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Abstract
Background: We aimed to explore the surgical outcomes of major lower extremity amputation (MLEA) and
influencing factors at an academic tertiary referral centre in north Jordan, optimistically providing a platform for
future health care policies and initiatives to improve the outcomes of MLEA in Jordan.
Methods: Clinical records of patients who had undergone MLEA between January 2012 and December 2017 were
identified and retrospectively reviewed. International Classification of Diseases codes were used to identify the study
cohort from a prospectively maintained computerised database. We included adult patients of both genders who
underwent amputations for ischemic lower limb (acute and chronic) and diabetic foot syndrome (DFS). We
excluded patients for whom MLEA surgery was performed for other indications (trauma and tumors). Outcomes of
interest included patient demographics and comorbidities, type of amputation and indications, length of hospital
stay (LOS), the need for revision surgery (ipsilateral conversion to a higher level of amputation), and cumulative
mortality rate at 1 year. The impact of the operating surgeon’s specialty (vascular vs. non-vascular surgeon) on
outcomes was evaluated.
Results: The study cohort comprised 140 patients who underwent MLEA (110 below-knee amputations [BKA] and
30 above-knee amputations [AKA]; ratio: 3:1; 86 men; 54 women; mean age, 62.9 ± 1.1 years). Comorbidities
included diabetes, hypertension, dyslipidaemia, ischaemic heart disease, congestive heart failure, chronic kidney
disease, stroke, and Buerger disease. The only associated comorbidity was chronic kidney disease, which was more
prevalent among BKA patients (p = 0.047). Indications for MLEA included DFS, and lower limb ischaemia. Acute limb
ischaemia was more likely to be an indication for AKA (p = 0.006). LOS was considerably longer for AKA (p = 0.035).
The cumulative mortality rate at 1 year was 30.7%. Revision surgery rates and LOS improved significantly with
increased rate of vascular surgeon-led MLEA.
Conclusions: In developing countries, the adverse impact of MLEA is increased because of limited resources and
increased prevalence of diabetes-related foot complications. Vascular surgeon-led MLEA is associated with decreased
revision rates, LOS and possibly improved outcomes, particularly when it is performed for vascular insufficiency. It is
important to formulate national health care policies to improve patient outcomes in these countries.
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Background
Major lower extremity amputation (MLEA) is a lifechanging procedure that results in significant morbidity
and mortality worldwide. The adverse social implications
of and effects on the capacity to work, quality of life, and
self-image are devastating. The reported incidence of
non-traumatic MLEA is between 12 and 50 per 100,000
individuals per year [1]. In 2010, Salman et al. reported
an MLEA incidence of 19.3/100,000 patients per year in
Jordan [2]. The magnitude of this problem is anticipated
to increase with the aging global population and increased prevalence of diabetes [3–5].
Although these countries are acquiring modern trends
of treating peripheral vascular disease, reports of the
outcomes of MLEA in Middle Eastern and North African
countries are sparse [6]. The true impact of MLEA in developing countries needs to be determined in the context
of the lack of integral rehabilitation facilities and assisted
living services, as well as limited financial resources. The
purpose of this study was to provide a comprehensive analysis of MLEA surgical outcomes in Jordan to formulate
policies and undertake initiatives that could help improve
outcomes for this group of patients.
This study comprehensively analysed contemporary
MLEA practices, patterns, and annual trends in Jordan.
Amputations performed by vascular surgeons are associated with reduced revision rates and LOS, and presumably, reduced costs. Predictors of 1-year mortality include
female gender, older age, hypertension, stroke, CKD, and
low serum albumin levels.
MLEA is associated with high morbidity and mortality.
In fact, it remains the only procedure on record in surgical
history with a 300% mortality rate. No other procedure
has achieved this record [7]. Furthermore, there is always
a sense of failure associated with amputation because we
have failed to salvage a limb; however, this does not
change the fact that it must be performed.
The literature contains disparities regarding the morbidity and mortality trends of patients who have undergone MLEA. Despite the recent advances in vascular
and endovascular therapy, amputation trends have not
changed significantly over the past two decades [8–11].
In a recent systematic review, Narres et al. explored the
global MLEA trends in diabetic and non-diabetic patients [5]. They found great variations in the international trends despite the heterogeneity in the reported
literature. Consequently, they recommended a unified
structure for future studies so that trends and relative
risks of MLEA could be analysed more precisely [5].
Undoubtedly, patients requiring MLEA represent a
group of seriously unwell patients. They impose a great
impact on the health care system, especially when more
than 150,000 MLEA procedures are performed annually
worldwide [12].
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Materials and methods
After obtaining approval from the Institutional Review
Board (IRB), we examined our institution’s medical
record database and retrospectively identified patients
who had undergone MLEA between January 2012 and
December 2017 using International Classification of
Diseases (9th edition) codes 84.1, 84.17, and 84.3.
Electronic medical records were retrieved and standard demographic information, comorbidities, level of
amputation, length of hospitalisation, ipsilateral revision
rate, subsequent contralateral amputation, and 1-year
mortality data were obtained.
Indications for MLEA included diabetic foot syndrome
(DFS), acute limb ischaemia, and chronic limb ischaemia.
The authors excluded traumatic MLEA and amputations
performed for other indications. Major amputations included below-knee amputations (BKA) and above-knee
amputations (AKA). Revision was defined as requiring ipsilateral AKA after BKA. Patients who underwent BKA
that was converted to AKA during the study period were
included in the AKA group. Mortality was defined at 1
year after the index MLEA, and it included in-hospital
deaths. Patients were diagnosed with chronic kidney disease (CKD) if they met one of the following criteria: 1) a
diagnosis of CKD according to hospital records, 2) use of
dialysis, 3) a history of kidney transplantation with renal
impairment or relapse, or 4) glomerular filtration rate less
than 60 mL/min. The last documented laboratory values
before the index MLEA were used for the analysis. Serum
albumin and HbA1c levels were evaluated as numerical
variables, with normal ranges of 3.5 to 5.5 g/dL and 4 to
5.6%, respectively. The length of hospital stay (LOS) was
defined as the time from hospital admission to discharge
following the amputation.
Setting

