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WHAT THIS PAPER ADDS

This population based cohort study found that mild pre-operative anaemia was associated with 30% and
moderate or severe anaemia with 50% increased risk of amputation or death at one year after lower limb
revascularisation. Patients with pre-operative anaemia also experienced more re-admissions in the one year
following surgical revascularisation compared with patients without anaemia. Pre-operative anaemia is a po-
tential peri-operative therapeutic target to improve the outcomes of patients with peripheral arterial disease
undergoing vascular surgery, as it is one of the few modifiable risk factors, and randomised studies should
explore whether interventions to improve haemoglobin have a positive effect on patient outcomes.

Objective: Anaemia is common among patients undergoing surgery, but its association with post-operative
outcomes in patients with peripheral arterial disease (PAD) is unclear. The aim of this observational
population based study was to examine the association between pre-operative anaemia and one year
outcomes after surgical revascularisation for PAD.

Methods: This study used data from the National Vascular Registry, linked with an administrative database
(Hospital Episode Statistics), to identify patients who underwent open surgical lower limb revascularisation for
PAD in English NHS hospitals between January 2016 and December 2019. The primary outcome was one year
amputation free survival. Secondary outcomes were one year re-admission rate, 30 day re-intervention rate,
30 day ipsilateral major amputation rate and 30 day death. Flexible parametric survival analysis and
generalised linear regression were performed to assess the effect of anaemia on one year outcomes.

Results: The analysis included 13 641 patients, 57.9% of whom had no anaemia, 23.8% mild, and 18.3% moderate or severe
anaemia. At one year follow up, 80.6% of patients were alive and amputation free. The risk of one year amputation or death
was elevated in patients with mild anaemia (adjusted HR 1.3; 95% Cl 1.15 — 1.41) and moderate or severe anaemia (aHR
1.5; 1.33 — 1.67). Patients with moderate or severe anaemia experienced more re-admissions over one year (adjusted IRR
1.31; 1.26 — 1.37) and had higher odds of 30 day re-interventions (aOR 1.22; 1.04 — 1.45), 30 day ipsilateral major
amputation (aOR 1.53; 1.17 — 2.01), and 30 day death (aOR 1.39; 1.03 — 1.88) compared with patients with no anaemia.
Conclusion: Pre-operative anaemia is associated with lower one year amputation free survival and higher one
year re-admission rates following surgical revascularisation in patients with PAD. Research is required to
evaluate whether interventions to correct anaemia improve outcomes after lower limb revascularisation.
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INTRODUCTION

Anaemia is a common problem in patients undergoing
surgery and, in conjunction with existing comorbidities, is
associated with a cumulative increase in patient risk of peri-
operative morbidity and death.™* To address this issue,
national guidelines in various countries recommend the
development of patient blood management pathways
(PBM), which include the identification and management of
pre-operative anaemia, prevention of bleeding and restric-
tive transfusion practice where appropriate.> © Challenges
preventing the application of PBM initiatives in vascular
surgery remain, in part because of the urgent presentation
of patients with vascular conditions.” This is concerning as
patients in need of vascular surgery frequently have mul-
tiple comorbidities and undergo large operations, with
relatively long in hospital stays and high rates of post-
operative complications and re-admissions.

Lower limb peripheral arterial disease (PAD) is a common
indication for surgery, with more than 6 000 open lower
limb procedures performed per annum.® Optimisation of
outcomes for PAD is a priority for patients and healthcare
professionals,9 as well as the National Health Service (NHS),
which recently introduced financial incentives for health-
care providers to improve outcomes.'® One plausible ther-
apeutic target could be the management of anaemia to
improve outcomes for patients undergoing vascular surgery,
but the proportion of patients who have pre-operative
anaemia and its effect on outcomes is unclear.

