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Abstract
Background
Preoperative anaemia has been shown to be associated with increased postoperative morbidity
and mortality, prolonged hospital stay, and increased allogeneic blood transfusions. With elective
surgery there is time to manage preoperative anaemia. The aim was to determine the prevalence
of preoperative anaemia and evaluate how anaemia was investigated and managed in adult
patients who were referred from the Orthopaedic Clinic to the Universitas Academic Hospital
Anaesthesiology Clinic between January 2016 and December 2018.
Methods
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The retrospective file audit included patient demographics, comorbidities and chronic medication,
indication for elective surgery, haemoglobin level at first clinic visit, laboratory investigations
done for anaemia, dates of clinic visits and surgery, whether the anaemia was corrected before
surgery, and if there were any perioperative red cell transfusions.
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Results
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A total of 178 patients were included. The cut-off value for anaemia was 13 g/dL in both sexes.
Forty-four patients (25%, 95% CI 19–32%) had preoperative anaemia with a median haemoglobin
of 12.25 g/dL (IQR 11.2; 12.7). Their mean age was 63.3 (SD ± 10.0) years. Fifteen patients
(34%) were booked for knee arthroplasty and 24 patients (55%) for hip replacement surgery. No
workup was done for the anaemia, and only 15/44 (34%) anaemic patients received any form of
treatment. Eighteen anaemic patients (41%) received perioperative red cell transfusions. Eight
of the transfused patients (44%) developed postoperative sepsis, while five were still anaemic
postoperatively.
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Conclusion
The prevalence of preoperative anaemia before elective orthopaedic surgery (25%) was the
same as that reported before patient blood management was introduced internationally. None
of the anaemic patients had a diagnostic workup and therefore did not receive therapy targeted
at the cause of the anaemia. Perioperative red cell transfusions could have been significantly
reduced. The clinic now focuses on managing preoperative anaemia.
Level of evidence: Level 3
Keywords: preoperative anaemia, elective orthopaedic procedures, patient blood management,
preoperative care, blood transfusion
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Introduction
Preoperative anaemia has been shown in systematic reviews to be
associated with increased morbidity and mortality in general surgery,
cardiovascular surgery and orthopaedic surgery.1-3 Patient blood
management emphasises the diagnosis and treatment of anaemia
and prevention of blood loss, rather than the use of allogeneic red
cell transfusions.4,5 The South African Surgical Outcomes Study
showed that preoperative anaemia was independently associated
with in-hospital mortality (odds ratio 1.657) and admission to critical
care (odds ratio 1.487).6 The prevalence of preoperative anaemia
was 1 727/3 610 (47.8%) in that study. Jadhunandan et al. showed
preoperative anaemia was associated with a three-fold higher risk
of postoperative mortality in open abdominal surgery.7 Conradie
et al. reported that the prevalence of preoperative anaemia was
28% in 375 adult patients presenting for elective non-cardiac,
non-obstetric surgery in the Western Cape.8 In that study, 37%
of the anaemic patients had iron deficiency, but only 9% of these
patients received iron before surgery. There is sufficient evidence
that preoperative anaemia is a significant problem in South Africa
that requires active management to improve patient outcomes. It is
estimated that 17.8 million South Africans are anaemic.9,10
At least two general international guidelines emphasise the need
for the identification and prevention of preoperative anaemia.11,12
Palmer et al. and Goodnough et al.provide international guidelines
for the management of preoperative anaemia in orthopaedic
surgery.5,13 The South African Society of Anaesthesiologists
(SASA) published their Perioperative Patient Blood Management
Guidelines in 2020.14 Palmer et al. and the SASA guidelines both
recommend that the cut-off level for anaemia in both sexes is
13 g/dL.5,14 Women have a smaller blood volume than men, even
though they may lose the same amount of blood for a given
procedure. Women with a preoperative haemoglobin of 12 g/dL
often require perioperative red cell transfusions.5,7,15 The current
World Health Organization definitions of anaemia of 12 g/dL in
women and 13 g/dL in men are being revisited.16