In our institute, all vascular surgeon-led amputations
were performed by a consultant vascular surgeon or a
postgraduate year 4/5 vascular surgery trainee in the
presence of a supervising consultant vascular surgeon.
The non-vascular surgeon-led amputation service included consultant general surgeons and post graduate year
4/5 general surgery trainees. All surgeries were performed
at a single academic institution, the King Abdullah
University Hospital (KAUH), which is affiliated with
the Jordan University of Science and Technology.
Statistical analyses

Data were entered into a spreadsheet. Statistical analyses
were performed using appropriate software. P < 0.05 indicated a statistically significant difference. The preoperative and postoperative factors related to MLEA
were described using the frequency distribution for categorical variables and the mean ± standard error (SE) of
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the mean for continuous variables. Then, data were
examined using Pearson’s χ [2] test of association for
categorical variables and Student’s t-test and one-way
analysis of variance (ANOVA) for continuous variables.
If a significant (P < 0.05) relationship was found, then a
post hoc residual analysis for categorical variables and a
Fisher’s least significant difference test for continuous
variables were applied to determine the exact significance between groups for each variable.
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Table 1 Demographic distribution of major lower limb
amputations in northern Jordan between 2012 and 2017
Preoperative and
postoperative variables

Number

%

Mean ± SE

Sex
Male

86

61.4

Female

54

38.6

Age (years)

62.9 ± 1.1

Comorbidities

Results
Patient characteristics

The study cohort included 140 patients who underwent
MLEA at KAUH between 2012 and 2017 (110 BKA, 30
AKA) over a 6-year period. Approximately two-thirds of
these patients were men (61.4%). The average age of the
amputee patients was approximately 63 years (62.1 years
for BKA; 66.0 years for AKA). There was a high prevalence of comorbid medical conditions (Table 1). The
most common comorbidity was diabetes (89.3%),
followed by hypertension (80.3%) and hyperlipidaemia
(65.0%). As expected for arteriopathy patients, 46% had
ischemic heart disease, 31.6% had congestive heart failure, and 27.7% had cerebrovascular disease. Nearly onequarter of patients had CKD. Nineteen patients had
Buerger disease (14.2%).
The most common indication for amputation, as
defined by the 9th edition of the International Classification of Diseases, was DFS (72.9%), followed by
lower limb ischaemia (acute and chronic; 27.1%). The
preoperative and postoperative characteristics of these
patients are provided in Table 1.

Diabetes mellitus

125

89.3

Hypertension

110

80.3

Dyslipidaemia

91

65.0

Ischaemic heart disease

63

46.0

Congestive heart failure

43

31.6

Chronic kidney disease

39

28.5

Stroke

38

27.7

Buerger disease

19

14.2

Diabetic foot syndrome

102

72.9

Chronic limb ischaemia

20

14.3

Acute limb ischaemia

18

12.8

118

84.3

Indication for amputation

Ulceration
Laboratory values
Albumin

29.5 ± 0.7

HbA1c

8.9 ± 0.2

Level of amputation
BKA

110

78.6

AKA

30

21.4

73

52.9

Side
Right

Level of amputation

There were no significant associations between the level
of amputation and the age or sex of the patients. In
addition, there was no significant association between
the level of amputation and different comorbidities, except
for CKD. Patients with CKD were significantly more likely
to undergo BKA instead of AKA (P < 0.05). Regarding the
indications for amputation, acute ischaemia was significantly associated with AKA (P < 0.05) (Table 2).

67

47.1

Bilateral amputation

Left

37

26.4

Revision

14

10.0

LOS (mean ± SE, days)

6.8 ± 0.4

Death

43

30.7

SE Standard error, HbA1c Haemoglobin A1c, BKA Below-knee amputation, AKA
Above-knee amputation, LOS Length of stay

Length of hospital stay
Annual distribution

The annual distribution of MLEA patients showed a
significant increase in the number of surgeries performed by a vascular surgeon over the past 3 years
(2015 to 2017) (P < 0.05). This correlated with a significant decrease in the revision rate during the same
period (P < 0.05) (Table 3). Finally, the LOS was
significantly longer in 2012 than in subsequent years
(P < 0.01) (Table 3).