Previous studies evaluating the relationship between
anaemia and post-operative outcomes in this patient group
reported that pre-operative anaemia is associated with a
higher mortality rate and higher rate of major amputa-
tion." ' However, these studies had a small sample
size*™** or measured only short term outcomes.”® This
study aimed to examine the association between pre-
operative anaemia and one year outcomes after surgical
revascularisation for PAD using a large population based
patient cohort.

METHODS

Patients and data

The study used an extract of data from the National
Vascular Registry (NVR), linked to the national administra-
tive hospital dataset for England, Hospital Episode Statistics
(HES). The study cohort included all patients who under-
went open surgical lower limb revascularisation procedures
in English NHS vascular units between 1 January 2016 and
31 December 2019, whose NVR record could be linked to
their corresponding HES record. The NVR collects informa-
tion from hospital staff on patient level demographic, pro-
cedural, and in hospital and 30 day post-operative
outcomes for vascular procedures performed in the UK,*®
and captures 88% of surgical lower limb revascularisation
procedures undertaken in England.® The HES Admitted Pa-
tient Care database is an administrative database that
contains information about all hospital admissions to NHS
hospitals in England."’
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The first surgical revascularisation (index) procedure that
each patient had in the study period was included in the
analysis. Patients who had surgery due to trauma were
excluded, as were patients who underwent amputation or
endovascular revascularisation procedures in the 30 days
prior to the index procedure, as these procedures may have
affected the pre-operative haemoglobin levels of the index
procedure. Patient records with missing data on the indi-
cation for surgery, smoking status, and American Society of
Anaesthesiologists (ASA) grade were also excluded. Patients
were followed up from the date of surgery to 31 December
2020. The study was exempt from UK National Research
Ethics Committee approval, as it involved the secondary use
of existing registry and administrative data.

Anaemia definition and patient characteristics

Anaemia was measured using data in the NVR record on pre-
operative haemoglobin (Hb). A Hb level lower than 13 g/dL for
men and 12 g/dL for women was used to define anaemia, and
this was further categorised into mild (men: 11 — 12.9 g/dL,
women: 11 — 11.9 g/dL), moderate (8 — 10.9 g/dL), and se-
vere (< 8 g/dL) as per the WHO criteria.'® As there were only
85 patients with severe anaemia, the categories of moderate
and severe anaemia were combined for the analysis.

The NVR record was also the source of other baseline
characteristics. These included age at the time of procedure,
sex, comorbidities (diabetes, ischaemic heart disease, chronic
heart failure, chronic kidney disease, and chronic lung dis-
ease), smoking status, medications (antiplatelet, statin), ASA
grade, indication for surgery (chronic limb ischaemia Fon-
taine stage |I—Il or llI—IV, acute limb ischaemia, lower limb
aneurysm), admission method (elective or non-elective),
most distal level of intervention (iliofemoral, popliteal, or
crural), and pre-operative blood results (haemoglobin, white
cell count [WCC], creatinine, and sodium). Some blood result
values were outside plausible ranges for the variables: Hb
levels < 3 g/dL or > 25 g/dL (n = 56), creatinine levels < 25
umol/L (n = 29), WCC < 2*10°/L or > 40*10°/L (n = 74),
and sodium levels > 160 mmol/L (n = 4). These were
considered erroneous and were treated as missing values.

Outcomes

The primary outcome was one year amputation free sur-
vival (AFS). Secondary outcomes were the one year re-
admission rate, the 30 day re-intervention rate (revascu-
larisation by any means), 30 day ipsilateral major lower limb
amputation rate, and 30 day mortality rate. The follow up
period was at least one year for all patients.

Information about major amputations and re-
interventions were extracted from HES using pre-defined
Office of Population, Censuses and Surveys (OPCS)-4 Clas-
sification codes™® (Supplementary Table S1). Major ampu-
tations were defined as amputations above the ankle. Only
ipsilateral major amputations were included in the analysis
of 30 day and one year outcomes. Re-admissions over one
year, defined as any admission to hospital after the index
admission, were also identified in HES. Re-admissions for
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haemodialysis were excluded. If more than 10 admissions
occurred over one year, the first 10 were captured.

