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� Mortality rates after trantibial and transfemoral amputations are high.
� Duration between surgery and death was significantly shorter in transfemoral amputees.
� Transtibial amputees have better mobility capacity than transfemorals.
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a b s t r a c t

Introduction: This study aimed to compare mortality rates and functional results of transtibial and
transfemoral amputations in elderly patients with diabetes.
Methods: 87 amputees [54 (62.1%) transtibial and 33 (37.9%) transfemoral] were included. Mean ages
were 70.7 and 69.3 years in transfemoral and transtibial groups, respectively. Mean follow up time was
41.8 months. Amputee Mobility Predictor scores (with and without prosthesis) and Barthel Daily Living
Index were used for functional evaluation of the survivors.
Results: First year mortality rates were 29.6% and 30.3% in transtibial and transfemoral groups, respec-
tively. Overall mortality rate of both groups was 65.5% (66.7% in transtibial and 63.6% in transfemoral
group). There was no difference between mortality rates of two groups. Duration between surgery and
death was significantly shorter in transfemoral group. The mean Amputee Mobility Predictor scores
(with prosthesis) of the transtibial and transfemoral groups were 32.3 and 26.9 points, respectively. The
average Amputee Mobility Predictor scores (without prosthesis) of the transtibial and transfemoral
groups were 29.5 and 22.7 points respectively. The differences between two groups' scores were sig-
nificant. The mean Barthel Daily Living Index scores of the transtibial and transfemoral groups were 82.5
and 80.2 points respectively. The difference was not significant.
Conclusions: High mortality rates and morbidities after major lower limb amputations emphasize the
importance of preventive measures and foot care in patients with diabetes.

© 2016 IJS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Lower extremity amputations are leading causes of morbidity
and mortality in patients with diabetes [1e3]. In addition to mac-
rovascular complications, e.g. myocardial infarction, stroke and
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peripheral vascular diseases, microvascular complications such as
retinopathy and nephropathy may also be seen in these patients
[1e6]. As a result of these complications, Diabetes Mellitus (DM) is
accepted as the cause more than 50% of nontraumatic amputations
and the risk of amputation is increased 12e15 folds in people with
diabetes.(3e6) The incidence has been estimated as between 37
and 188 per 100.000 people [7,8].

Several factors may affect the functional outcomes of amputees.
Increased age and amputation level would increase morbidity
d.
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[7e12]. It was claimed that increased level of amputation may also
increase mortality [3e6]. Although there are several studies related
with these issues, there is a lack of literature reporting the updated
mortality rates of these two major amputations and functional
outcomes despite the advanced rehabilitation techniques and in-
crease in quality of prosthesis technology. This study aims to
discuss functional results of transtibial and transfemoral amputa-
tions due to incurable wounds in elderly patients with diabetes. We
tried to compare mortality rates of these two major amputations
and investigate the comorbidities of these patients.

2. Patients and methods

Between 1997 and 2013, total of 181 transtibial and trans-
femoral amputations (in 115 males and 60 females, 6 bilateral
cases) were performed by five different surgeons in two third level
orthopaedic centers. Patients who were younger than 60 years old
of age, had a different level of amputation or amputated due to
etiologies other than diabetes were excluded from the study. The
wounds due to diabetes were determined to be the causes of am-
putations in 92 (50.8%) extremities of 87 patients. The demographic
information, co-morbidities, complications were investigated from
patients' charts retrospectively. The patients were called by phone
and survivors were invited to the outpatient clinic for evaluation of
the functional status. Amputee Mobility Predictor (AMP) scores
were used to evaluate the survivor unilateral amputees [13]. The
AMP scores of the patients were checked with prosthesis (AMPpro)
and without prosthesis (AMPnopro). In addition, Barthel Daily
Living Index was used for functional evaluation of all patients [14].
If the patient was dead, the time of death after surgery and the
questions in Barthel Daily Living Index were asked to the relatives
by phone regarding their final status. The outcomes were assessed
by an author (AS). The study has local Institutional Review Board
approval and informed consent was obtained from all patients.

The statistical analysis was performed by using SPSS 15 (SPSS
INC., Chicago, IL; USA). The independent sample T test was used to
compare themeans of the hospital stay and functional results of the
two groups. The Kaplan-Meier survival analysis was used with the
death defined as end point. Comparison of survival curveswas done
by using Log Rank test. We checked for first and fifth years survi-
vorships. The Cox regression analysis was used to detect factors
related with mortality and to calculate the corresponding hazard
ratios. The Fisher's Exact Test was used in order to compare dis-
tribution of comorbidities in two groups. A p value lesser than 0.05
was accepted as significant.

