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Background: Non-traumatic Major Lower Extremity Amputation (MLEA) surgeries are associated with high post-operative morbidity and mortality rates. There are few studies evaluating
factors associated with post-operative mortality rates for MLEA among Asian patients.
Objective: To identify factors that affect post-operative mortality rate and ICU admission rates
in patients undergoing non-traumatic MLEA surgeries in a tertiary institution in Singapore.
Method: A retrospective study was performed by using the operating theatre electronic database
to identify patients who underwent non-traumatic MLEA surgeries in Singapore General Hospital during the period of January 1, 2010 to December 31, 2011.
Results: Data was collected from 186 non-traumatic MLEA surgeries performed during the
study period. Overall post-operative in hospital mortality rate was 8.6%, higher for above knee
amputation (AKA), than Through Knee Amputation (TKA) than Below Knee Amputation
(BKA) (18.4% vs. 8% vs. 4.5%, p=0.015). In multivariate logistic regression analysis, site
of amputation of AKA compared to BKA (odds ratio 3.9, 95% confidence interval 1.1-14.5,
p=0.04), ASA 4 status (odds ratio 4.3, 95% confidence interval 1.2-14.6, p=0.02) and presence
of septic shock (odds ratio 4.9, 95% confidence interval 1.4-17.3, p=0.01) were significant predictors of post-operative in hospital mortality rate. The same 3 factors were significant predictors of post-operative ICU admission rate. Use of peripheral nerve block as the sole anaesthetic
technique did not affect in-hospital mortality rate (adjusted odds ratio 1.3, 95% confidence
interval 0.3-5.6).
Conclusion: Patients with ASA 4 status and pre-operative septic shock, especially those undergoing AKA, should be considered as high risk group and therefore managed appropriately. The
higher incidence of post-operative ICU admission rate in this group of patients also necessitates
pre-operative organization of bed availability. Using peripheral nerve block as the sole anaesthetic technique did not significantly affect outcomes measured.
KEY WORDS: Major lower extremity amputation; In-hospital mortality rate; Peripheral nerve

block.
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ABBREVIATIONS: MLEA: Major Lower Extremity Amputation; IRB: Institutional Review
Board; BKA: Below Knee Amputation; TKA: Through Knee Amputation; AKA: Above Knee
Amputation.
INTRODUCTION

Non-traumatic major lower extremity amputation (MLEA) surgeries are associated with significant post-operative morbidity and mortality. Studies have found the 30-day mortality rate
for this group of patients to be ranging from 7-23%.1-7 Patients undergoing these operations
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often have significant multiple comorbidities4 and pre-operative
hemodynamic disturbances, putting them at high risk both for
surgery and for the further hemodynamic changes associated
with anaesthesia. Most studies evaluating factors associated
with peri-operative mortality rates in this group of patients are
conducted in Caucasian populations,3-6 and we find a lack of
similar studies evaluating these factors in the Asian population.
We performed a retrospective review of all MLEA surgeries that took place in Singapore General Hospital across a
two year period to evaluate the factors that affect post-operative
morbidity and mortality rate. Post-operative in hospital mortality rate, intensive care unit (ICU) admission rate and incidence
of medical and surgical complications were assessed.
In this study, we also did a subgroup analysis to evaluate if using peripheral nerve block as the sole intra-operative
anaesthetic technique affects in-patient mortality and ICU admission rates.
DESIGN AND METHODS

