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Abstract

A majority of lower extremities neuro-ischaemic wounds (NIU) are related to:
(a) only diabetes (DM); (b) only peripheral artery disease (PAD); (c) co-existing
diabetes and peripheral artery disease (DM-PAD). This study aims to charac-
terise the major clinical outcomes of forementioned three groups of lower
extremity wound patients in Singapore. Patients hospitalised for lower extrem-
ity NIU between January 2014 and October 2017 in a tertiary hospital in
Singapore were analysed. Patients’ major limb amputation and mortality were
assessed using Cox regression models. Cumulative survival and amputation-
free survival among the three classified groups were calculated using Kaplan-
Meier analysis. Compared with patients with only DM, those in the PAD group
and the DM-PAD group had higher risk of major limb amputation (adjusted
hazard ratio: 2.47, 95% CI: 1.65-3.70; adjusted hazard ratio: 2.01, 95% CI:
1.53-2.65 respectively) and mortality (adjusted hazard ratio: 2.36, 95% CI:
1.57-3.55; adjusted hazard ratio: 2.46, 95% CI: 1.86-3.26 respectively). The
3-year survival and amputation-free survival were lowest in the DM-PAD
group (52.1% and 41.5% respectively), followed by the PAD group (53.3% and
44.6% respectively) and the DM group (74.2% and 68.5% respectively). Lower
extremity NIU patients with PAD or DM-PAD were found to have poorer clini-
cal prognosis than those with DM only.
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Key Messages

major amputation and mortality of 1223 patients with neuro-ischaemic
lower extremity wounds were categorised into those with: (a) only diabetes
(DM); (b) only peripheral artery disease (PAD); (c) co-existing diabetes and
peripheral artery disease (DM-PAD)

compared with patients with only DM, those in the PAD group and the
DM-PAD group were associated with higher likelihood of major limb ampu-
tation and mortality

compared with patients with only DM, those in the PAD group and the
DM-PAD group (with ischaemic component) had higher percentage of
minor amputation, longer hospital stay and higher inpatient and outpatient
bill size

for all NIUs presented to a clinical service, it is important to determine the
presence of any ischaemia component promptly. Those with ischaemia will
require more intense management and they also bear poorer prognosis
institutional electronic administrative database provides an effective plat-
form for health care professionals to review the clinical outcomes, health

1 | INTRODUCTION

Chronic wounds of the lower extremities represent a sig-
nificant humanistic burden at an individual level, mark-
edly associated with bodily pain, reduced mobility, poor
psychosocial well-being and low quality of life."* In addi-
tion, chronic wounds imposed a substantial economic
burden onto the health care system globally.”” A tertiary
institution in Singapore reported that those with diabetic
foot ulcer and ischaemic ulcers incurred a substantial
amount of health care cost, with direct gross cost per
annum amounting to SGD 1.68 million and SGD 0.43
million, respectively.’

Patients presented with neuro-ischaemic lower limb
wounds (NIU) are closely related to diabetes (DM) and/
or peripheral artery disease (PAD). They represent a het-
erogeneous group of patients with ulcers predominantly
due to neuropathy, or ischaemia, or a mix of these two
contributing components.*®*® Both DM and PAD are
prevalent in Singapore.”'' Patients present with both
conditions (DM-PAD) are also common as these two dis-
eases are correlated.'>'? Majority of the studies reporting
clinical outcomes (lower extremity amputation and mor-
tality) of NIU patients did not look into the subgroups
(DM only, PAD only and those with DM-PAD)."*"” Some
studies comparing patients with DM only to those with
DM-PAD provided conflicting conclusions.”'*'*%* To
date, the characterisation of the clinical outcomes among
the aforementioned three groups of patients is lacking
in Asia.

Information about the clinical outcomes and health
care resources required by these three categories of NIU

care costs and resources requirements for different categories of patients

patients is crucial for predicting their prognosis and
designing future health care strategies. The primary aims
of this study are: (a) to review the major clinical out-
comes of lower extremity NIU individuals having DM
only, PAD only and those with both DM and PAD in
Singapore, a multi-ethnic Asian city state; (b) to identify
factors associated with worse clinical outcomes. This
study will also report the health care resources and cost
associated with these three categories of NIU patients.

