoking status

   Never smoked ref ref ref

   Ex-smoker 0.89 1.13 0.69

   Current smoker 0.99 1.01 0.49

Renal insufficiency 0.83 1.51 2.91

ESRD 0.71 1.69 2.86

Prior cardiovascular events 0.88 2.12 2.80

Prior lower-limb revascularization 0.62 2.00 2.04

Prior DFU 0.69 2.49 0.91

Prior minor amputation 0.65 1.03 1.14

Prior major amputation 0.65 2.93 1.63

Concomitant Charcot foot 0.78 0.50 0.61

Concomitant active Charcot foot 1.07 1.24 NA

Concomitant inactive Charcot foot 0.71 0.32 0.79

Ulcer etiology * * *

   Neuropathic ref ref ref

   Ischemic 0.83 7.15 4.05

   Neuro-ischemic 0.62 5.78 3.65

   Neither 1.42 1.94 1.68

Ulcer Wagner grade * * *

   Grade 2 ref ref ref

   Grade 3 0.88 3.48 1.13

   Grade 4-5 0.60 14.1 2.41

PEDIS perfusion grade * * *

   Grade 1 ref ref ref

   Grade 2 0.66 2.87 2.85

   Grade 3 0.50 16.5 5.74

PEDIS extent * * *

   < 1 cm² ref ref ref

   ≥ 1 cm² and < 3 cm² 0.65 5.03 0.82

   ≥ 3 cm² 0.53 9.42 1.77

PEDIS depth * *

   Superficial ref ref ref

   Deep 0.73 1.03 1.16

   Probe to bone 0.70 2.16 0.95

PEDIS infection grade *

   No infection ref ref ref

   Superficial infection 0.99 1.44 1.45

   Deep infection 0.95 2.26 1.29

   Systemic infection 0.99 5.09 0.66

Loss of protective sensation 0.73 0.75 0.82

Plantar ulcer location 0.88 0.69 0.71

Detailed ulcer location *  *

   Plantar toes ref ref ref

   Dorsal toes 0.96 0.81 1.64

   Plantar midfoot 0.59 0.50 0.62

   Dorsal midfoot 0.87 0.88 1.58

   Plantar hindfoot 0.46 0.53 3.45

   Dorsal hindfoot 0.40 1.78 1.44

More ulcers on same foot 0.71 2.24 2.04

More ulcers on other foot 0.64 1.76 1.63
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Figure 34 shows the centre-specific hazards of DFU healing, major amputation and death as 
first events in audit 4. The hazards are expressed relative to the overall hazard and their 
logarithm was calculated to obtain a normal distribution. Positive log-hazards indicate that the 
centre had a higher than average risk. Negative log-hazards indicate that the centre had a 
lower than average risk. The figure shows the hazards as a function of the precision with 
which they were determined. Because the precision of a hazard increases with the number of 
observed events, and because the denominator is close to 52 for all centres, the hazards 
increase with increasing precision. This is merely a result of the study design in which all 
centres were to sample the first 52 patients. For each value of the precision, the limits 
corresponding to 2 (or 3) SDs above or below the overall hazard were calculated and plotted 
on the figure, resulting in the funnel-shaped curves. 
 
With regard to DFU healing (Figure 34A), the hazards of 2 centres were situated more than 2 
SDs below the overall hazard of DFU healing and 3 centres had hazards more than 2 SDs 
above. Similarly, 2 centres had hazards of major amputation that exceeded 2 SDs above the 
overall hazard (Figure 34B). No exceptional variation was observed with regard to the 
hazards of death (Figure 34C). No centre characteristics explained the variation between these 
three types of hazards, except that the median hazard of death as a first event was significantly 
higher in Dutch-speaking centres compared to French-speaking centres. The endpoint analysis 
presented in the previous section also showed a higher median rate of ulcers being resolved 
by death in Dutch-speaking compared to French-speaking centres, but there the difference did 
not reach statistical significance. 
 

 
Figure 34: Centre-specific hazards of DFU healing, major amputation and death as first events in audit  4, 
plotted in a funnel-plot. See main text and methods for a detailed explanation. 
 

3.5.5.6. Referral delay and outcomes 
 
Section  3.5.3.7 showed that ulcer severity was higher in patients arriving late in a centre after 
the onset of their foot problem, compared to patients who arrived earlier. The previous 
sections showed that higher ulcer severity was associated with poorer ulcer and patient 
outcomes. 
 
The goal of this section is to confirm the known association of referral delay with outcomes in 
the IQED-Foot population.85,86 More precisely, we wanted to investigate whether referral 
delay affects outcomes directly, or rather indirectly, through its association with ulcer 
severity. 
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For our analysis we considered all unique patients from audits 2-4 with known ulcer-related 
outcomes (N = 3,731). Referral delay was known for 3,363 patients (90.1%). 
 
Compared to early referral within 7 days, the HR (95% CI) for healing was 0.79 (0.69-0.91) 
for patients referred after 1 to 2 weeks, 0.74 (0.64-0.84) for patients referred after 3 to 4 
weeks, and 0.58 (0.51-0.66) for patients referred after more than 4 weeks. 
 
Adjusting for all patient and ulcer characteristics associated with DFU healing in Table 53, 
the corresponding HR were 0.81 (0.69-0.96), 0.73 (0.62-0.86), and 0.64 (0.55-0.75) in a 
complete-case analysis on 2,291 patients (68.1% of patients with known referral delay). 
 
Similar significant associations of DFU healing with referral delay were observed for each 
separate audit (data not shown). 
 
The risk of major amputation increased with increasing referral delay, but the association did 
not reach statistical significance. The corresponding HR were 1.51 (0.78-2.91), 1.31 (0.68-
2.51), and 1.69 (0.95-3.02). 
 
Similarly, the risk of death increased with increasing referral delay, but the association did not 
reach statistical significance. The corresponding HR were 1.48 (0.73-2.99), 1.82 (0.94-3.52), 
and 1.63 (0.88-3.03). 
 

3.5.5.7. Discussion and conclusions 
 
Summarizing the results with regard to outcomes we can say the following. The end-point 
analysis of ulcer-related outcomes showed that in audits 2-4 overall 51% of index ulcers were 
healed at one point during follow-up (11% occurred in patients who also received minor 
amputation), 3% were resolved by major amputation, the rate of which decreased between 
audits 3 and 4, and another 3% were resolved by death, the rate of which increased in the 
same period. At the end of follow-up 42% of ulcers were unhealed in patients alive without 
major amputation. The time-to-event analysis showed similar results, with 6-month healing 
probability approaching 60%. Neither the rate nor the probability of DFU healing changed 
significantly across audits. The results suggest that in audit 4 fewer major amputations were 
performed in patients with limited life expectancy. It is well-known that major amputation 
and death should be studied in relation to each other.126 In this context, it is unclear whether 
this reflects a deliberate management strategy by the centres or simply the overall poor 
condition of these patients making surgery impossible. A selective decrease in the incidence 
of major amputation among the elderly has been observed in another study.46 For unknown 
reasons, the probability of death as a first event was higher in Dutch-speaking centres than in 
French-speaking centres in audit 4. 
 
Looking at patient-related outcomes, the picture was quite different. Only 22% of patients 
were alive at the end of follow-up with intact feet (no amputation) and no more unhealed 
ulcers of Wagner grade 2 or higher. An additional 10% had a healed index ulcer, but had 
additional ulcers at presentation of which the healing status at the end of follow-up was 
unknown. 
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The results highlight that outcomes were determined by patient and ulcer/limb characteristics. 
A complete study, including the construction of a multivariable risk-adjustment model, was 
beyond the scope of the present report. It is however a prerequisite to properly study variation 
in outcomes between centres. A preliminary model has been produced but awaits 
validation.172 It includes: presence of contralateral ulcer(s) at presentation, presence of PAD, 
presence of mid/hindfoot ulcers (vs. forefoot), presence of additional ipsilateral ulcer(s), 
presence of renal insufficiency and referral delay. The pilot study of the UK audit system used 
ulcer location (forefoot vs. mid/hindfoot), presence of PAD and ulcer depth (superficial vs. 
deeper) as a model to adjust and compare outcomes between centres.54 They do not describe 
whether the model was prospectively validated. 
 
In agreement with the study by Gershater et al.87 and also suggested by many other studies, 
we observed that in addition to the impact of ulcer severity, healing is less likely in patients 
with comorbidity, PAD, and long diabetes duration, thus suggesting that DFU is sign of 
underlying multiorgan disease. Ulcer infection was not associated with DFU healing in the 
latest IQED-Foot audit, regardless of the presence of PAD (data not shown). This observation 
contrasts with the Eurodiale study where healing was less likely if both infection and ischemia 
(UT stage D) were present.109 With regard to ulcer recurrence, we observed that rates were 
highest in the least severe ulcers. This can be explained by the fact that more severe ulcers 
take longer to heal, thus making recurrence less likely in the 6-month timeframe. 
Alternatively, patients with less severe and rapidly-healing ulcers may be less inclined to 
follow the centre’s recommendations for prevention, including the wearing of appropriate 
footwear. The current study design is therefore inadequate to study ulcer recurrence and 
effectiveness of secondary prevention. 
 
Referral delay was a predictor of poor DFU healing, even after accounting for the fact that 
ulcer severity increased with increasing referral delay. This finding stresses the importance of 
early referral to the centres. The UK has introduced the “foot attack” principle and this 
principle has been advocated during the 2015 symposium celebrating 25 years of integrated 
diabetic foot care in Belgium.83,89 All HCPs should recognize DFU and know what to do 
when they see a patient with a DFU. Within the context of diabetes care, all patients with 
diabetes should be educated on the risks and recognition of DFU. Policy-makers and HCPs 
should work together to facilitate and valorise interprofessional and interdisciplinary dialogue 
and collaboration. There is a continuing need for diabetic foot advocates to raise awareness on 
the recognition, management and outcomes of diabetic foot problems. The IQED-Foot audits 
are well suited to evaluate the implementation of the “foot attack” principle by periodically 
assessing median referral delay in patients presenting to the centres. 
 
Another question is whether treatment (process-of-care) is associated with outcomes in 
IQED-Foot. This question was left out-of-scope for the present report for two reasons. First, it 
requires that outcomes (and treatments) are corrected for differences in case-mix. As 
mentioned above, this correction is being studied, but the work is not yet complete. Second, 
IQED-Foot is an observational study and therefore a priori not suited to show the association 
of treatment with outcomes. The latter requires an experimental design, preferably a RCT. 
Indeed, in an observational study one cannot exclude the important effect of indication bias, 
according to which patients with the most severe pathology receive the most intensive 
treatment, thus biasing downward any process-outcome relationship. Moreover, we do not 
audit the use of all existing treatments. We have no information on the use of antibiotics, local 
wound management techniques, use of negative pressure therapy, hyperbaric oxygen etc. 
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Thus, the lack of a standardized treatment protocol further hampers the correct interpretation 
of the process-outcome relationship. 
 
Finally, how do the IQED-Foot outcomes compare to those in other studies? Appendix B 
gives an overview of identified studies, allowing comparison of patient and ulcer 
characteristics and their outcomes. It also indicates the study type as being single or multi-
centre. We could identify only 2 multicentre studies where the centres providing data could be 
assumed to be unselected, as is the case in IQED-Foot: the audit system in Germany52 and the 
recently started audit system in the UK54. All other studies were single or multi-centre studies 
performed by expert centres that chose to publish their results. The Eurodiale study51 is a 
special case: while all centres were expert centres that chose to participate in the consortium, 
the relatively large scale (14 centres) and large policy differences may have yielded a 
population that mimics an unselected population. 
 
The healing rates at 6 months in the German and UK systems were 55 and 65% respectively, 
compared to 51% in IQED-Foot. Ulcer severity in these two studies was however much 
lower, also including many Wagner grade 1 ulcers. The UK audit has published healing rates 
stratified by SINBAD score. These data allowed us to calculate that only 51% of ulcers would 
have healed in the UK, if ulcer severity was identical to that observed in IQED-Foot (data not 
shown). This healing rate is identical to that in IQED-Foot. Major amputation and mortality 
rates in IQED-Foot were also similar to those reported in Germany. Comparing to the 
Eurodiale study is difficult, because of the longer follow-up in the latter study (1 year). 
However, published time-to-event analyses173 show a 6-month healing probability of 50-55% 
compared to 60% in IQED-Foot. Therefore it seems warranted to conclude that compared to 
other large-scale multi-centre studies the short-term outcomes in IQED-Foot were similar or 
superior. 
 
Appendix B shows that outcomes in the remaining single and small-scale multi-centre studies 
were superior to those in IQED-Foot, with healing rates often exceeding 60%. Differences in 
ulcer severity as well as differences in quality-of-care of the centre or the health care system 
may explain why similar rates were not achieved by some of the centres in IQED-Foot. We 
should however be careful not to attribute all differences in outcomes within IQED-Foot and 
between studies to differences in case-mix, and we should acknowledge that best-practices 
exist and should be shared and implemented as much as possible. This is the ultimate goal of 
this quality improvement initiative (see section  4). 
 
Box 12: Conclusions on outcomes of patients and ulc ers 

• In audits 2-4, one out of two index ulcers healed during the 6-month follow-up. 
• Major amputation rates were low at 3% and decreased significantly between 

audits 3 and 4. 
• For unknown reasons the overall mortality rate increased between audits 3 

and 4. 
• These outcomes compare well to those of similar studies in Germany and the 

UK, certainly if the higher baseline ulcer severity in IQED-Foot is taken into 
account. 

• Many patient and ulcer-related characteristics affected the outcomes. Further 
research is needed to use this information to risk-adjust outcomes and allow 
valid comparison between centres. 
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• Referral delay was an independent predictor of DFU healing, stressing the 
importance of early referral of DFU patients to centres and of organizing 
health care services according to the “foot attack” principle. 

 

3.5.6. Secondary prevention in patients with healed ulcers 

3.5.6.1. Current recommendations and background  
 
The general introduction highlighted the high recurrence rates of DFU reported in the 
literature, to such an extent that DFU is often regarded as a chronic disease that periodically 
goes into remission. As a consequence, once a patient with diabetes has suffered a DFU, 
secondary prevention is of vital importance to prevent reulceration and reduce the risk of 
amputation. 
 
The 2015 IWGDF Guidance documents mention four evidence-based approaches to 
secondary prevention.24 
 
First, there is a proven role for therapeutic footwear in the prevention of recurrence of plantar 
ulcers. However, therapeutic footwear is effective at preventing reulceration of plantar ulcers 
only if two conditions are met: the pressure relieving capacity of the footwear needs to be 
demonstrated,15,174 e.g. by in-shoe pressure measurements, and the patient needs to wear the 
shoes.15,175 The latter implies proper education, but also the availability of specific footwear 
for indoors, as many patients find outdoor footwear too bulky and spend most of their time 
indoors. The IWGDF specifically recommends that appropriate footwear should be available 
without financial restraints, both for indoors and outdoors.34 
 
Second, mere provision of footwear is deemed insufficient and should be part of an integrated 
care package also including professional foot treatment, e.g. by a podiatrist, and repeated 
education. The IWGDF recommends an interval of 1 to 3 months between professional foot 
evaluations/treatments. A podiatric follow-up may include all elements of the integrated care 
package and aims at early detection and treatment of pre-ulcerative signs. 
 
Third, daily home monitoring of foot skin temperature may detect impending DFU. Elevated 
skin temperatures, a sign of early inflammation, should lead to the appropriate actions by 
patients and care providers. This example of a self-management intervention needs further 
study. 
 
Fourth, when conservative therapy fails, some surgical interventions (surgical off-loading) 
may prevent reulceration in specific cases. 
 
There is very little evidence on the prevention of recurrent non-plantar ulcers. The IWGDF 
recommends appropriately fitting (non-therapeutic) footwear. In case of deformities or pre-
ulcerative signs, therapeutic footwear, custom-made insoles or toe orthoses may be needed.24 
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3.5.6.2. Items in IQED-Foot questionnaire 
 
The provision of footwear in the context of secondary prevention has been audited since 
audit 1. In audits 1-2 the questionnaire considered footwear for both outdoors and indoors. 
The following yes/no items were included, separately for indoor and outdoor footwear: no 
footwear foreseen, tailor-made orthopaedic insoles, appropriate off-the-rack (OTR) shoes, 
semiorthopaedic shoes, orthopaedic shoes. Audit 1 asked whether “measures were taken” 
with regard to these types of footwear in Dutch, and whether these types of footwear “were 
foreseen” in French. Audit 2 asked whether during the 6-month follow-up “special preventive 
measures with regard to footwear were taken” in Dutch and French. Audit 1 also included a 
yes/no question on whether the patient was considered compliant with the instructions for 
wearing the footwear. 
 
From audit 3 onwards the distinction between footwear for indoors and outdoors was 
dropped. Centres reported the number of pairs of footwear they “prescribed or recommended 
at the end of treatment” (if any). They were also able to report whether they prescribed or 
recommended footwear within the past 2 years. The following footwear was considered: 
orthopaedic insoles for OTR shoes, semi-orthopaedic shoes with insoles, semi-orthopaedic 
shoes without insoles, and orthopaedic shoes. The number of pairs prescribed or 
recommended may give indications on whether both outdoor and indoor footwear was 
available to the patient. 
 
In addition to the provision of footwear, IQED-Foot has also included questions on the 
provision of podiatric follow-up. Audit 1 asked whether “a podiatric follow-up was 
organised” and whether the patient was compliant with the follow-up. Audit 2 did not include 
questions on podiatric follow-up. From audit 3 onwards centres were asked to report whether 
“a podiatric follow-up was provided after ulcer healing”. 
 
Finally, it should be noted that the 6-month follow-up in audits 2-4 was too short to study 
reulceration and that the timing of the provision of footwear relative to reulceration was 
unknown, thus making it impossible to study the impact of secondary prevention on 
outcomes. 
 

3.5.6.3. Results 
 
This section aims to present the results with regard to footwear that was provided to patients 
in the context of secondary prevention. In this analysis we focused on patients whose DFUs 
healed during follow-up as being eligible for secondary prevention. This restriction was made 
somewhat explicit in the questionnaires of audits 3 and 4, by asking the centres to report 
preventive measures taken at the end of follow-up. However, it is sometimes necessary to 
provide new footwear or alterations to existing footwear during follow-up, for instance to 
accommodate the effects of an off-loading device on the contralateral foot. Therefore, we 
present in separate analyses the results for patients whose index DFU did not heal during 
follow-up. 
 
Table 54 shows the rates at which preventive measures with regard to footwear were taken for 
patients whose index DFU healed during follow-up in audits 1-4. For audits 1 and 2 results 
from outdoor and indoor footwear were combined and the number of pairs was assumed to be 
1 if only outdoor or indoor footwear was reported, and assumed to be 2 if both were reported. 
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Still for audits 1 and 2, if provision of insoles and semi-orthopaedic shoes was reported for 
the same patient, we assumed that the insoles were to be worn inside the semi-orthopaedic 
shoes. All other insoles were assumed to be for OTR shoes. This assumption allowed a 
complete mapping of the categories in earlier audits with those in later audits. 
 
Overall, semi-orthopaedic shoes were provided the most, in about 31% of cases, with no 
significant change across audits. In audits 3 and 4 the majority of these were provided with 
custom-made insoles. In earlier audits this was only in half of cases, but the significant 
differences across audits may be due to differences in the questionnaire and in the way the 
responses were treated during analysis (see previous paragraph). 
 
Orthopaedic shoes were provided in 24% of cases, with no significant change across audits. 
 
Tailor-made orthopaedic insoles for off-the-rack shoes were provided in 14% of cases, with a 
significant decrease across audits. This decrease may however be due to changes to the 
questionnaire and to the way responses were treated. The results from audits 3 and 4 are more 
reliable and show that this type of footwear is provided to only a minority of patients. 
 
In audits 1 and 2, centres reported that appropriate off-the-rack shoes were provided to 24% 
of patients with healed DFUs. 
 
Taking into account that the item “appropriate off-the-rack shoes” was no longer included in 
audits 3-4, the proportion of patients with a healed index DFU at the end of follow-up not 
receiving insoles or (semi-)orthopaedic shoes was about 34%. In audits 3 and 4, about a third 
of these patients had received some kind of footwear in the 2 preceding years. 
 
Finally, with regard to the number of provided pairs of footwear, the results from audits 3 and 
4, which are the most reliable results in this regard, show that almost never more than 1 pair 
of any type of footwear was provided. The more positive results in audits 1 and 2 stem from 
the fact that when details about outdoor and indoor footwear were provided, it was assumed 
that these details pertained to two different pairs of shoes. Looking at the results of the later 
audits, this assumption does not seem warranted. 
 
 
 
 
 
Table 54: Rates at which preventive measures with r egard to footwear were taken for patients whose 
index DFU healed during follow-up, audits 1-4 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Patients whose index DFU 
healed during follow-up 

570 
(54.1) 

448 
(45.5) 

795 
(50.2) 

837 
(47.9) 

2,384 
(49.4) 

Tailor-made orthopaedic 
insoles for OTR shoes 

122 
(21.4)ddd 

106 
(23.7)ccc 

80 
(10.1)aa 

48 
(5.7)bbb 

334 
(14.0)--- 

   1 pair 41 
(7.2) 

42 
(9.4) 

80 
(10.1) 

48 
(5.7) 

196 
(8.2) 

   2 pairs or moreNA 81 
(14.2) 

64 
(14.3) 

0 
(0.0) 

0 
(0.0) 

138 
(5.8) 
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 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Appropriate off-the-rack 
shoes 

151 
(26.5) 

87 
(19.4) 

- - 225 
(23.7)(!) 

   1 pair 64 
(11.2) 

30 
(6.7) 

- - 87 
(9.1)(!) 

   2 pairs or more 87 
(15.3) 

57 
(12.7) 

- - 138 
(14.5)(!) 

