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Abstract

Background: Forefoot gangrene in patients with diabetes is a severe form of foot ulcers with risk of progress and major
amputation. No large cohort studies have examined clinical characteristics and outcome of forefoot gangrene in patients
with diabetes. The aim was to examine clinical characteristics and outcome of forefoot gangrene in patients with diabetes
admitted to a diabetic foot centre.

Methods: Patients with diabetes and foot ulcer consecutively presenting were included if they had forefoot gangrene
(Wagner grade 4) at initial visit or developed forefoot gangrene during follow-up at diabetic foot centre. Patients were
prospectively followed up until final outcome, either healing or death. The median follow-up period until healing was 41
(3-234) weeks.

Results: Four hundred and seventy-six patients were included. The median age was 73 (35-95) years and 63% were males.
Of the patients, 82% had cardiovascular disease and 16% had diabetic nephropathy. Vascular intervention was performed
in 64%. Fifty-one patients (17% of surviving patients) healed after auto-amputation, 150 after minor amputation (48% of
surviving patients), 103 had major amputation (33% of surviving patients) and 162 patients deceased unhealed. Ten patients
were lost at follow-up. The median time to healing for all surviving patients was 4| (3—234) weeks; for auto-amputated, 48
(10-228) weeks; for minor amputated, 48 (6—234) weeks; and for major amputation, 32 (3—116) weeks.

Conclusion: Healing without major amputation is possible in a large proportion of patients with diabetes and forefoot
gangrene, despite these patients being elderly and with extensive co-morbidity.
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Introduction co-morbidities.>*%1° The possible outcomes of forefoot
gangrene include healing after auto-amputation, healing
after minor amputation with a loss of varying part of the
forefoot, major amputation or death without healing.>%!°

Diabetes mellitus is a fast-growing health challenge; it is
estimated that worldwide 700 million adults will have diabe-
tes by 2045.! Diabetic foot ulcers (DFUs) are a major com-
plication of diabetes mellitus with a risk for amputation.>
The incidence of vascular lower limb amputation at or proxi-
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Many studies have examined patients with diabetes and
forefoot gangrene,!!'* but they only included small number of
patients. There are no large cohort studies that have examined
the clinical patient characteristics and, consequently, the out-
come for forefoot gangrene. This study aimed to examine the
clinical characteristics, outcome and factors related to the out-
come of forefoot gangrene in patients with diabetes who were
consecutively admitted to a diabetic foot centre.

Materials and methods

Study design

In this cohort study, a retrospective evaluation was done of
patients with diabetes and forefoot gangrene at first visit or
who developed forefoot gangrene during follow-up. Patients
were followed up at diabetic foot centre prospectively until
the outcome.

Setting

The study was conducted at a multidisciplinary diabetic foot
centre located in a university hospital, with a primary catch-
ment area of approximately 600,000 people. The management
was based on a pre-set standardised protocol,!> which regis-
tered demographic information, concomitant diseases, diabetes
treatment, ulcer-specific data (Wagner grade, infection, local
treatments, vascular and orthopaedic surgery) and outcome.
Physical examination was performed at the time of inclusion,
and it was regularly repeated during the study by the same mul-
tidisciplinary team. The core team consisted of a diabetologist,
orthopaedic surgeon, an orthotist, a podiatrist and a registered
nurse educated in diabetes. A vascular surgeon was integrated
into the team on a regular basis. Out-patient treatment was car-
ried out in collaboration with primary healthcare and home
nursing services. The participants were consecutively included
between 1 January 2000 and 31 December 2012, then followed
up and treated by the team at the hospital until healing was
achieved or death occurred unhealed. The study was approved
by the Regional Ethical Review Board in Southern Sweden
(No. 120/2007). No signed consent was required. Patients were
informed of the study and that they could decline participation
at any time.

