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Abstract

Surgical site infections (SSIs) following major lower limb amputation

(MLLA) in vascular patients are a major source of morbidity. The objective of

this systematic review was to determine the incidence of SSI following MLLA

in vascular patients. This review was prospectively registered with the Inter-

national Prospective Register of Systematic Reviews (CRD42023460645).

Databases were searched without date restriction using a pre-defined search

strategy. The search identified 1427 articles. Four RCTs and 21 observational

studies, reporting on 50 370 MLLAs, were included. Overall SSI incidence per

MLLA incision was 7.2% (3628/50370). The incidence of SSI in patients

undergoing through-knee amputation (12.9%) and below-knee amputation

(7.5%) was higher than the incidence of SSI in patients undergoing above-

knee amputation, (3.9%), p < 0.001. The incidence of SSI in studies focusing

on patients with peripheral arterial disease (PAD), diabetes or including

patients with both was 8.9%, 6.8% and 7.2%, respectively. SSI is a common

complication following MLLA in vascular patients. There is a higher inci-

dence of SSI associated with more distal amputation levels. The reported SSI

incidence is similar between patients with underlying PAD and diabetes. Fur-

ther studies are needed to understand the exact incidence of SSI in vascular

patients and the factors which influence this.
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Key Messages
• Surgical site infection (SSI) is a frequent complication following major lower

limb amputation (MLLA) in patients with peripheral arterial disease.
• Incidence of post-operative SSI varies based on the level of MLLA, with

through-knee and below-knee amputations showing higher SSI rates than
above-knee amputations.

• Heterogeneity exists in the current reporting of SSI post-MLLA in the
literature.

• Future research should prioritise investigating interventions influencing SSI
incidence and establishing a standardised reporting system for SSI in this
patient population.

1 | INTRODUCTION

Major lower limb amputation (MLLA) is commonly per-
formed in patients with ischaemia, severe infection or fol-
lowing major trauma.1 Most people who undergo MLLA
have peripheral arterial disease (PAD), diabetes or
both,2,3 as well as other risk factors for the development
of surgical site infection (SSI) such as tobacco use.4

SSIs are associated with increased patient morbidity
and mortality.5 The Centres for Disease Control and pre-
vention (CDC) classifies SSIs into incisional, which are
superficial or deep, and organ/space SSIs.6 Developing an
SSI post-MLLA can lead to prolonged hospital admission,
additional medical therapy such as prolonged courses of
antibiotics, and in more serious cases, surgical drainage,
and revision of the amputation stump, including amputa-
tion to a higher level.7 The National Confidential Enquiry
into Patient Outcome and Death (NCEPOD) document
‘Major Lower Limb Amputation: Working Together’
published in 2013 reported that MLLA stump complica-
tions were not infrequent, with cellulitis occurring in
16.4% and breakdown in 20.4%,8 whether this was sec-
ondary to infection, ischaemia or a combination of the
two was not reported.

Post-operative wound infection was identified as a
core outcome for vascular patients undergoing MLLA in
2020 by focus groups including patients and healthcare
professionals.9 The James Lind Alliance research priority
setting partnership also identified improving clinical out-
comes and healing of the amputation stump (residual
limb) as two of the top priorities in vascular patients
undergoing MLLA in 2021.10 Understanding the inci-
dence of SSI in this population is therefore paramount.
Currently, the incidence of SSI in patients who have
undergone a MLLA for vascular disease is not well docu-
mented. The primary objective of this systematic review
is to identify the reported incidence of SSI post-MLLA for
patients with underlying PAD or diabetes overall and
within 30 days of surgery. Secondary objectives were to

determine the incidence of SSI by aetiology (PAD or dia-
betes), exact amputation level and study type (random-
ised controlled trial (RCT) vs. observational study).

2 | MATERIALS AND METHODS

The protocol for this study outlining the objectives of
the review, methods of data collection and analysis
was prospectively registered with the International Pro-
spective Register of systematic reviews (PROSPERO;
CRD42023460645). This systematic review is reported in
accordance with the Preferred Reporting Items for System-
atic Review and Meta-analyses (PRISMA) statement.11

2.1 | Inclusion and exclusion criteria
and data sources

RCTs, observational cohort studies and case series with
>10 cases which met the inclusion criteria below were
included in this review. Editorials, conference abstracts,
reviews and case reports were excluded. There was no
restriction on publication date.

