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ABSTRACT
A perioperative patient blood management (PBM) 
educational intervention was implemented for first year 
postgraduate doctors (interns) at the Royal Brisbane 
and Women’s Hospital (RBWH) following identification of 
a perioperative PBM training requirement. This quality 
improvement activity evaluated the effectiveness of this 
educational intervention in improving intern knowledge of 
perioperative PBM principles.
A 15- question perioperative PBM focused multiple choice 
questionnaire developed from information attained from 
comprehensive, evidence and consensus- based guidelines 
regarding PBM practice was distributed to interns 
immediately before a compulsory perioperative PBM 
educational intervention and then again 5 weeks later. The 
perioperative PBM educational intervention was delivered 
every 10 weeks (five interventions in total) to a different 
group of interns each time. Statistical analysis determined 
significance between mean questionnaire score before and 
after the intervention.
The mean pre- intervention score for correctly answered 
questions was 7/15 (SD 2.73) and mean post- intervention 
score was 9/15 (SD 2.99) (p=0.02). Categorisation 
of questions into core domains of perioperative PBM 
demonstrated intern scores for correctly answered 
questions improved in all domains following the 
educational intervention.
Perioperative PBM education delivered through a 
dedicated intervention aimed to improve knowledge is 
associated with objective evidence of educational benefits 
for interns at RBWH. It is an effective strategy to enact 
PBM governance and bestow clinical guideline knowledge. 
This is important given the global health sector’s challenge 
to improve patient outcomes despite increasingly 
restricted funding and pressure on doctors to devote more 
time to service and less to teaching.

PROBLEM
Transfusion of blood and blood products 
affords lifesaving therapy. However, the 
practice is costly, blood is scarce and accu-
mulating evidence has identified a strong 
association between blood transfusion and 
patient morbidity and mortality.1–4 Re- eval-
uation has prompted a shift in the para-
digm of transfusion medicine from conven-
tional product- focused to patient- focused 

transfusion medicine referred to as patient 
blood management (PBM).3 5 PBM is the 
timely application of evidence- based medical 
and surgical concepts to optimise patient 
care through management of a patients’ own 
blood by means of safe and judicious use of 
blood products and assessment and devel-
opment of pre- emptive management plans.6 
PBM is most effective when implementation 
encompasses multiple interventions designed 
to address the three principles, commonly 
referred to as the three pillars, of PBM.7 
These pillars are; (1) optimise patient red 
blood cell mass and coagulation status, (2) 
minimise perioperative blood loss and (3) 
enhance patient tolerance of anaemia.6

In Australia the National Blood Authority 
(NBA) and National Safety and Quality 
Health Service (NSQHS) provides compre-
hensive, evidence and consensus- based 
guidance regarding PBM practice and gover-
nance.6 8 Despite strong evidence and clin-
ical guidelines, a knowledge deficit of basic 
perioperative PBM principles among first year 
postgraduate doctors (interns) at the Royal 
Brisbane and Women’s Hospital (RBWH) 
was recognised. This finding expedited an 
urgent need for a perioperative PBM educa-
tional intervention. The aim of this quality 
improvement (QI) activity was to evaluate the 
effectiveness of the perioperative PBM educa-
tional intervention, developed by staff of the 
Department of Anaesthesia and Periopera-
tive Medicine at RBWH, in improving intern 
knowledge of perioperative PBM principles.

BACKGROUND
Blood transfusion medicine is a component 
of Australian medical schools’ curriculum. 
However, there is no national, standard-
ised curriculum in transfusion medicine for 
medical students or interns.7 9 The content 
and format of transfusion medicine teaching 
varies greatly between medical schools and 
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hospitals, and so too does transfusion medicine knowl-
edge among interns.7 9 Consequently, interns must learn 
principles of transfusion medicine as they concurrently 
care for patients with blood product needs. This can lead 
to inappropriate utilisation of blood products, increasing 
the risk of adverse events to patients. This deficit in 
transfusion medicine education and intern knowledge 
is not endemic to Australia. Globally, there is a need 
for healthcare institutions to develop PBM education 
programmes.9–11

Medical education interventions are common methods 
to introduce new topics or review difficult topics for 
interns. A multitude of interventions employed in the 
postgraduate medical setting, ranging from lectures to 
simulation sessions, have been successful in improving 
knowledge retention.12 However, there is paucity of high- 
level research evaluating the effectiveness of strategies 
to enhance knowledge of perioperative PBM principles 
among interns. Furthermore, validated questionnaires 
evaluating knowledge of transfusion medicine exist, 
however as far as we know there is no validated tool to 
assess the broad spectrum of PBM- specific content.13 
Provision of knowledge and skills through continuous 
professional development tutorials is an important stra-
tegic instrument to enhance medical competence as well 
as recruit, motivate and retain high- quality staff.

