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Drivers of Transfusion Decision Making and Quality of the Evidence in
Orthopedic Surgery: A Systematic Review of the Literature

Paul James Barr, Michael Donnelly, Chris Cardwell, Shama Shams Alam, Kieran Morris,
Mike Parker, and Karen Elizabeth Margaret Bailie

Reasons for variation in transfusion practice in orthope-
dic surgery are not well understood. This systematic
review identified and appraised the quality of the
literature in this area to assess the impact of factors
associated with the use of allogeneic red blood cell (RBC)
transfusion in orthopedic procedures. MEDLINE and
EMBASE databases were searched for relevant English
language publications. Articles containing a range of
MeSH and text terms regarding “blood transfusion,”
“predictors,” and “multiple logistic regression” were
retrieved. Articles that focused on patients undergoing
orthopedic procedures and that met prespecified inclu-
sion criteria were appraised in terms of potential bias and
the appropriateness of statistical approach. A total of
3641 citations were retrieved, and 29 met the inclusion
criteria for the review. Articles reported on a range of
orthopedic procedures including total hip arthroplasty;
total knee arthroplasty, total shoulder arthroplasty, and
spinal surgery. Most studies were conducted in the
United States (n = 12) or Canada (n = 5). Study quality

RTHOPEDIC SURGERY ACCOUNTS for a

considerable amount of red blood cells (RBCs)
transfused.' ™ Variation in the use of RBCs has been
well documented in many specialties,”® including
orthopedics.”!" For example, Murphy et al'’
recently found that RBC use in patients undergoing
primary total hip replacement in the UK ranged from
23% to 58%. Reasons for such variation are unclear
and do not appear to be the result of case mix,
surgical technique, or anesthetic practices.”"'> With
concerns regarding the future supply of RBCs and
transfusion safety, reducing variation in RBC use is
of the utmost importance.
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was moderate; 50% or more of the quality criteria were
assessed in 15 articles. Particular areas of concern were
the lack of prospective studies, lack of clarity in defining
the time interval between risk factor assessment and
transfusion outcome, and lack of model validation. A
narrative synthesis found that 2 factors consistently
influenced the use of RBC transfusion—decreased
hemoglobin (n = 25) and increased patient age
(n = 18). Increased surgical complexity (n = 12), low
body weight (n = 9), presence of additional comorbid-
ities (n = 9), and female sex (n = 7) were also important
factors. The general quality of the studies in the field is
weak. However, low hemoglobin and increasing age
were consistently identified as independent risk factors
for RBC transfusion in orthopedic practice. Additional or
alternative analytical approaches are required to obtain a
more comprehensive, holistic understanding of the
decision to transfuse RBCs to patients undergoing
orthopedic surgery.

© 2011 Elsevier Inc. All rights reserved.

Transfusion guidelines have been produced in an
attempt to standardize RBC use; these tend to set an
upper threshold for hemoglobin of 10 g/dL, above
which transfusion is not indicated, and a lower
hemoglobin threshold of between 6 and 7 g/dL,
below which transfusion is recommended.'*'
However, the evidence base for upper and lower
hemoglobin transfusion thresholds is weak.'> A
review of the literature on transfusion triggers
concluded that the limited evidence available
supported the use of a restrictive transfusion
threshold in patients without cardiac comorbidity.'®
A more recent trial found that there were no
significant differences in postoperative ambulation,
length of hospital stay, or achievement of indepen-
dent ambulation between patients managed using
liberal (10 g/dL) or restrictive (8 g/dL) RBC
transfusion thresholds when undergoing hip frac-
ture repair. Patients in the restrictive transfusion
threshold group experienced significantly more
cardiac events and higher mortality, however, the
authors urged caution in interpretation because the
study was not powered to investigate mortality and
because there were significantly more patients with
an American Association of Anesthesiologists
(ASA) score of 3 in the restrictive group.'’
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Furthermore, evidence to support practice within
the “grey zone” between upper and lower transfu-
sion thresholds where transfusion decisions are
informed by other factors, for example, the
presence of cardiovascular comorbidity or patient
age, is lacking.

Because guideline implementation is highly
dependent on the clinician’s perceptions of the
evidence base for guidelines,'® deficiency in the
evidence base and lack of consensus between
guidelines are likely to contribute to the variation
in practice observed.'’?'

A better understanding of those factors that
influence the need for RBC transfusion may
facilitate better guideline development and transfu-
sion decision making. A systematic review exam-
ined studies of the predictors of RBC transfusion in
any clinical specialty.”® Preoperative anemia, ad-
vanced age, female sex, and small body size were
associated with an increased risk for transfusion.
However, the review did not address the method-
ological quality of the studies included; the
transfusion component considered as the outcome
of interest varied across the studies; and the review
did not discriminate between risk factors established
through descriptive analysis, multiple linear regres-
sion analysis, or multiple logistic regression anal-
ysis. The latter is important because descriptive
analyses do not account for the influence of other
potential confounding factors that may lead to
inaccurate results; multiple linear regressions ex-
amine factors associated with the number of units
transfused, rather than the decision to transfuse
itself, a question that requires the use of multiple
logistic regression. Combining results from these
different types of study is potentially misleading.

The aim of the systematic review reported here
was to address these methodological shortcomings
to provide an improved understanding of the factors
influencing the decision to transfuse allogeneic
RBCs in orthopedic practice.

METHODS
Search Strategy and Data Sources

The population, intervention, comparison, and
outcome™ criteria for the review were as follows:
population of interest, adult patients, defined as 18
years or older, who had undergone an orthopedic
procedure; intervention, allogeneic RBC transfu-
sion in a hospital setting (inpatient/outpatient);
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comparison, patients who did not receive an
allogeneic RBC transfusion; and outcomes, the
patient, disease, and health service setting variables
that may be associated with the use of allogeneic
RBCs, as determined through multiple logistic
regression methods.

Data sources and search terms. The electronic
databases MEDLINE and EMBASE were searched
using terms highlighted in Appendix 1 (available
online). Searches were restricted to studies on
humans, written in the English language, and on
adult populations published between 1950 and
August 2010. The reference sections of studies
selected for full article review were hand searched
for additional studies.

Study eligibility. The inclusion and exclusion
criteria listed in Table 1 were applied. Articles with
titles that appeared to meet the criteria for
relevance, or that were ambiguous, went forward
for abstract review. Articles with abstracts that
appeared to meet the criteria or were ambiguous, or
that had missing abstracts, were reviewed in full. At
full article review, the articles that met the inclusion
criteria were retained, and review data were
extracted. An important inclusion criterion in the
current review was the use of multiple logistic
regression analyses. Multiple logistic regression is a
common statistical method for assessing the
association between a risk factor (eg, age, sex,
hemoglobin) and an outcome (eg, probability of
transfusion), while adjusting for potential con-
founding effects of other covariates. To avoid
including studies that were likely to have produced
a confounded estimate of an association between a
risk factor and RBC transfusion, our review
excluded those studies that did not use multiple
logistic regression analysis.

Data extraction. Articles were reviewed and
data extracted (Table 2) by two members of the
research team (P.B. and K.B.) using a predesigned
form. Where the information available to apply the
inclusion criteria was ambiguous, a final decision
was made by consensus within the study team.