Inclusion criteria:

1. Patients >18 years old
2. Studies including patients undergoing MLLA (above-

knee amputation (AKA), below-knee amputation
(BKA), through-knee amputation (TKA) or equivalent)

3. Studies including patients undergoing MLLA related
to underlying PAD or diabetes

4. Incidence of SSI reported

Exclusion criteria:

1. MLLAs secondary to trauma or malignancy
2. Foot, ankle or other minor amputations
3. Upper limb amputations

2 of 15 AL-SAADI ET AL.



4. SSI incidence not reported
5. No English version of the full text is available

2.2 | Review process: Data collection
process, data items, study risk of bias
assessment

The search strategy was developed and tested in collabo-
ration with a clinical librarian. The MEDLINE, EMBASE
and CENTRAL databases were searched on 13 February
2024 using the search terms [SSI OR SSIs OR surgical site
infection OR surgical wound infection OR wound infec-
tion] AND [vascular OR arterial OR diabetes OR diabetic
OR gangrene] AND [(amputation AND lower limb) OR
MLLA OR MLEA OR above knee amputation OR AKA
or below knee amputation OR BKA OR through knee
amputation OR TKA OR transfemoral OR transtibial].

Studies identified in the searches were exported onto
Microsoft Excel. All duplicate articles were removed
before screening. Each study was screened according to
title and abstract by two reviewers (NAS and KAH), with
conflicts resolved by a third reviewer (MLW). Full-text
screening was conducted by two reviewers (NAS and
KAH); again, conflicts were resolved by a third reviewer
(MLW). For the studies where the incidence of SSI fol-
lowing MLLA related to diabetes and/or PAD could not
be extracted (n = 7), the authors were contacted and a
request for the data was made.

The primary outcome was the reported incidence of
SSI post-MLLA overall and within 30 days. Secondary
outcomes were the incidence of SSI based on:

1. The specific level of major amputation reported in the
studies (above-knee amputation (AKA), below-knee
amputation (BKA) or through-knee amputation (TKA))

2. Study design (RCT/observational)
3. Study arms (intervention/control)
4. Underlying pathology (peripheral arterial disease

and/or diabetes)
5. Reported definition used to diagnose SSI (CDC/ASEP-

SIS/author-defined)
6. Whether SSI was a primary outcome (including a

coprimary outcome or component of a composite
outcome)

Data were organised and extracted by two reviewers
independently (NAS and KAH), and discrepancies were
checked by a third reviewer who was the senior author
(MLW). The data collection tool was piloted and refined
to ensure the capture of all relevant data. Study risk of
bias assessment was undertaken by two reviewers

(NAS and KAH). Cochrane's risk of bias tool12 was used
for RCTs, and the Newcastle-Ottawa scale13 was used for
observational studies. All studies were included in the
analysis. The SSI incidence has been reported per MLLA
for all patients who met the inclusion criteria. For RCTs,
the incidence of SSI in both the intervention and control
groups was included.

2.3 | Synthesis methods

The data collection methodology was specifically
designed to facilitate the calculation of the actual inci-
dence of SSI per MLLA incision. This was carried out for
the studies overall and for the subgroups. Demographic
variables, including the percentage of male patients and
mean age, were aggregated, where possible, using the
weighted mean. Categorical data were compared using
the Chi-squared test. Analyses were performed
using Excel (Microsoft) and Prism 10 software version
10.1.0, GraphPad Software LLC.

3 | RESULTS

The initial search performed on 13 February produced
1427 results. After the removal of duplicates, 1240 studies
were screened and assessed for eligibility. Following the
title and abstract screening, 57 articles underwent full-
text review. After further exclusions, 25 studies were
retained for data extraction (Figure 1). Table 1 reports the
study demographics.

3.1 | Demographic details

The included studies were published between 1982 and
2023. Studies included were RCTs (n = 4) and observa-
tional (n = 21). Overall, across the studies, there were
50 370 MLLAs related to underlying PAD and/or diabetes
undertaken in 50 263 patients. The weighted mean age
was 70.5 years. The mean percentage of male patients in
the studies was 67.6%.

Studies were grouped according to the underlying
pathology described in the study's patient cohort: diabe-
tes (n = 2), PAD (n = 14) or both (diabetes and PAD)
(n = 9). Studies were also grouped according to the level
of major amputation in the study cohort: AKA only
(n = 1), BKA only (n = 4), TKA only (n = 4) or AKA
± BKA ± TKA (n = 19). When all the studies were
pooled, there were 25 015 AKAs, 25 032 BKAs and
323 TKAs across all the studies.

