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Blood transfusions in total knee arthroplasty: a
retrospective analysis of a multimodal patient
blood management programme
PK Chan *, YY Hwang, Amy Cheung, CH Yan, Henry Fu, Timmy Chan, WC Fung, MH Cheung,
Vincent WK Chan, KY Chiu

ABSTRACT

Purpose: Transfusion is associated with increased
perioperative morbidity and mortality in patients
undergoing total knee arthroplasty (TKA). Patient
blood management (PBM) is an evidence-based
approach to maintain blood mass via haemoglobin
maintenance, haemostasis optimisation, and blood
loss minimisation. The aim of the present study was
to assess the effectiveness of a multimodal PBM
approach in our centre.
Methods: This was a single-centre retrospective
study of patients who underwent primary TKA
in Queen Mary Hospital in Hong Kong in 2013 or
2018, using data from the Clinical Data Analysis and
Reporting System and a local joint registry database.
Patient demographics, preoperative haemoglobin,
length of stay, readmission, mean units of
transfusion, postoperative prosthetic joint infection,
and mortality data were compared between groups.
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Results: In total, 262 and 215 patients underwent
primary TKA in 2013 and 2018, respectively. The mean
transfusion rate significantly decreased after PBM
implementation (2013: 31.3%; 2018: 1.9%, P<0.001);
length of stay after TKA also significantly decreased
(2013: 14.49±8.10 days; 2018: 8.77±10.14 days,
P<0.001). However, there were no statistically
significant differences in readmission, early

prosthetic joint infection, or 90-day mortality rates
between the two groups.
Conclusion: Our PBM programme effectively
reduced the allogeneic blood transfusion rate
in patients undergoing TKA in our institution.
Thus, PBM should be considered in current TKA
protocols to reduce rates of transfusions and related
complications.
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New knowledge added by this study
• Patient blood management effectively reduced the allogeneic blood transfusion rate in patients undergoing total
knee arthroplasty in our institution; it also reduced the length of stay after total knee arthroplasty.
Implications for clinical practice or policy
• Patient blood management should be considered in current total knee arthroplasty protocols to reduce rates of
transfusions and related complications.
• Patient blood management in total knee arthroplasty could reduce healthcare expenditures among the ageing
population in Hong Kong.

Introduction

Total knee arthroplasty (TKA) is the most effective
and efficacious surgical method to improve pain and
function for patients with end-stage osteoarthritis;
however, TKA has been associated with substantial
blood loss. In addition to visible blood loss from the
surgical field and wound drainage, hidden blood
loss occurred in patients undergoing TKA, which
resulted in mean blood loss of 1.5 L.1 Therefore,
Hong Kong Medical Journal

perioperative blood transfusion was needed in up to
38% of patients undergoing TKA.2
Blood transfusion is not risk-free. Often, no
adverse effects are encountered by patients who
undergo blood transfusion. However, adverse effects
occasionally occur, ranging from minor allergic
reactions to blood-borne infection and potentially
fatal acute immune haemolytic reaction. With the
implementation of best international practices
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全膝關節置換術中輸血：多模式患者血液管理
程序回顧分析
陳秉強、黃宇欣、張炎鈴、忻振凱、傅俊謙、陳智榮、
馮穎釗、張文康、陳偉鈞、曲廣運
目的：進行全膝關節置換術（TKA）的患者，其輸血與圍手術期發病
率和死亡率增加相關。患者血液管理（PBM）是一種循證方法，可通
過維持血紅蛋白、優化止血和盡量減少失血來維持血液質量。本研究
旨在評估我們中心採用多模式PBM的有效性。
方法：使用醫管局臨床數據分析及匯報系統和本地關節置換登記中心
的數據，對2013年或2018年在香港瑪麗醫院接受原發性TKA的患者
進行單中心回顧研究。比較兩組患者的人口統計學、術前血紅蛋白、
住院時間、再入院率、平均輸血量、術後假體關節感染以及死亡率數
據。
結果：2013年和2018年分別有262和215例患者接受原發性TKA。實
施PBM後的平均輸血率顯著下降（2013年：31.3%；2018年：1.9%，
P<0.001）;TKA後的住院時間也顯著減少（2013年：14.49±8.10
天；2018年：8.77±10.14天，P<0.001）。然而，兩組在再入院、術
後早期假體關節感染或90天死亡率方面無統計學差異。
結論：我們的PBM計劃能有效降低我們中心接受TKA患者的異體輸血
率。因此，應在當前TKA方案中考慮PBM，以減少輸血和相關併發症
的發生率。