Study Quality and Analysis

Study quality. A plethora of tools designed to
assess study quality and scoring systems to
summarize study quality have been created.>**’
Although there is no “gold standard method” or tool
for assessing study quality,”” two recent systematic
reviews of critical appraisal tools for observational
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Table 1. Inclusion and Exclusion Criteria Used in This Study

Inclusion criteria

Exclusion criteria

Adult humans undergoing an orthopedic procedure.

The decision to prescribe an allogeneic RBC

transfusion occurred within a hospital setting
(inpatient/outpatient).

Multiple logistic regression analysis was used

to determine the influence of the risk factors on

the likelihood of receiving an allogeneic RBC transfusion.
Primary research (the authors have conducted

the study as an original piece of primary research).

Patients under the age of 18 y.

The decision to prescribe an allogeneic RBC transfusion
occurred outside the hospital or orthopedic setting (eg,
general practice, home transfusion, or other specialty).

The RBC transfusion was not allogeneic in nature
(eg, autologous blood use), or if the outcome was a
combination of all blood products transfused.

(such as fresh frozen plasma, platelets and cryoprecipitate).

A multiple logistic regression model was not used to
determine predictors of transfusion.

The outcome of interest was massive transfusion
(eg, predicting the need for 23 units of allogeneic RBCs).

The study was not a primary piece of research; for
example, letters, reviews, or editorials would be excluded.

studies®>*® provide some common themes among
the many critical appraisal tools available. Guided
by these reviews and materials from The Centre for
Review and Dissemination,”’ The Critical Apprais-
al Skills Program,”® the American Heart Associa-
tion scientific statement “Standards for Statistical
Models Used for Public Health Reporting of Health
Outcomes,”” and characteristics directed toward
the statistical quality of the multiple logistic
regression models,***! we selected eight items
with which to assess the quality of the included
studies (Appendix 2, available online). Each item
was assessed as either present (v*) or absent (X).
The higher the number of items assessed as “yes,”
the higher was the assumed quality of the study.

Data Analysis. The key characteristics of the
studies and the quality of the studies were combined
in a narrative summary and tabulated according to
The Centre for Review and Dissemination guide-
lines (Appendices 2—4, available online).”’

Source of Funding

The study was funded by the Research and
Development Office of the Northern Ireland Health
and Social Services.

RESULTS
Studies Selected

A total of 3641 citations were identified by the
search strategy (Fig 1). Of these, 264 abstracts were
reviewed, and 69 met the criteria for full article
review. After a hand search of the reference
sections, a further 44 studies were added for full

article review. To ensure that articles were not
being rejected inappropriately, an abstract check
was conducted on a sample of articles excluded on
the basis of title only, and a full article check was
conducted on a sample of articles excluded at
abstract review. There were no articles that had
their exclusion reversed by this process. A total of
29 studies met the inclusion criteria.”**?% A
description of each study and an assessment of
study quality are provided in Table 2 and Appendix
2 (available online), respectively. Due to the
differences between studies, in terms of the patient
population studied and the risk factors included in
the regression models, (Table 2 and Appendix 3.
available online), a meta-analysis was not consid-
ered to be appropriate. A detailed narrative
summary was the most pragmatic method to
provide a meaningful description and appraisal of
the literature.®%'

Description of Studies

The 29 studies that met the inclusion criteria con-
cerned patients undergoing one of the following ortho-
pedic procedures: total hip arthroplasty (THA) and
total knee arthroplasty (TKA)*S>739434648:53-56.58.
THA alone®**'°%%; hip fracture with surgical
1repair9’3 33832, TKA  alone®®***’; and total
shoulder arthroplasty (TSA) alone,**>’  spinal
surgery,”** and hip, knee, or spinal surgery.’’
Twelve studies were based in the United
States, 34-36:41:42.44.45,47,50,52.57.59 o0 in Cana-
da, 746483354 three in the UK,”*?°° two in

France,**® and one study in each of Ireland,*® Israel,
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Italy,>” Holland,”' Japan,** and Spain.’® One study
was conducted across Ireland and Scotland.*

The median proportion of patients transfused was
24.5% (range, 7.5%-51.9%). The percentage of
transfused patients within each of the categories of
surgical procedure varied: 9.7% to 39.5% (THA/
TKA), 16% to 49.9% (THA alone), 15.8% to
47.6% (THA alone with fracture), 7.5% to 51.9%
(TKA only), 19.6% to 43% (TSA), and 19% to 32%
(spinal surgery). Several studies included patients
who were enrolled in an autologous transfusion
program but who had also received an allogeneic
transfusion,3>-26:41:44:45.47:48.59.62 1) thege cases, the
percentage of patients transfused allogeneic RBCs
was much lower, from as little as 7.5%"*” to 37%.>°

The median age of the patients studied was 67
years (range, 53-83 years), and the median propor-
tion of male patients was 41% (range, 23%-82%).
The youngest patients were those undergoing spinal
surgery, with the oldest being those admitted with
hip fracture. Two of the 4 studies including hip
fracture admissions were restricted to patients of 60
years or older.

The time frame during which factors associated
with transfusion were assessed included the peri-
Operative (Il — 14)9,33,36,4],42,44,46,47,50—53,55,59 and
preoperative (n = 14)323435:37-39:43.45.48.49.54.56-58
periods. The time frame during which trans-
fusion assessment was undertaken also varied:
11 studies identified transfusions occurring
postoperatively,”’=-20-41 4448563839 goyen ysed
the perioperative period,***7#>46-3152:55 and four
included transfusions occurring during the entire
hospitalization.**?**3->* The time frame for

transfusion assessment was not clearly stated in
6 studies,33-39:40:45.47.50

Study Quality

Only 15 of the studies assessed 50%
or more of the predefined study quality
items?32-3437.394349.52:5557-59 (A poendi 2 avail-
able online). Most studies were retrospective case
series, with a relative dearth of prospective studies
(item 3). There was a lack of clarity in defining the
time interval between risk factor assessment and
transfusion outcome (item 5) and limited attempts at
validation of statistical models (item 8).

In the few studies that attempted to validate their
statistical model, the performance of the models in
predicting the need for transfusion was relatively
poor. For example, Feagan et al’® found that their
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model had a poor specificity, 22.8%, which
decreased in the validated model to 21.3%,
although the sensitivity of their model was more
than 90%.

Risk Factors Identified

The studies reported a median of four indepen-
dent risk factors (range, 1-13) that were associated
with the risk of receiving an RBC transfusion. The
reported odds of receiving an RBC transfusion
varied dramatically between studies (Appendix 3,
available online).

Decreasing hemoglobin and older age were the most
common associated factors. Hemoglobin remained in
the final adjusted model in the majority of studies
where it was considered”-??:33:33-40:42-50.52-58
(25/27 studies); age was considered in all but
one of the studies and remained in the final
adjusted model 18 times*36-383942:44-47.49.50.52-55.57-59
(18/28 studies).