Patient population

All the patients referred to the diabetic foot centre (n=5010)
presenting with DFUs (n=7214) were consecutively
assessed, treated and followed until final outcome. The fol-
lowing inclusion criteria were applied: =18 years of age,
diabetes and gangrene (Wagner grade 4)'¢ at first visit or if
developed during the treatment time, located on the fore-
foot (digits or metatarsal heads). In this study, 476 patients
with gangrene on the toes and/or forefoot were followed
(Figure 1). Each participant is represented with one foot
having the worst DFU outcome.

Forefoot was defined as the distal part of the foot that is
composed of the metatarsal bones, the phalanges and associ-
ated soft tissue structures.!” Gangrene was defined as a con-
tinuous necrosis of the skin and underlying structures
(muscle, tendon, joint or bone), indicating irreversible dam-
age and fulfilling Fontaine grade 4, that would be unlikely to
heal without loss of some part of the extremity (Wagner
grade 4).'%!® Healing was defined as intact skin with com-
plete epithelialisation without any exudation of a previous
foot ulcer site.!”

Treatment procedure

Entry data were collected on patient characteristics, co-mor-
bidities, previous management, ulcer characteristics and
laboratory findings. Diabetic kidney disease was defined as
the need for ongoing dialysis or renal transplantation or per-
sistent urine albumin =300mg/L." Glycated haemoglobin
(HbAlc) was measured using Mono-S or later as IFCC
(International Federation of Clinical Chemistry and
Laboratory Medicine) values. The HbAlc values measured
as Mono-S were converted to IFCC using the following for-
mula: IFCC=10.45 X Mono-S — 10.62?° (Supplementary
Information).

The participants were treated as outpatients, but in the case
of vascular surgery, deep infection associated with septic con-
dition, foot surgery, amputations or exacerbation of inter-
current disease, they were treated as in-patients under the
supervision of the multidisciplinary diabetic foot team. 132122
Topical treatments were prescribed in a written form by the
team, and dressing changes were performed under the super-
vision of a registered nurse in primary healthcare centres or
home nursing services. Individually adjusted off-loading
equipment was offered to all the participants.

Systolic toe and ankle pressure were measured using strain
gauge and Doppler techniques (Supplementary Information).

Angiography was performed at the discretion of the vas-
cular surgeon according to a written programme that was
jointly agreed upon in advance.? The exclusion criteria for
angiography were: medical condition not allowing angiogra-
phy, gangrene Wagner grade 5, life expectancy less than
6 months, lack of walking ability before occurrence of gan-
grene or informed consent for angioplasty refused.’

Revascularisation was performed at the discretion of the
vascular surgeon in 306 participants, via either endovascu-
lar intervention (n=246) or reconstructive surgery (n=60).
The remaining 170 participants had no vascular surgery:
116 participants due to their medical condition (not feasible;
general health condition did not permit surgery or acute
amputation due to deep infection), 43 participants had no
severe PAD and 11 participants did not give consent for
revascularisation. Furthermore, vascular surgery prior to
referral had been performed on 14 participants ipsilaterally,
9 participants with percutaneous transluminal angioplasty
(PTA) and 5 with reconstruction; and on 21 participants
contralaterally, 16 participants with PTA and 5 with
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5010 patients (7214 foot ulcers)
presenting at the diabetic foot
clinic

4534 patients (6674 foot ulcers) were
excluded:

v

v

- No gangrene (Wagner grade 1-3,
n= 6579 ulcers)

- Major gangrene (Wagner grade 5 at
admission, n= 95 ulcers)

Auto amputation

Forefoot gangrene
(Wagner grade 4, n=476
patients)
- Forefoot gangrene at
first visit (n=259)

v

(=51, 11%)

Minor amputation

- Ulcer developed forefoot
gangrene affer first visit
(n=217)

(n=150, 31%)

Major amputation

v

(n =103, 22%)

Death before healing

(n=162, 34%)

Lost to follow up

(n=10, 2%)

Figure |. Flow chart and outcome.

