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Abstract: The study aims to evaluate the rate of readmission in patients affected by diabetic foot
ulcers (DFUs), causes and the outcomes of patients requiring a new hospitalization. This study is a
retrospective observational study including consecutive patients requiring hospitalization since Jan-
uary 2019 to September 2022 due to a DFU.  Once they were discharged, patients were regularly
followed as outpatients. After 6 months of follow-up, the rate of hospital readmission for a diabetic
foot problem was recorded. According to the readmission or not, patients were divided in two
groups, readmitted and not readmitted patients respectively. Hence, all patients were followed for
six months more and outcomes for the two groups were analyzed and compared. Overall, 310
patients were included. The mean age was 68+12yrs, the majority of patients were affected by type
2 diabetes (>90%) with a mean diabetes duration of approximately 20yrs. After 6 months of follow-
up, 68 (21.9%) patients were readmitted. The main reason of hospital readmission were the presence
of critical limb ischaemia (CLI) in the contralateral limb (6.1%), the recurrence of CLI in the previous
treated limb (4.5%) and the onset of new infected DFU in the contralateral foot (4.5%). Readmitted
patients reported lower rate of healing (51.5vs89.2%,p<0.0001) and higher rate of major amputation
(10.3vs4.5%,p=0.04) in comparison to not readmitted patients. CLI and dialysis resulted independ-
ent predictors of hospital readmission. Hospital readmission is frequent issue among patients with
DEFUs, increasing the risk of non-healing and major amputation. CLI resulted the main cause of new
hospitalization.

Keywords: diabetes; diabetic foot; hospital admission; limb salvage

Introduction

Through the last few years, the prevalence of diabetes has been increasing; specifically, it’s pre-
sumed that 643 million will have a diagnosis for diabetes by 2030 and 783 million by 2045 [1]. Among
those, 19-34% can develop a diabetic foot ulcer (DFU) during their life [2]. DEFU is a severe compli-
cation of diabetes, leading to a high risk of lower limb amputation [3,4] and mortality [5]. The onset
of a DFU increases the risk of mortality by 50-68% at five years, higher than some cancers [6].

Diabetic foot is a chronic recurrent disease, and after the recovery of an active wound, a close
follow-up is mandatory to avoid the recurrence of a new ulceration. Although many improvements
have been achieved in this field, currently, one of the major issues of DFU’ patients remain the high

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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risk of middle-long term recurrence after wound healing [2]. It has been reported a rate of DFU’ re-
currence of 40% and 65% at 1 and 3 years respectively [2].

In several situations, especially in the case of peripheral arterial disease (PAD) or infected DFU,
the majority of patients requires hospitalization. The length of the hospital stay has not changed over
time [7,8] suggesting that multiple admissions and readmissions could be a contributing factor for
the increasing burden of DFU care. These kind of patients with tissue loss are a very complex, often
requiring multiple wound-related interventions, including lower limb revascularization and/or foot
surgical procedures [9,10]. Nonetheless, there are few data about the epidemiology of hospital re-
admission in patients previously admitted for a DFU. Accordingly, the current study aims to evaluate
the rate of readmission in patients affected by DFU managed by a multidisciplinary foot team
(MDFT), causes and outcomes of patients requiring a new hospitalization.

Materials and Methods

Patient’ selection

The current study is a retrospective observational study. Consecutive patients who referred to
tertiary level diabetic foot clinic (DiFo Clinic) from January 2019 to September 2022 due to a new
diabetic foot problem requiring hospitalization were included in the study. The included patients
were hospitalized in the clinical ward of the Unit of Endocrinology and Diabetology at University
Hospital “Fondazione Policlinico “Tor Vergata”, serving Rome, Italy.

Patients who presented at the assessment an extensive foot tissue loss not suitable for limb sal-
vage were excluded such as patients who died during the first hospitalization and those who lost to
follow-up.