The LOS was significantly associated with the level of
amputation. Patients who underwent AKA had a significantly (P = 0.035) longer LOS than those who underwent
BKA (Table 2). The mean LOS was 6.3 days for BKA
and 8.6 days for AKA (P = 0.035) (Table 2). However,
there was no significant association between LOS and
any comorbidity or any type of aetiologies. The LOS improved significantly over the period of study (from 11.9
days in 2012 to 8.0 days in 2017, P = 0.003).
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Table 2 Distribution and analysis of preoperative and postoperative factors associated with major lower limb amputations in
northern Jordan according to the level of amputation
Preoperative and postoperative variables

BKA
N (% from BKA)

AKA
N (% from AKA)

P-value

67 (60.9)

19 (63.3)

NS

Sex
Male
Female

43 (39.1)

11 (36.7)

62.1 ± 1.3

66.0 ± 2.2

NS

Hypertension

87 (80.6)

23 (79.3)

NS

Diabetes mellitus

98 (89.1)

27 (90.0)

NS

Ischaemic heart disease

49 (45.4)

14 (48.3)

NS

Congestive heart failure

33 (30.8)

10 (34.5)

NS

Stroke

32 (29.6)

6 (20.7)

NS

Age (mean ± SE, years)
Comorbidities

Chronic kidney disease

↓

35 (32.1)

4 (14.3)

0.047*

Dyslipidaemia

73 (66.4)

18 (60.0)

NS

Buerger disease

16 (14.8)

3 (11.5)

NS

9 (8.2)

9 (30.0)↑

0.006*

Indication for amputation
Acute limb ischaemia

↑

Diabetic foot syndrome

84 (76.4)

Chronic limb ischaemia

18 (60.0)

17 (15.5)

3 (10.0)

96 (87.3)

22 (73.3)

NS

Albumin

29.7 ± 0.8

29.1 ± 1.8

NS

HbA1c

8.9 ± 0.2

8.4 ± 0.4

NS

Right

58 (52.7)

15 (50.0)

NS

Left

52 (47.3)

15 (50.0)

Vascular surgeon

66 (60.0)

16 (53.3)

NS

LOS (mean ± SE, days)

6.3 ± 0.5

8.6 ± 1.0

0.035

Death

33 (32.7)

10 (37.0)

NS

Ulceration
Laboratory values

Side

SE Standard error, HbA1c Haemoglobin A1c, BKA Below-knee amputation, AKA Above-knee amputation, LOS Length of stay, NS Not significant
*Statistically significant difference
↑
Significantly greater than expected (p < 0.05)
↓
Significantly less than expected (p < 0.05)

Table 3 Annual distribution of major lower limb amputations in northern Jordan between 2012 and 2017
Variable

2012

2013

2014

2015

2016

2017

Frequency (%)

14 (10.0)

31 (22.2)

28 (20.0)

30 (21.4)

17 (12.1)

20 (14.3)

BKA

11 (78.6)

27 (87.1)

23 (82.1)

21 (70.0)

11 (64.7)

17 (85.0)

AKA

3 (21.4)

4 (12.9)

5 (17.9)

9 (30.0)

6 (35.3)

3 (15.0)

13 (41.9)

16 (57.1)

20 (66.7)

12 (70.6)

18 (90.0)↑↑

0 (0.0)

1 (5.9)

1 (5.0)

5.2 ± 0.5

6.5 ± 0.9

8.0 ± 1.5

Level of amputation, n (%)

Vascular surgeon, n (%)
Revision, n (%)
LOS (mean ± SE, days)

↓↓

3 (21.4)
4 (28.6)

↑
↑↑

11.9 ± 2.0

↑

2 (6.5)

6 (21.4)

6.2 ± 0.9

60.0 ± 0.9

↓

BKA Below-knee amputation, AKA Above-knee amputation, LOS Length of stay, n Number, SE Standard error of the mean
↑
Significantly greater than expected (p < 0.05)
↑↑
Significantly greater than expected (p < 0.01)
↓
Significantly less than expected (p < 0.05)
↓↓
Significantly less than expected (p < 0.01)
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Mortality

The mortality rate within 1 year of amputation was significantly associated with patient age, female sex, different types of comorbidities, and the preoperative albumin
level. Patients who died within 1 year of amputation
were significantly older than surviving patients (P <
0.001) (Table 4). In addition, a significantly greater number of patients who died had hypertension (P < 0.001),

stroke (P = 0.005), and CKD (P = 0.049). In fact, it is important to note that 100% of the amputee patients who
died with 1 year had hypertension. However, significantly
(P = 0.023) fewer than expected amputee patients who
died within 1 year had Buerger disease (Table 4). Moreover, patients who died within 1 year of amputation had
significantly lower serum albumin levels than other
amputee patients (P = 0.023). Furthermore, males had a

Table 4 Distribution and analysis of preoperative and postoperative factors related to mortality within 1 year after major lower limb
amputation in northern Jordan
Preoperative and
postoperative variables

P-value

Mortality at 1 year
Yes
N (% from total mortality)

No
N (% from total survival)

Male

19 (44.2)

58 (68.2)

Female

24 (55.8)

27 (31.8)

68.9 ± 1.5

60.1 ± 1.4

< 0.001*

Hypertension

43 (100.0)↑↑

60 (73.2)

< 0.001*

Diabetes mellitus

40 (87.1)

74 (93.0)

NS

Ischaemic heart disease

21 (50.0)

40 (48.2)

NS

Congestive heart failure

16 (39.0)

25 (30.1)

NS

Stroke

18 (42.9)↑↑

16 (19.0)

0.005*

Chronic kidney disease

16 (38.1)↑

19 (22.4)

0.049*

Dyslipidaemia

28 (65.1)

56 (65.9)

NS

2 (4.7)

15 (19.0)

0.023*

Acute limb ischaemia

5 (11.6)

11 (12.6)

NS

Chronic limb ischaemia

3 (7.0)

17 (20.0)

Diabetic foot syndrome

35 (81.4)

57 (67.1)

39 (90.7)

70 (82.4)