Semi-orthopaedic shoes, 
overall 

164 
(28.8) 

136 
(30.4) 

250 
(31.4) 

240 
(28.7) 

732 
(30.7) 

   1 pair 78 
(13.7) 

57 
(12.7) 

245 
(30.8)b 

239 
(28.6)b 

571 
(24.0)+ 

   2 pairs or more 86 
(15.1)ddd 

79 
(17.6)ccc 

5 
(0.6)aaa 

1 
(0.1)bbbc 

161 
(6.8)--- 

Semi-orthopaedic shoes 
without insoles 

83 
(14.6)ddd 

66 
(14.7)cc 

41 
(5.2)aa 

36 
(4.3)bbb 

207 
(8.7)--- 

   1 pair 37 
(6.5) 

25 
(5.6) 

41 
(5.2) 

36 
(4.3) 

127 
(5.3) 

   2 pairs or moreNA 46 
(8.1) 

41 
(9.2) 

0 
(0.0) 

0 
(0.0) 

80 
(3.4) 

Semi-orthopaedic shoes 
with insoles 

82 
(14.4) 

71 
(15.8) 

210 
(26.4) 

204 
(24.4) 

528 
(22.1)+ 

   1 pair 43 
(7.5) 

34 
(7.6) 

206 
(25.9)bbb 

203 
(24.3)bbb 

450 
(18.9)++ 

   2 pairs or more 39 
(6.8)ddd 

37 
(8.3)ccc 

4 
(0.5)aaa 

1 
(0.1)bbb 

78 
(3.3)--- 

Orthopaedic shoes 154 
(27.0) 

130 
(29.0) 

184 
(23.1) 

195 
(23.3) 

566 
(23.7) 

   1 pair 56 
(9.8) 

58 
(12.9) 

182 
(22.9) 

195 
(23.3) 

413 
(17.3)+ 

   2 pairs or moreNA 98 
(17.2) 

72 
(16.1) 

2 
(0.3) 

0 
(0.0) 

153 
(6.4) 

Two pairs of footwear or 
more (insoles and/or shoes) 

- - 28 
(3.5) 

14 
(1.7) 

39 
(2.5)(!!) 

Footwear was provided, but 
details were missing 

- - 6 
(0.8) 

8 
(1.0) 

14 
(0.9)(!!) 

None of these types of 
footwear were provided 

105 
(18.4)ddd 

91 
(20.3)cc 

280 
(35.2)aaa 

323 
(38.6)bb 

707 
(29.7)+++ 

   Received footwear in the 
   last 2 years 

- - 105 
(13.2) 

115 
(13.7) 

197 
(12.8) (!!) 

None or off-the-rack only 177 
(31.1) 

139 
(31.0) 

280 
(35.2) 

323 
(38.6) 

820 
(34.4)++ 

UnknownNA 23 
(4.0) 

0 
(0.0) 

16 
(2.0) 

36 
(4.3) 

71 
(3.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 (!) All new patients in audits 1 and 2 whose index ulcer healed during follow-up, N = 951. 
(!!) All new patients in audits 3 and 4 whose index ulcer healed during follow-up, N = 1,538. 
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Combinations of different types of footwear were rare in audits 3 and 4 (2.1%, data not 
shown). In audits 1 and 2 they were more prevalent (21.6%), certainly the combinations 
between on the one hand insoles and on the other hand shoes. The combination of insoles 
with semi-orthopaedic shoes was accounted for in Table 54. In audits 3 and 4, less than 3% of 
patients were provided with two pairs of footwear, regardless of the type of footwear.  
 
Table 55 shows that footwear was provided also to patients whose index DFU did not heal 
during follow-up, or when the healing status was unknown. However, in audits 2-4 rates were 
significantly higher in patients whose index DFU healed during follow-up compared to 
patients where it did not heal or where the status was unknown. The difference between 
patients with healed and non-healed index DFUs was primarily situated in the provision of 
insoles for the OTR shoes, the rate of which was clearly lower in the latter group (data not 
shown). The difference was smaller with regard to semi-orthopaedic and orthopaedic shoes. 
 
Table 55: Rates at which preventive measures with r egard to footwear (excluding appropriate off-the-ra ck 
shoes) were taken as a function of index DFU healin g status, audits 1-4 

 Audit 1 
(N=1,053) 

Audit 2 
(N=985) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=4,825) 

Index DFU healed 393/570 
(68.9)***  

309/448 
(69.0)* 

515/795 
(64.8)* 

514/837 
(61.4)**  

1,564/2,384 
(65.6)--***  

Index DFU not healed 136/252 
(54.0) 

269/460 
(58.5)°°° 

401/710 
(56.5)° 

421/821 
(51.3)°° 

1,056/1,981 
(53.3) 

Index DFU healing status 
unknown/lost to follow-up 

172/231 
(74.5)* 

24/77 
(31.2)aa### 

34/78 
(43.6)aaa### 

25/89 
(28.1)aaa### 

250/460 
(54.3)--- 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. not healed. 
#,##,### p < 0.05, p < 0.01, p < 0.001 vs. healed. 
°,°°,°°° p < 0.05, p < 0.01, p < 0.001 vs. unknown healing status. 
 
In addition to the provision of footwear, we investigated the rate at which podiatric follow-up 
was foreseen at the end of follow-up in audits 1, 3 and 4 (Table 56). For over 70% of patients 
with healed DFUs centres reported that a podiatric follow-up was foreseen. Rates were 
significantly lower in patients with non-healed DFUs, but still substantial. 
 
Table 56: Rates at which podiatric follow-up was fo reseen at the end of follow-up, audits 1, 3 and 4. 

 Audit 1 
(N=1,053) 

Audit 3 
(N=1,583) 

Audit 4 
(N=1,747) 

All pts 
(N=3,969) 

Podiatric follow-up 
foreseen 

588 
(55.8) 

992 
(62.7) 

1,012 
(57.9) 

2,315 
(58.3) 

   Index DFU healed 401/570 
(70.4)***  

592/795 
(74.5)***  

603/837 
(72.0)***  

1,436/2,003 
(71.7)***  

   Index DFU not healed 139/252 
(55.2)°°° 

381/710 
(53.7)°°° 

381/821 
(46.4)°°° 

787/1,577 
(49.9)°°° 

   Index DFU healing status 
   unknown/lost to follow-up 

48/231 
(20.8)### 

19/78 
(24.4)### 

28/89 
(31.5)### 

92/389 
(23.7)### 

Status unknown 196 
(18.6) 

204 
(12.9) 

325 
(18.6) 

655 
(16.5) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. not healed. 
#,##,### p < 0.05, p < 0.01, p < 0.001 vs. healed. 
°,°°,°°° p < 0.05, p < 0.01, p < 0.001 vs. unknown healing status. 
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Next, we investigated the patient and limb/ulcer characteristics associated with the taking of 
preventive measures with regard to footwear and associated with a podiatric follow-up in 
patients with a healed index DFU in audit 4 (Table 57). 
 
The odds of provision of insoles for OTR shoes increased with plantar ulcer location and 
decreased with older age, female sex, longer diabetes duration, renal insufficiency, history of 
LL revascularization and minor amputation, with neuro-ischemic etiology, Wagner grade 3, 
dorsal toe location, and with additional ipsilateral ulcers. 
 
The odds of provision of semi-orthopaedic shoes, regardless of insoles, increased with older 
age and decreased with history of LL revascularization, concomitant inactive Charcot foot, 
systemic infection, plantar midfoot location. 
 
The odds of provision of semi-orthopaedic shoes without insoles increased with older age, 
neither ischemic nor neuropathic ulcer etiology, and decreased with a history of DFU, ulcer 
surface area, and LOPS. 
 
The odds of provision of semi-orthopaedic shoes with insoles decreased with history of LL 
revascularization, concomitant inactive Charcot foot, PEDIS infection grade, and plantar 
midfoot location. 
 
The odds of provision of orthopaedic shoes increased with a history of DFU and minor 
amputation, with concomitant (in)active Charcot foot, Wagner grade 3, ulcer surface area, 
ulcer depth, PEDIS infection grade, LOPS, plantar midfoot location. The odds decreased with 
older age, older age at diabetes diagnosis, renal insufficiency, and neither ischemic nor 
neuropathic ulcer etiology. The odds also increased if minor amputation took place during 
follow-up (data not shown). 
 
The odds of not receiving any footwear increased with history of LL revascularization, and 
plantar hindfoot ulcer location. The odds decreased with type 2 diabetes, ulcer surface area, 
and additional ipsilateral ulcers. 
 
The odds of not receiving any footwear at the end of follow-up but having received footwear 
in the past 2 years increased with longer diabetes duration, history of LL revascularization, 
DFU, minor and major amputation, with concomitant inactive Charcot foot, LOPS, and 
additional contralateral ulcers. The odds decreased with type 2 diabetes, ischemic ulcer 
etiology, Wagner grade 3, ulcer surface area, and systemic infection. 
 
The odds of not having received any footwear at the end of follow-up, nor having received 
footwear in the past 2 years increased when the etiology was not purely neuropathic, with 
renal insufficiency, and with hindfoot ulcer location. The odds decreased with ex-smoker 
status, history of DFU or minor amputation, with concomitant inactive Charcot foot, LOPS, 
plantar ulcer location, and additional ipsilateral ulcers. 
 
The odds of receiving a podiatric follow-up increased with a history of DFU or a history of 
minor amputation, and decreased with dorsal hindfoot ulcer location. Minor amputation 
during follow-up did not significantly affect the odds of podiatric follow-up (data not shown). 
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Table 57: Patient and limb/ulcer characteristics ass ociated with the taking of preventive measures with  
regard to footwear and associated with podiatric fo llow-up in patients with a healed index DFU, audit 4. 
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Older age, per 10 year change (/10 y) 0.78 1.15 1.35 1.09 0.75 1.10 1.01 1.13 0.90

Female sex 0.40 0.99 0.98 1.01 0.84 1.15 1.00 1.18 0.87

Diabetes type NA NA *

   Type 1 ref ref ref ref ref ref ref

   Type 2 1.65 1.47 0.80 0.64 0.46 1.05 0.94

   Other type 1.63 1.80 0.40 1.31 0.51 2.34 1.28

Longer diabetes duration (/10 y) 0.67 1.02 0.96 1.03 0.96 1.10 1.22 0.98 1.05

Older age at diabetes diagnosis (/10 y) 1.05 1.09 1.26 1.04 0.88 1.02 0.92 1.08 0.96

Smoking status *

   Never smoked ref ref ref ref ref ref ref ref ref

   Ex-smoker 0.91 1.08 1.10 1.07 1.30 0.75 1.12 0.64 1.31

   Current smoker 1.69 1.14 1.18 1.12 1.13 0.80 0.98 0.77 0.98

Renal insufficiency 0.25 1.08 1.14 1.05 0.77 1.27 1.04 1.31 1.03

ESRD NA 0.91 0.33 1.08 1.56 0.94 0.91 1.00 1.11

Prior cardiovascular events 0.58 1.04 1.53 0.94 0.77 1.20 1.05 1.23 0.87

Prior lower-limb revascularization 0.28 0.54 0.76 0.52 1.08 1.73 1.98 1.27 1.19

Prior DFU 0.49 0.90 0.67 0.99 1.67 0.91 4.96 0.43 1.50

Prior minor amputation 0.40 0.68 0.54 0.75 2.36 0.90 1.81 0.53 1.76

Prior major amputation NA 0.41 1.25 0.30 0.94 1.61 2.66 0.79 1.05

Concomitant Charcot foot NA 0.19 0.32 0.19 4.62 0.74 2.52 0.14 1.02

Concomitant active Charcot foot NA NA NA NA 24.7 NA NA NA 0.64

Concomitant inactive Charcot foot NA 0.29 0.47 0.28 2.70 1.17 3.50 0.22 1.26

Ulcer etiology * * *

   Neuropathic ref ref ref ref ref ref ref ref ref

   Ischemic 0.79 0.99 1.25 0.90 0.62 1.24 0.22 2.50 0.72

   Neuro-ischemic 0.51 0.85 0.53 0.93 0.97 1.22 0.90 1.43 0.80

   Neither 1.46 1.27 2.70 0.90 0.33 1.28 0.48 2.01 0.70

Ulcer Wagner grade NA *

   Grade 2 ref ref ref ref ref ref ref ref

   Grade 3 0.48 0.96 1.11 1.91 0.75 0.62 0.94 1.22

   Grade 4-5 0.53 0.80 1.08 1.75 0.88 0.44 1.32 0.78

PEDIS perfusion grade NA NA

   Grade 1 ref ref ref ref ref ref ref

   Grade 2 0.90 0.99 0.98 1.18 0.90 1.35 0.84

   Grade 3 0.66 0.84 1.25 1.18 0.74 1.46 0.83

PEDIS extent * *

   < 1 cm² ref ref ref ref ref ref ref ref ref

   ≥ 1 cm² and < 3 cm² 0.69 0.71 0.19 0.89 2.28 0.79 0.91 0.78 1.06

   ≥ 3 cm² 0.63 1.00 0.56 1.16 2.04 0.63 0.52 0.79 0.63

PEDIS depth *

   Superficial ref ref ref ref ref ref ref ref ref

   Deep 0.87 1.35 1.01 1.41 1.01 0.87 1.11 0.80 0.91

   Probe to bone 0.33 1.14 0.52 1.34 2.25 0.67 0.71 0.76 1.02

PEDIS infection grade * NA * * *

   No infection ref ref ref ref ref ref ref ref

   Superficial infection 1.33 0.79 0.93 0.84 1.36 1.29 1.24 1.25

   Deep infection 1.19 1.05 1.20 1.47 0.79 0.81 0.85 1.07

   Systemic infection 0.39 0.48 0.65 3.79 0.58 0.30 0.80 1.46

Loss of protective sensation 0.68 0.78 0.39 1.02 2.18 0.87 2.79 0.53 1.20

Plantar ulcer location 2.92 0.95 0.52 1.10 1.40 0.76 1.15 0.64 1.19

Detailed ulcer location * * NA * * * *

   Plantar toes ref ref ref ref ref ref ref ref

   Dorsal toes 0.40 0.76 0.66 0.95 1.42 0.95 1.61 0.95

   Plantar midfoot 1.30 0.52 0.59 2.72 0.74 0.90 0.67 0.88

   Dorsal midfoot 0.42 1.00 0.97 1.36 0.89 0.67 1.09 0.71

   Plantar hindfoot 1.46 0.48 0.55 0.61 2.54 0.99 2.99 0.89

   Dorsal hindfoot 0.31 0.36 0.42 1.75 1.61 0.45 2.49 0.39

More ulcers on same foot 0.37 1.16 0.76 1.23 1.44 0.70 1.17 0.55 0.99

More ulcers on other foot 1.08 1.22 0.91 1.28 0.86 0.99 1.64 0.67 0.92
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Figure 35 shows the centre-specific rates at which preventive measures with regard to 
footwear were taken in audits 1-4. Overall, the rates varied widely, both with regard to 
footwear provided to patients with a healed index DFU as to patients with a non-healed index 
DFU. Among patients with a healed index DFU, more patients were not receiving any 
footwear in later audits and the variation between centres increased (Figure 35C). 
 

 
Figure 35: Distribution of the centre-specific rate s at which preventive measures with regard to footw ear 
were taken in audits 1-4 (19, 19, 32 and 34 centres  respectively). A. Semi-orthopaedic shoes among 
patients with a healed index DFU (“healed”). B. Ort hopaedic shoes, “healed”. C. No footwear, “healed”.  D. 
Semi-orthopaedic shoes among patients whose index DF U did not heal (“non-healed”). E. Orthopaedic 
shoes, “non-healed”. F. No footwear, “non-healed”. Points show the centre-specific rates; their color-
coding is explained in the Methods section. Boxplot s are shown in the background. The overall rate is 
shown by a black horizontal marker. 
 
Figure 36 shows the correlation of centre-specific rates at which footwear was provided 
between patients whose index DFU healed and whose index DFU did not heal. It highlights 
that both in audits 3 and 4 up to a third of centres provided more footwear to patients whose 
index DFU was not healed at the end of follow-up than to patients whose index DFU was 
healed. 
 
Figure 37 shows that centre-specific footwear provision rates in earlier audits were poor 
predictors of rates in later audits. There was a significant correlation between audits 1 and 2 
among patients whose index DFU healed for (semi-)orthopaedic shoes or any footwear 
(Figure 37A-C). With regard to semi-orthopaedic shoes, the rates in audit 4 were significantly 
correlated with those in audits 2 and 3 (Figure 37A). 
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Figure 36: Correlation of centre-specific rates at which preventive measures with regard to footwear w ere 
taken between patients whose index DFU healed (x-ax is) and whose index DFU did not heal (y-axis) in 
audits 4 (A-C) and 3 (D-F) for semi-orthopaedic sho es (A, D), orthopaedic shoes (B, E) and any footwea r, 
including insoles (C, F). The dark red region conta ins centres that provided at least twice as much 
footwear to patients with a non-healed index DFU th an to patients with a healed index DFU. The dark 
green region corresponds to the inverse scenario. 
 

 
Figure 37: Correlogram of the centre-specific at wh ich preventive measures with regard to footwear wer e 
taken in audits 1-4, in patients whose index DFU he aled (A-C) and did not heal (D-F) for semi-orthopae dic 
shoes (A, D), orthopaedic shoes (B, E) and any footw ear, including insoles (C, F). Figures in boxes sho w 
the Pearson correlation coefficient. The intensity o f the shading corresponds to the strength of the 
correlation. Non-significant correlations are cross ed out. 
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Looking at the centre characteristics associated with the provision of footwear in audit 4, we 
observed significantly higher rates of orthopaedic shoes for patients with a healed index DFU 
among centres in academic hospitals than in other centres (median rate of 33.3 vs. 16%, p = 
0.019). In centres in academic hospitals the ratio of any footwear provision among patients 
whose index DFU healed and among those whose index DFU did not heal was significantly 
higher than in other centres: centres in academic hospitals prescribed any footwear (including 
insoles) twice as much to healed than to non-healed patients, while the ratio was almost 1 in 
the other centres (median ratio of 1.96 vs. 1.10, p = 0.008). 
 
With regard to the organisation of podiatric follow-up at the end of follow-up, Figure 38A 
shows that among patients whose index DFU healed, between-centre variation increased 
between audits 3 and 4, with some centres having particularly low rates. Figure 38C and D 
show that rates in earlier audits predicted rates in later audits relatively well. Finally, Figure 
38E and F show that in contrast to the provision of footwear, organisation of a podiatric 
follow-up was more likely to be restricted to patients whose index DFU healed during follow-
up. Compared to French-speaking centres, Dutch-speaking centres reported significantly 
lower rates of podiatric follow-up (median rate of 91.8 vs. 70.3%, p = 0.039). 
 

 
Figure 38: A-B, Distribution of the centre-specific  rates at which podiatric follow-up was foreseen at  the 
end of follow-up in audits 1, 3 and 4 (19, 32 and 3 4 centres respectively), among patients whose index  
DFU healed (A) or did not heal (B). Points show the centre-specific rates; their color-coding is explai ned 
in the Methods section. Boxplots are shown in the b ackground. The overall rate is shown by a black 
horizontal marker. C-D, Correlograms for the same i ndicators. Figures in boxes show the Pearson 
correlation coefficient. The intensity of the shadi ng corresponds to the strength of the correlation. Non-
significant correlations are crossed out. E-F, Corre lation of centre-specific rates at which podiatric follow-
up was foreseen at the end of follow-up between pat ients whose index DFU healed (x-axis) and whose 
index DFU did not heal (y-axis) in audits 4 (E) and 3 (F). The dark red region contains centres that fo rewas 
podiatric follow-up at least twice as frequently to  patients with a non-healed index DFU than to patie nts 
with a healed index DFU. The dark green region corr esponds to the inverse scenario. 
 



 

 
162 

3.5.6.4. Discussion and conclusions 
 
In the most recent audit, over 60% of patients received either insoles for OTR shoes or (semi-
)orthopaedic shoes at the end of follow-up, or these shoes were recommended. Almost 75% of 
patients had received some kind of footwear at the end of follow-up or in the past two years. 
Those who did not receive any footwear for over two years, were those with “non-classical” 
ulcers: not purely neuropathic, non-plantar ulcers or ulcers located at the heel. 
 
In recent audits, insoles for OTR shoes were provided to 10% or less of the patients. They 
were provided most to patients without a history of DFU or minor amputation and with 
plantar DFUs. Semi-orthopaedic shoes were provided to almost a third of patients, again 
patients without prior DFU or minor amputation, and patients with forefoot ulcers. 
Orthopaedic shoes were provided to almost a quarter of patients, usually those with prior 
DFU and minor amputation before or during follow-up, or with a Charcot foot. Older age 
increased the likelihood of semi-orthopaedic shoes being provided and decreased that of 
orthopaedic shoes. Taken together, the results confirm that orthopaedic shoes were used 
mostly in cases where the foot had lost its normal anatomy. The association with foot 
deformity and Charcot foot may explain why orthopaedic shoes were provided more often in 
academic hospitals than in general hospitals. 
 
The results suggest that very few patients were provided with more than one pair of footwear. 
While this does not mean that the patient did not have more than one pair of potentially 
appropriate shoes at home, it does mean that the patient rarely benefited from an additional 
pair of shoes with the same or similar off-loading capacities than the primary pair of shoes. 
Moreover, we have no data on whether the additional pair of shoes was adapted for indoor-
wearing (lighter, less bulky). Both observations are alarming because a recent study has 
shown that adherence to footwear was lowest in the indoor situation, even though this was 
where patients performed most steps.175 
 
As with the provision of therapeutic footwear, we have no data on whether the footwear 
provided for prevention actually reduced pressure in the problem areas. Recent studies 
suggest that footwear modification guided by in-shoe pressure measurements may decrease 
the incidence of reulceration.15,176 
 
Many centres reported that footwear was provided or recommended at the end of follow-up 
even though the index DFU was not healed at that time. A potential explanation is that new 
footwear was needed to prevent ulceration on the contralateral foot. Indeed, pressure on the 
contralateral foot may increase or be redistributed when the foot with the active ulcer is 
treated with an off-loading device.  
 
Even though not all patients received new footwear during or at the end of follow-up and the 
rate decreased across audits, this is not necessarily a sign of poor preventive care. Indeed, 
existing footwear may be modified to accommodate the changing anatomy of the foot, 
without having to purchase a completely new pair. Thus, the decrease across audits may 
merely indicate that the footwear of a proportion of the patients with a history of DFU and 
followed-up in the centres since the earlier audits is being modified. 
 
For over 70% of patients whose index DFU was healed at the end of follow-up, centres 
reported the organisation of a podiatric follow-up. Half of the centres reported rates in excess 
of 80%, an observation that is very encouraging. The rates were higher in French-speaking 
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centres than in Dutch-speaking centres, possibly suggesting different relations with first-line 
podiatric care according to region. Podiatric follow-up was more likely in patients with a 
history of DFU and amputation, suggesting that high-risk patients benefited most from this 
intervention. 
 
Box 13: Conclusions on secondary prevention in pati ents with healed ulcers 

• In the most recent audit, over 60% of patients of patients with a healed DFU 
received either insoles for OTR shoes or (semi-)orthopaedic shoes at the end of 
follow-up, or these shoes were recommended. Almost 75% of patients had 
received some kind of footwear at the end of follow-up or in the past two years. 
The remaining 25% of patients had received no footwear for over two years. 

• For over 70% of patients whose index DFU was healed at the end of follow-up 
centres reported the organisation of a podiatric follow-up. Half of the centres 
reported rates in excess of 80%, an observation that is very encouraging. 

 

3.5.7. Conclusions about quality of care and policy recommendations 
 
In this section we wish to highlight the most interesting findings and their potential impact on 
policy. 
 

