UNIVERSITY OF COPENHAGEN
FACULTY OF HEALTH AND MEDICAL SCIENCES

Patient blood management in elective fast-track
hip-and knee arthroplasty — clinical and
epidemiological studies

Doctoral Thesis
divind Jans

The Section for Surgical Pathophysiology, The Department of clinical
Immunology and The Lundbeck Foundation Centre for Fast-track Hip

and Knee Replacement

Rigshospitalet, Copenhagen, Denmark
2021



The Faculty of Health and Medical Sciences at the University of Copenhagen has
accepted this dissertation for public defence for the doctoral degree in medical science.

Copenhagen, 14 December 2021

Ulla Wewer, Head of Faculty

The public defence will take place at Rigshospitalet, Auditorium 2.
May 6th 2022 at 2pm.

Title page: Samuel van Hoogstraten “The anemic Lady”, 1660 - 1678
Rijksmuseum, Amsterdam, The Netherlands

Published in the public Domain

ISBN 978-87-973837-0-4



Acknowledgements

The foundation for this thesis was laid during my position as a research fellow at
the Section for Surgical Pathophysiology, Rigshospitalet and The Lundbeck
Foundation Centre for fast-track hip and knee Replacement (LFHKR) from 2009
to 2013 and with further studies conducted in the following years during my
training and clinical positions as an anaesthesiologist. The work has been made
possible with the financial support from The Lundbeck Foundation, Dr. Fritz
Karners and Wife Edith Karners Foundation, and Edgar Schnohr and wife
Gilberte Schnohr's Foundation.

Foremost, [ must express my deepest gratitude to my academic supervisors Prof.
Henrik Kehlet and Prof. Par L. Johansson who have both provided excellent
supervision, patience and support for more than 10 years, both in good times
and when progress was slow or personal obstacles piling up. Professor Niels H.
Secher led me into research and anesthesiology for which I am him forever
thankful.

This work would not have been possible without the help and support from
numerous patients, surgeons, anesthesiologists and nurses within the LFHKR
collaboration. Dr. Henrik Husted has been a longstanding support and has
provided invaluable expert knowledge into the field of orthopaedic surgery. Prof.
Thomas Bandholm has been a great sparring partner and expert in all things
related to functional outcome measures. In addition, Drs. Christian Skovgaard-
Nielsen, Kirill Gromov and prof. Anders Troelsen are to be thanked for great
collaboration with the studies conducted at Hvidovre Hospital.

Furthermore, Anesthesiologists Ulrik Grevstad and Hans Mandge have been
invaluable in planning and carrying out the epinephrine RCT, while research
nurses Stina Bogg, Heidi R. Wede, Susanne Jung and Charlotte Troldborg have
put in countless hours into patient inclusion and data collection, I cannot thank
you enough.

I must also thank Dr. Carsten Tollund for being a great friend and clinical mentor,
and Drs. Christian Selmer, Martin Blomberg Jensen, Troels Haxholdt Lunn and
Lars Broksg Holst for support, sparring and friendship.

Finally, I am deeply grateful to my wife Eva for her love and support and to my 2

children Erik and Karen for making me happy every day.

This thesis is written in the loving memory of Ellen Kristine Charlotte Jans - my

mother and first academic mentor.



Table of contents

ACKNOWIedgements........ccmimmsmmmmnmssssssssssss s ————— 1
Table of CONENLES......ccr i —————————————— 2
ADDIrevIiationS......coiiisiss s ————————————— 4
LISt Of PAPErS ... ——————— 5
1. INtroducCtion ... —————————————— 6
2. Specific aims of studies included in this thesis .........ccconnnisnncsnnssnsnnnnnn 8
3. FouNdation.....sssssssssssssssssssssssssssssssssssss s 9
4. Scope, delimitation and weighting .........cccv——— 9
5. The concept of fast-track hip and knee arthroplasty........ccoumsmsssnsersnsesas 10
6. Patient blood management - an OVEI'VIEW ... 12
7. Patient blood management - Issues in hip- and knee arthroplasty...... 14
7.1 Preoperative anemia.....umimmemsmsmmmmsssssssssssssssssissssssssssssssssssssssssssssssssssasssss 14
7.1.1 Prevalence and classifiCation ... 14
7.1.2  Consequences of preoperative anemia ... eeeeesseesssesmsesssessseessmesssessseesseeens 16
7.1.3 Preoperative anemia management - recommendations and treatment..... 18

7.2 Red cell transfusion in THA / TKA. ... 21
7.2.1 Allogeneic RBC transfusion - current practice in elective THA/TKA ........... 21
7.2.2  Transfusion thresholds - Current guidelines and evidence from RCT s ..... 23
7.2.3  Allogeneic RBC transfusion and outcome - observational data.........cccccuu..... 27

7.3 Measures to reduce perioperative blood 10Ss ......c.ccconnnnnsrsrsnsnsssnnnsssssmsssasanas 28
7.3.1 Blood loss in elective THA and TKA ... 29
7.3.2 Tranexamic acid and other antifibrinolytics ........ceneonenneenmeeneesseesseeseesseenns 29
7.3.3  EPINEPNIINE .ttt 32
7.3.4 Topical hemostatiC aBENTS ... 33
7.3.5 Cell-Saver and postoperative reinfusion drains............neoneenseseesneenn. 34
7.3.6  SUIZICAl MEASUIES ....ccureemiemeeseersserseessenssesssesss e sssess s sssssssses s s sssss s ssssssssssssns 34

7.4 Postoperative anemia in THA / TKA ... 35
7.4.1 Postoperative anemia and MOTrbidity ... 36
7.4.2 Postoperative anemia and functional reCOVETY .......oommenecneenseereesesseesseenne 37
7.4.2.1  Quality of life MEASUIES....vvcreirrerrernrersierssssssss s sssssssssenns 39



7.4.2.2 Objectively assessed functional Capacity ......cooerereenseeneesseessessesssesseesseenns 40

7.4.3 Postoperative anemia - management and recommendations............. 42

8. Conclusions and future perspectives......ummmmm——————— 44
8.1 Specific thesis conclusions from the included papers.......coum. 44
8.2 General conclusions and future research implications........coconmnmnnsescsnanns 45
9. Methodological considerations ... —————— 47
10, SUIMIMATY cuvisiinsarsasssssasssssssssssssssssssnsssssasssssssssssssssssssssssssssssssssssssssssssssassassassnssassssssssesses 49
11. Resumé (Danish SUMMATry) ... 51
12, ReferencCes.. .. 54
3 T 1 1 0] 73



Abbreviations

6MWT
CAS
FCM
FFP
FIM

Hb

ID

IDA

IV
LFHKR

LOS
PAM
PBM
OH
ol
QOL
RBC
RCT
SSI
SVR
THA
TKA
TUG
TXA
UK
UsS
WHO

Six-minute walk-test

Cumulated ambulation score
Ferric Carboxymaltose

Fresh frozen plasma

Functional independence motor score
Hemoglobin

[ron deficiency

Iron deficiency anemia
Intravenous

Lundbeck Foundation Centre for Fast-Track Hip- and
Knee Replacement

Length of stay

Preoperative anemia management
Patient Blood Management
Orthostatic hypotension
Orthostatic intolerance

Quality of Life

Red blood cells

Randomized controlled trial
Surgical site infection

Systemic vascular resistance

Total hip arthroplasty

Total knee arthroplasty

Timed up-and-go test

Tranexamic acid

United Kingdom

United States

World Health Organization



List of papers

This thesis is based on the following original papers:

IL

I11.

IV.

VL.

VIL

VIIIL.

Jans @, Jgrgensen C, Kehlet H, Johansson PI, Lundbeck Foundation Centre
for Fast-track Hip and Knee Replacement Collaborative Group. Role of
preoperative anemia for risk of transfusion and postoperative morbidity
in fast-track hip and knee arthroplasty. Transfusion. 2014; 54:717-26.1

Jorgensen CC, Jans @, Kehlet H, Lundbeck Foundation Centre for Fast-
track Hip and Knee Replacement Collaborative Group. Preoperative
anaemia and newly diagnosed cancer 1 year after elective total hip and
knee arthroplasty. Vox Sang. 2015; 109:62-70. 2

Jans @, Nielsen CS, Khan N, Gromov K, Troelsen A, Husted H. Iron
deficiency and preoperative anaemia in patients scheduled for elective
hip- and knee arthroplasty - an observational study. Vox Sang. 2018;
113:260-7.3

Jans @, Kehlet H, Hussain Z, Johansson PI. Transfusion practice in hip
arthroplasty--a nationwide study. Vox Sang. 2011; 100:374-80. 4

Jans @, Kehlet H, Johansson PI. Transfusion-related mortality after
primary hip arthroplasty - an analysis of mechanisms and confounders.
Vox Sang. 2012; 103:301-8.>

Jans @, Grevstad U, Mandge H, Kehlet H, Johansson PI. A randomized trial
of the effect of low dose epinephrine infusion in addition to tranexamic
acid on blood loss during total hip arthroplasty. Br ] Anaesth. 2016;
116:357-62.°6

Nielsen CS, Jans @, @rsnes T, Foss NB, Troelsen A, Husted H. Combined
Intra-Articular and Intravenous Tranexamic Acid Reduces Blood Loss in
Total Knee Arthroplasty. ] Bone Jt Surg. 2016; 98:835-41.7

Jans @, Bandholm T, Kurbegovic S, Solgaard S, Kjersgaard-Andersen P,
Johansson PI, Kehlet H. Postoperative anemia and early functional
outcomes after fast-track hip arthroplasty: a prospective cohort study.
Transfusion. 2016; 56:917-25.8



1. Introduction

Patients undergoing elective hip- (THA) and knee (TKA) arthroplasty experience
substantial perioperative blood loss resulting in various degrees of
postoperative anemia, but anemia may also be present preoperatively in 15 to 39
% of patients. ? Although anemia tolerance may differ between patients, severe
anemia can cause organ dysfunction and even moderate postoperative anemia
may delay early recovery due to anemia related symptoms such as fatigue and
dizziness.10 The transfusion of red blood cells (RBC) corrects anemia by
increasing the hemoglobin (Hb) concentration and thus the oxygen carrying
capacity of the blood, but carries inherent risks of complications and has been
associated with increased postoperative morbidity and mortality.11 It is
estimated that orthopedic surgery accounts for approximately 10% of all
transfused red cell units in the UK,12 and hip- and knee surgery were both among
the top 10 most RBC transfusion consuming procedures in Denmark in 2012. 13
Together with an increased awareness of the risks of allogeneic blood
transfusion, the focus on measures to reduce anemia and surgical blood loss and
recent evidence suggesting the safety of a restrictive approach to RBC
transfusion in most patients, 14-16 allogeneic RBC transfusion rates in elective
THA and TKA have decreased dramatically. This has been demonstrated both
among Danish- and European centres but also recently in the US.17-1° However
transfusion rates are still highly variable for the same procedure across different
orthopedic departments, despite existing national and international guidelines,
suggesting a high variation in actual transfusion practice.#1720-22 Strategies to
minimize the risk of exposure to allogeneic RBC transfusion have been
introduced in the concept of perioperative “Patient Blood Management” (PBM)
which is a multimodal three pillar strategy. This includes the assessment and
treatment of preoperative anemia (Pillar I), measures to reduce perioperative
blood loss (Pillar II), and a rational approach to managing postoperative anemia
(Pillar IIT). 14 The introduction of PBM programmes in orthopedic surgery has
resulted in decreasing transfusion rates, but wide and systematic
implementation among orthopedic departments has yet to be established.23-25
Most evidence regarding management of perioperative anemia and blood loss in

elective joint arthroplasty is derived from traditional surgical regimens and has
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not previously been evaluated in the context of fast-track THA / TKA patients
with early mobilization and discharge with a short median length of hospital stay
(LOS) of 1-3 days.

Thus, the aim of this thesis was to examine aspects related to all 3 pillars of
perioperative blood management by both epidemiological and clinical studies in
a Danish elective joint arthroplasty cohort with most of the included studies
performed within a fast-track context,1-36-8 while the remaining 2 where carried
out in a nationwide Danish context.#> Topics covered were the prevalence,
causes and impact of preoperative anemia, current transfusion practice in
Denmark, possible postoperative mortality related to transfusion, measures to
reduce perioperative blood loss and the role of postoperative anemia for early
functional outcomes after THA in the context of a fast-track regimen with early

mobilization and short LOS.



