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Purpose: Non-traumatic major lower extremity amputation (NMLEA) is a commonly
performed procedure that presents a substantial cost burden. Patients who undergo
NMLEA are usually considered as a high-risk group with significant comorbidities, which
translates into a protracted peri-operative course and increased health-care costs. The primary
aim of this study was therefore to perform a contemporary peri-operative cost analysis of
NMLEA performed in our center. We are a major tertiary referral hospital that provides
vascular surgery services to the entire northern counties in Jordan. We also aimed to assess
the various factors that influence the cost of NMLEA in less economically developed
countries.

Methods: Records of all patients who underwent NMLEA at King Abdullah University
Hospital between January 2012 and December 2017 were retrieved. Total inpatient cost was
calculated and analyzed against different patients’ variables.

Results: A total of 140 patients underwent NMLEA between 2012 and 2017 in our facility.
Below-knee amputations accounted for 110 cases, while above-knee amputations included 30
patients. Approximately two-thirds of the cases (61.4%) were males, with average age of the
patients being approximately 62.9 years. The commonest comorbidities were diabetes melli-
tus and hypertension, which were recorded in 89.3% and 80.3% of the patients, respectively.
The average operative time was 133.0 + 10.8 mins, and the average length of stay (LOS) was
6.7£0.4 days. The mean cost for amputations was 4904.7+ 429.3 United States dollars.
Multiple linear regression analysis demonstrated that LOS and admission-to-operation time
were the independent predictors of cost.

Conclusion: Delayed amputations and prolonged LOS remain the most important determi-
nants for the peri-operative cost of NMLEA. When amputation is deemed inevitable, an
expedited multidisciplinary approach may possibly reduce undue delays and result in cost-
effective delivery of this age-old remedy.
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Introduction

Non-traumatic major lower extremity amputation (NMLEA)

a substantial economic burden to any healthcare system.'® The annual cost of

represents

lower extremity amputation in the USA is estimated at $4.3 billion, accounting for
75% of the toll of diabetic foot syndrome (DFS).*!'® Corresponding data from the
National Health Service (NHS) in England estimates expenditure of £972 million to
£1.13 billion on health-care costs related to foot ulceration and amputation in
diabetics in 2014-2015; this is equivalent to 0.72-0.83% of the entire NHS
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budget'' and accounted for higher expenditures than the
combined annual cost of the three most common cancers
in the UK.'? In the Middle East and North Africa (MENA)
region, approximately 18,345 NMLEAs are annually
performed."? It is also projected that the prevalence of
NMLEA will rise significantly, especially with the global
pandemics of diabetes mellitus (DM) and metabolic syn-
drome, and the ageing populations worldwide "'+

In Jordan, like in other less-developed countries, expand-
ing health-care demands are undoubtedly challenged by
scarce resources, and this is exacerbated by the worsening
geo-politico-economic crises in the neighboring Syria and
Iraq. This has led to a local paradigm shift to cost contain-
ment strategies while ensuring quality assurance at point of
delivery; the aim is “intensive but not expensive care”.

There is paucity of research regarding the predictors of
total inpatient cost following NMLEA particularly from
MENA region. While the length of stay (LOS) has been
consistently linked to increased amputation cost, other
potential variables are difficult to associate due to various
potential confounding factors. That is especially true when
comparing different health-care systems due to variations
in clinical practice, reimbursement systems, attitudes to
inpatient stay, costs, and prices.'>*16719

The aim of this current study was to retrospectively
assess peri-operative cost of NMLEA during inpatient
surgical stay in a major university hospital that serves
the north of Jordan and refugees from neighboring coun-
tries. We also hope to improve our understanding of var-
ious factors that influence the peri-operative financial cost
of NMLEA. This will be of help to health-care providers
who aim to establish a cost-effective amputation service in
other developing populations.

Materials and Methods

Medical records of all patients treated in our center, King
Abdullah University Hospital (KAUH), with major lower
extremity amputation between January 2012 and
December 2017 were retrospectively reviewed. KAUH is
a major tertiary referral center that provides vascular surgery
services to the entire northern region of Jordan, including
refugee camps from neighboring Syria and Iraq. We included
only adult patients who underwent amputations for acute or
critical lower-limb ischemia (ALI or CLI), and patients with
infected septic DFS. Patients who had amputations for other
indications (trauma or tumors) were excluded from this
study. This study was approved by our local institutional

review board.

