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a B s T r a C T
BaCKground: recent studies showed no reduction in major amputation rates after introduction of a multidisciplinary team (MdT) approach 
for the treatment of diabetic foot ulcer. The efficacy of MDTs in the current standard of care is being questioned. This retrospective single-center 
study evaluated the efficacy of an outpatient MDT approach on limb salvage and ulcer healing in treating diabetic foot ulcers.
MeThods: Patients with a diabetic foot ulcer treated before (2015) and after (2017) implementation of an MdT in a single center were com-
pared. The MdT met weekly and consisted of a vascular surgeon, physiatrist, internist, shoe technician, wound care nurse, nurse practitioner, cast 
technician, and podiatrist. The primary outcome was limb salvage at 1 year. secondary outcomes were ulcer healing, amputation-free survival, 
freedom from any amputation, and overall survival. Multivariable Cox regression models were used to assess predictors for major amputation.
resulTs: a vascular surgeon treated 104 patients with 148 ulcers in 2015, and the multidisciplinary team treated 133 patients with 188 ulcers 
in 2017. limb salvage (90.9% vs. 95.5%, P=0.050), freedom from any amputation (56.5% vs. 78.0%, P<0.001), and ulcer healing (48.3% vs. 
69.2%, P<0.001) were significantly lower in the non-MDT group than in the MDT group. Amputation-free survival and overall survival did not 
differ significantly between the groups. Predictors for major amputation were University of Texas Wound Classification 3D (hazard ratio, 2.8; 
95% confidence interval, 1.17-6.45) and being treated in the non-MDT group (hazard ratio, 3.7; 95% confidence interval, 1.25-11.08).
ConClusions: This retrospective study found an MdT dedicated to diabetic foot care was highly effective in increasing limb salvage and 
ulcer healing. We advise that such an MdT is an integrated part of the patient’s chain-based care.
(Cite this article as: Huizing E, Schreve MA, Kortmann W, Bakker JP, de Vries JPPM, Ünlü Ç. The effect of a multidisciplinary outpatient team ap-
proach on outcomes in diabetic foot care: a single center study. J Cardiovasc surg 2019;60:662-71. doi: 10.23736/s0021-9509.19.11091-9)
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amputation is the most feared consequence of diabetic 
foot ulcer and dramatically affects the patient’s qual-

ity of life.1, 2 Despite available high-quality care, 1 am-
putation every 7 minutes is attributable to diabetes.3 The 
underlying cause of diabetic foot ulcer is multifactorial.4 
Therefore, in 1981, the concept of a multidisciplinary team 
(MdT) was formed to prevent amputation by treating dia-
betic foot ulcer in a multidisciplinary setting.5 at that time, 
the effectiveness of the MdT approach became a topic 
of many studies, which reported significant decreases in 

amputation rates.6-10 as a result, many guidelines recom-
mended the MdT approach for the treatment of diabetic 
foot ulcer.11, 12 in fact, the most recent national institute 
of health and Care excellence (niCe)12 and the interna-
tional Working group on the diabetic foot (iWgdf)11, 13 
guidelines still base their recommendations on the studies 
performed back then.

However, the question arises whether these recom-
mendations are still applicable, because the quality of 
the studies was very low,12 the studies also included 
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Ulcer care in 2015

Patients included in 2015 were treated by a vascular sur-
geon and a wound care nurse in the northwest Clinics 
wound clinic. Most patients were referred by the general 
practitioner (gP), and some were referred by the attending 
internist who treated the patient for diabetes.

Before the ulcer was examined, the vascular surgeon 
always checked for pulses of the dorsalis pedis and of the 
tibialis posterior artery. if absent, ankle-brachial indices 
(aBi) and toe pressure measurements were performed. 
Patients with rutherford classes 3 to 6 and peripheral arte-
rial disease (Pad; aBi<0.9) were planned for a computed 
tomography angiography (CTa) scan. The patient was dis-
cussed in a team with vascular surgeons and interventional 
radiologists to check whether the patient was eligible for 
revascularization and, if so, which procedure would be 
best.

Besides checking for presence of Pad, the vascular sur-
geon prescribed antibiotics in case of signs of infection 
(erythema, swelling, leukocytosis, increased C-reactive 
protein levels) of the ulcers. antibiotics were mainly pre-
scribed according to institutional protocol (clindamycin, 
600 mg, 3 times daily orally) and sometimes prescribed 
according to the advice of the microbiologist in case 
wound culture results were present. The appropriate dress-
ing materials were determined by the vascular surgeon in 
consultation with the wound care nurse.

diabetes control was sometimes regulated by the inter-
nist but mainly regulated by the gP. When diabetes control 
was inadequate or the diabetes was not yet regulated by the 
internist, the vascular surgeon or gP referred the patient 
to the internist. for special foot and shoe care, the vascu-
lar surgeon referred the patient to the physiatrist. it could 
take 6 to 8 weeks for patients to be seen by the internist or 
physiatrist.