Specific aims of studies included in this thesis

To evaluate the prevalence of preoperative anemia in patients presenting
for primary elective fast-track THA/TKA and to evaluate a possible
association between preoperative anemia and postoperative morbidity
(Study 1).1

To determine if patients with preoperative anemia prior to primary
elective fast-track THA/TKA had a higher risk of being diagnosed with
cancer 1 year following surgery, compared to non-anemic patients
(Study 2).2

To evaluate the prevalence of iron deficiency prior to fast-track THA/TKA
in preoperatively anemic patients according to the World Health
Organization (WHO) anemia definition and in all patients with a
preoperative Hb < 13 g/dI (Study 3).3

To evaluate RBC transfusion practice, variation in transfusion rates and
timing of RBC transfusion in relation to surgery in a nationwide study of
patients undergoing elective primary and revision THA in Denmark
(Study 4).4

To evaluate cases of mortality with a possible relationship to RBC
transfusion in elective primary THA in a mechanistic study using patient
chart review (Study 5).5

To evaluate whether intraoperative low-dose epinephrine infusion, in
addition to IV TXA administration, reduced perioperative blood loss
compared to placebo and IV TXA in elective fast-track THA (Study 6).°

To evaluate whether the combined administration of IV + intra-articular
(IA) tranexamic acid (TXA) reduced perioperative blood loss compared to
IV TXA + 1A placebo in elective fast-track TKA (Study 7).”

To evaluate whether postoperative Hb level at discharge was associated
with functional recovery and quality of life during the first 2 weeks after

fast-track THA in patients > 65 years of age (Study 8).8



3. Foundation

The studies forming the foundation for this thesis were conducted in the years
2008 to 2018, spanning 10 years. Studies were conducted within the Lundbeck
Foundation Centre for Fast-Track Hip- and Knee Replacement (LFHKR), which
was founded in 2009 and is a research collaboration between 9 Danish- and 1
Swedish high-volume orthopedic centres adhering to the fast-track concept. The
participating centres co-ordinates research activities, register all patient
demographics, specific co-morbidities and preoperative Hb in a shared study
database which can be linked to other national health related databases to
provide insight into individual patient trajectories following surgery in
epidemiological studies. In addition, observational- and interventional clinical
studies are conducted within the framework of LFHKR, either as single- or

multicentre studies.

4. Scope, delimitation and weighting

The topic of PBM is broad, interventions are multimodal, and the underlying
body of evidence is huge and rapidly growing. The studies forming the basis for
this thesis represents elements from all three pillars in PBM but far from covers
all individual topics within each of these pillars. This is also reflected in the
present narrative review, which should not be considered an exhaustive
systematic review of all possible PBM issues in orthopedic surgery, but rather
the topics covered by the 8 included studies have the main focus. Therefore,
interventions such as intra- and postoperative cell-salvage, preoperative
autologous blood donation and deliberate hypotensive anesthesia are given less
attention, as these were not covered in the included studies and are also not
routinely practiced among Danish orthopedic- and anesthesia departments
performing primary fast-track hip- and knee arthroplasty. In contrast, special
attention is given to the issues related to early functional recovery with a short
LOS, as this is inherent to the fast-track concept.

Of the 8 included studies, 6 were carried out in a fast-track THA/TKA cohort

within the LFHKR centres.1-36-8 However, 2 of the 5 epidemiological studies in



this thesis used a nationwide approach, and thus included patients from both
fast-track and non fast-track centres.4> Furthermore, studies were conducted in
the same 10 year period (2008 - 2018) as when transfusion rates in THA/TKA
were drastically reduced and this is essential to consider when interpreting the
results from the individual studies included in this thesis.

Finally, although this thesis covers both THA and TKA, the included studies are
skewed towards inclusion of THA patients (included in 7 of 8 studies) at the
expense of TKA patients (included in 4 of 8 studies). The reason for not including
TKA patients in some studies was partly due to the view that the need for
transfusion was a larger issue in THA than in TKA, and partly due to efforts of
standardization,*5 the problems posed with the use of tourniquet in evaluating
intraoperative blood loss,® and the view that early recovery impaired by pain
was a larger problem in TKA than in THA.8 However, the thesis as a whole and

the following narrative review covers both surgical procedures.

5. The concept of fast-track hip and knee arthroplasty.

The term “fast-track surgery” refers to implementation of a wide range of
evidence-based pre-, intra- and postoperative measures with the ultimate goal to
enhance early recovery and decrease postoperative morbidity.2¢ In this
multimodal concept several perioperative interventions related to anesthetic
and surgical techniques, optimized fluid therapy, multimodal opioid sparing
analgesia, preoperative patient education, early oral nutrition, early
postoperative mobilization and discharge to home using functional discharge
criteria have been implemented.27 Fast-track protocols were at first developed
and implemented in abdominal surgery but have now been established among
many Danish orthopedic departments in unselected patients undergoing elective
THA and TKA. Thus, the implementation of fast-track protocols has been
associated with a decrease in postoperative morbidity and in LOS from 7-10 days
to median 2-3 days, with some centres now evaluating THA/TKA as an
ambulatory procedure in selected patients.28-31. However, several questions and
future challenges remain to be solved in fast-track THA/TKA including optimal
pain-management, postoperative orthostatic intolerance, postoperative

cognitive dysfunction and sleep disturbances, further reduction in postoperative
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morbidity and finally issues related to transfusion and pre- and postoperative
anemia.32 Although, specific interventions, to reduce blood loss such as the
routine use of tranexamic acid (TXA) and avoidance of postoperative drainage
have now been implement among Danish fast-track THA/TKA centres,33 several
other aspects related to blood loss, anemia and transfusion need further study.
Postoperative mobilization occurs already on the day of surgery and extensively
in the following days prior to discharge but may potentially be impaired by
anemia symptoms or the need for RBC transfusion.34 Furthermore, due to early
discharge and a short a LOS of 2-3 days in fast-track patients, the time and
consequences of nadir Hb may occur at home after discharge, in contrast to
patients with a longer LOS where anemia related symptoms can be readily

identified and addressed during hospital admission.
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6. Patient blood management — an overview

Patient blood management (PBM) is defined by the Society for Advancement of
Blood Management (SABM) as “The timely application of evidence-based
medical and surgical concepts designed to maintain hemoglobin concentration,
optimize hemostasis and minimize blood loss in an effort to improve patient
outcome”.3>

In a surgical context, PBM should be viewed as a bundle of interventions
organized into a three pillar strategy aiming for the appropriate use of blood
products by avoiding unnecessary allogeneic transfusion.14. The first pillar of
PBM consists of pre- and postoperative optimization of hematopoiesis, with a
focus on assessment and treatment of preoperative anemia, by biochemical
screening and correction of iron- or other nutritional deficiencies and by the use
of erythropoiesis stimulating agents (ESA) in some patients.3¢37 The second
pillar aims at minimizing perioperative blood loss by application of minimally
invasive surgical techniques, avoidance of unnecessary blood sampling, the use
of systemic pharmacologic agents such as antifibrinolytics,38 the application of
local hemostatic agents,3? and the use of intra- or postoperative cell-salvage
techniques in appropriate procedures. The third pillar consists of a rational
management of perioperative anemia by providing supportive measures and
harness the individual patients tolerance to anemia and by the use of evidence
based restrictive transfusion triggers, thus minimizing the need for RBC
transfusion.*? The different PBM components and their efficacy in the
perioperative period have recently been reviewed.4!

It is emphasized that PBM is a multimodal and multidisciplinary strategy that
should be tailored to the specific surgical procedure and the needs of the
individual patient. Therefore, health personnel across several specialities such as
surgeons, anesthesiologists and blood bankers may be involved in order to
secure successful implementation of PBM programmes.

In 2008 PBM was launched as a state-wide initiative by the Western Australia
department of Health,*2 and has since been adopted by the World Health
organization (WHO) in 2010.43 The formation of national PBM programmes is
now endorsed by The European Commission (EC). Furthermore, several blood

management components, including preoperative anemia management and the
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use of tranexamic acid, are now recommended in the UK NICE guidelines under
the British National Health Service (NHS).## Introduction of various PBM
measures has successfully led to reduced transfusion rates, improved clinical
outcomes and reduced cost,*> in reports spanning several countries and surgical
specialties, including cardiac,*¢ abdominal,#” and major orthopedic surgery.2448-
56 Most, but not all,>* of these protocols addressed preoperative anemia (Pillar 1)
but differed substantially in both scope and the implemented measures and the
majority did not consider all 3 pillars of PBM. However, a recent systematic
review and meta-analysis, including 17 studies that implemented at least 1
measure from each of the 3 PBM pillars, demonstrated significant reductions in
allogeneic RBC transfusion rate, (RR 0.61, 95% CI 0.55 - 0.68), but also a
reduction in the total number of complications (RR 0.88, 95% CI 0.74 - 0.88) and
in mortality (RR 0.89, 95% CI 0.80 - 0.98).57 Importantly, the largest blood
sparing effect was noted among patients undergoing orthopedic surgery (13
studies; RR 0.45, 95% CI 0.35 - 0.59).57

Although a recent study reported increased knowledge and implementation of
PBM measures among UK hospitals,>® wider implementation of systematic PBM
protocols are variable and seems to be lacking in many countries. 23-2559 60
Furthermore, apart from the routine use of TXA and the adherence to restrictive
transfusion thresholds, systematic PBM protocols and especially preoperative
anemia management, are not yet a part of routine care among the majority of
Danish orthopedic departments.!

There may be several barriers for the successful implementation of PBM
protocols, including perceived cost or logistical challenges. Therefore, in an
attempt to overcome the barriers in adopting PBM into clinical practice, several
guidelines and bundles to support PBM implementation have recently been

published.6162
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7. Patient blood management - Issues in hip- and knee

arthroplasty

Although many PBM measures are similar across surgical specialities, a
prerequisite for the successful implementation of PBM protocols is that all 3
pillars of the PBM approach are tailored to the specific perioperative challenges
posed by the individual type of surgery - a procedure specific approach. In the
following sections, general issues in PBM are discussed but with a specific focus

on PBM components with relevance for elective THA/TKA.

7.1 Preoperative anemia

7.1.1 Prevalence and classification

Most patients undergoing elective THA or TKA are elderly and some may be
anemic already prior to surgery. Several studies, spanning different countries
have evaluated the prevalence of preoperative anemia in THA and TKA. A
systematic review published in 2010 which included 5 studies reporting the
prevalence of preoperative anemia in elective THA/TKA found that the
proportion of patients that were anemic preoperatively ranged from 15 to 39%.°
However, anemia definition was variable and did not follow the definition by the
World Health Organization (Hb < 12 g/dl in females and < 13 g/dl in males).3
Thus some studies considered patients with Hb < 13 g/dl anemic regardless of
gender,% 65 and one study used a hematocrit < 30% as anemia cut-off.6¢ More
recent studies have reported a lower preoperative anemia prevalence in the
range of 10 to 17%,172467-69 and this is consistent with our findings from a
Danish fast-track THA/TKA cohort, where the prevalence of preoperative
anemia was 13% and ranged between 10 and 15% across the included 6 high-
volume orthopedic centres.! As women in general have a lower circulating red
cell mass and a higher risk of transfusion, it has recently been proposed that the
definition of preoperative anemia and the target for Hb optimization should be
changed to 13 g/dl for both genders.”%-72 However, this will substantially
increase the number of patients requiring preoperative anemia management and
may pose logistical challenges in some centres. Thus, in a recent study in fast-

track THA/TKA we found that the proportion of patients in need of preoperative

14



anemia management increased from 11 to 28 % of all patients with a change in
preoperative anemia definition from the WHO criteria to 13 g/dl regardless of
gender.3

When evaluating the type of preoperative anemia, investigation of the patients
iron status is a key initial step, as iron deficiency (ID) is the most common and
reversible cause of anemia in the elderly.3¢ 73 However, the classification of
anemia and identification of ID is not straightforward, as the different anemia
types may overlap in “mixed anemia” and readily available markers of iron
stores such as ferritin is elevated in the presence of inflammation.”# In this
situation, other biochemical markers such as the serum transferrin receptor
level, reticulocyte hemoglobin content or hepcidin assays may aid in diagnosing
iron deficiency but may not be available in most surgical centres.”> However,
point-of-care tests based on either soluble transferrin receptor levels or non-
invase measurement of Zinc protoporphyrin are being developed and may be
used in a clinical setting to diagnose iron deficiency anemia (IDA) in the future.”®
77 A distinction needs to be made between absolute iron deficiency (low body
iron stores), iron sequestration (decreased mobilization of iron and low
availability to hematopoietic tissue due to inflammation and hepcidin
upregulation) or functional iron deficiency (insufficient mobilization of iron
despite normal / elevated iron stores due to increased demand).”? Until recently,
a clear consensus regarding the criteria for identification of absolute- and
functional iron deficiency in the context of preoperative anemia was lacking, but
is now available.”0 74