2 | METHODS

2.1 | Date extraction

This study is a retrospective electronic record review of
patients with chronic lower extremity wounds from a
tertiary level university hospital that has 1200 hospital
beds, with a catchment area of more than 1 million
Singaporeans in the western part of Singapore.”* All
patients’ retrievable electronic data from 1 January 2013
to 31 October 2017 were extracted by the Academic
Informatic Office of the hospital. New NIU cases were
identified based on the diagnosis code of patients' first
wound-related hospitalization. To exclude patients with
existing wounds, a 1-year free from wound-related hospi-
talization period was used. Thus, new cases were identi-
fied from 1 January 2014 onwards.

Three groups of patients with NIU who are 21-year-
old or above were retrieved and identified based on their
admission International Classification of Diseases Tenth
Revision (ICD-10) diagnosis codes (Appendix A and B) in
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the electronic records. These are patients with diabetes
only (DM), patients with peripheral arterial disease only
(PAD) and patients with both diabetes and peripheral
arterial disease (DM-PAD). The matrix of grouping the
identified patients based on their ICD-10 codes is listed
in Appendix B. The study has been approved by the
National Health Group Domain Specific Review Board
(DSRB 2019/00917).

2.2 | Study data

The data of individual's demographics,

co-morbidities, dressing services utilised, surgical proce-
dures, limb salvage outcome, length of stay in the hospi-
tal, outpatient visits, hospital bill and mortality
information were retrieved from the electronic record
system based on ICD-10 diagnosis codes, surgical codes
and service codes. Inpatient bedside dressing includes
minor debridement and dressing done by podiatrists and
nurses. Revascularization included lower limb arterial
angioplasty, stenting, surgical bypass and endarterec-
tomy. Minor amputations included single or multiple toe
disarticulations, ray amputations and transmetatarsal
amputations. Major amputations include below-knee
amputation, through-knee amputations and above-knee
amputations. The hospital length of stay (LOS) per
admission was defined as the individual patient's average
number of wound-related inpatient stay per admission
during the study period. We considered hospital bill per
admission as the individual patient's average amount
billed to the patient per admission before government
subsidy in Singapore dollars (1 Singapore Dollar=0.76
USD) during the study period. The total outpatient cost
was defined as the total amount of bill incurred from
patients’ visit to the vascular clinic, diabetic clinic and
orthopaedic clinic as well as outpatient podiatry visits.

2.3 | Statistical analysis

All data were analysed using R software, version 3.1.2.
Patients’ demographics, co-morbidities and inpatient
resource consumptions were summarised and compared by
the three patient groups stated. The Kolmogorov-Smirnov
test was used to examine normality. Age was reported as
mean and standard deviation and compared by ANOVA
test. Other continuous variables were reported as median
accompanied by interquartile range and compared by
Kruskal-Wallis test. Categorical variables were reported as
numbers and proportions. They were compared using the
Chi-square test. All tests were two-tailed, and P values
< .05 were considered to indicate statistical significance.

In the variable selection for multivariable regression
models, we considered three sets of clinically plausible
covariates in the comparison of the clinical outcomes among
the three patient groups: basic characteristics, co-morbidities
and surgical procedures. Basic characteristics included age,
gender, race and smoking history; co-morbidities included
ischaemic heart disease (IHD), congestive heart failure
(CHF), hypertension, hyperlipidaemia, chronic kidney dis-
ease (CKD)/end stage renal failure (ESRF) requiring dialysis,
cerebral vascular disease, infection requiring intravenous
antibiotic; procedures included wound debridement, minor
amputation and major amputation (only for mortality) and
revascularization. Multicollinearity was checked by variance
inflation factor (VIF), with VIF <2 for every variable. Akaike
information criterion (AIC) was used as the selection criteria
with a combination of both forward selection and backward
elimination stepwise approach.