reconstruction. Local surgical debridement was performed
when required. Dry and inactive necrosis or toe gangrene
with or without an underlying osteomyelitis was left to
mummify if pain, progression of gangrene and infection
would allow.?? Acute incision and drainage was performed
in case of a deep abscess or necrotising tendonitis/fasciitis.
The decision to amputate was made at the discretion of the
orthopaedic surgeon based on the following criteria: pro-
gressive gangrene, septic condition and rest pain not
improved by or not available for revascularisation. In most
of the cases, there were multiple indications for amputa-
tion.?* A non-healing ulcer was not necessarily considered
to be an indication for amputation. The level of amputation
was chosen based on clinical assessment at the most distal
level where healing could be anticipated; the minimal
requirements for this were intact skin and no local signs of
infection or severe ischaemia.?? Participants were followed
up until healing was achieved or till the patient’s death.

Statistical analysis

Descriptive statistics are given as median and range. The
Chi-square test and Mann—Whitney U-test were used to

compare the variables in relation to the outcome and to
compare the duration of healing time between the partici-
pants who healed after auto-amputation and those who had
healed after a minor amputation. The simultaneous influ-
ence of possible risk factors on a binary outcome (either
minor or auto-amputation versus major amputation or
deceased unhealed) was investigated using backward logis-
tic regression analysis. Statistical significance was defined
as a p-value <0.05. Statistical analysis was performed
using SPSS Version 20 (SPSS, Chicago, IL, USA).

Results

A total of 476 participants were included in the study. The
median age was 73 (range, 35-95) years and 62% of the par-
ticipants were male. The demographic data of the partici-
pants are presented in Table 1. Median toe pressure was 35
(0-180) mmHg and median ankle pressure was 80 (0-197)
mmHg; 36% of the participants had more than one ulcer on
the same foot and 68% had rest pain (Table 2).

There was no difference in the outcome between the par-
ticipants presenting with gangrene at inclusion compared to
those who developed gangrene during follow-up (data not
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Table I. General characteristics of patients at inclusion in relation to outcome.

Auto- p' Minor p? Major Deceased Drop-out All

amputation amputation amputation  before healing
n (%) 51 (11%) 150 (31%) 103 (22%) 162 (34%) 10 (2%) 476 (100)
Males 29 (57%) NS 105 (70%) 0.007 55 (53%) 98 (60%) 7 (70%) 294 (62%)
Age (years) 75 (40-89) 0.015 68 (35-95) 0.007 74 (39-95) 78 (35-95) 71 (38-87) 73 (35-95)
Diabetes mellitus type | 4 (8%) NS 31 (21%) NS 21 (20%) 18 (11%) 5 (50%) 79 (17%)
Insulin-treated 23 (45%) 0.025 96 (64%) NS 71 (69%) 101 (62%) 7 (70%) 298 (63%)
Never-smokers 26 (51%) NS 81 (54%) NS 55 (53%) 95 (59%) 6 (60%) 274 (58%)
Living alone 23 (45%) NS 71 (47%) NS 48 (47%) 67 (41%) 8 (80%) 212 (45%)
Cardiovascular disease 39 (76%) NS 110 (73%) 0.024 87 (84%) 147 (91%) 9 (90%) 392 (82%)
Diabetic kidney disease 2 (4%) NS 20 (13%) NS 16 (16%) 38 (23%) 2 (20%) 78 (16%)
Vascular surgery performed 41 (80%) 0.018 93 (62%) NS 74 (72%) 92 (57%) 5 (50%) 306 (64%)
HbAlc 64 (31-138) 0.005 69 (35-157) NS 65 (40-109) 61 (34-117) 58 (41-100) 65 (31-157)

p': auto-amputation versus minor amputation; p2 major amputation versus minor amputation; NS: not significant; HbAl c: glycated haemoglobin in mil-

limoles per mole (mmol/mol).
Values are number (%) or median (range).

Table 2. Local characteristics on the foot.

