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Abstract

Objective: To estimate the costs from delaying major amputation in patients
with concurrent diabetic foot ulcer and peripheral vascular disease. We seek to
model economic benefits from saved costs from promoting timely major
amputations among these patients.

Methods: Retrospective modeling using data from National University
Hospital, Singapore. We identified patients who might have delayed major
amputations by applying a hierarchical clustering algorithm. We then modeled
the transitions of all patients over time with a Markov process using a number
of relevant health states to enable estimation of cost outcomes. We next
summarized the expected changes to the bed days used and cost outcomes
arising from reassigning some patients who may have had a delayed
amputation to timely amputation. The findings from the sample were scaled
to reflect national incidence rates for this disease for the years 2014-2019 in
Singapore.

Results and Conclusions: Nine of the 137 patients (6.57%) would be suitable
for a major amputation at 3 months, yet in reality, their amputation was
delayed. Based on this, and assuming a timely amputation is done for the
entire population of patients in Singapore we expect annual savings of 264,791
bed days and $211 million in costs. These findings are preliminary and
uncertain. The value of this paper is to show a method for estimating
outcomes, report the findings from a small sample, and stimulate future
research. New cohort studies might be designed to capture a wider range of
outcomes and recruit a larger sample of individuals.
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1 | INTRODUCTION

Diabetic foot ulcer is a complication of diabetes affecting
6.3% of the global population [1]. Current approaches to
managing this problem include debridement, surgical
revascularisation, minor amputation, or major amputa-
tion in the worst-case scenario [2]. In a patient with
concurrent underlying peripheral vascular disease, the
reduction in blood flow to the lower limb impedes wound
healing, increasing the risk of infection and gangrene, as
well as increasing the likelihood of amputation [3, 4].
While every effort is made to prevent limb loss, for some
diabetic patients with multiple challenging conditions,
amputation is inevitable.

Diabetes is associated with more severe manifesta-
tions of peripheral vascular disease such as chronic limb-
threatening ischemia, particularly in more distal ana-
tomical locations and involving more extensive calcified
occlusions that make revascularisation challenging
[2, 3, 5]. Diabetes is also associated with an increased
rate of restenosis, especially in situations with reduced
distal runoffs [5, 6]. Repeat ulcerations may also happen
even after successful revascularisations [7].

Patients with concurrent diabetic foot ulcer and
peripheral vascular disease will incur large healthcare
costs. In Singapore, a country with comprehensive and
accessible healthcare services and well-equipped vascular
departments, a recent study revealed a minor amputation
would cost US $10,468 and major amputation US $30,131
[8] and this is similar to other countries [9, 10]. In the
United States, the annual direct healthcare cost of
diabetic foot ulcer is comparable to the cost of cancer
[11]. Diabetic foot ulcers are a substantial clinical and
economic burden.

Limb salvage and reducing risk of death are the
primary goals when managing diabetic chronic limb-
threatening ischemia. Nonetheless, large costs might
arise from repeat procedures or delays to unavoidable
major amputations. While some patients will undergo a
major amputation once it becomes evident that limb
salvage is unlikely to succeed, others may delay or refuse
the major amputation for reasons such as fear, social
stigma, or perceived professional repercussions [12].
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Indeed one study reported that patients with diabetic
foot ulcer fear major amputations more than death [13].
This delay would in turn lead to increased healthcare
costs from repeat minor procedures, further productivity
losses from repeated hospitalizations, and possibly worse
health-related quality of life from prolonged non-healing
ulceration [14, 15]. It is plausible that hastening a
patient's acceptance of a major amputation, when limb
salvage is likely not possible would save healthcare
resources and reduce an economic burden.

The aim of this study is to model the expected savings
to healthcare costs from a situation where all patients
who were deemed to require major amputation receive a
timely amputation. We estimate the costs incurred from
delaying major amputation for patients in whom a major
amputation is inevitable. We seek to identify the possible
economic benefits in terms of saved costs arising from
promoting timely major amputations for these patients.