All patients have been managed by a MDFT through a standardized limb salvage protocol based
on the International Working Group on the Diabetic Foot (IWGDF) guidelines including lower limb
revascularization in the case of ischaemic/neuro-ischaemic DFU, antibiotic therapy (and surgery if
required) in the case of infection, offloading of affected foot, foot surgery according to each specific
clinical case including i.e. necrosectomy, minor amputation, bone removal, negative pressure ther-
apy, dermal substitute application, etc [11]. In addition, metabolic dysfunction, diabetic complica-
tions and concomitant co-morbidities were closely managed, and principles of education such as spe-
cific recommendations on wound care, foot hygiene, footwear were shared with patients, relatives
and caregivers.

Once patients were discharged, they were regularly followed as outpatients in our DiFo Clinic.
After 6 months of follow-up, the rate of hospital readmission for a diabetic foot problem was rec-
orded. The following causes of hospital readmission were taken into consideration: infection of sur-
gical site, recurrence of infected wound in the same foot, new infected ulceration in the contralateral
foot, clinical recurrence of critical limb ischaemia (CLI) in previous treated limb, and CLI (associated
to a new ischaemic/neuro-ischaemic DFU) requiring revascularization in the contralateral limb. Clin-
ical recurrence of CLI was considered in the case of non-healing (absence of granulation tissue, ab-
sence of epithelialization signs, and reduction of ulcer size less than 50% after at least 4 weeks of
standard of care) and/or recurrence of limb/foot pain in association with transcutaneous oxygen pres-
sure (TcPO2) <30mmHg and positive duplex scanning requiring a new lower limb revascularization.

According to the readmission or not, patients were divided in two-groups, readmitted and not
readmitted patients respectively. Hence, all patients were followed for six months more and out-
comes for the two groups were analyzed and compared.

All patients provided their verbal consent for data recording and being considered for the study.

Clinical assessment

At the first admission, baseline clinical, wound and vascular characteristics were recorded.
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Clinical features

Hypertension was considered in the case current antihypertensive therapy; hypercholesterole-
mia was considered in the case of statin therapy or in the case of impaired low-density-lipoproteins
(LDL) (>70 mg/dl) at the assessment requiring statin therapy [12]. Presence of ischaemic heart disease
(IHD) was defined in the case of previous acute coronary syndrome or coronary revascularization,
evidence of angina, significant changes on electrocardiography (above or under-leveling ST, q wave,
inversion of T wave, new left bundle branch block). Heart failure (HF) was considered in the case of
typical symptoms and echocardiographic signs of HF: reduced left ventricular ejection fraction
(LVEF) (<40%) or normal or only mildly reduced LVEF and elevated levels of brain natriuretic pep-
tides (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 dys-
function[13]. Patients were considered smokers only in case of smoke habit at the time of assessment.
Cerebrovascular disease was considered in the case of previous cerebral ischaemia, previous carotid
artery revascularization, new diagnosis of atherosclerotic plaque occluding carotid artery more than
70% suitable for revascularization. The rate of patients on end-stage-renal-disease (ESRD) requiring
dialysis was reported.

Wound assessment

Wounds features were recorded at the first assessment according to IWGDF definitions [14]. Di-
agnosis of infection has been done according to clinical signs (redness, warmth, swelling, induration,
tenderness, pain, purulent secretion) [15]. Osteomyelitis was considered in the case of deep ulcer in-
volving the bone, confirmed by radiological evaluation (or magnetic resonance) and positive micro-
biological analysis [15].

Vascular assessment

Neuro-ischaemic/ischaemic DFU included in the current study were considered in the case of
either no palpable distal pedal pulses, ankle-brachial index (ABI) < 0.5 and/or transcutaneous oxygen
pressure (TcPO2) < 30 mmHg requiring lower limb revascularization [16]. The bed tests used for the
vascular assessment were performed only by expert professionals working in this specific clinical
setting (interventional radiologists/vascular surgeons) to avoid any risk of inter-observer variability.

Morphological evaluation of vascular tree to detect arterial stenosis/occlusions was performed
in all patients by ultra-sound duplex. Computed tomography or MRI were performed only in the
case of some doubt concerning vascular plaques and type of vascular intervention. The main aim of
revascularization procedures was to open all occluded arteries or, if technically not possible, the re-
vascularization of targeted artery (wound related artery). Patients were treated by dual antiplatelet
therapy (acetylsalicylic acid 100 mg and clopidogrel 75 mg once a day) before the procedure and for
at least one month after [17]. In the case of intolerance to aspirin or clopidogrel, ticlopidine was ad-
ministered.