3. Results

Transtibial amputation was performed in 59 (64.1%) (five bilat-
eral cases) and transfemoral in 33 (35.9%) extremities. In trans-
femoral group 23 patients weremale and 10were female. Mean age
was 70.7 (range, 61e95) years at the time of amputation. Twenty of
the patients had right and 13 had left extremity amputations. In
transtibial group 33 patients were male and 21 were female. Mean
age was 69.3 (range, 60e84) years at the time of amputation
(Table 1). Thirty seven left sided and 22 right sided amputations
were performed. Mean hospital stay was 10.1 (range, 2e62) days
[9.8 (range, 2e33) days in transtibial group and 13.2 (range, 5e62)
days in transfemoral group]. The difference between two groups
was statistically significant. (p ¼ 0.024).

The mortality rates were 29.6% and 30.3% in transtibial and
transfemoral groups at the end of the first year, respectively. Five-
year mortality rates were 66.7% in transtibial group and 63.6% in
transfemoral group. Overall mortality rate was 65.5% for all am-
putees. There was no difference between mortality rates of two
groups.(x2 ¼ 0.169, p¼ 0.681 for first year and x2 ¼ 0.156, p¼ 0.693
for fifth year) (Figs. 1 and 2) The mean periods between amputation
and death were 13.6 (range, 1e61) months in transtibial group and
7.1 (range, 1e40) months in transfemoral group. The difference was
statistically significant.(p < 0.001).

In three males and two females bilateral transtibial amputation
was performed. Mean age of these five patients was 67.2 (range,
60e75) years, mean follow up was 34 (range, 17e40) months. Two
of these patients died with a mean of 22 months after surgery.

Superficial infections occured in 10 (16.9%) extremities of the
transtibial group and in 5 (15.2%) extremities of the transfemoral
group during early postoperative follow ups. All patients were
treated by antibiotics but debridement was needed in 7 (11.9%) ex-
tremities of transtibial group and 3 (9.1%) of the transfemoral group.

The comorbidities in transtibial group were chronic renal dis-
ease (CRD) in 3 patients, coronary artery disease (CAD) in 5 pa-
tients, chronic obstructive pulmonary disease (COPD) in 1 patient,
chronic hepatic disease (CHD) in 1 patient. In transfemoral group 12
patients had CRD, 3 patients had CAD and 2 patients had COPD. The
difference between two groups in terms of number of patients with
CAD, COPD and CHD was not significant.(p ¼ 0.979, p ¼ 0.554 and
p¼ 1, respectively) In transfemoral group there were more patients
with CRD.(p ¼ 0.001) In Cox regression analysis, CAD and COPD
were found to be increasing mortality.(p < 0.001) (Table 2).

The survivors of this cohort [30 patients- 18 transtibial, 12
transfemoral] were evaluated for functional status. Mean age of
those patients was 72.3 (range, 65e89) years. There were 10 males
and 8 females in transtibial group [mean age, 74.1 (range, 65e87)
years]. Transfemoral group included 6 males and 6 females [mean
age, 71.2 (range, 67e89) years]. The overall mean follow up time
was 79.1 (range, 25e129) months. Average follow up times were
88.9 (range, 31e129) months in transtibial group and 69.5 (range,
25e104) months in transfemoral group. The mean AMPpro scores
of the transtibial and transfemoral groups were 32.3 (range,14e42)
and 26.9 (range, 19e40) points, respectively. The average AMPno-
pro scores of the transtibial and transfemoral groups were 29.5
(range, 11e40) and 22.7 (range, 16e39) points, respectively. The
differences between two groups' scores were statistically signifi-
cant (Table 3).

The Barthel scores were determined by interview with relatives
of the dead patients and the outpatient clinic evaluation of the
survivors. The mean scores of the transtibial and transfemoral
groups were 82.5 (range, 70e100) and 80.2 (range, 65e100) points,
respectively. The difference between two groups was not statisti-
cally significant.(P ¼ 0.21) (Table 3).

4. Discussion

Peripheral vascular disease and diabetes mellitus are major
causes of lower-limb amputations [3]. More than half of the non-
traumatic amputations are related to the complications of diabetes.
Additionally it has been shown that diabetes increases the risk of
amputation for 12e17 times [4,5]. In our study as consistent with
the literature, foot wounds due to diabetes (50.8%) were leading
cause of major amputations.

In the literature the mortality rates were between 20.8 and
30.2% for transtibial amputations and 35.4e46.2% for transfemoral
amputations at the end of first year [3,6,9e11]. In their study in
which 2375 patients were included; Bates et al. had found that
mortality rates were higher in the transfemoral amputation group
than the transtibial group [3]. Carmona et al. reported survival rates
after major lower limb amputation at the first year as 61.7%, at the
second year as 47.9%, at the fifth year as 22.6% and at the tenth year
as 13%. They claimed that 10.5% of patients died at the first days of
hospitalization and transtibial amputation group had less mortality



Table 1
Demographic data of the patients.