A recent large study in a cohort of 3342 patients undergoing mixed non-cardiac
surgery reported an overall ID prevalence of 62 % in patients with a Hb <13 g/dl
and a ID prevalence of ~55% of patients undergoing major orthopedic surgery
(THA, TKA and spine surgery).”8 However, only few studies have evaluated the
type of preoperative anemia by assessment of iron status and other biochemical
markers in the specific context of elective THA/TKA.3 65677980 Moreover, these
studies used different criteria for the diagnosis of anemia and used different
biochemical markers for the diagnosis of ID. Two studies using hypochromic
indices (low mean corpuscular hemoglobin concentration, only defined in 1

study) as a criterion for ID, reported a prevalence of ID in 23 % and 60 % of
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preoperatively anemic patients, respectively.”? 80 One study used an elevated
soluble transferrin receptor (sTfR) to identify patients with “functional iron
deficiency” and found that 45% of preoperatively anemic patients had an
elevated sTfR.%> Only three studies used the ferritin level in the diagnosis of ID.3
67 One study included 75 anemic THA/TKA patients and found that ID defined as
a ferritin level < 30 ug/L was prevalent in 30% of anemic patients before
surgery, while “anemia of chronic disease” accounted for 31% and a further 14%
had mixed causes of anemia.®” In a Danish single-centre cohort including 882
fast-track THA/TKA patients, we defined ID as a ferritin level < 30 ug/L or a
ferritin level between 30-100 ug/L with a concomitant transferrin saturation
(TSAT) < 20 %. In this study, which included 95 anemic patients (WHO
definition), ID was prevalent in 41% of anemic patients with a further 20 %
having iron sequestration.3 In the same study, ID in non-anemic patients
presenting for surgery was found in 18 % which is somewhat comparable to the
13% reported in a previous study.3 67

Although the range reported varies between studies, it can be concluded from
the above that preoperative anemia is common in elective THA/TKA and that ID
is a major cause of anemia prior to elective THA/TKA and ID may also be present

in patients without preoperative anemia.

7.1.2 Consequences of preoperative anemia

In a wide range of observational studies across several surgical specialities, the
presence of preoperative anemia has been associated with an increased risk of
postoperative morbidity and mortality, in addition to a markedly increased risk
of receiving allogeneic RBC transfusion.? 81-83 However, the prevalence of anemia
increases with age and anemia is associated with a wide range of comorbidities
which in themselves may negatively affect outcome.84 Thus, the well-established
association between preoperative anemia and poor outcome may relate to one
or more of the following underlying mechanisms:

1) anemia per-se has a causal negative effect (organ dysfunction, fatigue etc.)

2) negative effect mediated through the higher risk of receiving allogeneic

blood transfusion (higher risk of infection through immunomodulation or

other transfusion related side-effects or complications causing morbidity)
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3) residual confounding (higher degree of comorbidity and frailty in anemic
patients not accounted for in observational studies).

All of the 3 above factors may contribute to the observed anemia related
morbidity and mortality, but the extent has not been elucidated and may differ
with different surgical settings, patient populations, transfusion policies
(restrictive/liberal), and the research methodology used, including the choice of
confounding factors in adjusted analyses. One hypothesis regards the problem as
a “double-hit” situation, where a patient may start out as vulnerable due to
preoperative anemia “first hit” and frailty but a “second hit” is added with
surgical blood loss resulting in aggravation of anemia and subsequent allogeneic
RBC transfusion. Nevertheless, the negative association between preoperative
anemia and outcome has been demonstrated in several large observational
studies in cardiac surgery,8> and mixed non-cardiac surgery including patients
scheduled for major orthopedic surgery.82 83 86-88 However, only few studies have
been conducted specifically addressing elective THA and TKA and these tended
to focus on specific outcomes such as surgical site infection or myocardial
infarction.”’?8%-91 Moreover, the majority of these studies differ in exact
methodology and do not account for, or standardize, key perioperative care
elements which may also influence postoperative morbidity. One small study
including 225 THA patients reported a higher proportion of urinary tract
infections among preoperatively anemic patients but failed to adjust for any
confounding factor related to anemia.”® A retrospective study of 15222
THA/TKA patients found preoperative anemia to be associated with increased
risk of periprosthetic joint infection but not increased risk of 30- or 60- day
mortality, after adjustment for confounders.?? A case-control study spanning a
20 year period included 391 THA patients that had a myocardial infarction or
died within 30 days of surgery and found no increased risk of these events in
preoperatively anemic patients after adjusting for pre-existing comorbidity.8?
In the context of elective fast-track THA/TKA with a standardized perioperative
setup and a short LOS, we found preoperative anemia to be an independent
predictor for risk of transfusion (OR 4.7; 95% CI 3.8-5.8), prolonged length of
stay (OR, 2.5; 95% CI, 1.9-3.4), and readmission < 90 days (OR, 1.4; 95% CI, 1.1-
1.9) in a cohort of 5175 THA/TKA procedures from 6 high-volume Danish
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orthopedic departments.! In this study, the association between anemia and
postoperative morbidity was retained even when accounting for whether
patients were transfused or not, suggesting that at least some of the observed
negative impact of preoperative anemia is unrelated to RBC transfusion.!
Furthermore, a recent Danish observational study in 24862 fast-track THA/TKA
procedures found preoperative anemia to be a borderline significant
independent predictor for postoperative stroke at day 30 (OR 2.1; 95% CI, 0.98-
4.6, P =.055).92 Although the exact mechanisms for the deleterious effects of
preoperative anemia in elective surgery, including elective THA/TKA, are not
clear, it is now well established that anemia prior to surgery is an independent
risk factor for worsened outcome after surgery. Therefore, preoperative anemia

should be properly investigated and treated prior to the surgical procedure.

7.1.3 Preoperative anemia management — recommendations and treatment

Elective surgery allows for preoperative planning of the surgical procedure but
also for individualized optimization of the patient. In this context several
guidelines have been published on how to assess and treat preoperative anemia
in the elective orthopedic patient with the aim of optimizing Hb prior to surgery
and reduce the need for RBC transfusion in the perioperative period.3637707393 94
The key factor in such recommendations is a timely identification of a low Hb
and further biochemical tests to allow for anemia classification, ideally no less
than 4 weeks prior to surgery.3¢ Measures to optimize Hb depend on the
underlying cause but include the correction of hematinic deficiencies by the use
of oral- or intravenous iron and vitamin supplements (B12 and folic acid). In
addition, the use of erythropoiesis stimulating agents (ESA) in selected cases, i.e.
renal or other chronic disease and if inflammation may be considered the
underlying cause of anemia, is recommended by most guidelines although with
some variation in the exact indication.367073 9394

Correcting ID anemia with the use of either oral- or IV iron supplements seems
straightforward and with documented efficacy in various non-surgical
conditions. > However, a recently published Cochrane review identified only 6
RCT’s with a total of 372 patients evaluating the effect of isolated iron therapy

(both oral and IV) in the context of preoperative anemia.’® From the 4 small
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studies (total 200 patients) evaluating iron therapy vs. placbo, preoperative iron
therapy did not significantly reduce the number of transfused patients (RR 1.21
95% CI 0.87 - 1.70).°¢ However, a large scale randomized trial investigating the
preoperative use of IV iron (Ferric carbomaltose) in preoperatively anemic
abdominal surgery patients is soon to be published and should hopefully add
significantly to the evidence quality regarding preoperative iron therapy.®”
Nevertheless, none of the available RCT’s were carried out in the elective
THA/TKA setting where data from non-randomized interventional studies needs
to be considered. Thus, in elective THA/TKA several reports have evaluated the
use of iron (oral, IV or both) supplementation to manage preoperative anemia,
either alone or as one of several measures in the implementation of a PBM
strategy.?® Two smaller non-randomized studies including, 20 and 63 anemic
THA/TKA patients demonstrated a mean Hb increase of 1.0 and 1.8 g/d],
respectively by IV administration of either iron sucrose or iron maltodextrose
prior to surgery. 99100 [n one of these studies, a response rate defined as an Hb
increase > 1.5 g/dl or a final Hb > 13 g/dl, was reported to be 67-69%. 100
Likewise, other more recent studies including THA/TKA patients, where
preoperative anemia treatment with IV- or oral iron was a part of a wider blood
management strategy, showed decreasing transfusion rates with PBM
implementation.50 55 56

Besides Hb correction and decreased transfusion rates, it was not until recently
reported whether treatment of preoperative anemia with iron therapy would
translate into improvements in “hard” clinical end-points, such as postoperative
morbidity and mortality. However a recent British large prospective
observational study compared 1814 THA/TKA patients before- with 1622
patients after the implementation of preoperative anemia management with oral
or IV iron, respectively. This study demonstrated a significantly reduced
transfusion rate with anemia management (4% vs. 6%), but more interestingly
also showed decreased postoperative morbidity as reduced readmission- and
critical care admission rates (2.3 vs. 4.5 %) and (0.5 vs. 1.3 %) respectively
together with a slightly reduced LOS (3.6 vs. 3.9 days).%8 Although the pre-PBM
transfusion rate was already low, this study clearly supports routine

preoperative anemia management in elective THA/TKA.
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Besides correcting iron- and other nutritional deficiencies, preoperative Hb
optimization may also be achieved using ESA’s, typically in combination with
iron therapy. Thus, guidelines published by the Network for Advancement of
Transfusion Alternatives (NATA) recommend the use of ESA’s for correcting
preoperative anemia in those patients where “nutritional deficiencies has either
been treated / ruled out or both”.3¢ However, concerns regarding increased risk
of deep venous thrombosis, myocardial infarction and other side effects of ESA
have been raised.101102 Thus, the British committee for standards in haematology
recommends the use of preoperative ESA “only in patients where transfusion
avoidance is clearly beneficial (i.e. patients refusing transfusions or patients with
complex alloimmunization)“.”3

In cardiac surgery, a recent large scale RCT found decreased RBC transfusion and
a higher postoperative Hb with a combination of ESA, IV iron, B12 and folate
administered the day before surgery compared to placebo.193 Furthermore, in
patients scheduled for THA/TKA, the efficacy of ESA therapy for raising Hb and
decreasing transfusion rates in has been well demonstrated in a recent meta-
analysis consisting of 25 RCT’s including 4159 patients. 104 However, the
included RCTs compared ESA’s to either placebo or a strategy involving
preoperative autologous blood donation (PABD), were heterogeneous regarding
ESA dose and timing, and many did not restrict treatment to patients with
preoperative anemia. Nevertheless, when studies involving PABD were excluded
in a similar meta-analysis, ESA use was found to reduce the exposure to RBC
transfusion by 55 and 62 % in THA and TKA, respectively.195 Both meta-analyses
considered ESA use to be safe and reported a non-significant increase in the risk
of thromboembolic events (RR 1.40; 95% CI 0.87 - 2.26)1%4 and (RR 1.14; 95% CI
0.71 - 1.84),105 respectively. However, the overall number of reported events
were small and thus even these meta-analyses may suffer from insufficient
statistical power to detect an increased risk with ESA use.

Considering preoperatively anemic patients, a recent RCT with a factorial design
in THA/TKA patients with a preoperative Hb ranging from 10 to 13 g/dl
compared placebo to the use of a weekly EPO dose (40.000 U) started 3 weeks
prior to surgery. 196 Patients were concomitantly randomized to no or 2 different

cell salvage strategies. The authors concluded that the use of preoperative ESA,
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regardless of the cell salvage strategy used, reduced the exposure to allogeneic
RBC by 55% (OR 0.45; 95% CI 0.28 - 0.69). However, in an economic analysis the
use of ESA to optimize preoperative Hb was not found to be cost effective and the
study was not powered to evaluate the safety aspect of preoperative ESA use.106
Thus, in the context of THA/TKA there is a still a need for large-scale studies
investigating both the safety and optimal patient selection criteria for correcting

preoperative anemia with ESA therapy.

Finally, the organizational aspects regarding preoperative anemia assessment
and treatment have only been sparsely covered in the available literature.
Although this is probably country and centre specific, clear logistic pathways for
the flow and responsibility for preoperative anemia management are not always
clear which may hinder implementation.4® Some centres have successfully
initiated special “preoperative anemia clinics”,107-109 but other key partners such
as the general physician, a hospital medical department, the blood bank, or the
surgical or anesthesia departments themselves may also be responsible for or

involved in preoperative anemia management.

7.2 Red cell transfusion in THA / TKA

7.2.1 Allogeneic RBC transfusion — current practice in elective THA/TKA

RBC transfusion to correct anemia may be administered preoperatively, during
surgery or in the postoperative period and RBC may be given as either
autologous or allogeneic transfusion.

