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ABSTRACT

Introduction A significant proportion of red blood cell
(RBC) transfusions are administered intraoperatively; yet
there is limited evidence to guide transfusion decisions

in this setting. The objective of this systematic review is
to explore the availability, quality and content of clinical
practice guidelines (CPGs) reporting on the indication for
allogenic RBC transfusion during surgery.

Methods Major electronic databases (MEDLINE, EMBASE
and CINAHL), guideline clearinghouses and Google
Scholar, will be systematically searched from inception

to January 2019 for CPGs pertaining to indications for
intraoperative allogenic RBC transfusion. Characteristics
of eligible guidelines will be reported in a summary table.
The AGREE Il instrument will be used to appraise the
quality of identified guidelines. Recommendations advising
on indications for intraoperative RBC transfusion will be
manually extracted and presented to allow for comparison
of similarities and/or discrepancies in the literature.
Ethics and dissemination The results of this systematic
review will be disseminated through relevant conferences
and peer-reviewed journals.

Trial registration number CRD42018111487

INTRODUCTION

Red blood cell (RBC) transfusions, although
potentially lifesaving, are a costly and limited
resource, associated with possible harm.
Potential adverse outcomes range in severity,
from minor to life-threatening. Relatively
mild reactions include febrile non-haemolytic
transfusion reactions, minor allergic reac-
tions or development of RBC alloantibodies.
RBC alloantibodies can usually be managed
with the provision of antigen negative prod-
ucts.! 2 However, in the case of rare anti-
bodies, development of alloantibodies can
complicate administration of future blood
products.’ Life-threatening transfusion reac-
tions include anaphylaxis, transfusion-related
acute lung injury, bacterial contamination
of blood products resulting in sepsis, acute
haemolytic transfusion reactions and transfu-
sion associated circulatory overload.' * While

Strengths and limitations of this study

» The proposed study is the first systematic review to
identify the availability of practice guidelines advis-
ing on intraoperative red blood cell transfusion.

» A multidisciplinary group of methodological and
content experts are involved in this review.

» The search strategy will be PRESS (Peer Review of
Electronic Search Strategies) reviewed.

» Guidelines in all languages will be considered for
inclusion.

» The Appraisal of Guidelines for Research and
Evaluation Il (AGREE Il) instrument, an internationally
validated tool, will be used to assess the quality of
guidelines by four independent reviewers.

the risk of transfusion transmitted viral infec-
tions has dropped drastically in recent years
and the risk of this occurring is extremely low,
it remains a concern when deciding to trans-
fuse patients.” RBC transfusions may also
cause immunosuppression in the recipient, a
process called ‘transfusion-related immuno-
modulation’ (TRIM).> TRIM provides ratio-
nale for the negative association observed
between RBC transfusion and postoperative
adverse events as well as cancer recurrence
in patients undergoing oncology surgery.*"
At an estimated price tag of US$102-761 per
unit, RBC transfusions are costly.""™"* They
are also in short supply, relying on altruistic
blood donors to ensure inventory stability."” °
Given their associated risk, expense and scar-
city, it is critical they are administered wisely.
There has been significant evolution in our
understanding of humans’ ability to tolerate
anaemia, resulting in a shift in approach to
RBC transfusion prescribing practices from
the ‘10/30° rule (ie, transfusion indicated
below a haemoglobin of 10g/L or haemato-
crit <30%) to the widely accepted transfusion
trigger of 70 g/L in the asymptomatic patient
without significant cardiac comorbidity. This
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change came into effect following reporting of the TRICC
trial and others that have shown the safety of a restric-
tive transfusion threshold.'" Importantly, the findings
of these studies, which have impacted transfusion prac-
tices across a broad spectrum of clinical scenarios, are not
necessarily applicable in the operative setting.