Multivariable Cox regression models were used to
assess the association between risk factors and the two
major clinical outcomes (mortality and major limb ampu-
tation). Proportional hazard assumption was checked
using Schoenfeld residuals plots. Kaplan-Meier was used
to display adjusted cumulative survival and major
amputation-free survival. Log-rank statistics were used to
compare the subset of patients.

3 | RESULTS
3.1 | Baseline characteristics, co-
morbidities and resource consumption

Based on the relevant ICD10 diagnosis codes, 1722
patients (640, 134 and 948 from DM, PAD and DM-PAD
group respectively) were identified, and their corres-
ponding data were extracted from 1 January 2013 to
31 October 2017. After removing those patients who had
wound-related admission in 2013, 1223 patients were
enrolled in the study: DM (n = 469), PAD (n = 99) and
DM-PAD (n = 655).

The baseline characteristics and co-morbidities of
enrolled patients are presented in Table 1. Patients in
DM group were younger, followed by DM-PAD group
and PAD group (P <.001). The PAD group had the
highest proportion of Chinese patients, whereas the
frequency of Malay patients was highest among DM
group (P < .001). Compared with the other two groups,
DM-PAD patients had a higher percentage of cardiovas-
cular co-morbidities, including IHD, CHF, hypertension,
hyperlipidaemia, CKD/ESRF and cerebral vascular dis-
ease (P < .001). More patients with concomitant DM-
PAD required insulin for DM control, compared with
DM group (P < .01).
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TABLE 1 Patients' baseline characteristics and inpatient resource consumption of patients with DM, PAD and DM-PAD
DM PAD DM-PAD P
Patients, n (% of all) 469 (38.3) 99 (8.1%) 655 (53.6%)
Baseline characteristics
Age (years), mean (SD) 66.3 (13.3) 76.1 (17.0) 71.0 (12.2) <.001%**
Men, n (%) 284 (60.6) 56 (56.6) 374 (57.1) 48
Race, n (%)
Chinese 192 (40.9) 64 (64.6) 340 (51.9) <001
Malay 141 (30.1) 15 (15.2) 127 (19.4)
Indian 72 (15.4) 10 (10.1) 113 (17.3)
Others 64 (13.6) 10 (10.1) 75 (11.5)
Smoking history, n (%) 127 (27.1) 36 (36.4) 189 (28.9) .08
Co-morbidities
Ischaemic heart disease, n (%) 87 (18.6) 29 (29.3) 293 (44.7) <.001***
Congestive heart failure, n (%) 69 (14.7) 19 (19.2) 165 (25.2) <.001%**
Hypertension, n (%) 365 (77.8) 60 (60.6) 574 (87.6) <.001***
Hyperlipidaemia, n (%) 319 (68.0) 22 (22.2) 533 (81.4) <.001%**
Renal function, n (%)
Normal 224 (47.8) 52(52.5) 179 (27.3) <.001%**
Chronic kidney disease 180 (38.4) 21 (21.2) 261 (39.8)
End stage renal failure 65 (13.9) 26 (26.3) 215 (32.8)
Cerebral vascular disease, n (%) 24 (5.1) 11 (11.1) 84 (12.8) <.001%**
Infection requires intravenous antibiotic, n (%) 432(92.1) 86 (86.9) 613 (93.6) .06
DM controlled by insulin, n (%) 136 (29.0) —* 242 (36.9) <.01**
Procedures and resource consumption
Number of bedside wound dressing, median (IQR) 2.0 (3.0) 3.0 (4.0) 5.0 (9.0) <.001%**
Wound debridement, n (%) 105 (22.4) 9(9.1) 127 (19.4) <.001%**
Minor amputation, n (%) 88 (18.8) 14 (14.1) 214 (32.7) <.001%**
Revascularization, n (%) — 42 (42.4) 381 (58.2) <.01%*
Number of hospital admissions, median (IQR) 1.0 (0.0) 1.0 (0.0) 2.0 (2.0) <.001***
Length of inpatient stay per admission (days), 6.0 (10.0) 13.0 (19.9) 13.2(19.9) <.001%**
median (IQR)
Inpatient bill per visit (Singapore Dollar), 4853.9 (9948.0) 14060.1 (20276.7) 13497.0 (20457.5) <.001***
median (IQR)
Outpatient bill (Singapore Dollar), median (IQR) 1672.9 (4936.5) 2474.3 (5466.9) 4933.5(9411.3) <.001%**

Abbreviations: DM, diabetes; IQR, interquartile range; PAD, peripheral artery disease; SD, standard deviation.
#No insulin therapy is required in PAD group; No revascularization is required in DM group.