2 | METHODS

The data arose from a retrospective review of consecutive
patients with critical limb ischemia presented to the
National University Hospital, Singapore between Novem-
ber 1, 2015 and December 31, 2017. The data set contains
137 unique patients with below the knee peripheral
vascular disease. Patients with a Rutherford score of 3
and below (claudication) were removed to obtain a more
homogeneous data set. These patients have low risk of
limb loss, compared to those with Rutherford score of 4
(ischemic rest pain) or above [16].

First, we organized the patients into three groups
depending on “if” and “when” they received a major
amputation above or below the knee: Group A had a
major amputation by 3 months after initial admission to
hospital and was deemed timely; Group B had major
amputation between 3 and 12 months after initial
admission to hospital; Group C had no major amputation
at 12 months after initial admission to hospital, see
Figure 1.

Second, we identify patients in Groups B and C who
might have delayed inevitable amputations by applying a

Within 3 months

Initial Admission

]

Major Amputation 4 [Group A]
OAfter 3 months and before 12 months
4 [Group B]
No Major Amputation
Q [Group C]

FIGURE 1

Competing outcomes within 12 months for patients after initial admission to hospital
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hierarchical clustering algorithm [17] updated by infor-
mation known to predict risks of major amputations.
This information is available to clinical teams at the time
of primary admission and so could be used as part of a
prospective intervention. Clustering processes are better
with fewer variables. Experts in wound care were asked
to identify candidate variables likely to affect risks of
major amputation and reported: age; gender; race;
presence of hypertension; elevated lipids; recent stroke;
Rutherford score; ischemic heart disease; number of
patent arteries; wound location; diabetes; chronic kidney
disease; wound infection; and, wound extent. The
assessment of infection and wound extent was based on
wound, ischemia, and foot infection (WIfI) classification
[18]. Values for these variables updated a decision tree
algorithm to enable a quantitative and readable interpre-
tation of indicators for major amputation. A light
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gradient boosting machine (LightGBM) was used to
determine the relative strength of the variables. An
arbitrary threshold of 30 was used for the F-score and we
made use of hierarchical clustering with Cosine similar-
ity for a distance metric due to the presence of both one-
hot encoded categorical variables and numerical vari-
ables. The expected outcome of this process is that some
patients from Groups B and C who have similar risks of
major amputation to those in group A can be reassigned
to Group A. The size of Group A will therefore be
expanded, and Groups B and C reduced.

Third is to model the transitions of all patients
over time with a Markov process [19] using a number
of relevant health states that include: no minor
amputation, varying numbers of minor amputations,
and major amputation, see Figure 2. This enables
accurate estimation of cost outcomes based on the

FIGURE 2 Markov model to show the healthcare events for all patients with peripheral vascular disease
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treatments and provides a useful visualization of the
services provided.

The transition probabilities were time-varying and
specified with beta distributions. Random resamples
from the prior distributions were used to generate 95%
uncertainty intervals.

Fourth is to summarize the changes to the length of
stay in hospital and cost outcomes arising from the
reassignment of identified patients into Group A. The
parameters for “length of stay” were fitted to a Gamma
distribution using the method of moments [20]. The
Gamma is bounded at zero and can accommodate
negative skew found in lengths of stay data [21]. Random
resamples from the prior distributions were used to
generate 95% uncertainty intervals for length of stay and
cost outcomes. We present the incremental change to
length of stay in hospital and costs from a hypothetical
decision to complete major amputation at 3 months for
selected patients who have risks similar to those who
currently have a major amputation at 3 months.

The final part of this analysis is to scale the estimated
cost saving to reflect the national incidence rate for this
disease for the years 2014 to 2019 in Singapore.

This study has been approved by the NHG Domain
Specific Review Board (DSRB 2019/00917). Patient
consent was not obtained as we use retrospective medical
records that were fully anonymized before we gained
access to them. The IRB committee waived the require-
ment for informed consent.

3 | RESULTS

Descriptive statistics are shown in Table 1 for all patients
in the data set for the variables used in the hierarchical
clustering algorithm.