Statistical analysis

All statistical analyses were performed in STATA 17 (Stata-
Corp, College Station, TX, USA). Multiple imputation by
chained equations (MICE)*® was performed to handle
missing values and produced 20 imputed datasets. Predic-
tive mean matching (PMM) of 10 nearest neighbours was
used to impute missing Hb and WCC values due to their
skewed distributions. Data were assumed to follow the
Missing at Random mechanism. There were 2 144 records
missing Hb values (15.7%). WCC, creatinine, and sodium
variables had less than 0.5% of the values missing.

Categorical variables are presented as frequencies and
proportions, continuous normally distributed variables as
mean and standard deviation (SD) and continuous non-
normally distributed as median and interquartile range
(IQR). Baseline characteristics by anaemia status were
compared using chi square test for categorical variables and
Mann—Whitney U test for continuous variables. Age by
anaemia severity was compared using the Kruskal—Wallis
test. A p value < .050 was considered statistically significant.

The Royston-Parmar (RP) flexible parametric survival
model®* was used to assess the effect of anaemia on one
year amputation free survival, adjusting for age, sex,
comorbidities (diabetes, ischaemic heart disease, chronic
heart failure, chronic lung disease), ASA grade, antiplatelet
medications, WCC, sodium, and creatinine levels as well as
method of admission, indication for surgery, and most distal
level of intervention. The admission mode and indication for
surgery variables did not satisfy the proportional hazards
assumption and the flexible parametric model included
these variables as time varying components. The appro-
priate functional form of continuous variables and the
number of degrees of freedom for the baseline spline
function were chosen using the Bayesian Information Cri-
terion. Model performance was assessed using Harrell’s C
discrimination index (C statistic) and Royston and Sauer-
brei’s D statistic.

A Poisson regression model was used to assess re-
admission rates at one year. Separate multivariable logis-
tic regression models were used to estimate the effect of
anaemia on 30 day re-interventions, 30 day ipsilateral major
amputations, and 30 day mortality. Each model included
patient and admission factors to adjust for confounding.

Finally, the overall impact on one year amputation free
survival from anaemia was estimated within this cohort by
calculating the population attributable risk (PAR) in the
complete case dataset using the STATA “regpar” com-
mand.?” This estimated the potential improvement in one
year amputation free survival that might be achieved if no
patients had pre-operative anaemia.

RESULTS

Linked records were available for 14 559 patients who un-
derwent an index surgical lower limb revascularisation

between January 2016 and December 2019. Patients were
excluded who underwent amputation or endovascular
revascularisation procedures 30 days before the index sur-
gical revascularisation procedure (n = 716), those with re-
cords with missing data on indication for surgery, smoking
status, and ASA grade (n = 44), and those undergoing
procedures due to trauma (n = 158). A total of 13 641
patients was included in the final analysis.

Baseline demographics

The median age was 70 years (IQR 62, 77) and most pa-
tients were men (n = 10 116, 74.2%). Nearly two thirds of
patients (63.1%, n = 8 603) had an elective admission and
the most common indication for surgery was chronic limb
threatening ischaemia (CLTI) (Fontaine stage Ill and IV) (n =
7 532, 55.2%). Overall, 11 497 patients (84.3%) had recor-
ded haemoglobin levels, 57.8% (n = 6 650) had no anaemia,
23.9% (n = 2 745) had mild anaemia, 17.5% (n = 2 017)
moderate, and 0.7% (n = 85) severe anaemia. Demographic
and clinical characteristics of the patients by anaemia
severity are presented in Table 1. Higher proportions of
non-elective admissions, ASA grades 4 and 5, and CLTI
(Fontaine Il and 1V) were found in the moderate and severe
anaemia groups (Fig. 1). The proportions of patients within
each anaemia group were similar in the imputed data
(respectively, 57.9%, 23.8%, 17.5%, and 0.8%), and the
distribution of patient characteristics within these groups
was also comparable (see Supplementary Table S2).