Auto- p' Minor p? Major Deceased Drop-out All (n=476)

amputation amputation amputation  before (n=10)

(n=51) (n=150) (n=103) healing

(n=162)

Toe pressure 36 (0-125) 40 (0-150) 25 (0-180) 26 (0-110) 40 (25-42) 35 (0-180)
Toe pressure <30 29 (57%) NS 83 (55%) 0.006 42 (41%) 47 (29%) 2 (20%) 203 (43%)
Ankle pressure 77 (40-190) 92 (15-179) 90 (0-197) 65 (0-185) 60 (45-150) 80 (0-197)
Ankle pressure <80 20 (39%) NS 38 (25%) NS 27 (26%) 43 (27%) 4 (40%) 132 (28%)
Single ulcer 37 (73%) NS 109 (73%) 0.017 60 (58%) 94 (58%) 7 (70%) 307 (64%)
=2 ulcers 14 (27%) NS 41 (27%) 0.017 43 (42%) 68 (42%) 3 (30%) 169 (36%)
Deep foot infection 31 (61%) 0.023 116 (77%) NS 69 (67%) 107 (66%) 5 (50%) 328 (69%)
Leg oedema 38 (74%) NS 114 (76%) NS 83 (81%) 118 (73%) 6 (60%) 359 (75%)
Rest pain 22 (43%) 0.003 99 (66%) 0.018 82 (80%) 116 (72%) 6 (60%) 325 (68%)
Gangrene at first visit 37 (73%) NS 105 (70%) NS 67 (65%) 128 (79%) 8 (80%) 259 (54%)
Gangrene following first visit 14 (27%) NS 45 (30%) NS 36 (45%) 34 (21%) 2 (20%) 217 (46%)

p': auto-amputation versus minor amputation; p2 major amputation versus minor amputation; NS: not significant.
Values are n (%) or median (range). Toe and ankle pressure are measured in millimetres of mercury (mmHg).

shown). The participants who developed gangrene after the
first visit to the clinic were more often male, more often had
a single ulcer (p=0.000), infection in the foot (»=0.001) and
rest pain (p=0.001) than the participants who presented with
gangrene at the first visit. A separate analysis was made of
the participants included from 1 January 2000 to 30 June
2006 versus 1 July 2006 to 31 December 2012 to reveal any
effects from potential improved treatments, but no differ-
ences in outcome were detected.

Of the 476 participants, 51 (17% of the surviving partici-
pants, 11% of all participants) were healed after auto-ampu-
tation, 150 were healed after a minor amputation (49% of
surviving participants, 31% of all participants), 103 had a
major amputation (34% of surviving participants, 22% of all
participants) and 162 died unhealed (34% of all participants).
Ten participants were lost to follow-up (2% of all partici-

pants) (Figure 1).

Factors related to outcome with regard to final
amputation level

The participants who healed after auto-amputation had more
often undergone vascular surgery than those who healed
after a minor amputation. A majority of the auto-amputated
participants had diabetes type 2 (92%); they were less often
treated with insulin at inclusion, less often had diabetic kid-
ney disease and less often had rest pain in comparison to the
other groups. The participants who healed after a minor
amputation more often had a deep foot infection than the
participants who healed after auto-amputation. Most of the
participants who had major amputation were male; moreo-
ver, they more often had cardiovascular disease, multiple
ulcers and rest pain than participants who healed after minor
amputation or auto-amputation. The participants who died
unhealed were older, had more cardiovascular disease and



Elgzyri et al.

Table 3. Factors related to outcome of forefoot gangrene
(major amputation or death unhealed).

OR (95% ClI) p value
Age >73years 2.0 (1.1-3.7) 0.033
Diabetic kidney disease 24 (1.1-5.4) 0.032
Cardiovascular disease 3.1 (1.3-7.1) 0.009
> ulcer in the same foot 2.1 (1.14.1) 0.023

OR: odds ratio; Cl: confidence interval.

diabetic kidney disease and had undergone vascular surgery
less often than surviving participants (Table 1).

