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ABSTRACT

Aim: To establish the role of heart failure (HF) and dialysis (D) in the prognosis of diabetic patients with critical
limb ischemia and foot ulcers (FUs).

Methods: Consecutive diabetic patients with ischemic FUs who referred to our Diabetic Foot Centre were pro-
spectively included. All patients underwent a preset limb salvage protocol including peripheral revasculariza-
tion. According to the presence of HF and D, they were divided in four groups: group 1 without HF and without D
defined as ischemic foot (IF); group 2 with HF and without D defined as heart ischemic foot (H-IF); group 3
without HF and with D defined as renal ischemic foot (R-IF); group 4 with HF and with dialysis defined as heart-
renal foot (HR-IF). Survival with limb salvage, survival with major amputation and death were reported after
1 year of follow-up.

Results: 136 patient have been included: 66 with IF, 26 with H-IF, 24 with R-IF and 20 with HR-IF. The mean age
was 68,9 * 9,7 years, the diabetes duration 20,7 + 11,6 years, the mean HbAlc 62,7 + 22,3 mmol/mol. 103/
136 (75,7%) survived with limb salvage, 10/136 (7,4%) survived with major amputation, 23/136 (16,9%) died.
The outcomes for group IF patients, H-IF, R-IF and HR-IF were respectively: survival with limb salvage (92,4%,
61,5%, 79,2% and 35%), survival with major amputation (6,1%, 7,7%, 8,3% and 10%), death (1,5%, 30,8%,
12,5% and 55%) x = 0.0001. Heart failure was an independent predictor of death.

Discussion: The presence of heart failure and dialysis in diabetic patients with ischemic foot ulcers was asso-
ciated to high risk of amputation and mortality.

Introduction

Diabetic foot patients are often very fragile patients due to the
presence of several co-morbidities and foot ulceration may be only a
part of a very complex clinical condition. In fact, diabetes chronic
complications can affect other organs, such as kidney and heart.
Impairment of renal and heart function, by their own, may deeply in-
fluence not only the general health but also the outcomes of diabetic
foot ulcers (DFUs). Among patients with DFUs, those with peripheral
arterial disease (PAD) show usually worse outcomes than neuropathic
patients [1]. Nevertheless, PAD is a marker of cardiovascular disorders
and increases the risk of ischemic heart disease, fatal myocardial in-
farction, stroke [2]. Furthermore, patients with ischemic DFUs show
different stages of chronic kidney disease and the rate of diabetic pa-
tients on dialysis treatment with PAD is increasing.

In our experience, ischemic diabetic foot patients with heart failure

and dialysis are very difficult to treat. In fact, the presence of these co-
morbidities often influences the limb salvage procedures reducing the
chance of success. However, the role of co-morbidities in the prognosis
of patients with ischemic DFUs is usually underestimated.

Otherwise, we retain that a deeply analysis of co-morbidities is re-
quired to define a potential prognosis of patients affected by ischemic
DFUs and to help clinicians in the best approach.

The aim of this study is to evaluate the impact of heart failure and
dialysis on the outcomes of patients with diabetes and ischemic foot
ulcers treated by a preset limb salvage procedure.

Methods
Patients with diabetes, critical limb ischemia (CLI) and ischemic

foot ulcer belonging to stage C (ischemia) or D (ischemia plus infection)
of Texas Wound Classification [3] who referred consecutively at our
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Diabetic Foot Centre were prospectively included.

All patients were hospitalized and treated by a preset limb salvage
protocol: ulcer debridement, antibiotic therapy in case of infection,
offloading of affected foot and lower limb revascularization. After dis-
charge, they had continuous follow up until ulcer healing or death. All
revascularization procedures were performed by endovascular tech-
nique (percutaneous transluminal angioplasty, PTA). Angioplasty was
indicated in case of significant arterial stenosis (> 50%) or complete
obstruction [4]. All patients were treated by both aspirin (100 mg/die)
and clopidogrel (75 mg/die) before the procedure and for at least one
month after. Afterwards, clopidogrel was discontinued. In case of in-
tolerance to aspirin or clopidogrel, ticlopidine was administered. Statin
therapy was administered in all patients after lower limb revascular-
ization.