In the case of clinical recurrence of CLI patients were considered for another revascularization
procedure.

Outcome measures

The outcome measures were to evaluate the rate of healing, healing time, major amputation, and
survival for readmitted and not readmitted patients at 1 year of follow-up. Definitive ulcer healing
was taken to be complete epithelialization of the target wound and maintenance of the closed healed
epithelized surface for minimum of 2 weeks. Healing was defined as complete wound healing with-
out major amputation, including both patients who required a minor amputation for achieving
wound healing and those who recovered without a minor amputation. Healing time was reported in
weeks. Major amputation was considered any amputation above the ankle.
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Statistical analysis

Statistical analysis was performed by SAS (JMP12; SAS Institute, Cary, NC). Continuous varia-
bles were expressed as the mean + SEM. Comparisons between groups’ characteristics were made
with a X? test (frequency data) or ANOVA (continuous data). Univariate logistic regression analysis
was performed for all potential predictors of our outcomes of interest (healing, major amputation,
survival), and represented as univariate hazard ratios (HRs) along with the respective 95% CI. Fol-
lowing this, all potential predictors were entered simultaneously to form a multivariate logistic re-
gression analysis. Hazard ratios and corresponding 95% confidence intervals were obtained from
stratified Cox proportional-hazards models. P<0.05 was considered statistically significant. The vari-
ables considered in the univariate analysis (and multivariate analysis) to evaluate the predictors of
in-hospital readmission included all the following factors: age, sex, diabetes duration, hypertension,
dyslipidemia, smoke, IHD, heart failure, ESRD on dialysis, infection, osteomyelitis, size, CLL, ulcer
location (heel vs forefoot and midfoot).

According to local policy and being a retrospective study, no ethical approval was required for
the study. The study was performed in the respect of Declaration of Helsinki.

Results

Overall, 310 patients were included, while 27 were excluded due to primary amputation (n=14),
death during the 15t hospitalization (n=8) and lost to follow-up (n=5). Figure 1

Excluded pts:
ST _ - Primary amputation (n=14)
Tot patients included (n=310) - Deceased at 1° hospitalization (n=8)
/ - lost to follow-up (n=5)
' \
6-months Readmitted patients 6-months no readmitted

(n=68) patients (n=242)
v

1-year outcomes 1-year outcomes

Figure 1. Flow-chart on patients’recruitment.

The mean age was 68+12 years, with a prevalence of male (72.6%%); the majority of patients
were affected by type 2 diabetes (>90%) with a mean diabetes duration of approximately 20 years.

Table 1.
; Whole population Readmitted patients Not readmitted patients
Variables (nll 311)0) (n=6 81)) (n=244) P P value
Age (years) 68+12 68.7+11.8 68.3+12.1 0.8
Male (n) (%) 225 (72.6) 52 (75) 173 (70.9) 0.07
Diabetes type 2 (n) (%) 284 (91.9) 64 (94.1) 220 (91.3) 04
Diabetes duration (years) 20.3+£10.2 21.6+10 20+10.2 0.2

HbA1c (mmol/mol) (%) 6319 (7.943) 6318 (7.942.7) 63+ 10 (7.943.1) 0.9
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Hypertension (n) (%) 294 (94.8) 66 (97) 228 (93.4) 0.3
Dyslipidemia (n) (%) 244 (78.7) 57 (83.8) 187 (76.6) 0.2
IHD (n) (%) 153 (49.3) 39 (57.3) 114 (46.7) 0.1
ESRD on dialysis (n) (%) 29 (9.3) 12 (17.6) 17 (6.9) 0.01
Heart failure (n) (%) 62 (20) 19 (27.9) 33 (19.2) 0.4
Ischaemic ulcer (n) (%) 193 (62.2) 55 (80.9) 138 (56.5) 0.0002
Infected ulcer (n) (%) 261(84.2) 61 (89.7) 200 (81.9) 0.1
Size (>5 cm?) (n) (%) 212 (68.4) 49 (72) 163 (66.8) 0.6
Osteomyelitis (n) (%) 231 (74.5) 58 (85.3) 173 (70.9) 0.02

Table 1. Baseline characteristic of the whole population, readmitted patients and not readmitted pa-
tients. IHD: ischaemic heart disease. ESRD: end-stage-renal-disease.