3.5.7.1. The importance of further reducing referral delay 
 
Referral delay has decreased significantly between audits 3 and 4. It also shows that late 
referrals had more severe ulcers and that, independent of ulcer severity, outcomes were poorer 
compared to early referrals. 
 
This observation highlights the importance for policy-makers to create a context in which 
referral to specialized centres is improved. Because both patients and HCPs are responsible 
for delays, both populations should be targeted. Recently, an interesting and successful 
initiative was launched in Flanders, in which first-line HCPs were trained in the recognition, 
pathophysiology and treatment of diabetic foot problems through an e-learning module.177 
 

3.5.7.2. Working on between-centre variation in care processes 
 
Rates of recommended treatment strategies were generally high. Off-loading of plantar mid 
and hindfoot ulcers occurred in over 80% of cases. Vascular imaging occurred in nearly 80% 
of patients with PAD. Revascularization occurred in nearly 70% of patients with severe 
ischemia. 
 
A recurring observation in IQED-Foot has been the high variation between centres with 
regard to the performance of a number of these care processes. With regard to off-loading and 
revascularization practices, the regular meetings with centres should be used to identify the 
sources of this variation and find solutions to make it lower. 
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3.5.7.3. Favourable DFU outcomes despite high severity and patient comorbidity 
 
One in two index DFUs healed during the 6-month follow-up, and major amputation occurred 
in less than 3% of patients in the latest audit. This result compares favourably to results from 
audits in Germany and in the UK, and to results of the Eurodiale study, especially if we 
consider the high severity of ulcers included in IQED-Foot and the high prevalence of 
comorbidities. 
 

3.5.7.4. Preventing recurrence 
 
Specific footwear to prevent DFU recurrence was provided to nearly 75% of patients in the 2 
years preceding the active ulcer. A podiatric follow-up was foreseen for 70% of patients after 
DFU healing. These rates are encouraging, but variation between centres should also be better 
understood and acted on. 
 

3.5.7.5. Scope of the questionnaire  
 
Recently, the IWGDF has issued reporting standards for interventional studies on the 
prevention and management of DFUs.126 While observational studies were not within the 
scope of these standards, the items mentioned in this document overlap to a large extent with 
those included in the IQED-Foot questionnaire, with only a few exceptions. The first 
exception is foot deformity. Foot deformity is the major parameter missing from IQED and 
IQED-Foot, because it is an important risk factor for new or recurrent ulceration.24,126 
However, there is no accepted standard of describing foot deformity.126 The second exception 
is the absence of a parameter specifying whether at the end of follow-up patients were ulcer-
free. However, because of the short follow-up, IQED-Foot may not be appropriately designed 
to study this question, as the likelihood of recurrences occurring during follow-up is low. The 
third exception is lack of information of mobility or quality-of-life at presentation and at the 
end of follow-up. The UK audit includes the EQ-5D instrument.54 
 
The scope of the questionnaire is broad and this has an important impact on data collection 
burden for the centres. Moreover, the validity of some items in the questionnaire may be 
questionable, e.g. the items on the involvement of the podiatrist in DFU treatment and 
prevention. Either the validity these items should be improved, or we should consider 
dropping these items in favour of items with a clearer link to outcomes. 
 
The recently started UK audit stated that completing one record took less than 10 minutes for 
most centres. Attempts to further limit data collection burden include automatic linking of 
data based on social security number, which would reduce the number of fields from 25 to 
10.54 Given that the IQED-Foot questionnaire is much more elaborate, data collection burden 
will undoubtedly be higher than 10 minutes per record. In our experience, centres encountered 
most difficulties with the inclusion criteria and recording of new events during follow-up. 
 
In a separate project, we will critically evaluate the current audit system with the aim to arrive 
at a smaller but more valid set of questionnaire items, thus reducing the data collection burden 
for centres. 
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Box 14: Conclusions about quality of care and polic y recommendations (patients with a DFU) 

• Referral delay improved across audits, but further work is needed given its 
association with poor outcomes. 

• Rates of off-loading, vascular imaging and revascularization were high. 
Variation between centres should be addressed through exchange of practices. 

• Half of DFUs healed during a 6-month follow-up and major amputation rates 
were below 3%. These are good results compared to other similar studies. 

• Secondary prevention through the provision of specific footwear was practiced 
in 75% of cases. Over 70% of cases received a podiatric follow-up after ulcer 
healing. 

• The scope of the questionnaire was broad. Although we have not quantified 
the data collection burden, we can expect it to be relatively high compared to 
other comparable audit systems. Further efforts are needed to reduce the data 
collection burden. 

 

3.6. Active Charcot feet: characteristics, treatment and outcomes 

3.6.1. Background 
 
In this section we will give some background on Charcot foot, since the general introduction 
(see section  1) was focused mostly on DFU, which is the more common manifestation of the 
“diabetic foot”. 
 
Charcot neuropathic osteoarthopathy (Charcot foot) is a relatively rare complication of 
diabetes but with a potentially devastating impact.6,178 It usually affects the bones, joints and 
soft tissue of the foot and ankle and may lead to dislocations and fractures. In the acute phase, 
the Charcot foot is characterized by inflammation. If improperly managed, the foot becomes 
deformed and prone to ulceration. 
 
For over a century theories on the pathophysiology of Charcot foot have been proposed.179 
Current insights focus on the role of inflammation: multiple pro-inflammatory signalling 
pathways are activated and drive the resorption and destruction of bone.178 The inflammatory 
process may be triggered by accidental trauma,180,181(p199) surgery,182 or infection.183 The 
inflammation has the potential to become chronic in the (relative) absence of pain, which in 
turn is a result of sensory neuropathy.178 
 
The clinical presentation of the Charcot foot in its acute phase is that of a warm, red and 
swollen foot. While sensory neuropathy is virtually always present, pain and discomfort are 
frequent complaints.184,185 Often a temperature difference of 2 °C or more compared to the 
contralateral foot may be measured.186 It may be mistaken for acute gout or cellulitis, or, if an 
ulcer is present, for osteomyelitis. At this stage, standard x-rays may not show abnormalities, 
which may further mislead the clinician. However, MRI or nuclear imaging typically show 
objective signs of inflammation in the absence of fractures.187–190 Thus, imaging may 
complement the clinical exam in making the correct diagnosis. 
 
If the Charcot foot is diagnosed early, immobilisation may prevent subsequent dislocations 
and fractures.191–193 If the diagnosis is delayed and the patient continues to walk on the 



 

 
166 

affected foot, progressive deformity will ensue, leading to a foot that is prone to ulceration, 
infection and amputation. A deformed or instable foot may need surgery to obtain a 
plantigrade foot that will not ulcerate and that can be fitted with standard or prescription 
footwear.194  
 

3.6.2. Patient characteristics and medical history at presentation 

3.6.2.1. Background 
 
Patients presenting with Charcot foot have a long diabetes duration, usually exceeding 10 
years. This long duration is required for DPN to be present, the latter being a key factor in the 
pathophysiology of Charcot foot.195 Symptomatic PAD is rarely present.196–198 In fact, it is 
believed that LL perfusion needs to be near-normal to allow the inflammatory process to be 
initiated and maintained.198,199 Obesity has been linked to the incidence of Charcot foot, but 
there is conflicting evidence.200,201 Decreased bone mineral density may be a risk factor,195,202 
as well as a history of transplantation.195,203 
 

3.6.2.2. Items in the IQED-Foot questionnaire 
 
In IQED-Foot we distinguish between acute and chronic Charcot foot.204,205 The acute stage is 
characterized by signs of inflammation, with or without deformity, while in the chronic stage 
inflammation has subsided and the foot is stable with varying degrees of deformity. Other 
ways of classifying the Charcot foot exist and will be discussed later. 
 
IQED-Foot includes patients with acute Charcot foot, with or without a concomitant DFU at 
presentation, and patients with chronic Charcot foot and a DFU. 
 
In the IQED-Foot questionnaire the diagnostic criteria for active Charcot foot were the 
following: 
 

- In audit 1: inflammation of the foot (redness, warmth, oedema) with or without bony 
deformity; osteomyelitis was excluded. 

- In audit 2: inflammation of the foot (redness, warmth, oedema) with or without foot 
deformity or morphological abnormalities; osteomyelitis was excluded. 

- In audit 3: determined by a temperature difference (≥ 1 °C compared to other foot), 
imaging, inflammation of the foot (redness, warmth, oedema) with or without foot 
deformity or morphological abnormalities for which no other cause can be found; 
osteomyelitis was excluded. 

- In audit 4: determined by a temperature difference (≥ 1 °C compared to other foot), 
imaging, inflammation of the foot (redness, warmth, oedema) with or without foot 
deformity or morphological abnormalities for which no other cause can be found; 
osteomyelitis was excluded. 

 
An overview of the items related to patient characteristics and medical history was presented 
in section  3.5.1.2. 
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3.6.2.3. Results 
 
Table 58 shows the characteristics and medical history of the patients with active Charcot foot 
at the time of presentation (with or without concomitant DFU). Patients were predominantly 
male, with a median age of 60 years. About 83% of patients had type 2 diabetes. Median 
diabetes duration was 14.5 years. About 22% of patients were smokers. Less than one in four 
patients had a renal history (renal insufficiency or ESRD) or a CV history (MI, PCI/CABG, 
stroke, TIA, or LL revascularization). Less than 40% of patients had a renal and/or CV 
history. One in two patients had previously suffered from DFU. Prior minor amputation was 
not uncommon. 
 
 
 
Table 58: Characteristics and medical history of th e patients with active Charcot foot at the time of 
presentation. 

 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All audits 
(N=165) 

Sex, male 32 
(65.3) 

18 
(66.7) 

25 
(58.1)aa 

41 
(66.1) 

107 
(64.8) 

Median age, years 
(IQR) 

60.1 
(54.3-65.0) 

59.8 
(55.5-64.4) 

59.2 
(53.0-67.0) 

61.3 
(53.8-71.1) 

59.6 
(53.6-67.6) 

Diabetes type, knownNA 49 
(100.0) 

26 
(96.3) 

42 
(97.7) 

60 
(96.8) 

161 
(97.6) 

   Type 1   12 
(24.5) 

3 
(11.5) 

3 
(7.1) 

9 
(15.0) 

25 
(15.5) 

   Type 2 36 
(73.5) 

23 
(88.5) 

38 
(90.5) 

49 
(81.7) 

133 
(82.6) 

   OtherNA 1 
(2.0) 

0 
(0.0) 

1 
(2.4) 

2 
(3.3) 

3 
(1.9) 

Diabetes duration, 
known 

41 
(83.7) 

21 
(77.8) 

31 
(72.1) 

46 
(74.2) 

124 
(75.2) 

   Median duration, years 
(IQR) 

16.5 
(10.5-22.5) 

12.0 
(6.0-18.0) 

13.0 
(5.0-21.0) 

13.7 
(6.7-24.7) 

14.5 
(7.3-21.6) 

Smoking habits, known 34 
(69.4) 

23 
(85.2) 

41 
(95.3)a 

60 
(96.8)a 

143 
(86.7)+++ 

   Never smoked 14 
(41.2) 

10 
(43.5) 

22 
(53.7) 

27 
(45.0) 

62 
(43.4) 

   Ex-smoker 11 
(32.4) 

8 
(34.8) 

11 
(26.8) 

23 
(38.3) 

49 
(34.3) 

   Current smoker 9 
(26.5) 

5 
(21.7) 

8 
(19.5) 

10 
(16.7) 

32 
(22.4) 

Renal insufficiency, 
knownNA 

45 
(91.8) 

26 
(96.3) 

43 
(100.0) 

62 
(100.0) 

160 
(97.0)+++ 

   Yes 12 
(26.7) 

6 
(23.1) 

8 
(18.6) 

13 
(21.0) 

34 
(21.3) 

End-stage renal 
disease, knownNA 

46 
(93.9) 

25 
(92.6) 

43 
(100.0) 

62 
(100.0) 

161 
(97.6)+++ 

   Yes 4 
(8.7) 

3 
(12.0) 

2 
(4.7) 

5 
(8.1) 

13 
(8.1) 
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 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All audits 
(N=165) 

History of CV disease, 
knownNA 

45 
(91.8) 

26 
(96.3) 

43 
(100.0) 

61 
(98.4) 

159 
(96.4)+++ 

   Yes 12 
(26.7) 

8 
(30.8) 

6 
(14.0) 

11 
(18.0) 

33 
(20.8) 

History of LL revasc-
ularization, knownNA 

47 
(95.9) 

26 
(96.3) 

43 
(100.0) 

61 
(98.4) 

161 
(97.8) 

   Yes 3 
(6.4) 

3 
(11.5) 

6 
(14.0) 

2 
(3.3) 

14 
(8.7) 

History of DFU, 
knownNA 

45 
(91.8) 

26 
(96.3) 

43 
(100.0) 

62 
(100.0) 

160 
(97.0)+ 

   Yes 22 
(48.9) 

14 
(53.8) 

28 
(65.1) 

32 
(51.6) 

83 
(51.9) 

History of minor 
amputation, knownNA 

- 27 
(100.0) 

43 
(100.0) 

59 
(95.2) 

119(1) 
(97.5) 

   Yes - 
 

5 
(18.5) 

11 
(25.6) 

7 
(11.9) 

18 
(15.3) 

History of major 
amputation, knownNA 

- 27 
(100.0) 

43 
(100.0) 

57 
(91.9) 

118(1) 
(96.7) 

   Yes - 1 
(3.7) 

2 
(4.7) 

1 
(1.8) 

142 
(3.7) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 (1) N = 122 in audits 2-4. 
 
Next, we compared patient characteristics between patients with active Charcot foot only, 
DFU only, active Charcot with DFU and inactive Charcot with DFU (Table 59). These 
analyses showed that compared to patients with only a DFU, patients with active Charcot foot 
were about a decade younger and less frequently had renal insufficiency, a history of CV 
disease or prior LL revascularization. Comparing active Charcot patients with and without a 
concomitant DFU, those with a DFU more frequently had a history of DFU or amputation 
than those without. 
 
Table 59: Comparison of characteristics and medical  history between the 4 types of foot problems 
included in IQED-Foot (see section  3.4). All unique patients sampled in audits 1-4, N= 4,914. 

 Active 
Charcot only 

(N=89) 

DFU only 
 

(N=4,560) 

Active 
Charcot+DFU 

(N=76) 

Inactive 
Charcot+DFU 

(N=189) 
Sex, male 54 

(60.7) 
2,918 
(64.0)d 

53 
(69.7) 

140 
(74.1) 

Median age, years 
(IQR) 

58.9 
(52.3-67.0) 

70.0aaa 
(61.0-78.5) 

60.7bbbdd 
(55.4-68.8) 

64.0abbb 
(57.8-71.0) 

Diabetes type, known 87 
(97.8) 

4,497 
(98.6) 

74 
(97.4) 

188 
(99.5)ccc 

   Type 1   18 
(20.7) 

390 
(8.7) 

7 
(9.5) 

27 
(14.4) 

   Type 2 67 
(77.0) 

4,050 
(90.1) 

66 
(89.2) 

156 
(83.0)b 

   Other 2 
(2.3) 

57 
(1.3) 

1 
(1.4) 

5 
(2.7) 
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 Active 
Charcot only 

(N=89) 

DFU only 
 

(N=4,560) 

Active 
Charcot+DFU 

(N=76) 

Inactive 
Charcot+DFU 

(N=189) 
Diabetes duration, 
known 

65 
(73.0) 

3,480 
(76.3) 

59 
(77.6) 

157 
(83.1) 

   Median duration, 
years (IQR) 

15.5 
(6.5-20.5) 

13.7 
(7.0-22.7) 

13.7 
(7.6-24.7) 

15.5 
(10.0-22.7) 

Smoking habits, 
known 

71 
(79.8) 

4,073 
(89.3)a 

72 
(94.7)a 

173 
(91.5) 

   Never smoked 31 
(43.7) 

2,054 
(50.4) 

31 
(43.1) 

93 
(53.8) 

   Ex-smoker 27 
(38.0) 

1,251 
(30.7) 

22 
(30.6) 

57 
(32.9) 

   Current smoker 13 
(18.3) 

768 
(18.9) 

19 
(26.4) 

23 
(13.3)c 

Renal insufficiency, 
knownNA 

84 
(94.4) 

4,470 
(98.0) 

76 
(100.0) 

189 
(100.0) 

   Yes 15 
(17.9) 

1,404 
(31.4)aa 

19 
(25.0) 

63 
(33.3)a 

End-stage renal 
disease, known 

86 
(96.6) 

4,444 
(97.5) 

75 
(98.7) 

187 
(98.9) 

   Yes 4 
(4.7) 

387 
(8.7) 

9 
(12.0) 

20 
(10.7) 

History of CV disease, 
known 

85 
(95.5) 

4,468 
(98.0) 

74 
(97.4) 

186 
(98.4) 

   Yes 15 
(17.6) 

1,694 
(37.9)aa 

18 
(24.3) 

48 
(25.8)b 

History of LL revasc-
ularization, known 

86 
(96.6) 

4, 457 
(97.7) 

75 
(98.7) 

185 
(97.9) 

   Yes 3 
(3.5) 

1,332 
(29.9)aaa 

11 
(14.7) 

34 
(18.4)aab 

History of DFU, 
known 

85 
(95.5) 

4,437 
(97.3) 

75 
(98.7) 

187 
(98.9) 

   Yes 33 
(38.8) 

2,525 
(56.9)aaa 

50 
(66.7)aa 

149 
(79.7)aaabbb 

History of minor 
amputation, known(1) 

57 
(98.3) 

3,658 
(98.4) 

62 
(96.9) 

181 
(97.8) 

   Yes 2 
(3.5) 

848 
(23.2)a 

16 
(25.8)a 

57 
(31.5)aa 

History of major 
amputation, known(1) 

57 
(98.3) 

3,592 
(96.6) 

61 
(95.3) 

182 
(98.4) 

   YesNA 0 
(0.0) 

132 
(3.7) 

4 
(6.6) 

6 
(3.3) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 (1) N = 4,025 for audits 2-4. 
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3.6.2.4. Discussion and conclusions 
 
The characteristics and medical history of patients with active Charcot foot sampled in IQED-
Foot was comparable to those in the literature outlined above. The finding of the remarkably 
low prevalence of prior LL revascularization was presented at the ISDF7 meeting.206 In 
addition, renal and CV burden seemed to be lower in patients with active Charcot foot 
(without DFU) compared to patients with a DFU. Although not shown here, this difference 
persisted after correcting for age differences.206 A recent study found that PAD was not 
uncommon in patients with Charcot foot, but the need for revascularization was much lower 
compared to patients with a DFU, thus corroborating the results from IQED-Foot.198 
 
These findings suggest that LL perfusion is well preserved in patients with active Charcot 
foot. This is further highlighted by the very low prevalence of prior amputation in this group 
of patients. The latter finding is at odds with data from Fabrin et al.196 who reported prior 
amputation in 29% in a cohort presenting with concomitant DFU in 6% of cases. 
 
Because of the diagnostic conundrum posed by Charcot foot, we cannot be sure that all 
patients included in IQED-Foot were correctly diagnosed. A patient may have been treated for 
active Charcot foot during the prospective follow-up of the study, but this diagnosis may later 
have turned out to be incorrect. Different centres may have adopted different diagnostic 
criteria. 
 
Box 15: Conclusions on characteristics and medical history of patients with active Charcot foot 

• Patients with active Charcot foot sampled in IQED-Foot were similar to those 
reported in the literature: long-standing diabetes and relatively low prevalence 
of prior cardiovascular and renal events. 

• The diagnostic criteria mentioned in the questionnaire have changed. 
Moreover, Charcot foot is difficult to diagnose. Taken together, there may be 
some doubt about whether all sampled patients actually suffered from active 
Charcot foot. 

 

3.6.3. Patient referral and referral delay 

3.6.3.1. Background 
 
With regard to referral delay, many of the same considerations mentioned in section  3.5.2.1 
also apply to Charcot foot. Multiple authors have shown that if active Charcot foot is correctly 
diagnosed and treated in its x-ray negative phase, i.e. before dislocations or fractures have 
occurred, debilitating deformities and poor outcomes may be prevented.187,191,193 Other 
authors have shown an effect of diagnostic or treatment delay on healing time and outcomes, 
independently of Charcot stage at presentation.207–209 One author reported that the presence of 
pain did not make patients seek medical care sooner.187 
 

3.6.3.2. Items in IQED-Foot questionnaire 
 
The items on referral pattern and delay have been presented in section  3.5.2.2. 
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3.6.3.3. Results 
 
Table 60 shows that the majority of patients were referred from within the hospital, followed 
by patient initiative and referral from primary care. Although qualitatively the pattern changed 
across audits, no statistically significant changes were found. The table obscures differences 
between the original wave 1 centres recognized since 2005 and the new wave 2 centres 
recognized since 2009-2010. These differences were qualitatively similar to the differences 
described for patients with a DFU in section  3.5.2.3. 
 
Table 60: Referral pattern of patients with active Charcot foot. 

 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All pts 
(N=165) 

Referral pattern 
knownNA 

49 
(100.0) 

24 
(88.9) 

42 
(97.7) 

57 
(91.9) 

157 
(95.2) 

Primary care 8 
(16.3) 

5 
(20.8) 

9 
(21.4) 

18 
(31.6) 

37 
(23.6) 

   Paramedical - - 6 
(14.0) 

12 
(19.4) 

- 

   General practitioner - - 3 
(7.0) 

6 
(9.7) 

- 

Own hospital/diabetes 
centre(1) 

14 
(28.6) 

8 
(33.3) 

20 
(47.6) 

25 
(43.9) 

61 
(38.9) 

Other hospital/diabetes 
centre(1) 

2 
(4.1) 

2 
(8.3) 

3 
(7.1) 

2 
(3.5) 

7 
(4.5) 

Patient’s initiative 15 
(30.6) 

9 
(37.5) 

7 
(16.7) 

11 
(19.3) 

38 
(24.2) 

Other(!)NA 10 
(20.4) 

0 
(0.0) 

3 
(7.1) 

1 
(1.8) 

14 
(8.9) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
(1) In audit 1 the category was called “diabetes centre”, in audits 2-4 “hospital”. 
(!) See remarks in section  3.5.2.3. 
 
Table 61 shows that referral by the primary care level was significantly less frequent in 
patients with active Charcot without DFU compared to patients with only a DFU. Arrival in 
the centre on the patient’s own initiative was more frequent in patients presenting with a DFU 
on an inactive Charcot foot compared to patients with only a DFU. 
 
Considering only audits 2 through 4 (see section  3.5.2.4), Table 62 shows the referral delay 
expressed in number of weeks and in categories. Quantile regression did not show significant 
differences in median referral delay across audits. When referral delay was categorized, there 
was a significant decline in the proportion of patients with a referral delay of 3 or 4 weeks. 
However, the decline in this category was compensated with increases in both shorter and 
longer referral delay categories, making this change unremarkable. 
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Table 61: Comparison of referral pattern between th e 4 types of foot problems included in IQED-Foot (se e 
section  3.4). All unique patients sampled in audits 1-4, N = 4,914. 