Additional factors that were associated with an
increased risk for transfusion were comorbidity
(n = 9/21 studies)**30-3940:46:325457. 15w body
weight (1 = 9/16 studies)!232:39:47:48:53:54.56.59,
increased complexity of surgery (n = 12/23
Studies),37’39"40’42’44'46’48’49’53’55’59 fOI' example,
revision surgery®’2%#4:46:48:53.55. and female sex
(n = 7/27 studies).>**#2:46:47:33:34:59 gpecific comor-
bidities found to increase the risk of receiving a
transfusion, including rheumatoid arthritis, >’
history of anemia,>>>? diabetes,>* cardiovascular
disease,52 renal failure,‘“’ and metastases.>* An
ASA physical status classification of 3 (indicating
severe systemic disease) or greater was also found
to be a risk factor impacting on transfusion
decision making in one study.’*

One study did not have any of the aforemen-
tioned variables in the adjusted model. This study
was investigating the potential link between
serotonergic antidepressants and transfusion risk.
Despite collecting information on hemoglobin, this
variable did not appear in the analysis presented,
and no explanation for this decision was offered.”!

Fourteen studies mentioned explicitly that trans-
fusion criteria were used to guide transfusion
decisions (Appendix 4, available online).” 374"
42:44.46.47.49.52.56:59 The main transfusion criterion in
these cases was the hemoglobin level. The precise
hemoglobin threshold for transfusion was modu-
lated by the presence of symptoms of anemia, when
a higher hemoglobin threshold ranging from 8.5 to



Table 2. Studies Evaluating the Factors Associated With RBC Transfusion in Orthopedic Surgery

Eligible Factors associated with RBC
patients transfusion after adjustment
included % of patients
(validation Prespecified receiving RBC Interval used
Author, year, set); average age Sampling method transfusion transfusion (n) to identify Transfusion 1 1 1 Complexity
and country Patient population (y); male (%) (recruitment dates) criteria in analysis risk factor period HB Age Weight of surgery Comorbidity Female
THA/TKA
Borghi and Elective THA/TKA n = 2884; Prospective case Yes 9.7% Preoperative Perioperative X X Id X X
Casati (2000), and hip revision age: 63; series (N/S) (278/2884)
Italy®” (autotransfusion male: 34%
program)
Larocque THA/TKA n = 599; Random None 14.9 % Preoperative Postoperative v/ X Id Id X X
etal (1997), (unilateral and age: 68; (1990-1994) and stated (89/599)
Canada®*® bilateral) male: 43% prospective
cases-series
(1994-1995)
Hatzidakis THA/TKA n = 489; Prospective case Yes 16.8% Perioperative  Postoperative v N I X X
et al (2000), (unilateral/bilateral age: 65; series (82/489) any
UsA* and primary/ male: 59%  (02/1994-01/1997) patient. 8%
revision) (22/264) PAD
patients
Saleh et al TKA /THA n = 816; Retrospective None 21% Perioperative Perioperative N N Id N X
(2007), UK®® (primary /revision) age: 68; linkage. stated (225/1059)
male: N/S (08/2000-07/2001)
Guerin et al THA /TKA n=162; Prospective case None 25% Preoperative Postoperative /X X N N X
(2007), Ireland/ (elective age: 67; series (N/S) stated (41/162)
Scotland*® unilateral) male: 53%
Feagan et al THA/TKA n = 984 Retrospective None 25% Preoperative Not stated N Id I I X
(2001), (primary/revision (981); case series stated (246/984)
Canada®® and bilateral/ age: 70; (01/1995-12/1996)
unilateral) male: 42%
Rashigq et al THA/TKA n = 884 Retrospective None 27% Preoperative  Hospitalization »* I I I I
(2004), (primary and (934); case series stated (239/884)
Canada™* revision) age: 67; (01/2000-12/2000)
male: 41%
Rashiq and THA/TKA n = 1875; Retrospective None 28% Perioperative  Hospitalization v g X X e
Finegan (2006), (primary and age: 67; case series stated (517/1875)
Canada®® revision) male: 41%  (01/2000-12/2000)

80€
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Vuille-Lessard
et al (2010),
France®®

Bierbaum et al
(1999), USA®®

Karkouti et al
(2005).
Canada®*®

Salido et al
(2002),
Spain®®

Jain and Jain
(2005), USA*®

THA only
Grosvenor
et al (2000),
UsA*!
Aderinto and
Brenkel
(2004) UK®*?
Marx et al
(2001),
USA®®
Walsh et al
(2007),
USA®®

THA/TKA
primary or
revision. 3
hospitals
THA/TKA
(unilateral and
bilateral)

THA and TKA.
Hb<13 g/dL and
not PAD given
THA/TKA,
partial hip
arthroplasty,
with arthritis
(excluding
surgery for
hip fracture)
THA/TKA
zpatients’
part of blood
salvage program.

Unilateral elective
THA with blood
salvage program
Primary THA
(unilateral)

THA

Primary THA

(bilateral/
unilateral)

n = 701;
age: 67;
male: 35%

n = 3471
(non- PAD);
age: 67;
male: 41%
n = 770;
age: 69;
male: 82%
n = 296;
age: 67;
male: 69%

n =152
TKA;
age: 70;
male: 57%
n=77
THA;
age: 67;
male: 40%

n = 156;
age: 64;
male: 40%
n = 1016;
age: 68;
male: 38%
n = 140;
age:N/S*;
male: 31%
n = 1035;
age: 60;
male: 43%

Retrospective
case series
(2002-2006)

Prospective
case series
(09/1996-06/1997)

Prospective
case series
(07/1999-06/2003)
Retrospective,
not clear.
(1994-1998)

Retrospective
case series
(1997-2000)

Retrospective case
series (N/S)

Prospective case
series (1998-2002)

Retrospective case
series (N/S)

Retrospective (N/S)

None
stated

None
stated

Yes

None
stated

Yes

Yes

None

stated

Yes

29%
(202/701)

29.7%
(1031/3471)

31.2%
(5603/1611)

39.5%
(117/296)

TKA 19%
(29/152)

THA 31%
(24/77)

16%
(25/156)

24%
(244/1016)

30.7%
(43/140)

All patients
22.5%
(232/1031);

no PAD 49.9%

(185/371)

Preoperative

Preoperative

Perioperative

Preoperative

Perioperative

Perioperative

Preoperative

Perioperative

Perioperative

Postoperative v/

Postoperative v/

Perioperative g

Postoperative v/

Not stated I

Postoperative X

Perioperative

Not stated I

Postoperative X

X

X X X
X I'd X
g 4 g
X N X
g N X
N N X
N N X
X X X
Id X I'd

(continued on next page)
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Table 2. (continued)