Preoperative anaemia screening clinics can manage preoperative
anaemia in patients before elective surgery.17 The Anaesthesiology
Clinic at Universitas Academic Hospital (UAH) evaluates patients
before elective surgery, especially orthopaedic surgery. Spahn’s
systematic review of 2010 reported preoperative anaemia in 25%
of patients undergoing elective total hip or knee arthroplasty, and
50% of patients undergoing surgical hip fracture repair.18 That
review also showed that preoperative anaemia was associated
with a blood transfusion rate of 45 ± 25% and postoperative
infections in 44 ± 15%, poorer physical functioning and recovery,
and increased length of hospital stay and mortality. Meybohm
et al. showed that in 10 017 German patients, the preoperative
anaemia rate was 14.8% for elective knee joint arthroplasty, 22.9%
for elective hip joint arthroplasty and 45.0% for duo-prosthesis
implantation.19 Patients with anaemia had a prolonged hospital
stay and increased mortality.
Our primary aim was to assess the prevalence of anaemia
in patients referred to the UAH Anaesthesiology Clinic for
preoperative assessment and management prior to elective
orthopaedic surgery. Secondary objectives were to document i) in
how many of these patients the underlying cause for the anaemia
was investigated; ii) in how many of these patients the anaemia
was corrected prior to surgery; and iii) which of these patients
required blood transfusions perioperatively. The information would
help to improve the management of preoperative anaemia.

Patients and methods
The retrospective audit included all adult patients who were referred
to the UAH Anaesthesiology Clinic from the Orthopaedic Clinic
before elective orthopaedic surgery between January 2016 and
December 2018. We identified patients from the attendance list of
the UAH Anaesthesiology Clinic. A total of 178 adult patients were
included. Patients younger than 18 years, and those who required
emergency orthopaedic surgery, were excluded. Information was
collected from patient notes and hospital, pharmacy and laboratory

Table I: Demographic and clinical characteristics (n = 178)
Risk factor

Anaemic (n = 44)

Non-anaemic (n = 134)

p-value

63.3 ± 10.0

62.2 ± 12.3

0.557

7/37 (84)

54/80 (60)

0.003

12.25 (11.2; 12.7)

14.3 (13.7; 15.5)

< 0.001

Hypertension

34 (72%)

97 (77%)

0.524

Ischaemic heart disease

28 (64%)

76 (57%)

0.419

Obesity

16 (36%)

49 (37%)

0.981

COPD/smoking

Age (years) (mean ± SD)
Sex (male/female) (% female)
Haemoglobin (g/dL) (median, IQR)
Comorbidities

13 (30%)

46 (34%)

0.559

Diabetes mellitus type 2

5 (11%)

19 (14%)

0.635

Peptic ulcer disease

8 (18%)

12 (9%)

0.104

Hypothyroidism

6 (13.6%)

17 (13%)

0.871

Alcohol abuse

4 (9%)

24 (18%)

0.163

NSAIDs

29 (66%)

89 (66%)

0.951

Aspirin

22 (50%)

83 (62%)

0.162

Paracetamol

12 (27%)

37 (28%)

0.956

Chronic medication

Haematinic treatment
Oral iron

6 (14%)

7 (5%)

0.090

Folate

8 (18%)

16 (12%)

0.293

Vitamin B compound

8 (18%)

16 (12%)

0.293

SD: standard deviation; IQR: interquartile range; COPD: chronic obstructive pulmonary disease; NSAIDs: nonsteroidal anti-inflammatory drugs
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information systems. The pseudoanonymised data included basic
patient demographics, comorbidities and chronic medications, the
indication for elective surgery, haemoglobin level at first clinic visit,
laboratory investigations done to determine the cause of anaemia,
whether anaemia was corrected before surgery, the dates of the
clinic visits and surgery, the postoperative haemoglobin levels,
whether any perioperative red cell transfusions were given, as
well as any documented postoperative complications. For all 178
patients, information relating to the study objectives was available
and therefore no patients were excluded due to missing data.
The data was captured on a Microsoft Excel spreadsheet. The
cut-off level for anaemia was 13 g/dL in both sexes.14 The design
followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines for observational studies.20
Data was analysed by the Department of Biostatistics at the
University of the Free State using SAS Version 9.4 (SAS Institute
Inc, Cary NC, USA). Age was summarised by mean and standard
deviation. Other numerical variables were summarised by medians
and percentiles due to skew distributions. Categorical variables
were summarised by frequencies and percentages. Comparison
of subgroups regarding categorical variables were done using
contingency tables with chi-squared or Fisher’s exact tests.
Numerical variables were compared using Mann–Whitney tests.