The operative setting presents a unique situation in
which the indications for transfusion commonly reported
in the non-operative patient have limited transferability.
As blood loss, and consequently haemoglobin concentra-
tion can be unpredictable during surgery, haemoglobin
concentrations may drop suddenly, making previous
measurements of haemoglobin concentration invalid.
This limits the feasibility of using specific haemoglobin
levels to guide RBC transfusion administration in surgical
patients.”’ There is some literature to suggest estimated
surgical blood loss can be used to guide transfusion deci-
sions.”** However, there is good evidence to support the
inability of clinicians to accurately predict blood loss.** Tt
is also important to appreciate that not all intraoperative
bleeding is the same, varying from a persistent, slow ooze,
to massive, rapid blood loss from a major vessel. Addition-
ally, reliance on haemodynamics is complex as in addi-
tion to blood loss, it is a reflection of multiple variables,
including but not limited to anaesthetic agents, patient
positioning, presence of pneumoperitoneum and neuro-
logical stimulation.”” In the non-operative setting, acute
blood loss of approximately 20% results in a compensa-
tory tachycardia.*® However, because of the other vari-
ables at play in the anaesthetised patient, tachycardia is
not a reliable marker of blood loss. Another common
recommendation is to monitor for the presence of inad-
equate perfusion and oxygenation of vital organs.” The
ability to monitor for symptoms of decreased end-organ
perfusion such as decreased level of consciousness, chest
pain or abdominal pain is not possible in the unconscious
patient under general anaesthesia. Incorporation of deci-
sion rules specific to surgical patient, such as monitoring
for ST changes, is fundamental to guiding appropriate
RBC transfusion for a patient under general anaesthesia
for surgery.”” Another aspect unique to the unconscious
patient under general anaesthesia, subject to dynamic
changes in haemodynamics for a number of reasons,
is our limited ability to identify transfusion reactions.
Although literature in this area is lacking, it would be
reasonable to hypothesise that transfusion reactions in
the intraoperative setting are underreported. This, in
combination with the evidence that patients who receive
intraoperative transfusions suffer increased short-term
and long-term morbidity, advocates for careful consider-
ation of transfusion administration.” *®

The uncertainty of transfusion indications in this
patient population is demonstrated by the abundance
of literature reporting on the wide variability in trans-
fusion practices but largely reporting overtransfusion of
surgical patients.”™ A recent survey of Canadian liver
surgeons and anaesthesiologists highlights the lack of
consensus between practitioners regarding indications

for transfusion. In response to the question ‘what is the
most important information you use to decide on intra-
operative transfusion,” the majority of anaesthesiologist
selected haemoglobin value (47.2% vs 19% of surgeons;
p<0.05), whereas surgeons selected haemodynamics
(38.4% vs 14% of anaesthesiologist; p>0.05).”* A prospec-
tive observational study of intraoperative transfusion
practices in Europe reported ‘physiologic trigger irre-
spective of haemoglobin’ as the most common indication
for transfusion in a cohort of 5803 patients.”® Despite
a global shift to a more restrictive transfusion strategy,
wide variability in practice patterns in the intraopera-
tive setting exists, and therefore warrants a review of the
recommendations.

A preliminary search reveals guidance pertaining to
RBC transfusion in the intraoperative patient population
is lacking. Recently published guidelines from AABB, a
worldwide leader in producing clinical practice guide-
lines for utilisation of blood components, neglected to
provide recommendations on indications for RBC trans-
fusion in the intraoperative setting likely due to a lack
of evidence on which to base recommendations.™ Guide-
lines endorsed by surgical and anaesthesia societies offer
vague recommendations with limited directives for when
to transfuse, for example, to monitor for blood loss, check
haemoglobin or haematocrit prior to transfusion, adopt
a restrictive transfusion strategy or assess for adequate
perfusion and oxygenation.” ' As alluded to previously,
reliance on these variables is limited in the intraoperative
period. A formal review of the literature to understand
available guidance for intraoperative RBC decisions is
necessary.

In summary, blood transfusions are associated with
possible harm and overtransfusion in the intraoperative
setting is common. Although there is an abundance of
guidance pertaining to indications for RBC transfusion, a
review of guidance dedicated to the intraoperative patient
does not currently exist.

OBJECTIVE

The objective of this systematic review is to explore the
availability, quality and consistency of published guide-
lines reporting on the indication for allogenic RBC
transfusion in the intraoperative setting. We also aim to
summarise the existing recommendations and associated
level of evidence.

METHODS

The Preferred Reporting Items for Systematic Review and
Meta-analysis Protocols (PRISMA-P) checklist guidelines
were referenced for development of this protocol.” ** A
PRISMA-P checklist is available as a online supplementary
document. The protocol was registered with the PROS-
PERO International Prospective Register of Systematic
Reviews on 16 October 2018 (CRD42018111487).
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Any amendments made to the current protocol will be
published using a protocol addendum, accompanied by
the date of and rationale for the reported amendment,
with the final manuscript.

Eligibility criteria

Guidelines reporting on indications for allogenic RBC
transfusion in the intraoperative setting will be consid-
ered for inclusion. Our definition of clinical practice
guidelines is adopted from the Institute of Medicine and
National Guideline Clearinghouse which define them
as recommendations, derived from systematic review of
evidence, from collective opinions of an expert panel,
aimed at healthcare providers intended to improve
patient care.** * An article will be included if it: (1) is
presented as a clinical practice guideline; (2) is based
on a systematic review of evidence; (3) is produced by a
medical association, professional society, public or private
organisation or government agency and not by an individ-
ual(s) not sponsored or supported by the above groups;
(4) includes recommendations for indications for allo-
genic RBC transfusion in patients undergoing general
anaesthesia in an operating room; (5) in any language;
(6) full-text available.