 Active 
Charcot only 

(N=89) 

DFU only 
 

(N=4,560) 

Active 
Charcot+DFU 

(N=76) 

Inactive 
Charcot+DFU 

(N=189) 
Referral pattern known 85 

(95.5) 
4,460 
(97.8) 

72 
(94.7) 

188 
(99.5) 

Primary care 15 
(17.6) 

1,526 
(34.2)a 

22 
(30.6) 

47 
(25.0) 

Own hospital/diabetes 
centre(1) 

37 
(43.5) 

1,632 
(36.6) 

24 
(33.3) 

72 
(38.3) 

Other hospital/diabetes 
centre(1) 

3 
(3.5) 

130 
(2.9) 

4 
(5.6) 

6 
(3.2) 

Patient’s initiative 21 
(24.7) 

913 
(20.5) 

17 
(23.6) 

58 
(30.9)bbb 

Other(!) 9 
(10.6) 

259 
(5.8) 

5 
(6.9) 

5 
(2.7)c 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
(1) In audit 1 the category was called “diabetes centre”, in audits 2-4 “hospital”. 
(!) See remarks in section  3.5.2.3. 
 
Table 62: Referral delay expressed as number of wee ks or in categories for patients with active Charco t 
foot, audits 2-4. 

 Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All audits 
(N=122) 

Referral delay known 25 
(92.6) 

35 
(81.4) 

60 
(96.8) 

110 
(90.2)+ 

Median referral delay, weeks 
(IQR) 

3 
(2-8) 

4 
(2-12) 

4 
(2-8) 

4 
(2-10) 

Delay of 1 week or less 4 
(16.0) 

5 
(14.3) 

14 
(23.3) 

21 
(19.1) 

Delay of 1 or 2 weeks 5 
(20.0) 

5 
(14.3) 

12 
(20.0) 

18 
(16.4) 

Delay of 3 or 4 weeks 8 
(32.0) 

10 
(28.6) 

10 
(16.7) 

26 
(23.6)- 

Delay of more than 4 weeks 8 
(32.0) 

15 
(42.9) 

24 
(40.0) 

45 
(40.9) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 
Table 63 shows the median referral delay as a function of referral pattern for audits 3-4. 
Referral delay was shortest if there was no explicit HCP involved in referring the patient, i.e. 
if the patient came to the centre on his/her own initiative. However, none of the differences 
between referral patterns reached statistical significance. 
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Table 63: Median referral delay as a function of re ferral pattern for patients with active Charcot foo t, 
audits 3-4. 

Referral pattern Median referral delay, weeks (IQR) 
Patient’s initiative (N = 18) 2.5 (1-6) 
MD within own hospital (N = 34) 4 (2-8) 
General practitioner (N = 15) 4 (3-16) 
Paramedical (N = 8) 7 (1.5-23) 
MD of other hospital (N = 4) 8 (3-24) 
Other centre, unspecified or unknown (N = 9)(1) 6 (2-6) 
Patient-level analysis on all 98 unique patients across audits 3 and 4 of whom 88 patients had known referral 
delay. 
(1) Category not included in statistical analysis. 
 
Table 64 shows that median referral delay was 3 to 4 weeks for all foot problem types, with 
no significant differences between types. Further stratification by referral pattern did not 
reveal any significant differences between foot problem types. 
 
Table 64: Comparison of median referral delay betwe en the 4 types of foot problems included in IQED-
Foot (see section  3.4). All unique patients sampled in audits 2-4, N= 4,025. 

 Active 
Charcot only 

(N=58) 

DFU only 
 

(N=3,718) 

Active 
Charcot+DFU 

(N=64) 

Inactive 
Charcot+DFU 

(N=185) 
Referral delay known 54 

(93.1) 
3,319 
(89.3) 

56 
(87.5) 

170 
(91.9) 

Median referral 
delay, weeks (IQR) 

4 
(2-12) 

4 
(2-8) 

3 
(1.5-8) 

4 
(2-10) 

   Patient’s initiative (N 
= 576) 

3 
(1-12) 

2 
(1-4) 

2 
(1-4) 

2 
(1-6) 

   MD within own 
hospital (N = 1,039) 

4 
(2-8) 

4 
(2-8) 

4 
(2-8) 

4 
(2-16) 

   General practitioner 
(N = 650) 

4 
(2-16) 

4 
(2-8) 

5.5 
(3.5-38) 

7 
(2-18) 

   Paramedical (N = 
279)NA 

12 
(2-20) 

3 
(2-6) 

2 
(1-26) 

3 
(2-12) 

   MD of other hospital 
(N = 74)NA 

24 
(12-36) 

6 
(3-16) 

3 
(2-4) 

12 
(12-12) 

   Other centre, 
unspecified or 
unknown (N = 981) 

3 
(2-8) 

4 
(2-8) 

3 
(1-8) 

4 
(2-8) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 
Finally, we investigated whether referral delay was different for active Charcot feet presenting 
with deformity at presentation or not (see also section  3.6.4). Deformity status was only 
known in audits 3-4. The status was known for all but one of 88 active Charcot feet seen since 
audit 3 and with known referral delay. Median referral delay (IQR) for active Charcot feet 
without deformity at presentation (N = 29) was 3 (2-6) weeks, whereas for active Charcot feet 
with deformity at presentation (N = 58) it was 4 (2-12) weeks (p = 0.293, quantile regression 
on the median). 
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3.6.3.4. Discussion and conclusions 
 
Taken together, the referral pattern and referral delay of patients with active Charcot feet was 
not that different from that of patients with a DFU. No significant trends over time were 
detected. 
 
The median referral delay in IQED-Foot of 4 weeks was short compared to other recent 
studies that reported average treatment delays of 1 to 3 months.191,193,210 For active Charcot 
foot the distinction between referral delay and treatment delay is, however, important, as 
difficulties in diagnosing the foot problem at the centre may produce further delays in 
adequate treatment. Nevertheless, these results are encouraging. An older study in 36 patients 
seen between 1994 and 2000, including no patients in the prodromal stage of active Charcot 
foot and 5 patients with a chronic Charcot, reported an average diagnostic delay of 29 weeks 
(6.7 months),208 highlighting how diagnostic delays have improved in parallel with improved 
awareness and recognition of the early prodromal stage. 
 
Compared to patients presenting only with a DFU, patients with active Charcot foot were less 
frequently referred by primary care professionals (GP or paramedical). This was compensated 
by more frequent referral by a medical doctor from within the same hospital, by referral by 
“other” means and by arrival on the patient’s own initiative. This finding may be associated 
with the difficulty and expertise needed to diagnose Charcot foot. Indeed, two studies have 
documented misdiagnosis by the referring physician in 79 to 95% of cases referred to an 
expert centre191,193 and case reports have also shown frequent misdiagnosis.211 However, we 
need to be careful because referral pattern is often difficult to ascertain and the item has 
undergone many changes in the questionnaire over time. 
 
The concomitant presence of a DFU or of deformity at presentation was not significantly 
associated with the referral pattern or delay of patients with active Charcot foot. Considering 
the natural history of Charcot foot, where deformity usually occurs as a result of continued 
walking on the affected foot, this finding is somewhat puzzling and runs contrary to previous 
case-control studies.191,193 Longer referral delays would be expected for cases where 
deformity is already present at the first consultation in the DFC. However, we should consider 
the possibility that Charcot location, which was not measured in later audits (see below), 
confounds this association by virtue of its documented relation to the occurrence of deformity 
212 and its potential relation to referral delay. 
 
Box 16: Conclusions on patient referral and referra l delay of patients with active Charcot foot. 

• Median referral delay of patients with active Charcot foot was 4 weeks, which 
was shorter than in other studies. 

• Compared to patients who only suffered from a DFU, patients with active 
Charcot foot were less often referred by a primary care health professional. 
This finding may be related to the relative difficulty of diagnosing active 
Charcot foot. 
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3.6.4. Characteristics of active Charcot feet at presentation 

3.6.4.1. Background 
 
Multiple systems have been developed and used to characterize and classify the Charcot 
foot.179 The earliest classification system is that of Eichenholtz,213 which follows the natural 
history of Charcot foot in three stages: the development stage, characterized by fragmentation, 
bone resorption, dislocation and fractures, the coalescence stage, characterized by sclerosis, 
fracture healing and debris resorption, and finally the reconstruction stage, characterized by 
bone remodelling. Because this system is unable to classify the red, warm, swollen foot 
without evidence of bone involvement on x-ray, a “stage 0” was proposed by Shibata et al.214 
Other authors have also recognized and classified a prodromal stage of Charcot foot.192 
 
Recently, a new classification system was proposed by Chantelau and Grützner215 aiming to 
replace the Eichenholtz classification. It distinguishes between an active and inactive stage 
based on the presence of inflammation. This distinction was previously made by other 
authors.204,205 Next, for each stage, the severity is graded: grade 0 corresponds to the x-ray 
negative foot without fractures, but with bone marrow oedema evident after MRI, while grade 
1 corresponds to the x-ray positive foot with cortical fractures. The 4 combinations of stage 
and grade can be linked to treatment and outcome,215 but a prospective study validating this 
system has not yet been conducted. 
 
Multiple systems have classified Charcot foot according to the location of the affected joints. 
The most popular is the Sanders and Frykberg classification,216 also used in audit 1 of IQED-
Foot (see below). Other systems of this kind have been published and used.217,218 Charcot 
location has been linked to the occurrence of fractures versus dislocations,202 to the presence 
of deformity and/or ulceration,212,219 to differences in healing time209 and differences in 
amputation risk.220 
 
The concomitant presence of ulceration or deformity is also an important characteristic of 
Charcot foot. It will determine treatment and outcome. Continued walking on a deformed foot 
may give rise to DFUs on Charcot pressure points. The presence of ulceration increases the 
risk for infection and amputation and also makes it more difficult to differentiate Charcot foot 
from osteomyelitis. 
 

3.6.4.2. Items in IQED-Foot questionnaire 
 
As presented in section  3.6.2.2, the IQED-Foot questionnaire has distinguished between 
active and inactive Charcot foot since audit 1. For active Charcot foot the presence of an ulcer 
on the same foot was recorded. 
 
In addition to these characteristics, the location of the affected joints was recorded according 
to the system of Sanders and Frykberg,216 shown in Figure 39. The location was only recorded 
in audit 1. 
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Figure 39: The classification of Charcot foot in 5 types according to the location of the affected joi nts or 
bones. Figure taken from Sanders and Frykberg 216. 
 
In audits 3 and 4 the side (left or right leg), the presence of deformity at presentation and the 
location of the concomitant DFU (on or outside a Charcot pressure point) was recorded. The 
term “deformity” was not defined. 
 
The questionnaire had not item to indicate a bilateral active Charcot foot, nor whether there 
was a history of ipsi and/or contralateral Charcot foot. 
 

3.6.4.3. Results 
 
Table 65 shows the characteristics of the Charcot feet sampled in audits 1 to 4. The index 
Charcot foot was as often on the left as on the right side. Two thirds of feet showed deformity 
at the time of presentation. Almost half of the feet also showed ulceration at presentation. 
While this proportion varied over audits, the differences did not reach statistical significance.  
In 75% of these cases the ulcer was located on a pressure point of the Charcot foot. Charcot 
location was reported in audit 1 only, with the majority of cases showing midfoot 
involvement (type II or III). Multiple types (locations) were recorded for 25% of cases (II+III 
[n = 3], III+IV [n = 2], III+IV+V [n = 2]). 
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Table 65: Characteristics of the active Charcot foo t at presentation, audits 1-4. 

 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All pts 
(N=165) 

Side, knownNA - - 42 
(97.7) 

62 
(100.0) 

97 
(99.0)(1) 

   Left - - 20 
(47.6) 

35 
(56.5) 

46 
(47.4) 

Deformity at 
presentation, knownNA 

- - 41 
(95.3) 

62 
(100.0) 

96 
(98.0)(1) 

   Yes - - 31 
(75.6) 

40 
(64.5) 

65 
(67.7) 

With DFU at 
presentation 

14 
(28.6) 

13 
(48.1) 

27 
(62.8) 

27 
(43.5) 

76 
(46.1) 

DFU on Charcot 
pressure point, known 

- - 22 
(81.5) 

25 
(92.6) 

44 
(86.3)(2) 

   Yes - - 17 
(77.3) 

18 
(72.0) 

33 
(75.0) 

Charcot location, 
known 

42 
(85.7) 

- - - - 

   Type I 5 
(11.9) 

- - - - 

   Type II 22 
(52.4) 

- - - - 

   Type III 14 
(33.3) 

- - - - 

   Type IV 7 
(16.7) 

- - - - 

   Type V 3 
(7.1) 

- - - - 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
(1) Number of unique active Charcot feet since audit 3, N = 98. 
(2) Number of unique active Charcot feet with a DFU since audit 3, N = 51. 
 
Table 66 shows that DFUs were more frequently present on active Charcot feet at 
presentation if the foot was also deformed at that time. The majority of these ulcers were on a 
Charcot pressure point.  
 
Figure 40 summarizes these results and clearly shows that only a minority of cases had 
ulceration without deformity, and that the majority of cases had both. 
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Table 66: Prevalence of DFUs on active Charcot feet at presentation, stratified by the presence of 
deformity at presentation, audits 3-4. 

 Audit 3 
(N=43) 

Audit 4 
(N=62) 

All pts 
(N=98) 

In feet without deformity 4/10 
(40.0) 

4/22 
(18.2) 

8/31 
(25.8) 

In feet with deformity 22/31 
(71.0) 

23/40 
(57.5)*** 

42/65 
(64.6)** 

   Ulcer outside Charcot pressure point 2 
(9.1) 

5 
(21.7) 

6 
(14.3) 

   Ulcer on Charcot pressure point 16 
(72.7) 

16 
(69.6) 

30 
(71.4) 

   Unknown location relative to pressure point 4 
(18.2) 

2 
(8.7) 

6 
(14.3) 

In feet with unknown deformity status 1/2 
(50.0) 

NA 1/2 
(50.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. no deformity. 
 

 
Figure 40: Graphical representation of the overlap in cases with deformity and ulceration present at t he 
time of the first consultation. Generated using the  Venn Diagram Generator 
(http://jura.wi.mit.edu/bioc/tools/venn.php). 
 
Table 67 shows the location of the DFUs occurring concomitantly on active Charcot feet. It 
compares the location of the DFU relative to the location of the active Charcot, to the location 
on an inactive Charcot and to the location on feet without Charcot disease. Compared to feet 
without (in)active Charcot disease, DFUs were more frequently plantar and located to the 
midfoot. Midfoot DFUs were particularly more frequent in feet with ulcers on a Charcot 
pressure point. 
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Table 67: Location of diabetic foot ulcers occurrin g at presentation on feet with or without (in)activ e 
Charcot, all unique patients since audit 1. 

 On active 
Charcot 
(N=76) 

Outside Ch. 
PP 

(N=11) 

On Ch. PP 
(N=33) 

On inactive 
Charcot 
(N=189) 

DFU only 
(N=4,560) 

Side, known 74 
(97.4) 

10 
(90.9) 

33 
(100.0) 

188 
(99.5) 

4,537 
(99.5)a 

Side, right foot 35 
(47.3) 

8 
(80.0) 

13 
(39.4)* 

78 
(41.5) 

2,298 
(50.7)b 

Detailed 
location, known 

73 
(96.1) 

10 
(90.9) 

31 
(93.9) 

188 
(99.5) 

4,512 
(98.9) 

  Plantar 53 
(72.6) 

5 
(50.0) 

22 
(71.0) 

146 
(77.7) 

2,234 
(49.5)aabbb 

    Toes 8 
(11.0) 

3 
(30.0) 

0 
(0.0) 

22 
(11.7) 

1,008 
(22.3)bb 

    Midfoot 42 
(57.5) 

2 
(20.0) 

20 
(64.5)* 

114 
(60.6) 

890 
(19.7)aaabbb 

    Hindfoot 3 
(4.1) 

0 
(0.0) 

2 
(6.5) 

10 
(5.3) 

336 
(7.4) 

  Dorsal 20 
(27.4) 

5 
(50.0) 

22 
(29.0) 

42 
(22.3) 

2,278 
(50.5)aabbb 

    Toes 1 
(1.4)b 

0 
(0.0) 

0 
(0.0) 

21 
(11.2)ccc 

1,360 
(30.1)aaa 

    Midfoot 14 
(19.2)bbb 

3 
(30.0) 

7 
(22.6) 

8 
(4.3) 

510 
(11.3)bb 

    Hindfoot 5 
(6.8) 

2 
(20.0) 

2 
(6.5) 

13 
(6.9) 

408 
(9.0) 

  Toe ulcers 9 
(12.3) 

3 
(30.0) 

0 
(0.0) 

43 
(22.9) 

2,368 
(52.5)aaabbb 

  Forefoot 
ulcers(1) 

33 
(45.2) 

7 
(70.0) 

8 
(25.8) 

102 
(54.3) 

3,553 
(78.7)aaabbb 

Interdigital 
ulcer, known(2) 

29 
(87.9) 

5 
(71.4) 

7 
(87.5) 

91 
(89.2) 

3,326 
(93.6) 

  Yes(2) 5 
(17.2) 

2 
(40.0) 

1 
(14.3) 

11 
(12.1) 

487 
(14.6) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
Location relative to a Charcot pressure point (Ch. PP) was only recorded in audits 3-4. The denominator is based 
on the number of unique active Charcot feet with a DFU and known location relative to a Ch. PP since audit 3, N 
= 44. 
Statistical comparisons were performed between groups 1, 4 and 5 on the one hand, and between groups 2 and 3 
on the other. 
a,aa,aaa p < 0.05, p < 0.01, p < 0.001 vs. group 1. 
b,bb,bbb p < 0.05, p < 0.01, p < 0.001 vs. group 4. 
c,cc,ccc p < 0.05, p < 0.01, p < 0.001 vs. group 5. 
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. outside Ch. PP. 
 
Comparing ulcer severity between feet with and without (in)active Charcot disease is 
complicated by the difference in ulcer location shown above. Indeed, section  3.5.3.6 showed 
that ulcer location was associated with severity. Therefore, for the remainder of this section, 
we will limit the sample to plantar midfoot ulcers to facilitate comparisons. Furthermore, the 
distinction between DFUs on or outside a Charcot pressure point will be dropped, as Table 67 
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showed that practically all (20/22) DFUs on the plantar midfoot of an active Charcot were on 
a Charcot pressure point. 
 
Table 68 shows that a plantar midfoot DFU on an active Charcot foot generally had a more 
severe Wagner grade than the same type of DFU on a foot without Charcot disease.  
 
Table 68: Wagner grade of plantar midfoot ulcers oc curring at presentation on feet with or without 
(in)active Charcot, all unique patients since audit  1. 

 On active 
Charcot (N=42) 

On inactive 
Charcot 
(N=114) 

DFU only 
(N=890) 

Wagner grade in 
categories, knownNA 

42 
(100.0) 

114 
(100.0) 

889 
(99.9) 

   Grade 1-2 16 
(38.1) 

64 
(56.1) 

499 
(56.1) 

   Grade 3 23 
(54.8) 

46 
(40.4) 

315 
(35.4)a 

   Grade 4-5 3 
(7.1) 

4 
(3.5) 

75 
(8.4) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 
Table 69 shows that the characteristics of plantar midfoot ulcers occurring at presentation on 
feet with or without (in)active Charcot were quite different when the elements of the PEDIS 
classification were considered, although none of the differences reached statistical 
significance. Plantar midfoot ulcers occurring on an active Charcot foot tended to be bigger, 
deeper, and more often infected than the same ulcers occurring in a foot without Charcot 
disease. Loss of protective sensation was also more prevalent in those with Charcot foot 
compared to those without. 
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Table 69: PEDIS classification of plantar midfoot ulce rs occurring at presentation on feet with or withou t 
(in)active Charcot, all unique patients since audit  1. 

 On active 
Charcot (N=42) 

On inactive 
Charcot 
(N=114) 

DFU only 
(N=890) 

Perfusion, known 40 
(95.2) 

111 
(97.4) 

872 
(98.0) 

  No PAD 21 
(52.5) 

68 
(61.3) 

454 
(52.1) 

  Subcritical ischemia 17 
(42.5) 

40 
(36.0) 

328 
(37.6) 

  Critical ischemia 2 
(5.0) 

3 
(2.7) 

90 
(10.3) 

Extent, known 36 
(85.7) 

102 
(89.5) 

829 
(93.1)aa 

  < 1 cm² 2 
(5.6) 

15 
(14.7) 

170 
(20.5) 

  ≥ 1 cm² and < 3 cm² 17 
(47.2) 

50 
(49.0) 

371 
(44.8) 

  ≥ 3 cm² 17 
(47.2) 

37 
(36.3) 

288 
(34.7) 

Depth, known 39 
(92.9) 

112 
(98.2) 

882 
(99.1)a 

  SuperficialNA 0 
(0.0) 

9 
(8.0) 

108 
(12.2) 

  Deep 20 
(51.3) 

63 
(56.3) 

503 
(57.0) 

  Probe to bone 19 
(48.7) 

40 
(35.7) 

271 
(30.7) 

Infection, known 41 
(97.6) 

112 
(98.2) 

882 
(99.1) 

  No infection 5 
(12.2) 

34 
(30.4)a 

232 
(26.3)a 

  Superficial infection 10 
(24.4) 

34 
(30.4) 

240 
(27.2) 

  Deep infection 22 
(53.7) 

40 
(35.7) 

348 
(39.5) 

  Systemic infection 4 
(9.8) 

4 
(3.6) 

62 
(7.0) 

Sensation, knownNA 42 
(100.0) 

110 
(96.5) 

861 
(96.7) 

  No protective sensation 41 
(97.6) 

106 
(96.4) 

774 
(89.9) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 
Finally, we compared the presence of additional ipsilateral or contralateral ulcers in feet with 
an index DFU and with or without Charcot disease. Table 70 shows that the ulcer burden on 
top of the index ulcer was similar in all studies groups. 
 



 

 
182 

Table 70: Presence of additional ipsilateral and con tralateral ulcers in patients with diabetic foot ul cers 
occurring at presentation on feet with or without ( in)active Charcot, all unique patients since audit 1. 