Amputation free survival

At one year follow up, 80.6% of patients (n = 10 999) were
alive and amputation free, 8.2% (n = 1 115) had undergone
ipsilateral major amputation, and 11.2% had died (n = 1
527). Pre-operative anaemia was associated with worse one
year amputation free survival (p < .001) (Fig. 2). The risk of
one year amputation or death was elevated in patients with
mild anaemia (adjusted hazard ratio (aHR) 1.27; 95% Cl 1.15
— 1.41) and moderate or severe anaemia (aHR 1.49; 95% ClI
1.33 — 1.67) (Supplementary Table S3). A decrease in
haemoglobin levels by one unit (g/dL) was associated with a
9% reduction in the rate of one year amputation free sur-
vival (aHR 0.91; 95% CI 0.89 — 0.94). The hazard ratios were
similar in the imputed and complete case datasets
(Supplementary Table S4).

Figure 3 shows the predicted one year amputation free
survival by anaemia severity, age, admission method, and
indication, with the other model covariables fixed at their
means. Patients with moderate or severe anaemia under-
going non-elective procedures for CLTI at 80 years of age
have an estimated probability of 62.5% of being alive and
amputation free at one year compared with 72.7% for those
without anaemia.

If it was possible to correct the pre-operative anaemia
before revascularisation, there would be a 2.5% (95% CI 5.8
— 7.1%) absolute reduction in one year amputation or
death (Population Attributable Risk [PAR]). This corresponds
to the difference in the estimated rate of death or major
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Table 1. Baseline patient and clinical characteristics by anaemia status for 13 641 patients who underwent an index surgical lower
limb revascularisation between January 2016 and December 2019
Characteristics No anaemia Mild anaemia Moderate/severe Missing P
(n = 6 650; 48.8%) (n = 2 745; 20.1%) anaemia haemoglobin
(n = 2102; 15.4%) (n = 2 144; 15.7%)

Age 67 (60, 74) 72 (64, 78) 73 (65, 80) 70 (61, 77) <.001
White cell count 8.5 (7, 10.3) 8.8 (7,11) 9.6 (7.4, 12.3) 8.8 (7.1, 10.8) <.001
Creatinine 78 (66, 92) 81 (66, 102) 84 (65, 112) 79 (65, 96) <.001
Sodium 139 (136, 141) 138 (135, 140) 137 (134, 139) 138 (135, 140) <.001
Gender <.001

Men 4996 (75.1) 2198 (80.1) 1 340 (63.7) 1582 (73.8)

Women 1 654 (24.9) 547 (19.9) 762 (36.3) 562 (26.2)
Diabetes 1 859 (28.0) 1 092 (39.8) 958 (45.6) 720 (33.6) <.001
Chronic lung disease 1 669 (25.1) 710 (25.9) 479 (22.8) 502 (23.4) .035
Ischaemic heart disease 2 128 (32.0) 1 082 (39.4) 863 (41.1) 743 (34.7) <.001
Chronic heart failure 312 (4.7) 252 (9.2) 224 (10.7) 126 (5.9) <.001
Chronic kidney disease 423 (6.4) 364 (13.3) 470 (22.4) 231 (10.8) <.001
Antiplatelet 5 576 (83.8) 2 270 (82.7) 1732 (82.4) 1 796 (83.8) .30
Statin 5 472 (82.3) 2292 (83.5) 1 684 (80.1) 1778 (82.9) .017
Smoking status <.001

Current smoker 2 551 (38.4) 843 (30.7) 592 (28.2) 730 (34.0)

Ex smoker 3 521 (52.9) 1 582 (57.6) 1 233 (58.7) 1178 (54.9)

Never smoked 578 (8.7) 320 (11.7) 277 (13.2) 236 (11.0)
ASA grade <.001

1-2 1 493 (22.5) 369 (13.4) 182 (8.7) 512 (23.9)