products for quality and effective patient care. It is
designed to improve patient outcomes through the
safe and rational use of blood and blood products
and by minimising unnecessary exposure to blood
products…’.7 The three major components of PBM
are as follows: (1) optimisation of the patient’s own
blood mass; (2) minimisation of blood loss; and (3)
optimisation of physiological tolerance to anaemia.8
This new standard of care is now well-established
in some centres in the US, Austria, and Western
Australia, as well as nationally in the Netherlands.
However, PBM remains an uncommon practice in
Asia.
We introduced the PBM programme for
patients undergoing TKA in our institution,
beginning in 2014. Various components were
introduced gradually (in phases) from 2014 to 2018.
The key measures of PBM in preoperative, intraoperative, and postoperative periods were fully
implemented in 2018. To the best of our knowledge,
our PBM programme is a pioneer PBM programme
in Hong Kong. The aim of the present study was
to assess the effectiveness of the multimodal PBM
approach in our university-based centre.

Methods
to warrant blood transfusion safety by the Blood
Transfusion Service in Hong Kong, the transfusion
risk has significantly decreased in the past two
decades.3 However, absolute safety in transfusion
cannot be achieved because of the window period
for detecting infections, possibility of emerging
infections, and potential human errors related to the
process of transferring collected blood from donors
to transfusion recipients. Notably, researchers in
Hong Kong reported the first two cases (worldwide)
of transmission of Japanese encephalitis virus,
via blood transfusion to immunocompromised
hosts, in 2018.4 In addition to the general risks
associated with transfusion, blood transfusion has
been independently associated with poor surgical
outcome. Specifically, patients who underwent
transfusion exhibited an eight-fold to 10-fold excess
risk of adverse outcomes, defined as postoperative
complications in the American College of Surgeons
National Surgical Quality Improvement Project.5
With respect to total hip or knee arthroplasty, a
dose-dependent relationship between transfusion
and risk of surgical site infection was observed.6
With increasing understanding regarding the
benefits and risks of blood transfusion, as well as
alternative approaches for patients who experience
blood loss, the concept of patient blood management
(PBM) was developed. The World Health
Organization defines PBM as ‘a patient-focused,
evidence-based and systematic approach to optimise
the management of patients and transfusion of blood
202

