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ABSTRACT

The objective of this study was to systematically review the literature and to
statistically summarize the evidence evaluating the efficacy of acute normovolemic
hemodilution (ANH). Review of 1575 citations identified 24 prospective, randomized,
controlled trials of ANH containing a total of 1216 patients. When all trials were pooled
ANH reduced the likelihood of exposure to allogeneic blood and the total units of
allogeneic blood transfused. Marked heterogeneity of the results was present and adverse
events were incompletely reported. Subgroup analyses could not account for all
heterogeneity noted in this overview. Under reporting of small trials with negative results
was suspected. In trials using a protocol to guide perioperative transfusion, ANH failed
to reduce either the likelihood of transfusion or the units administered. It is possible that
experimental design bias in favor of reducing transfusion in the ANH group is in part

responsible for the reported efficacy of this technique.
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1.1 Background

1. INTRODUCTION

1.1.1. Risks Associated with Allogeneic Transfusion

Blundell first described transfusion of blood from non-genetically identical

individuals in 1898 (1). In the nearly 100 years that followed, the use of allogeneic blood

and blood products has become a mainstay of modern medical practice. The emergence

of the human immunodeficiency virus (HIV) and the subsequent discovery of its

transmission through blood transfusion focused the attention of patients, physicians and

governments on the safe use of donor blood.

A brief summary of the complications associated with allogeneic transfusion is

found in Table 1.

Table 1. Complications Associated with Blood Transfusion.

Complication

Etiology

Viral contamination

HIV, hepatitis B,C, and G, HILV, CMV

Bacterial contamination

Y. enterocolitica

Parasitic contamination

Malaria, Chagas disease

Creutzfeldt-Jakob disease

Prion

Acute hemolytic reaction

ABO incompatibility

Delayed hemolytic reaction

Minor blood group incompatibility

Febrile, non-hemolytic, reaction

Recipient antibodies to donor WBC or platelets

Anaphylaxis Complement activation

Urticaria Recipient antibodies to donor plasma

Acute lung injury Complement-mediated pulmonary edema
Immunosupression Donor lymphocytes depress recipient immune

function

Graft-versus-host disease

Immunocompetent donor lymphocytes engraft
in recipient

Post-transfusion purpura

Recipient develops antibodies against donor
and recipient platelets

Passive alloimmune thrombocytopenia

Donor blood contains  platelet-specific
alloantibodies to recipient platelets

Adapted from reference (2)



A detailed description of all complications associated with allogeneic transfusion
is beyond the scope of this document. However, elaboration on several of these topics
will place the efforts to reduce the use of allogeneic blood in context.

Of the complications associated with allogeneic transfusion, viral contamination
has received the majority of public attention. In 1996 the Retrovirus Epidemiology
Donor Study (REDS) provided the following estimates of the likelihood of an infected
unit of allogeneic blood avoiding detection: HIV 1 in 676,000; Human T-lymphotrophic
viruses (I and II) 1 in 641,000; hepatitis B virus 1 in 63,000; and hepatitis C virus 1 in
103,000 (3). Despite public concern the risks of infection following allogeneic
transfusion are remarkably low. By means of comparison the likelihood of death during
childbirth in Canada in 1994 was 1 in 12 463 (4). Unfortunately, the emergence of new
infectious entities, such as hepatitis G virus and Creutzfeldt-Jacob disease, will ensure
that the blood supply is never entirely safe.

Acute hemolytic transfusion reactions are estimated to occur with 1 in 25,000
transfusions and are fatal in 1 in 600,000 transfusions. The less severe delayed reactions
follow 1 in 2,500 transfusions (2). The vast majority of these transfusion reactions result
from clerical errors. Human errors of this kind complicate 1 in every 12,500 transfusions
(5). Human error therefore represents an equally serious, and more prevalent, threat to
the transfusion recipient as the transfusion-related viral infections discussed earlier.

The influence of white blood cells administered with allogeneic blood transfusion
on the function of the recipient’s immune system has recently been the focus of
considerable attention. Donor white blood cells have been shown to decrease natural

killer cell activity and increase T-suppressor cell activity in those patients receiving



allogeneic blood products (6). The importance of the resuitant decrease in recipient
immune function has been of some debate. A recent systematic overview and meta-
analysis suggested that perioperative allogeneic transfusion does not increase the risk of
cancer recurrence following surgery (7). On the other hand, use of white blood cell
depleted allogeneic blood has been shown to reduce 60-day mortality following
aortocoronary bypass (8) and postoperative infectious complications following colorectal
surgery (9).

While transfusion-related HIV and hepatitis are now relatively rare events,
emerging or unknown infections, transfusion errors, and immunomodulation remain
compelling reasons to minimize the use of allogeneic transfusion.

1.1.2. Alternatives to Allogeneic Transfusion

In 1993 Justice Horace Krever began a judicial inquiry into the management and
safety of Canada’s blood supply. In 1997 the final findings and recommendations of this
inquiry were released. Among Krever’s recommendations was “...that the operator of
the blood supply system promote appropriate use of, and alternatives to, blood
components and blood products.” Krever further noted that “the need for transfusion of
blood components is being reduced in some cases by the use of medical techniques that
allow the patient’s blood to be conserved or reused during surgery (10).”

The preoperative donation of one’s own (autologous) blood is the most commonly
used means of reducing allogeneic blood transfusion in Canada. In 1995-96 Canadians
donated 20, 495 units of autologous blood in the weeks preceding their planned surgery
(11). Preoperative autologous donation (PAD) reduced the likelihood of allogeneic blood

exposure in a systematic review (12) of 6 randomized controlled trials (Odds Ratio (OR)



0.17, 95% Confidence Interval (CI) 0.08 to 0.32) and 9 cohort studies (OR 0.19, 95% CI
0.14 to 0.26). An interesting finding of this overview was that the anemia resulting from
preoperative phlebotomy led to a marked increase in the number of transfusions of either
autologous or allogeneic blood in randomized trials (OR 3.03, 95% CI 1.70 to 5.39) and
cohort studies (OR 12.32, 95% CI 5.90 to 25.40). This increase in transfusion likely
resulted from lower preoperative hematocrits in the PAD group and a more liberal
transfusion policy regarding autologous blood.

While undeniably effective, and popular with both surgeons and their patients,
PAD programs have recently come under scrutiny. Many patients participating in PAD
programs do not lose sufficient blood during their surgery to require any transfusion. As
a result many autologous units are discarded at the end of the patient’s hospital stay.
Between 25% and 45% of autologous units donated in Forgie’s review were eventually
discarded (12). The frequent waste of units donated in PAD programs leads to
autologous blood being more costly than allogeneic blood. Tretiak (13) estimated that
the cost of a unit of autologous blood (CDN $ 328.00) donated in Canada was
approximately 50% greater than a unit of allogeneic blood (CDN §$ 210.00).

The increased cost and the relative rarity of serious adverse outcomes associated
with allogeneic transfusion render PAD a relatively cost-ineffective technology.
Etchason estimated that for a patient undergoing a total hip arthroplasty, participation in a
PAD program cost US$ 235,000.00 per quality adjusted year of life (QALY) saved
through avoidance of transfusion-related viral disease cost (14). Considering the US$
8000.00 per QALY cost associated with performing the same hip replacement it is clear

that PAD is a relatively inefficient use of health care dollars (15). As health resources



shrink, the utility of the widespread use of PAD programs must be questioned and less
expensive alternatives explored.

Blood lost during surgery may be salvaged from the operative field and returned
to the patient. A variety of cell salvage techniques exist and vary in complexity and the
volume of blood that can be captured and reinfused. Cell salvage offers several
advantages over PAD “in that it is logistically easier to organize, it is not affected by
cancellation of operation, and it is applicable to emergency cases. (16)”. Unfortunately,
cell salvage may not be used in surgical fields contaminated with bacteria or malignant
cells and may be associated with destruction of salvaged cells and subsequent
coagulopathy. Cell salvage has yet to undergo a formal cost-effectiveness study but is
associated with significant fixed costs. By way of example, the cost of the disposable
components of Haemonetics 5 cell salvage system used in operating rooms of the Ottawa
Civic Hospital is in excess of CDN $185.00 per patient. The device itself costs
approximately CDN $35,000.00. If a hospital regularly performs surgical procedures
associated with significant blood loss the rather substantial costs of this technology may
be justified.

The use of a variety of pharmacological agents to reduce perioperative blood loss
and resultant allogeneic transfusion has also been evaluated. Aprotinin is a protease
inhibitor that reduces the degradation of blood clot and preserves platelet function.
Epsilon-aminocaproic acid and tranexamic acid directly inhibit the enzyme plasmin from
binding to and dissolving fibrin, the protein responsible for blood clotting. Desmopressin
acetate reduces bleeding by releasing factor VII:C and von Willebrand factor

encouraging the adherence of platelets, the cellular element of blood clots, to the wall of



injured blood vessels. Recent systematic reviews of these agents suggest that aprotinin
and tranexamic acid are effective in the reduction of allogeneic transfusion but that there
is insufficient evidence to support the use of desmopressin and epsilon-aminocaproic acid
(17). The use of human recombinant erythropoietin, a hormone that stimulates the
production of red blood cells, has also been advocated. Erythropoietin was shown to
reduce the likelihood of allogeneic blood in those patients undergoing cardiac (OR 0.09,
95% CI 0.03 to 0.28) and orthopedic surgery (OR 0.38, 95% CI 0.24 to 0.63) in a recent
systematic overview (18).

Clinical practice guidelines to assist the clinician in the safe use of allogeneic
blood and technologies to reduce or eliminate its use have recently appeared in general
medical, surgical, and anesthesia literature (2,19,20). Common to these guidelines is the
recommendation that acute normovolemic hemodilution (ANH), another technology for
collecting autologous blood, be considered as a means of reducing allogeneic transfusion
for patients undergoing surgery.

1.1.3. Acute Normovolemic Hemodilution (ANH)

Hemodilution is defined as “dilution of all of the blood constituents resulting from
the exchange of the patient’s whole blood for cell-free plasma like fluid (21).” Interest in
hemodilution began in the early 1960s in response to the pressures placed on a limited
donor blood supply by cardiac surgical patients. Initial experience with open-heart
surgery relied heavily upon donor blood and blood products both to prime the
cardiopulmonary bypass machine and to treat the often substantial blood loss associated
with cardiac surgical procedures. Based on their experiences with the passive

hemodilution associated with bloodless cardiopulmonary bypass primes, Buckley,



Hallowell, and colleagues at the Massachusetts General Hospital began to experiment
with the “temporary removal of a patients’ blood ... before extracorporeal circulation
(22).”

Buckley and Hallowell’s technique, now commonly referred to as ANH, is
performed in the operating room shortly before or during surgery. A portion of the
patient’s blood volume is withdrawn through an intravenous or intraarterial cannula and
replaced with an appropriate volume of intravenous fluid to maintain normal circulating
volume. The blood is collected in bags containing an anticoagulant and stored in the
operating room for later use. The blood reserved in this process contains oxygen-
carrying red blood cells as well as platelets and proteins essential for normal blood
clotting. During the hemodilution process the patient’s hematocrit, a measure of red
blood cell volume, is lowered from a normal value of 0.45 to 0.30 or less. As surgery
proceeds, blood lost in the surgical field contains fewer red blocd cells and results in a
reduced loss of oxygen carrying ability. At the end of surgery, or when hematocrit falls
to a point where oxygen delivery is compromised, ANH units are returned to the patient,
thus restoring oxygen carrying capacity.

In 1972 Hallowell and Buckley reported the first prospective, randomized,
controlled trial of acute normovolemic hemodilution (ANH) (22) followed a year later by
Laks’s report of the first use of the technique in non-cardiac surgery (23). ANH-related
reductions in allogeneic blood exposure ranging from 18 to 90% have since been reported
in a variety of surgical procedures (24). ANH offers several practical advantages over
other technologies for the collection of a patient’s own (autologous) blood. Unlike

preoperative autologous donation (PAD), which requires that patients donate blood on



several preoperative visits in the weeks preceding surgery, ANH may be performed on
the day of surgery in the operating theater. The minimal preoperative preparation
required minimizes patient inconvenience and makes ANH suitable for both emergency
and elective procedures. Unlike perioperative cell salvage, ANH requires no special
equipment and may be employed in circumstances where the surgical field may be
contaminated with infected or malignant tissue. ANH units are collected and stored at
the patient’s bedside reducing the administrative costs associated with the collection,
storage, and testing of PAD units. ANH units also contain fresh clotting factors that may
be of theoretical advantage in cardiac surgery where disorders of blood clotting are
relatively common. Lastly, all units of autologous blood collected through ANH are
returned to the patient at the end of the surgical procedure eliminating the risk of
previously donated units spoiling should elective surgery be delayed or canceled.

Given the potential advantages and lower costs associated with ANH, why then is
it not used as a source of autologous blood more frequently? Only 30% of Canadian
hospitals surveyed in 1995 reported employing ANH in their operating rooms to reduce
allogeneic transfusion (25). Proposed factors inhibiting wider use of this technology
include: ANH is time consuming and requires intensive monitoring (26); the research
supporting ANH is flawed (27); ANH is incapable of yielding significant blood savings
(28); and the anemia inherent to the technique places patients at undue risk of

cardiovascular morbidity (29).

1.1.4. Rationale for a Systematic Review of ANH Research

It could be argued that larger, perhaps multi-center, trials will be required to

clearly define the role of ANH in clinical practice. Unfortunately some advocates of



ANH suggest that “ethical and moral considerations make it unlikely that they will ever
be carried out. Any decrease in the use of homologous blood would make such studies
extremely difficult to justify (26).”

Clinicians, patients, and health care policy-makers need research that will
“separate the known from the unknown and save them from the position of knowing less
than has been proved (30).” A systematic review provides an efficient means of
identifying and integrating existing research on ANH. By critically examining and
pooling evidence from a number of sources one can determine if ANH yields a consistent
treatment effect across different studies and patient populations. Similarly one can
identify variation in treatment effect in selected subgroups. While systematic review will
not provide a definitive answer, one can use the results to identify and refine hypotheses,
recognize and avoid pitfalls of previous work, and identify important covariates or
adverse events that warrant consideration in future studies (30). A quantitative summary
of past research offers an increase in the statistical power and may allow the
identification of clinically relevant savings in allogeneic blood resulting from the use of
ANH. This increase in statistical power is of particular benefit when the event of interest
occurs infrequently, as might be the case with an adverse event.

Given the expense and ethical concerns regarding the mounting of a definitive
trial of ANH our existing knowledge should be critically evaluated and summarized
before proceeding with further prospective research. Systematic review and statistical
summary of previous research using meta-analytic techniques will be a timely and useful

addition to the debate regarding the use of ANH.



1.2. Aims and Objectives
The aim of this study was to conduct a systematic overview of all randomized

controlled trials evaluating acute normovolemic hemodilution (ANH) as a means of

reducing allogeneic blood transfusion in the perioperative period. Pooling the results of

previously published research using meta-analytic techniques was used to create a

summary estimate of the efficacy of ANH.