**P<.01; **P<.001.

In terms of surgical and interventional procedures,
the rate of wound debridement was lowest in the PAD
group compared with the other two groups (P < .001).
Minor amputation was most frequently done in patients
with DM-PAD, followed by DM group and PAD group
(P <.001). Higher percentage of patients in DM-PAD
group received revascularization procedure than PAD
group (P < .01), while DM only group did not require

any revascularization procedure. The number of bedside
wound dressing received by the DM-PAD group is more
than twice of that received by the DM only group and the
PAD only group (P < .001).

The number of hospital admissions experienced by
the DM-PAD group was twice the number of the other
two groups (P < .001). NIU patients with ischaemic com-
ponent (PAD and DM-PAD groups) had a more than
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2-fold increase in the average LOS and inpatient bill per
admission, compared with the DM group (P < .001). Sim-
ilarly, patients in the DM-PAD group had the highest
outpatient bill, followed by the PAD group and the DM
group (P < .001).

3.2 | Major limb amputation

Table 2 lists the results of the univariable and multivari-
able Cox regression analysis of predictors of major limb
amputation. In univariable analysis, patients in the PAD
group and the DM-PAD group had a hazard ratio of 2.88
(95% CI: 1.97-4.21; P < .001) and 2.20 (95% CIL: 1.73-2.81;
P < .001) for major limb amputation respectively, com-
pared with patients in the DM group. After adjustment of
covariates selected by the stepwise regression, the major
amputation risk among the PAD group (adjusted HR:
2.47,95% CI: 1.65-3.70; P < .001) and the DM-PAD group
(adjusted HR: 2.01, 95% CI: 1.53-2.65; P < .001) remained
significantly higher relative to the DM group.

Furthermore, the risk for major amputation was ele-
vated for those aged above 70 years (adjusted HR:1.44,
95% CI: 1.15-1.81; P < .01), history of IHD (adjusted
HR:1.48, 95% CI: 1.18-1.84; P < .001), presence of CKD
(adjusted HR:1.37, 95% CI: 1.04-1.82; P = .03) or ESRF
(adjusted HR:1.96, 95% CI: 1.45-2.65; P < .001).

Wound debridement and revascularization were inde-
pendently associated with lesser risk of major amputation,
with an adjusted hazard ratio of 0.66 (95% CI: 0.47-0.94;
P =.02) and 0.70 (95% CI: 0.54-0.89; P < .01), respectively.
Though less precisely estimated, minor amputation was

TABLE 2

Univariable analysis

also potentially a protective factor for major limb event
(adjusted HR: 0.77, 95% CI: 0.58-1.01; P = .06).

3.3 | All-cause mortality

Table 3 lists the results of the univariable and multivari-
able Cox regression analysis of predictors of all-cause
mortality. In the crude analysis, the hazard ratio for the
all-cause mortality were 2.83 (95% CI: 1.94-4.14; P < .001)
in the PAD group and 2.27 (95% CI: 1.78-2.88; P < .001)
in the DM-PAD group, compared with those in the DM
group. After adjustment of the selected covariates, the
PAD and DM-PAD groups still showed increased risk of
mortality by an adjusted hazard ratio of 2.36 (95% CI:
1.57-3.55; P < .001) and 2.46 (95% CI: 1.86-3.26; P < .001),
respectively, compared with the DM group.