Clinical leaders and senior managers at RBWH, deter-
mined to promote best practice in relation to prescrip-
tion, management and administration of blood and blood 
products in accordance with current evidence- based 
standards, developed a perioperative PBM educational 
intervention designed to enhance intern knowledge of 
perioperative PBM principles. To our knowledge, this 
study is the first in Australia to evaluate change in intern 
perioperative PBM knowledge using pre- intervention and 
post- intervention questionnaire scores.

MEASUREMENT
We determined change in intern perioperative PBM 
knowledge by comparing pre- intervention and post- 
intervention questionnaire scores. The questionnaire 
was composed of 15 multiple choice questions (see 
online supplemental materials 1 and 2) formulated by 
members of the perioperative PBM group at RBWH using 

information attained from NBA’s PBM guidelines and 
NSQHS Chapter 7: Blood and blood products. The ques-
tionnaire was reviewed by staff of the RBWH Anaesthesia 
and Perioperative Medicine Department who were not 
involved in development of the questionnaire to identify 
ambiguous or misleading questions and eliminate unnec-
essary questions as well as ensure the questionnaire was of 
reasonable length. The questionnaire was modified based 
on this feedback before being administered to the study 
population.

DESIGN
This QI activity was undertaken at the RBWH in Bris-
bane, Australia between February 2018 and December 
2018. RBWH is a tertiary level hospital and part of the 
Metro North Hospital and Health Service in Queensland, 
Australia. It is the largest teaching and research hospital 
in Queensland. RBWH recruits the largest number of 
interns in the state from a number of different univer-
sities, making it an ideal cohort to attain a study popula-
tion.

The educational intervention was collaboratively deliv-
ered, in 50 min, by a preoperative anaemia Clinical Nurse 
Consultant, blood transfusion Clinical Nurse Consultant, 
Haematology Physician and Anaesthetist. The interven-
tion was delivered every 10 weeks (five interventions in 
total) to a different group of interns within a dedicated 
education room at the hospital (figure 1). The same staff 
members facilitated each educational intervention. The 
intervention included education on the following topics; 
PBM definition and the importance of PBM to patient 
care, NBA perioperative module, the three pillars of 
PBM management and how the pillars can be applied to 
a surgical patient, perioperative anaemia identification 
and management, the morbidity and mortality associated 
with preoperative anaemia and red blood cell (RBC) 
transfusion, interpretation of blood pathology results, 
prescription and management of iron infusions, safe 
blood transfusion practice including correct prescribing 
and local hospital policies relating to blood management. 
Multiple iron deficiency and anaemia case studies and a 
single case study detailing a surgical patients’ perioper-
ative journey was also discussed within the educational 
intervention. Time was allowed for questions and open 

Figure 1 Timeline of quality improvement intervention depicting timing of pre- PBM educational intervention questionnaire 
and post- PBM educational intervention questionnaire as well as the number of participants who completed each questionnaire 
according to group and pre- intervention and post- intervention status.
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discussion. PowerPoint presentations and hard- copy 
handouts facilitated content delivery during these tuto-
rials. Interns who attended the tutorial were also emailed 
soft copies of the presented material for their own review. 
RBWH staff from the Department of Medical Education 
used a QR code scanner with export to Excel to track 
intern attendance at each tutorial.

STRATEGY
The questionnaire was distributed face- to- face in paper 
format to interns pre- intervention. The questionnaire 
was subsequently redistributed face- to- face 5 weeks later 
in paper format among the same interns for completion 
(figure 1). The data collected was anonymised after each 
test period which meant an individual’s score could not 

be tracked from pre- intervention to post- intervention. 
The data was entered into an Excel spread sheet and 
then analysed once all questionnaire responses recorded. 
Questionnaires were completed under supervision of 
PBM facilitators to ensure sharing of information or 
answers did not occur during completion of the question-
naire.

