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Abstract
Objectives Data on vascular patients following amputation in Ireland is lacking, limiting capability to plan services. This paper
seeks to benchmark survival and rehabilitation outcomes among vascular patients in Ireland following lower extremity ampu-
tation (LEA), and compare subgroups of those undergoing transfemoral (TFA) or transtibial amputation (TTA).
Methods A review was conducted of all patients who underwent non-traumatic TFA or TTA from 2000 to 2009 in a tertiary
vascular surgery centre. Demographics, surgical data, perioperative outcomes, medium-term functional outcomes, and survival
were assessed.
Results One hundred and seventy-two patients (2:1 male: female) underwent 192 non-traumatic LEAs. Median age for TFAwas
75 years and TTA 67 (p = 0.002). A percentage of 36.5% had undergone prior attempts at surgical revascularization, 25% had
undergone prior distal amputation or debridement. Thirty-three (17%) required stump revision. Twenty-three (13.2%) died in
hospital. Median survival for those who died in hospital was 17 days (0–367), versus 17 months (2–106) for those who survived
to discharge.
Conclusion LEA for vascular pathology has significant morbidity and mortality, with long in-patient stays and short median
survival; there is need to focus on improving quality of life in postoperative pathways.
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Background

The incidence of the two major risk factors for LEA, diabetes
and peripheral vascular disease (PVD), remain highly preva-
lent [1–4]. Public understanding of these conditions is rela-
tively poor compared to other diseases, with limited aware-
ness of their potential consequences [5–7]. Those with diabe-
tes are 15 to 40 times more likely than non-diabetics to under-
go amputation, and 53% of all LEA patients in Ireland are
diabetic [8]. This is of increasing concern with the increasing
prevalence of these conditions, currently estimated to be 4.5 to
8.8% of the general population [1–4]. These conditions are

significant risk factors for LEA, and rates of amputation for
diabetes mirror this trend in a significantly morbid population
[4, 9, 10]. A 5-year survival following LEA is comparable to
or worse than for most malignancies [9, 11].

Perioperative mortality is reported to be lower in those
whom were selected for TTA (6.5%) compared to TFA
(12.8%) [12, 13]. The higher level of amputation has corre-
lates with frailty and morbidity. This has been shown not to be
due to the amputation itself, but a reflection of the patient’s
overall condition and frailty which led to the decision for TFA
over TTA [12, 13].

LEA and the time that precedes it have a considerable im-
pact on quality of life. Those with diabetes and its associated
complications are two to three times more likely to suffer from
depression while suicidal ideation was common among indi-
viduals 1 year after LEA [14, 15]. LEA impacts activities of
daily living leading to increased hospital admissions, poor
physical health and premature death [15]. LEA has a signifi-
cant impact on ambulation and independence. Cruz et al. have
shown a reduction in ambulation, from 73% of patient’s
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ambulating pre-LEA to only 23% post-LEA [16]. TTA pro-
vides advantages in terms of mobility compared to TFA due to
preservation of the knee joint allowing for less energy expen-
diture and improved rehabilitation [17]. However, the reasons
for selecting a TFA often relate to patient frailty and overall
medical condition, with ambulation not being a realistic op-
tion for many of those selected for TFA due to their overall
status [16].

LEA in a frail cohort with comorbidities has significant
implications for service planning and delivery. Having data
on patterns of LEA and outcomes is essential in designing
services and primary and secondary prevention strategies in
our study population.

There is very little data regarding this subject in Irish pa-
tients. Given the significant organizational difference of our
healthcare provision to other jurisdictions internationally, it is
important to have data specific to the Irish population to in-
form healthcare delivery. We have similar data for Irish pa-
tients with Charcot’s foot and diabetic feet, but not where that
may lead—amputation [18, 19]. This study was conducted in
a tertiary vascular centre which is one of two equally sized
centres serving the needs of these patients in the Ireland East
Hospital Group, representing a catchment population of
1.1million, with annual population growth of 0.8%, and a >
65 population growth of 3–4% [20].