This single-centre retrospective study was approved
by the Institutional Review Board of the University
of Hong Kong/Hospital Authority Hong Kong West
Cluster (Ref UW 19-600). The requirement for
patient consent was waived by the review board.
We retrospectively collected blood transfusion
data regarding patients who underwent unilateral
primary TKA in our centre from 1 January 2013 to
31 December 2018. Patients who underwent onestage bilateral primary TKA or revision TKA were
excluded from our study. Patients with acquired or
congenital coagulopathy, as well as those currently
taking anticoagulants, were included in our study;
notably, these patients were at greater risk of
perioperative blood loss and transfusion.
The primary outcome measure was the mean
yearly transfusion rate, which was defined as the
number of patients who received transfusion after
TKA (during the same hospitalisation episode)
divided by the number of patients who underwent
TKA during the period from 1 January to
31 December; this result was multiplied by 100. The
mean units of blood given per transfusion episode in
1 year was defined as the cumulative total number
of blood units transfused to patients after TKA in
1 year divided by the number of transfusion episodes
in that year. Transfusion data were retrieved from
the Clinical Data Analysis and Reporting System,
a database developed by the Hong Kong Hospital
Authority for research purposes; this database
contains medical information recorded by the Hong
Kong Hospital Authority since 1993.
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Secondary outcome measures were mean
length of hospital stay after surgery, the rate of
unexpected readmission through the Emergency
Department after discharge from the hospital, the
proportion of patients who had early prosthetic
joint infection requiring revision surgery within
90 days after index surgery, and the 90-day mortality
rate. These data and other patient demographic data
(eg, age and sex), perioperative data (eg, American
Society of Anesthesiologists [ASA] physical status),
and preoperative haemoglobin level were retrieved
from our patient records, as well as a local joint
replacement registry.
Patient blood management was a relatively new
concept in Hong Kong when it was first implemented
in our institution in 2014. Initially, this programme
was a standalone surgeon-initiated programme
without external support; it was implemented in
sequential stages based on PBM guidelines provided
by the National Blood Authority in Australia.9
The sequential stages of PBM implementation
in our centre are described in Table 1. The PBM
strategies included modern surgical, anaesthetic,
and perioperative care. In 2014, PBM was initiated
with instructions regarding proper indications
for transfusion, single-unit transfusion policy,10
and restrictive transfusion policy with transfusion
triggered at haemoglobin ≤8 g/dL in healthy
individuals.11 In 2015, the traditional practice of
routine placement of a surgical drain during TKA
(associated with a higher transfusion rate12) was
stopped; the use of topical tranexamic acid (injection
of 1 g tranexamic acid into knee joint at the end of the
surgical procedure, shown to reduce postoperative
blood loss and transfusion rate13) was implemented
to reduce perioperative blood loss. In 2016,
preoperative anaemia screening and optimisation
were initiated via collaboration with haematologists.
Patients with preoperative haemoglobin <11 g/dL
were examined for causes of anaemia, in accordance
with Network for Advancement of Transfusion
Alternatives guidelines14; their erythropoiesis
and preoperative haemoglobin characteristics
were optimised before TKA was performed. For
example, patients with iron-deficiency anaemia
were checked for gastrointestinal blood loss and
prescribed iron supplementation; their haemoglobin
levels were rechecked after supplementation to
confirm achievement of ≥11 g/dL before TKA.
To further reduce intra-operative blood loss,
combined intravenous tranexamic acid (15 mg/kg
administered intravenously at the induction of
anaesthesia) and topical tranexamic acid were
implemented; these are reportedly effective for
reduction of blood loss.15 In 2017, a more stringent
restrictive transfusion policy was adopted with
transfusion triggered at haemoglobin ≤7 g/dL in
healthy individuals. Moreover, active warming (a

TABLE 1. Summary of the gradual introduction of key components of patient blood
management from 2014 to 2018
Year

PBM strategies introduced

2014

• Instructions regarding proper indications for transfusion
• Single-unit transfusion policy
• Restrictive transfusion policy with transfusion triggered at
haemoglobin ≤8 g/dL in healthy individuals

2015

• Discontinuation of routine placement of surgical drain in TKA
• Use of topical tranexamic acid

2016

• Preoperative anaemia screening and optimisation
• Use of combined intravenous and topical tranexamic acid

2017

• More stringent restrictive transfusion policy with transfusion
triggered at haemoglobin ≤7 g/dL in healthy individuals
• Active warming to avoid intra-operative hypothermia