RESULTS
The results presented have been pooled across the five 
groups of interns as variance was assumed to be similar 
in each group. The number of questions answered 
correctly increased from 46.6% pre- intervention to 60% 
post- intervention (p=0.02). Paired t- test determined 
statistical significance which was set at a value of p<0.05. 
Figure 2 illustrates the percentage of correct answers to 
the 15 questions asked in the pre- intervention and post- 
intervention questionnaires categorised into general 
knowledge and the three pillars of PBM. Table 1 also 
demonstrates the percentage of correct answers within 
each domain, also with tests of significance comparing 
scores pre- intervention and post- intervention calculated 
as χ2. Statistical significance was set at a value of p<0.05. 
The intention of this type of statistical analysis was to 
identify domains where interns were stronger or had 
better knowledge retention. The domain with the highest 
score for correctly answered questions pre- intervention 
and post- intervention was general knowledge. We saw an 
increase in correctly answered questions in all domains; 
general knowledge (59%–71%, p=0.02), pillar 1 (32%–
39%, p>0.05), pillar 2 (42%–49%, p>0.05) and pillar 3 
(51%–67%, p=0.02).

LESSONS AND LIMITATIONS
A limitation of this study design was related to the sample 
size, which was largely dictated by the attendance rates 
to the educational intervention sessions which in turn 
represented varied questionnaire response rates per 
phase of the study. The interns were asked to complete 

Figure 2 Graphical representation of correctly answered 
pre- intervention (clear boxes, n=46) and post- intervention 
(lined boxes, n=29) questions (%) according to the following 
knowledge areas; general knowledge and the three pillars of 
patient blood management; (1) optimise patient red blood 
cell mass and coagulation status, (2) minimise perioperative 
blood loss and (3) enhance patient tolerance of anaemia. P 
values indicate significance between pre- intervention and 
post- intervention scores.

Table 1 Demonstrates mean questionnaire score, from a total score of 15, both pre- intervention (n=46) and post- intervention 
(n=29) (SD) as well as the per cent of correctly answered questions pre- intervention and post- intervention categorised into 
knowledge domains. P values indicate significance between pre- intervention and post- intervention questionnaire scores

Mean pre- PBM educational intervention and post- PBM educational intervention score

  Pre- PBM (n=46) Post- PBM (n=29) P value

Score (SD) 7 (2.73) 9 (2.99) p=<0.05

Correctly answered questions pre- PBM educational intervention and post- PBM educational intervention categorised 
into domains of general knowledge and the three pillars of PBM

  Total no. of questions Pre- PBM (n=46) Post- PBM (n=29) P value

General knowledge 5 73% 89% P≤0.05

Pillar 1 4 32% 39% P≥0.05

Pillar 2 3 42% 49% P≥0.05

Pillar 3 3 51% 67% P≤0.05

PBM, patient blood management.
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the post- intervention questionnaire only if they answered 
affirmatively to have attended the initial educational 
intervention. However, we cannot confirm the same as we 
anonymised the interns after receiving pre- intervention 
questionnaire scores. Although a limitation, this is repre-
sentative of the expected reality of the delivery of this type 
of intervention as not all individuals will necessarily be 
able to attend the sessions.

Knowledge changes in a control group who did not 
receive PBM education was not assessed. Differences in 
knowledge between interns who did and did not receive 
the educational intervention would provide insight 
into the knowledge of senior doctors’ transfusion prac-
tices who bestow knowledge on interns through cascade 
learning. Conversely, this knowledge attained though 
clinical experience and teaching is a confounding factor 
in the outcome of this QI activity.

Generalisability of findings is limited as interven-
tion was undertaken at a single site. Although PBM has 
been implemented nationally in Australia, delivery of 
PBM education across the eight different state- based or 
territory- based healthcare systems in Australia not only 
varies between the states and territories but also hospital 
to hospital.9 14–16 It is important that an effective educa-
tional intervention and validated questionnaire is devel-
oped to ensure doctors receive adequate education and 
training to support safe and appropriate PBM regard-
less of their hospital location or role within the hospital. 
Future studies should focus on validation of one unique 
multiple- choice questionnaire based on expert opinion 
applying questionnaire design methodology.

CONCLUSION
In recognition of transfusion- associated patient morbidity 
and mortality and decreasing availability of donor blood 
many hospitals have developed and promulgated blood 
transfusion programmes and guidelines to support clini-
cians to provide optimal PBM therapies.9 14–16 Recognition 
of the effectiveness of a perioperative PBM educational 
intervention delivered through expert- led, relevant and 
timely teaching to interns to enact PBM governance and 
bestow clinical guideline knowledge is important. The 
impact of a successful intervention improves the quality 
and safety of patient care and attributes social, economic 
and environmental value to the healthcare system.