NS

Albumin

27.2 ± 1.1

30.6 ± 1.0

0.023*

HbA1c

8.6 ± 0.4

9.0 ± 0.3

NS

BKA

33 (76.7)

68 (80.0)

NS

AKA

10 (23.3)

17 (20.0)

Right

25 (58.1)

42 (49.4)

Left

18 (41.9)

43 (50.6)

14 (32.6)

22 (25.9)

Sex

Age (mean ± SE, years)

0.008*

Comorbidities

Buerger’s disease

↓

Indication for amputation

Ulceration
Laboratory values

Level of amputation

Side

Bilateral amputation

NS

NS

Revision

2 (4.7)

11 (12.9)

NS

Vascular surgeon

21 (48.8)

51 (60.0)

NS

LOS (mean ± SE, days)

6.1 ± 0.6

7.4 ± 0.7

NS

SE Standard error, HbA1c Haemoglobin A1c, BKA Below-knee amputation, AKA Above-knee amputation, LOS Length of stay, NS Not significant
*Statistically significant difference
↑
Significantly greater than expected (p < 0.05)
↑↑
Significantly greater than expected (p < 0.001)
↓
Significantly less than expected (p < 0.05)
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significantly (P = 0.008) lower mortality rate. After controlling for all factors in the model, the logistic regression analysis confirmed that the level of amputation, age
and stroke were the main factors that significantly increased the risk of 1-year mortality. Finally, there was no
significant association between 1-year mortality rates
and indications for amputation (Table 4).

