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TRANSFUSION OF ALLOGENIC packed
red blood cells (RBC) is common in
intensive care units (ICU), but prospective
epidemiological data, both national and
international, are lacking. In one retro-
spective study, more than 70% of patients
with a length of stay in an intensive care
unit of longer than one week received an
RBC transfusion,1 and in a study examin-
ing ICU transfusion practice and mortality
a third of all ICU admissions received an
RBC transfusion.2

Concerns about the rate of inappro-
priate transfusion exist, particularly
g iven  the  recogn i sed  r i sk s  o f
transfusion3 and the decreasing availa-
bility of donor blood.4 Previous studies
of RBC transfusion in Australian hospi-
tals have found rates of inappropriate
transfusion between 16% and 30%.5-7

We conducted a prospective, multi-
centre, observational study to deter-
mine the incidence, indications and
appropriateness of RBC transfusions in
Australasian intensive care practice.

METHODS
1.Methods

Study design

We sent an invitation to participate in
the study to all 35 units affiliated with
the Australian and New Zealand Inten-
sive Care Society Clinical Trials Group.

Institutional ethics committee
approval was either obtained or waived
according to local regulations for audit
procedure. Each participating unit
screened all ICU admissions during
March 2001.

Data were collected on all patients
who received an RBC transfusion dur-
ing their ICU stay. Data collection was
modelled on the Anaemia and Blood
Transfusion in Critical Care Survey.8

For each patient transfused with RBC
during their ICU admission, we col-
lected demographic data, admission
type, diagnostic category, Acute Physi-
ology and Chronic Health Evaluation
(APACHE) II score,9 comorbidities,
and peripheral blood haemoglobin level
at admission. For each transfusion day
(see Box 1), the indication for transfu-
sion, pre-transfusion haemoglobin lev-
els, and number of units transfused
were recorded. Patients were followed
until Day 28 or hospital discharge,
transfer or death if this occurred earlier.
For the complete study period, all
measured haemoglobin levels were
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ABSTRACT

Objective:  To determine the incidence and appropriateness of use of allogenic 
packed red blood cell (RBC) transfusion in Australian and New Zealand intensive 
care practice.

Setting:  Intensive care units of 18 Australian and New Zealand hospitals: March 
2001.

Design:  Prospective, observational, multicentre study.

Methods:  All admissions to participating intensive care units were screened and all 
patients who received a transfusion of RBC were enrolled. The indications for 
transfusion were recorded and compared with Australian National Health and 
Medical Research Council guidelines. Transfusions conforming to these guidelines 
were deemed appropriate.

Main outcome measures:  RBC transfusion in intensive care and transfusion 
appropriateness.

Results:  1808 admissions to intensive care units were screened: 357 (19.8%) 
admissions (350 patients) received an RBC transfusion while in intensive care. 
Overall, 1464 RBC units were administered in intensive care on 576 transfusion 
days. The most common indications for transfusion were acute bleeding (60.1%; 
880/1464) and diminished physiological reserve (28.9%; 423/1464). The rate of 
inappropriate transfusion was 3.0% (44/1464). Diminished physiological reserve 
with haemogloblin level � 100 g/L was the indication in 50% (22/44) of inappropriate 
transfusions; no indication was provided for 31% (15/44).

Conclusion:  The rate of inappropriate transfusion in Australian and New Zealand 
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intensive care units in 2001 was remarkably low.
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recorded and all transfusion episodes,
including those occurring after ICU dis-
charge but within the study period, were
documented. To determine appropri-
ateness, each transfusion episode was
reviewed against the indications of the
National Health and Medical Research
Council (NHMRC) clinical practice
guidelines for appropriate use of red
blood cells (Box 2).10 Documentation
of “diminished physiological reserve” as
the indication for transfusion was
accepted as appropriate if the pre-trans-
fusion haemoglobin level was < 100 g/
L. ICU research coordinators either
transcribed data to a case report form or
entered data directly into an Access 97
database.11 Data were reviewed for
inconsistencies or data entry errors by
one of the authors (C J F). After data
verification, individual hospital data-
bases were combined.