We obtained approval from the Singhealth Centralised Institutional Review Board (IRB) to conduct this study. A review of
the operating theatre electronic database was done to identify
patients who underwent MLEA surgeries, including below knee
amputation (BKA), through knee amputation (TKA) and above
knee amputation (AKA), for the period of January 1, 2010 to
December 31, 2011, in Singapore General Hospital.
We manually traced the intra-operative anaesthesia
chart and paper inpatient records for all 206 surgeries identified. A review of the electronic hospital records for these 206
surgeries was also done if the paper records were insufficient to
provide us with the data required.
Data collection was done by only 2 investigators to ensure fidelity of data collection. Data that was not available on
the paper anaesthesia chart and inpatient notes were then supplemented by the electronic hospital records. As such, there was no
missing data.
Data was collected for demographic variables, preoperative comorbidities, date and type of surgical procedure
including repeat operations, post-operative ICU admission and
occurrence of complications including in-patient mortality, medical and surgical complications.
Demographic variables collected include, age, gender
and race. Pre-operative comorbidities looked at include diabetes mellitus, and whether patient was insulin-dependent, hypertension, ischaemic heart disease and chronic renal impairment,
including whether patient was dialysis dependent. We defined
chronic renal impairment as serum creatinine >2 mg/dL or
>176 umol/L. Patient’s assigned ASA status was noted from
the pre-operative assessment on the anaesthesia chart. Presence

Res Pract Anesthesiol Open J

doi: 10.17140/RPAOJ-2-108

of medical contraindications to central neuraxial block was recorded, including presence of coagulopathy with INR>1.2, use
of anti-platelet agents which contraindicate the use of neuraxial
anaesthesia and anti-coagulants. Presence of septic shock was
identified, and defined as sepsis in the presence of pre-induction hypotension with mean arterial pressure <65 mmHg for 2
consecutive readings, and/or pre-operative or intra-operative requirement for vasoactive drugs, including one of more of adrenaline, noradrenaline, dopamine and/or dobutamine. This is based
on the 2001 definition of septic shock.
The anaesthesia chart was reviewed for choice of anaesthesia technique between general anaesthesia, central neuraxial block or peripheral nerve block. If peripheral nerve block
was the technique of choice, the success of the block was noted,
including whether supplementation with analgesia was required,
or whether the surgery necessitated conversion to general anaesthesia.
Post-operative admission into ICU was noted, including days of ICU admission. Incidence of post-operative medical
complications collected include: pneumonia, acute myocardial
infarction, cerebrovascular accident, urinary tract infection or
new onset arrhythmias. Incidence of post-operative surgical
complications collected include presence of sepsis, wound infection, pressure sore, bleeding requiring blood transfusion and
repeat operations. Repeat operations could include a higher level
amputation or wound debridement of the existing amputation
site.
STATISTICAL ANALYSES

Continuous outcomes are given as the mean±SD and categorical
data are presented as percentages. Univariate analysis was used
to identify individual variables that could be associated with inpatient mortality and ICU admission. A less stringent p-value
of 0.10 was used during univariate analysis so as to include
all variables that could affect outcomes into the final analysis.
These factors were then entered into a multivariate logistic regression analysis to identify independent variables that affect the
outcomes of mortality rate and ICU admission rate. A final pvalue <0.05 was considered statistically significant. All statistical analyses were conducted using the Statistical Package for the
Social Sciences (SPSS, version 17.0).
In the subgroup analysis, we divided patients into those
who received peripheral nerve block for their surgeries (PNB
group) and those who did not receive peripheral nerve block for
their surgeries (non-PNB group). PNB group of patients was defined as those who received only peripheral nerve block for their
surgeries, including femoral nerve block together with sciatic
or popliteal nerve block, and/or obturator nerve block, depending on the level of amputation. The non-PNB group was defined
as those patients receiving either general anaesthesia or central
neuraxial block for their surgeries. For patients who underwent
peripheral nerve block, the anaesthesia chart was reviewed for
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success of the block. Failure of peripheral nerve block was defined as insertion of an airway device with continuous administration of intravenous or inhalational anaesthetic agent at any
point during the surgery. Patients who had complete failure of
peripheral nerve block necessitating conversion to general anaesthesia, with insertion of an airway device, were analysed under the non-PNB group.
RESULTS