3 4 858 (73.1) 2120 (77.2) 1 584 (75.4) 1 449 (67.6)

4-5 299 (4.5) 256 (9.3) 336 (16.0) 183 (8.5)
Indication for surgery <.001

Fontaine I/11 2163 (32.5) 492 (17.9) 243 (11.6) 540 (25.2)

Fontaine III/IV 3154 (47.4) 1 719 (62.6) 1 503 (71.5) 1 156 (53.9)

Acute limb ischaemia 750 (11.3) 363 (13.2) 265 (12.6) 297 (13.9)

Aneurysm 583 (8.8) 171 (6.2) 91 (4.3) 151 (7.0)
Mode of admission <.001

Elective 4 820 (72.5) 1 562 (56.9) 878 (41.8) 1 343 (62.6)

Non-elective 1 830 (27.5) 1183 (43.1) 1 224 (58.2) 801 (37.4)
Level of intervention <.001

Iliofemoral 3312 (49.8) 1 285 (46.8) 943 (44.9) 930 (43.4)

Popliteal 2 303 (34.6) 872 (31.8) 671 (31.9) 843 (39.3)

Crural 1 035 (15.6) 588 (21.4) 488 (23.2) 371 (17.3)

Data are presented as median (interquartile range) and as n (%). ASA = American Society of Anaesthesiologists.
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Figure 1. Association between anaemia severity and patient factors for 13 641 patients who underwent an
index surgical lower limb revascularisation between January 2016 and December 2019. ASA = American
Society of Anaesthesiologists.
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Figure 2. Adjusted amputation free survival by pre-operative
anaemia severity for a typical patient (70 year old man, with
American Society of Anaesthesiologists 3, white cell count 9x103%/
uL, sodium 138 mmol/L, creatinine 79 pmol/L, without diabetes,
chronic lung disease, ischaemic heart disease, or chronic heart
failure, on antiplatelet medication, admitted electively with Fon-
taine III/IV, and undergoing iliofemoral intervention).

amputation at one year (19.3%) resulting from the observed
prevalence of anaemia in this population, and the rate in a
fictional population in which no patient had pre-operative
anaemia (16.8%).

Re-admissions

Two thirds of the patients had subsequent re-
admissions to hospital after the index revascularisation
during a one year follow up period (n = 8 986, 65.9%).
Overall, 23.6% of patients (n = 3 215) had one re-
admission, 16.0% (n = 2 178) had two, 10.2% (n = 1
393) had three, and the rest (n = 2 200, 16.1%) had
four or more re-admissions. Patients with pre-operative
anaemia experienced more re-admissions over the one
year after the index surgical revascularisation, with the
adjusted incidence rate ratio (IRR) for mild anaemia and
moderate or severe anaemia being 1.20 (95% CI 1.16 —
1.25) and 1.31 (1.26 — 1.37), respectively (Fig. 4).
Lower haemoglobin levels were also associated with a
higher incidence of re-admissions (adjusted IRR per unit
increase in Hb [g/dL] 0.94; 95% Cl 0.93 — 0.95; p <
.001) (Supplementary Table S5).

Thirty day re-interventions

The overall 30 day re-intervention rate was 9.6%. Patients
with moderate or severe anaemia had higher odds of 30 day
surgical and endovascular re-interventions (with curative
revascularisation intent), compared with patients with no
anaemia (adjusted OR 1.22; 95% Cl 1.04 — 1.45), after
adjusting for age, gender, diabetes, chronic heart failure,
method of admission, ASA grade, indication for surgery, and
level of intervention (Fig. 5). This effect was not observed
for patients with mild anaemia (adjusted OR 1.04; 95% CI
0.89 — 1.21) (Supplementary Table S6).