This study focuses on transfemoral (TFA) and transtibial
(TTA) amputations only. The objective of this study was to
describe the characteristics, trends and outcomes of LEA in a
tertiary vascular centre in Ireland, as a means of benchmarking
outcomes in the Irish setting. We describe characteristics and
5-year survival outcomes of an Irish cohort of dysvascular
LEA patients with TFA compared to TTA. The study also
aimed to evaluate rehabilitation outcomes in a small subgroup
of patients for whom this data was available. Through com-
parison, further detail on the prognosis of these patients can be
accurately identified. Utilising this data, we can compare our-
selves to international best practice and provide a basis upon
which future care can be audited and improved.

Methods

Design and recruitment

Ethical approval for this retrospective study was obtained
from St. Vincent’s University Hospital audit committee (no.
588). All patients who underwent non-traumatic lower ex-
tremity amputations at our tertiary centre between 1 January
2000 and 31 December 2009 were included. Data from our
associated rehabilitation hospital was collected regarding mo-
bility outcomes. Permission was obtained from the General
Registry Office to utilize the National Death Registry; this
was used to obtain a minimum of 5-year survival data for all

patients and cross referenced with hospital records. For this
study, only LEAs to the extent of a transtibial or transfemoral
amputation were analysed; digital and partial foot amputations
were not included. All amputations for trauma or oncological
reasons were excluded.

Data sources

Data was gathered from a number of different sources includ-
ing the Hospital In-Patient Enquiry (HIPE) database, patient
medical records and operating theatre records. Survival data
was collected via the National Death Registry over 5 years
following the final recorded amputation in this population.

Patients

Demographic information collected included patient’s age,
gender, side and level of amputation, length of stay, admission
source, discharge source, 30 day mortality, date of death, pri-
mary cause of death, and date of last follow-up. Patient co-
morbidities were collected according to the Charleson comor-
bidity index.

Other information collected included radiological imaging
results and number of admissions to the NRH.

Ambulation

Mobility outcomes following discharge from the NRH
were scored using the SIGAM (Special Interest Group in
Amputee Medicine) mobility grade. SIGAM scores were
first described in a 2003 publication and its use increased
over time, with the majority of patients from 2008 on-
wards having SIGAM scores recorded [21]. While indi-
vidual needs may vary, service-wide mobility needs can
be much more easily identified with this scoring, and is an
easily calculated metric to measure progress among the
patient population over time.

Statistics

Statistical analysis was performed using SPSS 24.0.
Continuous variables were assessed for normality using
the Shapiro–Wilk test. Variables are reported in reference
to the median, and the Mann–Whitney U test was used to
compare continuous variables between the two patient
groups (TFA and TTA). The Pearson Chi-square test
was used to compare categorical variables between
groups. Kaplan–Meier curves were generated using cen-
sored modelling.
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Results

Demographics

One hundred and ninety-two lower extremity amputations
were performed on 172 patients over the study period.
Forty-nine TTAs were performed, and 143 TFAs, giving a
TTA:TFA ratio of 1:2.9. There was a significantly higher prev-
alence of diabetes among patients in the TTA than the TFA
group (Table 1).

Sixty-three patients were female (36.6%) and 109 patients
were male (63.4%). One hundred and twenty-five (65.1%)
amputations were performed in men, and 67 (34.9%) in wom-
en. Patients undergoing TFAwere significantly older (median
75 years) compared to those undergoing TTA (median
67 years) (p = 0.002). For those who underwent a TFA, 87
(60.8%) were male and 56 (39.2%) were female.

For those who underwent a TTA, 38 (77.6%) were male,
while 11 (22.4%) were female.

The median length of stay (LOS) for patients who
underwent a LEA during the study period was 28 days. This
was significantly longer in the TTA group (41 days) compared
to TFA (25 days) (p = 0.006).