Discussion
In developing countries, the impact of MLEA is increased by poverty, lack of medical insurance, and cost
containment policies in deprived nations [13]. Furthermore, there is a wide variation in the reported indications for MLEA. Unlike developed countries, where
peripheral arterial disease remains the most common indication for MLEA [14–17], in our series, DFS was the
leading indication for MLEA, and this was consistent
with other reports from developing nations [18–22]. This
is not surprising given that diabetes leads to peripheral
arterial disease and three-quarters of MLEA procedures are
performed for diabetic patients [11]. Furthermore, diabetes
has become an epidemic health problem, with a 32% increase internationally and a 31.5% increase nationally over
the past decade [9, 23]. The prevalence of diabetes in
Jordan has been estimated to be 17.1%, and the majority of
the diabetic population has poor control over their condition [23]. The incidence of diabetic foot ulcer (DFU)
reported by the national centre for diabetes in Jordan is
4.6% [24]; however, it is 2% in most developed countries
[13, 25, 26]. Moreover, the majority of diabetic patients
undergoing MLEA have DFU as a predisposing factor;
therefore, MLEA is a potentially preventable public health
disease.
The male predominance of 61.4% in our sample is
consistent with other reports [8, 9, 11, 15, 16, 25, 27–29].
The mean age of the population in this study was 62.9
years, which is relatively younger than that of other study
populations in the literature [8–11, 15, 17, 27, 30, 31].
However, it is comparable with that presented in studies performed in developing countries [18, 19, 22, 32].
This observation can be explained by the fact that diabetes is known to increase the risk of amputation at a
younger age, especially when it is acquired at a young
age and the vast majority of our patients had diabetes
and its related complications [11, 12, 31, 33]. Not surprisingly, the prevalence of comorbid conditions was
extremely high in the studied population. More than
three-quarters of our patients had diabetes, which represented a higher percentage than that in other contemporary series regarding MLEA [15, 16].
The prevalence of comorbidities was not statistically
different in the AKA and BKA groups; however, the
BKA group had more patients with CKD than the AKA
group (32.1% vs. 14.3%; P = 0.047), and this observation
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was consistent with published data [30, 31, 34]. The
BKA:AKA ratio (3:1) in our series was significantly
higher than that reported in the literature, including ratios reported by large international registries in developed countries [10, 34]. Recent data from the British
National Vascular Registry reported that approximately
two-thirds of major lower limb amputations performed
between 2014 and 2016 were BKA, and approximately
one-third were AKA [35]. We assume that the ratio observed in our study reflected delayed referrals and inadequate assessments during early stages. Therefore, many
of our patients presented with an adverse event that rendered limb salvage attempts impossible or ineffective.
The EuroDIALE study emphasised the issue of delayed
referrals and only 27% of patients who had DFU for
3 months or more were referred for specialty care.
Furthermore, only 40% of those with peripheral arterial disease were referred for vascular assessment or
revascularisation [36]. In addition, DFS, with its distinct crural vessel involvement and rapidly progressive
clinical course, might well explain the high proportion
of BKA when DFS accounted for nearly 72.9% of the
cumulative MLEA procedures in our series.
The ipsilateral revision rate of BKA to AKA in our
study 10.0%) was in accordance with revision rates reported by Aulivola et al. and Dillingham et al. [7, 12]
However, our revision rates were lower than those
reported by Cruz et al. (12%) and Lim et al. (17.6%)
[10, 15], and higher than those reported by Unnikrishnan
et al. [18] The immense disparity in the revision rates reported in the literature may be due to poor primary assessment of the amputation level by training residents,
poor management of the amputation stump, and the high
risk of falls for this frail patient cohort, all of which may
lead to stump dehiscence. Our favourable revision rates
might be explained by the increased number of surgeries
performed by vascular surgeons over the past 6 years, with
90.0% of MLEA procedures performed by vascular surgeons in 2017 compared to 21.4% in 2012. This corresponded with a significant decrease in revision rates from
28.6% in 2012 to 5.0% in 2017. A recent study in Australia
noticed a similar trend in MLEA performed by vascular
consultants in terms of complication rates, revision rates,
and LOS [16]. This observation supported previous
published data regarding the importance of clinical
judgement. Although objective data regarding various
clinical parameters such as transcutaneous oxygen
and segmental Doppler pressure aid are clinically
available, these tests cannot replace clinical experience
and expertise [12, 15, 16].
Many studies have investigated the outcomes of procedures involving resident-level physicians. Lannuzzi et al.
studied this issue and reported no significant association
between resident involvement and mortality; however,
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the amputation failure rate was increased [37]. In
addition, Smith et al. reported that more revision surgeries were required when surgeries were performed by residents instead of consultants [38]. However, Campbell
et al. found no relationship between the skill level of the
operating surgeon and outcomes in terms of local complications and the need for revision [39]. In our study,
the type of operating surgeon did not influence mortality
and similar mortality rates were observed for vascular
and non-vascular surgeons. We did not explore the influence of the skill level of the operating surgeon. In
2016, The Vascular Society of Great Britain and Ireland
Amputation Quality Improvement Framework recommended that MLEA should be performed using a
planned operating list in the presence of a consultant
vascular surgeon [40]. Another interesting finding was
that nearly one-quarter of the studied population underwent contralateral amputation following the index
MLEA during the study period.
There is no doubt that MLEA is associated with a dismal survival rate [12, 29]. British and American reports
have revealed high 1-year mortality rates for MLEA (between 35.7 and 48.3%) [16]. The 30.7% 1-year mortality
rate in our study was similar to that reported by other
contemporary investigators [7, 15–17, 29, 34]. Our data
suggests that female gender, comorbidities such as
hypertension, CKD, history of stroke, malnutrition in the
form of hypoalbuminaemia, and older patient age were
independent factors that increased the risk of 1-year
mortality. The logistic regression analysis, after controlling
for all factors in the model, confirmed that the main factors that significantly increased the risk of 1-year mortality
were the level of amputation, older age and stroke. Previous studies also demonstrated the negative impact of the
aforementioned factors on mortality [9, 16, 30].
Other factors, including indication for amputation, history of cardiac disease, and diabetes, did not predict increased 1-year mortality in our patient cohort. Similarly,
glycated haemoglobin (HbA1c) did not predict increased
mortality following MLEA. Studies have reported increased long-term mortality rates for diabetic individuals
who have undergone MLEA; however, reports suggest
that there were no significant differences in 1-year mortality rates between diabetic and non-diabetic patients
who have undergone MLEA [41, 42]. Schofield et al. only
noticed increased mortality rates after MLEA for diabetic patients 4 years after amputation, and the 1-year
mortality rate was similar to that of non-diabetic amputees, which was in agreement with our results at 1 year.
Other investigators have reported conflicting data that
indicated survival benefits for diabetic patients [43].
Some reports indicated that preoperative hypoalbuminemia is a marker of adverse outcomes following MLEA
[8, 9, 27, 30]. Feinglass et al. found that a low serum
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albumin level was the only preoperative laboratory value
predictive of 30-day mortality [27]. Nelson et al. also
linked increased mortality to hypoalbuminaemia. Interestingly, they did not include it as a parameter in their
mortality prediction model [30]. The only modifiable
variable associated with significant protection from mortality was Buerger disease. This was probably because
this disease is not associated with cardiovascular risk
factors, and it rarely involves coronary and cerebral circulation. Furthermore, higher albumin levels in male patients (31.1 for males versus 27.4 for females; P = 0,01)
and increased occurrence of Buerger disease among
males (P = 0.018) might explain favourable mortality
rates in males.
Despite the recent advances in perioperative care and
endovascular tools, the mortality rates for MLEA in our
study were not significantly better. This might be due to
selection bias that can arise because patients who are
offered amputation are naturally sicker than those
undergoing revascularisation, and they have worse health
preoperatively than patients scheduled to undergo a limb
salvage procedure [7, 15, 27, 31, 44].
In the current era of advanced endovascular therapy,
minimally invasive revascularisation might be associated
with more favourable outcomes than MLEA [30, 44].
Moreover, referrals to tertiary care units in our country
are subject to the annual funds allocated by the Ministry
of Health, which vary on an annual basis and are
dependent on the overall allocated annual allowances for
such units. Therefore, the number of referrals varies on
a yearly basis, and sicker patients take priority when
referrals to our unit are made.
Declining amputation rates have been reported in
developing countries [14, 17, 34]. In addition, our data
did not reveal any significant change in the annual
amputation rates despite improved vascular consultant
availability and the introduction of advanced vascular
and endovascular tools at our institution. Furthermore,
we did not notice any consistent change in the level of
amputation over the years since 2012. This might indicate that limb salvage options are not effective, or that
they are not offered early in developing countries such
as Jordan. The development of primary care prevention
strategies is crucial for prevention and early management of foot ulcerations, which, according to our data,
are present in 84.3% of patients prior to MLEA.
We noticed a 4.2-fold increase in vascular surgeon involvement in MLEA procedures over the past 6 years.
Vascular surgeon-led MLEA was also associated with a
corresponding decrease in amputation revision rates
from 28.6% in 2012 to 5.0% in 2017, and a shorter LOS
from 11.9 days in 2012 to 8.0 days in 2017; presumably
resulting in decreased overall costs of MLEA. However,
further nationwide studies are required to confirm that
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shorter LOS, reduced revision rates, and vascular
surgeon-led procedures actually result in reduced costs.
LOS remains an important determinant of health
service effectiveness, overall cost, patient wellbeing, and
patient satisfaction [19]. In our study, the mean acute
postoperative LOS was 6.8 ± 0.4 days, which was similar
to that reported by Wise et al. [28] LOS was significantly
affected by the level of amputation, with BKA having a
significantly shorter LOS than AKA (6.3 vs. 8.6 days;
P = 0.028). Our overall LOS was shorter than that
mentioned in contemporary reports from developed
countries, which can be explained by the absence of
rehabilitation services at our hospital. Patients at our
hospital are discharged home when pain is controlled,
and the wound is healing.
We were not able to demonstrate any significant influence of sex, select comorbidities, or laboratory values.
Interestingly, we noticed a counterintuitive direct relationship between hospital LOS and 1-year survival,
which might be explained by the fact that we included
in-hospital deaths in the 1-year mortality rate; however,
this did not reach statistical significance. That is, a substantial number of patients died during the perioperative
period and, therefore, were considered discharged earlier, as per hospital records. Establishing a national vascular registry is crucial so that we can establish factors
associated with shorter LOS. This will assist in providing
a cost-effective service that maintains quality care while
reducing expenses.
Several authors have explored the importance of developing a foot care team to decrease the risk of MLEA
[14, 26, 45, 46]. Rogers et al. discussed this issue in their
comprehensive review and introduced the Toe and Flow
concept, which is a comprehensive clinical approach to
endangered limbs. Furthermore, Fitzgerald et al. introduced the diabetic rapid response (DRRAFT) concept
model, which involves seven essential skills that form
the necessary core of the interdisciplinary limb salvage
model [46]. Paisey et al. confirmed that major costsavings resulted from reduced diabetes-related major
limb amputations with a 75% decrease in the amputation
cost per person per year when a foot care service was
implemented [45].
In our opinion, implementation of a foot care pathway
should not be restricted to diabetic foot patients. It should
also be extended to those with critically ischemic limbs.
Investigators from the United Kingdom highlighted this
issue when they noticed a slower decrease in amputation
rates for non-diabetic patients with ischaemic limbs than
for diabetic patients, and therefore, they recommended
that campaigns such as “putting feet first” should not be
restricted to diabetic patients with critical limbs [14].
This study had some limitations. First, our study was
retrospective and involved a relatively small sample size
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with less than 30 MLEA per annum. Second, there were
gaps in the database, and there may have been potential
selection bias. Third, this was a single-centre study, and
the patient population encountered in this tertiary centre
may have had more complex and advanced comorbidities. Therefore, they might not represent the whole
population. Fourth, data regarding different variables
that impact outcomes of MLEA, such as socioeconomic
status, functional status, and other laboratory variables,
were lacking. Fifth, diabetes mellitus and peripheral arterial disease frequently occur together, and therefore,
precise classification is often impossible. Finally, data regarding long-term outcomes, such as patient ambulation
and quality of life, were lacking.