Allogeneic RBC transfusion rates in THA/TKA have been documented for more
than 25 years.110 Thus, several studies have evaluated the use of allogeneic blood
in primary and revision THA/TKA in both North American,?1111-114 European,!”
202464115-117 and Danish settings.*118 [n a report from 2003 which was conducted
among 225 orthopedic centres from 6 different European countries the overall
transfusion rate in THA and TKA (both allogeneic, autologous or both) was as
high as 69%.%* However, the overall transfusion rate has decreased considerably
in recent years, both in Denmark and other European countries. Thus, in elective

primary THA the overall allogeneic RBC transfusion rate in Denmark was more
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than halved from 55% in 1999 to 21% in 2006 and with a further reduction in
the following ten years to 3.5% in 2017.4118119 A similar decrease has been
observed for primary TKAs in Denmark where the transfusion rate was halved
from 10 to 5% in the years 2011 to 2015.18 Likewise, 2 benchmark studies
carried out in 15 Austrian orthopedic departments in 2004-2005 and again in
2009-2010 reported a decrease in transfusion rate from 41 to 30 % and 41% to
25 % in THA and TKA, respectively.17 20 A large study, performed in 2010-2011
across seven European countries and including both THA/TKA and spine
surgery patients found a 38% overall transfusion rate (17% allogeneic, 11%
autologous) while a recent Dutch study reported mean allogeneic transfusion
rates as low 7 and 4 % in THA and TKA, respectively,22 which is in line with
current Danish practice.

Until recently it was reported that transfusion rates in THA/TKA in the US did
not follow the same decreasing trend as observed in Europe and some studies
even reported increasing allogeneic transfusion rates in the years 2000 -
2009.111112120 Moreover, reports on THA/TKA in the US and Canada have until
recently found significantly higher transfusion rates among US hospitals
compared to Canadian hospitals for both THA 19 vs. 10 % and TKA 16 vs. 10
%.114 However, an overall decrease in RBC usage in has been observed in the US
since 2011, including a reduction in transfusion rate to 9 and 4 % in 2015 for
THA and TKA, respectively. 19 121 [n contrast, transfusion rates remains
remarkably high in other countries with a recent Korean study reporting a
transfusion rate as high as 80% in primary THA with almost no reduction from
2007 to 2015.122

Despite the decrease in overall transfusion rate, a remarkable consistent finding
in the available literature is a highly variable transfusion rate in THA/TKA across
surgical centres, both within and between countries.#2123 Thus, in a Danish
nationwide context we analysed transfusion data from the year 2008 and found
transfusion rates ranging from 7 to 71% among Danish THA centres performing
more than 50 procedures per year.* This is consistent with both older Danish
transfusion data (1999-2006), where THA transfusion rates ranged between 16
and 64%,118 and consistent with other European and US studies.17 2122 24

Importantly, the high variation in transfusion rates among THA/TKA centres
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remains when adjusting for patient related factors, and may rather be explained
by hospital related factors such as different transfusion policies and the
implementation of PBM measures, or the lack thereof. 2124118

In conclusion, transfusion rates in THA/TKA have declined dramatically in
recent years to well below 10% in Denmark but with a remaining high variability
between centres, which seems related to the use of PBM measures rather than
the case-mix. Thus, there is a considerable potential for a further reduction in
RBC usage by implementing PBM in a large number of surgical centres

worldwide and in Denmark.

7.2.2 Transfusion thresholds — Current guidelines and evidence from RCT’s

When deciding whether to transfuse a patient one has to balance the potential
harmful effects of anemia and the potential benefit of RBC transfusion (increased
oxygen carrying capacity of the blood and volume substitution) with the inherent
risks and complications of transfusion. Although rigorous screening procedures
have rendered transfused blood safe when it comes to most transmissible
diseases,123 the transfusion of allogeneic blood products carries other risks such
as alloimmunisation, febrile reaction, immunomodulation, cardiac overload
(TACO) and transfusion associated lung injury (TRALI).124125 Several guidelines
on transfusion thresholds have been published in recent years by the American
Association of Blood Bankers (AABB), 126 the Americans Society of Anesthesia
(ASA), 127 the British Committee for Standards in Hematology,28 and in a Danish
context by the Danish national board of health,!2? all promoting a restrictive
transfusion Hb trigger of 7-8 g/dl compared to a more liberal transfusion trigger
of 9-10 g/dl.

The evidence base for these guidelines has increased significantly in the last 10
years with the addition of several high quality large RCT’s comparing liberal vs.
restrictive transfusion thresholds in various patient populations, but mostly
including critical care,!30 hip fracture,!31 and cardiac surgery.132133 The latest
guideline from the AABB recommends transfusion in hemodynamic stable adult
patients if the Hb decreases below 7 g/dl.126 However, in patients undergoing

orthopedic- or cardiac surgery, or patients with pre-existing cardiovascular
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disease a transfusion threshold of 8 g/dl is recommended (strong

recommendation but moderate quality evidence).126

Among the 12587 patients randomized in the 31 transfusion trigger RCT’s
identified in the latest 2016 Cochrane review,1¢ a total of 1217 patients
undergoing elective joint arthroplasty were included from 5 studies conducted in
the years 1999-2014 (Table 1).134-138 A more recent meta-analysis published in
2018 identified 37 RCT’s comparing different RBC transfusion thresholds and
included a total of 19049 patients, but with no additional studies from elective
THA/TKA.13° Both meta-analyses concluded that a restrictive transfusion
threshold of 7-8 g/dl is safe and decreases RBC use but that more trials are
needed in patients with acute myocardial infarction.1¢ 139 Moreover, a meta-
analysis focusing entirely on patients with cardiovascular disease undergoing
non-cardiac surgery found no difference in overall mortality between a liberal or
restrictive transfusion trigger but the risk of acute coronary syndrome was
increased with a restrictive trigger.140

Nevertheless, the majority of the available evidence regarding transfusion
thresholds is derived from contexts other than orthopedic surgery such as
critical care and cardiac surgery. However, the FOCUS trial, including more than
2000 hip-fracture patients, is the largest RCT carried out in the context of
orthopedic surgery, although in a non-elective setting.13! In this study, patients
were randomized to a transfusion threshold of either 10 g/dl (liberal) or 8 g/dl
(restrictive). There was no difference in the primary outcome, which was a
composite of death or the inability to walk 3 m across a room 60 days after
surgery (OR 1.01; 95% CI 0.84 - 1.22).131 This is in agreement with other large
RCT’s conducted in critical care settings that likewise found no difference in
mortality when comparing restrictive and liberal transfusion thresholds.130141 [n
contrast, one smaller Danish RCT in 284 frail elderly with hip fracture found an
increase in 30 day mortality with a “restrictive” (Hb < 9.7 g/dl) postoperative
transfusion threshold (HR 2.4; 95% CI 1.1 - 5.2) compared to a liberal threshold
(Hb < 11.3 g/dl).142 However, the definition of a restrictive threshold in this
study is comparable to the liberal threshold in the majority of other transfusion

trigger RCT’s.16
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In the context of elective joint arthroplasty, the largest of the 5 available RCT’s
randomized 619 THA/TKA patients to either a restrictive risk based transfusion
threshold or standard transfusion practice.13¢ However, there was substantial
heterogeneity regarding the standard transfusion practice arm among the 3
participating hospitals, which in one hospital was more restrictive than the
studied restrictive threshold. Therefore, the trial did not achieve separation of
treatment groups regarding both the proportion of patients transfused and the
achieved postoperative Hb concentration, thus rendering interpretation
difficult.13¢ A smaller RCT, dating back to 1999, randomized 152 TKA patients to
receive either 2 units of predonated autologous RBC immediately following
surgery (liberal) or RBC transfusion (both autologous and allogeneic) if the Hb
decreased below 9 g/dl (restrictive). A decreased occurrence of non-surgical
complications (5 vs. 16 events) was found among patients in the liberal group
compared to the restrictive transfusion group.134 Another study evaluated if a
restrictive transfusion trigger of 8 g/dl would increase the incidence of
postoperative silent myocardial infarction (SMI) compared to a liberal trigger of
10 g/dl. No difference in the SMI incidence was found between treatment groups
but the authors only managed to enrol 260 of the planned THA/TKA 660
patients in the study prior to analysis.!3> A more recent study conducted in 192
THA patients focusing of postoperative delirium (POD) found no difference in
the incidence of POD (21.3 vs. 23.9 %; P=0.7) in patients randomized to a
restrictive threshold of Hb 8 g/dl vs. a liberal threshold of Hb 10 g/d],
respectively.138 However, in this study one third of all patients also received
concomitant transfusion of fresh frozen plasma (FFP). Another study conducted
in 66 patients undergoing hip revision surgery focused on postoperative
ambulation by comparing a liberal transfusion trigger of 8.9 g/dl to a restrictive
trigger of 7.3 g/dl. A mean difference of 14.5 seconds in the timed up and go
(TUG) test was found with better performance in the liberal group. However, the
study failed to separate the Hb concentration between treatment groups at the
day of testing. 137

Thus, it can be concluded that the 5 available transfusion trigger RCTs conducted
in elective joint arthroplasty suffers from methodological flaws and are

characterized by a wide variation in the outcomes studied and a large
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heterogeneity in the definition of a liberal /restrictive transfusion threshold.
Moreover, none of the included studies were conducted in a fast-track setting
with early mobilization and a short LOS.

Considering the lack of high quality transfusion trigger RCT’s in elective
THA/TKA, higher quality evidence to guide the transfusion decision can be
derived from RCT’s like the FOCUS study.131 However, it must be and has been
debated whether only considering a single Hb value serves as the most
appropriate transfusion trigger in a clinical context.143 In this context, the
relative decrease in Hb reflecting the acute red cell mass reduction due to
perioperative blood loss may also be important, but remains largely unexplored
as a transfusion trigger. Furthermore, the occurrence of acute anemia symptoms
may also be considered. This is reflected in a good clinical practice statement
found in the latest AABB recommendations listing the following variables to be
taken into consideration: “the rate of decline in hemoglobin level, intravascular
volume status, shortness of breath, exercise tolerance, light- headedness, chest
pain thought to be cardiac in origin, hypotension or tachycardia unresponsive to
fluid challenge, and patient preferences”.126 However, such “symptomatic
transfusion triggers” were in combination with a Hb threshold part of
transfusion criteria evaluated in some,131144 145 byt far from all RCT’s conducted
in orthopedic surgery (Table 1). Nevertheless, there is today no high-quality
transfusion trigger RCT’s of a substantial size available that evaluates elective
THA/TKA. The feasibility of carrying out such a study in all THA/TKA patients is
also questionable, as transfusion rates have decreased to very low rates in many
countries, including Denmark. However, there is a need for further studies
evaluating the optimal transfusion trigger in frail or very elderly patients
scheduled for elective THA/TKA, as it is still not clear if a restrictive transfusion
threshold is safe and well tolerated in this subgroup of patients. In this context, a
future RCT specifically targeting elderly > 70 years undergoing non-cardiac
surgery and evaluating a liberal vs. a restrictive transfusion threshold may

provide new knowledge.146
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7.2.3 Allogeneic RBC transfusion and outcome in THA/TKA — observational data

A numerous and growing body of evidence from observational studies has
established a robust association between allogeneic RBC transfusion and
increased morbidity and mortality both in cardiac and non-cardiac surgery. 11
147-149 Direct adverse effects of allogeneic RBC transfusion may be due to both
direct hemolytic or non-haemolytic transfusion reactions, transfusion related
lung injury (TRALI) or transfusion related cardiac overload (TACO) but also
transfusion related immunomodulation (TRIM), which has several potential
underlying mechanisms. 125150 TRIM may increase the risk of postoperative
infections, although leukoreduction of blood may partly reduce this risk. 151 In
THA/TKA, postoperative infections, including surgical site infection (SSI) is a
considerable concern. Although deep prosthesis joint infection requiring revision
surgery is rare,152 it has been reported to increase postoperative mortality after
THA.153 Several observational studies have evaluated this, but with conflicting
results.64113154-160 A recent meta-analysis of observational studies focusing on
SSlincluded 21770 patients from 6 studies and concluded that RBC transfusion
was a risk factor for surgical site infection,161 but no adjustments for anemia,
blood loss or any other confounders were performed, therefore rendering
interpretation difficult. Another meta-analysis focusing on infection data derived
from secondary endpoints in 21 transfusion trigger RCT’s found a significant risk
reduction in serious infections (not only SSI) with a restrictive transfusion
threshold, both overall and when considering the 4 available studies in
orthopedic surgery alone, 131135144162 (RR 0.72 95% CI 0.53 - 0.97).163 Among
these 4 studies, only 1 was performed in elective THA/TKA and contributed with
as little as 10% of the analysed patients while the remaining were hip fracture
studies.13> Nevertheless, these results raise serious concern regarding increased
risk of infection with allogeneic RBC transfusion in relation to surgery.
Establishing causation between transfusion and poor outcome is difficult due to
the observational nature of the available studies and.1¢* Some authors have
questioned whether the true risk of transfusion is attributable to other patient-
or surgically related factors and that the observed association is due to
“confounding by indication”.165-167 [n addition, there is a discrepancy between

observational data showing adverse outcomes with transfusion and the results
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from the available large RCT’s comparing liberal and restrictive transfusion
thresholds where no benefit, but also no increased mortality, was found with a
liberal transfusion strategy.16

