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Abstract

The aim of this retrospective study was to evaluate factors potentially influencing short- and long-term mortality in patients who had a
non-traumatic lower limb amputation in a university hospital. A consecutive series of 93 amputations (16% toe/foot, 33% trans-tibial, 9%
through knee and 42% trans-femoral) were studied. Their mean age was 75.8 years; 21 (23%) were admitted from a nursing home and 87
(92%) were amputated due to a vascular disease and/or diabetes. Thirty days and 1-year mortality were 30 and 54%, respectively. Cox
regression analysis demonstrated that the 30-day mortality was associated with older age (P = 0.01), and the number of co-morbidities
(P = 0.04), when adjusted for gender, previous amputations, cause of and amputation level, and residential status. Thus, a patient with 4
or 5 co-morbidities (n = 20) was seven times more likely to die within 30 days, compared with a patient with 1 co-morbidity (n = 16).
Further, the risk of not surviving increased with 7% per each additional year the patient got older. Of concern, almost one-third of
patients died within 1 month. This may be unavoidable, but a multidisciplinary, optimized, multimodal pre- and postoperative pro-
gramme should be instituted, trying to improve the outcome.
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INTRODUCTION

Having a lower limb amputation is associated with a somehow
high risk of not surviving within the first year from surgery, with
perioperative mortality ranging from 9 to 16% [1–5], and 1-year
survival rates ranging from 86 to 53% [1–10]. The majority of non-
traumatic amputations are most often caused by a vascular disease,
followed by diabetes or a combination of both [1, 4, 5, 7–9],
whereas worse survival rates have been associated with factors
such as older age, diabetes, more than one co-morbidity, above
knee amputations (AKAs), type of rehabilitation setting and the
post-amputation physical independence grade [1, 3, 6, 8, 11, 12].
Still, other studies found no difference between amputation levels
and 1-year mobility [2] or mortality [5], and diabetic amputees
seem less likely to die within 1-year than dysvascular amputees [7].

When planning to optimize the treatment and rehabilitation
of all patients with lower limb amputations, it seems important
to identify whether special attention should be taken into
account for subgroups. To this, the ultimate outcome of all
patient groups including amputee patients is survival rates.

The aim of this study was to evaluate the factors potentially
influencing short- and long-term survival rates of patients with a
non-traumatic lower limb amputation.

MATERIALS AND METHODS

All patients who underwent a non-traumatic lower limb amputa-
tion in the year 2009 at Hvidovre University Hospital,
Copenhagen, Denmark, were identified from the hospitals’ data-
base of surgery.
Medical records were reviewed retrospectively, and data were

stratified according to age, gender, residential status (own home
or nursing home), previous amputations in the contra-lateral
limb, indications for amputation (vascular disease, diabetes,
vascular disease and diabetes as well as emboli), number of
co-morbidities (0–1, 2–3 and 4–5), American Society of
Anesthesiologists (ASA, 0–5) rating [13], amputation level (foot/
toe, below knee amputation (BKA), through knee amputation
(TKA) and AKA), in-hospital mortality, cause of death (if stated in
medical charts) and length of stay in days. Mortality, within 30
and 90 days, in addition to 12 months from surgery were
identified from the national civil register. The institutional ethics
committee approved the study.

STATISTICAL ANALYSIS

Chi square and ANOVA were used to evaluate the differences
between patient characteristics and the level of amputation

†Results from the study in part was presented (platform) at the EFORT
Congress, June 2011, Copenhagen.
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and mortality within 30 days and 1 year from amputation.
Kaplan–Meyer survival graphs were derived for age groups (43–
76 versus 77–93 years) and co-morbidity groups. Cox regression
analysis (enter method) was used to assess the relationship
between the survival and the potentially associated factors.
Age was entered as a continuous variable, while reference
categories for other variables in the Cox regression were:
women, admitted from own home, 0–1 co-morbidities, no pre-
vious amputation, amputation related to diabetes and foot/toe
amputation. The ASA rating was not included in this analysis due
to the possible multicolinearity with the number of
co-morbidities.

All analyses were preformed using SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA). Data are presented as mean (standard devi-
ation), continues data being normally distributed, or as number
(percentage) for categorical data, and the level of significance
was set at P < 0.05.