Within the study period, there were 206 MLEA surgeries performed in 186 patients. Four patients who had lower limb amputations due to trauma and 1 patient due to tumour were excluded
from the study as they are recognised to have a different disease
process and baseline characteristics from patients who underwent surgery due to ischaemia or infection. 11 patients had 2
amputation surgeries and 2 patients had 3 amputation surgeries
within the study period. For these patients with repeated lower
limb amputations, only the first operation was included in the
data analysis.
After exclusion of the repeat surgeries and patients
who had surgery due to tumour or trauma, a total of 186 surger-

ies, including 112 BKA (60.2%), 25 TKA (13.4%) and 49 AKA
(26.3%) were included in the data analysis. The study flow chart
is shown in Figure 1.
Table 1 shows the baseline characteristics of the patients divided into the 2 subgroups of peripheral nerve block
versus no peripheral nerve block. Baseline characteristics of patients in both groups are comparable. However, patients in the
PNB group were 2.7 times more likely to have ischaemic heart
disease (confidence interval 1.1-6.7) and 4 times more likely to
have medical contraindications to central neuraxial block (confidence interval 1.6-9.5).
Overall post-operative in-hospital mortality rate was
8.6% (16/186 operations). The in-hospital mortality rate was
worst for AKA (18.4%), than TKA (8%) and BKA (4.5%) patients (p=0.015). Post-operative day of death ranged from POD
3 to POD 83.
On univariate analysis, variables that predicted in
hospital mortality with p<0.10 were DM (p=0.02), presence of
septic shock (p=0.014), site of amputation (p=0.015) and ASA
status (p=0.027). These variables, as well as age group and the

Figure 1: Study Flowchart.
206 cases identified in electronic operating system database

Excluded:
4 amputations due to trauma
1 amputation due to tumour
15 repeat operations

186 cases included in analysis

For Subgroup analysis

84 patients received spinal
anesthesia, 72 patients
received general anaesthesia

30 patients received PNB as
initial anaesthesia technique

3 complete success

22 with partial
supplementation

25 patients in peripheral
nerve block group (PNB)
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5 converted to general
anaesthesia

161 patients in non-peripheral
nerve block group (non-PNB)
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Table 1: Baseline Characteristics of Patients Who Received PNB vs. Non-PNB as Anaesthesia Technique for MLEA.
Non-PNB group (total 161)

PNB group (total 25)

<65

80 (50%)

12 (48%)

>65

81 (50%)

13 (52%)

Male

95 (59%)

151(60%)

Female

66 (41%)

10 (40%)

Chinese

105 (65%)

15 (60%)

Malay

31 (19%)

7 (28%)

Indian

22 (14%)

2 (8%)

Others

3 (2%)

1 (4%)

p-Value

Age
0.878

Gender
0.93

Race
0.59

Diabetes Mellitus
No

14 (9%)

3 (12%)

Yes

147 (91%)

22 (88%)

Hypertension
No
Yes
I schaemic Heart disease

27 (17%)

3 (12%)

134 (83%)

22 (88%)

82 (51%)

7 (28%)

79 (49%)

18 (72%)

83 (51%)

12 (48%)

78 (48%)

13 (52%)

No

92 (57%)

10 (40%)

Yes

69 (43%)

15 (60%)

3

113 (70%)

14 (56%)

4

48 (30%)

11 (44%)

No
Yes
Chronic renal impairment
No
Yes

0.59

0.55

0.03

0.74

Pre-operative septic shock
0.11

ASA
0.16

Medical contraindication to central neuraxial
block
No

111 (68%)

9 (36%)

Yes

50 (31%)

16 (64%)

BKA

97 (60%)

15 (60%)

TKA

21 (13%)

4 (16%)

AKA

43 (27%)

6 (24%)

0.001

Site of amputation

use of peripheral nerve block as the sole anaesthetic technique
were entered into a multivariate logistic regression analysis of
post-operative inpatient mortality rate (Table 2).
AKA site of operation, presence of ASA 4 status, and
septic shock were significant predictors of post-operative in hospital mortality rate. The use of peripheral nerve block as the sole
intra-operative anaesthetic technique did not significantly affect
post-operative in hospital mortality rate (p=0.77).
Overall rate of ICU admission was 7.5%, worst for AKA
(14.3%) than TKA (8%) and BKA (4.5%) patients (p=0.09). On
univariate analysis, variables that predicted post-operative ICU
Res Pract Anesthesiol Open J