The primary objective of this study was:

1. to determine the effect of ANH on the likelihood of perioperative allogeneic blood
exposure.

Secondary objectives included:

2. to determine the effect of ANH on the volume of allogeneic blood transfused and
surgical blood loss in the perioperative period;

3. to evaluate the efficacy of ANH in different surgical procedures;

4. to evaluate the influence of the volume of preoperative phlebotomy (Vanu) and the
volume of surgical blood loss (SBL) on the efficacy of ANH;

5. to determine the effect of trial methods on the efficacy of ANH;

6. to assess for the presence of publication bias in the literature evaluating ANH; and

7. to determine if language of publication influences the conclusions of the overview.

10



2. METHODS
2.1. Study Selection

Systematic searches of Medline (1966-96), Current Contents (1995-6), and
Embase (1978-1996) were undertaken in August 1996. A broad search using MeSH
headings and textwords for both hemodilution and blood transfusion was conducted with
the assistance of a medical librarian. Details of the search strategies employed in this
overview can be found in Appendix A.

All titles and abstracts were reviewed to determine eligibility for analysis. Any
prospective, randomized trial comparing intraoperative acute normovolemic
hemodilution to a concurrent control group, regardless of language or medium of
publication, was retrieved for further analysis. Only those trials in which whole blood
was withdrawn on the day of surgery and replaced with a crystalloid or colloid solution
were considered to represent ANH. If insufficient detail was provided in the abstract to
determine eligibility, the article was retrieved for further review. The bibliographies of
review articles and all retrieved trials were hand searched for additional publications.
Duplicate publications and trials enrolling participants less than 18 years of age or

parturients were excluded.

Publications meeting the inclusion and exclusion criteria that reported either the
number of subjects exposed to at least one unit of allogeneic blood or the volume of
allogeneic blood transfused were considered eligible for meta-analysis.

In addition to the basic search, two “filters” designed to identify randomized

controlled trals in Medline were employed to evaluate their performance in the

11



anaesthesia and transfusion literature (31,32). Search terms used in the McMaster and
Cochrane RCT filters are also provided in Appendix A.

2.2. Data Extraction

Trials meeting all eligibility criteria were photocopied in such a way that the
authors, the date of publication, and the journal of publication were obscured. Two
independent reviewers using standardized data collection forms abstracted data.
Disagreements were resolved by consensus of the two reviewers. Non-English language
trials were abstracted by one of the reviewers with the assistance of a translator. When
necessary an attempt was made to contact the primary authors by mail to clarify results or
provide missing data.

The primary outcome measure was the proportion of subjects exposed to at least
one unit of allogeneic blood in the perioperative period. Other data abstracted included:
volume of allogeneic blood transfused in the perioperative period, surgical blood loss in
the perioperative period (SBL), type of surgery, the volume of blood withdrawn during
hemodilution (Vanw), the reporting of a perioperative transfusion protocol, and discharge
hematocrit. If the volume of blood transfused was reported in milliliters, the number of
units transfused was calculated by dividing the volume by 300.

The quality of the reporting of the trial methods was assessed using Jadad’s 3 item
scale (33). Trials received a single point for each of the following characteristics:
randomization; blinding; and accounting for all enrolled subjects. A point was added if
the mechanism of randomization was described and was appropriate (e.g. random
numbers table) or subtracted if inappropriate (e.g. alternate or date of birth allocation).

Similarly a point was added or subtracted for appropriate or inappropriate blinding
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procedures respectively. The total score ranged from 0O (worst quality) to 5 (best quality).
The form used to score trial methods, including definitions of the characteristics scored,
can be found in Appendix B.

2.3. Analysis

The proportion of patients transfused was analyzed using both the Mantel-
Haenszel fixed effects model (34)and the DerSimonian and Laird random effects model
(35) with results expressed using relative risks (RR) and 95% confidence intervals (95%
CI). Continuous variables such as the total units of allogeneic blood transfused and SBL
were also analyzed using both fixed and random effects models (34). Results are
expressed as weighted mean differences (WMD) with 95% CI. Heterogeneity of results
was evaluated using the x* statistic appropriate for the given method. All of the
preceding analyses were performed using RevMan 3.0.1 (36). A detailed description of
the statistical methods used for meta-analysis of dichotomous and continuous outcomes is
included in Appendix C.

Volume of allogeneic blood transfused in a subset of trials was also analyzed as
an ordinal variable using the method described by Whitehead and Jones (37). Subjects
enrolled in the ANH and control groups were placed into five ordered categories
according to the units of allogeneic blood they received. Patients were classified as
having received no units of allogeneic blood, one unit, two units, three units, and four or
more units. Transfusion outcome was then reduced to a binary response by defining a
category cut-point to reflect treatment success or failure. For example, if treatment
success were defined as receiving no units of allogeneic blood a patient receiving no

transfusion would be a success and one or more units a failure. The cut-point was then
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adjusted to one unit, two units, and three units creating four separate binary
classifications of treatment success. Logistic regression (PROC LOGISTIC in SAS) was
then used to determine the odds of treatment success in any given classification.
Assuming a common log odds ratio across all classifications a proportional odds model
was used to determine overall odds of treatment success regardless of how the categories
were divided into success or failure. The summary odds of success and failure for each
study were then pooled using standard meta-analytic techniques. The methodological
details of the ordinal variable analysis used are discussed in greater detail in Appendix C
and the relevant SAS files are included in Appendix D.

Subgroup analyses based upon type of procedure, Vann, SBL, language of
publication, Jadad score, and the use of a transfusion protocol were proposed a priori. To
be considered to have employed a transfusion protocol a trial must have clearly stated the
indications for transfusion of allogeneic blood in the Methods section and have employed
equivalent triggers for transfusion in both ANH and control groups. Subgroup analyses
could not be performed using the weighted chi square because of an insufficient number
of trials.

Evidence of publication bias was sought by using a “funnel plot”, a graphical
means of comparing effect sizes and sample sizes of trials in a meta-analysis (38). The
log odds ratio is presented on the x-axis and sample size is plotted on the y-axis.
Sampling theory suggests that estimates of effect from small trials should scatter widely
on both sides of the estimate of true effect. As sample size increases variability in the
estimates should decrease along with the scatter of the estimates to form a cone or funnel

shaped distribution. Publication bias was suspected if the funnel plot was asymmetrical
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or lacking data points in the portion of the funnel representing negative or equivocal
studies.

To further characterize publication bias the natural log of standardized normal
deviate (SND = effect size + standard error) was regressed against precision (precision =
standard error!). This regression technique provided an objective statistical test of funnel
plot asymmetry (39). Estimates of effect from small trials should be associated with a
large standard error and therefore small values for both the standardized normal deviate
and precision. As standard error decreases with increasing sample size values for both
SND and precision should both increase. When this information is plotted with InSND
on the y-axis and precision on the x-axis a line joining the data points should run through
the origin in the absence of publication bias. If only small trials with positive results are
reported the regression line passes through the x-axis and contacts the y-axis below the
origin. When regressed using the formula (InSND = o+Bprecision) the magnitude of a
represents the degree of asymmetry and its p value the statistical significance of the

estimate. P values <0.1 were considered to represent statistically significant asymmetry.
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3. RESULTS
3.1. Search Strategies

Numbers of citations identified from each computerized database were as follows:
Medline 880; Embase 758; and Current Contents 91. Following removal of references
duplicated in the different searches, a total of 1568 unique references were identified and
reviewed. 164 references were retrieved for detailed assessment, of which 21 were
described as prospective randomized controlled trials (RCTs). Ofthe 21 RCTs identified
from the computerized literature searches Medline provided 18 citations (40-57), Current
Contents two (58,59) and Embase one (60).

Manual search of the bibliographies of retrieved publications yielded an
additional 7 RCTs. Citations identified by manual review were sought in Medline by
author name search. All seven references identified by manual searches were indexed in
Medline, but under terms excluded by our search strategy. Five were indexed under the
MeSH heading “blood transfusion, autologous” and did not contain the textword
hemodilution (22,61-64). The screen for Mesh headings and textwords referring to blood
transfusion eliminated the other two publications missed by the Medline search (65,66).
The single reference identified using Embase (60) was also identified in Medline under
“plood transfusion, autologous”. In total, 1575 citations were identified from
computerized and manual searches yielding 28 publications described as RCTs. The
publication characteristics of the 28 identified trials are summarized in Table 1.

The RCT filters were successful in reducing the volume of references gathered by
Medline searches. Of the 880 citations identified by Medline the use of the Cochrane and

McMaster filters reduced the number of trials requiring review to 208 and 223
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respectively. Reliance on the Cochrane filter would have resulted in 3 of the 18
publications identified through Medline being missed (46,49,52).  Similarly the
McMaster filter would have overlooked 2 publications (46,56).

Table 2. Publication Characteristics of Identified Trials

Author Year Source  Format Language Cochrane McMaster
Ahlberg (40) 1977 MDL Full English + +
Atallah (41) 1993 MDL Full English + +
Bennett (42) 1994 MDL Full English + +
Boldt (43) 1991 MDL Full English + +
Bonnet (44) 1986 MDL Fuli French + +
Dietrich (45) 1989 MDL Full English + +
Lawson (46) 1974 MDL Full English
Lilleaasen (47) 1977 MDL Full English + +
Lorentz (48) 1991 MDL Full German + +
Malinovsky (49) 1989 MDL Abst French +
Moyes (50) 1985 MDL Full English + +
Rose (52) 1981 MDL Full English +
Rosberg (51) 1981 MDL Full English + +
Triluzi (53) 1995 MDL Full English + +
van der Linden (54) 1994 MDL Full English + +
Vara Thorbeck (55) 1990 MDL Full French + +
von Bormann (56) 1986 MDL Full German +
Welch (57) 1993 MDL Full English + +
Herregods (58) 1995 CC Full English
Kochamba (59) 1996 CC Full English
Ferraris (60) 1993 EMBASE Full English
Catoire (65) 1992 Manual Full English
Dale (66) 1987 Manual Full English
Hallowell (22) 1972 Manual Fuli English
Kaplan (61) 1977 Manual Full English
Gchsner (62) 1973 Manual Full English
Pliam (63) 1975 Manual Full English
Vedrinne (64) 1992 Manual Full English

Author (reference number)

MDL =MEDLINE Full =Full Manuscript

CcC = Current Contents Abst = Abstract

3.2. Data Extraction

Of the 28 publications described as RCTs, 3 used a “pseudo-random” date of birth

allocation scheme and were excluded from further analysis (40,51,63). Two additional
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trials were excluded: one enrolled patients less than 18 years of age (62) and another
provided inadequate description of data (60). One paper separately reported the results of
two parallel trials of ANH involving two different maxillofacial procedures and was
considered as two trials, subsequently referred to as Bonnet_1 and Bonnet_2 (44). In the
end, twenty-four RCTs enrolling a total of 1216 patients (630 ANH : 586 control) were
available for analysis.

Twelve authors were sent written requests to supply supplemental data or clarify
data presented in their publications, but only two responded (41,55). Sixteen trials
reported the proportion of patients exposed to at least one unit of allogeneic blood, twelve
documented the total units or volume of allogeneic blood transfused and thirteen reported
total SBL in the perioperative period in a format suitable for analysis as a continuous
variable (mean + sd). Ten additional trials contributed results to the ordinal variable
analysis of the volume of allogeneic blood transfused (22,43,44,46,48,49,52,55,56,66)
3.3. Trial Characteristics

The median sample size of the trials, including both ANH and control groups, was
30 (range 15-300). The mean preoperative hematocrits were similar in ANH and control
groups (0.411 = 0.017 vs 0.410 + 0.020, respectively p=0.856). The mean volume of
blood reserved preoperatively (Vanu) in the ANH group was 989 + 443 ml. Mean of the
lowest intraoperative hemoglobin reported in the ANH groups was 0.270 £ 0.054 and
was statistically lower than that reported in the control groups 0.326 = 0.068 (p=.009).
Surgical blood loss (SBL) in the perioperative period averaged 1211 + 519 ml in those
patients undergoing ANH and 1279 * 538 ml in the control groups (p=0.692). The

median score on the Jadad scale was one out of a possible five. Only five trials, all
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scoring two, exceeded the median. Reviewers agreed on the Jadad score in 18 of 24
trials. Assessment of agreement beyond chance yielded a Cohen’s kappa of 0.69. During
the review process it became evident that the lack of agreement resulted from a difference
in the interpretation of the third item of Jadad’s scale that allots a point for accounting for
all subjects enrolled. Consensus on the scoring of withdrawals was reached following
discussion and clarification with Dr. Jadad. Fourteen trials did not specify a transfusion
protocol or employed a protocol that set different transfusion thresholds in the ANH and
control groups. Characteristics of the included RCTs are summarized in Table 3.

Table 3. Characteristics of Included Trials

Author Surgery Sample Size Mean Vawy Mean SBL (ml) Mean SBL (ml) Jadad Transfusion

ANH/Control (ml) ANH Group  Control Group Score __ Protocol
Hallowell (22) Cardiac 25/25 1252 961 1110 1 no
Lawson (46) Cardiac 150/150 500 700 900 1 no
Kaplan (61) Cardiac 60/20 700 - - 1 no
Lilleaasen (47)  Cardiac 15/15 855 812 1517 1 no
Dale (66) Cardiac 7/8 850 1350 2850 1 no
Dietrich (45) Cardiac 25/25 750 890 664 1 yes
Boldt (43) Cardiac 15/15 890 1000 1080 1 yes
Vedrinne (64) Cardiac 30/30 400 775 834 1 no
Herregods (58)  Cardiac 15/15 785 - - 1 no
Triluz (53) Cardiac 18/28 924 475 735 2 yes
Kochamba (59) Cardiac 50/50 866 696 916 2 yes
Vara Thorbeck (55) Ortho 52/48 1000 - - 1 no
Lorentz (48) Ortho 16/15 700 1753 1720 1 yes
van der Linden(54) Ortho 10/10 880 1453 1170 2 no
Bennett (42) Ortho 20/20 900 1750 1750 1 yes
Rose (52) GI 15/6 2700 - - 1 no
Moyes (50) Thoracic 10/10 1500 2338 1277 2 no
von Bormann (56) Hepatic 22/22 - 1924 2094 2 yes
Bonnet 1 (44) ENT 10/10 1015 535 801 1 no
Bonnet 2 (44) ENT 10/10 870 1100 1340 1 no
Malinovsky (49) Urology 15/15 740 - - 1 yes
Atallah (41) Urology 10/10 900 - - 1 no
Catoire (41) Vascular 10/10 875 1560 910 1 no
Welch (57) Vascular 20/19 1500 1640 1340 I yes
Summary 630/586 989 +443 [211+£519 1279 + 538

mean+=SD mean+ SD mean + SD

Author (reference number)
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3.4. Effects of ANH on Allogeneic Transfusion

The influence of ANH on the likelihood of exposure to allogeneic blood
transfusion is shown in Figures 1 a and b. For ease of presentation all Figures are
grouped together on pages 30-44 at the end of the results section. When all eligible trials
were considered, ANH significantly reduced the likelihood cf exposure to at least one
unit of allogeneic blood in both the fixed effects (Relative Risk (RR) 0.65, 95%
Confidence Interval (CI) 0.56 to 0.75) and random effects models (OR 0.67, 95% CI 0.50
to 0.92). Marked heterogeneity of results as assessed by the chi square test for
heterogeneity was present in both fixed and random effects models (p < 0.001).