A multiple regression analysis was performed to identify
the participant or ulcer-related factors, including age, gender,
ankle pressure, performance of vascular intervention, pres-
ence of peripheral oedema, rest pain, retinopathy, diabetic
kidney disease, cardiovascular disease and multiple ulcers
by comparing healing after auto-amputation or minor ampu-
tation versus major amputation or died unhealed. The fol-
lowing factors were found to affect the outcome: older age,
presence of diabetic kidney disease, cardiovascular disease
and more than one ulcer in the same foot (Table 3).

Time to wound healing in relation to outcome

The median time to healing for all the surviving participants
was 41 (3-234) weeks; for auto-amputated participants it
was 48 (10-228) weeks and for minor amputated partici-
pants it was 48 (6-234) weeks. There was no statistically
significant difference between the two groups (p=0.382).
For the participants with major amputation, the time to heal-
ing was 29 (3—116) weeks.

Discussion

In this study of 476 consecutively presenting individuals
with diabetes and a forefoot gangrene, 42% of all the partici-
pants healed after either auto-amputation of toes or minor
surgical amputation, 22% had major surgical amputations
and 34% died unhealed. In the surviving participants who
continued follow-up until the final outcome, healing below
the ankle was achieved in 66% of the participants. To the
best of our knowledge, this outcome has not previously been
reported in a large cohort study of consecutively presenting
individuals with diabetes and a forefoot gangrene.

In this study, 17% of the surviving participants with fore-
foot gangrene healed with an auto-amputation when man-
aged by a multidisciplinary foot team in collaboration with
primary healthcare centres and home nursing services. An
auto-amputation is considered less traumatic to patients than
a surgical amputation, as it enables patients to avoid a hospi-
tal stay and provides less tissue loss. Minor auto-amputation
or minor surgical amputation preserves the ankle joint and
limb length, thus maintaining a significant part of limb func-
tion. Well-healed DFUs after minor amputation allows for

better function over time, provided the patient has sufficient
arterial blood flow to the foot and successful offloading and
rehabilitation.?*

It has been argued that a long healing time for auto-ampu-
tation will lead to increased suffering and pain.?! However, in
this study, the healing time was not significantly shorter for
the participants who underwent minor surgical amputation.

There is some controversy concerning the benefit of a pri-
mary minor amputation versus primary major amputation
below the knee.?>?>% In this study, 52% of all the partici-
pants and 64% of the surviving patients healed below the
ankle either with auto-amputation or a minor surgical ampu-
tation. In studies with DFUs of mixed cohorts, the reported
healing rates for minor amputation levels range from 2.4% to
34%.77-2° These variations can be explained by differences in
patient selection, definitions and length of follow-up. There
is no randomised controlled study regarding amputation
level selection in DFUs and particularly in the presence of
gangrene. The basic consideration is to choose the lowest
amputation level where healing is deemed possible.

The median healing time from inclusion was longer in our
study in comparison to other studies.>?’3° This may be
explained by the type of foot ulcer in the included patients;
they all had ischemic gangrene, Wagner grade 4 and no
superficial non-ischemic ulcers. Healing time is often not
uniformly defined in studies examining DFUs. It is essential
to mention that there was no specific time set for follow-up.
The reported healing time is determined from the day the
patient is first seen at our clinic until the day the ulcer is
healed; the healing time is not based on the length of time
from amputation to healing. Furthermore, assessing healing
time in studies that included patients with DFUs and com-
paring results in this regard to other studies are often difficult
and complex.’!