Statistical analysis

Statistical analysis was performed using
Analyse-it.12 Data were tested for nor-
mality using the Kolmogorov–Smirnov
test. For non-normally distributed data,
the Mann–Whitney U test was used for
comparison of continuous variables in
two unrelated groups, the �2 test for
categorical data, and the H test
(Kruskal–Wallis) for continuous varia-
bles in three or more unrelated groups.
Spearman’s rank order coefficient was
calculated to determine correlation
between continuous variables. A P value
of 0.05 or less was considered signifi-
cant.

RESULTS
1.Results

Eighteen (51%) of the 35 ICUs partici-
pated. Sixteen units were in Australia

and two in New Zealand. Fifteen were
metropolitan tertiary referral units, two
were major regional units and one a
metropolitan private unit.

During the study period, there were
1808 ICU admissions and 357 (350
patients) received an RBC transfusion
(19.7% transfusion rate). Mortality for
transfused patients was 17.1% (60/
350). The characteristics of ICU admis-
sions who received an RBC transfusion
are summarised in Box 3. There were

2: Summary of NHMRC guidelines for appropriate use of red blood cells10

The decision to transfuse red blood cells should be based on clinical assessment of the 
patient.

Use of red blood cells is likely to be inappropriate when the haemoglobin level is > 100 g/L, 
unless there are specific indications (Level I evidence). If red blood cells are given at this 
haemoglobin level, reasons should be well documented.

Use of red blood cells may be appropriate when the haemoglobin level is in the range 70–
100 g/L (Level IV evidence). In such cases, the decision to transfuse should be supported by 
the need to relieve clinical signs and symptoms and prevent significant morbidity and mortality.

Use of red blood cells is likely to be appropriate when the haemoglobin level is < 70 g/L (Level 
IV evidence). In some patients who are asymptomatic and/or where specific therapy is 
available, lower threshold levels may be acceptable.

When the haemoglobin level is in the range 70–100 g/L, clinical judgement about the risk of 
transfusion is of great importance. Use of red blood cells may be appropriate (Level IV 
evidence) when:

■ the patient is undergoing an operative procedure associated with major blood loss;

■ there are clinical signs, symptoms or evidence that the patient has associated impairment 
in oxygen transport that may be exacerbated by anaemia;

■ to control anaemia-related symptoms in a patient on a chronic transfusion regimen or during 
marrow suppressive therapy and to maintain the haemoglobin level > 80 g/L.

3: Characteristics of all transfused 
admissions to 18 Australasian 
intensive care units (n=357)

Median (range) patient 
age (years)

68 (18–94)

Median (range) 
APACHE II score

16 (0–48)

Sex (% male) 64.7% (231/357)

Mortality 17.1% (60/350)

Admission type

 Elective surgery 42.3% (151/357)

 Emergency surgery 19.0% (68/357)

 Trauma 13.7% (49/357)

 Medical 25.0% (89/357)

Primary admission category

 Cardiovascular system 36.1% (129/357)

 Respiratory 9.5% (34/357)

 Trauma 11.2% (40/357)

 Gastrointestinal tract 16.8% (60/357)

 Hepatobiliary tract 3.9% (14/357)

 Neurological 6.7% (24/357)

 Other 18.5% (66/357)

Median (range) 
admission haemoglobin 
level (g/L)

98 (44–214)

Median (range) 
pre-transfusion 
haemoglobin level (g/L)

82 (44–187)

Median (range) 
post-transfusion 
haemoglobin level (g/L)

98 (51–165)

Transfusion days with 
post-transfusion 
haemogloblin level 
> 90 g/L

70.8% (428/604)

Red blood cell transfusions 

 1 unit 154

 2 units 278

 3 units 70

 4 units 40

 5 or more units 54

Transfusions in the 24 
hours before admission 
to intensive care unit

37.8% (135/357)