Reductions in the likelihood of exposure to at least one unit of allogeneic blood
were echoed by reductions in the total number of units transfused (U) as shown in
Figures 2 a and b. Patients in the ANH group received fewer units of allogeneic blood
than those in the control group in both the fixed (Weighted Mean Difference (WMD) -
1.31 U, 95% CI -1.60 to -1.02) and random effects models (WMD -2.37 U; 95% CI -3.74
to -1.01). Marked and statistically significant heterogeneity was again noted (p <0.001).

As shown in Figures 3a and b, ANH had a small and clinically insignificant effect
on the volume of blood lost in the perioperative period regardless of the model chosen
(WMD fixed effects -173 ml; 95% CI -236 to -110) or random effects -166 ml; 95% CI -
321 to -10).

Marked heterogeneity of results was found in all of the analyses shown above.
Indeed, heterogeneity was common in most of the analyses performed in this overview.
In the presence of heterogeneity the fixed effects model yields estimates of treatment

effect that are more precise than the data may support. Consequently, all further analyses
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will report only analyses based on random effects models. Methods of dealing with
heterogeneity will be reviewed in detail in the discussion.
3.5. Results Unsuitable for Analysis as a Continuous Variable

Meta-analysis of the volume of allogeneic blood transfused as a continuous
variable requires that a summary mean and standard deviation for this outcome be
reported in both the ANH and control groups. In ten trials data describing the volume of
allogeneic blood transfused was reported without a valid standard deviation which could

be used for summary analysis.

Table 4. Studv Group and Volume of Allogeneic Transfusion

Allogeneic Blood Transfused
Group 0 1 2 3 4 + Total
Included ANH 6 2 2 2 12
Included Control 1 4 1 6 12
Excluded ANH 4 0 1 1 4 10
Excluded Control 0 2 2 1 5 10

Included = those trials providing results for the analysis of the volume of

allogeneic blood transfused.
Excluded = those trials which provided some measure of the volume of

allogeneic blood transfused but could not be used for continuous variable

meta-analysis.
Cell counts represent the number of trials reporting the given mean units of

allogeneic blood transfused.

In four trials no patient in the ANH group received an allogeneic transfusion
(43;44,49,52) yielding a zero value for standard deviation. Three trials reported the
volume of allogeneic blood transfused in the intraoperative and postoperative periods
separately (22,56,66) and failed to provide a summary mean and standard deviation. Two
trials reported mean volumes of allogeneic blood transfused but used a range to describe

variability (46,48) and a single trial provided no measure of variability (55). Information
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from all trials that reported the volume of allogeneic blood transfused in some fashion is
summarized in Table 4.

ANH arms of both included and excluded trials were more likely to report mean
allogeneic blood exposure of zero or one unit than control arms. Similarly control groups
were more likely to report 4 or more units transfused than ANH groups. In very crude
terms, it can be seen that the included and excluded trials had a similar “pattern” of
allogeneic blood exposure.

Three trials (42,43,50) reported the volumes of blood transfused to individual
patients in ANH and control groups which permitted analysis of this outcome as an
ordinal variable. The details of this analysis are discussed in Appendix C and results
summarized in Table 5.

Table 5. Volume of Allogeneic Blood Transfused - Ordinal Variable Analysis.

Study Odds Ratio 0; D
Moyes 3.676 1.302 1.332
Boldt 3.428 1.232 2.161
Bennett 1.086 0.083 2.406
Total 2.18 (1.44t03.29) | 0.42 (0.37t01.19)

Values in brackets represent 95% confidence intervals.
8; = logistic regression B coefficient representing treatment effect
®; = (variance of 6;)'1.

3.6. Adverse Events

The incidence of complications was poorly reported but there was no obvious
increase in adverse events with ANH. Two deaths, one in each of the ANH and control
groups, were reported among 314 patients in the eight trials that reported mortality
(45,50,52,54,56,57,59,65). A single myocardial infarction was reported, in the contro!
group, in the four trals enrolling 116 patients that reported this outcome

(48,50,54,56,65). In the two trials that specifically assessed 120 patients for
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thromboembolic complications (54,55) the likelihood of deep venous thrombosis (RR
0.61, 95% CI 0.14 to 2.69) and pulmonary embolism (RR 1.00, 95% CI 0.20 to 5.09)
were not influenced by ANH.

3.7. Publication Bias

The “funnel plot” evaluating the presence of publication bias in trials evaluating
the influence of ANH on the likelihood of allogeneic transfusion is displayed in Figure
4a. Negative or equivocal trials enrolling small numbers of subjects, found in the upper
right corner of the plot, are underrepresented suggesting a systematic underreporting of
trials not showing a reduction of allogeneic transfusion with ANH.

A graphical representation of a linear regression technique for evaluating funnel
plot asymmetry is shown in Figure 4b. The natural log of the standardized normal deviate
is plotted on the x axis and precision shown on the y axis. In the absence of trials with
equivocal or negative results the small trials reporting incredibly beneficial effects of
ANH pull the regression line well below the origin. Statistical testing of the a value in
the regression (InSND = o + [precision), which represents the y intercept, shows

markedly significant asymmetry (o = -7.95, p <0.001). These findings again suggest the

presence of publication bias.
3.8. Subgroup Analyses

3.8.1. Surgical Procedure

When surgical procedures were considered separately ANH was effective in
reducing the likelihood of exposure to at least one unit of allogeneic blood in

miscellaneous procedures (RR 0.25, 95% CI 0.08 to 0.76) but did not yield statistically
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significant reductions in trials of cardiac surgery (RR 0.87, 95% CI 0.72 to 1.06) or
orthopedic surgery (RR 0.88, 95% CI 0.39 to 2.02) (Figures 5 a,b,and c).

Reductions in the numbers of units of allogeneic blood transfused in different
surgical procedures are presented in (Figures 6 ab,and c). ANH groups undergoing
cardiac surgery (WMD —2.83, 95%CI —5.34 to —0.31), and miscellaneous procedures
(WMD 1.8, 95% CI -3.35 to —0.30) showed clinically and statistically significant
reductions in the volume of allogeneic blood transfused. Reduction in allogeneic
transfusion in ANH groups undergoing orthopedic surgery did not reach statistical
significance (WMD —1.54, 95% CI —4.01 to 1.317).

As with the pooled analyses, statistically significant heterogeneity was present in
most of the subgroup analyses presented above. The notable exception was in the cardiac
surgery subgroup where heterogeneity in the analysis of the RR of allogeneic blood
exposure was absent. Values of the c2 test for heterogeneity for the summary meta-
analyses and the subgroups based on surgical procedure are found in Table 6.

Table 6. Heterogeneity in ANH Research

Measure  Group 5 df p
RR Cardiac 4.5 4 0.343
RR Ortho 11.1 2 0.004
RR Misc 427 6 <0.001
RR All Trials 535 14 <0.001

WMD Cardiac 161.4 5 <0.001
WMD Ortho 21.0 1 <0.001
WMD Misc 12.3 3 0.006
WMD All Trials 216.3 11 <0.001

x* = chi square test for heterogeneity
df = degrees of freedom
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3.8.2. Volume of Preoperative Phiebotomy

The influence of the volume of preoperative phlebotomy (Vannu) on the efficacy
of ANH is seen in Figures 7 a,b,c and d. In trials in which the Vaxy was less than 1000
ml (Figure 7a) the reduction in the likelihood of transfusion failed to reach statistical
significance (RR 0.78, 95% CI 0.55 to 1.0). On the other hand, studies in which Vanu
was 1000 ml or more (Figure 7c) there was a large and statistically significant reduction
in the likelihood of transfusion (RR 0.33, 95% CI 0.13 to 0.83). Remarkably, the
significant reduction in the likelihood of transfusion associated with larger phlebotomy
did not correlate with a greater reduction in the mean volume of allogeneic blood
transfused (Figures 7 b and d). Similar reductions in the mean units of allogeneic blood
transfused resulted if V anu was less than 1000 ml (WMD -2.30 U, 95% CI -3.79 to -0.81)
or exceeded 1000 ml (WMD -1.69 U, 95% CI -3.42 to 0.03).

3.8.3. Volume of Surgical Blood Loss

The volume of perioperative surgical blood loss (SBL) did not appear to influence
the likelihood that ANH reduced exposure to allogeneic blood. Relative risks were
similar and showed a trend toward a reduction in transfusion whether SBL was less than
1000 ml (RR 0.84, 95% CI 0.58 to 1.22) or greater than 1000 mi (RR 0.79, 95% CI 0.53
to 1.19), (Figures 8 a and c respectively). Neither trend reached statistical significance.
Surprisingly, large differences in the volume of blood transfused were noted despite the
similar relative risks noted above. When SBL was less than 1000 ml (Figure 8b) the
reduction in the mean number of units transfused failed to reach clinical or statistical

significance (WMD -0.30 U, 95% CI -0.81 to 0.20). Conversely, when SBL was greater
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than 1000 mi (Figure 8d) the use of ANH led to a large reduction in donor blood
consumption (WMD -4.01 U, 95% CI -6.67 to-1.36).

3.8.4. Language of Publication

The language of publication did not influence the reported efficacy of ANH
(Figures 9 a and b). Trials published in languages other than English showed similar
reductions in the likelihood of exposure to one or more units of allogeneic blood (RR
0.61, 95% CI 0.34 to 1.10) as those reported in English language journals (RR 0.68, 95%
CI 0.44 to 1.04). A single non-English language publication reported the number of units
of allogeneic blood transfused as a continuous variable precluding subgroup analysis
based on this outcome (44).

3.8.5. Methodological Quality

The quality of the reporting of trial methods, as assessed by the Jadad scale, did
not greatly influence the efficacy of ANH. Trials scoring a single point on the Jadad
scale (Figures 10 a and b) demonstrated both statistically significant reductions in the
likelihood of transfusion (RR 0.60, 95% CI 0.38 to 0.94) and the units of allogeneic
blood transfused (WMD -2.89, 95% CI -4.95 to —0.84). Reductions in allogeneic blood
exposure were similar in those trials scoring greater than one on the Jadad scale (Figures
10 c and d) (RR 0.76, 95% CI 0.61 to 0.94 and WMD —1.06, 95% CI -2.95 to 0.43).

The influence of a transfusion protocol on the likelihood of allogeneic blood
exposure is shown in Figures 11 a,b,c,and d. Trials without transfusion protocols showed
marked reductions in both the likelihood of exposure to allogeneic blood (RR 0.39, 95%
CI 0.22 to 0.69) and the units of allogeneic blood transfused (WMD -3.33. —5.54 to —

1.12), (Figures 11 a and b respectively). In contrast, trials that carefully controlled
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transfusion decisions with a transfusion protocol (Figures 11 ¢ and d) were unable to
demonstrate a reduction in allogeneic exposure (RR 0.92, 95% CI 0.76 to 1.10) or the
units of allogeneic blood transfused (WMD -0.32 units; 95% CI -0.94 to 0.30). Itis
interesting to note that statistically significant heterogeneity is absert in trials employing

a transfusion protocol despite significant clinical heterogeneity.
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3.9. Figures
Figure 1. Effect Of ANH on the Likelihood of Allogeneic Transfusion (All Studies)

a. Fixed Effects Model

Compariscn: likelihood of allogeneic transfusion
Qutcomes all studies pocied

Expt Cirl Relative Risk Weight RR
Shudly N niN (95%C! Fixed) % (95%Cl Fixed)
1_BONNET as10 6 /30 —— 37 .08 [0.00,1.21}
2_BONMET 4 /10 10 /10 —_— 57 0.40 [0.19,0.85]
ATALLAH 0710 10 /10 ————— 60 0.05[0.000.72)
BENNETT 712 7720 —_— 40 1.00 [0.432.33]
BoOLDT 0718 2 /1§ — 14 020{0.01,3.85]
DIETRICH 2125 237125 - 132 096{0.79,1.15]
xHALLOWVELL 25125 25125 [ad) Not Estimable
HERREGOOS 7115 11 515 —_— 63 054 {034,1.18]
LORENTZ 15 /18 10 /15 +—— 59 1.41 [0.96 2.06]
MALINOVSKY g s15 3415 = 20 014 {001 255}
MOYES 4710 7110 —_—— 40 0.57 [0.24,1.35]
ROSE 017/15 6176 -— 52 0.03 {0.00,0.52}
TRULZD 51718 10728 —t—— 45 0.78 {0.32,1.90]
YARA THORBECK 10 /152 20 /48 —_— 120 0.45 (024 0.88]
VEDRINNE 18 /30 23 /30 — 132 0.83[0.58,1.16}
YON BORMANN 17122 x2i2 —— 126 0.77[0520.9N
Totat (SS%CT) 135 /308 195 7304 -> 1000 065 (056 ,0.75)
Chi-square 53.51 (df=14) Z=5.55

102 1 5 10
Favours Treatmerd _ Favours Control

b. Random Effects Model

Comparison: likefhood of alfogeneic transfusion
Outcomes alf studies pooled

BExpt Ctrl Retative Risk Weight RR
Study N N (35%C3 Random) % (85%C1 Ranciom)
1_BONNET 0 /10 6710 —_—t 12 0.08[0.00,1 21]
2_BONNET 4 /10 10 710 — 75 0.46{0.18,0.89]
ATALLAH 0710 10 710 — 12 0.05(0.06,0.72]
BENNETT 712 712 —_— 638 1.00(0432.33]
BOLDT 6 /18 21415 — 10 0.20 (0.01,3.89]
DIETRICH 22125 23125 -« 132 0.96(0.79,1.19]
xHALLOWELL 25125 251728 00 Not Estimable
HERREGODS 7418 11 718 83 0.64 [0.34,1.18]
LORENTZ 15716 10 /15 T+ 18 1.41 {0.86,2.06]
MALINOVSKY 0 7/15 3 I1is € 11 0.14 {0.01,2.55]
MOYES 47410 7/10 e e g 6.7 0.57 [0.24,1 39]
ROSE 0s15 616 — 12 0.03{0.00,0.52]
TRULZ 5118 10 /28 —_— 64 0.78 [0.32,1.90]
VARA THORBECK 10 1952 20 748 —_— 86 0.46 [0.24,0.68}
YEDRINNE 19 /30 23 /30 —e 13 0.83(0.59,1.16]
VON BORMANN 1712 2122 —-— 128 0.77 [0.62,0.97)
Total (35%CT) 135 /308 195 /304 - 100.0 057 [6.50,0.92)
Chi-square 53.51 (df=14) Z=2.50

