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ABSTRACT

Introduction: Diabetic foot ulcer is the main actiology for
non-traumatic amputation, which is a major public health
care concern. A multidisciplinary approach in the
management of this pathology has been shown to improve
the surgical outcome. However, there are little data available
on the tools we can use to pursue this multidisciplinary
approach. The main goal of this cross-sectional study was to
find out whether the implementation of a specific
management pathway could improve the treatment outcome
in the treatment of diabetic foot.

Materials and Methods: From 2012 to 2014, we
consecutively recruited patients with diabetic foot referred to
Orthopaedic surgery department of our university for
surgical opinion. A specific diabetic foot pathway was
introduced in 2013. One group of patients who were treated
with previous method were evaluated retrospectively.
Another group of patients who were treated after
implementation of the pathway were evaluated
prospectively. We compared treatment outcome between the
two groups.

Results: We included 51 patients. Amputation rate was
similar both the groups: 74% in the retrospective group not
using the new pathway versus 73% in a prospective group
that used the new pathway. Revision surgery was 39% in the
retrospective group and 14% in the prospective group
(p=0.05).

Conclusion: We recommend the use of this simple and cost-
effective pathway to guide the interdisciplinary management
of diabetic foot. A prospective study with more subjects
would provide a better overview of this management
pathway.
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INTRODUCTION

As the prevalence of diabetes is increasing in many countries
like France', Malaysia’, and USA’, foot complications
become a major public health-care problem. Between 15%*"°
to 25%°" of diabetic patients may develop foot ulcers at some
point in their lifetime. Diabetic foot is the main actiology of
non-traumatic amputations®. In 2003, the incidence of lower
limb amputations related to diabetes in France was
349/100,000°.

A recent study in Malaysia reported that among patients with
infected diabetic foot, a longer duration of disease, raised
total white blood cell count and history of more than three
limb-salvage surgery were the predictors for major lower
limb amputation”. This entity needs global attention and
multidisciplinary management involving both the medical
and para-medical teams. International recommendations
such as the guidelines from the Infectious Diseases Society
of America (IDSA), and the International Working Group on
Diabetic Foot (IWGDF) are readily available, providing
consensus on various aspects of the diagnosis and
management of diabetic foot problems"". However, data
about how the clinical teams should work together are scanty
in recent medical literature.

In our institution, Orthopaedic surgeons can directly
communicate with specialists from the endocrinology unit,
vascular surgeons, and infection disease specialists since we
are the reference centre for bone and joint infections of the
region. Various imaging modalities (radiography, CT, MRI,
Doppler ultrasonography) and transcutaneous oxygen
pressure measurement (TcPO2) facility are available.

Nonetheless, there are still concerns on the overall
management of patients with diabetic foot due to
heterogeneity of the condition. Referrals for surgical opinion
could come from several sources: emergency medicine unit,
endocrinology unit, diabetes ward, other local hospitals, and
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general practitioners. With no unified strategy in the
management of the condition, it may be difficult to comply
with all the guidelines. We have to make sure that the
medical treatment is optimal: acute diabetic foot should be
considered as a medical rather than a surgical emergency,
and whenever appropriate the infection should be controlled
with high doses of intravenous antibiotics. Infected diabetic
foot would require urgent assessment by a multidisciplinary
team™, since this is the main underlying factor that precedes
lower extremity amputation and re-amputation®. In addition
to general clinical examination, additional para-clinical
examinations should be performed to assess neuropathy,
vascular insufficiency and other sources of infection before
planning the surgery.

Even though the Orthopaedic surgeon generally play the
main role in the management of patients who require limb
amputation'’, opinion of the vascular surgeons is important.
Re-vascularisation procedure may be offered first to reduce
the risk of complications such as re-amputation. In our
hospital, either a general Orthopaedic surgeon or a foot
surgeon would attend to referrals on diabetic foot.