Thirty day major amputation and mortality rates

The overall 30 day mortality rate was 2.60% and the 30 day
ipsilateral major amputation rate was 3.39%. Moderate or
severe pre-operative anaemia was associated with higher
odds of 30 day ipsilateral major amputation (adjusted OR
1.53; 95% Cl 1.17 — 2.01) and higher odds of 30 day death
(adjusted OR 1.39; 95% CI 1.03 — 1.88) (Fig. 6). Increased
haemoglobin levels (in g/dL) were associated with statisti-
cally significantly lower odds of 30 day amputation
(adjusted OR 0.92; 95% CI 0.87 — 0.97) (Supplementary
Table S7), and lower odds of 30 day death (adjusted OR
0.94; 95% ClI 0.88 — 1.001), which did not reach statistical
significance (Supplementary Table S8).

DISCUSSION

In this cohort study of 13 641 patients, it was found that the
increasing severity of pre-operative anaemia was statisti-
cally significantly associated with a worse amputation free
survival at one year. Mild anaemia was associated with a
nearly 30%, and moderate or severe anaemia with a 50%
greater risk of amputation or death. It is estimated that,
within a patient population with this pattern of anaemia,
being able to correct anaemia in all patients would produce
an absolute reduction of 2.5% in the rate of one year
amputation and death. Patients with mild and moderate or
severe pre-operative anaemia also experienced more re-
admissions in the year following surgical revascularisation
compared with patients without anaemia. This finding is
pertinent not least because the cost associated with an
average non-elective admission in the UK is in the order of
£1,600,%% but also the associated detrimental impact of
higher number of re-admissions on patient outcomes.”*

Although anaemia as a potential predictor for adverse
outcomes has been observed in other studies of surgical
practice,*™*? there has not yet been a study of this scale on
patients with PAD with one year post-operative outcomes.
The findings regarding amputation free survival, re-
admissions, and re-interventions are unique and of rele-
vance to healthcare systems and patients alike.

There are some hypotheses regarding the type of pre-
operative anaemia that vascular patients with PAD experi-
ence. Typically, the cause of anaemia is predominantly iron
deficiency. This can be absolute, due to reduced intake or
excess loss, or functional, secondary to inflammation lead-
ing to impaired iron mobilisation, which if sustained leads to
anaemia of chronic disease. Functional iron deficiency
anaemia is common in patients with CLTI, due to inflam-
mation of the disease process itself and is compounded by
patient comorbidities.

The effects of iron deficiency are widespread. Although
iron is needed for haemoglobin, it is also an essential
component of the cytochromes in the mitochondrial res-
piratory chain needed to metabolise oxygen and glucose to
generate energy (ATP) through aerobic metabolism.>® Iron
deficiency leads to reduced muscle function,”® a key
contributor to sarcopenia — the loss of skeletal muscle mass
and strength with advancing age that is an aetiological
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Elective procedure Non-elective procedure
Indication Age No . Mild. M:(ei:::;e/ No . Mild. M:‘eis:;e/
anaemia anaemia anaemia anaemia anaemia anaemia

= 50 - 94.9% 93.8%  92.7% 90.7% 88.8%

E 60 95.1% 93.7% 92.4% 91.1% 88.6% 86.4%

§ 70 94.0% 92.2% 90.7% 89.0% 86.1% 83.5%

= 80 92.6% 90.5% 88.6% 86.6% 83.2% 80.2%

2 50 90.9%  88.4% 86.2%  84.0% 80.0% 76.6%

E 60 88.9% 85.9% 83.3% 80.7% 76.1% 72.3%

,§ 70 86.5% 83.0% 80.0% 76.9% 71.8% 67.6%

£ 80 83.6% 79.6% 76.1% 72.7% 67.0% 62.5%
P 50 90.5%  87.9% 85.6%  83.2% 79.1% 75.6%

E g 60 88.4% 85.2% 82.6% 79.8% 75.1% 71.2%

§ '::; 70 85.8% 82.2% 79.1% 76.0% 70.6% 66.4%
= 80 82.9% 78.6% 75.1% 71.6% 65.8% 61.2%

c 50 95.8% 94.6% 93.5% 92.3% 90.1% 88.2%

S 60 94.8% 93.3% 91.9% 90.5% 87.9% 85.6%

g 70 93.6% 91.7% 90.1% 88.4% 85.3% 82.6%

80 92.1% 89.9% 87.9% 85.9% 82.2% 79.1%

Figure 3. Estimated one year amputation free survival for specific age, admission method, indication for sur-
gery and anaemia severity, with other covariables fixed at their mean.