1 2 1 5 10
Favours Treetment Favours Control
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Figure 2. Effect of ANH on the Units of Allogeneic Blood Transfused (All Studies)

a. Fixed Effects Model

Comparison: units of allogeneic blood trensfused

Outcomes: all studies pooled
Expt Expt Cirf Cut WD weight WD
Study n mean(sd) n mesn(ed) {35%C1 Fixed) % (95%Cl Fixed)
2_BONNET 10 040 (051) 10 330 (0.34) -5 1941 -2.900 [-3.553,-2.237]
BENNETT 20 0.70 (1.20) 20 0.80 (1.30) -4 138 -0100 [-0.875 0 675]
CATORE 10 090 (120) 10 1.40 (1 60) —te 55 -0.500 [-1.740,0.740]
DIETRICH 25 280 (2.00) 25 460 (3.20) —— 38 -1.800{-3279,-0.321]
HAPLAN 60 782(5899) 20 949 (351) —_— 17 -1670 [-3861,0521]
KOCHAMBA S0 086 (1.87) 50 1200154) # 186 -0240{-0911,0431}
LLLEAASEN 15 580 (2.00) 15 20.10 (3.80) q 18 14300 [-16.473,-12.127
MOYES 10 1.30 (1.90) 10 283 (235) ——t 24 -1.530 (-3.408,0.348]
TRILZ 18 0.90 (1.80) 28 0.60 (0.80) 5 104 0.300 [-0.596,1.196]
YAN DER UINDEN 10 0.60 (0.90) 10 360 (1.30) — 87 -3.000 [-3.980,-2.020]
VEDRINNE 30 1.70 (1.70) 30 1.90 (1.40) -4 135 -0.200 {-0.988,0.588]
WELCH 20 2.7G (3.10) 18 8.30(8.70) — 13-% -5600 {-9.741 -1 .459]
Total (35%CD 278 247 ¢ 1002 -1.313 (-1.602,-1.023]
Chi-square 21627 (df=11) Z=8.89
10 5 a 5 10
Favours Treatment Favours Controt
b. Random Effects Model
Companson: unts gt atiogeneic blood ranstused
Outcome: ofl studies pooled
Expt Expt cul i YaD Weight VWD
Study n mean(sd) n mean(sd) (S5%C1 Random) % (85%Ci Random)
2_BONNET 10 0.40 (0.51) 10 330(0.94) - 92 -2900 (-3.563,-2237]
EENNETT 20 070 (1.20) 20 0.80 (1.30) -4 a1 -0.100 [-0.875,0575]
CATORE 10 0.80(1.20) 10 1.4001.60) —a}- 8.7 -0.500 (-1.740,0.740]
CDETRICH 25 2.80 (200) 25 4.60(320) —— " 85 -1.806 (-3279,-0321}
KAPLAN 60 7.82(539) 20 9.49(3.61) —et 76 -1.670(-3.861,0521)
KOCHAMBA 50 096 (1.87) S0 1.20(1.54) - 92 -0.240(-0.911,0431]
LLLEAASEN 15 5.80 (2.00) 15 20.10(3.80) 4 76 -14.300{-16.4731212?
NMOYES 10 1.30(1.90) 10 2.83(2.36) —at 8.0 -1.530 (-3.408,0.348]
TRULT 18 0.90 (1.80) 28 0.60 (0.90) - 9.0 0.300 (-0.596,1.196]
VAN DER LINDEN i0 0.60 (0.30) 10 3.60 (1.30) - 8.0 -3.000 [3.880,-2.020]
VEDRINNE 30 170(1.70) 30 1.90 (1.40) - 9.1 -0.200 [-0.888,0.588]
WELCH 20 270(3.10) 19 8.30(8.70) — 50 -5600{-9.741,-1.459]
Total (35%CN) 278 247 g 1000 -2.371 [-3.737 -1.005}
Chi-square 21627 (df=11) Z=3.40
10 ¢ 0 S 10
Favours Trestment = Favours Control
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Figure 3. Effect of ANH on the Volume of Surgical Blood Loss (All Studies)

a. Fixed Effects Model

Camparison: volume of surgical blood loss

DJutcomes all studies pooled
Expt Expt o] Ctri WwWD Weight  WMD
Study n mean(sd) n mean(: (85%CI Fxed) % (85%CI Fixed)
1_DONNET 10 535.00 (100.00) 10 801.00 (152.00) ~&- 311 -266.000 (-378.771 ,-153
2_BONNET 10 1100 (169.00) 10 1340 (142.00) —— padh] -240.000 {-376.814,-103
CATORE 10 1560 (675.00) 10 210.00 (6862.00} —_— 12 650.000 {54.006,1235.9¢
DALE 7 1350 (420.00} 8 2850 (1230) — 05 -1500.000 [-2407 360,-5
HALLOWELL 25 961.00 (489.00) 25 1110 (602.00) —_— 43 -149.000 [-453.028,155)
KOCHAMBA, 50 $69.00 (311.00) 50 916.00 (410.00) —G— 194 53.000 (-89.642,125642
LLL EAASEN 18 812.00 (419.00) 15 1517 (635.00) —o——— 27 -705.000 [-10S0.008,-31
LORENTZ 16 1753 (750.00) 15 1720 (794.00) E—— 13 33.000(-511.532,577.53
MOYES 10 2338 (2012) 10 1277 (S86.00) —_——— e 02 1061.000 {-327.745 244¢
TRIWLZ! 18 475.00 (192.00} 28 735.00 (519.00) —_— 88 -260.000([-471.717,482
VEDRSNNE 30 775.00 (441.00) 30 834.00 (372.00) D — 93 -538.000 [-265.457,147 4:
WeLCH 20 1640 (3291} 19 1340 (2585) € > L] 300.000 (-1552.413 2152
Total (35%CT) 24 230 -~ 100.0 -173.488 (-236.376,-110
Chi-square 41.98 (df={1) Z=541
1000 500 O 500 1000
Favours Trestmernt | Favours Condrol
b. Random Effects Model
Camparison: volume of surgicai biood loss -
OQutcome: all ztudies pooled
Expt Expt o] crl WMD Weight YWD
Study n mean(sd) n mean(sd) (35%C1 Random) % (85%C1 Random)
1_BONNET 10 535.00 (100.00) 10 601.00 (152.00) e 1486 -266.000 [-376.771 -153.
2_BONNET 10 1100 (169.60) 10 1340 (142.00) —B— 141 -240.000 (-376.514,-103.
CATOIRE 10 1560 (675.00) 10 910.00 (662.00) —_— 43 §50.000 {64.006,1235.99
DALE 7 1350 (420.00) 8 2850 (1230) — 25 -1500.000 {-2407.360,-5€
HALLOWELL 25  96100(483.00) 25 1110 (502.00) —_— 939 -143.000 [453.028,1550
KOCHAMBA 50 869.00 (311.00) 50 91600 (410.00) —ta— 140 53.000 [-89.642,195.642]
LELEAASEN 15 B1200(41900) 15 1517 (63500) —e— 81 -705.000 (-1090.008,-31€
LORENTZ 16 1753 (750.00} 15 1720 (794.00) e 54 33.000 (-511.532,577 53¢
MOVYES 10 2338 (2012) 10 1277 (985.00) —_—,——— 12 1051.000 [-327.745,2443
TRLZ 18 47500 (192.00) 28 735.00 (518.00) —_— 123 -260.000 [-471.717,-48.2
VEDRINNE 30 77500 (441.00) 30 §34.00 (372.00) —— 124 -£9.000 [-2685457,147 45
WELCH 20 1640 (3291) 19 1340 (2585) € 0.7 300.000 {-1552.413,2152
Total (S5%CT) sl 230 —afien 1000 -165.509 [-321.236,-9.78.
Chi-square 41 .98 (df=11) Z=208
4000 500 0 500 1000
Fevours Trestment Favours Control
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Figure 4. Publication Bias in ANH Research

a. Funnel Plot — Odds Ratio vs Sample Size
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b. Egger Regression Model for Funnel Plot Asymmetry
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Figure 5. Effect of ANH on the Likelihood of Allogeneic Transfusion
(By Surgical Procedure)

a. Cardiac Surgery

Comparison: likelihaod of sflogeneic transfusion
Outcome: cardiac studies

Expt Qi Relative Risk Weight RR
Study N N (85%Cl Random) % (95%C1 Randiom)
BOLDT Q715 2115 € ! 04 020{0.01 385
DIETRICH 2125 23125 i 601 086 (0.79,1.15]
xHALLOWELL 5125 25135 00 Not Estimable
HERREGODS 77115 11 715 ——t B9 064 [0.34,1.18]
TRULD 51718 10 /28 —_—t 44 0.78(0.32,1.80]
YEDRINNE 19730 23430 —N - %2 0.83(0.59,1.16]
Total (85%CD 78 /128 94 71138 -t 100.0 087 (0.72,1.06]
Chi-square 4.52 (df=4) Z=1.38
1 2 1 s 10
Favours Treatment Favours Contro
b. Orthopedic Surgery
Comparison: [likefihood of alfogeneic transfusion
Outcomes: orthopaedic studies
Expt Cird Relative Risk Weight RR
Study nAN N (85%C1 Randam) % (85%C1 Rendom)
BENNETT 7520 7120 289 1.00{0.432.331
LORENTZ 15 716 10 715 381 1.41{0.96,2.05]
YARA THORBECK 10 752 20 /48 g 330 0.46{0.24,0.88]
Total (S5%C) 32 /88 37 /83 100.0 0.8810.35,2.02]
Chi-squsare 11.07 (df=2) Z=0.30
12 5 10
Favours Treatment Favours Cortral
c. Miscellaneous Surgical Procedures
Comparison: likeliood of allogeneic transfusion
Outcomes: misceflaneous studies
Expt Cirl Reiative Risk Weight fRR
Study N N (85%C! Ranciom) k3 (85%C1 Random)
1_BONNET 0710 6 /10 PSS 96 008[0.00.1.21]
2_BONNET 4 110 10 /10 —_— 202 0.40(0.18,0.85]
ATALLAH 0710 10 /10 — 9.7 0.05[0.000.72]
MALINOVSKY Q1S 3115 < 91 0.14[0.01,255]
MOYES 4 /40 7110 —_— 18.7 0.57 [024,1 35}
ROSE LR L 6516 — S6 0.03[0.00,0.52]
VON BORMANN 17 122 212 ~&- 221 0.77 [062,097]
Total (35%C) 257192 64 /83 (e P —— 1000 0.25[0.080.76]
Chi-square 42.66 (df=6) Z=2.43

102 1 5 10
Favours Trestment Favours Control
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Figure 6. Effect of ANH on the Units of Allogeneic Blood Transfused
(By Surgical Procedure)

a. Cardiac Surgery

Comparizon: units of sllogencic biood transfused
Cutcome: cerdiec studies

Expt Expt <t Ct YWWD Weight  WMWD
Study n mean(sd) n mean(sd) {85%C! Random) % (85%C! Randlorn)
DETRICH 25 282 (2.00) 25 454 (3.2) e 167 -1.840({3.323,-0357]
KAPLAN =] 7.82(599) 20 8.49(3.51) —— 158 -1.670 [-3.861,0.52]
KOCHAMBA 50 096 {1.87) 50 1.20(1.549) 175 -0.240(0.811,0431}
LILLEAASEN 15 5.80 (2.00) 15 20.16(3.80) q 158 -14.300 (-16.473,-12.127
TR 186 0.0 (1.80) 28 060 (0.80) 173 0300 {-G.536,7 196)
VEDRINNE 30 1.70(1.70) 30 1.90 (1.40) 174 -(.200 [-0.988,0.588]
Total (85%CN) 158 168 R 100.0 -2825(-5.339,-0311]
Chi-square 161.43 (df=5) Z=220
10 5 0 5 10
Favours Treatmert Favowrs Controd
b. Orthopedic Surgery
Comparison: units of allogeneic bload transfused
Outcome: orthopaedic studies
Expt Expt Cirt Ctrl WND Weight WAMD
Study n mean(sd) n mean(sd) (85%Cl Random) % (85%C Random)
BENNETT 20 0.70 (1 20) 20 .60 (1.30) 505 -0:1900 [-0.875,0.675]
VAN DER LINDEN 10 0.60 (090} 10 362(130) = 455 -3.020 [-4.0090,-2 040]
Totet (95%CD 30 30 1000  -1.544 [4.405,1.317]
Chi-square 20.98 (df=1) Z=1.06
10 5 0 5 10
Faynurs Treatment Favours Control
c. Miscellaneous Surgical Procedures
Comparison: units of allogeneic biood trensfused
Outcomez misceilaneous studies
Expt Expt Ctrl Qrl wiD Weight YD
Stucty n mean{sd) n mean(s<) (35%C1 Randorm} % (85%C1 Randam)
2_BONNET 10 040 (051) 10 333(054) =2 355 -2930 [-3583,-2.267]
CATORE 10 0.80 (1.20) 10 1.40 (1 60) - 304 -0.500 [-1.740,0.740}
MOYES 10 1.30(0180) 10 2.60 (240) —a—t 24.0 -1.500 [-3.397,0.397]
WELCH 20 267 (258) 18 $33(8.72) —_—t 100  -2680(-6.793,1.473]
Total (35%CT) 50 49 . 1000  -1.820(-3345,-0.295]
Chi-square 12.28 (df=3) Z=2.34

10 5 9 5 10
Favours Treatment Favours Controf

33



Figure 7. Influence of the Vang of the Efficacy of ANH

a. Vanu Less than 1000 ml (Likelihood of Allogeneic Transfusion)

Comparison: fikefihood of allogeneic transfusion

Cutcome: venh <1060 ml

Expt Cirl Relative Risk Weight RR

Study nfN N (95%C1 Random) % (85%C! Random)
2_BONNET 4 /10 10 /10 —_— 104 0.43(0.19.0.89]
ATALLAH 0 s10 10 /10 e 15 0.05(0.00,6.72]
BENNETT 7120 7120 —_— 93 1.00[043,2.33]
BOLDT 0715 2115 € 13 0.20[0.01,3.85}
DETRICH 22125 23125 - 202 0.96[0.79,1 15]
HERREGODS 7715 11 715 —_— 126 064034118}
LORENTZ 15 116 10 715 —— 17780 1.41 {0.96,2.06]
MALNOVYSKY 0 ¢15 31715 € 13 014 10.01,255]
TRLZ S r18 10 128 —_— 8.7 0.78 {0.32,1 90}
VEDRNNE 18 r30 23 130 —i 178 0.83(059,1.16]

Total (95%CT) 79 7174 109 7183 -~y 1000 0.78 (0.55.1.10}

Chi-square 27 .23 (df=3) Z=1.44

12 1 5 10
Favours Trestment Favours Cortrol

b. Vanm Less than 1000 ml (Units of Allogeneic Blood Transfused)