Most of the cohort patients (79.6%) were in Group C
where major amputation was not necessary. Two-
thirds were male and approximately half are Chinese
ethnicity. The risk factors for major amputation were
also present among this sample. The LightGBM algo-
rithm revealed “wound extent” and “age” as strong
predictors, with “chronic kidney disease,” “infection,”
and “number of patent arteries” as important with
“lipids,” “heart disease,” and “gender” as less important,
see Figure 3.

All relevant variables for risk factors were included in
the clustering algorithm. The results of the hierarchical
clustering process are shown by the dendrogram in
Figure 4. The four clusters that emerged and shown in
Table 2. Cluster 0 includes 56% of “Group A” patients
and attracted five similar individuals from “Group B”
and 17 similar individuals from “Group C.” We interpret
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it is plausible that the “Group B” patients in Cluster 0
would be suitable for a major amputation at 3 months.
We exclude the “Group C” patients from this because
they reached 12 months without major amputation and
so were unlikely to need one. There is little evidence
from Clusters 1 and 2 that “Group B” patients would be
suitable for major amputation at 3 months. The make-up
of Cluster 3 suggests four individuals from “Group B”
might be suitable for major amputation at 3 months.

We proceed with two competing versions of patients
being reassigned to 3-month amputation. Option 1 is that
based on Cluster 0, 5 former B individuals were modeled
as having a major amputation at 3 months. Option 2 is
that based on Clusters 0 and 3, an additional 4 former B
individuals were modeled as having a major amputation
at 3 months. Based on the reported incidences per
100,000 persons of peripheral vascular disease annually
and a total population of 5.7 million, we estimate the
number of annual incident cases, Table 3.

We show the membership of the Markov states for
“existing practice” and “Options 1 and 2” using 2019
incident cases, see Appendix 1. This reveals large
modeled increases in the use of major amputation for
Options 1 and 2 respectively, and the 95% uncertainty
intervals are shown.

For the comparison of cost outcomes from Options 1
and 2 to existing practice, the mean of the “lengths of
stay” for the initial Group A patients is assigned to the
new entrants from Group B. Due to the presence of large
values that pull up the mean, we use a 30% trimmed
mean to better estimate the length of stay of Group A
patients. The cost of one hospital bed day in 2018 is based
on $775 (95% CI. $770, $780) [22]. The impact on
outcomes arising from the Options 1 and 2 compared to
existing practice for all years are shown in Tables 4 and 5.

4 | DISCUSSION

Based on the findings from the model, some patients who
demonstrated a delayed major amputation 4-12 months
after initial treatment might be suitable for this proce-
dure sooner. A different decision about when to do a
major amputation could save resources and costs. The
size of the modeled savings from Option 1 versus existing
practice is large with an estimated 220,172 bed days
released for the period 2014-2019. Given a mean length
of stay of 4 days for regular inpatients, the real economic
savings from a change of practice would be characterized
by the health benefits gained from 55,043 additional
admissions to acute care for no increase to the fixed costs
of production [23]. When historic accounting costs were
applied to a modeled bed day the monetary estimate of
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TABLE 1 Descriptive statistics for peripheral vascular disease patients