Sixty-four (37.3%) patients or 76 (39.8%) of all amputa-
tions were diabetic; 41 (24.4%) patients were known to have
cardiac disease (44 amputations, 22.9%); 26 (15.1%) patients
had a history of myocardial infarction (30 amputations,
15.6%); 23 (13.4%) patients had a history of cerebrovascular
disease (CVA) (24 amputations, 12.5%). The median CCI

(Charleson comorbidity index) score was 6; the CCI scale runs
up to 37, but no patient scored higher than 13.Mean follow-up
was 27 months.

Previous imaging and revascularisation

Eight percent of patients had undergone a previous angiogram
(contrast or CT); 20.3% had undergone previous endovascular
revascu la r i sa t ion and 40 .5% prev ious surg ica l
revascularisation. A significantly higher proportion of TTA
patients had previously undergone attempts at endovascular
revascularisation (Table 1).

Survival post-LEA

Of the 174 operated patients, 23 (13.2%) died in hospital. The
median survival for the whole group was 14.6 months post-
operatively (SE .326), representing a non-linear mortality pat-
tern as shown in the Kaplan–Meier curve in Fig. 1.
Differences between amputation types were not statistically
significant (Table 2).

A calculated 3-year survival was similar for TFA and
TTA at 34% and 35% respectively. A 5-year survival rate
was 19% and 28% for TFA and TTA respectively. Of the
patients who died, 78.3% (18/23) had undergone urgent or
emergency procedures and 73.9% (17/23) of those had a
TFA performed.

Table 1 Demographics and previous interventions by amputation type

TTA, n = 49 TFA, n = 143 p value Total/overall, n = 192

Median age 67 (54–78) 75 (66–82) .002 73 (65–82)

Median LOS (days) 41 (20–74) 25 (11–51) .006 28 (14–61)

Attended NRH 18 (36.7%) 58 (40.6%) .637 76 (39.6%)

Men 38 (77.6%) 87 (60.8%) .034 125 (65.1%)

Diabetes 29 (59.2%) 47 (33.1%) .001 76 (39.8%)

COPD 4 (8.2%) 9 (6.3%) .653 13 (6.8%)

Cardiovascular Disease 18 (36.7%) 59 (41.3%) .577 77 (40.1%)

Cancer diagnosis 4 (8.2%) 13 (9.1%) .844 17 (8.9%)

Dementia 0 (0.0%) 9 (6.3%) .072 9 (4.7%)

Median CCI 6 (4–8) 6 (4–8) .723 6.07 (4–8)

- CCI 0–4 12 (24.5%) 42 (29.4%) .012 54 (28.1%)

- CCI 5–8 27 (55.1%) 78 (54.5%) .761 105 (54.7%)

- CCI 9–12 9 (18.4%) 18 (12.6%) .131 27 (14.1%)

- CCI 13+ 0 (0%) 3 (2.1%) - 3 (1.6%)

Previous angiogram 44 (89.8%) 114 (80.4%) .243 159 (82.8%)

Previous endo revascularisation 15 (30.6%) 24 (16.8%) .038 39 (20.3%)

Previous surgical revascularisation 15 (31.9%) 55 (43.7%) .162 70 (40.5%)

Values in parentheses are the interquartile range where not otherwise specified. Percentages are referenced to within the grouped population. LOS, length
of stay; NRH, National Rehabilitation Hospital; CCI, Charleson comorbidity index
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Primary vs. secondary procedure

Twenty patients initially had other surgical procedures, and
then progressed to requiring LEA as a secondary procedure
during the same inpatient episode (Table 3). Many of these
were distal amputations, revascularisation procedures, or
combinations of both.

Stump revision

Thirty-three limbs required stump revisions (Table 4). The
level (TTA or TFA) did not have an effect on rates. A history
of surgical (but not interventional) revascularisation, and prior
amputation at any level (even on the other side) was associated
with stump revision.

Rehabilitation

Seventy-six of 192 patients (52%) patients were transferred to
or attended the National Rehabilitation Hospital. Where data
was available, their mean LOS in that hospital was 30 days
(SD 29). The median Charleson comorbidity index was the
same for those who attended as those who did not: 6. There
was no difference between amputation type—36.7% (TTA)

vs. 40.6% (TFA), p = 0.637. The mean waiting time for ad-
mission to the NRHwas 53 days, with some patients attending
the NRH after discharge from the hospital.