Eligible
patients
included

(validation

Prespecified

% of patients
receiving RBC

Interval used

Factors associated with RBC
transfusion after adjustment

Author, year, set); average age Sampling method transfusion transfusion (n) to identify Transfusion l T 1l Complexity
and country Patient population (y); male (%) (recruitment dates) criteria in analysis risk factor period HB Age Weight of surgery Comorbidity Female
THA for hip
fracture
Gul et al Hip fracture n = 310; Retrospective Yes 15.8% Perioperative Postoperative v X N X N X
(2007), UK® (hemiarthroplasty/ age: 83; case series (49/310)
DHS repair). male: 23% (02/2003-02/2005)
Preoperative
Hb >8 g/dL
excluded
Dillon et al Hip fracture, n =124, Retrospective None 30% Preoperative  Hospitalization +»* N X X X
(2005), DHS/ age: 75; case series stated (37/124)
Ireland®® hemiarthroplasty male: 27 % (2001-2002)
Poses et al Hip fracture n = 8776; Retrospective Yes 42.1% Perioperative Within 7 d v N X g X
(1998), (age, 260 y) age: 80; case series (3691/8776) preoperative
USA®? male: N/S (1982-1993) or post op
Adunsky et al Hip fracture n = 296; Retrospective None 47.6% Perioperative Not stated v X N X X X
(2003), Israel*® (age, 260y) age: 82; case series (N/S) stated (141/296)
emergencies male: 24%
TKA only
Fujimoto et al TKA n = 274; Not clear. Yes 19% Preoperative Not stated v N N g g N
(2003), Japan*® age: N/S; Consecutive (51/274) and
male: N/S (1998-1999) intraoperative
Bong et al Primary TKA n = 1402 Retrospective Yes Unilateral 22%  Perioperative  Postoperative v X N g X
(2004), USA3® (unilateral and unilateral case series (263/1194);
bilateral) (1194) and  (09/1997-11/2001) bilateral 51.9%
bilateral (118/208)
(208);
age: 67;
male: 23%
Keating et al Unilateral and Unilateral Retrospective Yes Unilateral 7.5% Perioperative Not stated v I N N *
(1998), USA*’ bilateral TKA n = 279; case series (N/S) (21/279);
age: 70; bilateral 24%
male: 36%; 68/280
bilateral
n = 280;
age: 71;
male: 46%

oLe
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TSA only
Schumer et al
(2010), USA®?

Gruson et al
(2009), USA*?

Spinal surgery
Berenholtz
et al (2002),
usA3
Lenoir et al
(2009),
France*®

Hip, knee,
and spine
Movig et al

(2003),
Holland®"

Total shoulder
arthroplasty;
humeral
hemiarthroplasty
Any shoulder
arthroplasty
(primary/revision)

Primary spinal
procedure

Elective
thoracolumbar
spinal surgery

Hip, knee, or spine
implants

n = 266
(109);
age: 66;
male: N/S
n = 196;
age: 67;
male: 58

n = 3988;
age: 53;
male: 55%
n = 230
(125);
age: 58;
male: 40%

n = 520;
age: 68;
male: 30%

Retrospective
case series
01/2001-12/2004
(01/2007-12/2007)
Consecutive (N/S)

Retrospective
linkage
(07/1997-06/2000)
Retrospective
case series
01/2006-03/2007

Consecutive (01/
1999-31/2000)

None 19.6%
stated (565/266)
Yes 43%
(84/196)
None 19%
stated (763/3988)
Yes 32%
(74/230)
None 11%
stated (59/520)

Preoperative

Perioperative

Preoperative

Preoperative

Perioperative

Intraoperative
or postoperative

Postoperative

Hospitalization

Intraop-5 days
Postoperative

Perioperative

NOTE. «#, Present; X, absent; N, not considered in model; N/S, not stated; Hb, hemoglobin; TKA, total knee arthroplasty; THA, total hip arthroplasty; PAD, pre-operative autologous donation; op,

operative; DHS, deep hip screw; n = number of patients analyzed.
* Unilateral & bilateral procedures analyzed separately: Female only a factor in Unilateral analysis.
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Potentially relevant citations
identified from databases
and reference sections.

N = 3641

Abstract screening

N =264
Citations
N> excluded post
abstract scanning
N =195
4
~
Full paper screening
N =69
J
iy Citations excluded
e erefncesf | post full paper
scanned from fu ——] scanning
paper selection p——> N = 84 (including
hand searched
v S references)

Studies included in review
N =29 (including 3 from
reference sections)

Fig 1.

12 g/dL was deemed appropriate, whereas in the
absence of symptoms, the acceptable hemoglobin
was between 6 and 9 g/dL. Several of the authors
mentioned that the criteria were for guidance only

and that the transfusion decision was down to the
Clinician.36,41,42,52,59

DISCUSSION

The current systematic review is the first to
investigate the predictors of RBC transfusion
in orthopedic practice. Despite the presence of
marked heterogeneity among the included studies
with regard to patient populations, surgical pro-
cedures, study design, and study quality, it was

Flowchart describing the different stages of study selection from initial title scanning to full article selection.

possible to discern some common themes using a
narrative approach.

There was marked variation in the proportion of
patients transfused, some of which could be
explained by differences in case mix and the nature
of the surgical procedures studied. For example,
the lowest percentage of patients transfused (9.7%)
was observed in the subgroup of studies focusing
on THA/TKA; however, these patients were also
included in an aggressive autotransfusion pro-
gram.’’ In two other studies with low transfusion
rates, preoperative autologous donation (PAD) was
also offered at the study centers, which may have
contributed to the lower rates of allogeneic RBC
transfusion observed.****
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High rates of transfusion (>40%) were observed
in two studies involving patients undergoing THA
for hip fracture®® that included only patients
older than 60 years. Increased complexity of
surgery may be related to an increase in the
amount of surgical bleeding and therefore expo-
sure to transfusion risk.’***2

The use of clinical transfusion guidelines may be
expected to reduce variation; however, differences
between guidelines and variable implementation
could have the opposite effect. The acceptable
hemoglobin threshold for transfusion that is
recommended for otherwise healthy patients is
between 6 and 7 g/dL. However, hemoglobin on its
own may be a poor indicator of tissue hypoxia,®*
and current thinking suggests that each individual
patient has an “acceptable” hemoglobin level, and it
is this that should be maintained through transfu-
sion. Given this complexity, the absence of a
consistent relationship between the presence of
liberal or restrictive guidelines and the proportion
of patients transfused (Appendix 4, available
online) is not surprising.

The observation that reduced hemoglobin, older
age, and low body weight are influential drivers of
transfusion decision making in an orthopedic
setting is in keeping with the findings reported
from other clinical specialties.*”

Because the transfusion of RBCs will increase
hemoglobin levels, a lower level of hemoglobin, or
anemia, would be expected to be a key risk factor
for RBC transfusion.”*®° The older patients are less
likely to tolerate a lower hemoglobin and hemat-
ocrit'? and are therefore more likely to benefit from
RBC transfusion. Furthermore, some of the risks
associated with transfusion, such as transfusion-
transmitted infection, have long latent periods and
may therefore be of lesser importance in assessing
the balance of risks and benefit in the older patients.
For younger patients, the avoidance of transfusion
because of the potential longer term risks may
outweigh any short-term benefit of the transfusion
in some circumstances.®

Lower body weight is associated with a smaller
RBC volume,”**” and therefore lighter patients
may be less able to compensate for blood loss.*
Female sex appeared less influential than suggested
in previous studies,”*®® being found to be a risk
factor for transfusion in only seven studies included
in the current review. Because females tend to be
lighter than males, the influence of sex may be
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partly explained by the relationship of weight/blood
volume to the risk of transfusion as well as the
tendency for females to have lower baseline
hemoglobin than males.

Our review also found that the comorbidity was
associated with an increased risk for transfusion.
Although specific comorbidities varied, they
appeared to be linked by the common theme of
reduced capacity to tolerate anemia.