We plan on excluding: (1) documents that do not meet
the definition of a guideline as stated above; (2) guide-
lines pertaining to the perioperative period that do not
make specific recommendations on the intraoperative
setting; (3) previous documents replaced by updated
versions from the same organisation.

Information sources and search strategy

MEDLINE (OVID interface, including In-Process and
Epub Ahead of Print) and EMBASE (OVID interface)
and CINHAL will be systematically searched from incep-
tion to January 2019, through application of a search
strategy developed by a health science librarian with
expertise in systematic reviews. Search terms will include
‘allogenic red blood cell transfusion’, ‘guideline’ and
‘operative’. The search will not be restricted by date,
language or patient population (ie, adult vs paediatric).
A Peer Review of Electronic Search Strategies (PRESS)
will be performed by a second information specialist who
is not associated with the project. A draft search strategy
for Medline can be found in online supplementary
appendix 1 . The following guideline-specific databases
will also be searched: National Institute for Health and
Care Excellence (NICE) (UK), the Canadian Medical
Association Infobase (Canada), the G-I-N International
Guideline Library, the New Zealand Guidelines (NZG)
Group, The WHO and the Scottish Intercollegiate
Guidelines Network (SIGN).**! Google Scholar will be
searched with ‘(intraoperative OR perioperative) AND
(guideline OR consensus OR recommendation OR state-
ment)’ and the first 200 records will be screened. Refer-
ences of identified articles will be reviewed for relevant
guidelines.

Study records
Articles identified through the electronic databases
(MEDLINE and EMBASE) will be imported into Covi-
dence, an online citation manager.52 All titles and
abstracts identified will be independently screened by
two reviewers for relevance and categorised as relevant,
possibly relevant or irrelevant. Articles categorised as
relevant or possibly relevant will be retrieved for further
evaluation. Full texts will also reviewed in duplicate
for eligibility. Google translate will be used to translate
non-English, non-French articles, with the exception of
those written in Chinese.”® Any disagreement regarding
relevancy will be resolved by a senior author, independent
from the reviewers. Reason for study exclusion will be
documented and presented in the PRISMA flow diagram
for study screening (figure 1).

Guidelines identified from the guideline repositories
will be recorded in an Excel spread sheet.

Data items

Data pertaining to the publication details (authors, year
of publication, journal and so on) will be identified. All
relevant recommendations will be extracted from the
guidelines to aid in the determination of population(s)
in which the intraoperative transfusion guidelines pertain
to (type of surgery), patient variables taken into consid-
eration in determining appropriateness for transfusion,
and grading of recommendation if assigned will be
extracted. We will identify whether or not the following
variables are accounted for in identified decision rules
or recommendations: patient comorbidities—specifi-
cally a history of coronary artery disease, haemodynamics
(hypotension, tachycardia or presence of vasopressor
support), estimated blood loss, evidence of cardiac isch-
aemia and evidence of end organ ischaemia in addition
to cardiac. Data extraction forms (DEF) will be developed
and piloted independently by two reviewers on a set of
five randomly selected guidelines. Modifications will be
made to the DEF as necessary. Data will be extracted inde-
pendently by two reviewers, in duplicate.

Outcomes and prioritisation

The objectives are to (1) characterise the clinical prac-
tice guidelines advising on intraoperative RBC utilisation,
(2) appraise their quality and (3) provide a descriptive
summary of the included guidelines.

Characterisation of identified guidelines

A descriptive table of identified guidelines will be
presented. This table will include information publica-
tion information as well as the target patient population
of the guideline.

Guideline quality assessment: AGREE Il

The Appraisal of Guidelines for Research and Evaluation
IT (AGREE II) instrument will be used to assess the quality
of included guidelines.”* The AGREE II instrument is a
validated questionnaire aimed at assessing the method-
ological quality of clinical practice guidelines and has
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Figure 1 Flow diagram of study selection process.

been widely adopted in the scientific literature.”*° Tt is
comprised of 23 questions scored on a seven-point Likert
scale (whereby 7 indicates the highest quality), covering
6 domains, inclusive of scope and purpose of the guide-
lines, stakeholder involvement, rigour of development,
clarity of presentation and editorial independent. There
are two additional questions. The first assesses the overall
quality of the guideline, rated on a seven-point Likert
scale. The final question asks the evaluator whether they
would recommend using this guideline, to which the
assessor responds ‘yes,” ‘yes, with modifications’ or ‘no’.
It is recommended that four assessors complete the
AGREE II to achieve an intraclass correlation coefficient
(ICC) 20.7. Four appraisers will therefore be selected to
complete the online training and independently evaluate

the included guidelines. Once complete, the evaluators
will meet and discuss any scores differing by more than
one point. At that point, evaluators can amend or keep
their original score. Inter-rater reliability will be calcu-
lated using the ICC using SAS.