 On active 
Charcot 
(N=76) 

Outside Ch. 
PP 

(N=11) 

On Ch. PP 
(N=33) 

On inactive 
Charcot 
(N=189) 

DFU only 
(N=4,560) 

More on same 
foot, known 

71 
(93.4) 

10 
(90.9) 

31 
(93.9) 

185 
(97.9) 

4,430 
(97.1)a 

   Yes 26 
(36.6) 

5 
(50.0) 

10 
(32.3) 

52 
(28.1) 

1,319 
(29.8) 

More on other 
foot, known 

70 
(92.1) 

8 
(72.7) 

30 
(90.9) 

181 
(95.8) 

4,394 
(96.4) 

   Yes 10 
(14.3) 

1 
(12.5) 

3 
(10.0) 

45 
(24.9) 

812 
(18.5) 

Both locations 
known 

68 
(89.5) 

8 
(72.7) 

30 
(90.9) 

180 
(95.2) 

4,372 
(95.9)a 

   Only index 
   DFU 

40 
(58.8) 

4 
(50.0) 

20 
(66.7) 

103 
(57.2) 

2,666 
(61.0) 

   More on same 
   foot 

18 
(26.5) 

3 
(37.5) 

7 
(23.3) 

32 
(17.8) 

901 
(20.6) 

   More on other 
   foot 

5 
(7.4) 

1 
(12.5) 

1 
(3.3) 

28 
(15.6) 

417 
(9.5) 

   More on both 
   feet 

5 
(7.4) 

0 
(0.0) 

2 
(6.7) 

17 
(9.4) 

388 
(8.9) 

   Ulcers on both 
   feet(1) 

10 
(14.7) 

1 
(12.5) 

3 
(10.0) 

45 
(25.0) 

805 
(18.4) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
(1) Summing of two categories above. 
 

3.6.4.4. Discussion and conclusions 
 
Although data on the characteristics of the active Charcot feet sampled in IQED-Foot was 
limited, they still provided new insights into the presentation of the active Charcot foot. 
 

3.6.4.4.1. Location 
 
The joints involved in the Charcot process were reported only in audit 1. Consistent with the 
literature reviewed in Frykberg & Belczyk195 and other studies,52,180,184,190,210,221–223 patterns II 
and III of the Sanders and Frykberg classification were the most common locations, 
essentially encompassing the midfoot. 
 

3.6.4.4.2. Deformity 
 
In audit 3, three out of four feet showed deformity at presentation; in audit 4 this only was 
two out of three feet. This difference did not reach statistical significance, but it may be a 
manifestation of earlier recognition of the active Charcot foot. However, this hypothesis was 
not corroborated by a reduction in referral delay. 
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3.6.4.4.3. Ulceration 
 
Almost 1 out of 2 active Charcot feet presented with a concomitant DFU of Wagner grade 2 
or higher.  
 
We identified 13 studies presenting the prevalence of ulceration at presentation. Nine of these 
studies reported rates between 24 and 48%,180,184,199,209,212,224–227 three of which reported 
inclusion of inactive Charcot feet.199,212,226 One study reported a slightly lower rate of 20%, 
possibly explained by the exclusion of patients with foot infection.210 Two studies including 
only midfoot Charcot reported vastly different rates of 9 and 53%.181,228 A final study reported 
a rate of 88%, but mentioned that concomitant ulceration was the main reason for referral to 
the centre.192 The presence of deformity was rarely reported in these studies but may correlate 
with ulceration.184,192,212,226 However, the study with the lowest rate of ulcers at presentation 
also had one of the highest deformity rates at presentation among the identified studies,228 
suggesting that the association may not always hold. 
 
Considering these studies and taking into account that only deep ulcers of Wagner grade 2 or 
higher were eligible for inclusion in IQED-Foot, we can conclude that the ulceration rate at 
presentation is definitely in the upper part of the spectrum. It is nevertheless consistent with 
the high deformity rate at presentation. In fact, at presentation ulceration was highly 
predictive of deformity: only 8% of ulcers occurred in feet without deformity. In turn, these 
findings were consistent with the fact that 75% of ulcers occurred at a Charcot pressure point. 
 
We now turn to the characteristics of the DFUs occurring on a foot affected by Charcot 
disease. Lavery et al.219 compared Wagner grade 1 ulcers occurring on feet with and without 
active Charcot disease. Consistent with the findings in IQED-Foot, they reported that ulcers 
were predominantly located on the midfoot in case of Charcot disease, whereas the location 
was predominantly the forefoot in cases without Charcot disease. The ulcers in the Charcot 
feet were significantly larger than in feet without Charcot, which is also confirmed in IQED-
Foot. Despite their larger size, they healed in a significantly shorter period. The authors 
attributed this to the pain that is often present in Charcot foot and which may urge patients to 
seek care sooner than patients without Charcot foot. IQED-Foot showed that ulcers occurring 
on a Charcot foot were not only larger, but also deeper and more often infected. 
 
Box 17: Conclusions on the characteristics of the a ctive Charcot foot. 

• The location of Charcot joints was similar to that reported in the literature. 
• The prevalence of deformity at presentation was relatively high compared to 

the literature. This may in part be due to different definitions of deformity. 
• The prevalence of DFU on the active Charcot foot was relatively high, which 

may be expected given the high deformity rate. 
• Ulcers occurring on an active Charcot foot were larger, deeper and more often 

infected that ulcers occurring without concomitant active Charcot foot. 
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3.6.5. Treatment of active Charcot feet 

3.6.5.1. Background 
 
Conservative treatment, consisting of immobilisation of the affected foot, is the primary 
treatment option in active Charcot foot. The goal of conservative treatment is to calm down 
the inflammatory process and prevent further deformity of the foot and ankle. Multiple ways 
to achieve immobilisation exist:229 TCC, RCW (e.g. Aircast), “removable TCC”,187 Charcot 
Restraint Orthotic Walker (CROW), patellar tendon-bearing brace, Scotch-cast boot,185 and 
others. Removable devices are often used after a period of casting to ease the transition to 
permanent custom footwear or orthotic devices (e.g. an ankle-foot orthosis). 
 
There is controversy surrounding the level of weight-bearing (WB) that should be adopted by 
the patient and its evolution over the course of the treatment.230 Classically, non-WB was 
recommended by most groups in the initial acute phase of treatment, accompanied by use of 
crutches or a walker. However, a number of recent studies have shown that healing with 
minimal deformity can be achieved even in case of WB (as tolerated) starting as soon the cast 
has set,231–233 although healing time may be longer.209,223 In a large survey among experts, 
over half allowed WB during treatment.234 
 
Patient compliance is an important issue both with regard to the use of removable devices as 
well as with adherence to WB instructions.180,210,230,232,235–237 Sinacore209 reported that only 
28% of patients observed partial WB instructions using assistive devices and that these 
patients had more rapid healing. Verity et al.210 reported that in 72% of cases instructions to 
also wear the RCW in bed were not followed. However, patients did reduce the daily number 
of hours standing or walking from 9 to 3 hours. de Souza223 remarked that compliance to 
absolute non-WB may sometimes be difficult: neuropathic patients may be unable to gauge 
the amount of weight they put on their affected foot and patients may suffer from other health 
problems preventing them from assisted ambulation (diminished eyesight, muscle weakness). 
Osterhoff et al.224 noted a higher recurrence rate in patients who did not comply to the 
treatment. 
 
Surgery is a treatment option in specific cases.238 It may be needed to eradicate infection, for 
instance when an infected DFU or osteomyelitis is present. In severe cases this may require 
minor or even major amputation. Surgery may also be needed in case of severe foot 
deformity, instability and recurrent ulceration in order to obtain a stable, plantigrade foot for 
which custom footwear can be provided. The procedures may include exostectomy to remove 
bony prominences, open reduction, and arthrodesis, with internal or external fixation. 
Pakarinen et al.208 cite correct timing, adequate fixation and sufficiently long postoperative 
immobilization and non-WB as conditions for success of reconstructive surgery. If surgery 
has failed or complications occurred, amputation may be necessary. Amputation may be a 
primary treatment option if conservative or surgical treatment seems unlikely to yield success 
or when the patient explicitly prefers this option over the uncertain prospect of the other 
options. 
 
There is little firm evidence to guide the surgical management of Charcot foot. A systematic 
review identified only 2 prospective comparative studies in this area, with the remainder 
consisting of expert opinion, case reports and retrospective case series.194,239 Arthrodesis was 
the technique reported most often. Other techniques included exostectomy, amputation and 
debridement. No techniques have been compared, nor has amputation been compared to 
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reconstruction or investigated as a primary treatment option. Types of fixation (internal, 
external) have not been sufficiently compared to allow recommendations to be made. Achilles 
tendon lengthening and gastrocnemius resection were commonly used to relieve equinus 
contracture. Finally, the optimal timing has not been studied. Traditionally, reconstructive 
surgery has been contraindicated during the active phase of the Charcot foot, mainly because 
of poor bone quality which would lead fixation to fail.192,208,230 Only a handful of studies have 
attempted reconstructive surgery in active Charcot.240–243 
 
There is some experience with pharmacological management of Charcot foot. Multiple 
studies have investigated whether bisphosphonates are able to stop the process of osteolysis 
and promote healing.180,185,225,228,244 A recent systematic review on the subject concluded that 
there is too little evidence to promote the use of bisphosphonates and that they may even 
negatively affect healing time.245 Other investigated treatments are combined magnetic field 
bone growth stimulation246 and intranasal calcitonin.247 
 
Finally, there has been little specific research on the management of DFUs occurring 
concomitantly on an active Charcot foot. Immobilisation techniques will promote both the 
cooling down of the active Charcot foot as well as the healing of the ulcer,219 but there is no 
specific evidence to guide clinicians in these cases.  

3.6.5.2. Items in the IQED-Foot questionnaire 
 
The main item on treatment of the active Charcot foot included in the IQED-Foot 
questionnaire pertained to immobilisation. In audit 1, a single yes/no question measured the 
extent to which knee-high immobilisation was used, regardless of the actual device (TCC, 
RCW, orthopaedic boot, …). From audit 2 onwards, a distinction between TCC and other 
means was made. It may be important to note that the item on “other means” did not explicitly 
mention that immobilisation had to be knee-high, although from audit 3 onwards the RCW 
was given as an example and crutches, bed rest or the use of a wheelchair were explicitly 
mentioned as not counting as “other means”. There was also an item on the total duration of 
immobilisation but this will be discussed in the section on outcomes. 
 
All audits had an item on whether specific Charcot surgery was performed. “Charcot surgery” 
was never defined but was intended to mean “exostectomy and/or reconstructive surgery”. 
 
When a case of “active Charcot + DFU” was recorded, centres were able to report all 
treatments mentioned in section  3.5.4. We need to acknowledge that some of these treatments 
are also relevant in the management of active Charcot foot without DFU, e.g. the performance 
of minor or major amputation. However, the IQED-Foot questionnaire did not allow these 
treatments to be reported for cases without DFU at presentation, even if they developed a 
DFU during follow-up. 

3.6.5.3. Results 
 
Table 71 shows the immobilisation practices for patients with active Charcot foot in audits 1-
4. Almost 90% of cases received at least some means of immobilisation. The treatment 
included TCC in about 40% of cases and in a third of cases it was the only means of 
immobilisation used. Half of the cases never received TCC, but received other devices such as 
a RCW. Ten percent of cases received TCC and other means over the course of their 
treatment. 
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Table 71: Immobilisation practices for patients wit h active Charcot foot in audits 1-4 

 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All pts 
(N=165) 

Overall      
TCC - 16 

(59.3) 
12 

(27.9) 
30 

(48.4) 
51 

(41.8)(1) 
  Active Charcot - DFU - 11/14 

(78.6) 
6/16 

(37.5) 
20 

(57.1) 
31/58 
(53.4) 

  Active Charcot + DFU - 5/13 
(38.5) 

6/27 
(22.2)* 

10/27 
(37.0)* 

20/64 
(31.3)***  

Other - 11 
(40.7) 

30 
(69.8)b 

35 
(56.5) 

71 
(58.2)(1) 

  Active Charcot - DFU - 3/14 
(21.4) 

11/16 
(68.8) 

20/35 
(57.1)b 

31 
(53.4) 

  Active Charcot + DFU - 8/13 
(61.5) 

19/27 
(70.4) 

15/27 
(55.6) 

40/64 
(62.5)* 

Any 39 
(79.6) 

26 
(96.3) 

38 
(88.4) 

58 
(93.5) 

145 
(87.9) 

  Active Charcot - 
DFUNA 

29/35 
(82.9) 

14/14 
(100.0) 

15/16 
(93.8) 

35/35 
(100.0) 

82/89 
(92.1) 

  Active Charcot + DFU 10/14 
(71.4) 

12/13 
(92.3) 

23/27 
(85.2)**  

23/27 
(85.2) 

63/76 
(82.9) 

Allowing for 
combinations 

     

TCC only - 15 
(55.6) 

8 
(18.6)b 

23 
(37.1) 

41 
(33.6)(1) 

  Active Charcot - DFU - 11/14 
(78.6) 

4/16 
(25.0) 

15/35 
(42.9)b 

26/58 
(44.8) 

  Active Charcot + DFU - 4/13 
(30.8)* 

4/27 
(14.8)***  

8/27 
(29.6)**  

15/64 
(23.4)***  

Other only - 10 
(37.0) 

26 
(60.5) 

28 
(45.2) 

61 
(50.0)(1) 

  Active Charcot - DFU - 3/14 
(21.4) 

9/16 
(56.3) 

15/35 
(42.9) 

26/58 
(44.8) 

  Active Charcot + DFU - 7/13 
(53.8) 

17/27 
(63.0) 

13/27 
(48.1) 

35/64 
(54.7) 

TCC + other - 3 
(3.7) 

4 
(9.3) 

7 
(11.3) 

10 
(8.2)(1) 

  Active Charcot - 
DFUNA 

- 0/14 
(0.0) 

2/16 
(12.5) 

5/35 
(14.3) 

5/58 
(8.6) 

  Active Charcot + DFU - 1/13 
(7.7) 

2/27 
(7.4)***  

2/27 
(7.4)***  

5/64 
(7.8)***  

No immobilisation 8 
(16.3) 

1 
(3.7) 

3 
(7.0) 

3 
(4.8) 

15 
(9.1) 

Unknown 
immobilisation statusNA 

2 
(4.1) 

0 
(0.0) 

2 
(4.7) 

1 
(1.6) 

5 
(3.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
(1) Number of unique active Charcot feet since audit 2, N = 122. 
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. active Charcot without DFU. 
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Table 71 also shows that TCC was used significantly less often in case of a concomitant DFU. 
In these cases, use of other devices was more frequent. However, the overall immobilisation 
rate, regardless of the means used, was similar in cases with or without DFU. 
 
There were no clear trends across audits with regard to immobilisation practices. Some rates 
differed significantly between audits, but this may be the result of the poor precision of the 
estimates, due to the low sample size. 
 
Specific Charcot surgery during follow-up in cases with active Charcot foot was relatively 
rare: 10.2% in audit 1 (N = 49, 14.3% missing), 7.4% in audit 2 (N = 27, 3.7% missing), 7.0% 
in audit 3 (N = 43, 11.6% missing), and 8.1% in audit 4 (N = 62, 16.1% missing). There were 
no statistically significant differences between audits. Among all 165 unique patients with 
active Charcot since audit 1, 13 patients (7.9%) received specific Charcot surgery (13.3% 
missing). Rates were higher in case of concomitant DFU at presentation (12.3 vs. 6.4%) or 
deformity at presentation (8.8 vs. 3.8%), but these differences did not reach statistical 
significance. 
 
Table 72 gives an overview of the number of amputations performed during follow-up in 
active Charcot foot with concomitant DFU at presentation in audits 1-4. Based on data from 
audits 1 and 2, amputations appeared to be rare when there was no concomitant DFU at 
presentation, even if a DFU occurred during follow-up, although the latter statement is based 
on the follow-up of only 9 cases (data not shown). In cases with a concomitant DFU at 
presentation, the major amputation rate was higher (10.5%, Table 72). Furthermore, these 
amputations almost exclusively occurred in cases that developed additional ipsilateral DFUs 
during follow-up. 
 
Table 72: Number of performed amputations in active  Charcot foot with concomitant DFU at presentation 
in audits 1-4. 

 Audit 1 
(N=14) 

Audit 2 
(N=13) 

Audit 3 
(N=27) 

Audit 4 
(N=27) 

All pts 
(N=76) 

Overall 2 
(1:1) 

5 
(2:3) 

3 
(0:3) 

6 
(5:1) 

14 
(6:8) 

  Without new ipsilateral 
  DFUs during follow-up 

0/6 1/3 
(1:0) 

0/5 1/5 
(1:0) 

2/18 
(2:0) 

  With new ipsilateral 
  DFUs during follow-up 

0/4 4/10 
(1:3) 

3/19 
(0:3) 

5/18 
(4:1) 

10/47 
(3:7) 

  New ipsilateral DFUs 
  unknown 

2/4 
(1:1) 

N.A. 0/3 0/4 2/11 
(1:1) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Numbers between brackets are the ratio 
of minor to major amputations. 
 
We estimated the need for surgery for patients with active Charcot foot in audit 4. In addition 
to the surgeries reported above, we found the following. For cases of active Charcot foot with 
concomitant DFU at presentation, 8 out of 27 needed surgical debridement (29.6%, no 
missing values), and 3 out of 27 cases had surgical off-loading (11.1%, no missing values). 
Table 48 already showed that these rates were significantly higher than in patients without 
active Charcot foot. Of all 62 cases of active Charcot foot in audit 4, at least 16 (25.8%) 
underwent surgery, not counting the surgeries (debridements, amputations, and surgical off-
loading) occurring in patients without concomitant DFU at presentation, which could not be 
reported in the IQED-Foot questionnaire in audit 4. In fact, only 2 out of these 16 cases were 
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patients without a concomitant DFU at presentation. Eleven of these 16 surgical cases 
(68.8%) involved debridement and/or amputation, and 6 of these 16 cases (37.5%) involved 
specific Charcot surgery and/or surgical off-loading. 
 

3.6.5.4. Discussion and conclusions 
 
IQED-Foot shows that almost 90% of cases of active Charcot foot received immobilisation, 
which is the generally recommended conservative treatment. In a third of cases 
immobilisation consisted of only TCC. In half of the cases other means such as RCW were 
used. In approximately 10% of cases both types of means were used. When an ipsilateral 
DFU was present at the initial visit, TCC was used less often, at the benefit of other means. 
We collected no information on the WB status of the patients during treatment. 
 
Comparing the observed immobilisation practices to the literature is difficult. Many 
monocentric studies do not report in detail on the provided treatment but only describe the 
usual protocol. A number of studies describe initial TCC, followed by a RCW and then 
transfer to footwear.184,224,225,233 Other centres exclusively use RCWs.210,221,232,248 A final set 
of centres uses a mix of methods, where non-removable devices, usually TCC, are initially 
used in 60-70% of the patients and RCW in the remainder.185,190,208,227,246 All the cited studies 
report that immobilisation was applied immediately in all patients. Finally, a survey among 
experts conducted in the US in 1999, indicated that 80% of experts used TCC in the active 
stage of Charcot.234 
 
The only study to provide real-world data on immobilisation practices is the specific audit on 
active Charcot foot performed in the UK in 2005-2007.180 There, 85% of patients were 
provided with immobilisation. A non-removable device was the initial treatment in 30% of 
these cases and a removable device in 70%. Compared to this multi-centre observational 
study, the overall and TCC-specific immobilisation rates in IQED-Foot were slightly better. 
 
We found no prior studies reporting on lower rates of TCC use when a DFU is present on an 
active Charcot foot. In part this may reflect the contraindications for TCC in patients with 
infected DFUs and PAD, something which we did not study in detail. Alternatively, this 
observation may reflect the preference of RCW over TCC, because the former allows more 
frequent wound inspection and care. 
 
A recurring discussion in the area of the treatment of Charcot foot is the decision between 
conservative and surgical treatment. In IQED-Foot we observed that about 1 in 4 patients 
underwent surgery in the active stage of Charcot, mostly to control infection in feet with 
concomitant DFU. The proportion of patients needing surgery reported in the literature ranges 
between 10 and 55%.180,181,184,207,208,210,224,226,242,249,250 The rate may depend on the ratio of 
active to inactive cases and the length of follow-up, both of which were generally poorly 
reported. Two studies reported infection control as the primary reason for surgery (~70% of 
all surgeries),181,207 a rate similar to that found in IQED-Foot. The relatively low surgery rate 
in IQED-Foot and the preponderance of infection control as the main indication are consistent 
with the fact that reconstructive surgery is usually attempted only after the active phase, as 
presented in the introduction to this section. 
 
Comparison of amputation rates to the literature is hampered both by limitations of the IQED-
Foot questionnaire as by poor reporting in the literature of follow-up duration, and of the rate 
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of ulceration at presentation and during follow-up. This issue will be discussed in more detail 
in section  3.6.6.4.3. 
 
In conclusion, the management of active Charcot foot by the centres was adequate and 
slightly better than that reported in the single other large-scale study on this topic. 
 
Box 18: Conclusions on the treatment of the active Charcot foot. 

• Almost 90% of cases received at least some means of immobilisation. The 
treatment included TCC in about 40% of cases. 

• Removable cast walkers were preferred over TCC in case of a concomitant 
DFU. 

• Immobilisation rates and modes compared favourably to the results of the UK 
Charcot Audit. 

• About 1 in 4 patients underwent surgery in the active stage of Charcot, mostly 
to control infection in feet with concomitant DFU. This is consistent with the 
fact that reconstructive surgery is usually attempted only after the active 
phase has passed. 

 

3.6.6. Outcomes of patients with active Charcot foot 

3.6.6.1. Background 
 
Since there is no cure for active Charcot foot that can reverse the disease process, treatment 
aims at calming down the inflammatory process through off-loading of the affected limb and 
at preventing (further) fractures and deformity through immobilisation. Therefore, it is only 
possible to arrest the disease process and prevent further complications. When the active 
Charcot foot has “healed”, i.e. the inflammatory process has cooled down, immobilisation is 
usually stopped and the patient is transferred to therapeutic footwear. If instability remains, 
e.g. in cases where the ankle is affected, long-term bracing may be necessary.196,218,224,226,235 
 
A major difficulty in the conservative treatment of active Charcot foot is determining when 
the foot has “healed”. This timing is important because if immobilisation is stopped too soon, 
the inflammatory process may restart, potentially leading to new or further foot 
deformity.189,190 A too long immobilisation period needlessly subjects the patient to a 
burdensome treatment.178 Moreover, long periods of limited ambulation due to the use of a 
cast or other knee-high devices may lead to decreased bone mineral density or aggravate 
existing osteoporosis, thus increasing the risk of new Charcot-related fractures.221,237 
 
Different criteria have been adopted to assess whether the active Charcot foot has healed. 
Clinical criteria such as diminished swelling and a temperature difference with the 
contralateral foot of less than 1 or 2 °C have been used. Temperature measurements to guide 
treatment have their proponents6,186,248 and opponents.221,251 A volumetric approach has also 
been used.233,246 Radiographic criteria may be used, consisting of checking whether complete 
bone consolidation (Eichenholtz stage 3) has occurred.246 Finally, a number of recent studies 
have used MRI, PET/CT scanning and other sensitive imaging techniques to longitudinally 
evaluate the presence of signs of inflammation.188–190,252 These studies have generally shown 
that disappearance of clinical signs such as swelling and heat may precede imaging-based 
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healing by months, suggesting that stopping immobilisation based on clinical grounds 
increases the risk of recurrence because the initial inflammatory process has not yet 
completely resolved. 
 