Overall, the assessed quality of articles in the
current review was not high and potentially limits
the strength of the findings. However, a limitation
when making any quality assessment is the
availability of relevant information in the published
article; where such information is missing, studies
may be misclassified with respect to quality. Study
quality was not one of the inclusion or exclusion
criteria for the current review but was viewed as an
aid to understanding the methods of studies included
in the review and their impact on the data obtained
and the conclusions drawn. However, regardless of
quality of the study, there did not appear to be a
difference in findings. Yet, it is difficult to
disentangle the impact of quality on the studies,
from other factors that may have also affected study
outcomes, for example, patient populations, study
size, study setting, and guideline use.

The items that were used to assess the quality of
the studies have not been validated as a stand-alone
quality appraisal tool. However, the items were
based on previously validated measures identified
via a systematic review of tools used to assess the
quality of appraisal tools*>® and covered the key
areas of quality appraisal and specific items
pertinent to the type of articles reviewed, such as
selection bias (items 1 and 2) and statistical quality
(items 6-8) as itemized in Appendix 2 (available
only online).

The quality assessment revealed a lack of
prospective studies and of model validation.
Furthermore, many investigators failed to define
the time period between risk factor assessment and
transfusion outcome. The latter is an important
design issue, because any relationship found
between a risk factor and transfusion that infers
importance in decision making means that the
information on the “risk factor” must be relevant
and available at the time the decision is taken. For
example, admission hemoglobin may not be the
most relevant hemoglobin measurement to consider
in the context of postoperative transfusion. Authors



314

investigating the risk for transfusion among cardiac
patients have also highlighted this issue.'?

Although statistical modeling is useful in identi-
fying some factors and their relative impact on the
decision to transfuse, there are other factors that
cannot be as readily accommodated within a statis-
tical model because they are difficult to assess or
measure, for example, physician beliefs and person-
ality.” These factors may be particularly influential
when the decision to transfuse is within the gray zone
of hemoglobin, between 7 and 10 g/dL. The appli-
cation of qualitative research methods to identify
such drivers of transfusion practice or the use of
heuristics in transfusion decision making are attrac-
tive options for further investigation of this issue.®”

A meta-analysis was not possible because of the
aforementioned heterogeneity among study popu-
lations and study design as well as the failure to
present odds ratios (ORs) in the published articles.
Furthermore, where ORs were presented, the
variation in the number and type of factors included
and how they were incorporated in the models
influenced the actual figure reported (Appendix 3,
available online).

BARR ET AL

CONCLUSIONS AND RECOMMENDATIONS

Although the variable design and quality of
studies conducted in this area of practice precluded
the conduct of a meta-analysis, this narrative
review has confirmed that hemoglobin, age, and
weight are independent risk factors for transfusion
of RBC. In addition, comorbidity leading to a
reduction in the capacity to tolerate anemia and
complexity of the surgical procedure undertaken
are also identified as risk factors for RBC
transfusion in the orthopedic setting.

To improve the evidence base for RBC transfu-
sion guidelines and practice, we suggest that future
research attempts to capture additional factors that
may influence clinical decision making but that
cannot be readily categorized and included in a
statistical model, by using a qualitative approach.

ACKNOWLEDGMENTS

The authors thank the staff of the Medical
Library, Queen’s University Belfast, for their
advice and guidance.

REFERENCES

1. Cobain TJ, Vamvakas EC, Wells A, et al: A survey of the
demographics of blood use. Transfus Med 17:1-15, 2007

2. Stanworth SJ, Cockburn HA, Boralessa H, et al: Which
groups of patients are transfused? A study of red cell usage in
London and southeast England. Vox Sang 83:352-357, 2002

3. Wells AW: Who uses blood? Vox Sang 87(Suppl 2):
146-148, 2004

4. Capraro L: Transfusion practices in primary total joint
replacements in Finland. Vox Sang 75:1-6, 1998

5. Gombotz H, Rehak PH, Shander A, et al: Blood use in
elective surgery: The Austrian benchmark study. Transfusion
47:1468-1480, 2007

6. Hasley PB, Lave JR, Hanusa BH, et al: Variation in the
use of red blood cell transfusions. A study of four common
medical and surgical conditions. Med Care 33:1145-1160,
1995

7. The SANGUIS Study Group: Use of blood products for
elective surgery in 43 European hospitals. The Sanguis Study
Group. Transfus Med 4:251-268, 1994

8. Tinmouth A: Reducing the amount of blood transfused
by changing clinicians’ transfusion practices. Transfusion 47
(2 Suppl):132S-1368, 2007; [discussion 55S-56S]

9. Gul A, Sambandam S, Shanbhag V, et al: Transfusion
requirements in hip fractures: Analysis of predictive factors.
EJOST 17:71-75, 2007

10. Morris K: Optimal use of donor blood in Northern
Ireland. Northern Ireland Blood Transfusion Service. Ireland,
Belfast, 2008, pp 187-191

11. Murphy MF, Brunskill S, Stanworth S, et al: The
strengths and weaknesses of the evidence base for transfusion
medicine. ISBT Sci Ser 2:204-208, 2007

12. Karkouti K, Cohen MM, McCluskey SA, et al: A
multivariable model for predicting the need for blood transfusion
in patients undergoing first-time elective coronary bypass graft
surgery. Transfusion 41:1193-1203, 2001

13. American Society of Anesthesiologists Task Force on
Perioperative Blood Transfusion and Adjuvant Therapies: Practice
guidelines for perioperative blood transfusion and adjuvant
therapies: an updated report by the American Society of
Anesthesiologists Task Force on Perioperative Blood Transfusion
and Adjuvant Therapies. Anesthesiology 105:198-208, 2006

14. British Committee for Standards in Haematology Blood
Transfusion Task Force: The clinical use of red cell transfusion.
Br J Haematol 113:24-31, 2001

15. Scottish Intercollegiate Guidelines Network (SIGN):
Perioperative blood transfusion for elective surgery. Publication;
No. 54. Edinburgh, 2001

16. Carson JL, Hill S, Carless P, et al: Transfusion triggers:
A systematic review of the literature. Transfus Med Rev 16:
187-199, 2002

17. Foss NB, Kristensen MT, Jensen PS, et al: The effects of
liberal versus restrictive transfusion thresholds on ambulation
after hip fracture surgery. Transfusion 49:227-234, 2009

18. Cabana MD, Rand CS, Powe NR, et al: Why don’t
physicians follow clinical practice guidelines? A framework for
improvement. JAMA 282:1458-1465, 1999



TRANSFUSION DECISION-MAKING IN ORTHOPEDIC SURGERY

19. Calder L, Hebert PC, Carter AO, et al: Review of
published recommendations and guidelines for the transfusion
of allogeneic red blood cells and plasma. CMAJ 156:S1-S8,
1997

20. Hebert PC, Schweitzer I, Calder L, et al: A. Review of the
clinical practice literature on allogeneic red blood cell transfu-
sion. CMAJ 156:59-S26, 1997

21. Murphy MF, Brunskill S, Stanworth S, et al: How to
further develop the evidence base for transfusion medicine. ISBT
Sci Ser 3:45-47, 2008