remaining 24 (55%) for hip replacement surgery. The median time
between the clinic visit and surgery for the anaemic patients was
76.5 days (range 1–488).
The flow diagram in Figure 1 summarises the patients’ clinical
course. Only 15/44 (34%) anaemic patients received some
treatment for anaemia, which consisted of a varying combination
of vitamin B complex, folic acid and oral iron. The anaemia was
corrected before surgery in only three of these patients.
Eighteen (41%) of the 44 anaemic patients received perioperative red cell transfusions. One patient received three units, nine
patients received two units each and the remaining eight patients
received one unit of red cell concentrate each. Seven of the
18 patients who received blood transfusions were on some form of
haematinic treatment. The median preoperative haemoglobin level
of transfused patients was 11.5 g/dL (range 9.2–12.7). Fourteen
of the patients who received blood transfusions were among the
32 anaemic patients who were also regularly using NSAIDs and
aspirin. Eight of the 18 patients (44%) who received perioperative
blood transfusions developed postoperative sepsis. Ten patients
(10/44 = 23%), five of whom had been transfused, were anaemic
following surgery. However, this may be an underestimate as a
postoperative haemoglobin level was only documented in 13 of the
44 anaemic patients.

Results

Discussion

A hundred and seventy-eight patients were included. Forty-four
patients (25%, 95% CI 19–32%) were found to be anaemic during
their preoperative Anaesthesiology Clinic assessment (Table I).
Their mean age was 63.3 years (SD ± 10.0), and 84% were
female (compared to 60% of non-anaemic patients, p < 0.001).
The median haemoglobin in the anaemic subgroup was
12.25 g/dL (IQR 11.2; 12.7) compared to that of the non-anaemic
subgroup which was 14.3 g/dL (p < 0.001). Of the anaemic
patients, 29 (66%) regularly used nonsteroidal anti-inflammatory
drugs (NSAIDs). Unexpectedly, apart from screening tests for renal
function, no laboratory investigations for the anaemia were done.
Among the anaemic patients, the most common comorbidities
were hypertension (72%), followed by ischaemic heart disease
(64%). None of the comorbidities, chronic medication or haematinic
treatment differed significantly between the anaemic and nonanaemic subgroups. Of the 44 anaemic patients, three were
booked for knee arthroscopy, 15 (34%) for total knee replacement,
one for shoulder acromioplasty, one for tibial osteotomy, and the

The prevalence of anaemia in our study was 25%. This is similar
to the 20% reported by Saleh et al. in 2007.21 It is also in the
range reported in Spahn’s meta-analysis of patients undergoing
elective orthopaedic surgery before 2010.18 Transfusion rates in
arthroplasty surgery are currently decreasing, but the rates depend
on the specific hospital setting.22 Recently, Bolz et al. reported that
the Michigan Arthroplasty Collaborative Quality Initiative managed
to reduce the transfusion rate from 14.82% in 2011 to 1.12% in
2017 by introducing patient blood management education.23
Of concern is that no attempt was made to diagnose the cause
of the anaemia in the 44 anaemic patients, even though there was
often enough time to investigate and correct the anaemia, with a
median time of 76.5 days between the first clinic visit and surgery.
The use of NSAIDs by 66% of the anaemic patients might have
contributed to their anaemia.
The Society for the Advancement of Patient Blood Management
recommends that tests be done to diagnose the common causes
of anaemia: iron deficiency anaemia, anaemia of inflammation,

Preoperative assessment of patients for elective orthopaedic surgery
n = 178
Anaemia
n = 44