Conclusion
In conclusion, Vascular surgeon-led MLEA is associated
with decreased revision rates, LOS and possibly improved outcomes, particularly when it is performed for
vascular insufficiency. The incidence of MLEA is significantly and inversely correlated with the provision of foot
care services [45]. Therefore, imminent research exploring factors associated with increased costs for MLEA is
crucial for formulating health care polices in developing
countries. We hope that this study will provide a platform for implementation of new health initiatives that
bring about improvements in patient outcomes in developing nations. We also hope that our findings encourage
health care policymakers to support health care professionals in their undertaking of national foot awareness
campaigns. Finally, the introduction of a national vascular registry is imperative for exploring regional and
patient-specific variations in outcomes following MLEA
in Middle Eastern and North African countries.
Abbreviations
AKA: Above-knee amputation; ANOVA: Analysis of variance; BKA: Below-knee
amputation; CKD: Chronic kidney disease; DFS: Diabetic foot syndrome;
DFU: Diabetic foot ulcer; IRB: Institutional review board; KAUH: King Abdullah
University Hospital; LOS: Length of hospital stay; MLEA: Major lower
extremity amputation; SE: Standard error
Acknowledgements
The authors acknowledge Mr. Mohammad Al-Jarrah, senior theater scrub
nurse, for his conscientious support.
Authors’ contributions
All authors have read and approved the final manuscript. QA: Study concept
and design, data interpretation, article writing, final approval, accountability
for all aspects of the work. MA: Data analysis and interpretation, final
approval, accountability for all aspects of the work. SB: Critical revision,
drafting, final approval, accountability for all aspects of the work. AA: Data
collection, drafting, final approval, accountability for all aspects of the work.
HO: Data collection, drafting, final approval, accountability for all aspects of
the work. EH: Critical revision of the article. NZ: Data analysis and
interpretation. HA: Data collection, drafting, final approval, accountability for
all aspects of the work. TM: Data analysis and interpretation.
Funding
There is no fund supporting this study.