The decision to amputate was made by the vascular sur-
geon and mainly based on the severity of the ulcer, pos-
sible treatment options, and on the progression of ulcer 
healing so far.

Multidisciplinary team

Before the MdT was started, the gPs in the vicinity of 
the hospital were informed about the existence of the team 
and when a patient should be referred to the team (if the 
foot ulcer was a plantar or a nonplantar ulcer that was not 
healed within 2 weeks).

every Thursday, special diabetic foot consultation 
hours from 9:00 am until 12:00 pm were organized in the 

nondiabetic patients,14 and because the dedicated MdTs 
mostly treated hospitalized patients.7, 10, 15-17 Where the 
current focus is more on prevention and cost reduction, 
treating outpatients to prevent hospitalization is becom-
ing increasingly important. Besides that, the studies were 
performed more than a decade ago, and current best med-
ical treatment and revascularization treatments have sig-
nificantly improved since then.18, 19 in fact, recent stud-
ies20, 21 showed no reduction in major amputation rates 
after the implementation of the MdT, although another 
recent study did report a significant reduction in major 
amputation rates.22

Therefore, uncertainty remains about the exact role of 
the MdT in the current standard diabetic foot care. This 
study evaluated the efficacy of an MDT approach in the 
current setting for the treatment of outpatients with a dia-
betic foot ulcer on limb salvage rates and ulcer healing.

Materials and methods

This study was conducted according to the principles of 
the declaration of helsinki and approved by the institu-
tional Board of directors (study id: l 018-063) of the 
Northwest Clinics, which waived the requirement for in-
formed consent.

Patient selection

The study included all consecutive patients presenting 
with a new episode of a diabetic foot ulcer to the outpatient 
clinic at northwest Clinics, alkmaar, The netherlands, be-
tween January and december 2015 and between January 
and december 2017. an MdT dedicated to diabetic foot 
care was started mid-2016 in our hospital. The initiative to 
start an MDT was to improve the quality of diabetic foot 
care and to make diabetic foot care more patient friendly 
by treating the patients by multiple specialists in 1 appoint-
ment. The study time intervals were selected a priori to 
ensure that all included patients were treated without (non-
MdT group) or with an MdT approach (MdT group).

Patients were included if they were diagnosed with dia-
betes, had a new foot ulcer that had not been treated be-
fore, and visited the outpatient clinic for ulcer treatment 
in 2015 or 2017. Patients were excluded if the ulcer was 
caused after amputation, the patient was lost to follow-up, 
and an emergency amputation (amputation <24 hours) was 
necessary. finally, 238 patients with 336 ulcers were retro-
spectively analyzed. These patients were grouped accord-
ing to whether the patient was treated without (non-MdT 
group) or with (MdT group) the MdT.
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or organized glucose regulation at the internal medicine 
outpatient clinic on a short notice, and took care of second-
ary prevention of cardiovascular risk factors.

The podiatrist saw the patient if there was callus to be 
removed and when preventive nail care was deemed nec-
essary by the multidisciplinary team. The cast technician 
provided plaster when the multidisciplinary team deemed 
it was necessary.

The wound care nurse redressed the ulcer after every 
specialist had judged the ulcer. The dressing materials 
used and ulcer care policy were decided in agreement with 
the team members.

after patients were seen, the specialists discussed their 
findings and policy with each other to develop a cohesive 
plan in a multidisciplinary approach. The decision to am-
putate was mainly based on the severity of the ulcer, the 
progression of ulcer healing so far, and the revasculariza-
tion options, and was made by the vascular surgeon in 
agreement with the team members.

if patients were hospitalized, all specialists remained in-
volved in the treatment of the diabetic foot ulcer.

Data collection and definitions

Patient demographics, baseline risk factors, aBi and toe 
pressure measurements, and involvement and treatment 
recommendations given by all specialists were retrospec-
tively collected. data were derived from electronic medi-
cal records, clinical records, imaging reports, and labora-
tory reports.

Most patients were seen every week or once every 2 
weeks to evaluate ulcer healing. follow-up was continued 
until amputation, death, or if complete epithelialization had 
occurred. if ulcers were completely healed and a new ulcer 
emerged later at the same spot, the ulcer was analyzed as 
a new ulcer. if patients had multiple ulcers and died before 
amputation or ulcer healing occurred, the death was re-
corded once, and patients were censored for ulcer healing 
at the time of death. Time to ulcer healing in patients who 
underwent minor or major amputation was reported as in-
finite. In patients with more than 1 amputation, only the 
most proximal amputation level was analyzed.