Revascularization failure was considered in case of technical re-
canalization failure of the vessel affected without direct arterial flow to
the foot and/or absence of distal run-off also in case of technical re-
vascularization success.

Severity of foot infection was considered according to Infectious
Disease Society of America classification. Severe infection identifies an
extended cellulitis (> 2 cm) and a deep tissue infection with a condition
of systemic involvement associated with clinical signs of systemic
toxicity (fever, vomiting, confusion, metabolic instability, shock) [5].

Surgical debridement was routinely performed at each examination
and repeated during the follow-up according to the ulcer status. In case
of extended infection (abscess, compartment syndrome, extended
gangrene, open fistulas) an emergency debridement was performed to
limit the progression of infection and completed after the revascular-
ization when an adequate perfusion was ensured.

Broad spectrum antibiotic therapy was administered in case of in-
fected ulcer and adapted to microbiological results and severity of in-
fection if required.

Adequate offloading were prescribed during the acute phase ac-
cording to the ulcer localization and the amount of tissue lost to pre-
serve the wound area and allow the patient’s activity.

Patients general health was optimized: heart disease, renal function,
glycemic levels, electrolyte balance, malnutrition, anemia and pain
were closely checked and treated. A standard electrocardiogram was
routinely performed and in case of clinical or instrumental abnormal-
ities, further examination have been performed (echocardiogram,
myocardial perfusion scintigraphy, 24h Holter electrocardiogram
monitoring). In case of significant coronary heart disease, coronary
revascularization was performed before lower limb revascularization.
Carotid arteries were studied by Doppler ultrasound exam and in se-
lected cases by computed tomography (CT). Carotid artery disease was
considered present in case of occlusion or stenosis > 50% or in case of
previous carotid revascularization (by open surgery o by endovascular
approach). In case of stenosis > 70% or ulcerated plaque, angioplasty
of carotid vessels or thromboendarterectomy was performed before
lower limbs angioplasty. PAD was evaluated by transcutaneous oxygen
pressure (TcPO2), Doppler ultrasound and in selected cases by magnetic
resonance or CT to detect arterial stenosis and/or obstruction as re-
quired by interventional radiologists or vascular surgeons.
Hypertension was considered in case of blood pressure values > 140/
90 mmHg or therapy with anti-hypertensive drugs [6]; dyslipidemia
was considered in case of low density protein > 70 mg/dl or statin
therapy [6].

Heart failure (HF) was considered in case of typical symptoms and
signs of HF reduced left ventricular ejection fraction (LVEF) (< 40%) or
normal or only mildly reduced LVEF and elevated levels of brain na-
triuretic peptides (BNP > 35 pg/ml and/or NT-proBNP > 125 pg/ml)
with not dilated left ventricle (LV) associated to relevant structural
heart disease (LV hypertrophy/left atrial enlargement) and/or diastolic
dysfunction [7]. Dialysis was considered in case of chronic renal re-
placement therapy.

According to the presence of HF and dialysis, patients were divided
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in four groups: group 1 without HF and without D, defined as ischemic
foot (IF); group 2 with HF and without dialysis, defined as heart is-
chemic foot (H-IF); group 3 without HF and with dialysis, defined as
renal ischemic foot (R-IF); group 4 with HF and with dialysis, defined as
heart-renal ischemic foot (HR-IF).

After 12 months of follow-up, we evaluated the followed outcomes:
survival with limb salvage, survival with major amputation and death.
Limb salvage was defined as healed ulcer or unhealed ulcer with pre-
served ability to walk no requiring new revascularization or major
amputation. Major amputation was defined any amputation above the
ankle. All potential predictors of major amputation and death where
evaluated.