2018

• Full implementation

Abbreviations: PBM = patient blood management; TKA = total knee arthroplasty

modern anaesthetic technique used during intraoperative care) was implemented to avoid intraoperative hypothermia16; this hypothermia has been
associated with greater volume of blood loss and the
need for transfusion.17,18 By the beginning of 2018, all
above PBM strategies were fully implemented.
In addition to PBM strategies, other changes
in patient selection and perioperative management
were implemented between 2013 and 2018. First, the
degree of medical co-morbidities may have differed
because of the establishment of another joint
replacement centre in July 2016; this new centre
provided joint replacement surgeries for patients
with improved medical fitness, among patients with
end-stage osteoarthritis in our hospital. Therefore,
the medical co-morbidities of the patients in 2013
and 2018 were compared on the basis of ASA status.
Second, because of technological advances in the
design of TKA prostheses over time, there were
differences in the numbers of modern-design TKA
prostheses between 2013 and 2018; these moderndesign TKA prostheses aimed to improve knee
kinematics, rather than reduce transfusion rate.
However, these prostheses were unlikely to bias
our transfusion rate results, according to a prior
assessment of factors predictive of transfusion rate
in patients undergoing TKA.19
In 2013, no PBM strategies had been
implemented in our institution, whereas all strategies
had been fully implemented by 2018. The Chi
squared test was used to compare the transfusion
rate between patients who underwent TKA in 2013
and those who underwent TKA in 2018; differences
with P<0.05 were considered statistically significant.
As mentioned above, medical co-morbidities of the
patients in 2013 and 2018 were compared on the
basis of ASA status.
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Results

In total, 262 and 215 patients underwent primary TKA
in our centre in 2013 and 2018, respectively (Table
2). There were no significant differences in mean
age (2013: 72.17±9.76 years; 2018: 72.49±9.27 years,
P=0.71) or sex (male:female) ratio (2013, 61:201;

TABLE 2. Preoperative and postoperative parameters of patients who underwent
primary TKA in Queen Mary Hospital (Hong Kong) in 2013 and 2018*
2013

2018

P value

Preoperative parameters
No. of unilateral TKA
Age (years)
Sex, male:female

262

215

72.17 ± 9.76

72.49 ± 9.27

0.71

61:201

63:152

0.14

5.3%

2.8%

ASA status

0.03

Grade I
Grade II

57.6%

68.8%

Grade III

37.0%

28.4%

Haemoglobin (g/dL)

12.77 ± 1.42

12.89 ± 1.42

0.35

Postoperative parameters
Mean transfusion rate

31.3%

Units of blood transfusion/
transfusion episode
Length of stay (days)

1.9%

<0.001

1.62 ± 0.78

1.00 ± 0.00

0.12

14.49 ± 8.10

8.77 ± 10.14

<0.001

Readmission rate

3.8%

3.7%

0.96

Early prosthetic joint infection rate
(within 90 days after index surgery)

0.4%

0%

0.36

90-Day mortality rate

0%

0.5%

0.27

Abbreviations: ASA = American Society of Anesthesiologists; TKA = total knee
arthroplasty
* Data are shown as No., % or mean ± standard deviation, unless otherwise specified
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FIG. Mean annual transfusion rate among patients who underwent primary total
knee arthroplasty in Queen Mary Hospital (Hong Kong)
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2018, 63:152, P=0.14) between the groups. The
preoperative haemoglobin level was also similar
between the groups (2013: 12.77±1.42 g/dL;
2018: 12.89±1.42 g/dL, P=0.35). However, there was
a significant difference in ASA distribution between
the groups (P=0.03). There was a comparatively
greater proportion of patients with ASA Grade II
status in 2018 (2013: 57.6%; 2018: 68.8%).
The primary outcome was the mean transfusion
rate in 1 year. There was a significant difference in the
mean transfusion rate after primary TKA between
2013 and 2018 (2013: 31.3%; 2018: 1.9%, P<0.001);
however, there was no significant difference in the
mean units of blood transfused per transfusion
episode (2013: 1.62±0.78; 2018: 1.00±0.00, P=0.12).
Moreover, the mean annual transfusion rate after
primary TKA exhibited stepwise reduction as PBM
strategies were implemented during the period from
2014 to 2018 (Fig).
Regarding secondary outcomes, the mean
length of hospitalisation was significantly lower in
2018 (2013: 14.49±8.10 days; 2018: 8.77±10.14 days,
P<0.001). However, there was no difference in
the unexpected readmission rate through the
Emergency Department (2013: 3.8%; 2018: 3.7%,
P=0.96), the proportion of patients who exhibited
early prosthetic joint infection within 90 days after
index surgery (2013: 0.4%; 2018: 0%, P=0.36), or the
proportion of patients with 90-day mortality (2013:
0%; 2018: 0.5%, P=0.27).