To estimate time-to-healing, a number of studies have used the total immobilisation duration 
or the time it takes to transfer to shoes (time-to-transfer).180,184,207–210,221,223,228,232,233,246,250 This 
practice needs a few comments. First, these time intervals depend on which criteria were used 
to judge whether the foot was healed (see previous paragraph). Use of different criteria limits 
the comparability of results between studies and centres. Second, transfer to footwear should 
be clearly defined: transfer to temporary footwear or to the final orthopaedic shoes? If the 
latter, the variable time it takes to fashion the shoes is incorporated in a measure of healing,180 
something which seems undesirable unless one really wishes to measure the complete process 
of care.221 Third, some patients with remaining instability, often in the hindfoot or ankle, need 
long-term bracing:218,224 how would one determine total immobilisation time in these cases? 
 
The speed with which healing, however defined, occurs is only one potential measure of care 
quality. It should be remembered that it not only depends on the provided treatment and 
patient education, but that it may also depend on foot characteristics,209 treatment delay191,193 
and patient compliance.209 
 
More important outcomes of care, regardless of the time it took to achieve them, may be the 
extent to which deformity of the foot has continued by the time the foot has healed, the extent 
to which the skin overlying bony prominences of the deformed foot (Charcot pressure points) 
ulcerated, and the extent to which patients were able to resume normal ambulation after 
treatment, be it with permanent therapeutic footwear, long-term bracing (in case of remaining 
instability) or with a prosthesis (after amputation). Surgery may be needed to achieve this 
goal, because initial or subsequent deformity may have been too severe to allow shoes to be 
fitted. Finally, treatment should aim at preventing recurrence of the active stage of Charcot 
foot, in part by allowing a long enough period of immobilisation.189,190 
 
Amputation is a possible final outcome for which there are multiple indications:78 (a) to 
control infection in patients with a superimposed DFU or with postsurgical infections after 
attempted reconstruction, (b) to allow the prospect of ambulation using a prosthesis in case a 
stable plantigrade foot cannot be achieved surgically or in case surgery has failed, or (c) as an 
alternative to conservative or reconstructive treatment if this is preferred by the patient. It is 
important to know the indication in order to judge whether amputation was a negative or 
“positive” outcome. As with all outcome indicators, amputation is not a direct measure of care 
quality. Amputation may be the end result of failing to prevent ulceration and infection or of 
inappropriate or poorly performed surgery. But it may also be the result of the complexity of 
the fractures for which reconstructive surgery was simply impossible, of patient preference or 
of poor patient compliance. 
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3.6.6.2. Items in the IQED-Foot questionnaire 

3.6.6.2.1. Immobilisation and healing 
 
All audits had an item on whether the active Charcot foot “cooled down” within the follow-up 
period. “Cooled down” was defined as follows in the different audits: 
 

- Audit 1: “clinically, there is no longer a temperature difference with the contralateral 
foot and/or no more oedema and/or normalisation of serum CRP”. 

- Audit 2: “disappearance of signs of inflammation (redness, oedema) and there is no 
longer a temperature difference with the contralateral foot, determined by palpation or 
infrared thermometer (smaller or equal to 1 °C difference)”. 

- Audit 3-4: “disappearance of signs of inflammation (redness, oedema) and there is no 
longer a temperature difference with the contralateral foot (≤ 1 °C difference)”. 

 
Loss to follow-up with regard to “cooling down” status was determined using the algorithm 
described in section  3.5.5.2. 
 
A separate item allowed centres to record the total duration of immobilisation or time to 
transfer to shoes. Again, the definitions were different across audits: 
 

- Audit 1: “what was the total duration of immobilisation of the active Charcot? < 3 
months, 3 to 6 months, or > 6 months”. 

- Audit 2: “what was the total duration of immobilisation of the active Charcot (in 
months) (the actual no. of months can be mentioned, even if it surpasses the follow-up 
of six months)”. 

- Audit 3-4: “what was the total duration of immobilisation of foot and lower leg before 
the patient could walk in adapted footwear (in weeks) (the actual no. of weeks can be 
mentioned, even if it surpasses the follow-up of six months)”. 

 
The responses from audit 3 and 4 (in weeks) were recalculated to months 
(12 × ������ × 7 365.25⁄ �, rounded to the nearest integer) to allow comparison with audit 
2. The (recalculated) responses of audits 2-4 were categorized to allow comparison with audit 
1. 
 

3.6.6.2.2. Progressive deformity 
 
Audits 3 and 4 had an item on whether deformity progressed during follow-up.  
 

3.6.6.2.3. Occurrence of new DFUs 
 
Since audit 2, an item on the occurrence of new DFUs during follow-up was available. In 
audit 2 it allowed centres to report new ipsilateral DFUs during follow-up and their position 
relative to Charcot pressure points (on or outside). From audit 3 onwards, an item on 
contralateral DFUs was added to this set of items.  
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3.6.6.2.4. Ulcer outcome and relation to amputation 
 
For active Charcot feet with concomitant DFU at presentation, centres were able to record the 
outcome of the index ulcer in the same way as described in section  3.5.5.2. Ulcer-related 
outcomes, including their relation to amputation (see section  3.5.5.3) will be presented in the 
results section. 
 

3.6.6.2.5. Occurrence of new episodes of Charcot foot 
 

Since audit 3 an item on the occurrence of new episodes of active Charcot foot during follow-
up was available. For cases of active Charcot foot with concomitant DFU at presentation, the 
side of the new episode (ipsi or contralateral) could be indicated. 
 

3.6.6.2.6. Death 
 
The reader is referred to section  3.5.5.2 for information on how mortality was recorded. 
 

3.6.6.3. Results 

3.6.6.3.1. Immobilisation and healing 
 
Table 73 shows that in audits 2-4 the feet of almost 80% of cases with active Charcot foot 
were reported to have cooled down during a median follow-up of 5.3 months. There were no 
significant differences between audits. Even though the follow-up period in audit 1 was twice 
as long, the proportion of cooled down feet in this audit was similar to that in audit 4. Having 
a concomitant DFU at presentation was not significantly associated with the rate of cooled 
down feet, except in audit 2. By contrast, the presence of deformity at presentation was 
associated with significantly lower rates of cooled down feet considering all unique cases 
since audit 3. 
 
Table 74 shows that in audits 2-4, the median immobilisation period of feet that cooled down 
during follow-up was 4 months. Almost 80% of patients with active Charcot foot that cooled 
down during follow-up had their limb immobilized for less than 6 months. Compared to audit 
1, this proportion was comparable. Presence of a DFU or deformity at presentation was not 
significantly associated with immobilisation duration, although there was a tendency towards 
longer durations if these characteristics were present. 
 
Immobilisation duration was also reported for a large majority of feet that did not cool down 
during the follow-up period. These rates were higher in audits 1-2 when the definition did not 
include the criterion “until transition to footwear” and slightly lower in later audits when this 
criterion was added. In audits 2-4, there was a tendency towards shorter immobilisation 
periods. This trend can be explained by the combination of two facts. First, the questionnaire 
instructed centres to report the total immobilisation period even if it surpassed the maximal 
follow-up duration of 6 months. Second, the study design changed from retrospective in audit 
2, to mixed prospective/retrospective in audit 3 and fully prospective in audit 4. In a fully 
prospective study, immobilisation periods surpassing the follow-up period can usually not be 
reported, because data collection ends when follow-up ends. In this prospective scenario it 
also makes little sense to ask centres to report the total duration even if it surpasses the 
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follow-up duration and the questionnaire should be adapted accordingly. Taken together, 
these findings highlight the importance of restricting the study of immobilisation duration to 
cases that cooled down during follow-up.  
 
Table 73: Rate at which feet with active Charcot di sease “cooled down” during follow-up, stratified by  the 
concomitant presence of DFU or deformity at present ation, audits 1-4. 

 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All pts (1) 
(N=122) 

Lost to follow-up 5 
(10.2) 

1 
(3.7) 

1 
(2.3) 

3 
(4.8) 

5 
(4.1) 

Not lost to follow-up, 
healing status unknown 

1 
(2.3) 

1 
(3.8) 

3 
(7.1) 

5 
(8.5) 

9 
(7.7) 

Cases remaining for 
analysis 

43 
(87.8) 

25 
(92.2) 

39 
(90.7) 

54 
(87.1) 

108 
(88.5) 

   Follow-up time - 154 
(105-184) 

142 
(94-182) 

169 
(149-184) 

161 
(110-182) 

Cooled down during 
follow-up 

37 
(86.0) 

19 
(76.0) 

28 
(71.8) 

46 
(85.2) 

85 
(78.7) 

   Concomitant DFU at 
presentation? 

     

   No 28/32 
(87.5) 

12/13 
(92.3) 

12/16 
(75.0) 

27 
(87.1) 

44/53 
(83.0) 

   Yes 9/11 
(81.8) 

7/12 
(58.3)* 

16/23 
(69.6) 

19/23 
(82.6) 

41/55 
(74.5) 

   Deformity at 
presentation? 

     

   No - - 7/8 
(87.5) 

19/20 
(95.0) 

25/27 
(92.6) 

   Yes   20/30 
(66.7) 

27/34 
(79.4) 

43/58 
(74.1)* 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Follow-up time is expressed as median 
no. of days (IQR). 
(1) All patients of audits 2-4, comparisons excluded audit 1 because of difference in follow-up period. 
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. no DFU or no deformity. 
 
Table 74: Immobilisation duration (until transition  to footwear) in patients with active Charcot foot,  
stratified by “cooling down” status and the presenc e of concomitant DFU or deformity at presentation, 
audits 1-4. 

 Audit 1 
(N=43) 

Audit 2 
(N=25) 

Audit 3 
(N=39) 

Audit 4 
(N=54) 

All pts (1) 
(N=108) 

Cooled down during 
follow-up 

37 
 

19 
 

28 
 

46 
 

85 
 

Immobilisation 
duration, known 

37 
(100.0) 

18 
(94.7) 

25 
(89.3) 

43 
(93.5) 

79 
(92.9) 

Duration categories      
   < 3 months 16 

(43.2) 
4 

(22.2) 
4 

(16.0) 
12 

(27.9) 
19 

(24.1) 
   3-6 months 12 

(32.4) 
11 

(61.1) 
14 

(56.0) 
22 

(51.2) 
43 

(54.4) 
   ≥ 6 months 9 

(24.3) 
3 

(16.7) 
7 

(28.0) 
9 

(20.9) 
17 

(21.5) 
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 Audit 1 
(N=43) 

Audit 2 
(N=25) 

Audit 3 
(N=39) 

Audit 4 
(N=54) 

All pts (1) 
(N=108) 

Duration, months - 3 
(3-4) 

4 
(3-6) 

3 
(2-5) 

4 
(3-5) 

Duration, weeks - - 16 
(12-24) 

13 
(10-21) 

15.5 
(11-20.5) 

No concomitant DFU at 
presentation, known 

- 11 10 26 41/33(2) 

   Months - 3 
(2-4) 

3 
(3-6) 

3 
(2-5) 

3 
(2-5) 

   Weeks - - 14 
(12-24) 

12.5 
(9-20) 

13 
(10-20) 

      
Concomitant DFU at 
presentation, known 

- 7 15 17 38/31(2) 

   Months - 4 
(3-6) 

4 
(3-6) 

4 
(3-6) 

4 
(3-6) 

   Weeks - - 16 
(12-24) 

16 
(12-25) 

16 
(12-24) 

      
No deformity at 
presentation, known 

- - 7 17 24 

   Weeks - - 12 
(10-16) 

12 
(8-16) 

12 
(8.5-16) 

Deformity at 
presentation, known 

- - 18 26 40 

   Weeks - - 18 
(14-24) 

16 
(12-24) 

16 
(12-24) 

Not cooled down 
during follow-up 

6 6 11 8 23 

Immobilisation 
duration, knownNA 

6 
(100.0) 

6 
(100.0) 

7 
(63.6) 

7 
(87.5) 

18 
(78.3) 

Duration categories      
   < 3 months 2 

(33.3) 
1 

(16.7) 
1 

(14.3) 
1 

(14.3) 
3 

(16.7) 
   3-6 months 0 

(0.0) 
1 

(16.7) 
1 

(14.3) 
4 

(57.1) 
5 

(27.8) 
   ≥ 6 months 4 

(66.7) 
4 

(66.7) 
5 

(71.4) 
2 

(28.6) 
10 

(55.6) 
Duration, months - 7.5 

(4-11) 
6 

(4-7) 
4 

(3-6) 
6 

(3-7) 
Duration, weeks - - 24 

(17-30) 
16 

(12-24) 
22 

(12-24) 
Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Table presents frequencies (%) or 
medians (IQR). 
(1) All patients of audits 2-4, comparisons excluded audit 1 because of difference in follow-up period. 
(2) The second number mentioned is the number of new cases since audit 3. 
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We investigated immobilisation duration as a function of treatment. We considered the set of 
78 unique patients since audit 2 with a healed Charcot during follow-up and known 
immobilisation duration and treatment status. The median (IQR) immobilisation duration in 
patients who were immobilised with a TCC at some point during follow-up (with or without 
the use of additional devices) was 3 months (2-5 months) compared to 4 months (3-5 months) 
in patients who were never treated with a TCC during follow-up (p = 0.022). 

3.6.6.3.2. Progressive deformity 
 
Next, we studied the occurrence of complications during follow-up for patients with active 
Charcot foot who were not lost to follow-up. Complications studied were: progressive 
deformity, new DFUs and new Charcots. As with the outcomes of patients with DFUs, we 
simplified the analysis by equating “unknown” with “no” for these “intermediary” events (see 
section  3.5.5.3). Because some of the “unknowns” may have been “yes”, the results presented 
here are a best-case scenario. 
 
Table 75 shows that deformity progressed during follow-up in almost 25% of cases. These 
rates tended to be higher if deformity or a DFU were present at presentation. More than 70% 
of cases either had deformity at presentation or developed it during follow-up. 
 
Table 75: Rate of foot deformity during follow-up i n patients with active Charcot foot, audits 3 and 4 . 

 Audit 3 
(N=42) 

Audit 4 
(N=59) 

All pts 
(N=94) 

Progressive deformity 12 
(28.6) 

14 
(23.7) 

23 
(24.5) 

   No concomitant DFU at presentation 3/16 
(18.8) 

4/33 
(12.1) 

6/45 
(13.3) 

   Concomitant DFU at presentation 9/26 
(34.6) 

10/26 
(38.5) 

17/49 
(34.7) 

   No deformity at presentationNA 0/9 
(0.0) 

4/21 
(19.0) 

3/29 
(10.3) 

   Deformity at presentation 12/31 
(38.7) 

10/38 
(26.3) 

20/63 
(31.7) 

deformity at presentation and/or progressive 
deformity (1) 

   

   Neither 9/40 
(22.5) 

17/59 
(28.8) 

26/92 
(28.3) 

   Any 31/40 
(77.5) 

42/59 
(71.2) 

66/92 
(71.7) 

   Both 12/40 
(30.0) 

10/59 
(16.9) 

20/92 
(21.7) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
(1) Among patients with known deformity status at presentation. Percentages sum to more than 100% because 
“any” and “both” categories overlap. 

3.6.6.3.3. Occurrence of new DFUs and ulcer outcome 
 
Table 76 shows that almost 50% of cases experienced a new ipsilateral DFU during follow-
up. The majority of these DFUs occurred on a Charcot pressure point. The rate of new 
ipsilateral DFUs was significantly higher in patients with a concomitant DFU at presentation, 
compared to patients without. Contralateral DFUs occurred in less than 10% of cases. No 
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significant evolutions were observed between audits, except that the rate of new ipsilateral 
DFUs in patients without a concomitant DFU at presentation was significantly lower in audit 
4 compared to audit 2. 
 
Next, we focused on cases of active Charcot foot with a concomitant DFU at presentation. 
Table 77 shows the outcomes of these index ulcers. We observed no significant differences in 
outcomes between audits. Note that maximal follow-up in audit 1 was 12 months (instead of 
6), which is why these results were excluded from the statistical analysis. No patients died 
before or after healing. The single major amputation in audit 4 did not heal. These rare 
outcomes were not included in the table. 
 
Table 76: Occurrence of new DFUs during follow-up i n active Charcot foot, audits 2-4. 

 Audit 2 
(N=26) 

Audit 3 
(N=42) 

Audit 4 
(N=59) 

All pts 
(N=117) 

Ipsilateral DFU outside Charcot 
pressure point 

5 
(19.2) 

11 
(26.2) 

7 
(11.9) 

22 
(18.8) 

   No concomitant DFU at 
presentationNA 

3/13 
(23.1) 

2/16 
(12.5) 

0 
(0.0) 

5/55 
(9.1) 

   Concomitant DFU at presentation 2/13 
(15.4) 

9/26 
(34.6) 

7/26 
(26.9) 

17/62 
(27.4)**  

   No deformity at presentation - 1/9 
(11.1) 

2/21 
(9.5) 

3/29 
(10.3) 

   Deformity at presentation - 10/31 
(32.3) 

5/38 
(13.2) 

14/63 
(22.2) 

Ipsilateral DFU on Charcot pressure 
point 

10 
(38.5) 

16 
(38.10) 

16 
(27.1) 

39 
(33.3) 

   No concomitant DFU at presentation 2/13 
(15.4) 

3/16 
(18.8) 

4/33 
(12.1) 

7/55 
(12.7) 

   Concomitant DFU at presentation 8/13 
(61.5)* 

13/26 
(50.0) 

12/26 
(46.2)**  

32/62 
(51.6)***  

   No deformity at presentationNA - 0/9 
(0.0) 

3/21 
(14.3) 

3/29 
(10.3) 

   Deformity at presentation - 16/31 
(51.6) 

13/38 
(34.2) 

27/63 
(42.9) 

Any ipsilateral 15 
(57.7) 

23 
(54.8) 

22 
(37.3) 

56 
(47.9) 

   No concomitant DFU at presentation 5/13 
(38.5) 

5/16 
(31.3) 

4/33 
(12.1)b 

12/55 
(21.8)- 

   Concomitant DFU at presentation 10/13 
(76.9) 

18/26 
(69.2)* 

18/26 
(69.2)***  

44/62 
(71.0)***  

   No deformity at presentation - 1/9 
(11.1) 

4/21 
(19.0) 

5/29 
(17.2) 

   Deformity at presentation - 22/31 
(71.0)* 

18/38 
(47.4) 

37/63 
(57.7) 

Contralateral DFU - 5 
(11.9) 

4 
(6.8) 

8 
(8.5) 

   No concomitant DFU at presentation - 3/16 
(18.8) 

3/33 
(9.1) 

6/45 
(13.3) 

   Concomitant DFU at presentation - 2/26 
(7.7) 

1/26 
(3.8) 

2/49 
(4.1) 
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 Audit 2 
(N=26) 

Audit 3 
(N=42) 

Audit 4 
(N=59) 

All pts 
(N=117) 

   No deformity at presentation - 1/9 
(11.1) 

0/21 
(0.0) 

1/29 
(3.4) 

   Deformity at presentation - 4/31 
(12.9) 

4/38 
(10.5) 

7/63 
(11.1) 

Any DFU - 25 
(59.5) 

25 
(42.4) 

47 
(50.0) 

   No concomitant DFU at presentation - 6/16 
(37.5) 

7/33 
(21.2) 

12/45 
(26.7) 

   Concomitant DFU at presentation - 19/26 
(73.1)**  

18/26 
(69.3)*** 

35/49 
(71.4)***  

   No deformity at presentation - 2/9 
(22.2) 

4/21 
(19.0) 

6/29 
(20.7) 

   Deformity at presentation - 23/31 
(74.2)**  

21/38 
(55.3) 

41/63 
(65.1)* 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. no DFU or no deformity. 
 
Table 77: Ulcer-related outcomes in patients with a ctive Charcot foot and a concomitant DFU at 
presentation, audits 1-4. 

 Audit 1 
(N=14) 

Audit 2 
(N=13) 

Audit 3 
(N=27) 

Audit 4 
(N=27) 

All pts (1) 
(N=64) 

Lost to follow-upNA 1 
(7.1) 

0 
(0.0) 

1 
(3.7) 

1 
(3.7) 

2 
(3.1) 

Not lost to follow-up, 
healing status 
unknownNA 

1 
(7.1) 

1 
(7.7) 

1 
(3.7) 

0 
(0.0) 

2 
(3.1) 

Ulcers remaining for 
analysis 

12 
(85.7) 

12 
(92.3) 

25 
(92.6) 

26 
(96.3) 

60 
(93.8) 

   Follow-up time - 169 
(128-184) 

161 
(119-182) 

163 
(145-176) 

161 
(122-182) 

Healed, overallNA 11 
(91.7) 

6 
(50.0) 

12 
(48.0) 

15 
(57.7) 

33 
(55.0) 

   Time-to-healing - 95 
(56-150) 

116 
(81-145) 

98 
(28-133) 

105 
(63-142) 

   Follow-up time - 152 
(105-184) 

127 
(109-172) 

161 
(122-175) 

154 
(112-175) 

Healed with minor 
amputationNA 

1 
(8.3) 

1 
(8.3) 

0 
(0.0) 

2 
(7.7) 

3 
(5.0) 

Healed but then 
relapsedNA 

3 
(25.0) 

0 
(0.0) 

1 
(4.0) 

0 
(0.0) 

1 
(1.7) 

Resolved by major 
amputation 

0 
(0.0) 

2 
(16.7) 

3 
(12.0) 

1 
(3.8) 

6 
(10.0) 

Chronic ulcer 1 
(8.3) 

4 
(33.3) 

10 
(40.0) 

10 
(38.5) 

21 
(35.0) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Follow-up time and time-to-healing are 
expressed as median no. of days (IQR). 
(1) All patients of audits 2-4, comparisons excluded audit 1 because of difference in follow-up period. 
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Table 78 compares the above ulcer-related outcomes to those found in patients presenting 
with inactive Charcot foot or without Charcot foot (DFU only). The overall ulcer healing rate 
was significantly lower in patients with inactive Charcot foot and this was accompanied with 
a higher chronic ulcer rate at the end of follow-up. Both rates were comparable in patients 
with or without active Charcot foot, but time-to-healing and follow-up time were significantly 
longer in patients with active Charcot foot compared to patients with only a DFU. The rate of 
healing with minor amputation was significantly lower in patients with active Charcot foot 
compared to patients with only the DFU. By contrast, the major amputation rate was 
significantly higher in patients with active Charcot foot compared to patients with inactive 
Charcot foot and patients without Charcot foot. Some of these findings can also be observed 
in Table 51, Table 52 and Table 53. 
 