Domain scores will be reported separately using both
the median and scaled domain scores, as is recom-
mended by the AGREE II consortium. The scaled
domain score will be calculated as follows: (obtained
score-minimal  possible score)/(maximal possible
score-minimal possible score)=__%. The minimum
possible score is calculated as: (number of questions) x
(number of reviewers) x 1. The maximum possible score
is calculated as: (number of questions) x (number of
reviewers) x 7.
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Recommendation synthesis

A descriptive table of included studies will be presented
displaying all recommendations pertaining to indications
for RBC transfusion in the intraoperative period. Recom-
mendations will be compared for consistency and/or
repetition.

Analysis of subgroups or subsets

Guidelines pertaining to indications for blood transfu-
sion in cardiac versus non-cardiac surgery patients will be
grouped and considered separately. In addition, guide-
lines published following publication of the TRICC trial in
May 1997 will be considered separately in our descriptive
analysis.'® The rationale for this being that the prevailing
theme of current practice is a result of this trial.

Dissemination

The results of this review will be submitted for presenta-
tion at national and international meetings and publica-
tion in a peerreviewed journal.

Reporting of review

The findings of this systematic review will be reported
according to the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) statement. The
completed checklist will be provided as supplementary
material.

Confidence in cumulative evidence

The quality of recommendations will be evaluated by using
the systematic and comprehensive approach known as
Grading of Recommendations, Assessment, Development
and Evaluations (GRADE).”” The quality of evidence will
be assessed across the domains of risk of bias, consistency,
directness, precision and publication bias.

Patient and public involvement

This investigation is aligned with research priorities
established by The Canadian Blood Services (CBS), a
not-for-profit charitable organisation, responsible for
managing the Canadian blood supply (with the excep-
tion of Quebec).”® Specifically, they have identified:
(1) promoting appropriate blood product utilisation and
(2) ensuring an adequate blood product supply, as two of
five research priorities. CBS invites public participation in
their biannual board meetings, where a number of issues
are addressed, inclusive of priority research agendas.
Patients or the public were not involved in the devel-
opment of our specific research question or outcome
measures of interests.

DISCUSSION

A significant number of patients receive intraoperative
transfusion. However, there is substantial variation in
transfusion practice and a paucity of guidance available.
Despite the fact that a plea for intraoperative blood trans-
fusion guidelines was made over 20 years ago, widely
adopted recommendations have yet to be developed.” A

systematic review of transfusion guidelines in the intra-
operative setting has not previously been performed.
Although a quality appraisal of RBC and plasma guide-
lines was published in 2018, it did not identify intraop-
erative recommendations.”” Additionally, their search
strategy did not include guideline clearinghouses or the
grey literature.

There are several methodological strengths of our
review; these include multidisciplinary input, a PRESS
reviewed search strategy, review of the grey literature
and application of the AGREE II tool to assess the
quality of identified guidelines by four independent
reviewers.

This systematic review will allow for identification,
appraisal and summary of literature devoted to the guid-
ance of intraoperative allogenic RBC transfusion. The
Perioperative Anesthesia Clinical Trials Group (PACT)
identified transfusion as one of seven themes that has a
significant impact on mortality, reinforcing the impor-
tance of this review.”’ The results of this review will provide
rationale and justification for development of guidance
or the need for prospective evaluation of various intra-
operative transfusion strategies. If evidence-informed
recommendations for the use of intraoperative transfu-
sion can be developed and disseminated the incidence
of overtransfusion may be reduced, ensuring responsible
use of this limited resource and minimising patient expo-
sure to the risks of transfusion.

To achieve this goal will require collaboration between
surgeons, anaesthetists and transfusion specialists. Given
the paucity of high quality data on which to base guide-
lines, this collaboration must first identify areas where
only expert opinion exists and propose methods for
further examination. The input of patients who have
had intraoperative transfusion should be sought to deter-
mine where patient preference may supersede rigorous
adherence to guidelines. Following well planned knowl-
edge translation phase, auditing to monitor compliance
with the guidelines will need to be done. Additionally,
following guideline implementation quality assurance
initiatives with patient centred outcomes will also be
necessary to ensure that the safety and tolerability of
developed guidelines. Thus, it is unlikely that final guide-
line recommendations regarding intraoperative transfu-
sion will be forthcoming in the near future. However,
this review reinforces the urgent need to begin the
undertaking.
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