Group A Group B Group C All patients
Total number 16 12 109 137
Demographics
Male, n (%) 11 (68.8%) 10 (83.3%) 70 (64.2%) 91 (66.4%)
Race, n (%)
Chinese 5 (31.2%) 8 (66.6%) 56 (51.1%) 69 (50.4%)
Malay 8 (50.0%) 2 (16.6%) 37 (33.9%) 47 (34.3%)
Indian 2 (12.5%) 0 (0.0%) 14 (12.8%) 16 (11.7%)
Others 1 (6.3%) 2 (0.16%) 2 (1.8%) 5 (3.6%)
Age, mean (SD) 61.13 (11.0) 61.92 (11.2) 64.27 (11.0) 63.81 (11.0)
Comorbidities
Diabetes mellitus, n (%) 16 (100.0%) 12 (100.0%) 96 (88.1%) 124 (90.5%)
CKF/ESRF, n (%) 3 (18.7%) 2 (16.7%) 41 (37.6%) 46 (33.6%)
Chronic kidney failure 1 (6.3%) 1 (8.3%) 23 (21.1%) 25 (18.2%)
End-stage kidney failure 12 (75%) 9 (75.0%) 45 (41.3%) 66 (48.2%)
Ischemic heart disease, n (%) 10 (62.5%) 9 (75.0%) 61 (56.0%) 80 (58.4%)
Hyperlipidemia, n (%) 13 (81.3%) 8 (66.7%) 76 (69.7%) 97 (70.8%)
Hypertension, n (%) 14 (87.5%) 10 (83.3%) 87 (79.8%) 111 (81.0%)
Cerebral vascular accident, n (%) 0 (0.00%) 0 (0.0%) 14 (12.8%) 14 (10.2%)
Characteristics of wound
Extent of wound, n (%)*
No ulcer, no gangrene 0 (0.0%) 0 (0.0%) 8 (7.3%) 8 (5.8%)
Small ulcer 0 (0.0%) 1 (8.3%) 30 (27.5%) 31 (22.6%)
Gangrene limited to toes or 11 (68.8%) 7 (58.3%) 69 (63.3%) 87 (63.5%)
deep ulcer
Extensive gangrene or 5 (31.3%) 4 (33.3%) 2 (1.8%) 11 (8.0%)
extensive ulcer
Infection, n (%)*
No infection 1 (31.7%) 2 (16.6%) 33 (30.2%) 36 (26.3%)
Mild infection 1 (14.4%) 1 (8.3%) 15 (13.8%) 17 (12.4%)
Moderate infection 2 (27.9%) 5 (41.2%) 32 (29.4%) 39 (28.5%)
Severe infection 12 (26.0%) 4 (33.3%) 29 (26.6%) 45 (32.8%)
Number of patent arteries, n (%)°
0 10 (62.5%) 7 (58.3%) 62 (56.8%) 79 (57.7%)
1 6 (37.5%) 5 (41.7%) 34 (31.2%) 45 (32.8%)
2 0 (0.0%) 0 (0.0%) 10 (9.2%) 10 (7.3%)
3 0 (0.0%) 0 (0.0%) 3 (2.8%) 3 (2.2%)
Rutherford score, n (%)
4 (ischemic rest pain) 0 (0.0%) 0 (0.0%) 6 (5.5%) 6 (4.3%)
5 (minor tissue lost) 14 (87.5%) 11 (91.7%) 85 (78.0%) 110 (80.3%)
6 (major tissue lost) 2 (12.5%) 1 (8.3%) 18 (16.5%) 21 (15.3%)
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TABLE 1 (Continued)

Group A Group B Group C All patients
Wound location, n (%)
No wound 0 (0.0%) 0 (0.0%) 8 (7.3%) 8 (5.8%)
Supramalleolar 0 (0.0%) 0 (0.0%) 8 (7.3%) 8 (5.8%)
Heel 2 (12.5%) 3 (25.0%) 8 (7.3%) 13 (9.5%)
Midfoot and toe 14 (87.5%) 9 (75.0%) 85 (78.0%) 108 (78.8%)
Length of stay in hospital, 42.6 (16.9) 81.2 (67.5) 46.0 (50.4) 48.7 (50.2)

mean (SD)

#Assessment based on wound, ischemia, and foot infection (WIfI) classification.

®Among anterior tibial, posterior tibial, and peroneal artery.
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costs savings for this time period was $171 M. Option 2
versus existing practice returns larger savings with
264,791 bed days saved and $211 M in costs avoided.
The threat to these conclusions is that inferences were
drawn from very small samples and this study would need
to be repeated on larger samples. Furthermore, the

TABLE 2 Distribution of patients in each cluster

Number of patients (% of total)

Cluster A B C Total
0 9 (56) 5 (42) 17 (16) 31
1 2 (13) 3 (25) 43 (39) 43
2 0 (0) 0 (0) 202 2
3 5 (31) 4 (33) 47 (43) 56
Total 16 (100) 12 (100) 109 (100) 137

