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Abstract

Red blood cell (RBC)
transfusion might be life-
saving in settings with acute
blood
uncontrolled haemorrhagic
shock. there
appears to be a catch-22

loss, especially

However,

situation reflected by the
facts that preoperative
anaemia represents an
independent risk factor for
postoperative morbidity and
mortality, and that RBC
transfusion might also
contribute to adverse clinical
outcomes. This dilemma is

further complicated by the

difficulty to define the “best”
transfusion trigger and
strategy. Since one size does
obviously not fit all, a
personalised approach is
merited. Attempts should
thus be made to critically
reflect on the pros and cons
of RBC transfusion in each
individual patient. Patient
blood management concepts
including preoperative,
intraoperative and
postoperative optimisation
strategies involving the
intensive care unit are
warranted and are likely to
provide benefits for the




patients and the healthcare
system. In this context, it is
important to consider that
“simply” increasing the
haemoglobin content, and in
proportion oxygen delivery,
necessarily

a Dbetter

may not
contribute to
outcome but potentially the
contrary in the long term.
The difficulty lies in
identification of the patients
who might eventually profit
from RBC transfusion and to
determine in whom a
transfusion might be
withheld without inducing
harm. More robust clinical
data providing long-term
outcome data are needed to
better understand in which
patients RBC transfusion
might be life-saving vs life-
limiting.

Red is the color in which the
interior of the body is
painted. If an operation be
thought of as a painting in
progress, and blood red the
color on the brush, it must be
suitably restrained and
attract no undue attention;
yet any insufficiency of it will
increase the perishability of
the canvas.

Richard Selzer, Letters to a
Young Doctor

Background

Red Dblood cell (RBC)
transfusion is one of the most

iconic intravenous

treatments in medicine. In
life-threatening conditions of
massive blood loss, state-of-
the-art RBC transfusion
might be the most prominent
option to prevent immediate
death. Based on this
tradition, a healthcare
provider treating an anaemic
surgical or critically ill
patient may consider RBC
transfusion as a life-saving
treatment. Increasing
evidence, however, indicates
that RBC transfusion might
also induce harm in a dose-
dependent manner [1-4].
Therefore, any transfusion
decision presupposes not
only a thorough
consideration of pros and
cons, but also a careful
assessment of potential

alternatives.

Anaemia prevalence in
the general population
and surgical patients

The World Health
Organization defines
anaemia as a decrease of
haemoglobin (Hb)
concentration below 13 g/dl
in men and below 12 g/dl in
women and children older
than 6 years. [5] Anaemia in
the general population is
typically caused by chronic
bleeding, several infectious
and chronic diseases that
depress haematopoiesis like
chronic kidney disease as
well as genetic disorders.
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In the clinical setting, acute
anaemia usually results from
severe bleeding and/or
dilutional effects secondary
to fluid overload. Iron
deficiency, however, is the
main cause for anaemia and
responsible for about 50% of
all cases globally [6]. Iron
deficiency itself is a complex
condition that may result
from an absolute lack of iron,
or from functional iron
deficiencies like reduced
gastrointestinal uptake,
insufficient transport to the
sites of erythropoiesis or
incomplete incorporation

into Hb [7, 8].

It is important to know that
iron deficiency may result
several

from common

conditions like inadequate

dietary uptake (e.g.
vegetarianism/veganism) [9],
increased losses (e.g.

menorrhagia) [10], impaired
iron absorption, as evidenced
in inflammatory bowel
disease [11], or increased
need, as during pregnancy [9,
12]. The
prevalence of anaemia is
33%, with the highest
occurrence in children
than 5 years
47%) and
pregnant women (prevalence
42%). Other groups at high
risk of anaemia are non-

worldwide

younger
(prevalence

pregnant women aged 15-50
(prevalence 30%) or the

elderly (prevalence 24%)
(Fig. 1) [6].