The primary end point was the difference in the limb 
salvage rate between non-MdT- and MdT-treated patients 
within 1 year after the first presentation to the outpatient 
clinic. The secondary end points were amputation-free 
survival (afs), freedom from any amputation, and the ul-
cer healing rate. Limb salvage was defined as avoidance 
of major amputation (above the ankle). AFS was defined 
as avoidance of major amputation or death. freedom from 

outpatient clinic for patients with diabetic foot ulcer. ev-
ery member of the MdT was present during the consul-
tation hours. The team consisted of a vascular surgeon, 
physiatrist, internist, shoe technician, wound care nurse, 
cast technician, nurse practitioner, and a podiatrist. Pa-
tients visiting the consultation hour were referred by their 
gP. Patient care by the team was according to the national 
guidelines.23 in brief, the most important tasks and main 
responsibilities of the team included wound care, perfu-
sion diagnostics and treatment, infection diagnostics and 
treatment, provided offloading, control of blood glucose 
levels, cardiovascular risk management, took care of ap-
propriate footwear, performed foot surgery, provided edu-
cation, and made an inventory of the level of functioning 
and of the daily activities that resulted in overloading of 
the feet.

Patients were examined in a treatment room. Before ex-
amination, the wound care nurse removed the dressings 
and cleaned the ulcer so that the specialists could prop-
erly assess the ulcer. Patients were examined by each team 
member in succession, with the vascular surgeon and phys-
iatrist examining the patient first. The vascular surgeon or 
nurse practitioner examined the patient for the presence of 
Pad and determined whether CTa images should be made 
for potential revascularization. During subsequent ap-
pointments, the vascular surgeon checked whether revas-
cularization was necessary based on clinical presentation, 
aBi status, toe pressure measurements and CTa images. 
revascularization included percutaneous transluminal an-
gioplasty or bypass (synthetic or autologous) or femoral 
endarterectomy in combination with percutaneous angio-
plasty or a bypass. The vascular surgeon also checked the 
size and depth of the ulcer each visit to monitor ulcer heal-
ing. Wound debridement was performed by the vascular 
surgeon when necessary. ulcers that were very deep and 
extensive were debrided in the operating theater to ensure 
sterile conditions.

The physiatrist and shoe technician examined the foot 
for abnormalities (e.g., flat foot, hammer toes, limited joint 
mobility), locations of abnormal pressure (e.g., callus for-
mation or redness of the skin), indications for peripheral 
neuropathy (Semmes Weinstein monofilament testing,24 
tuning fork), and provided adequate offloading shoes 
when necessary. The choice for the appropriate shoe was 
determined in agreement.

The internist obtained a deep wound culture, checked 
the wound culture results, prescribed antibiotics based on 
wound culture results, if present, gave advice to improve 
glucose regulation to the patient, the gP’s diabetes nurse, 
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ure in 1 patient, progressive ischemia in 1 patient who re-
fused amputation, and unknown in 6 patients. of these 6 
patients, 5 died in a nursing home or at home, and 1 patient 
died in the hospital from an unknown cause and the family 
refused autopsy. in 7 patients, with all 1 ulcer, the ulcer did 
not heal but did not require amputation.

in the MdT group, 124 ulcers (66.0%) healed and 40 
ulcers (21.3%) required amputation. Eleven patients, all 
with 1 ulcer, died before ulcer healing or amputation oc-
curred. The causes of death were renal failure and cardio-
respiratory diseases in 3 patients, unknown in 4 patients 
because they died at home or in the nursing home and 4 
patients refused amputation and died of deep infection of 
the diabetic foot ulcer. in 13 patients, with 1 ulcer, the ul-
cer did not heal but did not require amputation.

Differences as a result of the MDT approach

specialists such as the physiatrist and internist became 
more involved in the treatment of foot ulcers, resulting in 
antibiotic prescriptions to be more based on wound culture 
results (69% in the non-MdT group vs. 89% in the MdT 

any amputation was defined as avoidance of a minor or 
major amputation. Ulcer healing was defined as complete 
epithelization of the ulcer without any amputation.

Statistical analysis

To determine whether continuous variables followed a 
normal distribution, the skewness was used. a skewness 
of less than -1 or more than 1 was defined as nonnormally 
distributed. normally distributed continuous variables are 
expressed as mean±standard deviation and were compared 
using independent t-tests. nonnormally distributed data 
are presented as median and the interquartile range (IQR) 
and were compared using the Mann-Whitney U test. Cat-
egorical variables are expressed as number (%) and were 
compared using the fisher exact test. limb salvage rate, 
afs, freedom from any amputation, and the ulcer heal-
ing rate were calculated by Kaplan-Meier analysis. The 
groups were compared using the log-rank test.

Backward stepwise Cox regression was used to iden-
tify the predictors of major amputation, with criterion for 
removal being P>0.10. The model included all recorded 
risk factors: University of Texas Wound Classification,25 
revascularization procedure, toe pressure <70 mmhg, 
(non-)MTd group, treated with antibiotics prescribed by 
the internist, current smoker, kidney disease (glomerular 
filtration rate <60 mL/min/1.73 m2), and statin use. The 
results are noted as hazard ratios (hrs) with correspond-
ing 95% confidence intervals (CIs). Statistical significance 
was defined as P=0.05. Statistical analysis was performed 
using sPss 23 software (iBM, armonk, ny, usa).