Statistical analysis was performed by SAS (JMP12; SAS Institute,
Cary, NC) for personal computer. Data were expressed as
means + SEM. Comparison between groups were reported by a X2 test
(frequency data) or ANOVA (continuous data). Univariate logistic
analysis was performed for all potential predictors variables according
to the detected outcome. All predictors identified by univariate analysis
were evaluated simultaneously in a multivariable regression. P < 0.05
was considered as statistically significant.

Results

Data from a total of 136 Caucasian diabetic patients were analyzed.
Sixty-six patients (48,5%) were included in Group A (IF group); twenty-
six patients (19,1%) were included in Group B (H-IF group); twenty-
four patients (17,6%) were included in Group C (R-IF group) and
twenty patients (14,7%) were included in Group D (HR-IF group).

Baseline characteristics of whole population and groups 1,2,3,4 are
separately reported in table 1.

The majority of patients were aged (mean age > 65 years), male
(72,8%) and had type 2 diabetes (90,4%) with a disease duration of
~ 20 years.

Outcomes

After one year of follow-up 103/136 (75,7%) patients survived with
limb salvage, 10/136 (7,4%) survived with major amputation, 23/136
(16,9%) patients died.

Survival with limb salvage

The rate of survival with limb salvage for group 1 (IF) in comparison
to group 2 (H-IF), group 3 (R-IF) and group 4 (HR-IF) was respectively
92,4% vs 61,5%, 79,2%, 35% (¥ < 0.0001) Fig. 1.

Survival with major amputation

The rate of survival with major amputation for group 1 (IF) in
comparison to group 2 (H-IF), group 3 (R-IF) and group 4 (HR-IF) was
respectively 6,1% vs 7,7%, 8,3%, 10% (x, = 0.002) Fig. 2.

10/136 patients were amputee. The mean time to amputation was
3,5 = 3,2 months. At the multivariate analysis of all predictors found
at univariate analysis, severe infection [HR 2.5 (CI 95% 1.6-3.8)
p = 0.001], ulcer dimension (> 5cm?) [HR 4.7 (CI 95% 2.2-11.3)
p = 0.02], PTA failure [HR 4.8 (CI 95% 1.9-6.7) p = 0.02], inability to
walk without help [HR 9.3 (CI 95% 2.4-10.2) p = 0.002] were in-
dependent predictors of major amputation.

Mortality

The rate of death for group 1 (IF) in comparison to group 2 (H-IF),
group 3 (R-IF) and group 4 (HR-IF) was respectively 1,5% vs 30,8%,
12,5%,55% (y < 0.0001) Fig. 3.