Discussion

Blood transfusion is a life-saving therapy, but is a
limited resource. In recent years, there have been
recurrent blood shortages in Hong Kong, and the
Hong Kong Red Cross has issued an urgent appeal for
blood donors on several occasions.20-23 The amount of
blood stored in blood banks is determined by supply
and demand. To increase blood supply, additional
blood donors are needed. The Annual Report of
Hong Kong Red Cross in 2018/2019 revealed that 4%
of blood donors were aged >60 years, and the largest
group of blood donors were aged 41-50 years (23.7%
of donors).24 With the increasing number of older
people in Hong Kong, more blood donors are needed
from older age-groups. In addition, healthcare
professionals should be judicious in prescribing
transfusion, and should consider methods to
minimise transfusion. Our study demonstrated the
effectiveness of implementing PBM in our centre. In
addition to comparing the mean transfusion rate in
2013 and 2018, this study included an audit of the
mean annual transfusion rate after primary TKA
from 2014 to 2018 (Fig).
Globally, PBM is not a new concept. In May 2010,
the World Health Organization formally recognised
the importance of PBM and recommended its use
to the 193 member states.25 Subsequently, PBM
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has been successfully implemented in Western
countries, especially Australia26 and the US.27 The
Asia-Pacific PBM Expert Consensus Meeting
Working Group assessed the status of PBM in Asia.28
In Singapore, PBM was implemented nationally,
beginning in 2013. The Ministry of Health and Blood
Services Group actively promoted PBM at public
hospitals in the first few years; regular national
audits of PBM-related efforts have been performed
since 2017 to promote appropriate use of red blood
cell transfusion and implementation of preoperative
anaemia screening for elective surgeries. Patient
blood management programmes were successfully
implemented in National University Hospital and
Singapore General Hospital.28,29 In Korea, PBM was
implemented through a professional initiative by the
Korean Research Society of Transfusion Alternatives
of the Republic of Korea in 2006; the Korean Patient
Blood Management Research Group was formed to
promote greater PBM use in 2016. The efforts of the
Korean Patient Blood Management Research Group
resulted in achievement of several PBM milestones
in 2016.28 Notably, PBM was included in the Korean
Transfusion Guidelines; a new steering committee
was also formed, comprising leading physicians from
various specialties. Patient blood management was
successfully implemented in a number of Korean
hospitals, which led to a reduction in transfusion
rate.30-32 In Malaysia, PBM has been promoted at the
local hospital level.28 In the Department of Maternal
and Fetal Medicine at the Sultan Haji Ahmad Shah
Hospital, women at high risk of anaemia are screened
for iron deficiency anaemia in early pregnancy; irondeficient women are provided oral or intravenous
iron supplementation.
At our institution, PBM was first implemented
in 2014 as a surgeons’ initiative in the Division of
Joint Replacement Surgery. In addition to good
surgical techniques, good perioperative care is an
important determinant of surgical outcomes. Patient
blood management is a component of our overall
perioperative management protocol in the modern
enhanced recovery after surgery programme. With
implementation of PBM strategies and measures in
the enhanced recovery after surgery programme,
the length of hospitalisation was shortened in 2018,
compared with 2013. Despite the shorter length of
stay, there were no differences in the unexpected
readmission rate through the Emergency
Department, the proportion of patients who had
early prosthetic joint infection within 90 days after
index surgery, or the proportion of patients who had
90-day mortality.
To the best of our knowledge, there have been
few studies regarding PBM in patients undergoing
TKA in Hong Kong. In 2015, Lee et al33 reported
their pioneering experience with implementation
of PBM in patients undergoing TKA; their PBM