Results

Between 1 January 2015 and 31 december 2015, 104 pa-
tients with 148 ulcers were treated in the outpatient clinic 
by a vascular surgeon. Between 1 January 2017 and 31 
december 2017, 133 patients with 188 ulcers were treated 
in the outpatient clinic by the MdT. Patient characteristics 
are summarized in Table i and were divided according to 
whether the patient was treated without (non-MdT group) 
or with the MdT (MdT group).

Toe pressure was significantly lower in the non-MDT 
group than in the MdT group (P=0.015). There were no 
other statistically significant differences in baseline char-
acteristics between the non-MdT and MdT group.

in the non-MdT group, 68 ulcers (45.9%) healed and 
65 ulcers (43.9%) required amputation. Eight patients, 
with all 1 ulcer, died before ulcer healing or amputation 
occurred. The causes of death were heart and renal fail-

Table I.— Baseline characteristics.
non-MdT MdT P value

Patients 104 133
Wounds 148 188
age, years 72.33±11.98 72.43±11.88 0.939
Male sex 99 (66.9) 138 (73.4) 0.228
Medical comorbidities

smoking history a 51 (39.5) 70 (40.5) 0.648
Current smoking a 32 (24.8) 40 (23.1) 1.000
diabetes type 1 20 (13.5) 23 (12.2) 0.745
neuropathy a 110 (82.1) 135 (84.9) 0.530

Baseline laboratory values
gfr <60 ml/min/1.73 m2 68 (46.6) 92 (49.2) 0.659
hba1c, mmol/mol 54 (44-64) 53 (45-65) 0.506
hba1c, % 7.1 7.0

Baseline medications
statin 102 (68.9) 127 (67.6) 0.814
anticoagulation 44 (29.7) 67 (35.6) 0.293
insulin 94 (63.5) 118 (62.8) 0.910

vascular status
TP of affected limb, mmhg 77.87±36.39 92.94±41.81 0.015

UT wound classification
1a 17 (11.5) 33 (17.6) 0.126
3d 35 (23.6) 31 (16.5) 0.128
healed ulcers 68 (45.9) 124 (66.0) <0.001
Total amputations 65 (43.9) 40 (21.3) <0.001

Continuous data are presented as mean±SD or median (interquartile range) and 
were compared using the independent t-test. Categorical data are presented as 
number (%) and were compared using the fisher exact Test (exact sig. 2-sided).
GFR: glomerular filtration rate; HbA1c: hemoglobin a1c; aBi: ankle Brachial 
index; TP: toe pressure; uT: university of Texas.
arates do not match because of missing values.
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University of Texas Wound Classification 3D (HR, 2.8; 
P=0.020) and treatment in the non-MdT group (hr, 3.7; 
P=0.018) were the only statistically significant predictors 
for major amputation (Table ii).

Discussion

Treatment of diabetic foot ulcer by a multidisciplinary 
team is recommended worldwide.26, 27 however, these 
recommendations were based on low-quality stud-
ies7, 10, 12, 14, 15, 28 that were performed many years ago. With 

group, P<0.001), more attention to blood pressure regu-
lation (1% in the non-MdT group vs. 13% in the MdT 
group, P<0.001), and more use of (semi)orthopedic shoes 
(4% in the non-MdT group vs. 27% in the MdT group, 
P<0.001). Because the internist and physiatrist were al-
ready involved, there was no delay between diagnosis and 
treatment when patients were treated by the MdT. Tables 
of most of the treatments provided by the internist, vascu-
lar surgeon, and physiatrist are presented in the supple-
mentary digital Material 1 (supplementary Table i-iii).

Outcome measures

The limb salvage rate in the non-MDT group was signifi-
cantly lower than in the MdT group after 1 year (90.9% 
vs. 95.5%, P=0.05). A statistically significant increase in 
freedom from any amputation (minor and major) was seen 
in the MdT group (56.5% vs. 78.0%, P<0.001). The rate 
of ulcer healing was significantly higher in the MDT group 
(69.2%) than in the non-MdT group (48.3%, P<0.001). 
The median time to ulcer healing was 103 days (IQR, 57-
182 days) in the non-MDT group and 57 days (IQR, 35-
113 days) in the MdT group (P=0.001). There were no sig-
nificant differences in the AFS rate between the non-MDT 
and MdT group (84.5% vs. 88.8% respectively, P=0.166) 
and overall survival rate (88.6% vs. 90.2% respectively, 
P=0.701).

Kaplan-Meier analyses of limb salvage, freedom from 
any amputation, afs, overall survival, and ulcer healing 
are shown in figure 1, 2, 3, 4, 5, respectively.

Backward elimination Cox regression analysis showed 

figure 1.—limb salvage rate.

figure 2.—freedom from any amputation.

figure 3.—amputation-free survival.