0.90

admission with p<0.10 was septic shock (p=0.002), the use of peripheral nerve block as the sole anaesthesia technique (p=0.084),
site of amputation (p=0.094) and ASA status (p=0.001). These
variables, as well as age group and presence of diabetes mellitus
were entered into a multivariate logistic regression analysis for
incidence of post-operative ICU admission. Again, site of amputation of AKA compared to BKA, ASA 4 status and presence of
septic shock were predictors of post-operative ICU admission.
(Table 3). Patients with septic shock were 15 times more likely
to require post-operative ICU admission, AKA patients were 5.5
times more likely that BKA patients to require post-operative
ICU admission and ASA 4 patients were 8.6 times more likely to
be admitted to ICU post operatively.
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Table 2: Predictors of Post-operative in-Hospital Mortality Rate by Multiple Logistic
Regression Analysis.
Variable

Adjusted Odds ratio
(95% confidence interval)

p-Value

Age Group
<65

Reference

>65

1.5 (0.4-5.3)

0.57

Site of operation
BKA

Reference

TKA

0.8 (0.1-5.2)

0.77

AKA

3.9 (1.1-14.5)

0.04

ASA Group
ASA 3

Reference

ASA 4

4.3 (1.2-14.6)

0.02

Use of peripheral nerve block

1.3 (0.3-5.6)

0.77

Presence of septic shock

4.9 (1.4-17.3)

0.01

Diabetes Mellitus

0.2 (0.1-1.1)

0.07

Table 3: Predictors of Post-operative ICU Admission by Multiple Logistic Regression
Analysis.
Variable

Adjusted odds ratio
(95% confidence interval)

p-value

Age group
<65

Reference

>65

0.7 (0.2-2.8)

0.59

Site of amputation
BKA

Reference

TKA

0.7 (0.1-5.4)

0.72

AKA

5.5 (1.2-25.5)

0.03

ASA group
ASA 3

Reference

ASA 4

8.6 (2.1-35.4)

Use of peripheral nerve block

3.5 (0.8-15.4)

0.11

Presence of septic shock

15.2 (2.5-94.5)

0.003

0.8 (0.1-6.0)

0.81

Diabetes Mellitus

Across all 3 types of MLEA surgeries, incidence of surgical complications was 33.3% and incidence of medical complications was 22.6% (Table 4).
The 30 patients who received peripheral nerve block as
the sole anaesthesia technique, 3 patients had complete success
of the nerve block, 22 patients required partial supplementation
of the nerve block and 5 nerve blocks were complete failure and
required conversion to general anaesthesia with insertion of an
airway device. The failure rate of PNB was 16.7%. 22 patients
had their nerve block supplemented with intravenous analgesic
or sedative agents, including fentanyl, propofol and/or ketamine,
without the need for insertion of airway device or conversion to
general anaesthesia.
In-hospital mortality rate was 12% for the PNB group
Res Pract Anesthesiol Open J
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and 8% for the non-PNB group of patients but the difference
was not statistically significant via univariate analysis (Table
5). After adjustment for age, presence of diabetes, septic shock,
ASA status, site of amputation, presence of ischaemic heart disease and presence of medical contraindication to central neuraxial block via logistic regression analyses, the use of peripheral
nerve block was not independently associated with in hospital
mortality rate (adjusted odds ratio 1.25, 95% confidence interval
0.3-5.6, p=0.77).
Post-operative ICU admission rate was 16% for the
PNB group and 6% for the non-PNB group but the difference
was again not statistically significant via univariate analysis.
There was no significant association between use of peripheral nerve block and incidence of post-operative ICU admission
rate (adjusted odds ratio 3.5, 95% confidence interval 0.8-15.4,
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Table 4: Incidence of Different Types of Post-operative Complications.
Complications

Number of patients

Percentage (%)