Parameter Value

Number of transtibial amputees 54 (59 extremity)
Male 33
Female 21
Mean age (years) 69.3 (range, 60e84)

Number of transfemoral amputees 33
Male 23
Female 10
Mean age (years) 70.7 (range,61e95)

Mean hospital stay (days) 10.1 (range, 2e62)
Transtibial group 9.8 (range, 2e33)
Transfemoral group 13.2 (range, 5e62)

Comorbidities in Transtibial group (number of patients) 10
Chronic Renal Disease 3
Coronary Artery Disease 5
Chronic Obstructive Pulmonary Disease 1
Chronic Hepatic Disease 1

Comorbidities in Transfemoral group (number of patients) 17
Chronic Renal Disease 12
Coronary Artery Disease 3
Chronic Obstructive Pulmonary Disease 2

Mean follow up of survivors (months) 79.1 (range, 25e129)
Transtibial group 88.9 (range, 31e129)
Transfemoral group 69.5 (range, 25e104)

Fig. 1. The Kaplan-Meier survival analysis of first year. The end point was defined as
death. The time between surgery and death was shorter in transfemoral group but at
the end of the first year there was no significant difference between two groups. “þ”

indicates cencored data.
Fig. 2. The Kaplan-Meier survival analysis of fifth year. The end point was defined as
death. “þ” indicates cencored data.

Table 2
Cox regression analysis with death as end point. *The comorbidities which effect
mortality. Values are expressed as mean, with 95% confidence interval in
parentheses.

Comorbidity Hazard ratio p Value

Chronic Renal Disease 0.701 (0.33e1.489) 0.355
Coronary Artery Disease* 0.155* (0.060e0.399) <0.001*
Chronic Obstructive Pulmonary Disease* 0.084* (0.023e0.306) <0.001*
Chronic Hepatic Disease 0.211 (0.028e1.594) 0.132
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rate than the higher level amputations. Authors correlate this dif-
ference with co-morbidities [6]. The first and fifth years mortality
rates of our patients were 29.6% and 66.7% in transtibial group and
30.3% and 63.6% in transfemoral group, respectively. The overall
mortality rate was 65.5%. Our results were consistent with litera-
ture. Although there was no difference between mortality rates of
two groups, it can be seen that duration between surgery and death
was shorter in transfemoral amputees (Fig. 1). We have no data
which could explain this finding since distributions of two mor-
tality increasing factors were similar in two groups. Our opinion is
that delay in both, hospital admission and appropriate treatment
would end up with higher amputation level and shorter survival
time.

The higher mortality rates after major lower limb amputations
can be explained with the comorbidities. In several studies the
mortality related situations after major lower limb amputations has
been investigated and it was claimed that congestive heart disease,
atrial fibrillation, chronic obstructive lung disease, dementia,
cerebrovascular disease, hemodialysis and obesity increased the
mortality [6,15,16]. Aulivola et al. calculated overall 30-day mor-
tality for such patients as 8.6% and they emphasized that cardiac
complications, sepsis and pneumonia are the leading causes of
death [11]. In our study, we found that CAD and COPD were
increasing mortality.(p < 0.001).



Table 3
Mean Amputee Mobility Predictor (AMP with and without prosthesis) and Barthel scores.

Scores Transtibial group (n:54 patients) Transfemoral group (n:33 patients) p Value

AMPpro 32.3 (14e42) 26.9 (19e40) 0.024
AMPnopro 29.5 (12e34) 22.7 (11e32) 0.021
Barthel 82,5 (70e100) 80,2 (65e100) 0.34
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Bilateral amputation was performed in five patients. One of
them had simultaneous bilateral transtibial amputation. The others
were operated at different times. Peters et al. emphasized that the
incidence of bilateral amputation was higher in people with dia-
betes [17]. Mac Neill et al. found mortality rate as 39% and life ex-
pectancy as 4.2 years after surgery, in their study which consists 82
bilateral transtibial amputees. The cause of the amputations were
diabetes and peripheral artery disease. Recent studies suggest that
life expectancy in bilateral amputation group was higher than
unilateral group [18,19]. They concluded that most of the unilateral
amputees do not survive long enough to undergo bilateral ampu-
tation. In our study mean follow up for these patients was 34
months and over all mortality rate was 40%.