Time after first presentation (months) 
129630

Li
m

b 
sa

lv
ag

e

100

80

60

40

20

0

Limb salvage

MDT-censored
Non-MDT-censored
MDT
Non-MDT

Page 1

Non-MDT No. at risk 148  130              127          127                        125
   %                 100  92.4              90.9          90.9        90.9
MDT  No. at risk 188  178              172          167                        167
  %                 100  98.9              97.2          95.5        95.5

Time after first presentation (months)
 0 3 6 9 12

100

80

60

40

20

0

Li
m

b 
sa

lv
ag

e

Non-MDT
MDT
Non-MDT-censored
MDF-censored

 148 130 127 127 125
 100 92.4 90.9 90.9 90.9
 188 178 172 167 167
 100 98.9 97.2 95.5 95.5

Non-MDT N. at risk
 %
MDT N. at risk
 %

Time after first presentation (months) 
129630

Fr
ee

do
m

 f
ro

m
 a

ny
 a

m
pu

ta
tio

n

100

80

60

40

20

0

Freedom from any amputation

MDT-censored
Non-MDT-censored
MDT
Non-MDT

Non-MDT     No. at risk             148           94                        85                     83                    78
           %                             100           66.5                     60.8                     59.4                       56.5
MDT          No. at risk             188           153                      143                     138                   138
          %                             100           84.8        80.3                     78.0                   78.0
      

Time after first presentation (months)
 0 3 6 9 12

100

80

60

40

20

0

Fr
ee

do
m

 fr
om

 a
ny

 a
m

pu
ta

tio
n

 148 94 85 83 78
 100 66.5 60.8 59.4 56.5
 188 153 143 138 138
 100 84.8 80.3 78.0 78.0

Non-MDT N. at risk
 %
MDT N. at risk
 %

Non-MDT
MDT
Non-MDT-censored
MDF-censored

Time after first presentation (months) 
129630

A
m

pu
ta

tio
n-

fr
ee

 s
ur

vi
va

l

100

80

60

40

20

0

Amputation-free survival

MDT-censored
Non-MDT-censored
MDT
Non-MDT

Page 1

Non-MDT No. at risk 148              130            127          127        125
   %  100              87.8            85.8          85.8       84.5
MDT  No. at risk 188              178            172          167              167
  %  100              94.7            91.5          88.8       88.8

Time after first presentation (months)
 0 3 6 9 12

100

80

60

40

20

0

Am
pu

ta
tio

n-
fr

ee
 s

ur
vi

va
l

 148 130 127 127 125
 100 87.8 85.8 85.8 84.5
 188 178 172 167 167
 100 94.7 91.5 88.8 88.8

Non-MDT N. at risk
 %
MDT N. at risk
 %

Non-MDT
MDT
Non-MDT-censored
MDF-censored



MulTidisCiPlinary ouTPaTienT TeaM aPProaCh in diaBeTiC fooT Care huiZing

vol. 60 - no. 6 The Journal of CardiovasCular surgery 667

fore, no conclusion can be made about which MdT works 
best and which specialists have to be involved.

In addition, specifically appointing a specialist who 
must be a member of the MDT is difficult because the work 
performed by specialists differs around the world. for ex-
ample, endovascular procedures can be performed by inter-
ventional cardiologists,40 vascular surgeons,41 or interven-
tional radiologists,40 and foot surgery can be performed by 
an orthopedic surgeon,21, 42 podiatrist,39 general surgeon, or 
vascular surgeon.43 To overcome this problem, the niCe 
guidelines12 recommended specialists with skills in specific 
areas of diabetology, podiatry, diabetes specialist nursing, 
vascular surgery, microbiology, orthopedic surgery, bio-
mechanics and orthoses, interventional radiology, casting, 
and wound care. The iWgdf guidelines11, 44 recommend 
the same specialists, except do not recommend a specialist 
with skills on interventional radiology, casting, and wound 
care. Thus, the MdTs around the world can consist of dif-
ferent specialists, but all with skills in the same area.

it is certain that the MdT members should have the 
knowledge and skills in treating diabetes, infection, Pad, 
abnormal foot pressure, and foot deformities. each clinic 
should decide which specialists would be best to take care 
of these problems in their clinic. another solution could be 
that the recommended MdT members will be reported in 
the national guidelines that are representative for the situ-
ation in a particular country.

in the present study, the team members met the recom-
mendation of the niCe guidelines, except for the diabetes 
specialist nurse and interventional radiologist. however, 
patients attending the outpatient foot clinic with ruther-

the developments in health care and the conflicting results 
reported by recent studies,20-22 the efficacy of the MDT in 
the current setting became unclear.

The concept of the MdT was started in 19815 and was a 
topic of many studies thereafter. one of the much-debated 
topics was and still is the composition of the MdT.29-31 
even the niCe guidelines12 and iWgdf guidelines11, 13 
differ in their recommendations about the composition 
of the MdT. one of the reasons for this difference could 
because no studies were performed that compared the 
efficacy of the MDT with different team members. It is 
therefore not clear which composition works best and 
whether a specialist has added value to the team or not. in 
addition, not all required specialists are available in every 
hospital.29

The MdTs described in the many studies that have been 
published on this approach differ in composition, and 
comparing these studies could possibly answer this ques-
tion; however, comparing the results of these studies is 
difficult because of the difference in patient populations. 
some MdTs treat inpatients7, 21, 32-37 and others treat out-
patients.8, 20, 22, 28, 38, 39 some studies also included nondia-
betic patients8, 9, 14, 39 or neuropathic ulcers only.28 There-

figure 4.—overall survival. figure 5.—ulcer healing.