Also, the risk of mortality was relevantly associated
with age above 70 years old (adjusted HR:2.01, 95% CI:
1.60-2.53; P < .001), IHD (adjusted HR: 1.38, 95% CI:
1.10-1.74; P <.01), CHF (adjusted HR: 1.54, 95%
CIL: 1.22-1.95; P < .001), CKD (adjusted HR: 1.64, 95%
CI: 1.23-2.18; P <.001) and ESRF (adjusted HR: 2.12,
95% CI: 1.56-2.88; P < .001). Interestingly, the presence
of dyslipidaemia associated with decreased risk of mor-
tality (adjusted HR: 0.77, 95% CI: 0.60-1.00; P = .05).

In terms of surgical interventions, wound debride-
ment (adjusted HR: 0.54, 95% CI: 0.38-0.76; P < .001),
minor amputation (adjusted HR: 0.59, 95% CI: 0.45-0.79;
P <.001) were associated with lower risk of mortality.
Despite being insignificant in univariable analysis,
revascularisation was significantly associated with lower

Multivariable cox regression analysis of predictors of major limb amputation

Crude HR (95% CI)
Wound group (reference: DM) —
2.88 (1.97-4.21)
2.20 (1.73-2.81)
1.76 (1.42-2.19)
2.08 (1.70-2.55)

PAD group

DM-PAD group
Age (above 70 years old)
Ischaemic heart disease
Renal function (reference: normal) —
1.89 (1.45-2.47)
2.54 (1.92-3.36)
0.51 (0.37-0.72)
0.67 (0.51-0.87)
1.09 (0.88-1.35)

Chronic kidney disease

End stage renal failure
Wound debridement
Minor amputation

Revascularization

Multivariable analysis

P value Adjusted HR (95% CI) P value
<.001%*** 2.47 (1.65-3.70) <.001***
<.001*** 2.01 (1.53-2.65) <.001#¥*
<.001%** 1.44 (1.15-1.81) <.01**
<.001*** 1.48 (1.18-1.84) <.001***
<.0071*** 1.37 (1.04-1.82) .03*
<.001%%* 1.96 (1.45-2.65) <.001%**
<.0071%** 0.66 (0.47-0.94) .02%*
<.01** 0.77 (0.58-1.01) .06

43 0.70 (0.54-0.89) <.01%*

Note: All variables that were included in the multivariable regressions are displayed in the table.
Abbreviations: CI, confidence interval; DM, diabetes; HR, hazard ratio; PAD, peripheral artery disease.

*P <.05; **P < .01; ***P < .001.
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TABLE 3

Wound group (reference: DM)

PAD group
DM-PAD group

Age (above 70 years old)

Race (reference: Chinese)

Malay

Indian

Others

Ischaemic heart disease

Congestive heart failure

Renal function (reference: normal)

Chronic kidney disease

End stage renal failure

Dyslipidaemia

Wound debridement

Minor amputation

Revascularization

Cox regression analysis of predictors of mortality

Univariable analysis

P WiLEy-L ==

Crude HR (95% CI)

2.83 (1.94-4.14)
2.27 (1.78-2.88)
2.55 (2.05-3.17)
0.72 (0.56-0.94)
0.64 (0.47-0.87)
0.54 (0.38-0.77)
2.18 (1.78-2.67)
2.16 (1.74-2.69)
2.25 (1.73-2.93)
2.55 (1.93-3.36)
1.04 (0.82-1.30)
0.37 (0.27-0.52)
0.52 (0.40-0.68)
0.95 (0.76-1.17)

Multivariable analysis

P value Adjusted HR (95% CI) P value
<.0071%** 2.36 (1.57-3.55) <.001%#*
<.001%** 2.46 (1.86-3.26) <.001#**
<.001%*** 2.01 (1.60-2.53) <.0071%#*

.01 0.98 (0.75-1.28) .90
<.01*%* 0.71 (0.52-0.98) .04*
<.001*** 0.71 (0.49-1.02) .07
<.001*** 1.38 (1.10-1.74) <.01*
<.001%** 1.54 (1.22-1.95) <.001*#*
<.0071%** 1.64 (1.23-2.18) <.001*#*
<.001*** 2.12 (1.56-2.88) <.001***

77 0.77 (0.60-1.00) .05*
<.001*** 0.54 (0.38-0.76) <.001***
<.001%*** 0.59 (0.45-0.79) <.0071%#*

.61 0.57 (0.44-0.73) <.001***

Note: All variables that were included in the multivariable regressions are displayed in the table.
Abbreviations: CI, confidence interval; DM, diabetes; HR, hazard ratio; PAD, peripheral artery disease.
*P <.05; **P < .01; ***P < .001.