Comparison: units of allog jc blood tr d

Outcome: vanh < 1800 mi

Expt Expt (o 44] Cuf YWD Weight YWD

Study n mean(sd) n mean(sd) (95%C! Random) % (85%C1 Random)
2_BONNET 10 0.40(051) 10 3.33(0.84) -- 1086 -2.930 [3.593,-2.267]
BENNETT 20 070¢120) p-3] 0.80(1.30) - 105 -0.100 (-0.875,0.675]
CATOIRE 10 0.90 (120) 10 1.40 (1.60) —e 100 -0.500 [-1.740,0.740]
DETRICH 25 2.80 (2.00) 25 460(320) —_—— 97 -1.800[-3273,0.321]
KAPLAN 60 7.82(589) 2 979 (351) —_— 87 -1.970[4.161,0.221]
KOCHAMBA 50 0S5 (187 50 120(154) - 105 -0.240[-0911,0.431]
LA EAASEN 15 5.80(2.00) 15 20.10 (3.80) q 8.8 -14.300(-16.473,-12.127
TRULZ 18 0.90(1.80) 28 0.50 (0.90) 5 104 0300 (-0.536,1.196]
VAN DER LINDEN 10 0.50 (0.80) 10 3.62(1.20) - 103 -3.020 (-4.000,-2.040]
VEDRINNE 30 1.70(1.70) 30 1.90 (1.40) - 105 -.200 (-0.988,0.588])

Total (85%Cl) 248 218 - 1000 -2.297 {-3.785,0.809]

Chi-sauare 213.45 rat=91 Z=3.03

10 5 0 s 10
Favours Treatment Favours Control
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Figure 7. Influence of the V vy on the Efficacy of ANH

¢.Vanu Greater than 1000 ml (Likelihood of Allogeneic Transfusion)

Comparison: likelihood f aliogeneic transfusion
Outcome: yanh > 1080 mi

Expt an Relative Risk Weight  RR
Study N N (35%C1 Random) % (35%C! Random)
1_BONNET 0/10 5 /10 PURS——— 94 008 (0.00,121]
XHALLOWELL 25125 25125 00 Not Estimable
MOYES 4710 7110 — s 75 057 (024,1.35]
ROSE 0115 616 — 95 0.03 {0.00,0.52)
VARA THORBECK 10 752 20148 —— 435 0.46 (0.24.0.88]
Total (95%CD 39 /112 64 /99 ——e——— 1000  033[013083]
Chi-square 6.28 (df=3) Z=235

102 1 5 10
Favours Trestmert Favours Contra!

d. Vanu Greater than 1000 ml (Units of Allogeneic Blood Transfused)

Comparison: units af sllogeneic blood transfused
Quicomes: vanh > 1000 md

Expt Expt n Ctr WAMD Weight  VWMD
Study n mean(sd) n mean(sd) (35%Cl Random) % (25%C1 Random)
MOYES 10 1500180} 10 2.80 (2.40) —@-— 826 -1.500 (-3.397.0.397]
WELCH 20 270(3.00) 19 5.30 (8.70) —_— 174 -2600 {-6.727,1 527]
Tote! (35%CD 30 29 ] 1000 -1.692(-3.4160.032]
Chi-square 023 (df=1) Z=1.92

10 5 a s 10
Favours Treatment Favours Control
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Figure 8. Influence of SBL on the Efficacy of ANH

a. SBL Less Than 1000 ml (Likelihood of Transfusion)

Compwrison: likelihood of aflogeneic transfusion
Outcomes sbl <1000 mi

Expt ot Relative Risk Weigt  RR
Study nN na (85%C1 Random) % (85%C1 Random)
1_BONNET 0710 6710 18 0030001 21]
DETRICH 2125 3125 47.8 0.96(0.79,1.15]
TRIULZ! 5118 10128 —_—t— 130 0.78 [0.32,1.90]
VEDRRNE 19 /30 23 130 -1 375 0.83[0.59,1 16]
Tolal (55%CT) 45 183 62753 —~ 1000 0.84[058,1.22]
hi-square 6.98 (cdf=3) Z=0.90

1 1 5 10
Favours Treatment Favours Cortrol

b. Blood Loss Less Than 1000 ml (Units of Allogeneic Blood Transfused)

Comparison: units of allogeneic biood transfused
Outcome: sbi <1000 mi

Expt Expt cul el WMD Weight  VWMD

Study n mean(sd) n mean(sd) (95%C1 Random) % (85%C! Random)

CATOIRE 10 030 (1.20) 10 1.40 (1.60) —et %33 -0.500[-1.740,0.730]

DEETRICH P 280(2.00) 25 4.60(320) —— 98 -1.800 [-3.279,-0.321)

KOCHAMBA 50 096 (1.87) 50 1.2001.54) 5 302 -0.240(-0.911,0431]

TR 18 0.90 (1.80) 28 0.60 (0.90) 214 0300 [-0.596,1 .196]

VEDRINNE 30 170(1.70) 30 1.90 (1.40) %k 252 -0200 {-0.988,0.588]
Total (@5%CT) 133 143 < 1000 -0.304 {-0.810,0.203)
Chi-square 583 (dt=4) Z=1.18

-10 5 0 5 10
Fayors Teartment Fayors Cortral
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Figure 8. Influence of SBL on the Efficacy of ANH

c. SBL Greater Than 1000 ml (Likelihood of Allogeneic Transfusion)

Comparison: fikefihood of sllogeneic transfusion

Outcome: <bl > 1980 mi

Expt Crl Relstive Risk Weight RR
Sludy N N (35%C1 Random) % (35%C1 Random)
2_PONNET 4110 10 710 —_— 154 0.40(0.19,0.85]
BENNETT 7120 7520 137 1.00{0432.33]
BOLDT 0r1s 211§ € 18 0.20(0.01.3.85]
xHALLOWE L 25125 25125 ago Nat Estimabie
LORENTZ 15 716 10 71§ i — 257 1.41 [0.86,2.06]
MOYES 4 710 7r10 —_— 133 0.57 (024.1.39]
VON BORMANN 175122 212 5 301 077 (062097]
Totaf (35%Ch 72 7118 83 r117 — g 1000 0.79(053,1.19]
Chi-square 13.49 (df=5) Z=1.13
i 2 1 5 10
Favours Treatment Favours Cortrof

d. SBL Greater Than 1000 ml (Units of Allogeneic Blood Transfused)

Comparison: units of allogeneic biaod transfused

Outcorne: sbl > 1000 mit

Expt Expt Cirt ar VWMD Weight  VWMD

Study n meer(sd) n mean(sd) (95%C1 Rendom) % (95%CI Random)

2_BONNET 10 0.48(0.51) 10 3.33(0.94) - _l 18.2 -2.830 (-3.593,-2.267]

BENNETT 20 0.70(120) 20 0.80 (1.30) 181 -0.100 (-0.875,0.679]

ULLEAASEN 15 $.80 (2.00) 15 20.10 (3.60} 4 16.4 14.300(-16473,-1212¢

MOYES 10 1.30(1.90} 10 2.80(2.40) —a—t 168 -1.500 (<3.397,0.397]

YAN DER UINDEN 10 0.60 (0.80) 10 3.62(¢1.30) - 17.9 -3.020 {-4.000,-2.040]

WELCH 20 270(3.00) 19 5.30(8.70) —_—— 12.7 -2600 [-6.727,1 527
Total (35%CT) 8s 84 ———— 100.0 4012 [-6.668,-1.356]
Chi-square 153.80 (di=5) Z=2.96

-0 5 a s 10
Favowrs Tregtment Favours Control
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Figure 9. The Influence of Language of Publication on the Efficacy of ANH

a. _Trials Published in English (Likelihood of Allogeneic Transfusion)

Comgparison: likelihood of allogeneic transfusion
Outcome: pubiizhed in english-langusge journal
Expt Cirl

Refalive Risk Weight RR
Study N N (85%CI Random) % {35%CI Random)
ATALLAH 0 /10 10 710 ——— 23 0.05(0.00,0.72]
BENNETT 7720 7120 —_— 122 1.00 [0.43,2.33]
g0oLDT 015 215 € 19 020 [0.01 3.85]
DETRICH 21725 23125 - 221 096 [0.79,1.15}
XHALLOWELL 25125 25125 00 Not Estimabie
HERREGODS 7115 11 715 — 158 06410.34,1.18]
MOYES 41710 7110 —_— 120 0.57 [0.24,1.35]
ROSE 07s15 676 — 22 0.03[0.00,0.52]
TRULZ 5718 10 128 —_—— 115 0.78 [0.32,1.90]
VEDRINNE 18 /30 23 530 - 202 083 [058,1.16]
Total (35%CN) 83 7183 124 7184 i 1000 G68 [0.44,1.04]
Chi-square 27.35 (df=8) Z=1.78
1 5 10

102
Favours Treatmert Favours Condrol

b. Trals Not Published in English (Likelihood of Allogeneic Transfusion)

Cotmparison: likefihood of allogeneic transfusion

Outcome: published in non-engiish-lenguage journal
Expt @4}

Relative Risk Weight RR
Study nN NN (35%C1 Random) % (35%C1 Random)
1_BONNET 0710 6710 — 40 0.08{0.00,1.21]
2_BONNET 3 110 10 710 —— 182 0.40 [0.19,0.85]
LORENTZ 15 116 10 715 -— 252 1.41 (0.96,2.06]
MALNOVSKY 0715 3115 - 37 0.14 (001 255}
VARA THORBECK 10 152 20 748 —_— 210 0.46 [024,0.88]
YOMN BORMANN 17122 2122 B3 270 0.77 (062,087}
Total (85%CD 46 r125 71 1120 R e 1000 061 [0.34,1.10]
Chi-square 25.77 (df=5) Z=1 64

1
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Figure 10. Influence of the Reporting of Trial Methods on the Efficacy of ANH

a. Jadad Score Equal to 1 (Likelihood of Allogeneic Transfusion)

Comparison: likelihood of allogeneic transfusion

Outcome: jadad score =1

Expt Ctri Relative Risk Weight RR
Study N N (35%CI Random) % (95%C1 Random)
1_BONNET ars10 6 r10 — 23 0.08[0.00,1 21]
2_BONET 4410 10 710 —— 109 0.40(0.19,085]
ATALLAH 6710 10 £10 — 23 005000072}
BENNETT 7120 7120 —— 101 1.00[0.432.33]
BOLDT 0515 2115 € 20 020 [0.01 385]
DETRICH 2125 23r25 - 154 0.96[0.79,1.15]
xHALLOWELL 25125 K125 6.0 Nat Estenable
HERREGODS 7115 11 715 —_— 124 0.64 (0341 18]
LORENTZ 15716 10 115 o 132 1.41 {0.96,2.06]
MALMOVYSKY aris 3715 « 21 0.14 {001 255]
ROSE 015 6§16 ——— 23 0.03{0.00052)
VARA THORBECK 10752 20 748 —_— 139 0.46(024,088]
VEDRINNE 19 130 23 £30 - 145 0.83(0.59,1.16]
Tota (85%CT) 109 /258 156 /244 e 1000 0.50{0.38,084]
Chi-squere 55.97 (d1=11) Z=2.24
L 3 W
Favours Treatment Favours Cortrol
b. Jadad Score Equal to 1 (Units of Allogeneic Blood Transfused)
Comparison: units of sflogeneic biood trensfused
Outcome: jaded score =1
- Expt Expt Cird ctrl WD Weight wvD
Siudy n mean{sd) n mean(sd) (85%C1 Random) % (85%CI Random)
2_BONNET 10 0.40(051) 10 3.33(0.94) - 13.7 -2.930 [-3.593,-2.267}
BENNETT 20 070(120) 2 0800130 - 136 -0.100 [-0.875,0.679]
CATORE 10 090 (1.20) 10 1.40(1.60) —et 132 -0.500 (-1 .748,0.740]
DETRICH 25 280 (2.00) 25 4.60(3.20) —— 130 -1.800(-3279,-0321}
KAPLAN 60 7.82(599) 20 8.49(361) —t 120 -1.670[-3.861,0.521]
LI EAASEN 15 5.80 (2.00) 15 2010 (3.80) q 120 14300 (-16.473,-12127
VEDRINNE 30 170(1.70) 30 180(1.40) e 136 -0.200 [-0.988,0.588]
WELCH 20 2.70(3.00) 19 $.30(8.70) ——e 88 -2.600[-6.727,1.527]
Total (35%CN) 180 149 sl 1000 -2.892 [-4.949,-0.835]
Chi-square 176.40 (di=7} Z=2.76
10 5 0 5 10
Favours Treatment Favours Cantrol
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Figure 10. Influence of Reporting of Trial Methods on the Efficacy of ANH

c. Jadad Score Greater Than 1 (Likelihood of Allogeneic Transfusion)

Comparison: ‘ikelihood of aflogeneic transfusion

Qutcome: jadad score > 1

Expt cid Retative Risk Weight RR

Study N nN (85%C1 Random} % (95%<C1 Random)
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Figure 11. Infiuence of the Use of A Transfusion Protocol on the Efficacy of ANH
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Figure 11. Influence of the Use of a Transfusion Protocol on the Efficacy of ANH
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4. DISCUSSION

4.1. Literature Search

“Of primary importance to the results obtained in a systematic review or meta-
analysis are the data collection methods used (32)”. Use of the computerized Medline
database, compiled by the National Library of Medicine, is the best-described and
researched means of identifying randomized controlled trials (RCTs). Unfortunately,
Medline does not provided complete coverage of all medical literature. Dickersin found
that the sensitivity of Medline in identifying all known trials in vision research was only
51%. This study also noted that it is not possible to identify 25% of all published RCTs
in journals indexed by Medline using Medline (32). If Dickersin’s results can be
generalized to other fields of research it is possible that 50% of eligible citations may be
overlooked if Medline is used as the sole method of identifying trials. Use of alternate
means of identifying RCTs is therefore essential to provide complete coverage of the
topic at hand.

To increase the number of RCTs of ANH for review, this systematic overview
utilized two additional computerized databases. Embase (Excerpta Medica Online)
differs from Medline in that it emphasizes pharmacology, toxicology, Asian and
European literature.  Overlap of journals indexed in Embase and Medline is
approximately 34% (67). Actual overlap of citations depends upon the topic reviewed
and has been reported to range from 15 to 25% (68). Current Contents abstracts titles and
bibliographic information on a weekly basis from 7000 journals. The prompt appearance

of new research in the Current Contents database may be an important consideration in

new or rapidly evolving technology.
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Manual review of the bibliographies of review articles and retrieved tmals
identified seven trials not detected in the Medline search and was the most productive
addition to Medline. Five citations identified by manual reviewed were present in
Medline but were catalogued under the MeSH heading “blood transfusion, autologous.”
Unfortunately, a recent systematic overview of preoperative autologous donation
identified 2275 citations using the MeSH heading “blood transfusion, autologous” (12).
While inclusion of this term in future systematic overviews of ANH may improve capture
of identification of trials within Medline, it will create an incredible amount of extra
work. Two additional trials of ANH identified by manual review were excluded by terms
in the search strategy intended to limit the Medline search to articles referring to blood
transfusion practice. The limiting terms reduced the number of citations identified by
Medline from approximately 3000 to the more manageable 880 reported here. Given the
numbers of references identified in this overview, the use of a manual review in addition
to a focussed literature search appears to strike a reasonable balance between
comprehensiveness and identification of irrelevant articles.