22. Khanna MP, Hebert PC, Fergusson DA: Review of the
clinical practice literature on patient characteristics associated
with perioperative allogeneic red blood cell transfusion. Transfus
Med Rev 17:110-119, 2003

23. Needleman IG: A guide to systematic reviews. J Clin
Periodontol 29(Suppl 3):6-9, 2002

24. Juni P, Altman DG, Egger M: Systematic reviews in
health care: Assessing the quality of controlled clinical trials.
BMJ 323:42-46, 2001

25. Katrak P, Bialocerkowski AE, Massy-Westropp N, et al:
A systematic review of the content of critical appraisal tools.
BMC Med Res Methodol 4:22, 2004

26. Sanderson S, Tatt ID, Higgins JP: Tools for assessing
quality and susceptibility to bias in observational studies in
epidemiology: A systematic review and annotated bibliography.
Int J Epidemiol 36:666-676, 2007

27. Centre for Reviews and Dissemination: Undertaking
systematic reviews of research on effectiveness: CRD’s guidance
for those carrying out or commissioning reviews. 4. York,
University of York; 2001

28. Public Health Resource Unit: Critical Appraisal Skills
Programme(CASP)—12 questions to help you make sense of a
cohort study. Oxford, NHS; 2004

29. Krumholz HM, Brindis RG, Brush JE, et al: Standards for
statistical models used for public reporting of health outcomes:
An American Heart Association Scientific Statement from the
Quality of Care and Outcomes Research Interdisciplinary
Writing Group: Cosponsored by the Council on Epidemiology
and Prevention and the Stroke Council. Endorsed by the
American College of Cardiology Foundation. Circulation
113:456-462, 2006

30. Bagley SC, White H, Golomb BA: Logistic regression in
the medical literature: Standards for use and reporting, with
particular attention to one medical domain. J Clin Epidemiol
54:979-985, 2001

31. Moss M, Wellman DA, Cotsonis GA: An appraisal of
multivariable logistic models in the pulmonary and critical care
literature. Chest 123:923-928, 2003

32. Aderinto J, Brenkel 1J: Pre-operative predictors of the
requirement for blood transfusion following total hip replace-
ment. J Bone Joint Surg Brit 86:970-973, 2004

33. Adunsky A, Lichtenstein A, Mizrahi E, et al: Blood
transfusion requirements in elderly hip fracture patients. Arch
Gerontol & Geriatr 36:75-81, 2003

34. Berenholtz SM, Pronovost PJ, Mullany D, et al: Pre-
dictors of transfusion for spinal surgery in Maryland, 1997 to
2000. Transfusion 42:183-189, 2002

35. Bierbaum BE, Callaghan JJ, Galante JO, et al: An
analysis of blood management in patients having a total hip or
knee arthroplasty. J Bone Joint Surg Am 81:2-10

3156

36. Bong MR, Patel V, Chang E, et al: Risks associated with
blood transfusion after total knee arthroplasty. J Arthroplasty
19:281-287, 2004

37. Borghi B, Casati A: Incidence and risk factors for
allogenic blood transfusion during major joint replacement using
an integrated autotransfusion regimen. The Rizzoli Study Group
on Orthopaedic Anaesthesia. Eur J Anaesthesiol 17:411-417,
2000

38. Dillon MF, Collins D, Rice J, et al: Preoperative
characteristics identify patients with hip fractures at risk of
transfusion. Clin Orthop Relat Res 439:201-206, 2005

39. Feagan BG, Wong CJ, Lau CY, et al: Transfusion practice
in elective orthopaedic surgery. Transfus Med 11:87-95, 2001

40. Fujimoto H, Ozaki T, Asaumi K, et al: Blood loss in
patients for total knee arthroplasty. Knee Surg Sports Traumatol
Arthrosc 11:149-154, 2003

41. Grosvenor D, Goyal V, Goodman S: Efficacy of
postoperative blood salvage following total hip arthroplasty in
patients with and without deposited autologous units. J Bone
Joint Surg Am 82-A:951-954, 2000

42. Gruson KI, Accousti KJ, Parsons BO, et al: Transfusion
after shoulder arthroplasty: An analysis of rates and risk factors.
J Shoulder Elbow Surg 18:225-230, 2009

43. Guerin S, Collins C, Kapoor H, et al: Blood transfusion
requirement prediction in patients undergoing primary total hip
and knee arthroplasty. Transfus Med 17:37-43, 2007

44. Hatzidakis AM, Mendlick RM, McKillip T, et al:
Preoperative autologous donation for total joint arthroplasty.
An analysis of risk factors for allogenic transfusion. ] Bone Joint
Surg Am 82:89-100, 2000

45. Jain R, Jain S: Blood salvage in total hip and knee
arthroplasty in a community hospital: A retrospective study.
J Orthop Surg (Hong Kong) 13:19-26, 2005

46. Karkouti K, McCluskey SA, Evans L, et al: Erythropoi-
etin is an effective clinical modality for reducing RBC
transfusion in joint surgery. Can J Anaesth 52:362-368, 2005

47. Keating EM, Meding JB, Faris PM, et al: Predictors of
transfusion risk in elective knee surgery. Clin Orthop Relat Res
357:50-59, 1998

48. Larocque BJ, Gilbert K, Brien WF: A point score system
for predicting the likelihood of blood transfusion after hip or
knee arthroplasty. Transfusion 37:463-467, 1997

49. Lenoir B, Merckx P, Paugam-Burtz C, et al: Individual
probability of allogeneic erythrocyte transfusion in elective spine
surgery: The predictive model of transfusion in spine surgery.
Anesthesiology 110:1050-1060, 2009

50. Marx RG, Wotherspoon S, Stephens D, et al: Patient
factors affecting autologous and allogeneic blood transfusion
rates in total hip arthroplasty. Am J Orthop 30:867-871, 2001

51. Movig KL, Janssen MW, de Waal Malefijt J, et al:
Relationship of serotonergic antidepressants and need for blood
transfusion in orthopedic surgical patients. Arch Intern Med
163:2354-2358, 2003

52. Poses RM, Berlin JA, Noveck H, et al: How you look
determines what you find: Severity of illness and variation in
blood transfusion for hip fracture. Am J Med 105:198-206,
1998

53. Rashiq S, Finegan BA: The effect of spinal anesthesia on
blood transfusion rate in total joint arthroplasty. Can J Surg
49:391-396, 2006



316

54. Rashiq S, Shah M, Chow AK, et al: Predicting allogeneic
blood transfusion use in total joint arthroplasty. Anesth Analg
99:1239-1244, 2004

55. Saleh E, McClelland DB, Hay A, et al: Prevalence of
anaemia before major joint arthroplasty and the potential impact
of preoperative investigation and correction on perioperative
blood transfusions. Br J Anaesth 99:801-808, 2007

56. Salido JA, Marin LA, Gomez LA, et al: Preoperative
hemoglobin levels and the need for transfusion after prosthetic
hip and knee surgery: Analysis of predictive factors. J Bone Joint
Surg Am 84:216-220, 2002

57. Schumer RA, Chae JS, Markert RJ, et al: Predicting transfusion
in shoulder arthroplasty. J Shoulder Elbow Surg 19:91-96, 2007