AL-SAADI ET AL. 3 of 15



SSI was a primary outcome in 19 studies. The inci-
dence of SSI within 30 days was reported in 12 studies.

Definitions used to report SSI included the CDC cri-
teria (n = 7), ASEPSIS score (n = 1) and author defini-
tion (n = 4). In the remaining studies (n = 13), it was not
reported how SSI was defined.

The severity of SSI (superficial/deep) was reported in
6 studies. Of these studies, 3 used the CDC criteria, 2 did
not report how SSI was defined and 1 used an author def-
inition. Table 2 reports study demographics according to
outcomes and SSI definition.

3.2 | Risk of bias in studies

The reviewers determined one of the RCTs had a high
risk of bias, one had some concern for bias and two had a
low risk of bias (Table 3). The median Newcastle-Ottawa
score for observational studies was 6, and the range was
3 to 8 (Table 4).

3.3 | Overall SSI rates

There were 3628 SSIs in 50 370 MLLAs, which equates to
an SSI incidence 7.2% per MLLA. This is the incidence of
SSI across all the studies during their follow-up period
(21–781 days). The weighted SSI incidence was also 7.2%.
Figure 2 represents the incidence of SSI per MLLA in
each study.

In studies which reported the degree of SSI, there
were more superficial SSIs reported across the studies
(1096/28792, 3.8%) compared with deep SSIs (646/28792,
2.2%). In studies which reported the incidence of SSI
according to the level of amputation (n = 18), the
SSI incidence in patients undergoing TKA and BKA was
higher than the incidence of SSI in patients undergoing
AKA (12.9%, 7.5% and 3.9%, respectively, p < 0.001).

In studies where SSI was a primary, coprimary or
component of a composite primary outcome, the inci-
dence of SSIs was 7.1% (3285/46378); in studies where
SSI was a secondary outcome, the incidence of SSI was

FIGURE 1 PRISMA flow diagram

of literature search of randomised

controlled trials and observational

studies reporting incidence of SSI in

patients who had major lower limb

amputations performed secondary to

peripheral arterial disease and/or

diabetic foot infection. MLLA, major

lower limb amputation; PAD, peripheral

arterial disease; SSI, surgical site

infection.

4 of 15 AL-SAADI ET AL.



T
A
B
L
E

1
St
ud

y
de
m
og
ra
ph

ic
da

ta
.

N
o.

A
u
th

or
Y
ea

r

St
u
d
y

d
at
e

L
oc

at
io
n

St
u
d
y
d
es
ig
n

R
et
ro
sp

ec
ti
ve

/

P
ro
sp

ec
ti
ve

C
en

tr
es

N
o.

of

p
at
ie
n
ts
to
ta
l

N
o.

of
p
at
ie
n
ts

u
n
d
er
go

in
g

M
L
L
A

se
co

n
d
ar
y

to
P
A
D
/d
ia
be

te
s

N
o.

M
L
L
A

se
co

n
d
ar
y
to

P
A
D
/d
ia
be

te
s

A
ve

ra
ge

ag
e

(m
ea

n
/

m
ed

ia
n
)

% M
al
e

F
ol
lo
w
-

u
p

(m
ea

n
,

d
ay

s)