RESULTS

Ninety-three of the 95 consecutive lower limb amputations in
the study year were caused by a non-traumatic diagnosis. The
mean age of the 93 patients was 75.8 (11.4) years, and ranging
from 43 to 93 years. Twenty-one (23%) patients were admitted
from a nursing home, 20 (22%) were referred from a department
of vascular surgery, 5 (5%) from a wound-healing centre, 8 (9%)
from other hospital departments and 39 (42%) came from their
home. The reason for amputation was gangrene (n = 66),
non-healing wounds /infection (n = 18) or other causes n = 9).
The distribution of amputation level was, respectively, foot/toe
(n = 15), BKA (n = 31), TKA (n = 8) and AKA (n = 39), with a

significantly higher proportion of patients admitted from an in-
stitution having a TKA or AKA when compared with patients ad-
mitted from their own home (P = 0.003). Patients who had a TKA
amputation stayed significantly fewer days in the orthopedic
ward when compared with patients with other amputations (P =
0.03), otherwise no significant differences were seen between
the amputation level and patient characteristics (Table 1). One
patient had no co-morbidities, 15 had 1, 57 had 2–3 and 20 had
4–5 co-morbidities. The mortality was 27% in hospital, 30% at 30
days, 44% at 90 days and 54% at 1 year, respectively. Three
patients with an ASA of 5 died within 5 days from surgery.
Univariate analysis demonstrated that the 30-day mortality was
associated with older age, residential status (nursing home),
more co-morbidities and the ASA rating (P ≤ 0.04), and except
for the number of co-morbidities (P = 0.07), the 1-year mortality
was significantly associated with the same variables (Table 2).
The cause of death for patients who died within 1 month was

cardiovascular (n = 14, 50%) and respiratory (n = 6, 21%) pro-
blems, while one death was related to an endocrinology disease.
The cause of death for three patients who died in-hospital was
not stated in the medical chart. In addition, four patients who
died after discharge had no cause of death mentioned. Patients
admitted from a nursing home were significantly older (mean
age 80.6 versus 74.4 years) and discharged after fewer days in
the ward (mean 7.4 (2.2) versus 33.9 (22.0) days) (P < 0.03), but
with no significant differences regarding ASA ratings and the
number of co-morbidities when compared with patients admit-
ted from their own home (P > 0.3). Eleven patients (12%) had a
revision (n = 4) or a re-amputation (n = 7) within 30 days from
amputation, with six of the re-amputations having a toe/foot
amputation as the index operation. None of the 25 patients ini-
tially referred from a vascular surgeon or a wound-healing

Table 1: Characteristics and outcome of 93 consecutive lower limb amputee patients

Variable All (n = 93) Amputation level P-value

Foot/toe (n = 15) BKA (n = 31) TKA (n = 8) AKA (n = 39)

Age 75.8 (11.4) 73.8 (14.5) 73.9 (12.6) 74.9 (12.5) 78.2 (8.4) 0.369
Women 38 (41) 3 (8) 13 (34) 2 (5) 20 (53) 0.151
Men 55 (59) 12 (22) 18 (33) 6 (11) 19 (34)
From own home 72 (77) 14 (19) 28 (39) 3 (4) 27 (38) 0.003
From nursery home 21 (23) 1 (5) 3 (14) 5 (24) 12 (57)
No previous amputation other limb 75 (81) 14 (19) 25 (33) 6 (8) 30 (40) 0.561
Previous amputation contra lateral limb 18 (19) 1 (6) 6 (33) 2 (11) 9 (50)
Amputation due to
Vascular disease 48 (52) 7 (15) 16 (33) 5 (10) 20 (42) 0.955
Diabetes mellitus (DM) 17 (18) 4 (24) 5 (29) 1 (6) 7 (41)
Vascular disease + DM 22 (24) 4 (18) 7 (32) 2 (9) 9 (41)
Emboli 6 (6) 0 3 (50) 0 3 (50)

Number of co-morbidities
0–1 co-morbidities 16 (17) 2 (12) 6 (38) 1 (6) 7 (44) 0.966
2–3 co-morbidities 57 (61) 10 (17) 20 (35) 5 (9) 22 (39)
4–5 co-morbidities 20 (22) 3 (15) 5 (25) 2 (10) 10 (50)
ASA score = 2 24 (26) 5 (21) 11 (46) 0 8 (33) 0.446
ASA score = 3 58 (62) 9 (16) 17 (29) 7 (12) 25 (43)
ASA score = 4 8 (9) 0 3 (37) 1 (13) 4 (50)
ASA score = 5 3 (3) 1 (33) 0 0 2 (67)
Length of stay 28.1 (22.3) 32.8 (28.4) n = 11 35.4 (24.7) n = 24 8.5 (2.8) n = 6 24 (16.4) n = 27 0.032

BKA, below knee amputation; TKA, through knee amputation; AKA, above knee amputation; ASA, American Society of Anesthesiologists rating (1–5); 0,
none. Categorical variables evaluated with chi square and continuous data with ANOVA. Data are presented as mean (standard deviation) or as number
(percentage).
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centre were re-amputated, and only one index amputation due
to non-healing wounds or infection had a re-amputation. Having
a revision or re-amputation was not associated with a higher
30-, 90-day or 1-year mortality (P > 0.2), and there was no signifi-
cant difference in mortality between patients who were ampu-
tated due to a vascular disease or emboli (n = 54) compared with
those with diabetes (n = 39), at 30, 90 days or 1 year (P > 0.4).