58. Vuille-Lessard E, Boudreault D, Girard F, et al: Red
blood cell transfusion practice in elective orthopedic surgery: A
multicenter cohort study. Transfusion 50:2117-2124, 2010

59. Walsh M, Preston C, Bong M, et al: Relative risk factors
for requirement of blood transfusion after total hip arthroplasty.
J Arthroplasty 22:1162-1167, 2007

60. Greenhalgh T: “Narrative summary” should not go out with
the bathwater. (Rapid response to John P A Ioannidis, Nikolaos A
Patsopoulos, and Hannah R Rothstein. Reasons or excuses for
avoiding meta-analysis in forest plots). BMJ 336:1413-1415, 2008

61. Ioannidis JP, Patsopoulos NA, Rothstein HR: Reasons or
excuses for avoiding meta-analysis in forest plots. BMJ
336:1413-1415, 2008

BARR ET AL

62. Borghi B, Oriani G, Bassi A: Blood saving program: A
multicenter Italian experience. Int J Artif Organs 18:150-158,
1995

63. Poses RM, Anthony M: Availability, wishful thinking,
and physicians’ diagnostic judgments for patients with suspected
bacteremia. Med Decis Making 11:159-168, 1991

64. Murphy GJ, Reeves BC, Rogers CA, et al: Increased
mortality, postoperative morbidity, and cost after red blood cell
transfusion in patients having cardiac surgery. Circulation
116:2544-2552, 2007

65. Hardy JF, Bélisle S: Erythrocyte transfusion: Friend or
foe? Can J Anesth 48:R1-R7, 2001

66. Bolton-Maggs PH, Murphy MF: Blood transfusion. Arch
Dis Child 89:4-7, 2004

67. Alghamdi AA, Davis A, Brister S, et al: Development
and validation of Transfusion Risk Understanding Scoring
Tool (TRUST) to stratify cardiac surgery patients according
to their blood transfusion needs. Transfusion 46:1120-1129,
2006

68. Shehata N, Naglie G, Alghamdi AA, et al: Risk factors for
red cell transfusion in adults undergoing coronary artery bypass
surgery: A systematic review. Vox Sang 93:1-11, 2007

69. Salem-Schatz SR, Avorn J, Soumerai SB: Influence of
clinical knowledge, organizational context, and practice style on
transfusion decision making. Implications for practice change
strategies. JAMA 264:476-483, 1990



TRANSFUSION DECISION-MAKING IN ORTHOPEDIC SURGERY 316.e1

Appendix 1. Search Terms Used in This Study (Available Online Only)

/ Transfusion search terms \ / Predictor search terms \

exp.blood transfusion/ (163240) Odds ratio/ (138271); odds
ratio.mp. (173344); logistic
models/ (126116); exp
decision support techniques/
(53568); predictive Value of
Tests/ (127071); (predict$ adj4
transfusion).mp. (814);
multivariate analysis/ (118637);
regression analysis/ (153120)

. / -

5149 citations
Limits placed on search:
English & primary articles only

Total citations: 3641

adj4. Terms adjacent to each other; acceptable distance .mp. Term within title, subject heading word, abstract or
between terms was set at four words. instrumentation.
Exp. Term exploded to include all other subheadings / MeSH term

$ Wild card character



Appendix 2. Quality Criteria Checklist (Available Online Only)

Rashiq Vuille- Borghi Jain Aderinto
Rashiq and Lessard and Guerin Saleh Bierbaum Karkouti Larocque Salido Hatzidakis and Grosvenor and Walsh  Marx

Quality criteria etal* Feagan®® Finegan®® etal®® Casat®’ etal*® etal® etal® etal® eta*® etaf® eta  Jain® etal’’  Brenke? etal’® etal®
1. Was the sample- THA/ I I I I X I I X X g X X X THA X g I X
selected representative TKA only
of the population of
interest and sampling
procedures fully
described, that is,
exclusion/inclusion
criteria?
2. Were response rates 4 I g I g g X X g X I g X g g g g

reported and explained
(follow-up of patients)?
3. Was the data on the X X X X I I X 4 d X X X X X g X X
risk factors collected
prospectively?
4. Did the study report I I g g g X g I X 4 X g g g g g e
methods and procedures,
which indicate good
quality data collection
of risk factors?
5. Was the time interval I X I I X X X X X X X X X X X X X
between risk factor
measurement and
transfusion outcome
clearly defined?
6. Were there a sufficient Id I'd ’d ’d Id Id Id I'd Id X I X X X I I X
number of events per
variable included in the
model?
7. Were the ORs and I g g ’d Id X I X X I'd I'd X X Id X g X
confidence intervals
of the significant risk
factors in the final
adjusted model provided?
8. Was validation of the g g X X X X X X X X X X X X X X X
model also considered?

(continued on next page)
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Appendix 2. (continued)

Quality criteria

Poses Adunsky
et al? et al*®

Dillon
et al®®

Gul
etal’

Bong Fujimoto
et al’*® etal*®

Keating
etal"’

Schumer
etal®’

Gruson
et al*?

Lenoir
et al*®

Berenholtz
etal*

Movig
etal®

1. Was the sample-
selected representative
of the population of
interest and sampling
procedures fully
described, that is,
exclusion/inclusion
criteria?

2. Were response rates
reported and explained
(follow-up of patients)?

3. Was the data on the
risk factors collected
prospectively?

4. Did the study report
methods and
procedures, which
indicate good quality
data collection of
risk factors?

5. Was the time interval
between risk factor
measurement and
transfusion outcome
clearly defined?

6. Were there a sufficient
number of events per
variable included in the
model?

7. Were the ORs and
confidence intervals of
the significant risk
factors in the final
adjusted model
provided?

8. Was validation of the
model also considered?

THA g X
with
fracture

X X

P

X

I’ d

X

TKA

I'd X g

TSA

4

X

Spinal
surgery

I’ d

4

Hip,
knee
or,
spine

NOTE. «#, present; X , absent/not enough information in the study to determine.
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Appendix 3. Adjusted ORs for RBC Transfusion for Hemoglobin, Age, Weight, and Sex (Available Online Only)

Study

Hb/Hct: OR (95% CI)

Age: OR (95% CI)

Weight: OR (95% Cl) Female sex: OR (95% Cl)

Borghi and Casati®’

Larocque et al*®

Hatzidakis et al**

Saleh et al®®

Guerin et al*®

Feagan et al®®

Rashiq et al®*

Rashiq and Finegan®?