No anaemia
n = 134

No treatment
n = 29

Transfused
n = 11

Some treatment
n = 15

Anaemia corrected
n=3

Anaemia not corrected
n = 12

Transfused
n=1

Transfused
n=6

Figure 1. STROBE flowchart of patients for elective orthopaedic surgery seen at the Anaesthesiology Clinic
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anaemia of chronic renal disease, and folate or vitamin B12
deficiency.24 The Australian Blood Authority guidelines simply
recommend a full blood count, iron studies including ferritin,
C-reactive protein and renal function tests.25 The aetiology of any
anaemia needs to be established to guide therapy.
Despite documented anaemia, 29 of 44 patients (66%) received
no treatment. The treatment for the other 15 anaemic patients was
haphazard and mostly inadequate, as the anaemia was only corrected
in time for surgery in three of the anaemic patients (Figure 1).
Iron deficiency is the most common nutritional deficiency that
contributes to preoperative anaemia.8,21,26 With sufficient time
interval (≥ 6 weeks) before surgery, oral iron supplementation is
appropriate. Intravenous iron should be considered if oral iron is
poorly tolerated, ineffective (inadequate haemoglobin response),
in cases of ongoing blood loss or functional iron deficiency and
when the planned surgery is fairly urgent.15,27 Iron deficiency
can be rectified within a month by administering intravenous
iron.21,22 Where appropriate, an erythropoietin can be combined
with intravenous iron to manage anaemia of chronic disease,
another common cause of anaemia among surgical patients.28
This combination therapy is also endorsed by the SASA 2020
Perioperative Patient Blood Management Guidelines to reduce
postoperative transfusions in patients with non-iron deficiency
(e.g. erythropoietin, vitamin D or folate acid deficiency) undergoing
elective surgery.14 The routine use of erythropoietin is, however,
discouraged due to its potential increased thrombotic risk.27 These
measures correct anaemia more safely, and mostly cost far less,
than equivalent red cell transfusions.
It is not certain why the one patient whose anaemia had been
corrected received a red cell transfusion. In our study population,
44% of the 18 anaemic patients who received blood transfusions
developed postoperative sepsis. As we did not collect exhaustive
clinical information, we could not exclude other contributing factors
to the infections. However, Everhart et al. report that in hip and knee
arthroplasty, the odds ratio for surgical site infections increases
from 1.97 when one unit of red cells is transfused, to 7.40 when
more than three units are transfused.29
The sample of patients was not very large and consisted only of
patients referred to the Anaesthesiology Clinic because they needed
optimisation of their clinical condition before elective surgery.
As a result, the patient cohort consisted mainly of older patients
with comorbidities. Regarding the prevalence of preoperative
anaemia, this patient cohort is probably not representative of the
general population undergoing elective orthopaedic surgery. Most
(84%; p < 0.001) of the patients with preoperative anaemia were
women. This female preponderance has been noted previously.26
Considering their smaller blood volume, this puts them at greater
risk of postoperative complications.14 In retrospect, we did not take
into account that Bloemfontein is 1 387 m above sea level, and
therefore our cut-off levels should probably have been increased
by 0.5 g/dL.30,31
The clinic had mainly focused on comorbidities other than
anaemia in the past. Barrett et al. previously demonstrated the
need to improve training and knowledge of basic transfusion
principles and perioperative anaemia management at our
hospital.32 Following this study, the clinic now follows the SASA
Perioperative Patient Blood Management Guidelines in order to
reduce the rate of transfusions in elective orthopaedic surgery.14,33
This retrospective file audit primarily focused on the prevalence of preoperative anaemia in patients referred to the UAH
Anaesthesiology Clinic. Only if patients were found to be anaemic
at the first clinic visit was additional information regarding
anaemia investigation and management before surgery, as well
as perioperative blood transfusions and associated complications,
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collected. As a result, true comparisons with the non-anaemic
cohort, especially with regard to the frequency of perioperative
blood transfusions and postoperative complications, cannot be
made. Some conclusions should therefore be interpreted with
caution.
Because an estimated 17.8 million South Africans are anaemic,
there is an urgent need for better management of preoperative
anaemia.9,10 In a period when the COVID-19 pandemic has strained
our blood supply even further, the era of preoperative red cell
transfusions in elective surgery should be something of the past.5,34
The World Health Organization has recently issued a policy brief
about the urgent need to implement patient blood management.35

Conclusion
Despite our small cohort, we were able to demonstrate
that preoperative anaemia is prevalent, but often missed or
neglected, and contributes to unnecessary blood transfusions
and postoperative complications. Our study illustrates the urgent
need for multidisciplinary teams or clinics that screen patients for
anaemia before elective surgery, as well as for the implementation
of clear treatment guidelines for preoperative anaemia.17
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