7/23 patients died for septic shock, 11/23 patients for acute heart
failure, 2/23 for sudden death, 2/23 for cancer. The mean time to death
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Table 1
Baseline characteristic of whole populations and subgroups.
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Variables Whole population (136 patients) ~ Group 1 (66 patients)  Group 2 (26 patients)  Group 3 (24 patients)  Group 4 (20 patients) X
Age (years) 68,9 + 9,7 68,4 = 10,5 71,9 + 7,9 67,4 £ 9,7 68,5 + 8,6 0.3
Sex (male) 72,8% 69,7% 65,4% 79,2% 85% 0.3
Type 2 Diabetes 90,4% 92,4% 76,9% 100% 90% 0.02
Diabetes duration (years) 20,7 = 11,6 19,6 = 10,5 23,4 £ 14,5 20,7 = 10,5 20,8 + 12,3 0.6
HbAlc' (mmol/mol) 62,7 * 22,3 59,1 + 25,1 65,8 + 24,3 66,9 = 14,4 63,7 + 18,5 0.4
HbAlc (%) 7,88 £ 2,1 7,55 = 2,28 8,16 + 2,12 8,26 + 1,31 7,97 = 1,68 0.4
Anemia 77,2% 60,6% 100% 79,2% 100% < 0.0001
Dyslipidemia 68,3% 69,5% 78,2% 66,7% 52,9% 0.4
Ischemic heart disease 64,1% 43,7% 87,5% 75% 89,5% < 0.0001
Cerebrovascular disease 16,9% 11,1% 16,7% 20,8% 31,6% 0.2
Hypertension 87,7% 93,7% 95,8% 83,3% 63,1% 0.01
Carotid artery disease 34,5% 31,8% 42,3% 25% 45% 0.4
Smoke 13,2% 23,8% 4% 0% 5,2% 0.001
Hospital complications 24,2% 12,1% 34,6% 16,7% 60% 0.0002
Inability to walk 30,8% 12,1% 42,3% 33,3% 75% < 0.0001
Ulcers size (> 5cm?) 66,4% 53% 79,1% 70,8% 90% 0.004
Infection 68,6% 57,6% 83,3% 79,1% 75% 0.04
Severe infection 16,9% 3% 19,2% 20,8% 55% < 0.0001
Vessels affected (number) 4,3 + 1,5 3,8 +1,3 43 + 1,5 44 + 1,6 54 + 1,5 0.003
PTA' failure 22,4% 9,7% 20,8% 20,8% 68,4% < 0.0001
PTA" complications 11,2% 17,2% 15,4% 0% 0% 0.004
1 month TcPO2 (mmHg) 44 = 12,8 47,5 * 12 43,7 + 12,1 41,3 = 12,8 36,5 + 13 0.004
* HbAlc: glycated haemoglobin.
¥ PTA: peripheral transluminal angioplasty.
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Fig. 1. Survival with limb salvage. x = 0.0001. IF: ischemic foot; H-IF: Heart ischemic
foot; R-IF: renal ischemic foot; HR-IF: hear-renal ischemic foot.
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Fig. 2. Survival with major amputaion. ¢ = 0.002. IF: ischemic foot; H-IF: Heart ischemic
foot; R-IF: renal ischemic foot; HR-IF: hear-renal ischemic foot.

was 5,3 + 3 months.

At the multivariate analysis of all predictors found at univariate
analysis, heart failure [HR 3.6 (CI 95% 1.8-6.6) p = 0.0001] and severe
infection [HR 2.6 (CI 95% 1.8-4.7) p = 0.003] were independent
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Fig. 3. Mortality. x = 0.0001. IF: ischemic foot; H-IF: Heart ischemic foot; R-IF: renal
ischemic foot; HR-IF: hear-renal ischemic foot.

predictors of death.

Conclusions

Diabetic foot patients with PAD show usually worse outcomes than
neuropathic patients [1] and according to this data, we focused our
study on the role of co-morbidities only in patients with PAD. In fact,
PAD is usually considered as independent risk factor for non-healing,
major amputation and death while the rate of healing of neuropathic
ulcers is close to 100% when removed peaks pressure. [4,8]

Our cohort of patients was composed of diabetic patients with is-
chemic foot ulcers; half of subjects showed an impairment of heart or
renal function. This means that, nowadays, diabetic foot patient with
ischemic ulcer is a very complicated and fragile subject and foot ulcers
should be considered only an aspect of a complex clinical framework.

However, our data show that ischemic foot without severe heart and
renal complications is associated to good results in terms of limb sal-
vage and survival (approximately 95% of limb salvage after one year of
follow-up).

Instead, renal ischemic foot is characterized by worse outcomes
than not complicated ischemic foot in terms of amputation and mor-
tality. Dialysis is a well recognized factor for foot ulceration, non-



M. Meloni et al.

healing and amputation in diabetic subjects [1,9-11]. In a large meta-
analysis on diabetic-dialyzed patients with ischemic DFUs, Hincliffe
reported one-year limb salvage approximately of 70% among the sur-
vivors who underwent revascularization and a global mortality ap-
proximately of 38% [12]. In a recent paper, our group confirmed that
dialyzed subjects have a higher risk of major amputation and death if
compared to not dialyzed patients [13]. We reported in fact 65% of
limb salvage, 21% of mortality and 14% of major amputation after
endovascular revascularization during a mean follow-up of 15 months.
Our results are similar to that reported by literature in terms of limb
salvage [13], even if our data referred to consecutive subjects while the
patients included in similar studies are usually considered for lower
limbs revascularization after a careful selection.