In a single- hospital- wide intervention to implement 
more restrictive RBC transfusion practices, hospital 
mortality and length of stay reduced, with millions of 
dollars in cost savings.17 These findings correlate with 
a systematic review and meta‐analysis of randomised 
control trials which demonstrated that trials with more 
restrictive transfusion thresholds significantly reduced 
cardiac events, infection, rebleeding and mortality 
compared with trials that used less restrictive transfusion 
thresholds.18 Improved PBM knowledge reduces blood 
transfusions.19 Reduction in blood transfusions will have 

an advantageous environmental impact by reducing 
energy consumption required for product development.

The impact of transfusion medicine and PBM strate-
gies to enhance doctor knowledge has previously been 
investigated. Kotzé and colleagues demonstrated PBM 
educational intervention improved anaemia manage-
ment of surgical patients through reductions in preop-
erative anaemia, blood loss and blood transfusion.19 
Medical students confidence and transfusion medicine 
test scores were significantly greater following an educa-
tional intervention which used an engaging and visually 
stimulating presentation to display high- impact transfu-
sion medicine material, than other students who did not 
receive the presentation.20 Similarly, medical students’ 
transfusion medicine test scores improved significantly 
following a simulation- based education activity designed 
to teach transfusion medicine.21 The results of this QI 
activity indicate a dedicated perioperative PBM educa-
tional intervention is an important strategic instrument 
to enhance medical competence among interns and the 
questionnaire applied is appropriate to assess change 
in level of knowledge. This is significant considering 
the global health sectors challenge to improve patient 
outcomes with increasingly restricted funding and pres-
sure on doctors to devote more time to service and less to 
dedicated teaching. Healthcare providers should support 
and strengthen further activities in PBM. We will recom-
mend to hospital administration the ongoing delivery of 
our education programme to interns and yearly evalua-
tion thereof. Future direction will focus on ensuring this 
attained knowledge is applied to practice.
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Appendix 1: Patient Blood Management Questionnaire for Medical Interns 

 

1. The three pillars of Patient Blood Management (PBM) are: 

A. Optimise red cell mass, minimise blood loss, manage medications 

B. Optimise red cell mass, minimise blood loss, manage anaemia 
C. Minimise blood loss, manage anemia, manage medications 

D. Manage medications, manage anemia, optimise cardiopulmonary function 

E. Minimise blood loss, manage medications, optimise cardiopulmonary function.  
 

 

2. The National Blood Authority (NBA) Australia has developed Patient Blood Management (PBM) 
guidelines. How many modules to assist and guide healthcare professionals have been published? 

A. 2 

B. 4 

C. 6 
D. 8 

E. 10 

 
 

3. Patient Blood Management (PBM) practices should be applied: 

A. Preoperatively  
B. Intraoperatively  

C. Postoperatively  

D. As required 

E. A, B, C 
 

 

4. The World Health Organisation (WHO) classification for anaemia is: 
A. Female: Hb < 8 g/dL, Male < 9 g/dL 

B. Female: Hb < 10 g/dL, Male < 10 g/dL 

C. Female: Hb < 11 g/dL, Male < 12 g/dL 

D. Female: Hb < 12 g/dL, Male < 13 g/dL 
E. Female: Hb < 13 g/dL, Male < 14 g/dL 

 

 
5. Routine preoperative assessment of patients undergoing elective surgery should ideally be 

scheduled a minimum of how many days prior to surgery? 

A. 2 
B. 7 

C. 14 

D. 30 

E. 60 
 

 

6. Preoperative iron therapy should be considered in surgical patients in whom substantial blood loss 
is anticipated with ferritin levels of: 

A. <100 µg/L 

B. <110 µg/L 
C. <120 µg/L 

D. <130 µg/L 

E. <140 µg/L 

 
 

7. Intraoperative measures to minimise blood loss include: 

A. Meticulous hemostasis, avoid coagulopathy, use of cell salvage techniques 
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B. Meticulous hemostasis, avoid coagulopathy, early transfusion of blood products 
C. Meticulous hemostasis, early transfusion of blood products, always cross-match 

preoperatively  

D. Early transfusion of blood products, always cross-match preoperatively, use of cell 

salvage techniques 
E. Meticulous hemostasis, avoid coagulopathy, always cross-match preoperatively  