protocols included typing and screening only for
patients with preoperative haemoglobin of <11 g/dL,
and restrictive transfusion triggered at haemoglobin
8 g/dL. When they compared outcomes before
and after introduction of the PBM programme, the
transfusion rate (before: 10.3%; after: 3.1%, P=0.046)
and cross-match rate (before: 100%; after: 3.1%,
P<0.001) both decreased. We implemented PBM in
our institution, beginning in 2014. Modern surgical,
anaesthetic, and perioperative techniques in PBM
were gradually introduced from 2014 to 2018. Our
PBM protocols are more comprehensive than those
of Lee et al, because our protocols were designed in
accordance with the PBM guidelines provided by the
National Blood Authority in Australia.9 Therefore, our
transfusion rate in TKA in 2018 decreased to 1.9%.
Prosthetic joint infection is a severe
complication in arthroplasty; affected patients often
require revision surgery. Notably, patients who
underwent treatment for prosthetic joint infection
exhibited a significant, independent risk of increased
mortality, due to the direct adverse effect of infection
and the indirect effect of poor underlying health
condition.34 In a recent meta-analysis involving
21 770 patients who underwent total hip and knee
arthroplasty, patients who received allogeneic blood
transfusion had a significantly greater risk of surgicalsite infection (pooled odds ratio: 1.71, P=0.02).35
Recently, a dose-dependent relationship was
observed between allogeneic transfusion and surgical
site infection after total hip or knee arthroplasty.6
Therefore, PBM was expected to reduce the incidence
of surgical site infection in our centre. However,
because of the relatively small sample size in our
study and the relatively low incidence of prosthetic
joint infection (approximately 1%), a difference in
the incidence of prosthetic joint infection between
2013 and 2018 could not be identified. When PBM
was fully implemented in our centre (2018), the
transfusion rate after primary TKA was 1.9%; this
was comparable to international reported values.
Specifically, when PBM strategies were implemented
in the US, the transfusion rates were approximately
4.5%.36 When PBM is implemented by high-volume
surgeons with an eight-step checklist to reduce
bleeding, the transfusion rate after TKA could be as
low as 0.0044%.37 Therefore, a transfusion rate of 0%
is achievable.
As the transfusion rate decreased in patients
undergoing TKA, there were also benefits to the
healthcare system. Blood transfusion involves many
costs associated with blood transfer from donors
to recipients (eg, collection, screening, storage,
transportation, and prescription of donated blood).
We do not have data regarding the cost of packed
red blood cells in Hong Kong; however, the cost was
estimated to be approximately 1130 USD/unit in a
study conducted in the US.36 Therefore, reduced
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transfusions through implementation of PBM can
result in lower healthcare expenditures, which are of
considerable importance because of the increasing
demand for TKA among the aging population in
Hong Kong.
There were some limitations in this study. First,
it was a retrospective study; thus, compliance with
PBM strategies could not be fully verified. However,
as each strategy was introduced throughout the
course of the study, there was gradual reduction in
the transfusion rate. Therefore, compliance with the
strategies was presumably optimal. Second, because
different strategies were implemented successively,
the strategies with the greatest contribution to the
reduced transfusion rate could not be identified.
Third, because this was not a prospective randomised
placebo-controlled interventional trial, a causal
relationship between PBM strategies and reduction
in transfusion rate could not be established.
However, our study provided an assessment of realworld implementation of PBM strategies within a
large hospital; thus, it comprises pioneering research
in Hong Kong. Fourth, some potential cofounding
factors may not have been identified or controlled
in the present analysis. For example, the type of
prosthesis used was not analysed as a separate factor.
However, preoperative haemoglobin levels (the
most significant predictor of blood transfusion19)
were compared between both groups. To the best
of our knowledge, there remains minimal relevant
literature regarding the effect of TKA prosthesis on
the transfusion rate.
In conclusion, our results demonstrated the
effectiveness of PBM implementation on transfusion
rate in patients undergoing TKA. From 2014 to 2018,
there was a stepwise reduction in transfusion rate
after TKA; this was similar to findings in previously
published research. This is one of the few studies
in Hong Kong to review PBM in surgical practice.
Although we focused on patients undergoing TKA,
the principles of PBM could be useful for other
medical or surgical specialties.
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