Table II.— Backward elimination Cox regression analysis for pre-
dictors of major amputation.

Major amputation hr 95% Ci P value

UT wound classification 3D 2.751 1.17-6.45 0.02
non-MdT group 3.724 1.25-11.08 0.018
HR: Hazard ratio; CI: confidence interval; UT: University of Texas.
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with a modern MdT. nine studies20, 21, 33-36, 38, 42, 49 have 
been published since 2009 that evaluated the efficacy of the 
MdT this way and included patients with diabetes only. a 
summary of the studies is listed in Table iii.20, 21, 33-36, 38, 42, 49 
interestingly, seven20, 21, 34-36, 38, 42 of the nine studies are 
of poor quality according to the Methodological Index for 
non-randomized studies (Minors) score.50 This is be-
cause studies did not report inclusion or exclusion crite-
ria20, 34 or the method of statistical analysis performed,20 
or because studies did not include similar groups or did 
not report baseline characteristics of the groups.34, 35, 42 
Most studies were retrospectively analyzed. only 1 study 
was prospective with contemporary groups and the only 
study to report loss to follow-up.49 in that study, the pa-
tients treated by the MdT were compared with patients 
treated by regular care in another hospital. The percent-
age of major amputations of patients treated by an MdT 
was statistically significantly lower than in the non-MDT 
group (4.7% vs. 21.7%, P<0.001).

The study periods in 2 studies, by Bailie et al.20 and by 
Plusch et al.,38 were recent (2012-2016), and the results of 
the MdT-treated outpatients are comparable with the pres-
ent study. The study by Plusch et al. found no statistically 
significant difference in the percentage of total minor and 
major amputations between patients who were treated with 
and without an MdT.38 This could be explained by the fact 
that there were more severe ulcers in the MdT group be-
cause of a no-wait policy of urgency referrals. in this way, 
the more severe ulcers were over-represented in the MdT 
group. in the study by Bailie et al., the percentage of ma-
jor amputation was increased to 8% when patients were 
treated by the MdT.20 an explanation for the increase is 
that the wounds were more severe, and 80% of the major 
amputations occurred because the patients were in such a 
severe state that treatment by the MdT was limited.20 The 
other recent study, by Kim et al., also reported an increase 
in major amputation rates after treatment by the MdT.21 
The explanation for this increase was also because of the 
more severe ulcers in the MdT group.21

it is interesting that the most recent studies about this 
subject all report no decrease in major or total amputa-
tions after the implementation of the MdT. all studies 
explained that this was due to the more severe ulcers that 
patients were presenting with. Compared with the pres-
ent study, the severity of the presented ulcers decreased 
(P=0.128) after implementation of the MdT. This could 
be explained by the fact that the gPs were informed about 
the MdT and when to refer a patient to the team. This pro-
cedure was not described by the other recent studies and 

ford classes 3-6 and Pad disease were evaluated in a team 
with vascular surgeons and interventional radiologists to 
discuss whether the patient was eligible for revasculariza-
tion and which procedure would be best for the patient. 
Besides that, no recommendations are made in the niCe 
guidelines regarding the role of the gPs. in this study, gPs 
were educated before the MdT started in 2017 about when 
a patient with a diabetic foot ulcer should be referred to 
the MdT and, therefore, the gP’s might have been more 
educated and focused on ulcer patients than before the in-
troduction of the MdT. This could have contributed to the 
higher wound healing and freedom from any amputation 
rates of the patients treated by the MdT.

The efficacy of the MDT has been evaluated in many 
studies over the years. however, the applicability of these 
studies in the current setting is being questioned, mainly 
because of the change and improvements in standard care. 
in 1986, edmonds et al. described that 10 ulcers healed 
by in-hospital bed rest.6 in the current setting, a patient 
will not be hospitalized for offloading. Instead, appropri-
ate footwear or plaster can be applied for offloading.42

in addition, the revascularization strategies in the past 
were limited.45 The 2005 the american College of Car-
diology (aCC) and american heart association (aha) 
guidelines recommended that critical limb ischemia pa-
tients with necrosis of weightbearing portions of the foot 
or refractory ischemic rest pain should be evaluated for 
primary amputation.46 These recommendations were omit-
ted in the 2011 aCC/aha guidelines, and new recommen-
dations were added.47 The decision to perform endovascu-
lar or surgical revascularization was determined by the life 
expectancy. if a critical limb ischemia patient had a life 
expectancy of less than 2 years in whom an autogenous 
vein conduit was not available, PTa would be a reasonable 
option to perform as the initial procedure. for Cli patients 
with a life expectancy more than 2 years, bypass was rec-
ommended as the initial therapy.47

in the 2016 aCC/aha guidelines, new recommenda-
tions were added about the angiosome concept, evaluation 
of lesion characteristics, and that an inline flow to the foot 
should be created.48 The recommendation of type and use 
of medical treatment by the aCC/aha has also changed 
over the years. Because of all these changes and improve-
ments, the results of the MdT studies that have been per-
formed in the past are no longer applicable to the current 
standard care.