 

 
8. Initial investigations recommended for preoperative anaemia assessment in surgical patients 

undergoing procedures in which substantial blood loss is anticipated include: 

A. Full Blood Count, iron studies, troponin, renal function 
B. Full Blood Count, ferritin, CRP, troponin, coagulation studies  

C. Full Blood Count, ferritin, CRP, renal function  

D. Full Blood Count, iron studies, CRP, renal function  

E. Full Blood Count, iron studies, coagulation studies 
F. Full Blood Count, B12/folate levels, CRP, coagulation studies 

G. Full Blood Count, B12/folate levels, reticulocyte count, CRP 

H. Full Blood Count only  
 

 

9. Which of the following conditions or interventions do not contribute to reduced blood loss?  
A. Laparoscopic surgery, trauma, cirrhosis 

B. Hypothermia, trauma, cirrhosis  

C. Trauma, robotic surgery, laparoscopic surgery  

D. Robotic surgery, hypothermia, trauma  
E. Cirrhosis, laparoscopic surgery, robotic surgery  

 

 
10. With regards to Haemoglobin (Hb) triggers for perioperative Red Blood Cell (RBC) transfusion, 

which of the following options are correct? 

i. RBC transfusion should not be triggered by Hb alone 

ii. Patients should not receive a transfusion when Hb level is >100 g/L 
iii. Patients with a Hb level of <70 g/L must receive a blood transfusion 

iv. In the absence of acute myocardial or cerebrovascular ischaemia, postoperative 

transfusion may be inappropriate for patients with Hb >80 g/L 
v. In postoperative patients with acute myocardial or cerebrovascular ischaemia and 

a Hb level of 70-100 g/L transfusion of 2 units RBC is appropriate 

 
A. i, ii, iii 

B. i, iii, iv 

C. ii, iii, v 

D. i, ii, iv 
E. ii, iv, v 

 

 
11. What is the expected haemoglobin increase after transfusing 1 unit of red blood cells? 

A. 0.3 g/dL 

B. 0.5 g/dL 
C. 0.7 g/dL 

D. 1.0 g/dL 

E. 2.0 g/dL 

 
 

12. Which of the following are predictors of red blood cell (RBC) transfusion? 

A. Preoperative anaemia, body mass, volume of surgical blood loss 
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B. Preoperative anaemia, body mass, cardiovascular disease  
C. Preoperative anaemia, cardiovascular disease, failure to adopt a more restrictive threshold 

for transfusion  

D. Volume of surgical blood loss, preoperative anaemia, cardiovascular disease 

E. Volume of surgical blood loss, preoperative anaemia, failure to adopt a more restrictive 
threshold for transfusion 

 

 
13. How can red blood cell mass be optimised? Choose all correct options.  

i. Encourage adequate hydration prior to surgery  

ii. Screen for anaemia and manage underlying disorders 
iii. Instruct all patients to take iron supplements 30 days prior to surgery  

iv. Plan surgery when iron and haemoglobin stores are optimal  

v. Consider drug therapy and interactions which increase risk of anaemia  

 
A. i, ii, iv 

B. ii, iii, iv 

C. ii, iv, v 
D. i, iii, v 

E. iii, iv, v 

 
 

14. Postoperative management to increase a patient’s tolerance of anaemia aims to maximise oxygen 

delivery and minimise oxygen consumption. Factors to consider which can increase oxygen 

consumption include: 
A. Hypothermia 

B. Hypotension  

C. Hypoxia 
D. Altered fluid balance  

E. All of the above 

 

 
15. Patient Blood Management (PBM) takes an individualised, multidisciplinary approach to the 

management of a patient’s blood, through assessment and the development of a management plan 

to identify and address comorbidities that might lead to a blood transfusion, minimise blood loss, 
and optimise tolerance of anaemia. All the following are benefits of appropriate PBM 

management EXCEPT: 

A. Shorter patient hospital stays 
B. Reduced postoperative pain  

C. Reduced patient exposure to the potential risks from receiving blood and blood products 

from another person 

D. Faster recovery time  
E. Reduced mortality  
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Appendix 2: Patient Blood Management Questionnaire for Medical Interns Answers  

 

1. B 

2. C 

3. E 

4. D 

5. D 

6. A 

7. A 

8. D 

9. B 

10. D 

11. D 

12. E 

13. C 

14. E 

15. B 
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