We hypothesised that the implementation of a specific
management pathway would improve the surgical outcome
of patients with acute problems related to diabetic foot. The
main goal of this study was to measure the rates of
amputation and revision surgery for this condition. We
undertook this cohort study to compare outcomes in patients
who went through our management pathway and those who
did not.

MATERIALS AND METHODS

From November 1, 2012 to October 31, 2014 we included
consecutively patients diagnosed with diabetic foot who
were referred to the Orthopaedic surgery department of our
University for opinion. These requests could come from our
emergency medicine unit, endocrinology unit, diabetes ward,
other local hospitals, and general practitioners. We excluded
patients that did not require urgent surgical managements
(preventive surgery, Charcot foot), non-diabetic affections,
and patients with post-operative infections. The diabetic foot
management pathway (Fig. 1) was introduced on Ist
November 2013. It was circulated to all the clinical
departments in our institution. Information of the patient has
to be filled on to a digital form (Fig. 2) by the requesting
practitioner before the case can be referred for a surgical
opinion. Plain radiographs and photographs of the affected
foot condition should also be provided. Some basic
information and guidelines were provided on the form, but
the preliminary diagnosis and tentative surgical procedure
would be provided by a senior surgeon specialised in foot
surgery"”. The patient would subsequently be examined and
evaluated by a surgeon from our team (resident or specialist).
If necessary, further investigations would be conducted.

Diabetic Foot Management Specific Pathway

The study covered in two periods: for the year before
implementation of the pathway, we retrospectively recruited
a group of patients and assigned them as the “retrospective
group”, while for year following the introduction of the
pathway, we recruited patients prospectively and assign them
as the “prospective group”. A total of 51 patients (38 men,
75%) with a mean age of 69 years (12, range 26-94 years)
were recruited. Twenty-three of them were in the
retrospective group (recruited from November 1, 2012 to
October 31, 2013), and 28 were in the prospective group
(recruited from November 1, 2013 — October 31, 2014).

Based on patient’s personal records, we extracted
demographic data and clinical information that included:
onset of symptom, time to admission, time to surgical
opinion request, interval between request for surgical
opinion and definitive recommendation, and time to
surgery), history of diabetes [type | or 2, year of diagnosis,
treatment, associated complications (micro- and macro-
angiopathy, neuropathy)], cardiovascular comorbidities,
smoking, previous foot ulcers or surgery, previous vascular
surgery or angioplasty), information about the index foot
ulcer [location, type, duration of symptoms, comorbidities
(neuropathy, deformities, etc.)], the type of surgery
performed (when applicable), and the number of surgical
revisions. When relevant, information on antibiotic therapy
and the results of bacteriologic samples were reviewed.
Results of paraclinical examinations also retrieved, and they
included C-reactive protein, leukocyte count, and glycated
haemoglobin level), recent radiographs and arterial Doppler
ultrasonography of the lower limbs. If the Doppler
ultrasonography was abnormal, transcutaneous oxygen
pressure measurement (TcPO2) would be performed. The
global severity of the lesions would be assessed using the
International Working Group for Diabetic Foot (IWGDF)
classification®.

All the data were recorded using a Microsoft® Excel
spreadsheet. Descriptive analysis was performed and
described using mean and standard deviation (SD). The
quantitative variables were compared using the Mann-
Whitney test. Qualitative variables were compared using the
Chi-square test. Statistical significance was defined at the
5% (p < 0.05) level.

This study was conducted according to the principles of the
world medical association declaration of Helsinki on ethical
principles for medical research involving human subjects.