TABLE 3 Annual incident cases of peripheral vascular disease

Persons per Annual Incident

Year 100,000 population rate cases

2014 265 0.265% 15,088
2015 264 0.264% 15,071
2016 250 0.250% 14,267
2017 280 0.280% 15,949
2018 301 0.301% 17,134
2019 294 0.294% 16,735

economic and healthcare cost of community care for
diabetic foot ulcer patients with chronic limb-threatening
ischemia incurred after hospital discharge were not
captured. Studies of longitudinal data sets that follow
these patients might be suitable for interrogation with
these methods. We used severity of infection and number
of patent arteries as candidate variables for the clustering
algorithm, yet these may be not completely describe the
risks of major amputation. Ideally, we would have used
information on osteomyelitis occurrence, related patho-
gens, and use of antibiotics. In addition, data describing
the degree of artery stenosis and calcification extent would
have been useful. Finally, there would have been other
costs related to nursing and amputation-related complica-
tion after discharge that could have been counted but no
data were available.

We caution against using these results for a strong
policy response. We see the value of this paper as
showing methods that could be useful, pilot testing them
with a small set of data, and then getting results that do
shed light on an interesting hypothesis.

Key questions to be addressed with greater rigor are:
whether clinicians could identify accurately which
patient inevitably will require major amputation in the
first 2-3 months of management; whether some patients
and/or clinicians really delay an inevitable major
amputation for reasons of fear, social stigma or perceived
professional repercussions; whether patient's acceptance
to major amputation can be moderated with information
and education material; what would really be saved from
shortening the time to major amputation for selected
patients; whether patients health-related quality of life is

TABLE 4 Modeled change to key outcomes from existing practice versus Option 1

Option 1 versus existing practice

Mean (95% interval)

Number of Number of minor Number of major
Year bed days Costs amputations amputations
2014 —35,218 —$27,271,433 —282 85

(—37,443, —32,993) (—$28,995,036, —$25,547,830) (~1332, 768) (~16, 186)
2015 —35,999 —$27,879,232 —459 32

(—38,442, —33,556) (—$29,771,454, —$25,987,011) (—678, —42) (=42, 106)
2016 —32,783 —$25,385,155 —142 -39

(~34,656, —30,910) (~$26,835,665, —$23,934,645) (~850, 365) (~102, 24)
2017 —38,380 —$29,727,271 —266 14

(—40,404, —36,356) (—$31,294,409, —$28,160,134) (—766, 366) (—130, 158)
2018 —39,470 —$30,576,584 -316 -92

(—42,050, —36,890) (~$32,574,317, —$28,578,851) (=511, —195) (~189, 5)
2019 —38,322 —$29,681,883 —513 =2

(—40,728, —35,917) (—$31,543,548, —$27,820,218) (=947, —79) (=67, 63)
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TABLE 5 Modeled change to key outcomes from existing practice versus Option 2

Option 2 versus existing practice

Mean (95% interval)

Year Number of bed days Costs Number of minor Number of major
2014 —42,077 —$32,586,204 1535 134
(—44,304, —39,850) (—$34,312,810, —$30,859,598) (700, 2370) (=152, 420)
2015 —45,138 —$34,963,134 1305 12
(=47,373, —42,903) (=$36,695,785, —$33,230,483) (1150, 1460) (=62, 86)
2016 —34,382 —$32,414,164 639 —122
(—36,244, —32,521) (—$34,106,574, —$30,721,754) (164, 1114) (—202, 446)
2017 —45,283 —$35,072,433 350 7
(—47,466, —43,099) (—$36,764,541, —$33,380,324) (141, 459) (~130, 144)
2018 —49,745 —$38,536,732 618 =72
(—52,043, —47,447) (—$40,314,779, —$36,758,685) (515, 721) (—252, 108)

improved in the medium to long term from timely
amputation; and, whether an intervention could be
designed and implemented and how effective and costly
it might be.

If these questions could be addressed with a
combined effort from qualitative researchers and quanti-
tative approaches, there could be good opportunity to
improve the performance of health services and improve
the quality of care for an important patient group.