We used the definitions of CLI and ALI as described in
the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM).?® ALI was
defined by the presence of sensorimotor deficit and absent
Doppler signals at ankle level (ICD-9-CM code 459.9).
CLI was defined as the presence of rest pain or tissue loss
(ICD-9-CM code 440.22-24). Major lower extremity
amputation was defined as any amputation above the
ankle joint (ICD9-CM: codes 84.13-19) and included
below-knee amputation (BKA) and above-knee amputa-
tion (AKA). The definition of DFS used by the World
Health Organization was utilized in our study: “ulceration
of the foot (distally from the ankle and including the
ankle) associated with neuropathy and different grades of
ischemia and infection”,”' and included ICD-9-CM codes
250.80, 250.82 with 785.4, 681.11, 681.10, 681.7, 681.9,
682.6, 682.7, 730.0, and 730.1

Information collected included demographic details,
comorbidities, operative data, and LOS. The last documen-
ted laboratory results before the amputation were also used
for the analysis. Serum albumin and glycated hemoglobin
(HbAlc) levels were evaluated as numerical variables,
with normal ranges of 3.5-5.5 g/dL and 4-5.6%,
respectively.

The demographic data collected include sex and age.
The comorbidities considered comprise hypertension, DM,
cerebrovascular disease, ischemic heart disease, chronic
kidney disease, and Buerger’s disease. The operative para-
meters include type of amputation (AKA or BKA), site of
amputation (right or left limb), indication for amputation
(CLI, ALI or infected DFS), type of anesthesia utilized
(spinal anesthesia (SA) or general anesthesia (GA)), the
surgeons’ specialty (vascular or non-vascular surgeon), the
operative time (from induction of anesthesia until the end
of amputation), and the time from admission to operation.
LOS was measured from admission to discharge. We only
analyzed cumulative costs of NMLEA that resulted from
direct care of the patients, which were incurred from time
of admission until discharge from the hospital. These costs
included theatre costs, expenses of in-house services, ward
costs, cost of laboratory investigations, and cost of medi-
cations. Indirect costs that resulted from lost work hours,
residual disability, prosthesis, and rehabilitation costs were
excluded from our analysis.

The costs were adjusted for inflation to the base year
of the analysis (2017), using the methods described by
Turner et al.?*> Local currency inflation rates were used
and then exchanged to United States dollars (USD).
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Statistical Analysis
Statistical
Package for the Social Sciences (SPSS) software, ver-
sion 21.0 (IBM, Armonk, New York, USA), with statis-
tical significance set at P < 0.05. Data was presented as

analysis was performed with Statistical

frequency distributions for categorical variables and
mean + standard error of the mean (SE) for continuous
variables. Data was tested at 5% level of significance.
Pearson y” test was used to investigate the significance
of association between categorical variables, while
Student’s
(ANOVA) were applied to examine the significance

t-test and one-way analysis of variance

level for continuous normally distributed variables. If
a significant relationship was found, then a posthoc
residual analysis for categorical variables and
a Fisher’s least significant difference test for continuous
variables were applied to determine the exact signifi-

cance between groups for each variable.

Results

Patients’ Characteristics

The study included 140 patients who satisfied the inclusion
and exclusion criteria in the 6-year period of the study.
Approximately two-thirds of the patients (61.4%) were
males, with a male: female ratio of 1.6:1 (Table 1). The
average age of the amputee patients was 62.9 + 1.1 years.
There was a high prevalence of comorbid chronic medical
conditions. The most common comorbidity was diabetes
mellitus (89.3%), followed by hypertension (80.3%). As
expected for amputee patients who had vasculopathy,

Table | Patients’ Demographics and Characteristics

Value (N=140) Percent (%)
Age (Mean = SE) (y) 629 + 1.1
Gender
Male 86 61.4
Female 54 38.6
Comorbidities
Diabetes mellitus 125/140 89.3
Hypertension 110/137 80.3
Ischemic heart disease 65/140 46.4
Chronic kidney disease 38/133 28.5
Cerebrovascular disease 38/137 27.7
Buerger’s disease 19/134 14.2

Abbreviations: N, total cohort number; SE, standard error of the mean; y, years.

ischemic heart disease and cerebrovascular disease were
noted in 46.4% and 27.7%, respectively.

The most common indication for amputation was DFS
with 72.9% of cases, followed by ALI and CLI, which
accounted for 12.9% and 11.7% of amputations, respec-
tively (Table 2). Below-knee amputations accounted for
110 cases, while above-knee amputations were done in 30
patients. The majority of amputations were performed by
vascular surgeons, while surgeons from other specialties
like general or orthopedic surgery performed around 41%
of the cases. The average time from admission to operation
was 8.3 days, with only 30.6% of the amputations per-
formed within 48 hrs of admission. Figure 1 outlines the
various causes of delayed amputation in our institution.
The mean operative time was 133.0 + 10.8 mins, and the
average LOS was 6.74£0.4 days. The mean cost for ampu-
tations was 4904.7+ 429.3 USD.