Table 78: Comparison of ulcer-related outcomes in p atients with a DFU at presentation, with or without  
(in)active Charcot foot, audits 2-4. 

 DFU + active 
Charcot (N=60) 

DFU + inactive 
Charcot 
(N=178) 

DFU only 
(N=3,493) 

Healed, overall 33 
(55.0) 

66 
(37.1)aaccc 

1,815 
(52.0) 

   Time-to-healing 105 
(63-142) 

92 
(46-119) 

80a 
(44-126) 

   Follow-up time 154 
(112-175) 

117aa 
(64-161) 

111aaa 
(57-161) 

Healed with minor 
amputation 

3 
(5.0) 

9 
(5.1) 

383 
(11.0)b 

Healed but then relapsed 1 
(1.7) 

2 
(1.1) 

100 
(2.9) 

Resolved by major 
amputation 

6 
(10.0) 

4 
(2.2)a 

118 
(3.4)a 

Chronic ulcer 21 
(35.0) 

105 
(59.0)aaccc 

1,439 
(41.2) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table. Follow-up time and time-to-healing are 
expressed as median no. of days (IQR). 
 

3.6.6.3.4. Occurrence of new episodes of Charcot foot 
 
Considering all unique cases of active Charcot foot since audit 3 not lost to follow-up (N=94), 
a total of 8 cases (8.5%) experienced new active Charcot foot during follow-up (median 
follow-up: 5.3 months). In the subset of cases with a concomitant DFU at presentation (N = 
49), 4 such cases were seen, all ipsilateral (8.2% in a median follow-up of 5.3 months). 
 
There were no contralateral new Charcot feet in this group. 
 
Taken together, at least 8% of cases with active Charcot foot at presentation experienced new 
active Charcot foot during a median follow-up of 5.3 months. The results suggest that most of 
these cases were ipsilateral. Now what about the incidence of active Charcot foot during 
follow-up in patients without active Charcot foot at presentation? Considering all unique 
patients with inactive Charcot foot + DFU at presentation since audit 3 not lost to follow-up 
(N = 161), 2 cases experienced an ipsilateral Charcot and 2 other cases a contralateral 
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Charcot, giving a total incidence of 2.5% during a median follow-up of also 5.3 months. 
Considering all unique patients with only a DFU at presentation since audit 3 not lost to 
follow-up (N = 2,776), 19 cases experienced an ipsilateral Charcot (0.7%), 15 a contralateral 
Charcot (0.5%) and 12 cases bilateral Charcot (0.4%), yielding a total of 58 affected limbs 
and an incidence of 2.1% during a median follow-up of 4.4 months. 
 

3.6.6.3.5. Mortality  
 
In audit 1, one (2.3%) out of 44 cases of active Charcot foot not lost to follow-up died. In 
audits 2-4 this was one (0.9%) out of 117 unique cases of active Charcot foot. 
 

3.6.6.4. Discussion and conclusions 

3.6.6.4.1. Immobilisation and healing 
 
We attempted to study the outcomes of active Charcot foot in a broad sense, not just looking 
at the evolution of the underlying inflammatory process which is a hallmark of the disease. To 
that end, we investigated the occurrence of a number of complications of Charcot foot in 
addition to healing. 
 
About 80% of feet with active Charcot disease cooled down during a median follow-up of 5.3 
months. Feet that were deformed at presentation were less likely to cool down during follow-
up. Rates of cooling down are rarely reported as such in the literature. Fabrin et al.196 reported 
a healing rate of 94%, but although the exact follow-up duration was not reported, it was 
likely to have been much longer than in IQED-Foot, as they included cases treated during a 
ten-year period. “Healing” was not defined in this study. Moura-Neto et al.,248 using clinical 
and radiographic criteria, observed healing in 89% of cases after one year. Game et al.180 
reported that 76% of cases in a multi-centre audit in the UK had passed into the inactive phase 
during the study, but follow-up time was not reported (the study ran for 21 months). Recently, 
Stark et al.227 reported that 84% of patients went into remission, based on clinical and 
radiographic criteria, but without mentioning the follow-up-time (the retrospective study 
spanned a 5-year period). 
 
Total immobilisation duration is often used as a way to compare outcomes between studies. In 
IQED-Foot we found a median duration of 4 months in audits 2-4, and a slightly shorter 
duration of 15.5 weeks when only audits 3-4 were considered. Considering that these are real-
life data, the durations were short compared to the literature. We were able to identify only 3 
studies where immobilisation duration was shorter than 4 months, all using TCC as the only 
means for immobilisation.209,223,233 An additional 6 studies were identified that reported 
durations between 4 and 6 months.184,207,221,228,232,250 These studies used a mix of TCC and 
RCW/orthosis or only an RCW. A final three studies were identified reporting durations in 
excess of 6 months.180,210,226 This included the UK audit, where non-removable devices were 
used in 40% of cases,180 which is comparable to IQED-Foot, and two other studies using an 
RCW and CROW respectively. An older review on this topic did not identify other studies 
where immobilisation duration was shorter than 4 months.236 Note that studies using 
exclusively the TCC were also those studies reporting the shortest durations. 
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Although the results compared favourably to the literature, the comparison should be 
interpreted cautiously. Indeed, because maximal follow-up in IQED-Foot was only 6 months, 
much shorter than in many of the cited studies, the likelihood that early reactivation of the 
active Charcot foot was captured in IQED-Foot was probably lower than in the cited studies. 
Upon early reactivation immobilisation is normally resumed, thus resulting in a longer total 
immobilisation duration.  The use of different definitions of healing also complicates any 
comparison. 
 
Confirming earlier findings180,210 and the literature study above, IQED-foot showed that use 
of TCC as a means to immobilise the LL was associated with a shorter immobilisation 
duration compared to use of only other means. This is however not a consistent finding.227 
The particular device may not be as important as whether it is removable or not. Apart from 
treatment, multiple other factors may increase the likelihood or speed of healing. Location of 
the Charcot disease may be important,184,187,209,223,227 as well as patient compliance (see 
section  3.6.5.1) and diagnostic or treatment delay (see section  3.6.3.1). 
 

3.6.6.4.2. Progressive deformity 
 
The development of deformity in the Charcot foot is a particularly feared complication, as it 
increases the risk of ulceration and a poor functional outcome. In almost 25% of cases, 
therapy was unable to prevent new or further deformity. At the end of follow-up, more than 
70% had deformed feet, either because the foot was deformed at presentation or new 
deformity developed during follow-up. 
 
In section  3.6.4.4.2 we discussed the relatively high rate of deformity at presentation 
compared to the literature. It seems, however, that the rate of progressive deformity in IQED-
Foot, almost 25%, was rather low. Two studies reported rates in excess of 50%,191,192 while 4 
studies reported rates below 20%.187,189,210,223 
 

3.6.6.4.3. Occurrence of new DFUs and ulcer outcome 
 
About 50% of cases with active Charcot foot experienced new DFUs during follow-up. 
Having a DFU at presentation was a predictor of future ulceration. The same trend was 
observed with regard to deformity at presentation, but there the association did not reach 
statistical significance. The majority of the new ulcers occurred on a Charcot pressure point. 
 
When this rate is compared to the literature, differences in the follow-up duration and 
ulceration rate at presentation should be taken into account. The latter is important because 
IQED-Foot and other studies184 have shown that new ulcers usually occur in patients who 
initially presented with ulcers. We identified 9 studies reporting rates of new DFUs between 7 
and 67%, without specifying the side the ulcers occurred on.184,193,196,199,207,210,223,226,233 Six of 
these studies reported the median or average follow-up duration, which ranged from 2 to 8 
years, and which is considerably longer than in IQED-Foot.193,196,207,210,223,226 Five studies 
reported the rate of initial ulceration, ranging from 0 to 48%.184,199,210,226,233 Only two studies 
reported both follow-up duration and the rate of initial ulceration.210,226 The first study 
reported new ulcers in 8% of patients after a median follow-up of 33 months; 20% had DFUs 
at presentation.210 The second study reported new ulcers in 49% of patients after a median 
follow-up of 46 months; 31% had DFUs at presentation.226 Compared to the first study, 
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follow-up duration was 40% longer and initial ulceration 55% more prevalent in the second 
study. While these differences may in part explain the 6-fold higher rate of new ulceration 
during follow-up, other factors, such as the rate of deformity at presentation and treatment, 
may have played a role. Regardless of the potential mechanism behind new ulceration, the 
rates in IQED-Foot were relatively high, especially considering the longer follow-up duration 
reported in the literature for similar rates of new ulceration. 
 
We studied the ulcer-related outcomes of cases of active Charcot foot with concomitant DFU 
at presentation. We observed that compared to cases without Charcot foot, the proportion of 
cases with a healed index DFU at the end of follow-up was similar (50-55%). However, in 
cases with active Charcot foot, time to DFU healing was significantly longer, suggesting that 
DFU healing was slower. These findings contrast with the only study on this topic that we 
could identify. Lavery et al.219 found that while ulcers occurring on active Charcot foot were 
larger, something which was confirmed in IQED-Foot, they healed more quickly than in feet 
without active Charcot foot. The difference with IQED-Foot may lie in the fact that the study 
by Lavery et al. only included Wagner grade 1 ulcers. Indeed, in IQED-Foot we showed that 
ulcers on active Charcot foot were not only larger, but also deeper and more often infected 
(see section  3.6.4.4.3). This may explain the adverse impact on healing time. 
 
Healing of index DFUs and the occurrence of new DFUs during follow-up may have been 
influenced by treatment. For instance, a poorly applied TCC or device may impede healing of 
an existing DFU or lead to new DFUs. We do not know when the new DFUs occurred, i.e. 
during or after immobilisation. 
 
Although not within the primary scope of this chapter, we observed that ulcers occurring on a 
foot with inactive Charcot disease were significantly less likely to heal than all other ulcers. 
This finding cannot readily be explained by ulcer characteristics, as they were not more severe 
in cases with inactive Charcot disease than in cases with active Charcot disease. Based on our 
findings, inactive Charcot foot should be regarded as an important risk factor for non-healing 
of DFUs. 
 
In patients with a DFU at presentation, amputations were equally likely, regardless of the 
presence of active Charcot foot. Similar findings were reported by a study on the VA 
database. 253 However, this study did not investigate the amputation rates at different levels. 
IQED-Foot shows that in patients without active Charcot foot most amputations were minor, 
while in patients with active Charcot foot most were major. Ten percent of patients with 
active Charcot foot and a concomitant DFU at presentation underwent major amputation. 
IQED-Foot did not consistently record amputations in feet without concomitant DFU at 
presentation. However, based on limited data, no amputations were observed in this group. 
Similar findings were reported by the study by Sohn et al. cited above that showed that 
amputations were rare in patients with Charcot foot without a concomitant DFU. Therefore, 
since half of the cases with active Charcot foot presented without a concomitant DFU at 
presentation, the overall major amputation rate in IQED-Foot will have been half that seen in 
cases with concomitant DFU, i.e. about 5%. The annual incidence will have been close to 
10% given that the median follow-up was only 5.3 months. We identified 7 studies reporting 
specifically on major amputation rate and also reporting the median or average follow-up 
duration.181,196,207,208,227,228,242 The rates varied between 2 and 8% and the median/average 
follow-up ranged from 1 to 8 years. The annual incidence of major amputation in these 
studies ranged from 0.5 to 5%. Taken together, the amputation rate in patients with active 
Charcot foot was relatively high in IQED-Foot. This result should be interpreted with caution 
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because of important limitations in the IQED-Foot questionnaire and because we have no 
information on the indications for major amputation. Moreover, in calculating and comparing 
the annual incidence of major amputation, we assumed that the incidence remained stable 
during follow-up, which might not always be the case. In fact, the likelihood of major 
amputation may decrease as follow-up progresses, e.g. as a result of improving preventive 
measures such as therapeutic footwear. In this scenario rates will be artificially high in studies 
with a short median follow-up such as IQED-Foot. Finally, the rate of ulceration at 
presentation will also have had an impact on future amputation. As discussed above, this rate 
was also relatively high in IQED-Foot, about 50%. 
 

3.6.6.4.4. Occurrence of new episodes of Charcot foot 
 
New episodes of active Charcot foot during follow-up occurred in about 8.5% of cases with 
active Charcot foot at presentation. Although we cannot be sure due to limitations of the 
questionnaire, most of these episodes seemed to be ipsilateral. In cases without active Charcot 
foot at presentation, new episodes of active Charcot were about 4 times less likely and were 
as often ipsi as contralateral of the index foot problem. 
 
We identified 7 studies that reported on ipsi and contralateral new episodes of active Charcot 
foot in patients presenting with active Charcot foot, and that also reported median or average 
follow-up duration.196,207,221,223,224,226,250 Annual rates of new ipsilateral episodes ranged from 
0.5 to 5.7%; one study reported no new ipsilateral episodes after a follow-up of 3.8 years.226 
Considering all new episodes, also contralateral, annual rates ranged from 0.5 to 7.4%. The 
annual rate in IQED-Foot was considerably higher (19.2%), considering the median follow-up 
of 5.3 months. Although we cannot be sure that this rate included only ipsilateral new 
episodes, the rate is also at least twice as high as the combined ipsi and contralateral rates 
reported in the literature. The higher incidence may be explained either by the hypothesis that 
Belgian centres were more likely to report early reactivations (exacerbations) than studies 
reported in the literature, or by the relatively short immobilisation duration which would 
increase the likelihood of these exacerbations. 
 

3.6.6.4.5. Mortality and patient-related outcomes 
 
The data on mortality of patients with active Charcot foot in IQED-Foot was too limited to 
allow any conclusions to be drawn. The literature suggests that mortality is higher in patients 
with active Charcot foot compared to diabetic controls, but that mortality is not significantly 
higher compared to that of patients with uncomplicated DFUs.199,254–256 Reported annual 
mortality rates range between 4 and 7%,199,207,226,255,256 although higher254 and lower 
rates196,227 have been reported. 
 
 
Box 19: Conclusions on the outcomes of the active C harcot foot. 

• Almost 80% of cases with active Charcot foot were reported to have cooled 
down during a median follow-up of 5.3 months. 

• The median immobilisation period of feet that cooled down during follow-up 
was 4 months. This duration was short compared to other studies. 
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• Immobilisation duration was shorter in patients treated with TCC than in 
patients who did not receive this treatment modality. 

• Feformity progressed in almost 25% of cases. This rate was relatively low, but 
half of patients already had deformity at presentation. 

• Almost 50% of cases experienced a new ipsilateral DFU during follow-up, 
usually on a Charcot pressure point and usually in patients with a concomitant 
DFU at presentation. This rate was relatively high compared to the literature. 

• In patients with a concomitant DFU, time-to-healing and follow-up time were 
significantly longer, and major amputation rate significantly higher compared 
to patients with only a DFU.  

• Charcot reactivation rates were high compared to the literature. This may be a 
result of the relatively short average immobilisation duration. 

 

3.6.7. Transfer to permanent prescription footwear 

3.6.7.1. Background 
 
As in feet with a healed DFU, the healed Charcot foot is prone for (re-)ulceration and 
appropriate footwear needs to be provided. Moreover, the Charcot foot may have resulted in 
deformity which not only increases risk of ulceration, but which also may lead to functional 
limitations, which should be accommodated. 
 
The type of footwear that is prescribed depends on the presence and extent of deformity.235  
 

3.6.7.2. Items in the IQED-Foot questionnaire 
 
The reader is referred to section  3.5.6.2 for a description of the items on the provision of 
footwear. The questionnaire also included items on the provision of podiatric follow-up (in 
audits 1, 3 and 4), but in audits 3 and 4 these items were only available for cases also having a 
DFU at presentation. Since we only have data for audit 1, this parameter will not be analysed. 
 

3.6.7.3. Results 
 
As with patients with a DFU, in principle only patients whose active Charcot foot healed 
during follow-up are eligible for provision of footwear. Therefore most analyses were 
restricted to patients whose active Charcot foot healed during follow-up. 
 
Table 79 shows the rates at which preventive measures with regard to footwear were taken for 
patients whose active Charcot foot healed during follow-up in audits 1-4. For audits 1 and 2 
results from outdoor and indoor footwear were combined. Still for audits 1 and 2, if provision 
of insoles and semi-orthopaedic shoes was reported for the same patient, we assumed that the 
insoles were to be worn inside the semi-orthopaedic shoes. All other insoles were assumed to 
be for OTR shoes. This assumption allowed a complete mapping of the categories in earlier 
audits with those in later audits. 
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Overall, orthopaedic shoes were provided the most, in 81% of cases, with no significant 
change across audits. All other types of footwear were provided in less than 13% of cases. Six 
percent of cases did not receive footwear at the end of follow-up. 
 
Table 79: Rates at which preventive measures with r egard to footwear were taken for patients whose 
active Charcot foot healed during follow-up, audits  1-4 

 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All pts 
(N=165) 

Patients whose Charcot 
healed during follow-up 

37 
(75.5) 

19 
(70.4) 

28 
(65.1) 

46 
(74.2) 

117 
(70.9) 

Tailor-made orthopaedic 
insoles for OTR shoes 

9 
(24.3) 

4 
(21.1) 

3 
(10.7) 

1 
(2.2) 

15 
(12.8)--- 

Appropriate off-the-rack 
shoesNA 

6 
(16.2) 

0 
(0.0) 

- - 6 
(11.8)(!) 

Semi-orthopaedic shoes, 
overall 

3 
(8.1) 

3 
(15.8) 

4 
(14.3) 

2 
(4.3) 

12 
(10.3) 

Semi-orthopaedic shoes 
without insolesNA 

2 
(5.4) 

1 
(5.3) 

0 
(0.0) 

0 
(0.0) 

3 
(2.6) 

Semi-orthopaedic shoes with 
insoles 

1 
(2.7) 

2 
(10.5) 

4 
(14.3) 

2 
(4.3) 

9 
(7.7) 

Orthopaedic shoes 30 
(81.1) 

13 
(68.4) 

22 
(78.6) 

41 
(89.1) 

95 
(81.2) 

Two pairs of footwear or 
more (insoles and/or shoes) 

- - 4 
(14.3) 

2 
(4.3)cc 

6 
(8.7)--(!!)  

Footwear was provided, but 
details were missing 

- - 0 
(0.0) 

0 
(0.0) 

0 
(0.0)(!!) 

None of these types of 
footwear were provided 

1 
(2.7) 

3 
(15.8) 

3 
(10.7) 

0 
(0.0) 

7 
(6.0) 

   Received footwear in the 
   last 2 yearsNA 

- - 2 
(7.1) 

0 
(0.0) 

2 
(2.9) (!!) 

None or off-the-rack onlyNA 1 
(2.7) 

3 
(15.8) 

3 
(10.7) 

0 
(0.0) 

7 
(6.0) 

UnknownNA 0 
(0.0) 

0 
(0.0) 

0 
(0.0) 

4 
(8.7) 

2 
(1.7) 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
 (!) All new patients in audits 1 and 2 whose active Charcot foot healed during follow-up, N = 51. 
(!!) All new patients in audits 3 and 4 whose active Charcot foot healed during follow-up, N = 69. 
 
The provision of any type of footwear or orthopaedic shoes to patients with a healed active 
Charcot foot was not associated with the presence of deformity at presentation, nor with 
progressive deformity during follow-up, nor with the presence of a DFU at presentation (data 
not shown). 
 
Table 80 shows that footwear was provided also to patients whose active Charcot foot did not 
heal during follow-up, or when the healing status was unknown. However, considering all 
audits together rates were significantly higher in patients whose active Charcot foot healed 
during follow-up compared to patients where it did not heal or where the status was unknown. 
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Table 80: Rates at which preventive measures with r egard to footwear (excluding appropriate off-the-ra ck 
shoes) were taken as a function of active Charcot f oot healing status, audits 1-4 

 Audit 1 
(N=49) 

Audit 2 
(N=27) 

Audit 3 
(N=43) 

Audit 4 
(N=62) 

All pts 
(N=165) 

Active Charcot foot 
healedNA 

36/37 
(97.3) 

16/19 
(84.2) 

25/28 
(89.3) 

46/46 
(100.0) 

110/117 
(94.0) 

Active Charcot foot not 
healedNA 

3/6 
(50.0)## 

6/6 
(100.0) 

6/11 
(54.5) 

6/8 
(75.0) 

18/28 
(64.3)### 

Active Charcot foot 
healing status 
unknown/lost to follow-up 

4/6 
(66.7)# 

0/2 
(0.0) 

3/4 
(75.0) 

7/8 
(87.5) 

14/20 
(70.0)# 

Refer to section  3.1.1 on p. 25 for instructions on how to read this table.  
*,**,***  p < 0.05, p < 0.01, p < 0.001 vs. not healed. 
#,##,### p < 0.05, p < 0.01, p < 0.001 vs. healed. 
°,°°,°°° p < 0.05, p < 0.01, p < 0.001 vs. unknown healing status. 
 

3.6.7.4. Discussion and conclusions 
 
The reader is referred to section  3.5.6.4 for a discussion of the use of preventive footwear in 
patients with a DFU, many aspects of which are also relevant for patients with active Charcot 
foot. 
 
Compared to patients suffering only from a DFU, the prescription of orthopaedic shoes to 
patients with a healed active Charcot foot was 3 to 4 times more likely (see also Table 57). 
Pinzur et al.234 reported use of orthopaedic shoes in only 11% of patients at the end of follow-
up (presumably after healing), with the majority (49%) using semi-orthopaedic shoes with 
custom-made insoles. Chantelau and Richter187 reported use of orthopaedic shoes in 38% of 
patients, in a cohort in which 54% of patients showed at least moderate foot deformity at the 
end of follow-up. Therefore, compared to the literature, the use of orthopaedic shoes in 
patients with active Charcot in IQED-Foot seems high. This high rate may be associated with 
the equally high rate of deformity at presentation or at the end of follow-up. Indeed, many 
patients probably suffered from deformities that could not be accommodated in standard 
footwear or semi-orthopaedic shoes, and for whom orthopaedic shoes were necessary. 
 
It would be interesting to know the location of the Charcot joints in cases where no footwear 
was prescribed or recommended after healing. These were potentially the cases with hindfoot 
or ankle Charcot who had remaining instability after the active Charcot foot cooled down and 
who would not be transferred to footwear, but to some form of bracing. The latter treatment 
could not be recorded in the IQED-Foot questionnaire. It is also possible that cases with 
remaining instability were not recorded as being “healed” at all. 
 
Box 20: Conclusions on transfer to permanent footwe ar in patients with active Charcot foot. 