Vuille-Lessard et al®®
Bierbaum et al*®

Salido et al®®

Marx et al®®

Walsh et al®®

>10 g/dL: 1.00 (ref. cat.)
<10 g/dL: 8.8 (6.5-16.8)
>13 g/dL: 1.00 (ref. cat.)
11.1-13.0 g/dL: 4.1 (2.3-7.5)
<11 g/dL: 12 (3.4-42.3)
>13 g/dL: 1.00 (ref. cat.)
<13 g/dL: 5.7
13.1-15 g/dL: 1.00 (ref. cat.)
11.1-13 g/dL
OR 2.42 (1.69-3.48)
<11 g/dL: 13.9 (7.77-24.9)
0.79 (N/S)
>13 g/dL: 1.00 (ref. cat.)
12.1-13 g/dL: 2.2 (1.4-3.2)
11.1-12 g/dL: 4.6 (2.7-7.9)
<11 g/dL: 9.2 (4.3-20)
>15 g/dL: 1.00 (ref. cat.)
14.1-15 g/dL: 3.49 (1.72-7.50)
13.1-14 g/dL:4.20 (2.07-8.53)
12.1-13 g/dL: 9.42 (4.54-19.57)
<12 g/dL: 13.81(6.12-31.17)
Per 1.0 g/dL decrease: 1.05 (1.04-1.06)
Per 1.0 g/dL decrease: 1.22 (1.18-1.27)
Per 1.0 g/dL decrease:
Hip replacement: 1.5 (-)
Knee replacement:
Primary unilateral: 1.8 (-)
Revision unilateral: 1.9 (-)
Primary bilateral: 1.7 (-)
Per 1.0 g/dL decrease: 2.51
(1.83-3.44)
Per 1.0 g/dL decrease: 1.05 (1.03-1.09)

<65 y: 1.00 (ref. cat.)
>65y: 2.8 (-)
Per year increase: 1.03 (1.02-1.05)

Per year increase: 1.08 (N/S)
<70 y: 1.00 (ref. cat.)
70-80y: 1.8 (1.2-2.6)

280 y: 2.4 (1.5-3.9)

<65 y: 1.00 (ref. cat)
65-69 y: 2.14 (1.29-3.56)
70-79 y: 1.83 (1.09-3.06)
80+ y: 2.75 (1.60-4.70)

Per year increase: 1.04 (1.02-1.05)
Per year increase: 1.05 (1.02-1.08)

Per year increase: 1.01 (0.98-1.04)
(reference, <65)
75-84; OR, 3.51 (N/S)

>100 kg: 1.00 (ref. cat) -
81-100 kg: 2.4 (0.6-9.2)
<80 kg: 4.6 (1.3-16.5)
N _

N —

N 0.89 (N/S)
260 kg: 1.00 (ref. cat) -
<60 kg: 2.5 (1.5-4.1)

>90kg: 1.0 (ref. cat) 1.74 (1.156-2.62)
<60 kg: 6.27 (3.17-12.40)
61-70 kg: 3.92 (2.21-6.95)
71-80 kg: 2.44 (1.44-4.13)
81-90 kg: 2.19 (1.37-3.51)

Per 1.0 kg decrease: 1.03 (1.02-1.04)

1.15 (1.02-1.97)

Per 1.0 kg decrease: —
1.05 (1.01-1.09)
N —
(BMI <30 kg/m?) 1.9 (N/S)
BMI, +30 kg/m?;
OR, 0.54 (N/S)

(continued on next page)
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Appendix 3. (continued)

Study Hb/Hct: OR (95% CI) Age: OR (95% Cl) Weight: OR (95% Cl) Female sex: OR (95% CI)
Gul et al’ Per 1.0 g/dL decrease: - N -
1.65 (1.49-1.99)
Poses et al®2 211 g/dL: 1.00 (ref. cat.) Per year increase: 1.03 N -
10-10.9 g/dL: 1.9 (1.4-2.6) (1.02-1.04)
9-9.9 g/dL: 12 (8.9-16)
8-8.9 g/dL: 65 (49-87)
<8 g/dL: 300 (210-420)
Adunsky et al*® >12 g/dL: 1.00 (ref. cat.) - N -
<12 g/dL: 4.88 (2.87-8.29)
Fujimoto et al*° >11 g/dL: 1.00 (ref. cat.) N N N
<11 g/dL; OR, 7.46 (3.10-17.86)
Bong et al®*® <65 y: 1.00 (ref. cat.) - -
>13 g/dL: 1.00 (ref. cat.)
65-74 y: 1.54 (-)
10-13 g/dL: 1.83 () 75-84 y: 2.88 (-)
<10.0 g/dL: 4.17 (-) 285 y: 4.5 (-)
Gruson et al*? Per 1.0 g/dL decrease: Per 5 year increase: 1.32 - 2.22 (1.03-4.81)
OR, 2.3 (1.67-3.33) (1.12-1.56)
Berenholtz et al** N <41 y: 1.00 (ref. cat.) N 1.5 (1.3-1.9)
41-53 y: — (-)

Lenoir et al*®

>14 g/dL: 1.00 (ref. cat.)

12-14 g/dL: OR, 4.95 (2.04-12.5)

54-66 y: 1.6 (1.3-2.1)
>66 y: 2.7 (2.0-3.5)
<50 y: 1.00 (ref. cat.)

>50y: OR, 5.14 (2.08-14.42)

Abbreviations: ref. cat, reference category; N, not stated/not clear if considered in analysis; —, not statistically significant in the final adjusted model; Hb, hemoglobin; Hct, hemtocrit.
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Appendix 4. Explicit Transfusion Criteria Used in This Study (Available Online Only)

Author

Data collection date

Transfusion criteria

% of patients receiving
an RBC transfusion

Lenoir et al*®

Gul et al®
Karkouti et al*®
Bong et al®®x

Aderinto and Brenkel*?

Fujimoto et al*°

Grosvenor et al*'x

Salido et al®®

Hatzadikas et al**

Keating et al*’

Poses et al®%

Borghi and Casati®’

Walsh et al®%
Gruson et al*%

01/2006-03/2007

02/2003-02/2005
07/1999-06/2003
09/1997-11/2001

1998-2002

1998-1999

1997-1998

1994-1998

02/1994-01/1997

1993-1997

1982-1993

Not stated

Not stated
Not stated

ASA guidelines.
Hemoglobin (Hb) <6 g/dL, transfuse

Hb >10 g/dL, do not transfuse
Hb 6-10 g/dL, decision based on patients risks for
complications of inadequate oxygenation, organ

ischemia, intravascular volume status, and potential
or actual blood loss
Hb <8 g/dL

ASA guidelines (see above)

Hb<9 and symptomatic = transfusion, but was left
down to individual physician
Postoperative Hb <8.5 g/dL

Postoperative Hb 8.5-0 g/dL transfuse if symptomatic
of anemia
Hb >10 g/dL, never transfuse
In postoperative period, Hb <8 g/dL and general
condition (eg, general fatigue, dyspnea, severe
vomiting, nausea)
General criteria only: dizzy; HCT <30%, angina, MI,
tachycardia.
Hb <8.5 g/dL, transfuse
Hb <7 g/dL transfuse both intraoperatively and
postoperatively
Hb <12 g/dL and symptomatic of anemia
Hb<9 g/dL in otherwise healthy patients (unless there
are cardiopulmonary risk factors) or acute blood loss
of greater than 15% of blood volume
Hb <8 g/dL likely to need blood
Hb >10 g/dL unlikely to need blood
After all autoblood has been used:
Hb <6 g/dL, transfuse if symptomatic anemia
Hb <10 g/dL, transfuse in patients who are affected
by cerebrovascular or coronary artery disease
<9 g/dL and cardiac condition
Symptomatic anemia

32%

15.8%
31.2%
22%-51.9%

24%

19%

16%

39.5%

16.8%

7.5-24%

42.1%

9.7%

22.5%
43%

*Criteria not strictly enforced.
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