AUTHOR CONTRIBUTIONS

Lim York Tee Gorden: Conceptualization (supporting);
Data curation (lead); Formal analysis (lead); Funding
acquisition (supporting); Investigation (equal); Method-
ology (equal); Project administration (equal); Resources
(equal); Software (equal); Supervision (equal); Validation
(equal); Visualization (equal); Writing - original draft
(equal); Writing - review & editing (equal). Ying
Fangting Ariel: Conceptualization (equal); Data cura-
tion (equal); Formal analysis (equal); Investigation
(equal); Methodology (equal); Writing - original draft
(equal); Writing - review & editing (equal). Ho Pei:
Conceptualization (equal); Data curation (equal); Formal
analysis (equal); Funding acquisition (equal); Investiga-
tion (equal); Methodology (equal); Writing - original
draft (equal); Writing - review & editing (equal).
Lingyan Meng: Conceptualization (equal); Data cura-
tion (equal); Formal analysis (equal); Investigation
(equal); Methodology (equal); Writing - original draft
(equal); Writing — review & editing (equal). N. G. Yi
Zhen: Data curation (equal); Formal analysis (equal);
Funding acquisition (equal); Project administration
(lead); Writing - original draft (equal); Writing - review
& editing (equal). Nicholas Graves: Conceptualization

(lead); Data curation (equal); Formal analysis (equal);
Funding acquisition (lead); Investigation (lead); Method-
ology (lead); Project administration (equal); Writing -
original draft (lead); Writing — review & editing (lead).

ACKNOWLEDGMENTS

We acknowledge the support of the Wound Care in the
Tropics Programme, under the Skin Research Institute of
Singapore. This study is supported by the Agency for
Science, Technology and Research (A*STAR) under its
Industry Alignment Fund-Pre-Positioning Programme (IAF-
PP) grant number H1X/01/a0/0X9 as part of the Wound
Care Innovation for the Tropics (WCIT) Programme.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new
data were created or analyzed in this study.

ETHICS STATEMENT

This study has been approved by the NHG Domain
Specific Review Board (DSRB 2019/00917). Patient
consent was not obtained as we use retrospective medical
records that were fully anonymized before we gained
access to them. The IRB committee waived the require-
ment for informed consent.

INFORMED CONSENT
None.

ORCID

Nicholas Graves (@ http://orcid.org/0000-0002-5559-3267


http://orcid.org/0000-0002-5559-3267

% | $9EALTHCARE SCIENCE

HEALTH CARE SCIENCE

REFERENCES

1.

10.

11.

12.

13.

Zhang P, Lu J, Jing Y, Tang S, Zhu D, Bi Y. Global
epidemiology of diabetic foot ulceration: a systematic review
and meta-analysis (). Ann Med. 2017;49(2):106-16.
Hinchliffe RJ, Forsythe RO, Apelqvist J, Boyko EJ, Fitridge R,
Hong JP, et al. Guidelines on diagnosis, prognosis, and
management of peripheral artery disease in patients with foot
ulcers and diabetes (IWGDF 2019 update). Diabetes Metab
Res Rev. 2020;36(Suppl 1):e3276.

Fitridge R, Pena G, Mills JL. The patient presenting with
chronic limb-threatening ischaemia. Does diabetes influence
presentation, limb outcomes and survival? Diabetes Metab Res
Rev. 2020;36(Suppl 1):e3242.

Sorber R, Abularrage CJ. Diabetic foot ulcers: epidemiology
and the role of multidisciplinary care teams. Semin Vasc Surg.
2021;34(1):47-53.

Thiruvoipati T, Kielhorn CE, Armstrong EJ. Peripheral artery
disease in patients with diabetes: epidemiology, mechanisms,
and outcomes. World J Diabetes. 2015;6(7):961-9.

Beckman JA, Creager MA, Libby P. Diabetes and athero-
sclerosis: epidemiology, pathophysiology, and management.
JAMA. 2002;287(19):2570-81.

Forsythe RO, Brownrigg J, Hinchliffe RJ. Peripheral arterial
disease and revascularization of the diabetic foot. Diabetes
Obes Metab. 2015;17(5):435-44.

Lo ZJ, Surendra NK, Saxena A, Car J. Clinical and economic
burden of diabetic foot ulcers: a 5-year longitudinal multi-ethnic
cohort study from the tropics. Int Wound J. 2021;18(3):375-86.
Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J. The
global burden of diabetic foot disease. Lancet. 2005;366(9498):
1719-24.