Surgical complications
Sepsis

31

16.7

Wound infection

22

11.8

Repeat operation

16

8.6

Bleeding

15

8.1

Pressure sore

3

1.6

Total surgical complications

62

33.3

Medical complications
Acute myocardial infarction
Pneumonia
Urinary Tract Infection
Cerebrovascular Accident
Arrhythmias

18
16
13
4
4

9.7
8.6
7.0
2.2
2.2

Total Medical complications

42

22.6

Table 5: Unadjusted Odds Ratio for Use of Peripheral Nerve
Block and in Hospital Mortality by Univariate Analysis.
No PNB used

PNB used

Alive

148

22

In-hospital mortality

13

3

Total

161

25

p=0.52, Unadjusted odds ratio=1.5, 95% CI 0.41-5.89.

p=0.105).
DISCUSSION

Major lower extremity amputation (MLEA) surgeries place
a huge burden on the healthcare system due to its high associated post-operative morbidity and mortality rates.1-7 With the
increasing incidence of diabetes mellitus in Asia, the incidence
of MLEA surgeries is set to increase over the next few years8-10
as diabetes is one of the major risk factors for critical limb ischaemia and lower limb amputation surgeries.10 It is important to
identify factors that affects outcome in this group of patients.
In our study, we analysed outcomes of a predominantly
Asian population undergoing MLEA to identify the factors that
significantly predict post-operative in hospital mortality and
ICU admission rates. With the increasing interest in regional anaesthesia, we also tried to investigate if using peripheral nerve
block as the sole anaesthetic technique can influence these outcomes.
Our study found that local outcome after non-traumatic
MLEA was similar to that found in other studies and population
groups. Post-operative in hospital mortality rate for non-traumatic MLEA was 8.6% in our centre, which is consistent with
earlier studies that found a 30-day mortality rate of 7-23%.1-7 A
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significantly higher mortality rate for AKA (18.4%) than BKA
patients (4.5%) is also consistent with previous studies.2
There are several significant findings in our study. Firstly, pre-operative septic shock, ASA 4 status and site of amputation of AKA are significant predictors of higher post-operative
in hospital mortality rate and ICU admission. Previous studies
evaluating non-traumatic MLEA found thatage,6 albumin level,6
AKA,4,6 lack of a previous coronary artery bypass graft,6 renal
insufficiency,4 ASA grade ≥412 and out-of-hours surgery12 are
factors that affect peri-operative mortality rate. This knowledge
is important when risk stratifying patients before surgery. Appropriate post-operative disposition can also be arranged before
the operation.
Secondly, we found that using peripheral nerve block
as the sole intra-operative anaesthetic technique did not lower
incidence of post-operative mortality and ICU admission rates.
However, with the small number of patients in the PNB group
and the differences in baseline characteristics between the PNB
and non-PNB group of patients, we must interpret the results
with caution. Although logistic regression analysis was used to
adjust for known confounders identified in our study, we were
not able to account for unknown confounders that may be present. Further research with randomised controlled trials would be
necessary to make meaningful conslusions. Although peripheral
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nerve block has been shown to provide greater intra-operative
hemodynamic stability when used as the sole anaesthetictechnique,13,14 there is a lack of studies to prove that this translates
to improved post-operative outcomes, including a lowered postoperative mortality rate.14
There is mixed evidence in the literature when evaluating whether anaesthesia technique affects mortality rate in
MLEA surgeries. One study found that the type of anaesthetic
(neuraxialvs general) was not associated with survival when corrected for other variables,12 while other studies show that avoiding general anaesthesia in favour of regional anaesthesia may
improve post-operative outcomes in non-traumatic MLEA surgeries.7,16 However, all these studies did not distinguish between
central neuraxial block and peripheral nerve block in the group
analysed under regional anaesthesia. One large scale retrospective study showed that 30-day mortality is significantly higher in
patients undergoing MLEA under general anaesthesia compared
with regional anaesthesia with an odds ratio of 1.5.7 However
when further subgroup analyses was done for patients that underwent knee amputation surgery under peripheral nerve block
alone, the authors was unable to detect any significant difference
of the effect of anaesthesia on 30-day mortality rate.
While both peripheral nerve block and central neuraxial block avoid the risks associated with airway instrumentation
in general anaesthesia, spinal anaesthesia can significantly decrease mean arterial pressure and cardiac index even in healthy