Table 2 Patients’ Variables, Including Indication for Amputation,
Timing, Intra-Operative Data, and Inpatient Stay

Value (N=140) Percentage
Indication for Amputation
Diabetic foot syndrome 102 72.9
Acute ischemia 18 12.9
Chronic ischemia 20 1.7
Surgical Specialty
Vascular surgery 82 58.6
Non-vascular surgery 58 414
Type of Anesthesia
General anesthesia 92 719
Spinal anesthesia 36 28.1
Level of Amputation
BKA 110 78.6
AKA 30 214
Amputation Side
Right 73 52.1
Left 67 47.9
Mean * SE
LOS (days) 6.7+04
Time to operation (days) 8312
Operation time (minutes) 133.0 £ 10.8
Total cost (USD) 4904.7 + 429.3

Abbreviations: N, total cohort number; SE, standard error of the mean; BKA,
below-knee amputation; AKA, above-knee amputation; LOS, length of stay; USD,
United States dollar.
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3(3%)

6 (7%)

19 (20%)

26 (28%)

@ Patient choice (initially refused
amputation)/waiting for discussion
with relatives

[ Patient required additional pre-
operative
treatment/optimisation/resuscitation

39 (42%)

O Delays relating to weekends or
availability of anaesthetist, surgeon,
theatre staff or critical care beds

OOther

@ Unknown

Figure | A pie chart outlining the reasons for delays in performing amputation in our institution (N=93).

Factors Affecting Cost

The cost of NMLEA was significantly associated with
the indication for amputation in Table 3, length of hos-
pitalization Table 4, time from admission to operation
Table 4, and type of anesthesia Table 3. Patients who
underwent amputation for ALI had a significantly higher
cost than those who had DFS or chronic ischemia
(P=0.039). Patients who had their operation under GA
incurred higher cost compared to those who had it under
SA (P=0.019). Moreover, a significantly (P<0.001) posi-
tive correlation was found between time from admission
to operation and cost (cost increased by 323.6 USD for
each additional day of admission). LOS also correlated
significantly (P<0.05) with cost (cost increased by 179.1
USD for each day). After controlling for all factors in
the model, multiple linear regression analyses demon-
strated that LOS and length from admission to operation
were the most important cost influencers for NMLEA. In
this model, one standard deviation (SD) increase in dura-
tion from admission to operation was associated with
0.85 increase in the SD of cost (for everyday delay in
performing the amputation, the cost increased by 362.9
USD; P<0.05). Similarly, increase of one SD in LOS
was associated with 0.53 increase in the SD of the cost
(for everyday increase in the total LOS, the cost

increased by 434.28 USD; P<0.05). Type of anesthesia
was the only significant factor associated with both
higher total inpatient costs (P =0.019) and longer LOS
(P=0.021) Table 5.

Discussion

This study aimed to perform a contemporary peri-
operative cost analysis of NMLEA in our center, and to
assess factors that affect cost of NMLEA. In a less eco-
nomically developed country, such as Jordan, the financial
burden of NMLEA can be substantial due to limited
health-care resources. As demonstrated in our results
(Figure 1), other challenging factors may result in delayed
treatment, and hence increased costs. These factors include
patients’ preconceptions and attitudes towards amputation,
which may render the consenting process challenging and
subsequently lengthen time to operation. Secondly, lack of
amputation support services can force the amputees to
become self-dependent, especially with the presence of
negative impact from the society that stigmatizes amputa-
tion. Thirdly, the impact of poorly controlled DM can lead
to limb loss at younger age, compared to what occurs in
more developed nations. Younger amputees will subse-
quently rely on the health-care services for many more

years to maintain active and productive lives. >3
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Table 3 Factors Influencing the Total Cost of Amputation

Factors Cost in USD (Mean t SE) P value
Type of Amputation

AKA 5658.2 + 867 NS
BKA 4706 + 492.3

Site of Amputation

Right limb 5269.6 + 7374 NS
Left limb 4512.5 £ 408

Indication of Amputation

Acute ischemia 7790.3 + 1290.3 0.039
Chronic ischemia 4117.1 £ 8365 NS
Diabetic foot 4576.9 + 504.8 NS
Comorbidities