Norvell et al. reported 41% and 29% mobility success rate ac-
cording to Locomotor Capability Index in patients with transtibial
and transfemoral amputations, respectively. Authors claimed that
patients who achieved mobility success had a higher satisfaction
rates [20]. In their study which investigates functional status of
amputee with diabetes, Attinger and Brown reported 64% ambu-
lation rate in transtibial amputees [21]. Larsson et al. emphasized
that 61% of patients with major lower extremity amputation
returned to living independently [22]. Machado Vaz et al. analysed
functional and psychological results of lower limb amputees. The
data showed that the amputees had high risk of depression and
their functional capacities were significantly decreased [23]. We
calculated AMP score with and without prosthesis. In our study the
mean AMPpro scores of the transtibial and transfemoral groups
were 32.3 and 26.9 points respectively. The average AMPnopro
score of the transtibial group was 29.5 points and transfemoral
group was 22.7 points. The differences between two groups were
statistically significant (Table 3). This can be interpreted as trans-
tibial group has better mobility capacity than transfemoral group.
Waters et al. reported better functional results and less energy
expenditure with lower level of amputations [24]. Nehler et al.
compared transtibial and transfemoral amputees in their study
which consists of 172 major amputations. Although transtibial
group had better results by means of ambulation, there was no
statistically significant difference between two groups [25].

Pernot et al. investigated 164 patients with major lower limb
amputations. The study consists of amputations due to diabetes but
also tumors, vascular diseases and trauma [26]. The authors re-
ported mean Barthel Index score as 79 points. In our study mean
Barthel scores of the transtibial and transfemoral groups were 82.5
and 80.2 points respectively. The difference between two groups
was not significant.(p ¼ 0.34).

In our series mean length of hospital stay was calculated as 10.1
days. The transfemoral group had significantly longer hospitaliza-
tion than transtibial group in our study. The reason for longer
hospitalization might be associated with long surgical preparation
time and postoperative care. Longer surgical preparation time can
be due to those patients' irregular blood glucose profile and
comorbidities. Besides, post-surgical complications may be
encountered with the same reasons. High complication risk may
increase the length of hospital stay. As it is expected, causes of
higher amputation level might indicate longer hospitalization.

The cause of amputations in our study was incurable wounds.
Ulcer care (debridement þ antibiotics), hyperbaric oxygen therapy
and soft tissue reconstructions can be listed as parts of classic ulcer
treatment [27]. Several growth factors; e.g. transforming growth
factor b2, recombinant human platelet-derived growth factor, re-
combinant human epidermal growth factor, recombinant human
basic fibroblast growth factor; were reported as effective in diabetic
wound care, recently [28]. But we believe that preventive measures
(foot care programmes, special footwear and foot screenings) are
most important factors that could decrease morbidity and
mortality.

The level of amputation is decided according to the revascu-
larization status of the extremity, severity of the wounds and
infection. Some surgeons prefer aggresive revascularization in or-
der to prevent high level amputations but some surgeons prefer
higher level of amputations instead of aggresive revascularization
[29]. The vascular surgery team plays critical role in decision
making. It was shown that, increased level of amputation is asso-
ciated with higher energy expenditure during ambulation with
prosthesis [30]. This conditionmay cause increase in cardiovascular
complication risk [31]. Devan et al. demonstrated that spinal and
pelvic movement asymmetries during gait were more obvious
following transfemoral amputation compared with transtibial
amputation [32]. In addition risk of osteoarthritis increases with
higher amputation levels [33]. In our opinion, these factors are
related with difference in functional outcomes of two amputation
groups. We don't have any data about gait or energy expenditure of
these two groups but according to literature and our results, despite
similar mortality rates we could advise to spend more efforts for
soft tissue management and revascularization procedures in order
to prevent higher level amputations for patients with diabetic foot
ulcers.

The main limitations of this study are its retrospective design
and small sample size. The numbers of patients with different
comorbidities were not equal. Therefore effect of comorbidities on
mortality can not be investigated reliably. Prospective multicenter
studies with larger patient population and close number of pa-
tients in subgroups with comorbidities are necessary to investigate
the answer of this question. In additionwe collected the data about
last functional status of the dead amputees via telephone inter-
view with their relatives. This point decreases the reliability of the
data. We evaluated functional outcomes only by using question-
naires. Gait analysis and measurements of energy expenditure
during gait or other activites may be added to compare these two
amputation types better. We don't have joint specific physical or
radiologic examination findings. Therefore we could not make
comments about the causes of difference between two groups.
Those are important limitations of almost all of the studies about
this issue. Addition of these data would increase the reliability of
the studies.
5. Conclusion

High mortality rates after major lower extremity amputations
point the importance of protective measures and foot care. The
decrease in life span with increased amputation level and mor-
bidities made us think to protect the extremity as long as possible.
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Our results show that despite increased health care qualities,
complications of diabetes still threaten lifes.
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