The addition of an Embase search did not contribute significantly to this
systematic overview. The single reference identified using Embase (60) was referenced
in Medline and was also identified by manual review. Given the costs and time involved
in performing an Embase search ($90.00 per hour of on-line time and $1.30 for each
citation downloaded) future systematic overviews of ANH should carefully reconsider
the use of this database.

It is evident that identification of all published RCTs is a time consuming and

labour-intensive task. Medline identified 880 citations regarding ANH of which 18 were

44



RCTs. Use of the McMaster and Cochrane filters reduced the number of references to
approximately 200 at the expense of missing 2 or 3 trials, respectively. While the filters
offer some reduction in unnecessary publications their lack of sensitivity makes them
unsuitable for future reviews of ANH. In the end there seems to be no reliable alternative
to hard work when sorting through the considerable volume of medical research available
for systematic overview.

4.2. Publication Bias

The most rigorous search of the literature will be unable to identify results of
research that has not been published. Failure of completed, prospective, research to reach
publication has a number of causes. Researchers report lack of interest and negative
results as the most common reasons why they failed to publish the results of their
research (69). Editorial practices of leading journals have also been identified as barriers
to publication. Dickersin cites statements from several journal editors encouraging the
submission of positive results and a quote stating “negative results have never made
riveting reading” as evidence of editorial influence in the failure of completed research to
reach the medical literature (70).

From the preceding comments it would appear that there is a bias against the
publication of negative research findings. This impression has been confirmed by a
number of researchers. Simes noted that published trials of combination chemotherapy
for ovarian cancer suggested significant efficacy whereas results from prospectively
registered trials, both published and unpublished, could demonstrate no improvement
over single agent therapy (71). Results of Dickersin’s survey of research publication

practice suggested that unpublished trials, representing 23% of completed research,
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favored the test therapy only 14% of the time. In contrast published research supported
the test intervention in 55% of published research (69). Similarly Easterbrook found that
among studies registered with Oxford’s Research Ethics Committee (72), those with
statistically significant results were more likely to be published than those with equivocal
results (OR 2.32, 95% CI 1.25 to 4.28).

It appears that there is a bias against the publication of a subset of completed
research and that the results of these studies differ in a systematic way from the findings
of published research. Publication bias defined by Dickersin as “the selective submission
and acceptance of positive over negative studies (69)” has the potential to influence the
results of meta-analysis. It is intuitive that the results of a meta-analysis will be biased
toward the study intervention if publication bias has limited access to trials with negative
or equivocal results. Villar compared the results of meta-analyses with randomized
controlled trials that enrolled more than 1000 subjects to determine if publication bias
influenced the estimates of efficacy derived from meta-analyses. Among the 15 meta-
analyses in which publication bias was suspected, 13 were found to have low or very low
similarity to the results of the large trial compared with only 2 of 8 overviews lacking
publication bias (73).

Several techniques to identify publication bias in the results of a meta-analysis
have been published. Rosenthal suggests a technique that calculates the number of
negative trials required to bring the summary positive result of a meta-analysis to the
boundary of statistical significance and estimates the resistance of the results to
publication bias (74). Begg and Mazumdar recommend the use of an adjusted rank

correlation between effect size and its measure of variability to statistically test for
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publication bias (75). Finally, Light and Pillemer describe a simple graphical means of
detecting in which the estimate of treatment effect is plotted on the x-axis while sample
size is plotted on the y-axis (38). Given these different approaches to the assessment of
publication bias, which should one choose?

Villar compared the performance of these tests for publication bias in a subset of
meta-analyses in the Pregnancy and Childbirth Module of the Cochrane Database of
Systematic Reviews. Funnel plots were created for 23 meta-analyses and assessed
blindly by two reviewers for their degree of asymmetry. These 23 meta-analyses ‘were
then assessed for publication bias using Rosenthal’s measure of resistance to publication
bias and Begg and Mazumdar’s adjusted rank correlation. Agreement on the presence or
absence of funnel plot asymmetry could be reached on 22 of 23 meta-analyses.
Following consensus of the reviewers, funnel plot asymmetry was noted in 15 of 23
trials. Conversely, publication bias as assessed by the rank correlation method was
absent in all 23 trials. There was no association between the funnel plot patterns and
Rosenthal’s measure. Similarly, there was no association between Rosenthal’s number of
trials predicted to make the results of the meta-analysis non-significant and the rank
correlation coefficient.

The failure of the Begg and Mazumdar method to detect statistically significant
publication bias is not surprising. The initial publication describing the performance of
the method suggested that statistical power of the test was poor when the number of
included trials was 75 or less and no meta-analysis in Villar’s study had more than 16
trials. The lack of association— between either the funnel plot or rank correlation and

Rosenthal’s estimates raises concern regarding the Rosenthal method. The funnel plot,
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despite its subjective nature, had good inter-individual reliability and was more sensitive
to the presence of publication bias than the rank correlation.

A funnel plot that assesses the presence of publication bias in ANH research is
shown in Figure 4 a. The upper right corner of the plot representing trials showing no
difference or an increase in the likelihood of allogeneic transfusion is absent. This funnel
plot asymmetry indicates that there is a systematic underreporting of small negative trials
of ANH and suggests publication bias.

Future systematic overview would benefit from improved, objective, statistical
techniques to assess for the presence of publication bias. A test with power where the
number of included trials is small would be a significant advance. Egger et al recently
described a regression technique to measure funnel plot asymmetry (39). A graphical
representation of Eggers’s technique is shown in Figure 4b. Statistical testing reveals
markedly significant asymmetry (o0 = -7.95, p < 0.001). Use of Egger’s technique
provides objective confirmation of the subjective results of the funnel plot and again
suggests the presence of publication bias.

If publication bias is suspected unpublished research may be sought from
industry, trial registries, and other non-peer-reviewed sources. Unfortunately, a new set
of problems must be addressed when one incorporates the results of unpublished research
into a systematic overview. First, how should one evaluate the unpublished results, often
available as raw data, to avoid the introduction of bias? Second, can one be certain that
unpublished data is of the same methodological quality as data subjected to peer-review?

Last, should unpublished data be accorded the same value as published data in the meta-

analysis?
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Funnel plot asymmetry suggesting publication bias was evident in this systematic
review of ANH research. Given the controversy surrounding the identification and
incorporation of unpublished research in systematic overview no attempt was made to
seek out unpublished literature. As trials reporting negative or equivocal results appear to
be systematically under-represented it is likely that the effectiveness of ANH is
overestimated in this meta-analysis. Furthermore, the reader cannot assume that the
results of this meta-analysis can be used as a surrogate for a large well-conducted
prospective trial.

4.3. Data Extraction

As is the case with other forms of retrospective research, there is ample
opportunity for observer bias to influence the interpretation of the published results of the
identified trials. Obscuring publication information to reduce bias has been suggested by
a number of authors and has considerable face value (76,77). Jadad found that the
scoring of the reporting of trial methods was lower and more consistent when trials were
blinded (33).

In this overview, all trials were photocopied so that the title, authors, year and
journal of publication were obscured. It is interesting to note that empirical evidence that
blinding influences the final outcome of meta-analyses is lacking. Berlin compared open
assessment to electronic scanning of the source publications and removal of any reference
to author, institution, journal of publication or treatment group in five previously
published meta-analyses. The considerable time and effort expended in blinding the

reports failed to yield clinically or statistically significant differences in the results of the
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subsequent meta-analyses (78). The importance of blinding of reviewers in systematic
overviews is therefore uncertain.

To minimize observer bias, two independent investigators abstracted data from
the trials. There was little disagreement about the objective evidence reported in the
results (i.e. numbers of patients in the study groups, quantities of blood transfused, etc).
Disagreement was noted on the more subjective scoring of trial quality as assessed by the
Jadad score. Jadad scores, as assessed by two independent investigators, agreed in 17 of
23 trials (Cohen’s x = 0.69). The Jadad scale assigns points for the completeness of
reporting three components of trial methods: randomization, blinding, and reporting of
withdrawals. Disagreement arose between our reviewers over what constituted a
complete report of withdrawals. Personal communication with Jadad revealed that this is
a frequently encountered problem. Once settled, consensus could be reached on all items
of Jadad’s scale.

4.4. Continuous Variables and Measures of Variance

The primary outcome variable in this overview was the proportion of subjects
exposed to at least one unit of allogeneic blood. In any surgical procedure associated with
a substantial risk of transfusion a technology that is able to reduce the volume of
allogeneic blood transfused, if not eliminate it all together, remains a valuable asset.
Therefore a secondary, yet important, outcome in this overview was the quantity of
allogeneic blood transfused.

Meta-analysis of continuous variables requires that a mean and standard deviation
for the outcome of interest for both treated and control groups be entered for each trial.

Please refer to Appendix C for a detailed description of the statistical techniques
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employed for the meta-analysis of continuous variables. Unfortunately ten trials
enrolling 644 subjects reported the volume of allogeneic blood transfused without a
standard deviation which could be used for continuous variable analysis.

The primary goal of ANH is to reduce allogeneic blood exposure. If ANH worked
perfectly no subject undergoing ANH would be exposed to allogeneic blood and the
mean volume of allogeneic blocd transfused to subjects in the ANH groups would be 0 =
0. This was the case in four trals of ANH identified in this overview(43,49,52).
Informative zero cells present a problem in the meta-analysis of both dichotomous and
continuous data extracted from randomized controlled trials. For dichotomous data,
addition of 0.5 of an event to each cell is an acceptable compromise and is the method
used by Revman 3.0.1 to accommodate zero cells (79). Accommodation of zero cells in

the meta-analysis of continuous data presents a much more difficult problem.

Revman 3.0.1 software, used to calculate the WMD for continuous outcomes
reported in this overview, treats zero cells as missing values. Revman will not calculate a
WMD or include the trial in the summary analysis if zero is entered as a value in its data
tables. In order to include information from the 4 trials in which no subject received an
allogeneic transfusion two attempts to impute a value for the standard deviation were
assessed. First, the smallest non-zero value (0.01) was entered instead of zero for
standard deviation of the given trial. This compromise proved unsatisfactory as the trial
with the imputed data dominated the summary meta-analysis. Because the standard
deviation is an important determinant of the weight applied to a given trial, an artificially

small value for this term leads to an artificially large weight. As a result, this trial is
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assumed, for purposes of analysis, as being an incredibly precise estimate of treatment
effect and the trial assumes a disproportionate role in the summary analysis.

A second compromise evaluated was the use of the standard deviation in the
control arm of the same trial. This solution weighted the trial in keeping with its sample
size but removed the independence of the observations. Unfortunately, the calculation of
confidence limits assumes independence of observation and this compromise was
abandoned. A third compromise suggested by Follman (80), assumption of common
variance for all trials, was rejected in view of the substantial qualitative and quantitative

heterogeneity of the included trials.

Three additional trials presented data as mean + standard deviation for allogeneic
blood transfused in both the intraoperative and postoperative periods but no single value
describing total allogeneic exposure. Mean values could be easily added to provide a

mean total exposure; however, an accurate standard deviation for total exposure must be

estimated.

A pooled variance was calculated using the following formula where sd; and sd;
represent standard deviations from the intraoperative and postoperative periods and

p represents an estimate of the correlation between variance in these periods.

1
pooled sd = [sdl2 +sd?+ (Zp\/sdl2 . sd%)]5

Unfortunately no reliable estimate of the correlation between intraoperative and
postoperative blood transfusion could be drawn. Intraoperative, postoperative, and

summary values were reported in only two trials (45,53) precluding a reasonable estimate

of p.
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Two trials reported total allogeneic blood transfused as a mean and range. The
standard deviation could be crudely estimated assuming that two to three standard
deviations on either side of the mean encompass 95% and 99% of the range of values
reported. Lastly, one trial provided a mean blood loss without a measure of variance
following a request to the authors for unpublished data.

It became readily apparent that the number of assumptions made to incorporate
the data from these 10 trials was becoming a threat to the validity of the results.
Regrettably, exclusion of these trials resulted in the loss of information from 644 subjects
enrolled in trials meeting the inclusion criteria for this analysis and raised concerns
regarding the validity of the results of the analyses of the volume of allogeneic blood
transfused.

Table 5 presents a descriptive approach to this problem. All trials reporting a
summary measure of the quantity of allogeneic blood transfused to treatment and control
have been arbitrarily divided into 6 discrete categories. Regrettably the hypothesis of
lower transfusion levels in the ANH cannot be tested statistically. However, from this
table a trend toward lower levels of transfusion in the ANH groups can be inferred. It
would thus seem unlikely that inclusion of the other trials would substantially alter the
direction of the findings of our summary analysis; this suggests a reduction in the volume
of allogeneic blood transfused in the ANH groups. Beyond this generalization, trials
excluded from analysis because of their measure of variance can provide no further
information to the meta-analysis of this outcome. Another unified means of

incorporating the results of all trials reporting the volume of allogeneic blood was

therefore required.
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Unfortunately, the volume of allogeneic blood transfused is of great importance in
the evaluation of technologies that reduce perioperative transfusion. It is unrealistic to
expect that any drug, technique or device will be able to entirely eliminate the
requirement for allogeneic blood in some surgical procedures. However, a technology
which reduces the number of units and donors that the patient is exposed is still of
significant value. As this systematic review highlights, the statistical methods for the
analysis of continuous variables are subject to a number of limitations. Of particular
concemn is the inability of these methods to incorporate meaningful zero values and
standard deviations reported from different time periods. Further research is required to
develop new means of incorporating continuous outcomes in the systematic overview of
transfusion technology.

4.5. Meta-Analysis of Blood Transfusion as an Ordiral Variable

In an attempt to deal with the problems presented in the meta-analysis of the
volume of allogeneic blood transfused, analysis of this outcome as an ordinal variable
model was conducted. An ordinal approach better reflects the biological consequences of
the administration of allogeneic blood than standard continuous-variable techniques.
Allogeneic blood is usually administered in units containing approximately 300 ml of
packed red blood cells. In most circumstances patients receive the full volume of the unit
transfused. Once transfusion of a unit of allogeneic blood has begun the recipient is
exposed to all the potential adverse events associated with that unit regardless of the total
proportion of the unit administered. Measurement of the volume of allogeneic blood

exposure in ANH research can therefore be thought of as discrete ordered categories.
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Whitehead and Jones described a method of summarizing the results of
randomized controlled trials with ordinal outcomes using a proportional odds model (37).
A detailed description of Whitehead’s model appears in Appendix C. Whitehead’s
ordinal approach obviates many of the problems with measures of variability encountered
in the continuous variable analysis in this systematic overview. Treatment arms receiving
no allogeneic blood or reporting variability in measures other than a single standard
deviation may be easily accommodated.

Regrettably, Whitehead’s model required that data regarding the volume of
allogeneic blood transfused was available for each individual patient, making application
of the technique in the meta-analysis of published data somewhat impractical. Individual
subject data was available in only three trials of ANH identified in this overview (50).
All three trials (42,43) were already represented in the continuous variable analysis.

Whitehead’s model divides the volume of allogeneic blood transfused into binary
outcomes — treatment success or treatment failure — based on an arbitrary threshold. For
example, transfusion of a single unit of donor blood, or less, may be considered success
while transfusion of two or more units will be considered failure. By adjusting the level
of outcome representing a treatment success, the odds of a favorable outcome in the
treated group relative to the control group for any level of allogeneic blood exposure may
be calculated.