HTN

Present 5065.4 + 818.6 NS
Absent 4406.7 + 508.8

DM

Present 4812.5 + 4585 NS
Absent 57283 + 1207.9

CVD

Present 44153 + 6484 NS
Absent 5083.1 + 553.3

CKD

Present 4352.2 + 557.3 NS
Absent 5099.3 £ 570.5

Buerger’s Disease

Present 7119.8 £ 23388 NS
Absent 4627.1 + 345.6

Surgical Specialty

Vascular surgery 53429 + 6794 NS
Non-vascular surgery 42799 + 391.7

Type of Anesthesia

GA 54445 £ 611.2 0.019
SA 3791.2 + 452.6

Abbreviations: USD, United States Dollar; SE, standard error; AKA, above-knee
amputation; BKA, below-knee amputation; NS, not significant; HTN, hypertension;
DM, diabetes mellitus; CVD, cerebrovascular disease; CKD, chronic kidney disease;
GA, general anesthesia; SA, spinal anesthesia.

With all these challenges facing the healthcare system,
designing and implementing cost-effective services is
paramount."*'* In Jordan, the incidence of DM is rising at
an alarming rate, with diabetic lower extremity complica-
tions accounting for a substantial amount of healthcare
expenditure.”*?” This picture is not very different in more
developed countries, like the US where NMLEA is ranked as

Table 4 Univariate Linear Analysis for the Continuous Factors
That Influence the Total Cost of Amputation

Factors Cost in USD P value
B Regression
Coefficient * SE
Age (years) —29.3 £ 333 NS
Operation duration (minutes) —14.5 £+ 13.3 NS
LOS (days) 179.1 + 83.5 0.034
Time to operation (days) 323.6 £ 729 <0.001
Albumin level (g/L) —13.7 £ 65.0 NS
HbAlc (%) -197.1 £210.7 NS

Abbreviations: USD, United States dollar; SE, standard error; LOS, length of stay;
NS, not significant; HbAlc, glycated hemoglobin.

the sixth most expensive surgery performed.>”'” Moreover,
the cost of lower extremity amputation in diabetics has been
identified as the most expensive complication of DM, com-
pared to cardiac-, cerebrovascular-, and renal-related
hospitalizations.”*!"-'®2%2% Therefore, identifying factors
that are linked with increased total inpatient cost among our
cohort of amputees may lead to quality improvement pro-
grams and the development of intensive but inexpensive
amputation services in other developing nations.

In the current study, we identified that delaying
NMLEA is the most important variable that affects total
inpatient cost. Only one-third of our patients had their
operation within 48 hrs of admission. The Vascular
Society of Great Britain and Ireland guidelines on major
amputation surgery recommend that operative manage-
ment should be executed in most patients within 48 hrs
of the decision to operate.*® The United Kingdom’s (UK)
National Diabetes Footcare Audit (NDFA) also clearly
recommends that all patients with DFS should be referred
promptly for early specialist assessment in accordance
with National Institute for Health and Care Excellence
(NICE) guideline.*'** Our analysis showed that for
every additional inpatient day, the cost of NMLEA
increased by 4.8 fold (323.6 USD/day).

An important factor for delayed operations in our center
is patients’ attitudes towards amputation. Many patients with
clearly indicated amputation are reluctant to accept this
undesirable outcome, and this usually leads to long operative
delays. This may lead to disease progression and increased
morbidity, which can affect LOS and increase the total cost of
surgery. In a more developed healthcare system, early input
from vascular clinical nurse specialists, who are trained to
provide the necessary peri-operative counselling and psycho-
logical support, can prove invaluable and may shorten the

ClinicoEconomics and Outcomes Research 2020:12
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Table 5 Factors Influencing Length of In-Patient Stay

Factors LOS (Days) (Mean t P value
SE)
Type of Amputation
AKA + 1.0 0.031
BKA +0.5
Site of Amputation
Right limb 6.9 £ 0.65 NS
Left limb 6.6 £ 0.60
Indication of Amputation
Acute ischemia 7.6 £45 NS
Chronic ischemia 58+28 NS
Diabetic foot 6.7 £5.6 NS
Comorbidities
HTN
Present 6.7 NS
Absent 7.1 £
DM
Present 0.5 NS
Absent + 1.l
CvD
Present 4 0.038
Absent + 0.6
CKD
Present 5. .8 NS
Absent 7.1 £0.5
Buerger’s Disease
Present .9 NS
Absent +05
Surgical Specialty
Vascular surgery .6 NS
Non-vascular surgery +0.7
Type of Anesthesia
GA 72+ 06 0.021
SA 49 £ 04
B regression coefficient £ | P value
SE
Age (years) -04+03 NS
Operation duration 0.002 + 0.2 NS
(minutes)
LOS (days) - -
Time to operation (days) - -

Abbreviations: USD, United States dollar; SE, standard error; LOS, length of stay;
AKA, above-knee amputation; BKA, below-knee amputation; NS, not significant;
HTN, hypertension; DM, diabetes mellitus; CVD, cerebrovascular disease; CKD,
chronic kidney disease; GA, general anesthesia; SA, spinal anesthesia.

time to operation and the total LOS.** Moreover, delays
associated with pre-operative optimization were also linked
to delayed conduct of NMLEA.* Consequently, devoting
additional attention to outpatient medical optimization and
adequate patient counselling, and establishing a coordinated
amputation support team can lead to a quick and cost-
effective amputation service.