Therefore, the observed association might be due to adverse effects of
transfusion per-se but also due to other unmeasured or unknown confounders
including preoperative anemia, patient comorbidity or surgical blood loss and
complexity not sufficiently controlled for, in at least some of the available
studies. In the context of Danish elective THA we performed an exploratory
study with a nationwide detailed mortality analysis in an attempt to elucidate
the mechanisms behind the observed association between transfusion and
increased postoperative mortality. In this study we found that the few
mortalities with a possible relation to transfusion were just as likely to be caused
by massive bleeding or delayed transfusion in severely anemic patients causing
type-2 myocardial infarction, than by possible complications to RBC transfusion.
5

Nevertheless and despite obvious methodological weaknesses, the evidence base
from observational studies showing adverse outcomes linked to transfusion
should trigger caution in clinicians and the lack of benefit of a liberal transfusion
strategy in almost all of the available RCT’s clearly argues for a restrictive
threshold for RBC transfusion in in the vast majority of elective THA/TKA

patients, whom overall carry a low comorbidity burden.168

7.3 Measures to reduce perioperative blood loss

The second pillar of PBM aims to minimize blood loss. This begins already
preoperatively where patient related bleeding risks should be considered,
including family history of increased bleeding tendency and the use of
antiplatelet and anticoagulation therapy.16? In the perioperative phase several
pharmacological and non-pharmacological measures to reduce blood loss have
been evaluated. These include the use of tranexamic acid (TXA) or topical
hemostatic agents and various surgical and anesthetic techniques including
minimal invasive surgical techniques, meticulous hemostasis, neuro-axial
blockade, acute normovolemic hemodilution and different cell-salvage

techniques. However, the measures used should be tailored to the specific
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procedure / patient population and thus the following section will primarily
discuss those relevant to elective hip- and knee arthroplasty today and with a

focus on pharmacological interventions.

7.3.1 Blood loss in elective THA and TKA

A systematic review published in 2010, summarizing the available evidence
regarding anemia and PBM in joint arthroplasty, found a weighted mean total
blood loss of 1004 (+ 302) ml.? This number is consistent with later findings
both in THA and TKA,117 including recent studies conducted in Danish fast-track
arthroplasty,®7170 but contrasts an older landmark study evaluating blood loss
and transfusion in orthopedic surgery.®# In this study a total blood loss of
approximately 1900 ml in primary THA/TKA was reported.®* In 2 serial Austrian
benchmark studies, with data collected in 2004-2005 and again in 2009-2010,
the relative RBC mass lost were significantly reduced from 39 to 32 % and from
35to 31 %, in THA and TKA respectively.17 20 However, there was a wide
variation in the total lost RBC mass between the participating orthopedic
departments. Furthermore, it is important to note that intraoperative blood loss
accounts for only a minor fraction of total blood loss, as up to two-thirds consists
of “hidden blood loss” due to postoperative oozing. However, the exact
proportion may vary between THA and TKA, and with or without postoperative

drainage and the use of a tourniquet in TKA.170-172

7.3.2 Tranexamic acid and other antifibrinolytics

Tranexamic acid (TXA), is a lysine analogue which acts as an antifibrinolytic by
binding to plasminogen which prevents the binding of fibrin to the plasminogen-
plasmin tissue activator complex.173 TXA has been evaluated for well over 20
years to reduce blood loss in orthopedic surgery,174 and is now considered a
“game changer” when it comes to reducing perioperative blood loss in major
joint arthroplasty.17> TXA can be administered systemically (oral or 1V), topically
at the surgical site, or by combined systemic and topical administration. The
body of literature supporting the efficacy of TXA to reduce blood loss and
decrease RBC transfusion rates in elective THA/TKA is vast, rapidly growing, and

includes numerous RCT’s and subsequent meta-analyses.38176-179, As an
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example, in the previous two years alone more than 30 systematic reviews and
meta-analyses have been published on TXA in joint arthroplasty.

Two recent meta-analyses estimated that [V and topical TXA administration
decreased the risk of transfusion by 60 and 71 %, in TKA and by 75% and 66% in
THA, respectively. 178179 Thus, the routine use of TXA in arthroplasty is
recommended by both Danish- and American orthopedic societies, the American
Society of Regional Anesthesia and is supported by UK National Institute for
Health and Care Excellence (NICE) guidelines when a blood loss > 500 ml is
expected. 44180-182 However, there is no clear consensus regarding the optimal
dosing, timing and route of TXA administration which is reflected both in the
available trials and in a wide variation in clinical practice.l’> Moreover, in recent
years the additional benefit of combining topical (intra-articular) and IV TXA
administration has been evaluated. In a Danish fast-track context we conducted a
single centre RCT where 60 TKA patients were randomized to receive either 1g
[V TXA combined with 3g intra-articular TXA or 1g IV TXA alone. We found a
significant 37% reduction in calculated blood loss 24h postoperatively and on
the 2nd postoperative day (277 and 373 ml reduction), respectively, compared to
the [V TXA group.” No adverse events were noted and only one patient received
transfusion. Two recent network meta-analyses evaluated the efficacy of TXA,
and included 34 and 67 RCT’s in THA and TKA, respectively.178179 Mixed models
were used to compare different doses and routes of TXA administration and
found no significant difference between IV and topical TXA administration or IV
and combined IV/topical administration with regards to blood loss. However, in
THA combined IV/topical administration was found to reduce transfusion
exposure when compared to both IV- or topical administration alone in THA and
to low dose IV TXA in TKA.178179_ A recent meta-analysis including 7 RCT’s with a
total of 701 unilateral TKA patients has confirmed the efficacy of combined
topical/IV TXA administration to reduce blood loss compared to IV TXA alone
(mean reduction 156 ml; 95% CI 71 - 242 ml).183 However, the included studies
differed regarding topical TXA dose and in the use of tourniquet and
postoperative drains. Likewise, in primary THA a meta analysis of 7 RCT’s
including 1346 patients found a significant reduction in total blood loss with

combined TXA administration compared to topical (mean reduction 163 ml;
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95% CI 60 - 265 ml) or IV administration alone (mean reduction 154 ml; 95% CI
105 - 202 ml).184 The most recent meta-analysis published in 2019 has
confirmed the superiority of combined administration compared to single route
TXA in reducing both blood loss and transfusion rates in THA and TKA.185
Despite the compelling evidence regarding the efficacy of TXA for reducing blood
loss and transfusion, due to its antifibrinolytic properties, safety concerns have
been raised regarding the risk of thromboembolic complications, and this may
hinder implementation in some centres. However, several meta-analysis and
large observational studies did not find increased risk of arterial- or venous
thromboembolic events with TXA administration compared to placebo.186-189 [n
a Danish context, a recent a large nationwide retrospective cohort study in THA
comparing 38586 patients that received TXA to 6704 who did not in the years
2006 to 2013 found no evidence of increased cardiovascular events with TXA
use after controlling for patient comorbidity.190 Although data suggest the safety
of TXA in most patients scheduled for THA/TKA, concerns still remain regarding
patients with a high risk of thromboembolism, including patients with previous
or recurrent venous- or arterial thrombotic events or patients with vascular
stents, as these patients are often excluded from the available RCT’s. However,
one smaller observational study focusing on patients with a history of venous
thromboembolism (VTE) did not find increased VTE rates with TXA use but the
number of events was small.191 It is also noteworthy that a large RCT in patients
undergoing coronary artery bypass grafting (CABG) which randomized patients
to an intraoperative high TXA dose (100 mg/kg) or placebo, found no increased
thromboembolic complications within 30 days postoperatively in the TXA group
although a higher seizure rate was found with TXA use.192

Epsilon aminocaproic acid (EACA) and aprotinin are two other antifibrinolytic
agents that have also been used to reduce surgical blood loss. However, aprotinin
was withdrawn in 2007 due to an observed association with postoperative
morbidity, including myocardial infarction and renal failure after cardiac
surgery.193 EACA has been suggested as an alternative to TXA, offering lower cost
and fewer side-effects, together with reduced blood loss and transfusion rates
compared to patients without antifibrinolytics in a recent retrospective study.194

However EACA is not routinely used in Danish orthopedic centres, has a shorter
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half-life than TXA that may require repeated dosing or infusion, and has only
been sparsely studied in THA/TKA. Thus in TKA a higher blood loss compared to
TXA was found in 1 of 2 small RCT’s and in one larger observational study
performed in TKA.195-197

From the above it can be concluded that TXA administration is highly efficient in
reducing blood loss and RBC transfusion and TXA should be standard of care in
THA and TKA. In addition, recent evidence suggests additional effect with
combined IV /topical administration in both THA and TKA, but there is still no
consensus regarding the optimal TXA dosing regimen. Moreover, some safety
concerns remains regarding the use of TXA in patients with a high

thromboembolic risk.

7.3.3 Epinephrine

Epinephrine (EPI) when administered locally may decrease blood loss, both by a
direct vasoconstrictor effect and indirectly by reducing uptake of locally
administered TXA. Administered systemically EPI has pro-coagulant potential as
it causes an instant 20-30% increase in platelet count and activates several
coagulation factors.198 This effect has been know for many years but had not
previously been evaluated for reducing blood loss in THA/TKA. Therefore, we
performed a RCT comparing intraoperative low dose EPI infusion (0.05
ug/kg/min) + IV TXA with IV TXA alone and found a significantly reduced total
blood loss (treatment effect 180 ml; 95% CI 10 - 350 ml) in the EPI group. This
finding has recently been confirmed in a 3-arm RCT in 195 THA patients
comparing low dose EPI infusion and topical EPI administration to a control
group IV placebo + topical placebo. In this study IV 10 mg/kg + topical TXA 4 g
was also administered in all 3 allocation groups.1?? Compared to the control
group low dose IV EPI and topical EPI decreased total blood loss by 194 ml (95
% CI 147 - 242 ml) and 65 ml (95% CI 17 - 112 ml), respectively. Interestingly,
this study also measured coagulation by viscoelastic whole blood assays and
found an improved coagulation competence (reduced reaction time and higher
clot strength) with low dose EPI infusion.1?? The same author group conducted
an identical RCT, using the same 3-arm intervention protocol in 179 TKA

patients and found similar results.200 Thus total blood loss and transfusion rate
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were reduced in the IV EPI group compared to both the topical- and placebo
group. Moreover, coagulation competence was increased in the IV EPI group as
measured by viscoelastic assays. 200

However, low dose EPI infusion is not used routinely in THA/TKA but may be
useful as an adjuvant to TXA in selected cases where a higher risk of bleeding is
expected, i.e. in bilateral procedures or revision surgery. However, despite these
initial positive findings, further studies are needed to evaluate the efficacy and

safety of low dose EPI infusion in these settings.201

7.3.4 Topical hemostatic agents

Apart from topical TXA administration which has been discussed above, a large
variety of other topical pharmacologic agents are available for reducing surgical
blood loss.3? These include collagen, various types of thrombin, platelet rich
plasma, and different types of fibrin sealants. There is a large variety in
formulation and application technique and the cost of these products can be
substantial.3? Some of these agents have been evaluated for reducing blood loss
in THA/TKA. Thus, a recent meta-analysis including 6 RCT’s in THA and 12 in
TKA with a total of 1489 patients, concluded that the use of a fibrin sealer
reduced the need for RBC transfusion and reduced total blood loss for both THA
and TKA patients.202 However, there was considerable heterogeneity regarding
efficacy, the type of fibrin sealant and the use of drains. Moreover, IV TXA was
found to be superior to the use of a fibrin sealer in reducing transfusion rates
and resulted in higher postoperative Hb levels.203 Another hemostatic agent
(Floseal ®) based on collagen/thrombin has been evaluated in TKA. Although a
meta-analysis found a overall blood sparing effect, results from the available
RCT’s are conflicting and TXA was not used.204 205 Thus, it is unclear whether the
use of fibrin sealants or other topical agents reduces blood loss when used in
addition to IV, topical or combined use of TXA. In fact, some types of fibrin
sealants contains TXA which may, at least partly, explain the observed blood
sparing effect.202 In a Danish context, 2 studies, in THA and bilateral TKA found
no effect of a fibrin sealant regarding blood loss or RBC transfusion and fibrin

sealant is not used routinely in THA/TKA in Denmark.206 207
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7.3.5 Cell-Saver and postoperative reinfusion drains