(A)  Survival
1.00 9 =
0.754
©
2
2
>
(2]
2 0501
kS
3
IS
3
O Patient group
0.254
— DM
= PAD
== DM-PAD
0.00 1
0 6 12 24 30 36
Time from first wound-related admission (Months)
FIGURE 1

(B)  Amputation-free survival

Amputation-free survival

1.00 4
0.75
0.50

Patient group
0.25 4

— PAD

= DM-PAD
0.00 A

0 6 12 18 24 30 36

Time from first wound-related admission (Months)

Adjusted Kaplan-Meier survival curves for survival (A) and amputation-free survival (B) in diabetes only (DM) group,

peripheral arterial disease (PAD) group and DM-PAD group. Log-rank statistics were used to compare a subset of patients
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risk of mortality in the multivariable analysis (adjusted
HR: 0.57, 95% CI: 0.44-0.73; P < .001).

3.4 | Survival analysis

The adjusted cumulative survival and amputation-free
survival of the three groups over the study period are
displayed by the Kaplan-Meier plot in Figure 1. The
12-, 24- and 36-month cumulative survival was 86.7%,
79.5% and 74.2% in DM group, 72.4%, 60.8% and 53.3%
for PAD group, and 71.5%, 59.7% and 52.1% for DM-
PAD group.

The amputation-free survival at 12-,24- and 36-month
was 80.8%, 74.1% and 68.5%, respectively, in DM group,
62.7%, 52.3% and 44.6% in PAD group, and 60.0%, 49.3%
and 41.5% in DM-PAD group (Figure 1B). Patients in
the PAD group and the DM-PAD group had worse out-
comes in cumulative survival (P < .001) and amputation-
free survival (P < .001), compared with patients with
DM only.

4 | DISCUSSION
NIUs include a wide spectrum of ulcers with varying
degree of neuropathy and ischaemia caused by DM
and PAD, respectively. Despite a large number of
studies reported limb loss and mortality rates in NIU
patients,”*'®2% majority of these studies included a heter-
ogenous group of patients. Only few studies compared NIU
patients with predominantly neuropathy (DM only), pre-
dominantly ischaemia (PAD only) and the combination of
two (DM-PAD).”"? It is important to find out the magni-
tude of the difference in clinical outcomes between these
three categories of NIU patients, so as to guide the urgency
of referral to specialists’ care as well as decision of treat-
ment strategy. The results of the EURODIALE study'”
suggested the presence of PAD has a detrimental impact
on wound healing. In the current study, the longer-
term clinical outcomes (limb loss, overall survival and
amputation-free survival) are similar between PAD group
and DM-PAD group, but significantly worse than DM
group. As such, assessment for presence of any lower limb
ischaemia should be the very first evaluation for all NIU
patients. Nevertheless, PAD is often under-diagnosed in
diabetic patients as the classic symptom of intermittent
claudication usually does not exist."> Meticulous clinical
examination and proper application of non-invasive lower
limb perfusion studies are essential.

We noticed the results of the current study are in con-
trary to the findings of a study that analysed the German
national health insurance data.” Maylar et al’ concluded

that patients with diabetic foot syndrome (DFS) had the
worst cumulative survival and amputation-free survival
rate compared with the PAD-DM group and the PAD
group. We suspect this discrepancy could be due to the
difference in the NIU aetiology classification method.
Over 90% of the patients in the diabetic foot syndrome
group had a Rutherford classification of stage 5 or
6, which indicates patients also had peripheral artery dis-
ease.” Whereas the corresponding group in our study
consisted of NIU relating to DM without ischaemic com-
ponent. With the distinctive classification of lower
extremity wound type in our study, the picture of the
clinical and economic burden of DM and/or PAD is
clearer.