U
n
d
er
ly
in
g

p
at
h
ol
og

y
in

th
e
st
u
d
y

p
op

u
la
ti
on

L
ev

el
of

am
p
u
ta
ti
on

in
th

e
st
u
d
y

1
A
za
rb
al

14
20
15

20
11
–2
01
3

Po
rt
la
n
d,

U
S

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

83
83

96
67
.3

N
R

N
R

B
ot
h

A
K
A
&
B
K
A

2
C
h
ah

ro
ur

15
20
21

20
05
–2
01
7

B
ei
ru
t,

L
eb
an

on

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

M
ul
ti
pl
e

21
44
9

21
44
9

21
44
9

N
R

64
.3

N
R

D
ia
be
te
s

A
K
A
&
B
K
A

3
C
h
an

g1
6

20
21

20
18
–2
01
9

N
Y
,U

S
O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

54
54

54
70

57
.4

30
P
A
D

A
K
A
&
B
K
A

4
C
ul
l1
7

20
01

19
96
–1
99
9

G
re
en

vi
lle

,

U
S

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

12
10

10
63

N
R

76
0

P
A
D

T
K
A

5
D
un

ke
l1
8

20
12

19
95
–2
01
0

G
en

ev
a,

Sw
it
ze
rl
an

d

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

27
0

N
R

25
4

N
R

N
R

60
B
ot
h

A
K
A
,B

K
A
&

T
K
A

6
F
ea
ro
n
19

19
85

19
80
–1
98
2

B
os
to
n
,U

S
O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

98
98

10
0

65
57
.1

24
B
ot
h

B
K
A

7
F
is
h
er

20
19
88

19
84
–1
88
6

T
ex
as
,U

S
R
C
T
;o

n
e
vs

tw
o

st
ag
e
am

pu
ta
ti
on

Pr
os
pe
ct
iv
e

Si
n
gl
e

47
11

25
N
R

N
R

60
D
ia
be
te
s

A
K
A
&
B
K
A

8
G
ab
el
21

20
17

20
13
–2
01
5

C
al
if
or
n
ia
,

U
S

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

M
ul
ti
pl
e

29
39

29
39

29
39

66
64

36
5

B
ot
h

A
K
A
&
B
K
A

9
G
w
yl
im

22
20
22

20
20
–2
02
1

In
te
rn
at
io
n
al

O
bs
er
va
ti
on

al
Pr
os
pe
ct
iv
e

M
ul
ti
pl
e

53
7

53
7

53
7

68
80
.4

36
5

B
ot
h

A
K
A
,B

K
A
&

T
K
A

10
H
as
an

ad
ka

23
20
11

20
05
–2
00
8

Il
lin

oi
s,
U
S

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

M
ul
ti
pl
e

42
50

42
50

42
50

N
R

59
.3

30
P
A
D

A
K
A
&
B
K
A

11
K
h
ou

qe
er

24
20
20

20
09
–2
01
8

T
ex
as
,U

S
O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

18
2

18
2

18
2

65
98

90
P
A
D

B
K
A

12
L
im

25
20
18

20
05
–2
01
2

Il
lin

oi
s,
U
S

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

M
ul
ti
pl
e

77
20

77
20

77
20

70
.5

55
30

B
ot
h

A
K
A
&
T
K
A

13
M
ar
el
li
26

19
94

19
85
–1
99
0

M
on

tr
ea
l,

C
an

ad
a

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

11
1

11
1

11
1

71
66
.7

36
5

P
A
D

B
K
A

14
N
is
ka

ka
n
ga
s2

7
20
17

19
96
–2
01
0

O
ul
u,

F
in
la
n
d

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

41
7

41
7

53
4

76
57

36
5

P
A
D

A
K
A
&
B
K
A

15
O
'B
an

io
n
28

20
22

20
16
–2
02
0

C
al
if
or
n
ia
,

U
S

O
bs
er
va
ti
on

al
R
et
ro

&

pr
os
pe
ct
iv
e

Si
n
gl
e

14
1

14
1

14
1

57
73

35
1

P
A
D

A
K
A
&
B
K
A

16
Pa

yn
e2

9
19
89

19
86

N
ew

So
ut
h

W
al
es

R
C
T
;p

re
-o
p
sk
in

pr
ep
ar
at
io
n
vs

n
o

pr
e-
op

sk
in

pr
ep
ar
at
io
n

Pr
os
pe
ct
iv
e

Si
n
gl
e

73
73

80
74

N
R

N
R

P
A
D

A
K
A
&
B
K
A

17
Pl
oe
g3

0
20
05

19
96
–2
00
2

H
ag
ue

,

N
et
h
er
la
n
ds

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

97
97

12
2

73
50
.5

78
1

P
A
D

A
K
A
&
B
K
A

18
So

ur
ou

lla
s3

1
20
22

20
13
–2
01
5

H
ul
l,
U
K

R
C
T
;5

d

an
ti
bi
ot
ic
s
vs

24
h
an

ti
bi
ot
ic
s

Pr
os
pe
ct
iv
e

Si
n
gl
e

15
2

11
1

11
1

66
.8

71
30

B
ot
h

A
K
A
,B

K
A
&

T
K
A

19
Sq

ui
re

32
19
82

19
73
–1
97
7

B
os
to
n
,U

S
O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

75
75

84
N
R

10
0

N
R

P
A
D

A
K
A

20
T
ak

ah
as
h
i3
3

20
23

20
21
–2
02
2

N
ag
oy
a,

Ja
pa

n

O
bs
er
va
ti
on

al
R
et
ro
sp
ec
ti
ve

Si
n
gl
e

32
32

32
73

75
30

B
ot
h

A
K
A
&
B
K
A

(C
on

ti
n
ue

s)

AL-SAADI ET AL. 5 of 15



8.5% (343/4013). In studies which used a formal defini-
tion to report SSI (n = 8), the incidence of SSI was 7.3%
(2497/34332). Table 5 summarises the incidence of SSI
according to the study type, outcomes and patient
characteristics.