Interestingly, the participants who had auto-amputation
less often had insulin treatment in comparison to those who
healed after a minor amputation. One possible explanation
for this is that the lower need for insulin treatment indicates
better glycaemic control in this group of participants; conse-
quently, this may imply a lower risk for foot infection. The
latter is a known major indication for surgical amputation.*
This explanation is supported by the observation that the
median HbAlc value was lower in the participants with
auto-amputation in comparison to those with minor amputa-
tion. Moreover, deep infection was seen in 61% of the par-
ticipants with auto-amputation in comparison to 77% in
those with minor amputation.

Despite the health and economic burden caused by lower
limb amputations, both minor and major, major surgical
amputation results in higher costs per patient and annual
expenditures, including post-operative care.>> Healing after
minor amputation was not associated with a negative impact
on health-related quality of life in patients with DFUs in
comparison with healing after conservative treatment.?’
Furthermore, it has been shown that patients with diabetes
who undergo major amputation are older with a high
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incidence of co-morbidity. Major amputation in these
patients implies a significant impact on their functional
capacity and considerable risk for mortality.3*3

In this study, multiple regression analysis showed that
older age, presence of co-morbidity (cardiovascular and dia-
betic kidney disease) and having more than one ulcer in the
same foot were related to a lower probability of an ulcer
healing below the ankle. The presence of foot ulcers in
patients with diabetes has been associated with underlying
multi-organ disease.>'*3¢ Patients with PAD and diabetes
have also been shown to more frequently have chronic renal
disease and a history of myocardial infarction in comparison
to those without diabetes.’” Kidney disease is known to be
associated with worse outcome in patients with diabetic foot
problems.’*4° Approximately 50% of diabetic patients with
PAD have been shown to simultaneously have coronary
artery disease and/or cerebrovascular disease.*! In fact, coex-
istence of PAD and coronary artery disease in patients with
DFUs might be more common. Londahl et al.*> have reported
that signs of cardiac muscle dysfunction were present in 76%
of diabetic patients with a chronic foot ulcer without a previ-
ous history of heart disease. Furthermore, coronary artery
disease has been shown to be the leading cause of death in
patients with diabetes and PAD.*

Uccioli et al.** found that age predicts major amputation
in patients with diabetes undergoing endovascular angio-
plasty. Similarly, previously, we showed that older age pre-
dicts non-primary healing in patients with diabetes and an
ischemic foot ulcer.?

This study was limited to a cohort of consecutive patients
presenting at a multidisciplinary foot clinic at a university hos-
pital, followed to healing or death. One of its strengths is that
over 350 amputations were included, and all but 10 were fol-
lowed until healing or death. Because the patients included in
this study had Wagner grade 4 with gangrene in the forefoot,
and no exceptions were made with regard to age, co-morbidity
or expected survival, it is unlikely, yet still possible that the foot
team was unaware whether patients with diabetes and forefoot
gangrene from the same catchment area were treated in pri-
mary healthcare centres or other units. Definitions of outcome
in patients with diabetes and foot ulcers can be very complex,
which is an issue that has been previously analysed.* The pur-
pose of this study was to compare amputation below and above
the ankle as an outcome; therefore, we divided outcomes into
four groups: minor auto-amputation, minor surgical amputa-
tion, major amputation or death unhealed. Primary healing was
not considered to be an outcome because all the patients had
gangrene. Another limitation of the study is that no power cal-
culation was done for estimation of sample size selected for the
study, with exception to include 500 participants with forefoot
gangrene based on experience from previous studies in this
cohort study. The study recruitment was stopped due to the
introduction of new treatment technologies with regard to med-
ical or surgical treatment. It is worth mentioning that some risk
factors that may affect outcome, such as foot infection,> were

not included in our logistic regression analysis due to the limi-
tation of data availability.

Conclusion

This study has shown that healing without major amputation
is possible in patients with diabetes and forefoot gangrene,
and it supports the use of minor amputation in these patients
to avoid major amputation. However, using minor amputa-
tion to achieve healing below the ankle results in longer
healing times and the risk of repeated surgical interventions
in a vulnerable patient group. Old age, co-morbidity and
presence of multiple ulcers negatively affected the outcome.
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