RESULTS

In the retrospective group, there were 23 patients (16 men,
70%) aged 72 years (+ 13 years, range 49 to 94), and all of
them received surgical treatment. In the prospective group,
there were 28 patients (22 men, 79%) aged 67 years (+ 13
years, range 26 to 93), and only 22 (79%) of them had
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Table I: Population characteristics
Retrospective group Prospective group Statistical
(n=23) (n=22) significance
Age 72 + 13 67 + 13
(range 49 to 94) years (range 26 to 93) years

Gender Male 16 (70%) 22 (79%)
Duration of diabetes 16 + 9 (range 1 to 30) years 21 = 11 (range 3 to 39) years P=0.13

Type 1 2 (9%) 2 (10%)

Type 2 21 (91%) 20 (90%)
Glycated Hemoglobin 8.13% + 1.7 (range 5.8 to 12) 8.9% =+ 2.8 (range 5.7 to 16) P =0.30
HBP® 21 (94%) 13 (61%) P < 0.05
Dyslipidemia 18 (80%) 11 (50%) P=0.11
Active or past smoking 12 (52%) 9 (40%) P=0.36
Cardiopathy® 17 (75%) 14 (64%) P =0.54
Nephropathy ¢ 14 (62%) 10 (45%) P=0.24
Retinopathy 19 (82%) 12 (54%) P =0.56
Arteriopathy* 17 (75%) 10 (45%) P =0.05
Neuropathy 20 (87%) 17 (78%) P =0.41
Chronic wound history® 13 (55%) 12 (54%) P =0.49
Previous amputation 12 (48%) 10 (45%) P=0.64
IWGDF Score 2.05 2.51 P=0.13

*Defined as chronic blood pressure over 130/80mmHg, °Cardiac insufficiency or myocardial ischemia, Defined by serum creatinine over
180 pmole/l or renal transplantation, “Defined as previous vascular surgery or intermittent claudication or previous vascular gangrene
or abnormal vascular Doppler or Transcutaneous oxygen pressure < 30mm Hg or ankle-brachial index < 0,9, ¢Previous chronic wound

occurring more than three months

Table Il: First surgical procedure

Retrospective group (n=23)

Prospective group (n=22)

Soft tissues surgery without VAC-therapy

Soft tissues surgery with VAC-therapy

Partial or complete toe amputation

Ray amputation
(metatarsal + toe)

Transmetatarsal amputation
Transtibial amputation

2 Cases (13%)
1 heel bedsore
1 leg bedsore
2 Cases (13%)

1 hematoma draining

1 heel bedsore
2 Cases (8.6%)

4 Cases (18%)

5 Cases (23%)

Istray: 1 Istray: 2
2ndray: 0 2nd ray : 1
3rdray: 1 3rdray: 0
4thray: 0 4thray : 1
S5thray: 0 S5thray: 1
6 Cases (26.3%) 4 Cases (18%)
Istray:3 Istray: 1
2ndray: 0 2nd ray : 1
3rdray: 0 3rdray: 0
4thray : 1 4thray: 0
S5thray: 2 S5thray: 2

8 Cases (34.8%)
1 Case (4.3%)

2 Cases (9%)
5 Cases (23%)

VAC: Vacuum-assisted closure

Table Ill: Main results

Retrospective group Prospective group Statistical
(n=23) (n=22) significance
Global revision rate 39% (9 cases) 14% (3 cases) P =0.05
Number of surgeries by patient 1.9 +£ 0.9 (range 1 to 7) 1.15 + 0.4 (range 1 to 2) P < 0.02
Amputation rate 74% (17 cases) 73% (16 cases) P =0.93 (ns)
Revision rate after amputation 31% (5 cases) 14% (3 cases) P =0.48 (ns)
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Fig. 1: Flow chart for diabetic foot management pathway.

surgical treatment (Table I). The two groups were
comparable for age, gender, duration of diabetes, glycated
haemoglobin level, cardiovascular comorbidities [except for
hypertension, which was significantly higher in retrospective
group (94 versus 61%, p< 0.05)], and general diabetes
complications (cardiopathy, nephropathy, and retinopathy).
Diabetic foot history was not different except for the rate of
arteriopathy, where it was significantly lower in the
prospective group (43% vs 75%, p = 0.05). There was no
difference in the history of chronic wounds or previous
amputation procedures; nor was global severity of the
diabetic foot based on the IWGDF score).