To truly evaluate the efficacy of the MDT in current 
practice, patients visiting the clinic for standard wound 
care should be compared with patients visiting the clinic 
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Because the vascular surgeon was present in the treat-
ment of patients with and without the MdT and used the 
same treatment protocols in both periods, the influence of 
the vascular surgeon on the outcome could not be analyzed. 
However, the influence of the vascular surgeon should not 
be undervalued. a previous study described an increased 
risk for major amputation in nonrevascularized patients.39 
in addition, a systematic review demonstrated improved 
limb salvage rates in patients with a diabetic foot ulcer 
undergoing revascularization compared with the results of 
medically treated patients.51 Multiple studies also showed 
improved ulcer healing rates in revascularized ulcers.52-54 
evidently, revascularization is essential for increasing 
limb salvage and ulcer healing rates. not only the internist 
and physiatrist but also the vascular surgeon are indispens-
able as members of the MdT.

emphasizes the importance of treating ulcers in an early 
stage and incorporating all care givers in the chain-base 
care for these ulcer patients.

The current study demonstrated the added value of the 
MdT in treating outpatients with diabetes in a currently 
considered standard of care setting, and limb salvage rates 
were higher when patients were treated by the MdT. The 
increase in limb salvage rates and ulcer healing rates of 
patients who were treated by the MdT could be explained 
by the chain-based care and by differences that the MdT 
created: the education of gPs, antibiotics prescribed by the 
internist based on wound culture results, attention to blood 
pressure regulation, and the use of (semi)orthopedic shoes 
by patients. in addition, because all specialists were pres-
ent at the same time, there was no unnecessary delay in 
diagnosis or treatment.

Table III.— Published studies since 2009 comparing the percentage of major amputations after treatment with and without the MDT.

studies
study period Patient treatment

MdT members in-/outpatients Ma MdT
(%)

Minors 
scoresC MdT sC (n) MdT (n)

alexandrescu et al. (2009)42 2001-2005 2005-2008 86 97 diabetologist, vascular surgeon, 
orthopedic surgeon, podiatrist, 
radiologist, plastic surgeon, 
psychologists, infection specialist, 
nurses, orthotics, general practitioner

not reported 10.3 14

aydin et al. (2010)34 1992-1996 2002-2007 147 74 not reported inpatient 14.9 12
Bailie et al. (2017)20 2014-2015 2015-2016 nr nr vascular surgeon, orthopedic 

surgeon, plastic surgeon, diabetes 
and endocrinology physicians, 
interventional radiologists, 
microbiologists, podiatrists, surgical 
appliance team, vascular scientists, 
diabetes specialist nurses

outpatient 19.0 11

Cahn et al. (2014)36 2010-2010 2011-2011 93 101 orthopedic surgeon, endocrinologist, 
nurse

inpatient 19.0 15

Kim et al. (2018)21 2002-2011 2012-2015 229 109 endocrinologist, podiatric surgeon, 
vascular interventionalist

inpatient 14.7 15

nather et al. (2010)35 2002-2003 2003-2007 61 878 endocrinologist, orthopedic surgeon, 
infectious diseases,

vascular surgeon, podiatrist, wound 
care nurse, foot

care nurse, foot screening nurse, case 
manager

inpatient 19.6 13

Plush et al. (2015)38 2012-2013 2012-2013 116 40 nr outpatient 20.0 15
Weck et al. (2013)49 2000-2007 2000-2007 560 684 nr Both 4.7 18
yesil et al. (2009)33 1999-2002 2002-2008 137 437 endocrinologist, orthopedist, plastic 

and vascular surgeons, infectious 
diseases, rehabilitation specialist, 
radiologist, diabetes nurse, wound 
care nurse, footwear technician

inpatient 12.6 17

Present study 2015-2015 2017-2017 148 188 internist, vascular surgeon, physiatrist, 
shoe technician, podiatrist, wound 
care nurse, nurse practitioner, cast 
technician