Previously, preoperative autologous blood donation (PABD) was used in many
centres as a measure to reduce exposure to allogeneic blood in elective surgery,
including THA/TKA.208 However, after the implementation of other blood
sparing measures, the cost-effectiveness of PABD has been questioned and its
use has declined significantly,20° and PABD it is not used routinely among Danish
THA/TKA centres today. As an intra- or postoperative measure, the use of a cell-
saver or reinfusion drains to re-infuse autologous blood during or after the
procedure has been proposed as one of several PBM measures to reduce blood
loss (Pillar-1I).14 Cell salvage in THA/TKA has become widespread in some
countries with a Dutch survey reporting frequent use of cell-saver and
postoperative reinfusion drainage among 31% and 69 % of the included
departments, respectively.210 Reinfusion has been extensively studied and has
been reported to reduce the need for ABT in THA (RR 0.66; 95% CI 0.51 - 0.85)
and TKA (RR 0.51; 95% CI 0.39 - 0.68). 211 However, the re-infused volume may
be small in THA/TKA, with a median re-infused volume in THA of only 135 ml.212
Also, more recent literature has questioned the efficacy and cost effectiveness of
cell-salvage in elective THA/TKA due to the implementation of other PBM
measures such as restrictive transfusion thresholds and the use of TXA. 211213 214
Some authors have even argued for de-implementation of cell-salvage in most
THA/TKA cases.2> Among Danish orthopedic departments, intra- and
postoperative cell-salvage and re-infusion is not used routinely for primary
THA/TKA. However, selected patients or procedures (such as revision surgery)

may still benefit from perioperative cell-salvage.

7.3.6 Surgical measures

There is considerable variation regarding surgical practices in THA/TKA, some
of which may substantially influence blood loss and the need for transfusion.33
The use of postoperative closed suction drain to avoid hematoma formation is
practiced in some centres. However, several RCT’s and meta-analysis have
reported higher blood loss and need for allogeneic transfusion with the use of
drains, both in THA and TKA.216217 [n TKA, a tourniquet is used in many centres

to reduce intraoperative blood loss and improve surgical field conditions.
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Although the use of tourniquet reduces intraoperative blood loss, the available
literature is conflicting regarding the effect on postoperative blood loss, total
blood loss and transfusion rates. 218 Furthermore, the benefits of tourniquet use
may be less with an optimal perioperative TXA strategy, and the use of
tourniquet may decrease postoperative range of motion and increase swelling

and venous thrombus formation. 219 220

In conclusion, today several measures to reduced blood loss in THA/TKA exist,
with TXA administration being standard of care in many countries, including
Denmark, due to demonstrated efficacy and safety but with considerable
variation in dosing regimens. Other pharmacologic agents, including low dose
epinephrine infusion may also be beneficial in selected cases and warrants
further investigation. Autologous reinfusion using cell-saver or drains may play a
role in individual cases but the routine use in primary THA/TKA have been

questioned.

7.4 Postoperative anemia in THA / TKA

Postoperative anemia is highly prevalent after elective THA and TKA due to
surgical blood loss, preoperative anemia or both. The prevalence of
postoperative anemia may be up to 90% after major surgery, depending on the
definition used. A review found a weighted mean perioperative Hb decrease
from 13.6(%£0.4) to 10.6 (*=0.8) g/dl among 6626 THA/TKA patients from 5
different studies.? In contrast, the recovery of anemia after THA/TKA is less
studied. Thus, a small but detailed study in 30 THA patients reported incomplete
recovery of the Hb as late as day 56 after surgery with a mean 68% recovery of
the perioperative Hb decrease.?21

Postoperative anemia may have significant consequences in fast-track joint
arthroplasty where patients are mobilized early and discharged on
postoperative day 1 or 2, thus leaving hospital before nadir Hb is reached.222
Although blood loss in THA/TKA patients have been reduced, the
implementation of more restrictive transfusion triggers a larger proportion of

patients being discharged with moderate anemia, and some patients may be
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discharged with more pronounced anemia than previously accepted. However,
the clinical impact of postoperative anemia, concerning postoperative morbidity
and functional recovery after joint arthroplasty, has only been sparsely studied
with a wide variation in methodology and in the definition of postoperative

anemia.

7.4.1 Postoperative anemia and morbidity

In contrast to preoperative anemia, the consequences of postoperative anemia
has been less studied. Also, untreated preoperative anemia is inherently linked
too the magnitude of postoperative anemia and increased risk of morbidity.
Therefore, isolating the effects of postoperative anemia regarding postoperative
morbidity in preoperatively anemic patients may pose problems.

A recent large retrospective analysis, including almost half a million adult
hospitalizations, reported that the prevalence of moderate anemia at discharge
(Hb between 7 and 10 g/dl) had increased from 20 to 25% from 2010 to 2014
and with decreasing anemia recovery 6 months post discharge.223 Another study
including 152.757 surgical and non-surgical hospitalizations, found that the
magnitude of discharge anemia was associated with the risk of 30 day
readmission after adjusting for comorbidity.?24 However, when isolating the
surgical setting, a lower discharge Hb level < 10 g/dl was not associated with
increased readmission risk in cardiac surgery compared to a discharge Hb
between 10 and 12 g/dl. However, no comparisons to non-anemic patients were
made.225 This finding is contrasted by a recent large retrospective study,
including 142.510 major vascular and general surgery procedures, where 2
weeks postoperative anemia (Hb < 10 g/dl) was the strongest independent
predictor for postoperative mortality and major morbidity and the effect of
postoperative anemia increased significantly with increasing cardiac risk
class.226 Importantly, the authors accounted for blood loss (delta Hb) and the
number of perioperative RBC transfusions in the multivariate model. In the
specific context of elective THA and TKA, several observational studies have
associated postoperative anemia with postoperative morbidity, but only one of
these evaluated the Hb at the day of discharge.?27-231 Thus, in a retrospective

cohort of 2467 THA patients, patients with a postoperative Hb < 10 g/dl had a
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higher risk of acute kidney injury (OR 2.0; 95% CI 1.4 - 3.0) compared to
patients with Hb > 10 g/dl. However, this study used Hb measured 2 hour postop
and not discharge Hb for classification and preoperative anemia was not
controlled for in the multivariate analysis.227 Two studies, based on the
Lundbeck Center Database and review of medical charts, which was conducted
among 3202 and 8288 Danish fast-track THA/TKA patients, respectively, found
anemia requiring RBC transfusion to be the direct cause in 12% and 8% 30 day
readmissions related to medical reasons, respectively.228229 A similar study in a
Danish fast-track cohort of 549 THA/TKA patients aged > 85 years,
postoperative anemia requiring transfusion was the most common cause (27%)
of a LOS > 4 days. However, anemia was an uncommon (4%) direct reason for
being readmitted within 30 days.230 Another study focusing on postoperative
myocardial infarction (MI) found MI in 31 (0.12%) of 24862 THA/TKA
procedures within 30 days of after surgery. 27 (87%) of MI patients had
postoperative anemia (defined as Hb < 13 g/dl) with a mean postoperative Hb of
9.9 (SD 1.7) g/dl and a large mean reduction from the preoperative Hb of 3.6
(95% CI; 2.8 - 4.3) g/dl.231 However, this study did not explore postoperative Hb
as an independent factor for developing postoperative MI.

Although the caveats of the above observational studies should be accounted for
and the exact mechanism remains to be elucidated, the evidence suggests that
postoperative anemia is associated with postsurgical morbidity especially in
patients with a high comorbidity burden. Thus the treatment strategy for
postoperative anemia in high-risk patients, including those scheduled for

THA/TKA, should be evaluated further.

7.4.2 Postoperative anemia and functional recovery

Postoperative functional capacity may be impaired by factors such as pain and
post-surgical inflammation.2¢ In addition, surgical blood loss causing acute
postoperative anemia may also impede functional recovery due to the well
known anemia related symptoms such as fatigue and dizziness,1? which may
potentially have an impact on recovery from the initial postoperative
mobilization attempt to functional capacity days and weeks following surgery.232

In a fast-track THA/TKA setting, with an intended short LOS, delayed
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mobilization and impaired functional recovery due to anemia is especially
detrimental as patients are expected to be mobilized already on the day of
surgery, and discharged to home within few days following surgery, often before
the nadir Hb occurs. Thus, the consequences of a low, but unmeasured Hb may
impair initial recovery at home in the days following discharge. When patients
are mobilised on the day of surgery, it has been established that up to 42% of
patients experience orthostatic intolerance (dizziness and other presyncopal
symptoms) during the initial mobilization attempt.233 This could trigger the
decision to transfuse in some patients as orthostatic hypotension and dizziness
have been proposed as symptomatic transfusion triggers.126 However, we have
previously established that Ol in the early postoperative period may be caused
by impaired hemodynamic regulation and autonomic dysfunction rather than
symptoms of acute anemia. 234-236

Besides the initial mobilization procedures, as conducted in fast-track THA/TKA,
several studies have tried to elucidate whether postoperative anemia has any
clinical impact on functional recovery in the days, weeks and months following
both hip fracture and elective THA / TKA (Table 2). However, the majority have
been conducted in more traditional care pathways with longer LOS and with a
huge variation in perioperative care, functional outcome measures used and the
timing of assessments in relation to surgery and Hb measurements.

Most evidence supporting the negative effects of postoperative anemia on
functional recovery originates from patients with hip-fracture (Table 2).237 238
Thus, a large retrospective study in 5793 hip fracture patients reported a
correlation between postoperative Hb and the distance walked at discharge.237 A
Danish prospective single centre study included 487 hip-fracture patients and
found that the cumulated ambulation score correlated with Hb during the first 3
postoperative days and that anemia defined as a Hb < 10 g/dl was,
independently associated with the inability to walk on POD 3.238 In contrast, a
third hip-fracture study found no correlation between the postoperative Hb and
the functional independence motor (FIM) score.23°

However, one important limitation to studies in an acute setting such as hip-
fracture is the lack of measurements of preoperative functional capacity and pre

fracture Hb levels. Thus, in this population a low postoperative Hb may partly
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reflect a high degree of comorbidity, frailty, preoperative anemia or a larger
fracture / tissue trauma - factors that may all be associated with poor functional
capacity. Furthermore, as previously discussed, it is important to note that the 8
existing transfusion trigger RCT’s in orthopedic surgery that included functional
outcome measures showed no benefit of a liberal transfusion strategy on
functional recovery, (Table 1) although most were conducted in hip-fracture
patients and with a high variation in functional measures and timing of
assessment.

Within the context of elective THA/TKA, 8 observational studies, which included
between 30 and 603 patients and spanning the last 15 years, have evaluated a
possible association between postoperative anemia and functional recovery
(Table 2) and these will be discussed in detail below. Three studies evaluated
only subjective quality of life (QOL) measures,221240 241 gnother 3 studies
evaluated only objective measures or physiotherapy scores,242-244 while the
remaining 2 studies included both subjective and objective measures of

functional outcome.8 245

7.4.2.1 Quality of life measures

The first study to address the question whether a low postoperative Hb impairs
QOL after elective arthroplasty was published in 2005 and included only 30 THA
patients. This study focused on Hb recovery characteristics after surgery but also
measured QOL using the Short Form 36 (SF-36) questionnaire. No correlation
between postop Hb and SF-36, was found, even when the physical well-being
part of the SF-36 were analysed separately, but changes in QOL scores from pre-
to postoperatively were not considered. 221 In contrast, one study conducted in
87 THA and TKA patients reported a significant correlation between Hb at POD 8
and changes in QOL from pre- to 2 months postoperatively, as measured by both
the SF-36 and the Functional assessment of Cancer Therapy Anemia subscale
(FACT-Anemia). However no correlation between postop Hb and absolute values
was identified.240 Furthermore, 3 more recent (2011 - 2016) and larger studies
including a total of 1029 THA and TKA patients found no or only very weak

correlations between postoperative Hb and QOL scores.8 241 245 One study, which
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was a secondary analysis of an earlier transfusion trigger RCT included 603
patients, and evaluated 3 different QOL measures. No clinical significant
correlations to Hb were identified, both when considering absolute values and
changes in Hb and QOL scores, or when considering patients aged more than 65
years separately.?#! Likewise, in a prospective study including 305 THA/TKA
patients, SF-36 scores were not different between patients grouped by
postoperative Hb and did not correlate with postoperative Hb both when
absolute values and changes in SF-36 compared to preoperatively were
considered.24> The most recent study, published in 2016, is the only one which
has been conducted within the context of fast-track arthroplasty. In this study we
included 122 THA patients and evaluated QOL preoperatively and on day 7
following discharge using the FACT-Anemia scale.8 However, we found no
correlation between QOL scores and Hb at discharge or the decrease in Hb from
preoperatively.8

Thus, from the above it seems that moderate postoperative anemia may not have
an impact on QOL scores after THA/TKA. However, this could be due to the fact
that in the majority of patients, moderate postoperative anemia may not affect
well being or that QOL is affected to a much greater extent by the changes caused

by the joint replacement itself (pain etc.) thus masking any effects of anemia.