In the majority of cases, DFUs at the assessment were ischaemic and infected, with a high inci-
dence of osteomyelitis. Readmitted patients reported higher rate of ESRD requiring dialysis, ischemic
DFU and osteomyelitis in comparison to not readmitted patients. Table 1

After 6 months of follow-up, 68 (21.9%) patients had hospital readmission. Figure 1

The main reason of hospital readmission resulted the presence of CLI in the contralateral limb,
followed by the recurrence of CLI in the previous treated limb and the onset of new infected DFU in
the contralateral foot. Table 2.

Reason of in-hospital readmission Value (n) (%)

Contralateral CLI 19/310 (6.1%)
Contralateral infected DFU 14/310 (4.5%)
CLI recurrence 14/310 (4.5%)
Infection of surgical site 12/310 (3.9%)
Ipsilateral infected DFU 9/310 (2.9%)

Table 2. Reasons of in-hospital readmission. CLI: critical limb ischaemia; DFU: diabetic foot ulcer.

Readmitted patients showed significantly lower rate of healing and higher rate of major ampu-
tation in comparison to not readmitted group, and lower rate of survival and longer healing time
even if the differences were not statistically significant. Table 3

Whole population  Readmitted patients = Not readmitted patients

Outcomes of interest (n=310) (n=68) (n=242) P value
Healing (n) (%) 262 (84.5) 35 (51.5) 216 (89.2) <0.0001
Healing time (weeks) 9.7+7 11.148.7 9.416.6 0.1
Major amputation 18 (5.8) 7 (10.3) 11 (4.5) 0.04
Survival 301 (97) 63 (94) 237 (97.9) 0.3
Table 3. Outcomes of whole population, readmitted patients and not readmitted patients.
At the multivariate analysis of independent predictors found at univariate analysis, CLI and
ESRD resulted independent factors of 6-months hospital readmission. Table 4
. In-hospital readmission
Variables OR 959% CI p value
ESRD 0.0001 3.5 1.1-9.7
Heart failure 0.8 0.8 0.6-1.6
Infection 0.9 0.7 0.4-1.3
Osteomyelitis 0.6 1.2 0.4-1.8

CLI (both ipsilateral and contralateral) <0.0001 12.5 2.2-18.5
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Table 4. Multivariate analysis on outcome of interest of independent factors found at univariate anal-
ysis. ESRD: end-stage-renal-disease. CLI: critical limb ischaemia.

Discussion

The current study showed as hospital readmission at 6 months of follow-up is not rare involving
nearly 22% of patients with DFU, and the presence of CLI (in both legs) resulted the main cause of
new hospitalization, globally 10.6% of cases. In addition, CLI and ESRD requiring dialysis appeared
to be independent predictors of readmission. A similar study of Remington et al investigated the rate
and causes of 30-day return to readmission among a large population including 25911 discharged
patients, reporting 30% of readmissions in those who received a toe amputation and 21% among
those who had midfoot amputation during the stay. [18]

Patients with a toe or midfoot amputation procedures were less likely to be readmitted within
30 days, and the presence of concomitant co-morbidities was an independent predictor of readmis-
sion.

Holscher et al found 17% of unplanned 30-day readmission rate in a cohort of DFU patients
managed by a multidisciplinary setting. [19] Data are not so far to those reported in our study even
if the follow-up was shorter in comparison to our population (30 days vs 6 months) and the authors
considered all causes of hospital readmission while we analyzed only factors related to the foot prob-
lems. Nonetheless, among readmitted patients, nearly 65% of them required a new hospitalization
due to a diabetic foot problem. Only current smoking and hypertension were independent predictors
of readmission, while these variables were not significant in our cohort of patients. [19]

In a larger evaluation of hospital readmission for persons with diabetes regardless the presence
or not of diabetic foot disease, Wang et al reported a readmission rate of 32.4% during 5 years of
follow-up and 10% of patients were readmitted for the presence of foot disorders such as limb ischae-
mia and foot infection. [20]

In our current study, readmitted patients reported worse outcomes at 1 year of follow-up in
comparison to not readmitted group, with lower change of healing (51.5 vs 89.2%, p<0.0001) and
higher rate of major amputation (10.3 vs 4.5%, p=0.04). They showed also longer healing time (11.1
vs 9.4 weeks, p=0.1) and lower rate of survival (94 vs 97.9%, p=0.3) even if without significant statis-
tically difference.