outpatient 4.3 18

sC: standard care; MdT: multidisciplinary team; Ma: major amputation; Minors: Methodological index for non-randomized studies; nr: not reported.
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11. Bus sa, van netten JJ, lavery la, Monteiro-soares M, rasmussen 
a, Jubiz y, et al.; international Working group on the diabetic foot. iW-
gdf guidance on the prevention of foot ulcers in at-risk patients with 
diabetes. diabetes Metab res rev 2016;32(suppl 1):16–24. 
12. national institute for Clinical excellence. diabetic foot Problems: 
inpatient Management of diabetic foot Problems. london: niCe guide-
lines [ng19]; 2015.
13. Schaper NC, van Netten JJ, Apelqvist J, Bus SA, Hinchliffe RJ, Lip-
sky Ba. iWgdf Practical guidelines on the prevention and management 
of diabetic foot disease; 2019 [internet]. available from: https://iwgdf-
guidelines.org/wp-content/uploads/2019/05/01-iWgdf-practical-guide-
lines-2019.pdf [cited 2019, sep 26].
14. Canavan rJ, unwin nC, Kelly Wf, Connolly vM. diabetes- and 
nondiabetes-related lower extremity amputation incidence before and 
after the introduction of better organized diabetes foot care: continu-
ous longitudinal monitoring using a standard method. diabetes Care 
2008;31:459–63. 
15. driver vr, Madsen J, goodman ra. reducing amputation rates in 
patients with diabetes at a military medical center: the limb preservation 
service model. diabetes Care 2005;28:248–53. 
16. hamonet J, verdié-Kessler C, daviet JC, denes e, nguyen-hoang 
Cl, salle Jy, et al. evaluation of a multidisciplinary consultation of dia-
betic foot. ann Phys rehabil Med 2010;53:306–18. 
17. armstrong dg, harkless lB. outcomes of preventative care in a dia-
betic foot specialty clinic. J foot ankle surg 1998;37:460–6. 
18. ahmad n, Thomas gn, gill P, Chan C, Torella f. lower limb am-
putation in england: prevalence, regional variation and relationship with 
revascularisation, deprivation and risk factors. a retrospective review of 
hospital data. J r soc Med 2014;107:483–9. 
19. goodney PP, Tarulli M, faerber ae, schanzer a, Zwolak rM. fif-
teen-year trends in lower limb amputation, revascularization, and preven-
tive measures among medicare patients. JaMa surg 2015;150:84–6. 
20. Bailie C, rahman s, youssief a, et al. Multidisciplinary approach 
to the Management of diabetic foot Complications: impact on hospital 
admissions, limb salvage and amputation rates. endocrinol Metab int 
J 2017;5:5–8.
21. Kim Ch, Moon Js, Chung sM, Kong eJ, Park Ch, yoon Ws, et 
al. The Changes of Trends in the diagnosis and Treatment of diabetic 
foot ulcer over a 10-year Period: single Center study. diabetes Metab J 
2018;42:308–19. 
22. riaz M, Miyan Z, Waris n, Zaidi si, Tahir B, fawwad a, et al. im-
pact of multidisciplinary foot care team on outcome of diabetic foot ulcer 
in term of lower extremity amputation at a tertiary care unit in Karachi, 
Pakistan. int Wound J 2019;16:768–72. 
23. nederlandse internisten vereniging. richtlijn diabetische voet; 2017 
[Internet]. Available from: https://www.radiologen.nl/sites/default/files/
secties/interventie/bijlage_1._richtlijn_diabetische_voet_-_autorisati-
efase.pdf [cited 2019, sep 26].
24. Kumar s, fernando dJ, veves a, Knowles ea, young MJ, Boulton 
AJ. Semmes-Weinstein monofilaments: a simple, effective and inexpen-
sive screening device for identifying diabetic patients at risk of foot ulcer-
ation. diabetes res Clin Pract 1991;13:63–7. 
25. armstrong dg, lavery la, harkless lB. validation of a diabetic 
wound classification system. The contribution of depth, infection, and 
ischemia to risk of amputation. diabetes Care 1998;21:855–9. 
26. Apelqvist J, Bakker K, van Houtum WH, Schaper NC; International 
Working group on the diabetic foot (iWgdf) editorial Board. Practical 
guidelines on the management and prevention of the diabetic foot: based 
upon the international Consensus on the diabetic foot (2007) Prepared 
by the international Working group on the diabetic foot. diabetes Metab 
res rev 2008;24(suppl 1):s181–7. 
27. internal Clinical guidelines Team. diabetic foot Problems: Preven-
tion and Management. london: national institute for health and Care 
excellence (uK); 2015.
28. dargis v, Pantelejeva o, Jonushaite a, vileikyte l, Boulton aJ. 

Limitations of the study

This study has several limitations. first, because of the 
retrospective nature of the study, selection bias cannot 
be ruled out, and the influence of unknown confounders 
is hard to estimate. second, the toe pressures in the 2017 
group were better than in the 2015 group, which could 
have biased the results. however, toe pressure was not 
found to be a predictor of major amputation, and therefore, 
the influence of the difference in toe pressure between the 
groups on the results is limited. Third, the duration of 
follow-up is limited to 1 year because the team was intro-
duced in mid-2016.

Conclusions

in this retrospective study a multidisciplinary team dedi-
cated to diabetic foot care was highly effective in increas-
ing limb salvage and ulcer healing. We advise that such 
an MdT is an integrated part of the patient’s chain-based 
care.
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