• Over 90% of patients with a healed active Charcot foot received either insoles 
for OTR shoes or (semi-)orthopaedic shoes at the end of follow-up, or these 
shoes were recommended. More than 80% of patients received orthopaedic 
shoes. This high rate is probably related to the equally high rate of deformity. 
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3.6.8. Conclusions about quality of care and policy recommendations 
 
In this section we wish to highlight the most interesting findings and their potential impact on 
policy. 
 

3.6.8.1. The relation of treatment with outcomes 
 
IQED-Foot shows that the treatment and outcomes of active Charcot foot in the centres 
compared favourably to the limited data in the literature. Almost all patients received knee-
high immobilisation. The duration of immobilisation until cooling down of the active Charcot 
foot was short, at a median of only 4 months. In contrast to these positive results stands the 
observation that reactivation rates were high compared to the literature. This may suggest that 
not all recorded cases of healed active Charcot foot were actually and “sustainably” healed. 
Indeed, if the periods of immobilisation needed to heal the reactivations would be added to 
the reported duration of 4 months, a longer total duration would be obtained. Unfortunately, 
the study design of IQED-Foot, with a short follow-up duration of only 6 months, does not 
allow us to obtain a complete picture of the outcomes of active Charcot foot. Moreover, 
limitations of the questionnaire prevented us to obtain precise estimates of reactivation rates. 
Changes to the questionnaire and to the study design would be needed to obtain a more 
reliable insight in the outcomes of active Charcot foot. If follow-up would be extended to 1 
year, immobilisation durations would be expected to be longer and reactivation rates to be 
lower. 
 
Based on these findings we should investigate the feasibility of extending the follow-up 
period of cases of active Charcot foot from 6 months to 1 year. We should consider the impact 
of this change on the already complex study design. 
 

3.6.8.2. Extending the registration of active Charcot foot cases 
 
In the previous IQED-Foot report we have already highlighted that the limited number of 
cases included in the IQED-Foot sample prevents firm conclusions to be drawn. The current 
report can only confirm this observation. We were unable to identify any evolutions across 
audits, and this is in part due to the limited sample size per audit. It logically follows that 
analyses at the level of individual centres were impossible. However, if we considered all 
unique cases of active Charcot foot sampled since audit 1, we were able to obtain sufficiently 
reliable estimates at a national level, based on over 150 cases. This is more than in most 
studies in this field. 
 
It is worthwhile considering the possibility of extending the registration of active Charcot foot 
cases, with the aim of increasing the sample size in individual audits. Although we 
recommend oversampling cases of active Charcot foot, we also want to stress the need for 
continued attention to the sampling of actual, correctly diagnosed cases of active Charcot foot 
in IQED-Foot. Indeed, the high rates of deformity at presentation may suggest that not all 
sampled cases were in the active stage of the disease and that some were in the inactive 
(chronic) stage, where deformity is expected to be more prevalent. In addition, to improve the 
comparability of IQED-Foot results to the recent literature, it might be interesting to adopt the 
classification system proposed by Chantelau and Grützner215 which in addition to 
distinguishing clearly between active and inactive cases, also distinguishes between x-ray 
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positive and x-ray negative cases of active Charcot foot. Indeed, recent literature suggests that 
outcomes may be better in x-ray negative (MRI-positive) cases than in x-ray positive 
cases.187,191,193 Moreover, this additional subgrouping of active Charcot foot cases would yield 
crucial information about the extent to which the earliest stage of active Charcot foot disease 
is recognized by HCPs. 
 
Box 21: Conclusions about quality of care and polic y recommendations (patients with active Charcot 
foot) 

• The treatment and outcomes of active Charcot foot compared favourably to 
the limited data in the literature. Rates of knee-high immobilisation were high 
and immobilisation durations were short. However, it seems that the short 
immobilisation duration was paralleled by a high recurrence rate. This finding 
deserves further attention. Prospective follow-up data over 1 year (instead of 6 
months) may be needed to adequately study outcomes of active Charcot foot. 

• Analysis at the level of individual audits and centres were hampered by the 
limited number of sampled cases of active Charcot foot. Extending the 
registration, e.g. by sampling all cases of active Charcot foot during the 1-year 
inclusion period, should be considered. 

4. Quality improvement and publications in this audit-feedback cycle 

4.1. Individual feedback report to centres 
 
The main instrument of IQED-Foot to improve quality of care is providing centres with an 
individualized feedback report containing anonymous benchmarking. 
 
Appendix C shows a dummy feedback report of audit 4 for a fictive 35th centre. The 35th 
centre was created based on drawing 52 patients at random from the audit 4 sample. The 
overall scores and their distribution in this dummy report were not updated with information 
from the 35th centre, in order to preserve the true distribution of centre scores as presented in 
the actual reports sent to the centres. In caterpillar plots, a 35th “dot” appears, inevitably 
skewing somewhat the distribution of centre scores. 
 

4.2. Information meeting 
 
The programme of the IQED-Foot information meeting held after the 4th audit is presented in 
appendix E. The presentation on off-loading was programmed as a result of the questions 
raised when the evolution of off-loading rates in IQED-Foot was first discussed with the 
group of experts. A summary of the presentation on off-loading was concurrently published in 
the medical supplement of the journal of the “Association Belge du Diabète”.257 
The programme was also inspired by the meeting of 7 March 2015 celebrating 25 years of 
integrated diabetic foot care in Belgium.89 
 
In total, 61 HCPs attended the meeting, representing 28 out of 35 centres recognized at that 
time (80% overall, 77% for French-speaking centres and 82% for Dutch-speaking centres). In 
addition, 3 experts and 4 collaborators of WIV-ISP/Healthdata participated. Unfortunately, 
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because the information meeting coincided with the period of elevated terror threat levels in 
Brussels, some people who registered chose not participate. 
 
Thirty participants completed an evaluation form, resulting in an overall response rate of 49% 
(63% for French-speaking participants and 47% for Dutch-speaking participants). Results of 
the satisfaction survey are shown in Figure 41. Participants valued the good organisation of 
the meeting and the quality of the presentations. However, the relevance for their work and 
the impact of the meeting for quality improvement was valued less highly. 
 

 
Figure 41: Result of the satisfaction survey comple ted by 30 participants of the IQED-Foot info meeting  
 
It is worthwhile to note that a talk on the diabetic foot was programmed during the 
information meetings of the IQED project. During these talks important notions on the risk-
assessment and referral of patients with diabetic foot problems were presented to an audience 
of endocrinologists and diabetes educators. 
 

4.3. Publications and presentations 

4.3.1. Publications in peer-reviewed journals 
 

1. Doggen K, Van Acker K, Beele H, Dumont I, Félix P, Lauwers P, Lavens A, Matricali 
GA, Randon C, Weber E, Van Casteren V, Nobels F: IKED-Voet: implementatie van 
een kwaliteitsbevorderend initiatief in de Belgische diabetische voetklinieken. Vlaams 
tijdschrift voor Diabetologie 2013: 2013 
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2. Doggen K, Van Acker K, Beele H, Dumont I, Félix P, Lauwers P, Lavens A, Matricali 
GA, Randon C, Weber E, Van Casteren V, Nobels F: Implementation of a quality 
improvement initiative in Belgian diabetic foot clinics: feasibility and initial results. 
Diabetes Metab Res Rev 30:435-434, 2014 

3. Morbach S, Kersken J, Lobmann R, Nobels F, Doggen K, Van Acker K: The German 
and Belgian Accreditation Models for Diabetic Foot Services. Diabetes Metab Res 
Rev 32:318-325, 2016 

 

4.3.2. Presentations at scientific meetings 
 

1. Doggen K, Van Acker K. Organization and quality monitoring of diabetic foot care in 
Belgium. AG Fuß. 21. Jahrestagung der AG Fuß in der DDG. 2013 

2. Doggen K. Diabetische voetklinieken in België anno 2014. Zorgcentrum Wondzorg 
UZGent. WondSymposium IV, Op vaste voet. 2014 

3. Doggen K, Beele H, Deschamps K, Dumont I, Lavens A, Van Casteren V, Matricali 
GA. Low prevalence of previous lower limb revascularisation in patients with diabetes 
and acute Charcot foot: results from a case-control study. International Working 
Group on the Diabetic Foot. 7th International Symposium on the Diabetic Foot. 2015 

4. Doggen K, Aerden D, Beele H, Deschamps K, Dumont I, Félix P, Lauwers P, Lavens 
A, Matricali GA, Randon C, Weber E, Van Casteren V. Negative determinants of 
diabetic foot ulcer healing: 6-month follow-up of a large multicentre cohort. 
International Working Group on the Diabetic Foot. 7th International Symposium on 
the Diabetic Foot.  2015 

5. Doggen K, Beele H, Deweer S, Dumont I, Eenkhoorn V, Félix P, Lauwers P, Nobels 
F, Randon C, Van Acker K, Weber E, Matricali GA. Management and 6-month 
outcome of patients with diabetic foot problems: results from a nationwide quality 
improvement initiative between 2005 and 2014. International Society of Orthopaedic 
Centers. International Society of Orthopaedic Centers 2016. 2016 

6. Vermeersch J, Doggen K, Dumont I, Félix P, Lauwers P, Nobels F, Randon C, 
Matricali GA. Deformation at first presentation is associated with ulceration in active 
Charcot foot: a prospective follow-up study of 62 patients of the IQED-Foot study. 
Diabetic Foot Study Group 2016. 2016 
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Appendix A: Screenshots from the data entry software 
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Appendix B: Summary of published studies 
 
The table below summarizes patient and DFU characteristics and their outcomes in a 
convenience sample of published studies known to the author of this report. None of these 
studies are population-based, meaning that patients may be selected and that characteristics 
and outcomes may not be representative of all patients with DFU. This is however no 
different from IQED-Foot, which also includes a selected group of patients with diabetic foot 
problems.
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Study characteristics Participant characteristics Ulcer/limb characteristics Patient/ulcer outcomes 
Gershater et al. 87    
Design: single-centre prospective  
Patients: 2,480 consecutive 
patients with follow-up 
Country: Sweden 
Period: up to 31 December 2005 

Mean age: 68 years 
Male: 59% 
Diabetes type (based on age at 
diagnosis): 18% type 1, 82% type 
2  
Mean diabetes duration: 16 years 
Never smoked: 40% 
CVD history: 30% IHD, 16% 
CHF, 23% cerebrovascular disease 
Renal history: 28% 
macroalbuminuria 

Etiology: 59% neuropathic, 41% 
neuro-ischemic/ischemic 
Neuropathy: 92% 
Toe ulcer: 43% 
Ulcer area: 20% < 1 cm² 
Median ulcer duration at history: 
11 weeks 
Wagner 1-2: 84% 
Wagner 3: 10% 
Wagner: 4-5: 6% 

Follow-up until healing or death 
Primary healing: 65% 
Healing after minor amputation: 
9% 
Healing after major amputation: 
8% 
Median time to healing: 18 weeks 
Deceased unhealed: 17% 

Ince et al. 101    
Design: multicentre prospective 
Patients: 449 (UK), 239 
(Germany), 479 (Tanzania) and 
173 (Pakistan) consecutive 
patients 
Countries: UK, Germany, 
Tanzania and Pakistan 
Period: 1998-1999 (Germany 258), 
2000-2003 (UK, 85), 2003-2005 
(Tanzania 97),  unknown for 
Pakistan 

Mean age: 67, 69, 55 and 53 years 
in UK, Germany, Tanzania and 
Pakistan respectively 
Male: 64, 59, 67, 67% 
Diabetes type 2: 86, 90, 98, 99% 
Mean diabetes duration: N/A 
Smoking status: N/A 
CVD history: N/A 
Renal history: N/A 

SINBAD score 0:   3,   3,   1,   0% 
SINBAD score 1: 19, 13,   9,   0% 
SINBAD score 2: 37, 26, 23,   2% 
SINBAD score 3: 18, 16, 18, 32% 
SINBAD score 4: 15, 19, 33, 50% 
SINBAD score 5:   6, 20, 16, 16% 
SINBAD score 6:   2,   3,   0,   1% 

Eventual healing: 66, 72, 48, 59% 
Persisting unhealed: 12, 0, 14, 0% 
Resolved by amputation: 8, 19, 12, 
8% 
Unhealed at time of death: 11, 9, 
4, 1% 
Median time to outcome: 91, 70, 
30, 60 days 

Beckert et al. 102    
Design: single-centre prospective 
Patients: 1,000 consecutive patient 
Country: Germany 
Period: 1997-2004 

Median age: 69 years 
Male: 68% 
Diabetes type: N/A 
Diabetes duration: N/A 

Median ulcer area: 0.9 cm² 
Infection: 35% 
Probe to bone: 27% 
Toe ulcer: 36% 

Outcomes at 1 year of follow-up 
Healing probability after 1 year 
(including healed amputations): 
93% for DUSS score 0 until 57% 
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Smoking status: N/A 
CVD history: N/A 
Renal history: N/A 

Absent pedal pulses: 34% 
Median wound history: 31 days 
Wagner grade 1:   3% 
Wagner grade 2: 64% 
Wagner grade 3:   2% 
Wagner grade 4:   5% 
Wagner grade 5: 27% 
DUSS score 0:   4% 
DUSS score 1: 28% 
DUSS score 2: 39% 
DUSS score 3: 23% 
DUSS score 4:   6% 

for DUSS score 4 
Minor amputations: 10% 
Major amputations: 3% 
Median follow-up time: 68 days 

Eurodiale study 109,112    
Design: multicentre prospective 
Patients: 1,229 consecutive 
patients of which 1,088 completed 
follow-up 
Countries: 14 centres from 
Netherlands, Sweden, UK, Italy, 
Denmark, Czech Republic, Spain, 
Germany, Slovenia, Belgium 
Period: 2003-2004 

Mean age: 65 years 
Male: 64% 
Diabetes type: N/A 
Diabetes duration: 14% < 5 years, 
16% 5-10 years, 70% > 10 years 
Smoking status: N/A 
CVD history: 11% heart failure 
NYHA III-IV 
Renal history: 6% ESRD 

Deep ulcer: 44% 
Ulcer area: 37% < 1 cm², 52% 1-5 
cm², 11%, > 5 cm² 
Plantar ulcer: 48% 
Toe ulcer: 55% 
Neuropathy: 79% 
UT stage A: 24% 
UT stage B: 27% 
UT stage C: 18% 
UT stage D: 31% 

Outcomes at 1 year of follow-up 
Healed (including healed minor 
amputations): 77%, of whom 17% 
received minor amputation 
Persisting unhealed: 12% 
Major amputation: 5% 
Death: 6% 
Minor amputation in non-healed 
patients: 20% 

German certified DFCs, Lobmann et al. 52   
Design: multicentre prospective 
Patients: 18,532 patients 
Country: Germany 
Period: 2005-2012 

N/A Infection: 58% 
PAD: 42% 
Wagner grade 0: 4% 
Wagner grade 1: 37% 
Wagner grade 2: 31% 
Wagner grade 3: 20% 
Wagner grade 4: 8% 
Wagner grade 5: <1% 

Outcomes at 6 months of follow-
up 
Healing (not defined): 55% 
Minor amputation: 18% 
Major amputation: 3% 
Death: 4% 
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UK National Diabetic Foot Audit, pilot study 54   
Design: multicentre prospective 
Patients: 652 patients of whom 
541 completed follow-up 
Country: 23 centres in UK 
Period: 2011-2012 

Mean age: 65 years 
Male: 69% 
Diabetes type: 14% type 1, 84% 
type 2, other 2% 
Diabetes duration: N/A 
Smoking status: N/A 
CVD history: N/A 
Renal history: N/A 

Forefoot ulcer: 76% 
Ischemia: 38% 
Neuropathy: 84% 
Infection: 49% 
Ulcer area ≥ 1 cm²: 49% 
Deep ulcer: 26% 
SINBAD score 0:   4% 
SINBAD score 1: 17% 
SINBAD score 2: 26% 
SINBAD score 3: 25% 
SINBAD score 4: 17% 
SINBAD score 5: 10% 
SINBAD score 6:   2% 

Outcomes at 24 weeks of follow-
up 
Overall healing (not defined, but 
presumably primary healing): 65% 
Healing at 24 weeks, by SINBAD 
score: 
SINBAD score 0: 84% 
SINBAD score 1: 86% 
SINBAD score 2: 70% 
SINBAD score 3: 61% 
SINBAD score 4: 57% 
SINBAD score 5: 31% 
SINBAD score 6: 29% 

Taylor et al. 50    
Design: single-centre prospective 
Patients: 917 consecutive neuro-
(ischemic) ulcers from 706 
patients 
Country: South Carolina, US 
Period: 2002-2007 

Mean age: 64 years 
Male: 61% 
Diabetes type: 11% type 1, 87% 
type 2 
Diabetes duration: N/A 
Smoking status: 21% current, 31% 
ex 
CVD history: N/A 
Renal history: 26% ESRD 

Etiology: 50% neuropathic, 50% 
neuro-ischemic 
Infection: 40% 
Location: 55% toe, 27% midfoot, 
29% heel 
Gangrene: 32% 

Outcomes at 22 months of follow-
up 
Primary healing: 27% 
Healing after minor amputation: 
15% 
Major amputation: 20% 
Ulcer recurrence: 31% 
5-year survival: 38% 

Jeffcoate et al. 88    
Design: single-centre prospective 
Patients: 449 consecutive patients 
of whom 432 completed follow-up 
Country: Nottingham, UK 
Period: 2000-2003 

Mean age: 67 years 
Male: 64% 
Diabetes type: 12% type 1, 76% 
type 2, 13% unknown 
Mean diabetes duration: 16 years 

UT stage A: 32% 
UT stage B: 20% 
UT stage C: 23% 
UT stage D: 25% 
Median referral delay: 29 days 

Ulcer-related outcomes at 6/12 
months 
Primary healing: 55% / 66% 
Resolved by minor/major 
amputation: 6% / 8% 
Resolved by death: 6% / 11% 
Chronic ulcer: 28% / 12% 
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Outcome unknown: 5% / 4% 
Oyibo et al. 96,259    
Design: multicentre prospective 
Patients: 194 patients with new 
DFUs in 2 centres 
Country: UK and US 
Period: 1998-1999 

Mean age: 57 years 
Male: 77% 
Diabetes type: 11% type 1, 89% 
type 2 
Mean diabetes duration: 15 years 
Smoking status: N/A 
CVD history: N/A 
Renal history: N/A 

Etiology: 67% neuropathic, 26% 
neuro-ischemic, 1% ischemic, 6% 
neither 
Mean ulcer surface area: 1.48 cm² 
Wagner grade 1: 68% 
Wagner grade 2: 13% 
Wagner grade 3: 19% 
Wagner grade 4:   1% 
Wagner grade 5:   0% 
UT stage A: 47% 
UT stage B: 26% 
UT stage C: 11% 
UT stage D: 15% 

Outcomes at 6 months of follow-
up: 
Primary healing: 65% 
Resolved by minor/major 
amputation: 15% 
Resolved by death: 4% 
Chronic ulcer: 16% 



 

255 

Appendix C: Feedback report in audit 4 
 
This appendix shows a dummy feedback report of audit 4 for a fictive 35th centre (centre 
“99”). The 35th centre was created based on drawing 52 patients at random from the audit 4 
sample. The overall scores and their distribution in this dummy report were not updated with 
information from the 35th centre, in order to preserve the true distribution of centre scores as 
presented in the actual reports sent to the centres. In caterpillar plots, a 35th “dot” appears, 
inevitably skewing somewhat the distribution of centre scores.
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Appendix D: List of recognized diabetic foot clinics 
 
Convention 

number 
Code Name Postal 

code 
Municipality 

7.86.801.63 J UZ Gent 9000 Gent 
7.86.802.62 U Universitair Ziekenhuis Brussel 1090 Brussel 
7.86.803.61 A ZNA Stuivenberg 2060 Antwerpen 
7.86.804.60 V AZ Sint-Jan AV 8000 Brugge 
7.86.805.59 M Cliniques Universitaires Saint-Luc 1200 Bruxelles 
7.86.806.58 C CHU Charleroi - Hôpital Civil Marie Curie 6042 Charleroi 
7.86.807.57 E ULB - Hôpital Erasme 1070 Bruxelles 
7.86.808.56 B UZ KU Leuven - Gasthuisberg 3000 Leuven 
7.86.809.55 L Universitair Ziekenhuis Antwerpen 2650 Edegem 
7.86.810.54 K OL Vrouwziekenhuis - Campus Aalst 9300 Aalst 
7.86.811.53 Q Imeldaziekenhuis 2820 Bonheiden 
7.86.812.52 R Ziekenhuis Oost-Limburg 3600 Genk 
7.86.813.51 N CHR de la Citadelle 4000 Liège 
7.86.814.50 P AZ Delta (Campus Wilgenstraat) 8800 Roeselare 
7.86.815.49 T CHC Liège - Clinique Saint-Joseph 4000 Liège 
7.86.816.48 W GZA Ziekenhuizen - Campus Sint-Jozef 2640 Mortsel 
7.86.817.47 D AZ Groeninge - Campus O.L-Vrouw 8500 Kortrijk 
7.86.818.46 F AZ Sint-Blasius 9200 Dendermonde 
7.86.819.45 I Algemeen Ziekenhuis Sint Elisabeth 9620 Zottegem 
7.86.820.44 S Sint-Jozefkliniek Bornem 2880 Bornem 
7.86.821.43 H Cliniques de l'Europe 1180 Bruxelles 
7.86.822.42 G Vivalia - Hôpital Princesse Paola 6900 Marche-En-

Famenne 
7.86.823.41 q Centre Hospitalier Universitaire de Liège 4000 Liège 
7.86.824.40 g Grand Hôpital de Charleroi - Saint-Joseph 6060 Charleroi-Gilly 
7.86.825.39 m Clinique St Luc Bouge 5004 Bouge 
7.86.826.38 c Cliniques du Sud Luxembourg 6700 Arlon 
7.86.827.37 n C.H. De Jolimont - Lobbes 7100 Haine Saint Paul 
7.86.828.36 b Jessa Ziekenhuis 3500 Hasselt 
7.86.829.35 h A.Z. Nikolaas 9100 Sint-Niklaas 
7.86.830.34 j AZ Turnhout - Campus Sint-Jozef 2300 Turnhout 
7.86.831.33 k A.Z. Sint Maarten 2800 Mechelen 
7.86.832.32 f CHR Mons-Hainaut 7000 Mons 
7.86.833.31 r C.H.R. De Mouscron 7700 Mouscron 
7.86.834.30 d AZ St-Lucas 9000 Gent 
7.86.835.29 p Maria Ziekenhuis Noord-Limburg 3900 Overpelt 
7.86.836.28 e Regionaal Ziekenhuis Jan Yperman 8900 Ieper 
7.86.837.27 i Heilig Hartziekenhuis 2500 Lier 
7.86.838.26 a Centre Hospitalier de Wallonie picarde - 

Site Notre-Dame 
7500 Tournai 

Text in grey pertains to centres that are not currently recognized (January 2017). 
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