Aljarrah et al. BMC Surgery

(2019) 19:170

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author.
Ethics approval and consent to participate
This study was reviewed and approved by the institutional Board review of
King Abdullah University Hospital of Jordan University of Science and
Technology. And the need for informed consent was waived due to the
retrospective nature of the study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Surgery, Faculty of Medicine, Jordan University of Science
and Technology, P.O. Box 3030, Irbid 22110, Jordan. 2Department of
Anatomy, Faculty of Medicine, Jordan University of Science and Technology,
P.O. Box 3030, Irbid 22110, Jordan. 3Department of Anatomy, College of
Medicine & Health Sciences, United Arab Emirates University, Al Ain 17666,
UAE. 4Department of Surgery, Faculty of Medicine, The Hashemite University,
P.O. Box 330127, Zarqa 13133, Jordan. 5School of Medicine, Faculty of
Medicine, Jordan University of Science and Technology, P.O. Box 3030, Irbid
22110, Jordan.
Received: 28 December 2018 Accepted: 31 October 2019

References
1. 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). J Vasc Surg. 2007;45:S5–67.
2. Salman KH, Laporte R. The incidence rate of lower extremity amputation in
Amman, Jordan. J Med J. 2010;44:72–87.
3. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of
diabetes for 2010 and 2030. Diabetes Res Clin Pract. 2010;87:4–14.
4. Ziegler-Graham K, Mackenzie EJ, Ephraim PL, Travison TG, Brookmeyer R.
Estimating the prevalence of limb loss in the United States: 2005 to 2050.
Arch Phys Med Rehabil. 2008;89:422–9.
5. Narres M, Kvitkina T, Claessen H, Droste S, Schuster B, Morbach S, et al.
Incidence of lower extremity amputations in the diabetic compared with
the non-diabetic population: a systematic review. PLoS One. 2017;12:
e0182081.
6. Alzahrani HA. Diabetes-related lower extremities amputations in Saudi
Arabia: the magnitude of the problem. Ann Vasc Dis. 2012;5:151–6.
7. Gawande A. Two hundred years of surgery. N Engl J Med. 2012;366:1716–23.
8. Aulivola B, Hile CN, Hamdan AD, Sheahan MG, Veraldi JR, Skillman JJ, et al.
Major lower extremity amputation: outcome of a modern series. Arch Surg.
2004;139:395–9.
9. de Jesus-Silva SG, de Oliveira JP, Brianezi MHC, Silva MAM, Krupa AE,
Cardoso RS. Analysis of risk factors related to minor and major lower limb
amputations at a tertiary hospital. J Vasc Bras. 2017;16:16–22. https://doi.org/
10.1590/1677-5449.008916.
10. Belmont PJ Jr, Davey S, Orr JD, Ochoa LM, Bader JO, Schoenfeld AJ. Risk
factors for 30-day postoperative complications and mortality after belowknee amputation: a study of 2,911 patients from the national surgical
quality improvement program. J Am Coll Surg. 2011;213:370–8.
11. Cruz CP, Eidt JF, Capps C, Kirtley L, Moursi MM. Major lower extremity
amputations at a veterans affairs hospital. Am J Surg. 2003;186:449–54.
12. Dillingham TR, Pezzin LE, Shore AD. Reamputation, mortality, and health
care costs among persons with dysvascular lower-limb amputations. Arch
Phys Med Rehabil. 2005;86:480–6.
13. Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J. The global burden
of diabetic foot disease. Lancet. 2005;366:1719–24.
14. Ahmad N, Thomas GN, Gill P, Torella F. The prevalence of major lower limb
amputation in the diabetic and non-diabetic population of England 2003–
2013. Diab Vasc Dis Res. 2016;13:348–53.
15. Lim TS, Finlayson A, Thorpe JM, Sieunarine K, Mwipatayi BP, Brady A, et al.
Outcomes of a contemporary amputation series. ANZ J Surg. 2006;76:300–5.