1: Definitions

For this study the following definitions were used.
Anaemia: A haemoglobin level less than 100 g/L.
Transfusion day: A day on which a patient received an RBC transfusion.
Acute blood loss: Blood loss occurring within a 72-hour period that required transfusion or 
produced anaemia.
Altered tissue perfusion: Presence of cardiovascular organ dysfunction requiring intravenous 
inotrope use or elevated plasma lactate level.
Diminished physiological reserve: Transfusion in the absence of altered tissue perfusion or 
acute bleeding where the clinician believes there is benefit from RBC transfusion. In particular, 
the clinician believes that the patient is at high risk of developing clinical signs, symptoms or 
evidence of impaired oxygen transport. This definition was designed for use in the Anaemia 
and Blood Transfusion in Critical Care Survey.8
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663 transfusion days and 1631 units of
RBC were administered. Of the 663
transfusion days, 576 (involving the
administration of 1464 RBC units)
occurred in the ICU. Further RBC
transfusions were received by 15.4%
(54/350) of patients after ICU dis-
charge.

The indications for the transfusions
are presented in Box 4. Acute bleeding
was the indication in more than 60%
(652/985) of transfusions in the first 72
hours of ICU admission, with non-
acute indications accounting for more
than 60% (285/470) of transfusions
after this period (Box 5). In 3% (44/
1464) of transfusions (22 patients), the
indication for RBC did not comply with
the NHMRC guidelines (Box 6). No
admission type was associated with a
higher incidence of inappropriate trans-
fusion (P = 0.5).

Six of the RBC units that were
administered after ICU discharge did
not comply with NHMRC guidelines.
Overall, 3.1% (50/1631) of RBC trans-
fusions to patients admitted to partici-
pating ICUs in March 2001 were
outside NHMRC guidelines.

DISCUSSION
1.Discussion

We found that 19.7% of admissions to
18 self-selected Australian and New
Zealand intensive care units received an
RBC transfusion. There were 44 (3%)
RBC units inappropriately transfused
within the ICU during the study period.
Limited Australian data exist on the
overall proportion of RBC transfusions
that occur in ICUs. In one study, ICU
physicians administered 15% of all pre-
scribed RBC transfusions; only neph-

rology and medical oncology units had
higher rates.7 In 1995, the rate of in-
appropriate RBC transfusion in a large
tertiary institution was found to be
10%.7 That single-centre study evalu-
ated 200 transfusion episodes and 558
units of transfused RBCs in a 60-day
period in 1993 and included both gen-
eral ward and intensive care patients.
More recently, in a retrospective audit,
the rate of inappropriate transfusion in
the same institution was 20%.5 In a
multicentre study in metropolitan Syd-
ney, the rate of inappropriate transfu-
sion was 35%.6 In this latter study, ICU
patients were excluded. Wide variation
in the rate of inappropriate transfusion
therefore appears to exist. As ICUs are
large users of RBC, a high inappropriate
transfusion rate would result in signifi-
cant waste of a scarce resource.

Why then is the rate of inappropriate
transfusion in our ICU patients so low?
Previous studies5-7 examining transfu-
sion practice in Australia were con-
ducted in 1993–1999. There are no
data as to the rate of inappropriate
transfusion in intensive care units in this
period. In a 1998 Canadian survey,13

marked variation in critical care transfu-
sion practice was found, with many
intensivists adhering to a historical
100 g/L threshold. This arbitrary level
was maintained in the belief that

improved oxygen delivery would attenu-
ate organ dysfunction.14 In our study,
however, the median pretransfusion
haemoglobin level was 82 g/L. In a
recent audit of European transfusion
practice in intensive care, the median
pretransfusion haemoglobin level was
also 82 g/L (Professor J L Vincent,
Erasmus University, Brussels, Belgium,
personal communication).

In 1999, the Canadian Clinical Trials
Group reported a multicentre ran-
domised controlled trial evaluating
transfusion requirements in critical care
(TRICC).15 It was the first controlled
study that suggested there is no clinical
benefit in maintaining a haemoglobin
level greater than 100 g/L in critically ill
patients. It is possible that publication
of the TRICC results significantly
affected transfusion practice in Austral-
asian intensive care.