Of the 76 patients who went to the NRH, SIGAM (Special
Interest Group in Amputee Medicine) outcome scores were
available on 35 (46%) of them, which are given in Table 5.
SIGAM scores were not available on patients who had been
referred for rehabilitation prior to 2007, and the calculation of
individual scores was not readily available, thus cannot be
further analysed in depth. Reasons for SIGAM A outcomes
included poor exercise tolerance, cardiac issues, stroke, inabil-
ity to complete rehabilitation due to psychiatric issues, and
two cases of delayed wound healing and contractures.
Thirty-one percent of patients referred to rehabilitation were
transferred back to hospital following rehabilitation.

Discussion

This study confirms the significant morbidity and mortality
associated with LEA. There is very little available date on
outcomes following amputation in Irish patients, and the data

Table 3 Prior procedures in primary vs. secondary amputation

Primary, n = 172 Secondary, n = 20

TTA converted to TFA 2 (1.2%) 1 (5.0%)

Surgical revascularisation 61 (35.5%) 9 (45.0%)

Angioplasty ± stent 35 (20.0%) 4 (20.0%)

Stump revision 23 (13.4%) 10 (50.0%)

Distal amputation 39 (22.7%) 9 (45.0%)

Contralateral amputation 19 (11.0%) 12 (60.0%)

Other intervention 21 (12.3%) 6 (30.0%)

Fig. 1 5-year survival

Table 2 Survival by amputation type

TTA TFA Overall
Median survival (months) 18.6 (.590) 12.8 (.322) 14.6 (.326)

30-day survival 90% 78% 81%

1-year survival 57% 51% 53%

3-year survival 35% 34% 34%

5-year survival 28% 19% 21%

Values in parentheses are standard error
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that is available often groups together unrelated aetiological
causes such as trauma and oncological amputations with dia-
betic foot complications and peripheral vascular disease.
Analysis of data confined to peripheral arterial disease and
diabetes mellitus patients as is done internationally is more
useful as it focuses solely on the older, frailer population of
patients, and excludes those who may have been in excellent
physical condition prior to their amputation for trauma-related
injuries.

Survival

LEA is associated with high rates of mortality with 1-year
mortality ranging from 13.7 to 48.3% in previously reported
studies [9, 12, 22–25]. Perioperative mortality rates interna-
tionally are better for TTA (0.9% to 14%) than TFA (2.8% to
35%) [9]. This likely reflects morbidity burden in patients
with a higher level of amputation [26]. Our morbidity burden
was not significantly different between the two groups when
stratified through the CCI index score but a larger cohort may
demonstrate statistical significance.

In-hospital mortality in our study was 13.2% in keep-
ing with internationally reported data [27]. Increased
short-term (30-day) mortality has been shown to be asso-
ciated with older age and greater numbers of comorbidi-
ties [12, 23]. With advances in diagnostics and therapeu-
tics in PVD, the ultimate aim for clinicians treating those
at risk of limb loss should be to reduce the number of
LEA where possible. Jones et al. analysed Medicare data
from 2000 to 2008 and found that patients who underwent

LEA had mortality rates that were nearly twice as high as
those who did not undergo LEA [12].

With 3-year survival rates of less than 35% regardless
of amputation and a 5-year survival dropping further as
far as 19% in TFA in our study, post-amputation mortality
is on par with or worse than many cancers. Of the top 21
most commonly diagnosed cancers in the UK, only 5 have
worse survival rates: oesophagus, lung, brain, lung, and
pancreas [11].

Morbidity

This high level of mortality more than likely reflects the
frailty of our patient population who may be very suscep-
tible to opportunistic infections and deconditioning. High-
quality pre- and post-amputation multi-disciplinary care
constitutes best practice. This requires input from physio-
therapy, occupational therapy, social work, and rehabilita-
tion services.