The year of publication for each study was used as a
surrogate for the date of surgery. The incidence of SSI per
MLLA decreased over time. Figure 3 shows the incidence
of SSI per MLLA by year of study publication.

3.4 | Incidence of SSI within 30 days

Ten observational studies and 2 RCTs reported the inci-
dence of SSI within 30 days. Overall, there were 2799 SSIs
reported in 40 038 MLLAs within 30 days. This equates
to an SSI incidence of 7.0%. The incidence of superficial
and deep SSIs within 30 days was 3.8% (1092/28724) and
2.2% (637/28724), respectively.

3.5 | Randomised control trials

In RCTs, the incidence of SSIs during the study follow-up
period was 18.8% (50/266). The incidence of superficial
and/or deep SSIs was not reported by any of the RCTs.
The control arms of the RCTs experienced a higher inci-
dence of SSIs (16.2%; 43/266) than the intervention
groups (2.6%; 7/266).

SSI was a primary outcome in all the RCTs. Of the
four RCTs, the underlying pathology was diabetes in one
study, PAD only in two of the studies and both in
one study. The incidence of SSI was similar in the RCTs
which included diabetes as the underlying pathology
(24/136, 17.6%) compared with the studies that only
included patients with PAD (26/130, 20%).

Skin preparation was evaluated in two of the studies
(preparation vs. no preparation, and chlorhexidine
vs. povidone-iodine), antibiotic therapy in one study
(24 h vs. 5-day antibiotic prophylaxis), closed incision
negative wound therapy (CiNPWT) versus standard
dressing in one study and one- versus two-staged ampu-
tations for patients with diabetes-related amputations in
one study. Two of the RCTs used a formal definition to
report SSI (ASEPSIS score and the CDC criteria).

3.6 | Observational studies

In observational studies, the overall incidence of SSIs was
7.1% (3578/50104). In studies that included patients with
both PAD and diabetes as the underlying pathology, the
incidence of SSIs was 6.8% (1386/20243) in patients withT
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TABLE 2 Study demographics based on SSI outcomes.

Study SSI definition
Study's primary
outcome

If SSI was a
primary outcome,
was an
intervention
assessed?

SSI reported
within 30 days
(according to SSI
definition used)

Was SSI a
primary
outcome?a

Degree of SSI
(superficial/
deep)
reported

1 Author defined (+ve
culture or evidence of
pus from wound)

Wound Occurrence No NR Yes No

2 CDC Surgical site infection No Yes Yes Yes

3 CDC Wound complications Yes—negative
pressure versus
standard dressing

Yes Yes Yes

4 NR Wound complications
and functional
outcomes

No NR Yes No

5 Author defined
(presence of pus or skin
infection requiring ABx
or drainage)

Wound infection and
dehiscence

No NR Yes No

6 NR Wound infection and
related risk factors

No NR Yes Yes

7 NR Wound complications Yes—one versus two
staged amputations

NR Yes No

8 Author defined (VQI
registry—infection with
+ve culture or requiring
ABx)

Early post-operative
outcomes (including
infection)

No Yes Yes Yes

9 CDC Evaluate the accuracy
of predicting short term
post-operative
outcomes

No Yes No No

10 CDC Wound occurrence No Yes Yes Yes

11 CDC Wound complications Yes—the use of an
SSI prevention
bundle

Yes Yes No

12 CDC Post-operative
outcomes (including
infection)

No Yes Yes No

13 NR Surgical revision and
mobility post-
operatively

No NR No No

14 NR Effects of type of
anaesthetic on post-
operative analgesia

No NR No No

15 NR Post-operative length of
stay, time to receipt of
prosthesis and
ambulation

N/A NR No No

16 NR Wound infection Yes—pre-operative
skin preparation

NR Yes No

17 NR Post-operative
complications

No NR Yes No

(Continues)
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diabetes, compared with 8.7% (733/8412) in studies
where the underlying pathology was reported as PAD.
Studies which used an existing SSI definition (n = 7)
reported an SSI rate of 7.3% (2464/34171) and those
which used an author definition reported an SSI rate of
5.2% (184/3523). Studies that had SSI as a primary out-
come had a similar overall reported SSI incidence when
compared with studies where SSI was not a primary out-
come (7.1% and 8.5%, respectively). Six studies reported

the severity of SSI, the incidence of superficial and deep
SSI in these studies was 3.8% and 2.2%, respectively.