Similar studies on the financial benefits of timely ampu-
tation are largely lacking in the literature. Driver et al’ con-
ducted a thorough cost analysis of limb salvage pathways in
diabetic patients and concluded that a guideline-based care
for DFS is cost-effective when compared to usual care. The
same authors also recommended a multidisciplinary
approach when managing such patients, which results in
shorter LOS and reduced cost.”

In 2014, a report by the UK’s National Confidential
Enquiry into Patients’ Outcome and Death (NCEPOD)
provided a great insight into the issues surrounding patient
consent and operative management of lower limb amputa-
tion. The report acknowledged patients’ refusal to consent
and delayed pre-operative optimization as the commonest
reasons for delay in NMLEA.*?

Our study demonstrated that acute limb ischemia was
associated with increased cost. It is universally accepted
that charges of limb salvage attempts are usually offset by
rapid recovery compared to a more protracted course that an
amputee requires.”® Interestingly, published literature iden-
tified dysvascular limb as a predictor of increased cost
without differentiating between acute and chronic limb
ischemia as separate clinical entities.®'*'*'®% Our results
contradict the findings published by Singh et al** who
concluded that ALI is less expensive than CLI. In their
analysis, ALI was associated with shorter LOS, and
required less rehabilitation compared to CLI. Moreover,
they identified unsuccessful limb salvage procedures as
predictors of increased cost following NMLEA. We believe
that rigorous attempts to salvage limbs with ALI before
embarking on NMLEA, and usually the presence of poorly
controlled pre-admission chronic conditions may legiti-
mately incur extra cost when compared to other indications
such as CLI or DFS."” Moreover, less developed rehabilita-
tion services in our region may explain the contradicting
results to studies done in developed nations.***> In our
region, patients with ALI who need amputation generally
need longer time to accept the procedure, and that usually
results in longer consenting process and delayed surgery.
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Our findings also show that the type of anesthesia was
a predictor that correlated with both increased LOS and
total inpatient cost. NMLEAs performed under GA were
33% more expensive than those performed with SA. SA
usually offers improved postoperative analgesia, and
reduced nausea and vomiting, which may result in enhanced
recovery and shorter LOS. Moreover, patients who require
amputation under GA will generally need meticulous med-
ical optimization and more preoperative investigations,
which may delay the operation.®® It is important to note
that the type of anesthesia does not make a significant
difference to the post-operative clinical outcomes following
NMLEA, and that choice should follow an informed joint
decision with individualized consideration.*’

Interestingly, NMLEA in elderly patients with asso-
ciated comorbidities such as DM, cerebrovascular disease,
and chronic kidney disease was not associated with
increased costs. This is consistent with the results of the
Fremantle Diabetes Study,'’ but contradicts the findings of

Yin et al'®

who identified age, race, level of amputation,
and comorbidities as predictors of increased cost. In our
hospital, such patients with comorbidities undergo an inte-
grated medical care by various specialists and therefore,
they are usually admitted in an elective or semi-elective
form when medically optimized in an outpatient setup.
This results in a cost-efficient service. Furthermore,
patients with multiple chronic comorbidities are less likely

to deny the need for NMLEA and delay consenting.

Limitations of the Study

This is a retrospective study with its inherent susceptibility
to various forms of bias, and the possible influence of
unmeasured confounders (such as prescribed medications).
Our data was collected from patients who were treated in
a single institution, with a relatively small sample size. In
clinical practice, the cost of NMLEA is realistically sub-
ject to great variation among different providers, and
therefore we cannot generalize costs to other health-care
systems. Finally, the current study did not measure the
indirect costs of amputation from lost work hours, residual
disability, prosthesis, and rehabilitation.

Conclusion

This study demonstrates that delayed conduct of amputation
and prolonged LOS remain the most important determinants
of the peri-operative cost of NMLEA. When amputation is
deemed inevitable, an expedited multidisciplinary approach
that includes psychological and social support may possibly

reduce delays and lead to an efficient and cost-effective
amputation service. Our findings should be interpreted care-
fully and a differentiation between health-care costs and the
real cost of post-amputation disability for the person and the
society is essential.
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