The wound ischaemia foot infection (WIfI) score pro-
posed in the year 2014 considered three main aspects of
wounds: (a) wound extent, (b) degree of ischaemia and
(c) severity of foot infection to define the disease bur-
den.®* Subsequent studies confirmed the above-
mentioned three components are important prognostic
factors for major limb amputation in this heterogenous
patient population, whether diabetic or not.*>*® Wound
healing in NIU patients with DM only mainly deter-
mined by the wound extent and wound infection sever-
ity.”” Thus, the management for this group of patients
focuses on effective wound dressing, wound debride-
ment, glycaemic and infection control and proper
offloading. Data in the current study also indicated
higher percentage of patients required surgical wound
debridement in DM group. In the PAD group and the
DM-PAD group, all patients had a certain degree of lower
limb ischaemia on top of the wound extent and wound
infection. Therefore, these two groups of patients likely
had higher WIfI score and poorer outcome prognosis. For
NIU patients with ischaemia component, revasculariza-
tion becomes one of the main treatment strategies, while
wound management and infection control also require
high attention. In particular, patients in the DM-PAD
group tend to have more severe and diffuse arterial
obstruction relative to the PAD group.*” This may explain
the observation of higher percentage of patients in DM-
PAD groups required revascularization and minor amputa-
tion compared with PAD only group. Addressing the
multifaceted care needed by the DM-PAD NIU patients,
the International Working Group on the diabetic Foot
(IWGDF) recommended an integrated team composed of
vascular surgeons, endocrinologists, orthopaedic surgeons,
podiatrists and wound nurses to improve the prognosis of
this subgroup of patients.*

To the best of our knowledge, this is the first study in
an Asian population to evaluate the clinical outcome dif-
ference in NIU patients with different aetiologies. Apart
from indicating NIU patients with ischaemic component
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(PAD and DM-PAD groups) had higher risk of limb loss
and death, this study also illustrates a great magnitude of
difference in health care resources consumption and
health care cost required by patients with lower limb
ischaemia compared with those with DM only. The
median LOS and median inpatient bill per admission of
NIU patients with ischaemic component (PAD and
DM-PAD groups) were more than twice that of DM only
patients. The median number of hospital admissions of
DM-PAD group also significantly more than the other
two groups. The median outpatient bill of DM-PAD
groups was about two times that of PAD group and three
times that of DM group. This indicates the complexity of
disease, requirement of multi-modality treatments are
higher for NIU patients with lower limb ischaemia. This
category of patients demands a streamline of coordinated
multi-disciplinary care. In view of the poorer prognosis
and higher need of multi-modality treatment for NIU
patients with lower limb ischaemia, primary health clini-
cians should refer this category of patients to tertiary care
promptly once diagnosis is established. A more efficient
referral pathway between primary and tertiary care is
also needed.’’*> The health care economic data of the
current study also could form a benchmark information
for cost-effectiveness evaluation of future service reform
for NIU patients of different categories.

In terms of co-morbidities, the presence of cardiovascu-
lar disease and ESRF being the risk factors of major limb
amputation and mortality in NIU patients is in line with
existing evidence.**** Moreover, cardiovascular disease is
more prevalent in NIU patients with PAD as both share
similar atherosclerosis risk factor proﬁles“; even after
adjustment for known atherosclerosis-related risk factors,
patients with PAD were still prospectively associated with
higher risk of all-cause mortality compared with those hav-
ing wounds without ischaemic component.'****** Also,
patients with ESRF tend to have more extensive arterial cal-
cifications, impaired microcirculatory perfusion and higher
likelihood of drug-resistant wound infection.* Heart-
renal DM-PAD patients, therefore, are the most fragile sub-
group of patients with lower extremity wounds, owing to
more difficult arterial disease and higher risk of cardiovas-
cular mortality. Interestingly, a history of dyslipidaemia
was associated with lower risk of mortality. It is likely that
diagnosis of dyslipidaemia was a proxy for statin prescrip-
tion in the local setting. Accumulating evidences have
suggested that statin use reduces the risk of all-cause mor-
tality among patients with PAD.*>*’ The protective effect of
dyslipidaemia showed in this study might be due to statin
usage.