Malone M, Lau NS, White J, Novak A, Xuan W, Iliopoulos J, et al.
The effect of diabetes mellitus on costs and length of stay in
patients with peripheral arterial disease undergoing vascular
surgery. Eur J Vasc Endovasc Surg. 2014;48(4):447-51.
Armstrong DG, Swerdlow MA, Armstrong AA, Conte MS,
Padula WV, Bus SA. Five year mortality and direct costs of
care for people with diabetic foot complications are compara-
ble to cancer. J Foot Ankle Res. 2020;13(1):16.

Zhu X, Goh LJ, Chew E, Lee M, Bartlam B, Dong L. Struggling
for normality: experiences of patients with diabetic lower
extremity amputations and post-amputation wounds in
primary care. Prim Health Care Res Dev. 2020;21:e63.
Wukich DK, Raspovic KM, Suder NC. Patients with diabetic
foot disease fear major lower-extremity amputation more than
death. Foot Ankle Spec. 2018;11(1):17-21.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Nabuurs-Franssen MH, Huijberts MS, Nieuwenhuijzen
Kruseman AC, Willems J, Schaper NC. Health-related quality of
life of diabetic foot ulcer patients and their -caregivers.
Diabetologia. 2005;48(9):1906-10.

Vileikyte L, Pouwer F, Gonzalez JS. Psychosocial research in
the diabetic foot: are we making progress? Diabetes Metab Res
Rev. 2020;36(Suppl 1):e3257.

Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA,
Fowkes FG, et al. Inter-society consensus for the management
of peripheral arterial disease (TASC II). Eur J Vasc Endovasc
Surg. 2007;33(Suppl 1):S1-75.

Murtagh F, Contreras P. Algorithms for hierarchical cluster-
ing: an overview. WIREs Data Min Knowl Discov. 2012;2(1):
86-97.

Mills JL Sr., Conte MS, Armstrong DG, Pomposelli FB,
Schanzer A, Sidawy AN, et al. The society for vascular surgery
lower extremity threatened limb classification system: risk
stratification based on wound, ischemia, and foot infection
(WIfI). J Vasc Surg. 2014;59(1):220-34.e2.

Briggs A, Sculpher M. An introduction to Markov modelling
for economic evaluation. Pharmacoeconomics. 1998;13(4):
397-409.

Bowman KO, Shenton LR. Estimator: method of moments. In:
Kotz S, Balakrishnan N, Read CB, Vidakovic B, editors.
Encyclopedia of statistical sciences. Wiley; 1998. p. 2092-8.
Faddy M, Graves N, Pettitt A. Modeling length of stay in
hospital and other right skewed data: comparison of phase-
type, gamma and log-normal distributions. Value Health.
2009;12(2):309-14.

Ministry of Health Singapore. Fee benchmarks and bill
amount information. https://www.moh.gov.sg/cost-financing/
fee-benchmarks-and-bill-amount-information (2021).

Graves N, Harbarth S, Beyersmann J, Barnett A, Halton K,
Cooper B. Estimating the cost of health care-associated infections:
mind your p's and ¢'s. Clin Infect Dis. 2010;50(7):1017-21.

How to cite this article: Gorden LYT, Ariel YF,
Pei H, Meng L, Yi Zhen NG, Graves N. Decision-
making for early major amputation in selected
diabetic foot ulcer patients with peripheral

vascular disease. Health Care Sci. 2022;1:58-68.

https://doi.org/10.1002/hcs2.17


https://www.moh.gov.sg/cost-financing/fee-benchmarks-and-bill-amount-information
https://www.moh.gov.sg/cost-financing/fee-benchmarks-and-bill-amount-information
https://doi.org/10.1002/hcs2.17

HEALTH CARE SCIENCE

}EALTH CARE SCIENCE—

APPENDIX 1: MEMBERSHIP OF THESE MARKOV STATES FOR THE 1000 MODELLED
INDIVIDUALS.

Markov Trace Of Existing Practice
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Markov Trace Of Option 2
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