The data we had from the current study open a focused reflections on some specific points.

The rate of readmission is not so high in comparison to similar study reported in literature [2]
and it may be related to a very close multidisciplinary follow-up after discharge and also after achiev-
ing wound healing. Nonetheless, counting that nearly 22% of patients require a new hospitalization
within 6 months after the previous hospitalization, the data should be carefully taken into consider-
ation. DFUs should be considered a serious pitfall during the healing reparative pathway and also
after wound healing.

Particularly, the impact of PAD in hospital readmission needs a special attention. Overall, CLI
recurrence resulted a reason of readmission in 14/310 (4.5%) of cases in the whole population with a
prevalence among ischaemic patients in 14/193 (7.2%) of cases. On the one side, data are very encour-
aging because the rate of clinical CLI recurrence resulted significantly lower than that reported in a
previous similar study of our research group in which it was approximately 25% at 1-year of follow-
up. [21] The low rate of clinical CLI recurrence may be related to the new wound healing strategy
and reduced healing time due to improvement of surgical strategies [22], new options for neuro-
ischaemic complex wounds [23,24] and early referral to specialized DiFo Clinic in our specific region
[25]. In addition, many improvements have been also achieved in revascularizations approach and
medical therapy for improving lower limb perfusion also for no-option CLI patients [26-29]. At the
same time, new drugs have been promoted to maintain a long-term patency in patients endovascular
approach [30-31] that can help ischaemic DFUs requiring long healing time such as very large post-
surgical wounds.
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The high rate of new ischaemic/neuro-ischaemic DFU associated to CLI requiring revasculariza-
tion in the contralateral limb requires also a great attention. In the current study we reported a risk
of readmission for a contralateral CLI in 19/310 (6.1%) patients among the whole population and
specifically in 19/193 (9.8%) patients considering only ischaemics. This means that primary and sec-
ondary prevention should be reinforced in both feet to reduce any risk of new ulceration also in the
healthy foot. As reported in previous studies and recommended by guidance, the risk of new ulcer-
ation or re-ulceration may be drastically reduced by the integrated foot care involving different
healthcare professionals, patient’ education and therapeutic footwear.[32]

It has been reported a low rate of infection of surgical site in the foot treated during the first
hospitalization, showing as an adequate curative surgery in skilled diabetic foot surgeons is useful
for achieving wound healing and safe in terms of local complications.

Among concomitant co-morbidities, ESRD resulted an independent predictor of readmission,
confirming as renal failure is a heavy risk factor for clinical CLI recurrence [19], non-healing and
major amputation as reported in previous studies. [33-35]

These data invite to improve the management strategies in patients on dialysis to promote the
healing process before having the recurrence of peripheral ischaemia. In addition, early referral to
specialized DiFo Clinic is mandatory to avoid the impairment of ulcer’ characteristics such as depth,
size, infection that may lead to worse outcomes.

The study has some limitations. It is a retrospective single centre study. Patients were managed
by a MDFT in a tertiary level DiFO Clinic by a local protocol in the respect of standard of care. The
rate of readmission has been evaluated after 6 months of follow-up and data can be different in a
longer follow-up. The other reasons of hospital readmission not including foot problems were not
considered.

Conclusions

To our best knowledge the current study is the first one to analyze the rate and the outcomes of
hospital readmission in a long-term follow-up of patients with DFU. These data may help clinicians
in the current and future operative strategies to better manage the main causes of readmission and
improve outcomes. Particularly, fast wound healing should be achieved in patients with CLI treated
by revascularization and a careful attention should be addressed to reduce the risk of new ulceration
in the healthy foot in patients with PAD. Among these subjects, those with ESRD should be closely
managed having the highest risk of hospital readmission
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