While using electronic administrative data could
enable the health care professionals to obtain a bird-eye
view on the clinical outcomes and health economics of

certain disease category efficiently, it also has some
inherent limitations. Residual confounders are expected
from the administrative data, ie, other co-morbidities,
duration of diabetes, HbAlc and severity of arterial
obstruction. Furthermore, some important clinical vari-
ables were not available, such as wound duration before
the patients’ admission, any wound recurrence after com-
plete healing. A longer look-back period could improve
the accuracy of identifying patients with newly developed
NIU, but it might reduce the size of cohorts.* We did,
however, use a 1-year look-back period to ascertain previ-
ous wound-related admissions to balance the need to
maximise the number of cases available for analysis
while minimizing misclassification.

This study also heavily depends on the accurate entry
of ICD codes and procedure codes. Physicians' clinical
coding practice may vary in different settings. In the
authors' institution, PAD was diagnosed based on:
absence of one or more lower extremity pulse(s); abnor-
mal ankle-brachial index (ABI) or toe-brachial index
(TBI). Although ABI and TBI studies are available in the
institution, the results were unfortunately not linked to
the main electronic database.

Furthermore, the results of this study might have lim-
ited generalizability to the community population with
lower extremity NIU as the data were extracted from hos-
pitalised patients only, representing a more morbid group
compared with patients who can be managed in commu-
nity clinics.

5 | CONCLUSION

Patients having lower extremity NIU due to PAD,
whether with or without DM, sustain higher likelihood
of major limb amputation and mortality, compared to
those with DM only. Multifaceted approach with efficient
referral pathway is necessary to mitigate the potential
poor prognosis.
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APPENDIX A: LIST OF INTERNATIONAL CLASSIFICATION OF DISEASE, TENTH REVISION (ICD-10)
CODES USED FOR PATIENT'S IDENTIFICATION

Category
Section A—Wounds related to
diabetes

Section B—Wounds related to
peripheral artery disease

Section C—Wounds related to both
diabetes and peripheral artery
disease

Section D—Peripheral arterial disease

Section E—Both diabetes and
peripheral arterial disease

APPENDIX B: CLASSIFICATION OF LOWER EXTREMITIES WOUNDS INTO GROUPS1TO 3

Group 1: Wounds relating
to diabetes only (DM)
Section A only

Groups
Classification Criteria

Diagnosis description

Type 2 diabetes mellitus with foot ulcer due to multiple causes
Unspecified diabetes mellitus with foot ulcer due to multiple causes
Other specified diabetes mellitus with foot ulcer due to multiple causes
Type 1 diabetes mellitus with foot ulcer due to multiple causes
Atherosclerosis of arteries of extremities with ulceration
Atherosclerosis of arteries of extremities with gangrene

"Type 1 diabetes mellitus with peripheral angiopathy, with gangrene”
"Type 2 diabetes mellitus with peripheral angiopathy, with gangrene"

"Unspecified diabetes mellitus with peripheral angiopathy, with
gangrene”

"Atherosclerosis of arteries of extremities, unspecified”

"Impaired glucose regulation with peripheral angiopathy, without
gangrene”

Other specified peripheral vascular diseases

"Peripheral vascular disease, unspecified"

Atherosclerosis of arteries of extremities with intermittent claudication
"Type 1 diabetes mellitus with peripheral angiopathy, without gangrene"
"Type 2 diabetes mellitus with peripheral angiopathy, without gangrene”

"Unspecified diabetes mellitus with peripheral angiopathy, without
gangrene”

"Other specified diabetes mellitus with peripheral angiopathy, without
gangrene”

ICD-10 codes
E1173

E1473
E1373
E1073
17023

17024

E1052
E1152
E1452

17020
E0951

1738
1739
17021
E1051
E1151
E1451

E1351

Group 3: Wounds

Group 2: Wounds relating

to peripheral artery

disease only (PAD)

Section B only (without
Section A, C, E)

relating to both diabetes
and peripheral artery
disease (DM-PAD)

1. Section C only

2. Section A and D

3. Section B and E
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