Ortho-geriatric physicians are a well-established ele-
ment of many acute orthopaedic units and their participa-
tion has been shown to significantly improve outcomes.
Their involvement is now regarded as a basic standard of
care under NICE guidelines [28]. We should now also
consider the inclusion of dedicated physicians routinely
in the acute and follow-up care of these patients in order
to maximise outcomes and minimise further morbidity.

Level of amputation

One of the areas where our study differed in comparison to the
international literature was the ratio of TFA to TTA. In our
study the ratio of TFA to TTAwas nearly 3:1. Studies focusing
specifically on non-traumatic LEA have shown higher rates of
TFA compared to TTA, and higher ratios of TFA to TTA are
found among nursing home residents overall [9, 16]. Our high
TFA rate is likely a reflection of our patient population, which
include a large number of elderly males from nursing homes.
TFA in these patients is often more appropriate due to the level
of comorbidity and the fact that many of these patients are
already immobile prior to presentation.

Table 4 Prior procedures in revised vs. unrevised stumps

Revised, n = 33 Not revised, n = 159

Surgical revascularisation 25 (75.8%) 46 (28.9%)

Angioplasty ± stent 6 (20.8%) 33 (18.2%)

TFA 24 (72.7%) 119 (74.8%)

Distal amputation 15 (45.5%) 33 (20.8%)

Contralateral amputation 14 (42.4%) 17 (10.7%)

Other intervention 6 (18.2%) 22 (13.8%)

Table 5 SIGAM scores in patients referred for rehabilitation

SIGAM score No. of patients (%)

A. Sitting only 4 (11.4%)

B. Standing 3 (8.6%)

C. Indoor walking 18 (51.4%)

D. Outdoor walking assisted 9 (26%)

E. Outdoor walking with no assistance but using aids 0 (0%)

F. Outdoor walking unassisted and unaided 1 (2.9%)

1355Ir J Med Sci (2020) 189:1351–1358



When determining the level of amputation, a number of
factors are taken into account. TTA is the procedure of choice
where possible in order to reduce energy expenditure and
improve functional and mobility outcomes. Conversion to
TFA occurs in 15–20% [29, 30]; preoperative factors such as
age > 70 years, dementia, end-stage renal failure, history of
stroke, and limited preoperative mobility have been identified
as markers of poor performance post-amputation [31, 32]. In
our study, 10.4% (20/192) of amputations performed were
done as secondary procedures. In this cohort of patients, stud-
ies have suggested that primary TFA is preferable to TTA to
avoid the need for revision surgery. The low rate of subse-
quent conversion in this study cohort, combined with the
higher proportion of TFA overall, suggests our decision pro-
cess for opting for primary TFA in the more frail and bed-
bound successfully prevents most patients returning to theatre
at a later date to have a higher revision.

The discrepancy in length of stay between TTA and
TFA suggests that the mean LOS may reflect waiting
times for transfer to rehabilitation rather than true recov-
ery time. Our median LOS was 28 days (25 for TFA and
41 for TTA). These figures are comparable to figures from
the UK published during the same time period [33].
Healthcare strategies may not always prioritise home ad-
aptations when a nursing home is more readily available.
A patient with a lower level of amputation is more likely
to return to remain mobile and in independent living after
their hospital stay, but would require home adaptations to
be facilitated before discharge. Waiting for these can sig-
nificantly delay discharge, increasing the median LOS;
thus, the LOS is not necessarily reflective of clinical sta-
tus. In recent years, our centre has improved it assisted
discharge facilities allowing for step-down care out of the
acute hospital setting until their home is ready.

Mobility and rehabilitation

Predicting post-amputation mobility in a vascular popula-
tion is difficult. Factors such as older age, preoperative
mobility, poor baseline cognition, and poor baseline ac-
tivities of daily living (ADL) have been identified as pre-
dictors of poor functional outcome and rates of mobility
after amputation [31, 32, 34]. Those who were living at
home preoperatively were found to be most likely to be
ambulatory post-LEA [35]. While ambulation is one of
the primary aims following amputation this is not always
possible and setting of realistic post-amputation goals is
important. In our study, 76% of amputees achieved some
level of ambulation on discharge from rehabilitation
(SIGAM C to F). It is well recognized that preoperative
MDT assessment is important. In our institution, where
possible, all prospective amputees are referred and seen

by all relevant allied healthcare professionals and the
medical rehabilitation team prior to amputation.