Because anaemia is common
in the general population, it
is also highly relevant in
hospitalised patients. In this
context, a
observational trial in elderly

prospective

patients found that even mild
anaemia (Hb 10-12 g/dl in
females and 10-13 g/dl in
males) was associated with a
significantly higher risk of
hospitalisation (hazard ratio
1.44) and even a significant
increase in mortality [13].
Similar results have been
found in a retrospective
study of 227,425 patients
undergoing non-cardiac
surgery [14]. In this study,
anaemia was independently
associated with increased
morbidity and mortality.
Notably, a metaanalysis
including almost 1 million
surgical patients confirmed
these findings. In the latter
analysis, anaemia was
present in 39% of surgical
patients and was associated
with increased mortality
odds ratio (OR) 2.9), acute
kidney injury (OR 3.75) and
infections (OR 1.93) [15].

In view of the published
literature, anaemia is
common in the general
population and relevant for
patient outcome. In the

hospital, acute anaemia is
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often treated by RBC
transfusions, because it has
been proven to increase Hb
levels in a timely manner.
This therapeutic approach,
however, usually does not

the underlying
that triggered
anaemia and may carry its

address
disease

own risks that have to be
taken into account.

p
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Fig. 1 Prevalence of anaemia. Prevalence of anaemia worldwide and
in patients at high risk. Figure based on [6]

women
15-50 years

elderly

Transfusion in surgery

In the setting of acute
uncontrollable haemorrhage,
RBC transfusion frequently
saves lives [16]. This common
understanding is based on
strong clinical experience,
albeit
evidence, because denying
in a life-

on weak study
transfusions
threatening condition for the
sake of a trial would be
undoubtedly unethical. A
hypothetical experiment
based on a national survey in
the Netherlands suggests
that the risk of maternal
death in obstetric care would
increase 6.5-fold if no RBC

transfusions were available

[17]. Physiological clinical
data also support this line of
thought. In this regard, an
observational study
demonstrated improved

systemic oxygen-carrying

capacity and
microcirculation after RBC
transfusion in cardiac
surgery [18].

However, improved

microcirculation is just one
effect of RBC transfusions
and might be offset by more
subtle sequels like renal
dysfunction [19]. In fact, data
derived from general
surgical populations suggest
significant risks associated

with RBC transfusion [20]. A
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retrospective analysis of
10,100 surgical patients with
severe anaemia (packed cell
volume/haematocrit < 30%)
found an increased risk of
death
intraoperative transfusions
(OR 1.29) as well as more
postoperative complications

associated with

[20]. Concordant results have
been reported in patients
undergoing cardiac surgery
[21], and
recommendations to restrict

resulted in

transfusions in
haemodynamically stable
patients [22].

The evidence generated from
these observational studies
is further supported by the
identification of a
dosedependent detrimental
effect of RBC transfusion in
patients undergoing
coronary artery graft surgery
[3]. Notably, there was no
increased risk of death for
low to moderate infusion of
blood products (<6 units), but
increased mortality
following higher amounts of
RBC transfusion. Similarly, a
recent study has linked RBC
transfusion to pneumonia in
a dose-dependent manner,
thus that

transfusions may impair the

indicating

immune system and/or
damage the lung by fluid

overload [4].

The (potentially deleterious)
effects of RBC transfusion

may depend on the patient
risk profile per se. It seems
plausible that “one size does
not fit all” and that certain
patients might benefit from
a transfusion whereas others
may be harmed. Therefore,
identification of the patients
RBC

vice

profiting from
transfusion—and
versa—seems to be crucial.
Some guidance is provided by
a sub-study of the
Transfusion Requirements
After Cardiac Surgery
(TRACS) study [2]. When
patient outcomes were
analysed separately by age
(younger or older than 60
years) and by liberal (Hb 10
g/dl) versus restrictive (Hb 8
g/dl) transfusion goals, the
authors found no significant
difference for the primary
outcome of 30-day mortality
with
morbidity. However, they

combined severe
reported a higher incidence
of cardiogenic shock in older
patients with a lower Hb
target. This finding is
supported by the recent
meta-analysis of Docherty et
al. [1]. While the pooled risk
ratio in this analysis for the
association between
transfusion thresholds and
30-day mortality increased
non-significantly (1.15; 95%
confidence interval 0.88 to
1.50, p = 0.50), the risk of

acute coronary syndrome in
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patients managed with
restrictive transfusion
threshold increased

significantly (risk ratio 1.78;
95% confidence interval 1.18
t02.70, p=0.01). The authors
concluded that a restrictive
transfusion regimen with an
Hb threshold below 8 g/dl
may not be safe in patients
with
syndrome or

acute coronary
chronic

cardiovascular disease.