In the trials available for ordinal variable analysis the likelihood of lower
allogeneic blood exposure was greater in those patients undergoing ANH (Odds Ratio
2.18, 95% CI 1.44 to 3.29). These results suggest that ANH is effective in reducing the

volume of allogeneic blood transfused and agree with the findings of the continuous
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variable analysis. This result should not be surprising given that the three analyzed trials
represent a subset of the continuous variable analysis. While providing no new
information, this analysis represents an interesting alternative to traditional continuous
variable meta-analysis in transfusion trials.
4.6. Trials Excluded from Analysis as a Continuous Variable

Despite all attempts, data from ten trials reporting the volume of allogeneic blood
transfused were excluded from analysis for “technical reasons.” Table 4 represents an
attempt to assess the impact of the removal of these trials in a qualitative sense. ANH
arms of both included and excluded trials were more likely to report mean allogeneic
blood exposure of zero or one unit than control arms. Similarly control groups were
more likely to report 4 or more units transfused than ANH groups. Table 4 crudely
demonstrates that the included and excluded trials had a similar “pattern” of allogeneic
blood exposure. It is therefore unlikely that exclusion of these trials would markedly
affect the direction of the findings of the summary analysis favoring lower volumes of
blood transfused to ANH patients.

4.7. Heterogeneity

“The combining of heterogeneous material is a commonly accepted threat to the
validity of meta-analysis (77).” Heterogeneity may arise from both clinical and statistical
sources (81). Clinical heterogeneity results from differences in characteristics of the
included trials such as subject selection, baseline risk of outcome, intervention technique,
duration of observation, and study design. Statistical heterogeneity is found where there
is greater variation in the results of the selected trials than would be expected by chance.

Statistical heterogeneity may arise from clinical sources or simply from quantitatively
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different results from qualitatively similar trials. Unfortunately statistical tests for
heterogeneity lack power and may fail to detect substantially heterogeneous results
(82,83). Through its attempt to gain objectivity, generalizability, and precision by
combining all available evidence, meta-analysis would therefore seem to be doomed to
some measure of heterogeneity. The question must then be how should one best deal
with heterogeneity in systematic overview and meta-analysis?
4.8. Fixed and Random Effects Models

Two statistical models for the combining of data from previously published
research, fixed and random effects, have been advanced. Considerable discussion has
focussed on the appropriate choice of these meta-analytic models when faced with
heterogeneity. Fixed and random effects models differ in one substantial respect, the
choice of weights for the individual studies. The Mantel Haenszel (MH) method, a fixed
effects model, weights studies by the inverse of the within-study variance. Since within-
study variance is usually inversely correlated with sample size, the MH method may be
considered to preferentially weight larger studies. The DerSimonian and Laird (D&L)
method, a random effects model, weights studies by the inverse of a combination of both
within- and between-study variation. Incorporation of between-study variance in the
weighting procedure used in the D&L method has several implications (84). First, by
adding another source of variation the D&L method should lead to an estimate of
treatment effect with wider confidence intervals than the MH method. Second, the
contribution of large trials to overall treatment effect in the D&L method is reduced as
between-study variance increases and assumes a larger role in the weighting procedure.

Lastly, the MH method may only yield valid inferences about the studies in hand,
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whereas the D&L method may extend its scope to a hypothetical population of trials.
The funnel plot asymmetry identified in this systematic overview suggests that there may
indeed be a larger population of ANH research not identified in this overview. Berlin has
stated that, “if there is heterogeneity that cannot be explained as a function of patient
populations, protocols, etc., then the random effects model is more appealing.”

If heterogeneity were present the contribution of between-study variance would
be expected to increase. Berlin found that when the results of 22 previously published
meta-analyses were reanalyzed using both fixed and random effects models the D&L
method yielded a more conservative and less precise estimate of treatment effect where
significant heterogeneity was present (84). Interestingly, three studies that supported
treatment effect in the fixed effects analysis were equivocal in the random effects
analysis. The use of random effects models in this systematic overview yielded results
compatible with Berlin’s observations. The influence of the chosen model was similar in
the analysis of both dichotomous variables, upon which the discussion has thus far
focused, and continuous variables for which both fixed and random effects models may
be employed. In all cases statistical tests identified substantial heterogeneity. As a result,
confidence limits surrounding the point estimates of treatment effect were wider and the
weighting of larger studies was reduced under the random effects model (Figures 1 and
2).

Given the substantial heterogeneity present in the above analyses and the
possibility of a larger hypothetical population of trials excluded from analysis by

publication bias, the random effects model would seem the best choice for estimation of
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the treatment effect of ANH. However, reliance on the statistical method to account for
and manage heterogeneity is an overly simplistic approach to this problem.
4.9. Investigation of Clinical Heterogeneity

Clinical heterogeneity is clearly evident in the trials of ANH identified in this
systematic overview. Included trials spanned a diverse range of surgical procedures and
ANH techniques. An evaluation of the influence of these clinical factors should be
undertaken “to investigate the influences of the specific clinical differences between
studies rather than rely on a single overall test of heterogeneity. This then focuses
attention on particular contrasts between the trials included, which will be more powerful
at detecting genuine differences — and clinically and scientifically more relevant
conclusions (81).” Subgroup analysis attempts to identify the sources of heterogeneity
through analysis of subsets of trials based on these known clinical factors.

Several subgroup analyses were proposed a priori. Trials were grouped into three
subgroups — cardiac, orthopedic, and miscellaneous - based on surgical procedure. Based
on the preceding discussion of the influence of language of publication, trials were
regrouped into English and non-English publications. Mathematical modeling of ANH,
to be discussed in greater detail in the following section, suggests that the success of
ANH is dependent upon the volume of blood withdrawn preoperatively (Vann) and the
volume of blood lost during surgery (SBL). Subgroup analyses based on the Vaxu and
SBL were undertaken to evaluate the role of these technical factors on efficacy. Lastly,
the influence of trial methods was evaluated by comparing trials with a Jadad score
greater than 1 with those scoring 1, the minimum inclusion criterion for this overview.

During the review process it became apparent that a number of trials failed to employ a
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protocol to guide transfusion decisions. A second subgroup analysis based on the
reporting of a transfusion protocol was thus proposed.

4.9.1. Surgical Procedure

An obvious source of clinical heterogeneity is the use of ANH in different
surgical procedures. Use of ANH in cardiac and orthopedic patients represented 11 and 4,
respectively, of the 24 trials included in this overview. The remaining 9 trials were
evenly distributed among a variety of other surgical procedures (Table 2) and were
grouped together for simplicity. The reduction in the likelihood of transfusion associated
with ANH was similar in cardiac and orthopedic trials while a marked and statistically
significant reduction in transfusion was noted in the miscellaneous group. ANH was
associated with similar reductions in the volume of allogeneic blood transfused regardless
of the surgical procedure evaluated. Statistical heterogeneity persisted in many of these
subgroup analyses. These results suggest that differences in surgical procedure are not
solely responsible for the statistical heterogeneity identified in the pooled analysis and

that other characteristics may contribute.

4.9.2. Language of Publication

Research published in languages other than English is often excluded from meta-
analyses. Exclusion of non-English-language publications results in a decrease in the
power of a systematic review and ignores valid research findings. Moher found that trials
reported in non-English-language journals share similar methodological rigor and
completeness of reporting as those trials that were published in English (85).
Furthermore, it has been suggested that the exclusion of non-English language trials may

bias the result of the meta-analysis in favor of the technology being evaluated. The
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«“Tower of Babel” bias occurs if non-English speaking investigators publish positive
findings in English language journals and preferentially publish negative or equivocal
research in local journals. Gregoire et al noted that the results of a systematic review
favoring the use tk to tk would have been made non-significant by the inclusien of non-
English language publications (86). Similarly Egger recently compared the results of
matched pairs of publications period published in English and German from the same
author in the same time period. Logistic regression identified that the only factor
predicting publication in English was the presence of a p value <0.05 (87).

In this meta-analysis all publications regardless of language of publication were
included, abstracted, and analyzed. It should be noted that a sizable reduction in the
power of this meta-analysis would result from the exclusion of 20% (245/1216) of
subjects reported in non-English journals. ANH produced statistically and clinically
significant reductions in the likelihood of allogeneic transfusion in trials published in
English and non-English language joumnals. Heterogeneity persisted in both analyses
(Figures 9 a & b). It is therefore apparent that a “Tower of Babel” bias does not represent
a source of statistical heterogeneity in this overview.

4.9 3. Technical Performance of ANH

The optimal method for performing ANH remains controversial and is reflected in
the variety of methods employed in existing studies. In an attempt to better understand
ANH 2 number of authors have used simple spreadsheet-based simulations of the
technique to determine how many units of autologous blood need to be removed in order
to save allogeneic blood. Most models assumed ANH was to be performed in an average

70-kilogram adult with an estimated blood volume of 5000 ml. Key variables used in the
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models included the hematocrit (a measure of the amount of hemoglobin in the subject’s
blood) before dilution (FH;), the minimum hematocrit to which the subject could be safely
diluted (Hy), the volume of autologous blood withdrawn during ANH (Vann), and the
surgical blood loss (SBL). While the assumptions used in the models differed somewhat,
all reached similar conclusions. Brecher first estimated that in an individual with a
normal H; of 0.400 the maximum possible saving in allogeneic blood was 0.6 units (28).
To achieve this small saving in blood exposure the Hy, would have to be reduced to 0.250
requiring a Vanu of 2500 ml - half of the subject’s blood volume. As a reference, the
National Institutes of Health suggests that the lowest Hp tolerated in most healthy
surgical patients is 0.21. Feldman found that increasing Vanu and tolerating much lower
Hms could increase savings of allogeneic blood. By removing 4500 ml of autologous
blood and tolerating a Hy, as low as 0.15 Feldman estimated savings of up to 3 units of
allogeneic blood (27). Weiskopf further suggested benefit of ANH if aggressive
reductions of H,, were tolerated. The volume of SBL tolerated before allogeneic
transfusion was needed could be increased from 4900 to 8300 ml if Hy as low as 0.150
could be achieved (88). All of the preceding models concluded H; must be in excess of
0.300 and that a2 Vanu of one or two units (450-900 ml) is of little or no benefit. Kick
found that if a H,, of 0.220 were tolerated, a smaller Vanu (900 ml) would yield savings
of a single unit of allogeneic blood only if SBL was greater than 3000 ml (89).

Subgroup analyses based on the mean volumes of Vanu and SBL reported in trials
included in this overview, 989 £ 443 ml and 1211 £ 519 ml respectively, were
undertaken to determine the influence of these factors on the efficacy of ANH. Cut-off

values for these subgroups were set at 1000 ml for ease of interpretation. Vanu did not
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appear to influence the reported efficacy of ANH (Figures 7 a-d). A trend toward a
reduced likelihood of transfusion in trials in which Vany exceeded 1000 ml did reach
statistical significance when compared to trials reporting smaller Vany. SBL had a
similarly weak influence on the efficacy of ANH, although the reduction in the volume of
allogeneic blood transfused was greater in those trials with greater than 1000 ml blood
loss. Heterogeneity persisted in most of these subgroup analyses.

Given the importance of Vanu and SBL on the modeled efficacy of ANH why did
the subgroup analyses based on these variables not influence outcome? Tne lowest Hn
that was reported in trials identified in this overview was 0.250. Mathematical models
suggest that hemodilution to this level is associated with a single unit reduction in
allogeneic transfusion at best. Similarly, the mean Vang and SBL reported (989 + 443 mi
and 1211 £ 519 ml, respectively) were substantially lower than the values predicted to be
of benefit by mathematical modeling. The use of mean values to subdivide groups was
somewhat arbitrary and reflected the data available. In light of the larger volumes of
Vang and SBL that are suggested by mathematical models these cutpoints might have
been inadequate to define differences in efficacy. However use of these larger values for
subgroup analysis was impractical as only one trial reported a mean Vanu greater than
2000 ml(52) while two reported SBL in excess of 2000 mi(56,66). It is evident that
published ANH research falls well short of the conditions predicted by mathematical
models that are required to yield significant allogeneic blood savings. Given these
findings it is surprising indeed that when all trials of ANH were pooled, significant

reductions in both the likelihood of transfusion and the volume of blood transfused were
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seen. What then was responsible for the apparent efficacy of ANH reported in the

literature?
4 9 4. Trial Methods in ANH Research

Several concerns have been raised regarding the validity of the literature
supporting the use of ANH. Stehling, ina review advocating the use of ANH, admits,
«carefully controlled trials of ANH are few and far between (26). Uncertainty regarding
the quality of the original research may undermine the most rigorously conducted meta-
analysis. Evaluation of the methodological quality of the included trials is therefore an
important component of a well-conducted review.

Quality of the reporting of trial methods was assessed using Jadad’s score. A
number of scales have been devised for the scoring of the methodological quality of
randomized controlled trials. Jadad’s three-item scale was chosen for several reasons.
First, four of five possible points in Jadad’s score are allotted for randomization and
blinding, factors shown to be of greatest importance in determining the validity of a
trial’s results (90). Second, Jadad’s score was developed and validated in the anesthesia
literature where it was anticipated the bulk of published research on ANH would be
identified. And lastly, the simplicity of scoring three items was thought to minimize the
likelihood of inter-observer disagreement.

A single point (for randomization) was a basic inclusion criterion for this
overview and only five of twenty-four included trials exceeded this value. Scoring of
reporting of trial methods was compromised by the consistent absence of blinding in
randomized controlled trials of ANH. The removal of several liters of a subject’s blood

is indeed difficult to conceal and was understandably not performed by investigators
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evaluating ANH. As a result most trials did poorly on the Jadad score. Jadad has
suggested that only trials scoring 3 or more should be considered to be of good
methodological quality. In this systematic overview no trial was given a score associated
with good quality. Indeed, only five of twenty-four trials were assigned a Jadad score
greater than one.

As may be seen in Figures 10 a-d, the likelihoods of allogeneic blood exposure
and reductions in the number of units transfused were similar whether the Jadad score
was less than or greater than one. The ability of this score to identify differences in
outcome was reduced by the consistent lack of blinding and the failure of any trial in this
overview to reach a Jadad score consistent with “good” trial methods.

Another element of trial design, the use of a protocol to guide transfusion
decisions, was an important determinant of the reported efficacy of ANH. As mentioned
earlier, blinding was not employed in any of the trials identified in this overview.
Frequency and volume of allogeneic transfusion were outcome measures used in this
meta-analysis and the trials it included. As such, the indications for transfusion should be
carefully controlled if valid conclusions regarding the efficacy of ANH are to be drawn.
Transfusion decisions left to the discretion of the investigators may be subject to their
biases.