Cox regression analysis demonstrated that the 30-day survival
was associated with older age (P = 0.01), and more than three
co-morbidities (P = 0.04), when adjusted for gender, residential

status, previous amputation, indication for the index amputation
and the amputation level (Table 3). A similar result was seen for
regression analysis of the 1-year survival (Table 4). One-year
Kaplan–Meier survival graphs for age- and co-morbidity groups
are presented in Figs. 1 and 2.

DISCUSSION

The present study of 93 consecutive patients admitted from
their own home or a nursing home within the year 2009
shows to our knowledge the lowest short- and long-term sur-
vival rates ever reported for lower limb non-traumatic ampu-
tations. The 30-days mortality was 30%, and more than half of
the patients were dead at 1 year from amputation. The mor-
tality was significantly related to age and pre-amputation mor-
bidity. The regression analysis showed that the risk of not
surviving 30 days from amputation was six times higher for a
patient with 4–5 co-morbidities when compared with one
with 0–1. The risk of not surviving more than 1 month
increased with 7% per each additional year the patient got
older. The corresponding figures for 1-year survival were five
times (comorbidities) and 5% per year (age). None of the
patients referred from a vascular surgeon were re-amputated,
and only one out of seven initially amputated because of in-
fection was re-amputated. This indicates that being referred
from a vascular surgeon to some extent secure the right am-
putation level, and in infected patients the level of amputation
was performed well above the infected area.
Some of these deaths probably are unavoidable due to age

and the pre-amputation morbidity, e.g. ASA ratings of 4 and 5

Table 3: Association with 30-day survival

Variables Hazard ratio
Exp (B)

95% CI for
Exp (B)

P-value

Lower Upper

Age 1.069 1.016 1.125 0.010
Men 1.255 0.529 2.975 0.607
Admitted from nursery home 1.560 0.654 3.674 0.331
0–1 co-morbidities (reference)
2–3 co-morbidities 2.158 0.475 9.805 0.319
4–5 co-morbidities 5.879 1.136 30.413 0.035
Previous amputation contra
lateral limb

1.073 0.412 2.795 0.886

Amputation due to vascular
disease or emboli

0.822 0.336 2.008 0.667

Foot/toe amputation (reference)
Trans tibial 1.598 0.421 6.069 0.491
Through the knee 2.975 0.574 15.428 0.194
Trans femoral 1.328 0.333 5.294 0.688

Table 2: Univariate analysis of factors influencing short- and long-term mortality

Variable All, N = 93 30-day mortality P- value 1-year mortality P-value

Age 43–76 years 47 9 (19) 0.020 20 (43) 0.028
Age 77–93 years 46 19 (41) 30 (65)
Women 38 12 (32) 0.797 22 (58) 0.507
Men 55 16 (29) 28 (51)
Admitted from own home 72 17 (24) 0.011 37 (51) 0.395
Admitted from nursery home 21 11 (52) 13 (62)
No previous amputation contra lateral limb 75 22 (29) 0.740 41 (55) 0.721
Previous amputation contra lateral limb 18 6 (33) 9 (50)
Indications for amputation
Vascular disease 48 11 (23) 0.145 26 (54) 0.435
Diabetes mellitus (DM) 17 5 (29) 9 (53)
Vascular disease + DM 22 8 (36) 10 (46)
Emboli 6 4 (67) 5 (83)
0–1 co-morbidities 16 2 (13) 0.044 5 (31) 0.067
2–3 co-morbidities 57 16 (28) 31 (54)
4–5 co-morbidities 20 10 (50) 14 (70)
ASA score = 2 24 8 (21) 0.006 9 (38) 0.032
ASA score = 3 58 15 (26) 31 (53)
ASA score = 4 8 5 (63) 7 (88)
ASA score = 5 3 3 (100) 3 (100)

Amputation level
Foot/toe 15 3 (20) 0.521 6 (40) 0.655
Trans tibial 31 9 (29) 18 (58)
Through the knee 8 4 (50) 5 (63)
Trans femoral 39 12 (31) 21 (54)