A yet more aggressive indicator of
appropriateness is to compare our prac-
tice with the TRICC restrictive strategy
— a transfusion trigger of 70 g/L, with
the haemoglobin level maintained at
70–90 g/L.15 The implementation of
such a strategy, however, would be con-
troversial. There is concern about criti-
cally ill patients with a cardiovascular

6: Indications for 44 transfusions that were deemed inappropriate

Indication Number (%)
Median (range) pre-transfusion 

haemoglobin level (g/L)

Indication not defined 15 (34%) 109 (100–129)

Diminished physiological reserve* 22 (50%) 103 (100–119)

Altered tissue perfusion* 7 (16%) 103 (103–119)

*For definitions see Box 1.

5: Transfusion indication, by day 
of admission to intensive care 
unit

0

20%

40%

60%

80%

100%

19-2116-1813-1510-127-94-61-3

ICU day

Acute blood loss Other indication

4: Indications for 1464 red blood cell transfusions in 18 Australasian 
intensive care units 

Indication Number (%)
Median (range) pre-transfusion 

haemoglobin level  (g/L)

Acute blood loss* 880 (60.1%) 82 (44–187)

Non-acute bleeding 584 (39.9%)

 Diminished physiological reserve* 423 (28.8%) 79 (54–119)

 Altered tissue perfusion* 77 (5.3%) 82 (44–118)

 Coronary artery disease 8 (0.4%) 81 (78–94)

Indication not defined 80 (5.4%) 90 (53–129)

*For definitions, see Box 1.
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diagnosis.16-18 In our study, in patients
without a diagnosis of cardiovascular
disease who received a transfusion, the
haemoglobin level 24 hours after trans-
fusion was greater than 90 g/L in 70%
(340/469) of transfusion days. If the
target post-transfusion haemoglobin
level had been 90 g/L, then theoretically
the transfusion of about 200 units of
RBCs could have been avoided.

We have demonstrated that, com-
pared with published guidelines, the
rate of inappropriate transfusion in
intensive care admissions is 3%. This
rate of inappropriate transfusion is
markedly lower than previously pub-
lished data for non-critically ill patients.
Despite this, if a more restrictive trans-
fusion strategy for critically ill patients
were implemented in Australia and New
Zealand further significant reductions
in RBC transfusion could be achieved.
Although the reasons for the low inap-
propriate transfusion rate reported here
are uncertain, it is possible that publica-
tion of the TRICC study15 has influ-
enced intensive care practice. Other
groups that prescribe large numbers of
RBC transfusions should be encouraged
to conduct similar studies to provide
Level 1 evidence for transfusion thresh-
olds in their patient populations.

* The ANZICS Clinical Trial Group
Participating centres and investigators: Austin and
Repatriation Medical Centre, VIC: Rinaldo Bellomo,
Donna Goldsmith; Cabrini Medical Centre, VIC: Felicity
Hawker; Royal Canberra Hospital, ACT: Imogen Mitchell,
Joy Whiting; Flinders Medical Centre, SA: Andrew Ber-
sten, Tamara Hunt; Gold Coast Hospital, QLD: Brent
Richards, Mandy Tallot; Hawkes Bay Hospital, New
Zealand: Ross Freebairn; Middlemoore Hospital, New
Zealand: Jane Clarke, Margaret Dewse; Princess Alex-
andra Hospital, QLD: Chris Joyce, Tony Limpus; Royal
Adelaide Hospital, SA: Peter Sharley, Stephanie Creed;
Royal Brisbane Hospital, QLD: Jeff Lipman, Bronwyn
Couchman, Judith Perrott; Royal Hobart Hospital, TAS:
Andrew Turner; Royal Melbourne Hospital, VIC: Megan
Robertson, Cathy Boyce; Royal North Shore Hospital,
NSW: Simon Finfer, Andrew Marich; Royal Perth Hospi-
tal, WA: Geoff Dobb, Teresa Williams; Sir Charles Gaird-
ner Hospital, WA: Mary Pinder, Brigitte Roberts; St
George Hospital, NSW: John Myburgh, Kathyrn Girling;
Western Hospital, VIC: Craig French, Anna Green, Julie
Daniels; Wollongong Hospital, NSW: Sundaram Racha-
konda, EG Simmons.
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