In both groups, the main lesion was diabetic foot ulcer
(70%). Sequence data were only available for the
prospective group (Fig. 3). The mean time to admission was
35 days. Only 37% of the patients were able to put a date on
the beginning of the wound. The mean time from admission
to surgery was 16 days, and the mean interval between
surgical opinion request and definitive recommendation was
3.2 days (0-10).

Global amputation rate was similar in both groups: 17 of the
23 patients (74%) in the retrospective group versus 16 of the
22 patients (73%) in the prospective group (Table II). The
amputation level varied between the two groups. Revision
surgery were needed for 9 (39%) patients in the retrospective
group versus 3 (14%) in the prospective group (p = 0.05)
(Table III). Mean revision rate was significantly lower in the
prospective group (1.15 £ 0.4) compared to the retrospective
group (1.9 £ 0.9) (p < 0.02). In the retrospective group, 5 of
16 limbs (31%) underwent more proximal amputation, and 4

needed vacuum-assisted closure (VAC) wound management,
while in the prospective group, only 3 of the 22 limbs (14%)
underwent more proximal amputation. He difference was
however not statistically significant.

DISCUSSION

Implementation of a clear management pathway has resulted
in the improvement in surgical outcome for diabetic foot. We
observed a decrease in revision rate after surgical procedures
for diabetic foot pathology. Implementation of the pathway
did not significantly change the indications for surgery,
including the rates of amputation.

Medical literature has shown that multidisciplinary approach
in the management of diabetic foot was able to reduce the
rates of amputation'", cost of treatment, and improve the
quality of life, even in non-urgent procedures for Charcot
foot arthropathy*?1. A 9-year retrospective study on 648
patients with diabetic foot ulcers showed significant decrease
in the frequency of major amputation after the introduction
of a multidisciplinary team”. Implementation of
collaboration between surgical and medical teams has been
less often described, particularly concerning specific tools
that can be used®.

The first limitation of this study is its lack of statistical
power, due to the small number of patients. Moreover, part
of information was collected retrospectively. We were not
able to compare the severity of the ulcers since we did not
have the description for all the ulcers. The two groups were
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DIABETIC FOOT FORM

transmitted by e mail to J.L.B. *

A. IDENTIFICATION

C. DIABETIC FOOT HISTORY

Name:
Date of birth:
Gender:

Unit:
Name of the doctor requesting surgical opinion:
Date of the request:

B. DIABETIS and its COMPLICATIONS
1 - Diabetes:
Beginning:

Type: oType1 o Type 2 oral treatment

o Type 2 insuline treatment
Glycated Hb (date): %
Size: cm Weight: kg B.M.I.:

2 = Vascular risk factors o Yes o No
High blood pressure (>130/85mmHg) o Yes o No

Known hyperlipidemia o Yes o No

Smoking o Yes o No
Packs/day: for:

Obesity o Yes o No

3 — General complications o Yes oNo
If yes, circle the following

Nephropathy: o Yes o No
Creatininemia: CCR:
Kidney transplant, dialysis,
Creatininemia>180
Ocular: o Yes o No
Cardiac: o Yes o No
Specify:
Immunodepression: o Yes o No
Graft, long-course corticosteroids
Psychosocial disorder: o Yes o No

Social isolation, alcohol abuse,
age>80y, dementia

86

1 - HISTORY

Foot ulcers: (chronic if >3m) oYes oNo

o Right o Left o Bilateral

Dates:

Amputation: o No

o partial toe o total toe o ray o transmetatarsal
o midfoot o calcanectomy o transtibial

o transfemoral

Comments (date, side):

Vascular surgery: o No

o femoro popliteal bypass o distal foot bypass
o stenting o sympatectomy

Comments (date, side):