Categorical variables evaluated with chi square analysis. Data are presented as number (percentage).
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(n = 11), having 4–5 co-morbidities (n = 20), with respectively
short-term mortality rates of 73 and 50%, when compared with
21 and 13% in patients with ASA = 2 and 0–1 co-morbidity, re-
spectively. It is considered agreeable that a patient with an ASA
rating of 5 (indicating moribund status) should not go through
surgery in the future, and that indications and guidelines of
other high-risk amputee patients (ASA 4 and having 4–5
co-morbidities) should be carefully reviewed in view of the low
survival rates. Still, we cannot exclude that the non-standardized
perioperative treatment in the department actually influenced
the survival rates negatively, the cause of death being cardiovas-
cular or respiratory in 71% of patients. Thus, we have reason to
believe that implementing a multidisciplinary and optimized
perioperative regime, including a standardized fluid and transfu-
sion protocol, supplemental oxygen when supine, enforced oral
nutrition including supplementary protein drinks, pain

management and intensive mobilization out of bed [14], in
general, could reduce the high short-term mortality rates seen in
these high-risk patients. Furthermore, it may be that the higher
30-day mortality rates (52%) of the 21 patients living in a nursing
home pre-amputation could be reduced if not being discharged
much sooner than other patients.
The treatment of patients with diabetes was also not standar-

dized, but having diabetes had no significant influence on mor-
tality rates when compared with other patients.
High 1-year mortality rates from 30 to 42% have been

reported in previous studies [1, 3–7, 11], while much lower rates
from 10 to 22% were reported in other studies [2, 8–10]. These
differences may reflect different characteristics of study groups,
exemplified by lower mean age in the above-mentioned studies
in comparison with patients included in our study. Also, a
Finnish study presenting 1-year mortality rates of 38% included
trauma patients who lived longer than elderly vascular and dia-
betic patients undergoing amputation [11].
Still, the extremely high 30-day mortality of 30% seen in the

present study is �20% higher than that reported in patient
groups from the 1990s and up to the year 2005 [1–3, 5], and
also much higher than the reports of 13.3% 30-days mortality
rates from another consecutive series of even older patients
with a hip fracture [15]. Younger age groups (mean 66.7–70.1
years) in these amputee studies when compared with 75.8
years in the present may again explain some of this fatal differ-
ence, indicating lengthy attempts to save the limb, possible
with a longer period of severe illness. Still, our results regard-
ing 1-year mortality are close to reports from a consecutive
series of 174 patients who underwent primary major amputa-
tions in a Swedish study (47% mortality) in the late 1990s [4].
Actually these patients were the oldest reported (mean age
79.1 (10.6)), and following a multidisciplinary approach, but
with almost half as many (16%) deaths within 30 days from
amputation [4], when compared with patients in our series.
Thus, it may be possible to reduce the high short-term mortal-
ity rates at our hospital.

Figure 1: Age groups and survival from the date of amputation.

Figure 2: Co-morbidities and survival from the date of amputation.

Table 4: Association with 1-year survival

Variables Hazard ratio
Exp (B)

95% CI for
Exp (B)

P-value

Lower Upper

Age 1.047 1.013 1.082 0.006
Men 1.086 0.586 2.011 0.793
Admitted from nursery home 1.083 0.533 2.203 0.825
0–1 co-morbidities (reference)
2–3 co-morbidities 2.310 0.876 6.088 0.090
4–5 co-morbidities 4.703 1.596 13.860 0.005
Previous amputation contra
lateral limb

0.912 0.426 1.950 0.811

Amputation due to vascular
disease or emboli

1.136 0.594 2.172 0.700

Foot/toe amputation (reference)
Trans tibial 1.887 0.733 4.857 0.188
Through the knee 2.567 0.730 9.029 0.142
Trans femoral 1.462 0.550 3.886 0.446
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A limitation of our retrospective analysis of factors influencing
short- and long-term survival rates is that we were reliant on
factors documented in the medical charts. As others [2], we were
unable to include the pre-amputation mobility level of our study
group, as this was not consistently reported in charts. Also, the
cause of death was not available in 25% of the short-term mor-
talities. Still data regarding other important factors were com-
plete, with mortality rates verified by the national civil register.

In conclusion, the short-term mortality rates of 30% in this
consecutive series of lower limb amputations were the highest
ever reported, and significantly influenced by older age and the
severity of pre-amputation morbidity. More detailed analysis of
the cause of mortality in a larger series, in addition to a multidis-
ciplinary approach, should be instituted to describe and evaluate
whether the number of these fatal events could be reduced.

Conflict of interest: none declared.
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