3.6.1 | Use of antibiotic prophylaxis

The use of prophylactic antibiotics was sporadic and
inconsistent when reported. Sixteen studies did not
record whether antibiotics were used or not. Four

TABLE 2 (Continued)

Study SSI definition
Study's primary
outcome

If SSI was a
primary outcome,
was an
intervention
assessed?

SSI reported
within 30 days
(according to SSI
definition used)

Was SSI a
primary
outcome?a

Degree of SSI
(superficial/
deep)
reported

18 ASEPSIS Surgical site infection Yes—antibiotic
therapy 24 hr vs.
5 day and skin
preparation

Yes Yes No

19 NR Wound complications No NR Yes No

20 NR Wound complications Yes—negative
wound pressure
dressings versus
standard dressings

Yes Yes Yes

21 CDC Wound complications Yes—negative
pressure dressing
versus standard
dressings

Yes Yes No

22 Author defined (pus
discharge with +ve
wound culture)

Residual limb
complications

No Yes Yes No

23 NR Readmission within
30 days

No Yes No No

24 NR Surgical revision No No No No

25 NR Post-operative
outcomes (including
infection)

No No Yes No

aPrimary, coprimary or composite of a primary outcome.

TABLE 3 Cochrane risk of bias assessment of randomised controlled trials.

Author Year
Randomisation
process

Deviation from
intended
interventions

Missing
outcome
data

Measurement of
the outcome

Selection of the
reported result Overall

Fisher 1988 Some concerns Low concerns Low
concerns

Some concerns High concerns Some
concerns

Payne 1989 Low concerns High concerns Low
concerns

Low concerns Some concerns High
concerns

Vadavalli 2023 Low concerns Low concerns Low
concerns

Some concerns Low concerns Low
concerns

Souroullas 2022 Low concerns Low concerns Low
concerns

Some concerns Low concerns Low
concerns
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reported the use of pre-operative antibiotics (before knife
to skin) alone, 3 studies used pre- and post-operative anti-
biotics using various preparations and durations (1–
15 days), one study reported that antibiotic use was sur-
geon dependent but was not recorded and another 44/63
patients received some form of antibiotic therapy, but the
type and duration was not recorded. One of these studies
investigated the impact of extended post-operative antibi-
otic prophylaxis and found significant SSI reduction in
those that received them for 5 days.31

4 | DISCUSSION

This systematic review has identified 25 studies with a
combined SSI incidence of 7.2% and a 30-day SSI inci-
dence of 7.0%, following MLLA performed related to dia-
betes or underlying PAD. This highlights the significance
of this complication in this cohort of patients. The studies
included in this review were published over 40 years.

Observational studies reported a lower overall inci-
dence of SSI following MLLA when compared with
RCTs. However, from the studies, only four were RCTs.
These RCTs used protocol-driven follow-up methods,
while the observational studies often relied on hospital
or national database records which may inconsistently
report patient outcomes.39 Of the observational studies
included in this review, five used data from national reg-
istries.15,21,23–24,35 Registries are often subject to inaccu-
racies and missing data which could explain the lower

reported incidence of SSI.40 Furthermore, those with
less severe SSI usually receive treatment in the primary
care setting, and this information may also be missed in
retrospective observational studies due to the nature of
follow-up.41 A similar trend has been reported in a sys-
tematic review of groin wound SSI following vascular
surgery.42

The incidence of SSI according to severity(superficial
or deep) was reported in six of the studies.15,16,19,21,23,33

In these studies, there was a higher reported incidence of
superficial SSIs. Deep SSIs are more likely to require
intervention compared a superficial SSI.43 This could
have a significant impact on a patient's quality of life,
psychology, rehabilitation potential and ability to use a
prosthesis.34,44 SSIs in patients following vascular surgery
have also been identified to substantially increase the
costs for healthcare systems.45

Similar incidences of SSI were reported in the studies
grouped according to underlying disease (PAD and/or
diabetes). Two studies assessed MLLAs in diabetic
patients, yet there were differences in patient cohorts.15,20