Thus, despite controversial
reports in the literature, it
might well be that elderly
patients with cardiovascular
co-morbidities may profit
from a more liberal
transfusion regimen, while
other surgical patients do

not.

Transfusion in critically
ill patients

The landmark study of RBC
transfusions in critically ill
patients was published by
Hébert et al. [23]in 1999. The
study demonstrated better
survival with a restrictive
transfusion strategy (Hb 7-9
g/dl) compared to a liberal
transfusion strategy (Hb 10—
12 g/dl). Patients included in
this study had no substantial
blood loss (as indicated by a
drop in Hb of more than 3 g/
dl or need for 3 units of RBCs
or more within 12 hours
before enrolment). However,
this study was conducted

when leucocyte depletion
was not practised routinely.

Approximately 10 years
later, an analysis of the
observational Sepsis
Occurrence in Acutely Ill
(SOAP) study
different
conclusion for critically ill
patients [24]. The raw data
showed a higher intensive

care unit and hospital

Patients
suggested a

mortality for patients
receiving RBCs. After
multivariate analysis,

however, a higher 30-day
survival was found for those
patients receiving RBCs
during their ICU stay. The
authors hypothesised that
changes in preparation of
RBCs, better
reduction of viral load and
leucodepletion, may be the

namely

cause for their findings that
contrasted with the results
of the Hébert et al. study
(Fig. 2).

In 2014, the Transfusion
Requirements in Septic
Shock (TRISS) trial
rigorously tested the actual
effect of transfusions on
outcome in critically ill
patients [25]. Patients with
septic shock were randomly
assigned to receive
transfusions based either on
a low threshold algorithm
(Hb < 7 g/dl) or a high
threshold algorithm (Hb < 9
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g/dl). Thus, both groups were
treated within the range of
the restrictive strategy used
in the Hébert et al. study.
This approach resulted in a
median transfusion of 1 RBC
unit for the low threshold
group and 4 RBC units for
the high threshold group. The

primary endpoint (i.e. 90-
daymortality) was reached in
43% of the patients with
lower threshold compared to

45% with the higher
threshold (p = 0.44).
Interestingly, the

investigators also found no
difference in the number of

1,54

1,25 v

0,75
0,5

0,25

RR
(Hébert 1999)

HR
RR )
(Vincent
(Holst 2014) 2008)

Fig. 2 Risk of death for liberal vs restrictive transfusion in critically ill
patients. Relative risk of death for patients with a liberal transfusion
regime compared to a restrictive transfusion regime (23.3% vs 17.7%,
RR 1.25) [23] (Hébert 1999). Relative risk of death for patients with a
liberal transfusion regimen (higher Hb threshold, 45%) compared to
a restrictive infusion strategy (lower Hb threshold, 43%) (RR 1.05) [25]
(Holst 2014). Hazard ratio for 30-day survival 0.89 [24] (Vincent 2008).
HR hazard ratio, RR relative risk. Figure based on [23-25]

adverse or ischaemic events.
These
consistent with those of the

results were
prespecified subgroups with
and without chronic
cardiovascular disease, 70
years of age or younger and
patients with a Simplified
Acute Physiology Score
(SAPS) II score below or
above 53 at baseline. These
results suggest that RBC
transfusion might have been
safe in the studied patients.

Conversely, a recent

retrospective analysis
that RBC

transfusions may be an

indicates

independent risk factor in
critically ill children [26].

Based on the vast majority of
the published literature,
restrictive transfusions seem
to be adequate for critically
ill patients [27, 28].
Increasing the dose of RBCs
in the
uncontrollable blood loss

absence of

does not, at least, appear to
improve outcome.
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Management of anaemia
to reduce RBC
transfusions

Transfusion of RBCs is still
a common and effective
measure to treat acute
anaemia. However, evidence
suggests that RBC
transfusion in stable patients
may increase morbidity and
long-term mortality in a
dosedependent manner [1—
3]. Thus, it should be aimed
at avoiding transfusion in
stable (elective surgery)
patients whenever possible.
Such a strategy should be
based on three guiding
first, the
detection and treatment of
preoperative

principles:

anaemia;
second, the reduction of
perioperative blood loss and
blood loss due to diagnostic
procedures in the ICU; and
third, the leverage of
patient-specific physiological
reserves to improve
oxygenation [29].