7.4.2.2 Objectively assessed functional capacity

In a small study including 49 TKA patients the Hb at admission to rehabilitation
ward (post surgery) correlated with rehabilitation admission functional
independence measure (FIM) score but not with improvement in FIM during the
rehabilitation stay.242 This finding was confirmed using the 6-minute walk test
(6MWT) in a similar study including 104 THA/TKA patients also admitted to a
postoperative rehabilitation ward.243 In this study, the postoperative Hb
correlated with the 6MWT at admission but not with improvement in the 6MWT
during rehabilitation.243 A study, including 305 THA/TKA patients, evaluated
both the 6MWT and maximal dominant hand strength (MHS) before surgery and
in the days following surgery prior to discharge (not standardized).245> Objective

functional outcomes did not differ between patients when grouped by
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postoperative Hb but less than 7 % of the included patients had a Hb <8 g/dl at
the day of testing. In the same study, a correlation analysis showed a weak
correlation between the decrease in Hb and the change in 6MWT from pre- to
postoperatively. However in a multivariate regression analysis the Hb decrease
only explained 1.9 % of the variation in 6MWT performance while other
demographic variables explained up to 28 % of the variation.z4> In a population
of 122 fast-track THA patients with a short LOS of 2 days, we related the
postoperative Hb and the perioperative Hb decrease to several objective
measures of functional capacity.® The 6MWT and the TUG-test were assessed
preoperatively, the day of discharge and at 2 weeks following surgery. In
addition and in contrast to other studies, objective measures of mobility at home
was also evaluated the first 6 days following discharge by using wearable activity
monitors quantifying the number of steps walked, transitions from supine to
upright and the time spent upright. In line with previous studies, we found only
weak correlations between postoperative Hb and the 6MWT and number of
steps walked on day 1-6 following surgery, respectively. All other measures of
physical function were not correlated to postoperative Hb or the perioperative
Hb decrease.8 However, as in other studies, one important limitation was the lack
of patients with more severe anemia as only 20% of the included patients had a
Hb < 10 g/dl on the day of discharge.8 The most recent study from 2018,
evaluated hip muscle strength and the improvement from pre- to 2 months
postoperatively in 82 women undergoing THA. An effect of postoperative Hb was
evaluated by grouping patients according to whether the ratio between Hb at
POD 10 and the preoperative Hb was above or below 85%. A small statistical
difference in straight leg raise strength was found, but the magnitude was not
reported and the overall Hb decrease was small (mean 1.1 g/dl) due to the use of
intraoperative cell salvage. 244

From the above review it can be concluded that although some studies have
demonstrated a correlation between postoperative anemia and objective
measures of physical function, this is not a consistent finding. Furthermore, the
effects found in relation to a low postoperative Hb or a large Hb decrease were
small and may be clinically irrelevant, at least in the majority of patients. Thus, it

seems that moderate postoperative anemia after elective THA/TKA has limited
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impact on functional recovery. However, although many of the functional
outcome measures were identical in the available studies, it must be noted that
there was a large heterogeneity regarding the timing of outcome assessments,
which varied from a few days to several months following surgery but also in
postoperative care including physiotherapy regimens etc. The most important
limitation, however, is the apparent lack of patients with more severe
postoperative anemia, i.e. Hb < 7-8 g/dl and patients undergoing procedures
with higher blood loss such as revision surgeries or bilateral procedures.
Furthermore, studies evaluating the very elderly and frail patients are lacking.
Therefore, it remains unknown whether anemia impairs functional recovery in

these settings and patient populations.

7.4.3 Postoperative anemia — management and recommendations

When correcting a low postoperative Hb due to blood loss or existing anemia,
options such as iron supplementation or the use of ESA’s may be considered to
avoid transfusion. However, compared to preoperative anemia, the evidence
concerning how to manage postoperative anemia is sparse.?8 Although oral iron
is recommended by NICE guidelines for postoperative IDA, oral iron may not be
efficient for restoring Hb after surgery due to inflammation.222 Furthermore, a
recent international consensus statement recommends IV iron formulations for
the treatment of postoperative IDA while the use of ESAs is suggested only in
non-cancer patients with severe postoperative anemia or patients refusing blood
transfusion.?22 A recent systematic review evaluating postoperative iron therapy
identified 15 studies with 8 of them including orthopedic patients (acute and
elective) and found no evidence to support routine postoperative iron
treatment.246 However, many of the included studies evaluated oral iron only
and excluded patients with preoperative anemia. Another recent review
identified 5 studies, including 1008 patients (3 RCT’s, 2 observational trials)
evaluating postoperative IV iron in elective THA/TKA patients.247 One RCT
randomized 122 TKA patients with a postoperative Hb < 12 g/dl to receive
either 700-1000 mg IV ferric carboxymaltose (FCM) on POD 1 or oral iron from
POD 7 and reported a higher Hb recovery rate (Hb > 12 g/dl at POD 30) in the IV
FCM vs. the oral iron group (42.3 vs. 23.5 %; P=0.04).248 There were no overall
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differences in postoperative function scores between treatment groups but
better postoperative QOL scores in the IV FCM groups when considering patients
with preoperative iron deficiency or severe postoperative anemia (Hb < 10
g/dl).248 Another RCT, wherein 156 (78%) of the study population consisted of
elective THA, TKA or spine surgery patients with IDA, randomized patients to
either 1g IV FCM at POD1 or standard care. At 4 weeks postoperatively Hb was
higher in the IV FCM group with a small but statistically significant difference
(0.78 g/d195% CI1 0.37 - 1.19; P < 0.0001). In contrast, a small 3-arm RCT
including only 31 patients (13 cardiac and 18 THA, TKA or spine surgery
patients) randomized patients to either placebo, IV iron sucrose or IV iron
sucrose + EP0.249 No differences in postoperative Hb recovery or QOL measures
were found, but the study lacked statistical power and excluded patients with
preoperative anemia or significant comorbidities.24? Of the 2 available
observational studies, one reported a reduced allogeneic transfusion rate (12 vs.
26 %) and a higher postoperative Hb in 182 THA/TKA patients treated with IV
iron (FCM or iron sucrose) compared to matched patients receiving either oral-
or no iron supplements.2>0 Another study compared 150 THA patients with 150
propensity matched controls before and after introduction of a blood saving
protocol consisting of 1) postoperative 1g [V FCM administration in patients
with a Hb < 10 g/dl or a perioperative decrease > 3 g/dl and 2) the introduction
of a restrictive transfusion trigger. 25! The allogeneic transfusion rate was lower
(47 vs. 61 %) and the increase in postoperative Hb was higher in the IV FCM
group compared to matched control group. However, the study also included hip
fracture patients and bilateral procedures and it is difficult to separate the effects
of IV FCM and the changed transfusion policy regarding the observed transfusion
rates.2>1

In conclusion, postoperative IV iron with or without EPO improves postoperative
haematopoiesis after THA/TKA and may improve postoperative outcome.
However, the available evidence is of low to moderate quality and there is a clear
need for larger high quality studies to establish the optimal patient selection,
dosing regimens and efficacy regarding clinical postoperative outcomes. In
addition, the role of IV iron in treating postoperative iron deficiency without

anemia needs to be evaluated.
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8.

Conclusions and future perspectives

8.1 Specific thesis conclusions from the included papers

Preoperative anemia, as defined by the WHO definition, had a prevalence of
13% in a Danish multicentre fast-track THA/TKA population and
preoperative anemia was independently associated with both increased
risk of allogeneic RBC transfusion and increased readmission rates up to 90
days following surgery (Paper 1).1

Preoperative anemia was not associated with a significantly increased
occurrence of any cancer, or gastrointestinal cancers specifically, 1 year
following fast-track THA/TKA surgery after adjusting for patient related
factors. Consequently, the optimal criteria for referral to cancer screening
in preoperatively anemic patients prior to THA/TKA surgery need further
evaluation (Paper 2).2

In a single centre fast-track THA/TKA cohort study, iron deficiency was the
cause in 41% of patients with preoperative anemia (WHO definition) and in
33% of patients with a preoperative Hb < 13 g/dl. A further 20% of anemic
patients had evidence of iron sequestration. Thus, there is a significant
unmet need for reversal of preoperative anemia with iron therapy prior to
fast-track THA/TKA (Paper 3).3

In a nationwide study of all Danish surgical departments performing
elective THA in 2008, transfusion practice was highly variable with a
difference in RBC transfusion rates ranging from 7 to 71% among
departments. The overall transfusion rate was 24%. For revision THA, the
overall transfusion rate was 61 % and ranged from 26 to 85% (Paper 4).*
In a detailed case analysis of possible transfusion related mortalities after
THA, we found that major bleeding or severe anemia was associated with
mortality in a subgroup of transfused patients, rather than possible
deleterious effects of transfusion per-se. Thus, surgical blood loss and pre-
transfusion Hb should be accounted for in observational studies reporting
associations between transfusion and mortality (Paper 5).

In a RCT conducted in 2 different orthopedic departments. Intraoperative

low-dose epinephrine infusion had no effect on intraoperative blood loss
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but decreased total 24 h calculated blood loss in fast-track THA compared
to placebo. The pro-coagulant effects and safety of low dose epinephrine
infusion needs to be evaluated in procedures with a higher perioperative
blood loss (Paper 6).6

e Inasingle centre RCT the administration of combined IV and intra-
articular (IA) administration of tranexamic acid in TKA, without the use of
a tourniquet, decreased 24 and 48 h calculated total blood loss by
approximately 37% compared to IV TXA + IA placebo (Paper 7).7

e Although the postoperative Hb concentration was statistically associated
with objective measures of early postoperative recovery, no clinical
significant effects of moderate postoperative anemia was identified after
fast-track THA. However, functional impairment in more severely anemic

patients could not be evaluated (Paper 8).8

8.2 General conclusions and future research implications

The present narrative review and associated original studies sought to provide
an overview of specific aspects of PBM relevant to elective THA and TKA with a
focus on fast-track surgery. Thus, the following conclusions are presented
grouped according to the three pillars in PBM. In addition, suggestions for future
research topics in relation to PBM in elective arthroplasty are presented in the
text and in Table 3.

In the first pillar of PBM (optimizing hematopoiesis), preoperative anemia
remains of considerable concern. Despite published algorithms, guidelines and
demonstrated benefits regarding decreased transfusion rates and postoperative
morbidity, implementation of preoperative anemia management (PAM) seems to
be lacking in many orthopedic departments. This is also the case in most Danish
departments performing elective THA and TKA. However, several aspects of
PAM need to be studied further. It is straightforward that patients with iron
deficiency should be managed with iron therapy. However, other- or mixed
forms of anemia may not respond to iron alone: Although ESA’s are proposed in
this setting in some guidelines and countries, the role of ESA’s to correct anemia

in these patients, including patient selection and safety issues, needs further
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clarification. Furthermore, the longstanding WHO cut-off for preoperative
anemia has been debated in recent literature with the proposal of a preoperative
Hb target of > 13 g/dl in both male and females. Although females with a Hb
between 12 and 13 g/dl have a higher risk of transfusion than those with Hb >
13 g/dl, a substantial larger number of patients need preoperative anemia
management with this cut-off. Thus, further research regarding the logistics and
benefits of PAM with a Hb cut-off of 13 g/dl in both genders compared to the
WHO cut-off is needed.

Regarding the second pillar of PBM (minimizing perioperative blood loss), there
is now compelling evidence that TXA significantly reduces blood loss in elective
THA and TKA. Therefore, TXA administration should be standard of care unless
clearly contraindicated. However, there is still no clear gold-standard in
THA/TKA regarding TXA dosing, timing and routes of administration. However,
combined IV and topical administration seems to provide additional blood loss
reduction compared to IV administration alone. Alternative antifibrinolytics such
Epsilon aminocaproic acid (EACA) may also be beneficial but the available
literature in THA/TKA is sparse and further evaluation of the efficacy and safety
as compared to TXA is needed. In addition, other pharmacological agents such as
low dose epinephrine and topical hemostatic agents may further reduce blood
loss as an adjuvant to TXA in some patients, especially when larger blood loss is
expected. However, issues such as optimal patient selection, duration and timing
of administration and safety issues have not yet been elucidated.