Page 9 of 10

16. Kelly DA, Pedersen S, Tosenovsky P, Sieunarine K. Major lower limb
amputation: outcomes are improving. Ann Vasc Surg. 2017;45:29–34.
17. Ploeg AJ, Lardenoye JW, Vrancken Peeters MP, Breslau PJ. Contemporary
series of morbidity and mortality after lower limb amputation. Eur J Vasc
Endovasc Surg. 2005;29:633–7.
18. Unnikrishnan EP, Rollands R, Parambil S. Epidemiology of major limb
amputations: across sectional study from a south Indian tertiary care
hospital. Int Surg J. 2017;4:1642–6.
19. Chalya PL, Mabula JB, Dass RM, Ngayomela IH, Chandika AB, Mbelenge N,
et al. Major limb amputations: a tertiary hospital experience in northwestern
Tanzania. J Orthop Surg Res. 2012;7:18.
20. Ubayawansa DH, Abeysekera WY, Kumara MM. Amputations in a tertiary
care hospital. J Coll Physicians Surg Pak. 2016;26:620–2.
21. Yusof NM, Rahman JA, Zulkifly AH, Che-Ahmad A, Khalid KA, Sulong AF, et al.
Predictors of major lower limb amputation among type II diabetic patients
admitted for diabetic foot problems. Singapore Med J. 2015;56:626–31.
22. Ndukwu C, Muoneme C. Prevalence and pattern of major extremity
amputation in a tertiary Hospital in Nnewi, south East Nigeria. Trop J Med
Res. 2015;18:104.
23. Ajlouni K, Khader YS, Batieha A, Ajlouni H, El-Khateeb M. An increase in
prevalence of diabetes mellitus in Jordan over 10 years. J Diabetes
Complications. 2008;22:317–24.
24. AlAyed MY, Younes N, Al-Smady M, Khader YS, Robert AA, Ajlouni K.
Prevalence of diabetic foot ulcer and its associated risk factors among
diabetic patients in Jordan. Curr Diabetes Rev. 2017;13:182–91.
25. Tabur S, Eren MA, Çelik Y, Dağ OF, Sabuncu T, Sayiner ZA, et al. The major
predictors of amputation and length of stay in diabetic patients with acute
foot ulceration. Wien Klin Wochenschr. 2015;127:45–50.
26. Rogers LC, Andros G, Caporusso J, Harkless LB, Mills JL Sr, Armstrong DG.
Toe and flow: essential components and structure of the amputation
prevention team. J Vasc Surg. 2010;52:23S–7S.
27. Feinglass J, Pearce WH, Martin GJ, Gibbs J, Cowper D, Sorensen M, et al.
Postoperative and late survival outcomes after major amputation: findings
from the Department of Veterans Affairs National Surgical Quality
Improvement Program. Surgery. 2001;130:21–9.
28. Wise ES, McMaster WG Jr, Williamson K, Wergin JE, Hocking KM, Brophy CM.
Pre-operative predictors of 30-day mortality and prolonged length of stay
after above-knee amputation. Ann Vasc Surg. 2016;31:124–33.
29. Shah SK, Bena JF, Allemang MT, Kelso R, Clair DG, Vargas L, et al. Lower
extremity amputations: factors associated with mortality or contralateral
amputation. Vasc Endovascular Surg. 2013;47:608–13.
30. Nelson MT, Greenblatt DY, Soma G, Rajimanickam V, Greenberg CC, Kent KC.
Preoperative factors predict mortality after major lower-extremity
amputation. Surgery. 2012;152:685–94.
31. Abou-Zamzam AM Jr, Teruya TH, Killeen JD, Ballard JL. Major lower
extremity amputation in an academic vascular center. Ann Vasc Surg. 2003;
17:86–90.
32. Naraynsingh V, Singh M, Ramdass MJ, Rampaul T, Teelucksingh S, Maharaj
D. Major lower limb amputations in Trinidad: a retrospective analysis.
Diabetic Foot. 2002;5:81–4.
33. Lopez-de-Andres A, Barrera VH, Lopez R, Martin-Junco P, Jimenez-Trujillo I,
Alvaro-Meca A, et al. Predictors of in-hospital mortality following major
lower extremity amputations in type 2 diabetic patients using artificial
neural networks. BMC Med Res Methodol. 2016;16:160.
34. Gabel J, Jabo B, Patel S, Kiang S, Bianchi C, Chiriano J, et al. Analysis of
patients undergoing major lower extremity amputation in the vascular
quality initiative. Ann Vasc Surg. 2018;46:75–82.
35. Waton S, Johal A, Heikkila K, Cromwell D, Loftus I, Boyle J. National Vascular
Registry: 2017 annual report. London: The Royal College of Surgeons of
England; 2017.
36. Prompers L, Huijberts M, Apelqvist J, Jude E, Piaggesi A, Bakker K, et al.
Delivery of care to diabetic patients with foot ulcers in daily practice: results
of the Eurodiale study, a prospective cohort study. Diabet Med. 2008;25:
700–7.
37. Iannuzzi JC, Chandra A, Rickles AS, Kumar NG, Kelly KN, Gillespie DL, et al.
Resident involvement is associated with worse outcomes after major lower
extremity amputation. J Vasc Surg. 2013;58:827–31.
38. Davie-Smith F, Coulter E, Kennon B, Wyke S, Paul L. Factors influencing
quality of life after lower extremity amputation for peripheral arterial
occlusive disease: a systematic review of the literature. Prosthet Orthot Int.
2017;41:537–47.

Aljarrah et al. BMC Surgery

(2019) 19:170

39. Campbell WB, Marriott S, Eve R, Mapson E, Sexton S, Thompson JF. Factors
influencing the early outcome of major lower limb amputation for vascular
disease. Ann R Coll Surg Engl. 2001;83:309–14.
40. Vascular Society of Great Britain and Ireland (VSGBI). A best practice clinical care
pathway for major amputation surgery. London: The Vascular Society; 2016.
41. Schofield CJ, Libby G, Brennan GM, MacAlpine RR, Morris AD, Leese GP,
et al. Mortality and hospitalization in patients after amputation: a
comparison between patients with and without diabetes. Diabetes Care.
2006;29:2252–6.
42. Thorud JC, Plemmons B, Buckley CJ, Shibuya N, Jupiter DC. Mortality after
nontraumatic major amputation among patients with diabetes and
peripheral vascular disease: a systematic review. J Foot Ankle Surg. 2016;55:
591–9.
43. Mayfield JA, Reiber GE, Maynard C, Czerniecki JM, Caps MT, Sangeorzan RJ.
Survival following lower-limb amputation in a veteran population. J Rehabil
Res Dev. 2001;38:341–5.
44. Barshes NR, Menard MT, Nguyen LL, Bafford R, Ozaki CK, Belkin M.
Infrainguinal bypass is associated with lower perioperative mortality than
major amputation in high-risk surgical candidates. J Vasc Surg. 2011;53:
1251–9.
45. Paisey RB, Abbott A, Levenson R, Harrington A, Browne D, Moore J, et al.
Diabetes-related major lower limb amputation incidence is strongly related to
diabetic foot service provision and improves with enhancement of services:
peer review of the south-west of England. Diabet Med. 2018;35:53–62.
46. Fitzgerald RH, Mills JL, Joseph W, Armstrong DG. The diabetic rapid
response acute foot team: 7 essential skills for targeted limb salvage.
Eplasty. 2009;9:e15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