2—-FOOT COMPLICATIONS

Arteriopathy: oYes oNo
Neuropathy: oYes oNo
Charcot’s neuroarthropathy: oYes oNo
Hyperkeratosis: oYes oNo
Morphostatic disorder: oYes oNo
Intertrigo: oYes oNo

D. INDEX ULCER

1 = ULCER REQUIRING ORTHOPAEDIC

SURGEON OPINION

Side: o Right o Left o Bilateral

Category: o Acute foot o Chronical ulcer
o Charcot foot o Other:

Location:

Ray:

Progression before opinion:

Comments:

Time between onset and request for surgical

opinion:
Date of onset if foot ulcer:




2 - AVAILABLE PARACLINICAL DATA

(Mandatory: Simple radiographies, recent arterial
Doppler, if available TcPO2 for chronical ulcer)

Standard X-ray (MANDATORY):
Should be repeated every 8-10 days to diagnose
osteitis
NB: Include X-ray images
Date:
Conclusion:
o Normal o Osteitis o Charcot o Other

[ limt ial echo D fer:
Date:
Conclusion:
o Normal o Local arteriopathy
o Diffuse arteriopathy o Thrombosis
o Other

(Recommended for chronical ulcer) if < 30mm Hg
request for vascular surgeon opinion before
orthopaedic surgeon)
Date:
Conclusion: Supine position: mm Hg
Sitting position: mm Hg

Bacteriology: o Yes o No
Dates - sites — number:

Germs:

Antibiotherapy: o No o Oral oIV
Type:

Dose:

Duration:

Infectiologist’s opinion: o Yes o No
Dr:
Date:
Conclusion:

Bone CT scan: (for suspected hindfoot osteitis)
oYes oNo
Date:
Conclusion:

English version, the original form is in French

(unpublished)
* J.L.B. : Senior surgeon specialised in foot surgery

Fig. 2: Diabetic foot form.

Diabetic Foot Management Specific Pathway

SCINTIGRAPHY + SPECT-CT (if doubt about
osteitis):

o Double scintigraphy o No

Date:

Conclusion:

o Normal o Osteitis o Charcot o Other

MRI: (especially for acute foot ulcer with cellulitis)
oYes oNo
Date:
Conclusion:
o Normal o Osteitis o Charcot o Other

Angiography (or MRI if doubt and/or pathological
Doppler — after vascular surgeon opinion)

Date:

Conclusion:

o Normal o Local arteriopathy

o Diffuse arteriopathy o Thrombosis

o Other

Vascular surgeon opinion:
Name of the surgeon:
Comment:

Include recent photos of ulcer:

E. ORTHOPAEDIC SURGEON OPINION

1-
Date:

Name:

Complementary assessment request:
First opinion:

2 -
Date:

Name:

Conclusion and final indication for treatment
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Fig. 3: Temporal data.

generally comparable except for the history of hypertension
and rate of arteriopathy. This could be a potential bias that
might favour the prospective group. However, we consider
the additional vascular evaluation for patients in the
prospective group a desirable consequence of implementing
this management pathway.

The main aim of this study is to report the usefulness of a
simple tool that can help to structure interdisciplinary
management for patients with diabetic foot. This procedure
is simple (needing only a text form) and easy to be shared
with other practitioners. It is also inexpensive and time
saving. It permits education of every medical and
paramedical personnel involved in diabetic foot
management. Rigor is essential in the management of
diabetic foot. Decision on surgical treatment can be made
based on information that is available on a single document,
and collaboration with other medical and paramedical teams
can be easily organised. Furthers studies should be done to
evaluate the long-term efficiency of this pathway.
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CONCLUSION

Implementation of the management pathway has resulted in
a decrease in revision rate after surgical procedures for
diabetic foot, but the rate of amputation remained
unchanged. The process will allow a better overview of the
underlying pathology of every patient. Such a management
pathway would ensure that all the basic clinical and
paraclinical evaluations are conducted before we plan for
surgical intervention.
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