component of the physical frailty syndrome. The present
authors have previously shown sarcopenia to be indepen-
dently associated with adverse outcomes in patients with
CLTI, with sarcopenic patients having worse survival (HR
4.8; 95% Cl 1.5 — 15.8) and a higher rate of limb loss (50%
vs. 23%, p = .050).?” Therefore, correction of iron deficiency
anaemia in the pre-operative period may be of benefit to
patients through these physiological mechanisms.

The novel findings in this study are pertinent given the
recent focus of the NHS on improving outcomes for patients
with CLTL,' as well as its position high in the research
agenda for patients and clinicians.” Even though additional
factors associated with worse one year amputation free
survival were identified in this study, such as the presence
of diabetes and the severity of PAD, anaemia is a potentially
modifiable factor for this patient group. The present results
lead to hypotheses about how the optimisation of hae-
moglobin for patients with PAD may have a positive effect
on patient outcomes. Interventions to correct anaemia
include oral and intravenous iron supplementation, eryth-
ropoietin, oral hypoxia inducible factor prolyl hydroxylase
(PHD) inhibitors, and blood transfusion. To date, trials of
such interventions have not reported consistent clinical
benefits,”® >* but the evidence on the effectiveness of
these treatments has various limitations and there is a need
for further research in this area, particularly on physical
performance metrics. Additionally, implementation of these

interventions requires a holistic approach to the patient by
vascular surgeons to recognise pre-operative anaemia, as
well as knowledge on how to treat it.

The key strengths of this study include the large sample
size and the availability of long term outcomes, through
linkage of a clinical database with a national administrative
dataset. Additionally, robust statistical methods were used
to examine the effect of anaemia on both the short and
long term patient outcomes, and which adjusted for rele-
vant patient and admission factors.

This study also has limitations. Although the clinical
registry provides a large scale representation of real world
practice for PAD, it contained some implausible values
(potentially due to data entry errors) and missing data.
Additionally, the data on patient outcomes were derived
from the HES administrative dataset. Outcomes like re-
admission rates and death are generally well recorded,
but amputation rates may be affected by incomplete coding
or coding errors. However, major procedures like amputa-
tion are typically well coded and so any underestimation is
likely to be small. There is also no reason to believe that
these errors would disproportionally affect patients with
anaemia.

Conclusion

This analysis of population based data found that pre-
operative anaemia affected a statistically significant
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Figure 4. Coefficients plot depicting the effect of severity of anaemia (adjusted incidence rate ratio and 95% confidence intervals) on one
year re-admissions, adjusting for patient and admission factors. ASA = American Society of Anaesthesiologists.
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Figure 5. Coefficients plot depicting effect of anaemia severity (adjusted odds ratio and 95% confidence in-
tervals) on 30 day re-interventions, adjusting for various patient and admission factors using multivariable

logistic regression models. ASA = American Society of Anaesthesiologists.
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Figure 6. Coefficients plot depicting effect of anaemia severity (adjusted odds ratio and 95% confidence intervals) on (A) 30 day ipsilateral
major amputation and (B) 30 day mortality. ASA = American Society of Anaesthesiologists.

proportion of patients with PAD who had surgical revas-
cularisation. The study identified that increasing severity of
anaemia was associated with lower one year amputation
free survival and higher re-admission rates at one year.
Further research is required to examine whether in-
terventions aiming to correct anaemia can improve post-
operative patient outcomes.
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