Cell salvage and autologous reinfusion drains, have been, and are still being used
in elective primary THA/TKA in some centres. However, recent evidence
questions the efficacy of these measures when other PBM measures to reduce
blood loss and transfusion have been implemented. Thus, cell salvage and
postoperative autologous reinfusion drains should probably be reserved for
cases with larger blood loss, such as some types of revision surgery, or cases
where antifibrinolytics such as TXA are contraindicated. Furthermore, the
routine use of low-vacuum postoperative drains is questionable and may
increase total blood loss.

The third PBM pillar concerns a rational approach to postoperative anemia

management including transfusion practice based on the implementation of
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evidence based transfusion triggers. In most centres, transfusion rates in THA
and TKA have decreased dramatically during the last 10 years. In the same time
period, several high quality large RCT’s have been published with the vast
majority demonstrating the safety of a restrictive transfusion threshold.
Although, none of the high quality RCT’s have been conducted in elective
arthroplasty and the available RCT’s in THA/TKA unfortunately have
considerable methodological flaws, a restrictive transfusion threshold of 7-8 g/dl
seems safe in the majority of elective THA/TKA patients. However, evidence is
still lacking on how to manage anemia in high-risk THA/TKA patients, such as
the very elderly or frail, or patients with a high co-morbidity burden.
Furthermore, early functional recovery after THA/TKA, which is important and
one of the primary goals within a fast-track context, may not be impaired by
moderate postoperative anemia in most patients. However, this needs further
research in high-risk patients, or patients with more severe anemia or a higher
relative blood loss, than those included in the available studies. Also, more
studies evaluating the consequences of postoperative anemia should be carried
out in the context of highly standardized perioperative care regimens with a
short LOS, which was not the case in the majority of studies. Finally, there is a
need for studies evaluating postoperative anemia management by other means
than RBC transfusion in patients where pre- and intraoperative measures have
failed or were insufficient to ensure sufficient red cell mass. Such interventions
could include postoperative IV iron or ESA therapy, which may improve Hb

recovery and outcome but are only sparsely studied in the postoperative setting.

9. Methodological considerations

The 8 included studies in this thesis consist of 5 epidemiological studies, 1
prospective observational clinical study and 2 double-blinded randomized
controlled trials (RCT’s). These represents various methodological research
approaches and spans the evidence ladder from a case-series analysis (Level 4)
to up to the 2 RCT’s considered to have a low risk of bias (Level 1b). The
included epidemiological studies were based on several clinical databases, which
were cross-linked on an individual level. Thus, The Danish National Patient

Registry (DNPR) formed the basis for 4 of the 5 epidemiological studies. The
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DNPR was established in 1977 and has provided clinical and administrative data
for all patients discharged from all Danish hospitals since 2007.252 [t has a high
validity regarding registration of surgical procedures, but diagnosis of various
diseases may be less valid.2>3 Therefore, patient demographics, preoperative Hb
and existing co-morbidity were registered using a preoperative questionnaire
for all patients scheduled for surgery in the participating fast-track
departments.?28 Hospital readmissions following surgery were also identified in
the DNPR but to increase validity, all were crosschecked using electronic
discharge summaries or individual patient charts. Although various multivariate
methods to adjust for confounders were used in the included epidemiological
studies, these may still suffer from residual confounding as is true of the vast
majority of the published literature regarding the impact of anemia and
transfusion in THA and TKA. Both of the included RCT’s were monitored by the
local Good clinical Practice (GCP) committee and reported according to the
CONSORT statement.

For specific strengths and limitations of each study, the reader is kindly referred

to the individual publications.
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10. Summary

Total hip- (THA) and knee arthroplasty (TKA) for the treatment of osteoarthritis
are two of the most common major elective procedures performed in developed
countries with numbers expected to increase due to an increased elderly
population. The implementation of fast-track THA/TKA protocols with a
multimodal evidence based approach, including early ambulation and discharge
has improved patient outcome and decreased length of stay. However THA/TKA
is complicated by blood loss, perioperative anemia and the need for transfusion
in some patients. Patient Blood Management (PBM) is a concept to improve
patient outcome using a 3-pillar strategy aiming to optimize haematopoiesis
(pillar-1), reduce blood loss (Pillar-2) and rationally manage perioperative

anemia harnessing the individuals tolerance of anemia (pillar-3).

This thesis consists of 8 original papers and a narrative review and aims to
evaluate aspects from all 3 PBM pillars in the context of fast-track THA/TKA in
Denmark. The main findings from the included papers were: Preoperative
anemia (PA) was prevalent (13%) among Danish fast-track THA/TKA patients
and was independently associated with increased risk of transfusion and
readmission (Paper 1) but not associated with an increased risk of cancer 1 year
following surgery (Paper 2). Iron deficiency was found to be the major cause of
preoperative anemia (Paper 3). In 2008 the Danish nationwide red cell
transfusion rate in elective THA was 24% but with a very high variation (7% -
71%) between surgical centres (Paper 4). Postoperative mortalities in
transfused THA patients were related to severe blood loss and acute anemia
rather than possible complications to RBC transfusion (Paper 5). Intraoperative
low-dose epinephrine infusion decreased total 24 h calculated blood loss but not
intraoperative blood loss in fast-track THA (Paper 6). In TKA without the use of
a tourniquet, combined administration of intra-articular and intravenous (IV)
tranexamic acid (TXA) reduced total calculated blood loss by 37% compared to
[V TXA alone (Paper 7). Moderate postoperative anemia had only very limited
negative impact on early functional recovery in fast-track THA (Paper 8).

From the narrative review it was concluded that preoperative anemia is common

in THA/TKA, is associated with increased transfusion risk and postoperative
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morbidity and that PA can effectively be managed by IV-iron in the majority of
patients while erythropoietin stimulating agents are also effective but is usually
reserved for select cases. The administration of antifibrinolytics such as
tranexamic acid (TXA) has proven to be highly effective in reducing blood loss
and transfusion rates in THA/TKA. Although combined topical and systemic
administration may be most effective, consensus regarding the optimal dosage,
timing and route of administration is still lacking. Other antifibrinolytics or the
use administration of low dose epinephrine may also reduce blood loss but
needs further evaluation. The overall transfusion rate in THA/TKA has been
reduced dramatically to single digit percentages during the last 15 years in most
countries but with a remaining high inter centre variation. Restrictive
transfusion triggers seem safe in most THA/TKA patients and have been adopted
by many centres, but the evidence for the optimal transfusion trigger in
THA/TKA is mainly derived from large scale RCT’s conducted in other patient
populations. Thus there is still uncertainty regarding the optimal transfusion
trigger in the most frail and elderly patients undergoing THA/TKA. It has also
been debated if postoperative anemia impedes functional recovery and early
ambulation, which is a corner stone in fast-track protocols. The available
evidence is sparse but points to very limited impact of moderate postoperative
anemia on functional recovery. However, data from frail patients and patients
with more severe anemia are lacking.

To improve the available evidence, it is suggested that PBM research efforts in
THA/TKA should generally focus on high-risk and frail patients. Other issues
such as the optimal Hb threshold for preoperative anemia management, the use
of combined systemic and topical antifibrinolytics or other adjuvants to reduce
blood loss, and the potential for postoperative Hb optimization also warrant

further research.
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11. Resumé (Danish summary)

Total hofte (THA) og kneealloplastik (TKA) til behandling af slidgigt er to af de
hyppigst udferte kirurgiske procedurer i den vestlige verden med en forventet
betydelig ggning i antallet af indgreb pga. et stigende antal zldre i samfundet.
Implementeringen af fast-track THA/TKA protokoller baseret pa flere
multimodale evidensbaserede interventioner, herunder tidlig mobilisering og
udskrivelse har fgrt til en betydelig reduktion i liggetid samt bedring i patient
outcome. THA/TKA er dog forbundet med blodtab, perioperativ anzemi og behov
for blodtransfusion hos nogle patienter. Patient Blood Management (PBM)
adresserer disse problemstillinger gennem en multimodal strategi baseret pa 3
sgjler der sgger at optimere hamatopoiesen (sgjle 1), minimere perioperativt
blodtab (sgjle 2) og indfgre en rationel handtering af perioperativ anaemi (sgjle
3).

Denne afhandling bestar af 8 publicerede originalarbejder samt et narrativt
review og har til formal at afdeekke aspekter fra alle 3 PBM sgjler indenfor fast-
track THA og TKA i Danmark. Hovedfundende i de inkluderede arbejder var:
Praeoperativ anami (PA) var hyppigt forekommende (13%) hos danske fast-
track THA/TKA patienter og var associeret med gget risiko for blodtransfusion
og genindlaeggelse (studie 1) men var ikke associeret med signifikant gget
cancerrisiko 1 ar efter kirurgi (studie 2). Jernmangel var den hyppigste arsag til
praeoperativ anaemi (studie 3). 12008 var den samlede transfusionsrate ved THA
i Danmark 24% men med en udtalt variation (7% - 71%) mellem kirurgiske
afdelinger (studie 4). Postoperativ 90 dages mortalitet blandt transfunderede
THA patienter var relateret til alvorligt blodtab og akut anaemi i hgjere grad end
til mulige transfusionskomplikationer (Studie 5). Intraoperativt administreret
lavdosis adrenalininfusion reducerede 24 timer totalt beregnet blodtab men ikke
intraoperativt blodtab i fast-trak THA (Studie 6). Ved TKA reducerede
kombineret intraartikuleert og intravengst (IV) administreret tranexamsyre
(TXA) det totale beregnede blodtab med 37% sammenlignet med IV
administration af TXA alene (Studie 7). Moderat postoperativ anami havde kun
en begraenset og klinisk insignifikant betydning for tidlige postoperative

funktionelle endemal hos fast-track THA patienter (studie 8).
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Fra det narrative review kan det konkluderes at praoperativ anaemi er hyppigt
forekommende ved THA/TKA, er associeret med gget transfusionsrisiko og
postoperativ morbiditet og at PA kan behandles med IV-jern hos stgrstedelen af
patienterne. Erythropoetin stimulerende stoffer er ogsa effektive til at
normalisere praeoperativ Hb men brugen er kun udbredt i nogle lande og
begraenset til selekterede patienter. Antifibrinolytika sa som TXA har vist sig
hgjeffektive til at reducere blodtabet og transfusionsbehovet ved THA/TKA.
Selvom kombineret lokal og systemisk administration af TXA ser ud til at vaere
mest effektivt, er det endnu ikke konsensus om den optimale dosis, timing og
administrationsmade for TXA. Andre antifibrinolytika, samt administration af
lavdosis adrenalin, reducerer ogsa blodtab men der er behov for flere
hgjkvalitetsstudier vedr. effekt, sikkerhed og optimal patientselektion. Den
samlede transfusionsrate for THA/TKA er blevet reduceret dramatisk over de
sidste 15 ar i til under 10% i mange lande men der er forstsat en meget hgj
variation mellem de enkelte kirurgiske afdelinger. En af arsagerne til
reduktionen i transfusionsrater er implementeringen af restriktive
transfusionsgreenser i mange afdelinger. Selvom en restriktiv
transfusionsstrategi ser ud til at veere sikker hos de fleste patienter, er det meste
evidens baseret pa store randomiserede studier udfgrt i andre
patientpopulationer end THA/TKA. Der er iszer usikkerhed omkring den
optimale transfusionsstrategi hos de meste syge, sldre og skrgbelige patienter
der far foretaget THA/TKA. Det har vaeret debatteret hvorvidt postoperativ
anzemi heemmer evnen til tidlig mobilisering og genvindelse af fysisk
funktionsevne, hvilket er essentielle elementer i fast-track protokoller. Den
nuvaerende evidens er sparsom og tyder pa moderat postoperativ anami har en
meget begraenset indvirkning pa tidlige funktionelle endemal, men der mangler
data fra skrgbelige patienter og patienter med mere udtalt ansemi.

For at gge kvaliteten af den foreliggende evidens foreslas det at fremtidig PBM
forskning inden for THA/TKA generelt fokuserer pa hgjrisiko patienter sa som
de aldste og skrgbelige der gennemgar THA/TKA. Andre omrader der bgr
belyses yderligere er: Den optimale Hb graense for preeoperativ

anaemibehandling, brugen af kombineret topikal / systemisk antifibrinolytika
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eller anden adjuverende behandling til at reducere blodtabet samt potentialet

for postoperativ Hb optimering med jernbehandling og andre farmaka.
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