Before elective procedures,

pre-existing anaemia should
be identified and treated

with nutritional
interventions, iron or
erythropoietin as

appropriate [30, 31].
However, it needs to be taken
into that
erythropoietin may impair

account

disease control in patients
with malignancies and is,
therefore, contraindicated

[30, 32]. Concomitant
medications, family history
and comorbidities should
always be checked carefully
better

identification of the risk for

to allow a

increased blood loss in
surgical patients. Whenever
possible, the patients’
physiologic reserve (e.g.
pulmonary and cardiac
should be

optimised. Minimisation or

function)
even avoidance of
(allogeneic) transfusions
might be achieved by ideal
preparation of the patient.
Such strategies should be
based on the expected
probability of transfusion. In
patients at high risk of
transfusion (= 10%), a careful
evaluation of the patient’s
condition is mandatory 4-8
weeks prior to the procedure
to allow sufficient time for
corrective measures [28, 30,
311.

Preventing, or at least

limiting, intraoperative
blood
whenever possible. In this

loss is crucial
regard, minimally invasive
surgical techniques [33, 34],
the use of haemostatic agents
such as tranexamic acid [35]
and warming systems to
prevent a drop in core body
temperature are useful
measures to effectively
reduce blood loss [36—38]. In
addition, cell salvage and
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reinfusion techniques may
further reduce the need for
allogeneic RBC transfusion
in patients undergoing major
surgery [28].

In the postoperative phase,
an adequate oxygencarrying
capacity of the patient should
be targeted [28].

In parallel, measures
initiated preoperatively like
optimised iron supply may
have to be continued. All
physiological approaches
relevant for surgical patients
are also to be considered for
critically ill patients.
Furthermore, restrictive
transfusion triggers might be
applied [28] and tranexaemic
acid used to limit blood loss

[27].

The beneficial effects of
standardised patient blood
management (PBM) have
been demonstrated in a
recent study in 200 patients
undergoing hip and knee
arthroplasty [39]. In this
context, it has been reported
that a standardised
algorithm for the
management of anaemia
prevented transfusions in
significantly more patients (6
vs 20%, p = 0.003). Although
patients managed by this
algorithm received fewer
transfusions, the
postoperative and discharge
Hb values were higher. In

another multicentre cohort
study including more than
100,000
implementation of a PBM

patients, the

system reduced allogeneic
blood
significantly by 27% and

transfusions

resulted in significant cost
savings [40] (Fig. 3).

Conclusion

Anaemia is a common
phenomenon in the general
population and represents a
relevant risk factor for
increased morbidity and
mortality, especially in
patients undergoing major
surgery [6, 13—15]. The fact
that RBC transfusions may
likewise impair outcome in a
dosedependent manner
results in a dilemma [1-4].
Therefore, clinical strategies
better
identifying patients who are
likely to profit from RBC

transfusion. At the same

should aim at

time, it is of wutmost

importance to identify
patients in whom transfusion
might be futile and especially
those likely to be harmed by
unnecessary transfusions.
Until conclusive evidence is
available, the concept of “less
may be best” or “as much as
needed and as little as
possible” should be applied.
Since there is no doubt that
our own blood is still the best
fluid to have in our veins [41],
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clinical strategies, such as
PBM concepts, should aim at
keeping it there. This

“medical art” might solve the
bloody mess of RBC
transfusion.

Population: Total hip/knee arthroplasty

General hospital population

Parameter: W Patients receiving red blood

cell transfusion

W Patients receiving red blood
cell transfusion
Number of transfusions

Effect size:

Patientblood  Standard care
management

87 84 76

2013 2014 2015

Source: Kopanidis 2016

Fig. 3 Effect sizes of recent patient blood management programmes. Recent publications on the effects of multimodal PBM programmes have
demonstrated substantial reductions in the number of patients receiving RBC transfusions in an RCT and in the number of transfusions utilised at

a hospital. Based on [39] (Kopanidis 2016) and [40] (Mehra 2015)

Mehra 2015
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