Stump revision

Interestingly, revision rates for TFA and TTA were equiv-
alent. Those requiring revision were much more likely to
have had previous surgical revascularization or another
amputation (Table 4). This is likely reflective of the pat-
tern of underlying disease progression in PVD compared
to other causes such as diabetic foot infection.

Public health

Increasing awareness of PVD and diabetes is important in
reducing LEA. Public knowledge of PVD is poor and greater
public/patient education is needed to improve the recognition
of the signs and symptoms of PVD [5]. More than 85% of
LEA in diabetics are precipitated by a foot ulcer [36].
Dedicated diabetic foot clinics have been shown to reduce
amputation rates as well as leading to substantial savings
[37, 38].

In the current series, those patients undergoing TTA were
more likely to have diabetes than the TFA group. Many of
these amputations could have potentially been avoided. With
a rising level of diabetes in the general population, this should
remain a high priority for healthcare outcomes in minimising
healthcare needs and retaining independence among these pa-
tients for as long as possible. Fortunately, in recent years, the
morbidity associated with diabetic feet has been acknowl-
edged, and the diabetic foot model of care has been imple-
mented. This provides for ongoing review and clear escalation
protocols in the at risk foot [39]. To further achieve this effec-
tively, a national prospective LEA database in the Republic of
Ireland would help guide service planning going forward.
This could then be used for further multi-centre analysis sim-
ilar to this study for more comprehensive service provision
and improvement.

Limitations

The time period for data collection was 2000–2009 to enable
adequate follow-up for survival analysis. Changes may have
occurred in the interim to improve outcomes. Pre amputation
level of mobility was not included in our analysis as recording
was not consistent across hospital records. Therefore, we can-
not comment on the comparative level of retained indepen-
dence or mobility after amputation. Furthermore, routine re-
cording of SIGAM outcome scores, which were first de-
scribed in a 2003 publication, increased during the study pe-
riod, but the study included patients since 2000. While the
SIGAM scores are very good, this represents a small cohort
(n = 35) (Table 5). Those that are accepted to the NRH are
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typically the best candidates, thus most likely to succeed. Our
rehabilitation numbers remain comparatively low due to ca-
pacity constraints, and thus may not be a fair comparison to
other jurisdictions.

Due to the retrospective nature of data collection, data on
comorbidities may also be underreported. Our population did
not demonstrate a statistical difference between the TTA and
TFA groups, yet international literature would indicate other-
wise, perhaps reflecting an underpowered metric in this co-
hort. Other data we would have liked to assess was the effect
of patency of revascularised limbs on subsequent stump revi-
sion; data on prior revascularisation was gathered, but whether
they remained patent was not known. The study also only
looked at rehabilitation outcomes from patients who were re-
ferred to the National Rehabilitation Hospital (NRH). Patients
who were referred from other hospitals may have been sent to
rehabilitation elsewhere; this data was not available.

Conclusion

As the incidence of diabetes and PVD increases so too do the
numbers of those at risk of LEA. Previous Irish studies have
rarely assessed this subgroup of patients, grouping them with
oncology and trauma patients making this study all the more
relevant to planning their care. This study confirms the signif-
icant impact of diabetes on limb loss. This is becoming an
increasing problem in Ireland with a rapid rise in the number
of diabetic foot infections in younger patients. The current
data also illustrates the relationship of LEA on outcome and
survival in this group of patients, likely as a surrogate indica-
tor of frailty. This highlights the need to sustain these patients’
quality of life during their remaining months and years by
minimising the time spent in the acute hospital setting.
Improving timely access to rehabilitation and step-down ser-
vices is essential to maximise quality of life and functional
outcomes. This data is important to consider in healthcare
planning, and provides a benchmark from which to assess
our services into the future.
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