One study looked at all diabetic patients undergoing
MLLA,15 whilst the other concentrated on diabetic
patients with wet gangrene,20 which is likely to carry a
different baseline risk for developing an SSI. Further-
more, the degree and pattern of ischaemia were not
reported uniformly for all the patients, and this may have
an impact on post-operative wound healing. Previous
studies have highlighted that perfusion of the stump
likely contributes to increased rates of stump breakdown

FIGURE 2 Graph illustrating the incidence of SSI (%) in each of the studies, including the intervention and control arms of the RCTs.
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TABLE 5 The incidence of SSI according to study design, patient cohort and group.

Variable
Observational study and
RCT, n (%)

Observational
studies, n (%)

RCT both
arms, n (%)

RCT control
arm, n (%)

RCT intervention
arm, n (%)

All studies (n = 25)

SSI 3628/50 370 (7.2) 3578/50 104 (7.1) 50/266 (18.8) 43/266 (16.2) 7/266 (2.6)

Superficial
SSI

1096/28 792 (3.8) 1096/28 792 (3.8)

Deep SSI 646/28 792 (2.2) 646/28 792 (2.2)

Studies that include patients who underwent MLLA related to peripheral arterial disease only (n = 14)

SSI 759/8542 (8.9) 733/8412 (8.7) 26/130 (20) 23/130 (17.7) 3/130 (2.3)

Superficial
SSI

219/4314 (17.6) 219/4314 (5.1)

Deep SSI 130/4314 (3.0) 162/4314 (3.8)

Studies that include patients who underwent MLLA related to underlying diabetes only (n = 2)

SSI 1462/21 474 (6.8) 1459/21 449 (6.8) 3/25 (12) 3/25 (12) 0/25 (0)

Superficial
SSI

841/21 449 (3.9) 841/21 449 (3.9)

Deep SSI 484/21 449 (2.3) 484/21 449 (2.3)

Studies that include patients who underwent MLLA related to underlying peripheral arterial disease and/or diabetes (n = 9)

SSI 1407/20 354 (7.2) 1386/20 243 (6.8) 21/111 (18.9) 17/111 (15.3) 4/111 (3.6)

Superficial
SSI

36/3071 (11.7) 36/3071 (11.7)

Deep SSI 36/3071 (11.7) 36/3071 (11.7)

Studies that include patients who underwent an AKA only (n = 1)

SSI 19/84 (22.6) 19/84 (22.6)

Superficial
SSI

Deep SSI

Studies that include patients who underwent a BKA only (n = 4)

SSI 94/603 (15.6) 94/603 (15.6)

Superficial
SSI

Deep SSI

Studies that include patients who underwent a TKA only (n = 1)

SSI 2/10 (20) 2/10 (20)

Superficial
SSI

Deep SSI

Studies that include patients who underwent an AKA ± BKA ± TKA (n = 19)

SSI 3513/49 673 (7.1) 3463/49 407 (7.0) 50/266 (18.8) 43/266 (16.2) 7/266 (2.6)

Superficial
SSI

1087/30 209 (3.6) 1087/30 209 (3.6)

Deep SSI 641/30 209 (2.1) 641/30 209 (2.1)

Studies where SSI was a primary outcome (n = 19)

SSI 3285/46357 (7.1) 3235/46 901 (6.9) 50/266 (18.8) 43/266 (16.2) 7/266 (2.6)

Superficial
SSI

1091/28 792 (3.8) 1091/28 792 (3.8)

Deep SSI 646/28 792 (2.2) 646/28 792 (2.2)

(Continues)
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and infection in all patients, often necessitating surgical
revision,7,46 and diabetes is known to be a risk factor for
SSI. The precise contribution of both factors in this
patient cohort warrants further investigation. A study

with robust follow-up is essential to accurately determine
the discrepancy in SSI rates following MLLA among
patients undergoing amputation due to PAD, diabetes-
related complications or both.47

TABLE 5 (Continued)

Variable
Observational study and
RCT, n (%)

Observational
studies, n (%)

RCT both
arms, n (%)

RCT control
arm, n (%)

RCT intervention
arm, n (%)

Studies where SSI was not a primary outcome (n = 6)

SSI 343/4013 (8.5) 343/4013 (8.5)

Superficial
SSI

Deep SSI

Studies that used incidence of SSI reported within 30 days (n = 12)