This study confirms that dialyzed patients in comparison to patients
without renal and heart impairment have higher risk of amputation (8,3
vs 6,1%) and death (12,5 vs 1,5%); however, it must be highlighted that
dialyzed patients without heart failure compared to dialyzed patients
with heart failure show lower rate of major amputation (8,3% vs 10%)
and death (12,5% vs 55%). This group of dialyzed patients have also
better outcomes than those reported in our previous above-mentioned
study in which we did not discriminate between heart failure and not
heart failure dialyzed subjects: major amputation 8,3% (current study)
vs 14,8% (previous study) and death 12,5% (current study) vs 21,1%
(previous study) [13]. This deeper analysis highlights that probably
heart failure plays a key role also in the outcomes of dialyzed patients.
However, dialysis and dialysis related complications are able by itself to
influence the prognosis, probably due to the severity of PAD, the risk of
revascularization failure and the high risk of infection.

The outcomes of heart ischemic foot are fairly similar to renal is-
chemic foot. Cardiac dysfunction appears to be common in DFUs pa-
tient, even in those without known heart disease [14]. It’s reported that
heart diseases increases the risk of non-healing of ischemic DFUs [15]
and coronary artery disease (CAD) was the leading cause of death [16];
furthermore, impaired ejection fraction was independently associated
with death in diabetic patients [15].

To our knowledge, only one paper evaluated specifically the role of
heart failure in hospitalized patients with DFUs. Lei Xu et al. docu-
mented that HF reduces the healing rate and increases the rate of ulcer
recurrences, amputation and death [17]. The rate of amputation (minor
and major) has been high (28,6%) while the mortality was 11,1%,
lower than that reported in out cohort of patients (30,8%), even if we
have followed the patients for a longer period (12 vs 3 months) and all
subjects involved were exclusively ischemic subjects, therefore affected
by several comorbidities [17].

Our mortality resulted also higher than that reported in diabetic
patients with HF but without foot ulcers (30,8% vs 9,4%) [18].

Therefore, our study reinforce the concept that HF has a negative
impact in the prognosis of DFUs patients, being the leading cause of
death as reported in other studies; however, our mortality resulted
higher than that reported in general diabetic patients with HF and this
data highlights the potential role of ulceration per se for increasing the
risk of death. It may be due to hospitalization related factors and mainly
to the high risk of infection (79% patients with HF had infected ulcers
and 21% severe infection) and infection related complication as septic
shock and/or acute HF.

Heart-renal ischemic foot is the most severe pattern of ischemic foot
with highest risk of major amputation and mortality. HR-IF patients
show a more severe pattern of PAD (more vessels affected, high risk of
revascularization failure), higher risk of severe foot infection, higher
rate of hospital complications and worse outcomes in comparison to
other groups (we report a mortality of approximately 50%).Probably,
an active ulcer increases the fragility of these patients and may influ-
ence dramatically their prognosis both in terms of limb salvage and life
expectancy.

Furthermore, heart-renal ischemic foot patients reported more heart
complications and severe infection than other groups and heart failure
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and severe infection resulted independently related to mortality.

According to the impact of co-morbidities that we found in our
analysis, we retain that ischemic diabetic foot patients may be divided
in three classes of risk: ischemic foot patients without renal and heart
impairment at low risk, renal and heart ischemic foot patients at
moderate-high risk, heart-renal ischemic foot patients at highest risk.

In conclusion we retain that an adequate knowledge of co-morbid-
ities may help clinicians in the evaluation of prognosis of diabetic pa-
tients with ischemic foot ulcers and to establish the best approach. The
fragility related to heart failure and dialysis requires a clinical global
approach with a close monitoring of potential heart complications and
foot infection.
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