ASA 1 and 2 patients, whereas peripheral nerve block provide a
more hemodynamically stable anaesthesia,17 The characteristics
of patients who receive spinal anaesthesia may be different from
those who receive a peripheral nerve block for a MLEA, with
the former being less septic, hemodynamically stable, and with
an intact coagulation profile. Patients who can receive central
neuraxial block are also not on multiple antiplatelet and anticoagulant agents that contraindicate the block, which may indicate
a lower incidence of underlying cardiovascular comorbidities
that necessitate such drugs. Grouping these two heterogeneous
groups of patients together for analysis of mortality outcomes
may skew results, making readers unable to tell the true effect of
using a peripheral nerve block alone.
When given the choice, most physicians may choose
to perform spinal anaesthesia over peripheral nerve block for
a patient undergoing MLEA, because of the increased predictability, higher success rate, faster onset and lower technical difficulty of the former. A recent census report conducted in Greece
in 2015 supported this view that many anaesthesiologists may
not be familiar with peripheral nerve blocks.16 In addition to the
individual anaesthetist’s experience and training in regional anaesthesia, consideration also needs to be given to the possible
failure of PNB, time required for block performance and block
onset, as well as patient preference. The aftermath of a failed
block requiring supplementation and conversion to GA may be
a very negative experience for everyone involved, including the
anaesthetist, surgeon and patient, leading to a future aversion to
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PNB in similar operations.
With all these considerations, anaesthetists will require stronger evidence that peripheral nerve block may influence outcomes in high risk surgeries such as AKA, to guide their
decision making towards an appropriate anaesthetic technique
choice. However, we were unable to find a significant association between the use of peripheral nerve block and post-operative in-hospital mortality and ICU admission rate in our study.
In a review article,18 looking at evidence for whether regional
anaesthesia improves outcome, the authors concede that it may
be unrealistic to expect studies with results showing regional
anaesthesia improving peri-operative mortality rate. As given
the safety of modern anaesthesia with low anaesthesia-related
mortality rates, we may require randomised controlled trials to
include millions of patients before we can detect significant differences in mortality rate.18 Instead, it may be more fruitful for
future studies to look at how peripheral nerve blocks may improve specific outcome parameters in the post-operative period.
In addition to flaws inherent to retrospective study design, our study may be underpowered to detect all factors that
may influence outcomes in MLEA or rare complications after
anaesthesia. Secondly, our data review collected in-patient mortality rate with no follow-up beyond that for 30-day or 1 year
mortality rate. Hence, the advantages of a specific technique
beyond this period cannot be detected. We used logistic regression analysis to adjust for possible confounders, including age,
ASA status, diabetes mellitus, pre-operative septic shock and
site of amputation. Conducting a large scale randomised controlled trial will be much more difficult, involving significant
manpower, time, economical and ethical issues. Lastly, as with
all database-based studies, errors may exist in the data-collection
and data-entry phase. However, we tried to overcome this by
using multiple sources of information for data collection, including the anaesthesia chart, electronic discharge summary records
and paper inpatient notes, to corroborate patients’ clinical information.
CONCLUSION

Non traumatic major lower extremity amputations, especially above knee amputations, are high risk surgeries associated
with significant peri-operative mortality and morbidity rates.1-7
Patient’s pre-operative condition, including their ASA status,
presence of septic shock and site of amputation undertaken are
significant predictors of post-operative in hospital mortality
rate and ICU admission rate. Patients with pre-operative septic shock, ASA 4 status and undergoing AKA should be regarding as high risk group, and appropriate level of intra-operative
monitoring and post-operative disposition should be arranged.
Using peripheral nerve block as the sole anaesthetic technique
was not a significant predictor of in hospital mortality rate or
ICU admission rate. Further large scale studies are required to
determine whether peripheral nerve blocks may influence specific outcomes in these high risk surgeries.
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