SSI 2799/40 038 (7.0) 2766/39 877 (6.9) 33/161 (20.5) 26/161 (16.1) 7/161 (4.3)

Superficial
SSI

1092/28 724 (3.8) 1092/28 724 (3.8)

Deep SSI 637/28 724 (2.2) 637/28 724 (2.2)

Studies that use a formal definition of SSI (n = 8)

SSI 2497/34 332 (7.3) 2464/34 171 (7.2) 33/161 (20.5) 26/161 (16.1) 7/161 (4.3)

Superficial
SSI

1060/25 753 (4.1) 1060/25 753 (4.1)

Deep SSI 614/25 753 (2.4) 614/25 753 (2.4)

Studies that used an author definition of SSI (n = 4)

SSI 184/3523 (5.2) 184/3523 (5.2)

Superficial
SSI

27/2939 (9.2) 27/46 (59)

Deep SSI 19/2939 (6.5) 19/46 (41)

FIGURE 3 Bubble plot of the incidence of SSI (%) by year of study publication. The line of best fit shows the incidence of SSI per MLLA

reduces with year of publication, and the area of the circle is proportionate to the number of patients in each study.
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The lower incidence of SSIs in patients with above-
knee amputations (compared with BKA/TKA) has been
reported consistently in previous studies and an NCE-
POD report.8,48,49 The decision to have a more distal
amputation is multifactorial. Surgeon and patient prefer-
ence for a longer stump which is more functional may
impact the decision to undergo a TKA or BKA compared
with an AKA.50 Also, for individual vascular units in the
UK, a BKA to AKA ratio of greater than 1 is a quality
performance indicator.51

The control arms of the RCTs consistently reported
higher incidence of SSI than the intervention arms. The
RCTs each evaluated a different intervention, from
CiNWPT, antibiotic prophylaxis and different skin prepa-
rations pre-operatively.20,29,31,34 All the RCTs reported SSIs
as a primary outcome and were published from 1989 to
2023. Reviewers noted significant concerns when evaluat-
ing the risk of bias in two of the RCTs. One trial exhibited
a high risk of bias due to deviations from the intended
intervention29 while another faced issues related to the
selection of reported results.20 Despite concerns regarding
some of the methodology in these studies, the incidence of
SSI across all four RCTs remained similar. The scarcity of
recent RCTs in this field highlights further studies are
required to determine the best interventions to prevent SSI
post-MLLA in this patient group. Vascular surgeons have
demonstrated a willingness to randomise patients to inter-
ventions and reduce SSI.52

There was heterogeneity in the criteria used to iden-
tify SSIs across the studies. Notably, studies which used
the CDC criteria and ASEPSIS score reported a higher
incidence of SSI in comparison with studies that used an
author-specified definition. Differences in SSI reporting
due to the adoption of different definitions have been
previously acknowledged.42 Also, it is important to note
that several studies used data from the ACS-NSQIP data-
base and whilst this is validated and utilises the CDC cri-
teria, it is not without its limitations.15

Included studies were published over 35 years, during
which significant changes occurred in surgical practices
for both the prevention and management of SSIs. There
was also heterogeneity in the criteria used to diagnose
and report SSIs across the included studies. This variation
in definitions and methodologies made it difficult to
directly compare SSI incidence, affecting the overall reli-
ability of our conclusions. Nearly half of the studies
included were found to possess a high risk of bias and
low quality. However, their inclusion was thought neces-
sary due to the scarcity of literature on this topic and the
incidence of SSI was similar in the RCTs, despite
the methodological concerns. The factors which influ-
ence the incidence of SSIs were not reported in most of
the reviewed studies. The lack of uniformity in

presenting data on patient-specific factors, such as smok-
ing or diabetic status, limited our ability to explore associ-
ations between these variables and the incidence of SSI.
Our understanding of the intricate relationships between
these factors and SSI incidence therefore remains limited
and supports the adoption of a standardised reporting
system.

5 | CONCLUSIONS

The combined incidence of SSI following MLLA under-
taken secondary to underlying PAD or diabetes reported
extracted from the literature was 7.2%. The incidence of
SSI in patients undergoing TKA or BKA is higher than
those undergoing AKA. There is heterogeneity in the
reporting of SSIs in this patient cohort in the existing lit-
erature. The incidence of SSI in observational studies is
lower than those reported in RCTs. Higher quality evi-
dence is required to ascertain the true incidence of SSI in
this population.
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