Trials in this overview that employed a protocol to define the indications for
transfusion failed to yield a clinically or statistically significant reduction in allogeneic
transfusion (Figures 11 ¢ and d). Statistical heterogeneity was absent in analyses of both
the likelihood of transfusion and the number of units transfused in this subgroup despite

the variety of surgical procedures, languages of publication, Vanu, SBL, and Jadad scores
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included. The lack of both clinical effect and heterogeneity in these trials stands in
marked contrast to those trials without transfusion protocols that showed dramatic and
heterogeneous reductions in both the likelihood of transfusion and the number of units
transfused (Figures 11 a and b).

These results suggest that statistical heterogeneity identified in this overview may
be secondary to differences in the transfusion practices employed in the included trials.
While the proportion of the heterogeneity attributable to transfusion practice cannot be
determined it is apparent that a diverse subgroup of trials, similar only in their use of a
transfusion protocol, yielded a homogeneous estimate of the efficacy of ANH.
Similarly, the failure of trials reporting a protoco! to guide transfusion practice to
demonstrate clinically or statistically significant reductions in allogeneic blood exposure
suggests that the reported efficacy of ANH may be secondary to biased trial design or
transfusion decision making. The clinical importance of these findings is clear and their

influence on future research will be discussed in subsequent sections.
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5. IMPLICATIONS OF STUDY RESULTS
5.1 Meta-Analysis and Evidence Based Medicine

A frequent question raised regarding systematic review and meta-analysis is how
the clinician should apply the findings. Critics of meta-analysis suggest that “pooled
results incorporate the biases of individual studies and embody new sources of bias,
mostly because of the selection of studies and the inevitable heterogeneity among them
(91).” Others would “argue that the results of multiple small trials are more applicable to
the practice of medicine in which the encountered patients are rarely homogeneous (77).”

In preparing clinical practice guidelines for anti-thrombotic agents Cook and
colleagues developed a hierarchy of evidence to weigh the relative strength of evidence
supporting a given medical technology (92). It is suggested that results from meta-
analyses be given the same or greater value than a single randomized controlled trial if
their estimates of treatment effect are consistent and beyond the minimal clinically
important benefit (MCIB). Using Cook’s approach, what recommendation can be made
regarding the use of ANH?

There could be little doubt that the results of individual studies evaluating ANH
are widely disparate, as evidenced by the significant heterogeneity identified throughout
this systematic overview. Defining the MCIB is somewhat more difficult as no
consensus has emerged from the literature to suggest the MCIB for a technology reducing
allogeneic blood transfusion. A review of the summary results of this meta-analysis
would suggest that ANH may result in a one third reduction in the relative risk of
transfusion (RR = 0.67, 95% CI 0.50 to 0.92) and the savings of two units of allogeneic

blood (WMD = -2.37, 95% CI -3.74 to —1.01). If we restrict our attention to only
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properly designed trials employing a protocol to guide transfusion decisions, neither a
statistically nor clinically significant benefit of ANH was identified (RR 0.92, 95% CI
0.76 to 1.10 and WMD =-0.32, 95% CI -0.94 to 0.30).

If the goal is the reduction of allogeneic blood exposure at all costs, as is the case
with Jehovah’s Witnesses who refuse allogeneic blood transfusion on religious grounds,
any benefit demonstrated by ANH may be acceptable. Similarly, for patients wishing to
do everything to avoid transfusion and who are able to withstand the anemia and fluid
lcads associated with ANH, the small benefits of the technique may be of value.
However, based on the best quality evidence, it is difficult to support the widespread use
of ANH in the perioperative period.

5.2. Meta-Analysis vs Large Randomized Controlled Trials

Large RCTs are widely considered the gold standard in the evaluation of a clinical
intervention. It can be argued that a large RCT of hemodilution is required to determine
the roll of ANH in clinical practice. Can the results of this systematic overview be
considered representative of a large, well conducted RCT?

Comparison of meta-analyses and the results of large co-operative RCTs have
yielded conflicting results. Chalmers compared the results of several multi-center trials
with meta-analyses including multiple undersized previously published RCTs (93).
Meta-analysis of twelve studies evaluating the use of [-blockers following acute
myocardial infarction yielded results clinically and statistically similar to the MIAMI and
ISIS-1 studies. Similarly, systematic review of eleven thrombolytic trials yielded
mortality rates similar to the GISSI trial but showed both quantitative and qualitative

differences in the estimate of a secondary outcome, reinfarction.
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Several investigators have attempted to systematically compare the results of
meta-analyses to large RCTs. Villar compared the results of 30 systematic reviews
selected from the Pregnancy and Childbirth Module of the Cochrane database that
contained at least one trial enrolling 1000 or more subjects (94). The large trial was then
removed from the meta-analysis the summary odds ratios recalculated. The result of the
meta-analysis agreed in direction of treatment effect reported in the large RCT in 24 of
30 comparisons (80%) but agreed in both direction and statistical significance in only 18
(60%). Cappelleri also identified systematic reviews from the Cochrane database and
added reviews found using Medline (95). All eligible reviews contained a trial enrolling
greater than 1000 subjects. The large trial was again withdrawn and the summary odds
ratio recalculated and compared to the results of the large RCT. The resuits of the meta-
analysis agreed with those of the large trial in 71 of 79 comparisons (90%). Finally Le
Lorier identified trials enrolling 1000 or more subjects published in four influential
medical journals between 1991 and 1994 (91). Systematic reviews evaluating the same
topic that were published before the large RCT were then identified from Medline.
Agreement between the results of the systematic review and the subsequent large trial
was reached in only 27 of 40 comparisons (68%).

A recent review attempts to reconcile the disparate findings of the previous three
studies (96). Ioannidis suggests that “comparisons of large trals with meta-analyses may
reach different conclusions depending on how trials and meta-analyses are selected and
how end points and agreement are defined.” A relatively consistent finding is that
disagreement beyond chance of between 10% and 23% occurs when meta-analyses and

large trials are compared. Sources of disagreement include different baseline risk of the
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primary outcome, differences in protocol, methodological quality, and publication bias.
Indeed, these factors had a large influence on the results of this systematic review. If
ANH is to gain acceptance, new, well-conducted RCTs confirming its benefits are
required.
5.3. Anemia and Safety

Individuals able to tolerate the relatively extreme conditions required to yield
allogeneic blood savings may still benefit from ANH. However, these patients must
balance the anticipated benefits of ANH against the risks associated with the anemia and
fluid loads associated with the technique. For these selected patients the appropriate
question may then be - what is known about the risks of anemia and the safety of ANH?
A detailed description of the physiologic response to acute anemia is beyond the scope of
this document; for an in depth discussion of this topic the reader is encouraged to consult
Hébert’s recent review (97). Evidence from both laboratory and clinical research
suggests that anemia in healthy individuals is remarkably well tolerated. Tissue
oxygenation is maintained with hematocrits of 0.18 - 0.25 and the myocardium does not
begin anaerobic metabolism until the hematocrit is further reduced to 0.15 - 0.20 (19). A
selective review of 54 publications involving Jehovah’s Witnesses revealed that no
patient with a hematocrit of 0.15 - 0.24 died as a result of their anemia (98). A recent
study of critically ill patients showed no difference in morbidity or mortality when were
they randomly assigned to transfusion thresholds of hematocrits 0.21 - 0.27 or 0.30 - 0.36
(99). Similarly a recent randomized controlled tral in patients suffering hip fracture
compared a transfusion policy designed to maintain a hematocrit >0.30 with transfusion

decisions based on the presence of symptoms (100). Patients in the symptom-based
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transfusion group received significant less allogeneic blood but showed no differences in
morbidity or functional status 60 days following surgery. A trend towards increased 60
day mortality in the symptom-based transfusion group did not reach statistical
significance (RR = 2.5; 95% CI, 0.5-12.2).

Despite research supporting the relative safety of moderate anemia, concern
remains that anemia is detrimental to a number of patients and will increase their risk of
perioperative cardiac morbidity. Weisel observed that patients undergoing coronary
artery bypass grafting with hematocrits of less than 0.30 experienced a delay in
myocardial metabolic recovery (101). Analysis of a retrospective cohort of 1958 adult
Jehovah’s Witnesses revealed that in patients with cardiovascular disease mortality
increased exponentially with declining hemoglobin. Thirty-day mortality in patients with
preoperative hematocrits of 0.36 or more was 1.3% compared to 33.3% in those patients
with hematocrits of 0.18 or less. Mortaiity in those patients with pre-existing
cardiovascular disease was 4.3 times higher than in their healthy counterparts (102).
Identification of patients at risk for cardiovascular disease is notoriously difficult. Fifteen
percent of an unselected group of surgical patients experienced silent myocardial
ischemia preoperatively; thirty-five percent of these had no risk factors for cardiova;scular
disease identified on preoperative assessment (103).

The anemia essential for the successful application of ANH may therefore place a
number of patients at risk for perioperative cardiovascular morbidity and mortality.
Given that the risks of contracting HIV and HCV from an allogeneic transfusion are
estimated at 1 : 676,000 and 1 : 103,000 respectively some authors are questioning the

lengths that patients should be pushed in order to reduce allogeneic blood exposure (3).
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Gillon summarized these concerns stating that “any reduction in the use of allogeneic
blood must be assumed to be intrinsically beneficial...so long as the technique itself or
the avoidance of transfusion does not introduce a greater risk (29).”

Systematic overview and meta-analysis has been described, perhaps a bit
melodramatically, as “a tower of statistical power that allows researchers to rise above
the body of evidence, survey the landscape, and map out future directions (104).” The
increased statistical power is “particularly relevant to conditions of relatively low event
rates or when small effects are being assessed (30),” as would be the case with adverse
events. Regrettably all such advantages of meta-analysis are negated if adverse events
are not reported.

This review identified only six trials enrolling a total of 170 subjects that
specifically reported mortality. Cardiovascular and thromboembolic complications were
identified in even fewer trials — two each. Although no increase in adverse events was
noted in patients undergoing ANH, the poor reporting of these outcomes suggests that the
results of the previously published trials cannot be used to establish the safety of this
technique.

5.4. ANH and Other Technologies Reducing Allogeneic Transfusion

Based on current evidence the benefits of ANH are somewhat questionable and
the risks are poorly understood. What role should ANH play, if any, among other
technologies currently available to reduce allogeneic transfusion?

In Canada, preoperative autologous donation (PAD) is the most commonly used
means of providing autologous blood for patients undergoing elective surgery. To date

there have been few head-to-head comparisons of PAD and ANH. Ness compared ANH
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and PAD in prospective randomized controlled trial enrolling 50 patients undergoing
retropubic prostatectomy. None of the 25 patients in the hemodilution group required
allogeneic transfusion compared with 2 in the predonation group (105). In a retrospective
case-control study Monk found that the likelihood of exposure to allogeneic blood and
volume of allogeneic blood transfused were similar in those patients undergoing either
ANH or PAD (106). Unfortunately a number of the patients in the ANH group also
predonated in the weeks prior to surgery raising the possibility of bias introduced through
cointervention.

Available evidence does suggest that ANH is, at the very least, a less costly
means of providing autologous blood than PAD. In Monk’s study the total costs
associated with the collection and transfusion of all blood products was 40% lower in the
ANH group (106). Similarly Roberts reported that provision of 2 units of autologous
blood through ANH was 55% less costly than 2 units collected through their PAD
program {(107).

Given the paucity of evidence supporting the safety and efficacy of ANH, it
remains to be seen if ANH offers a usefuil, let alone cost-effective, alternative to PAD in
the provision of autologous blood for patients undergoing surgery. Comparisons of ANH
to other technologies to minimize perioperative blood exposure such as perioperative cell
salvage, recombinant human erythropoietin, and antifibrinolytics have not yet been
performed. Until prospective and properly conducted comparisons of ANH and other

competing technologies have been performed the role of ANH will remain uncertain.
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5.5. Implications for Future Research

The results of this systematic overview offer valuable insights into the proper
design and conduct of future research. Future trials must address the significant concerns
regarding bias in ANH research. Where possible, every effort should be made to blind
both subjects and investigators. At a minimum, the indications for transfusion of both
autologous and allogeneic blood products must be clearly defined and adherence to the
protocol demonstrated. While blinding of ANH is difficult, it should be possible to have
transfusion decisions made by a blinded third party not directly involved in the bedside
care of the subject. Adverse events must be carefully sought and reliably reported.

Mathematical models indicate that there may be a limited role for ANH in
reducing perioperative allogeneic blood transfusion. Future randomized controlled trials
must incorporate the findings of these models in their design if ANH is to be of proven
value. Subjects must present for surgery with hematocrits greater than 0.30 and have the
physiologic reserve to tolerate the anemia and fluid shifts associated with the technique.
Vanu must be substantial, in excess of 2000 ml, for the technique to be of significant
benefit. Anticipated SBL must also be substantial and in excess of the planned
phlebotomy. Lesser volumes of SBL would be easily tolerated by passive dilutional
anemia.

ANH should not receive wider clinical use until properly designed and conducted
trials are able to demonstrate both the efficacy and the safety of the technique. Only if

evidence supporting the use of ANH is available should its value relative to other

technologies be investigated.
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APPENDIX A

MEDLINE SEARCH STRATEGIES

Acute Normovolemic Hemodilution

hemodilution/ all sub-headings in MeSH
(hemodilution or haemodilution). tw.

lor2

exp blood transfusion/ all sub-headings in MeSH
exp hemorrhage/ all sub-headings in MeSH
transfusion$. tw.

bleed$. tw.

blood loss$. tw.

hemorrhag$. tw.

10. or/ 4-9

11. animal/ not (human/ and animal/)

12. not 11

13.3 and 12

WRNAN AN~

McMaster RCT Search Filter (For MEDLINE 1991 - Present)

clinical trial. pt.

randomized controiled trial. pt
tu. fs.

dt. fs.

random$. tw.

(double adj blind$). tw.
placebo$.tw

or/1-7

PNAA PPN~

McMaster RCT Search Filter (For MEDLINE 1966 - 1990)

clinical trial. pt.

randomized controlled trial. pt

tu. fs.

dt. fs.

random$. tw.

(double adj blind$). tw.

(controlled adj trial). tw

placebo$.tw.

random allocation/ all sub-headings in MeSH
10 comparative study/ all sub-headings in MeSH
11. or/ 1-10

WRRNAWN B W~

Appendix A- 1



Cochrane Collaboration RCT Search Filter

!\)v—t

.

00N AW

clinical trial. pt.

randomized controlled trial. pt.

random allocatior/ all sub-headings in MeSH

exp clinical clinical trials/ all sub-headings in MeSH
exp longitudinal studies/ all sub-headings in MeSH
double-blind method/ all sub-headings in MeSH
single-blind method/ all sub-headings in MeSH
placebos/ all sub-headings in MeSH

random$. tw.

- placebo$. tw.

. (control or controls or controlled). tw.
- (double adj blind$). tw.

.or/ 1-12

EMBASE SEARCH STRATEGY

Acute Normovelemic Hemodilution

1.

hemodilution@EX
hemodilution@(TI, AB, KWDS)
haemodilution@(TI, AB, KWDS)
1,2,0or3

transfusion@EX

bleeding@EX

transfus*@(TI, AB. KWDS)
bleed*@(TI, AB, KWDS)

blood los*@(TT, AB, KWDS)

. hemorrhag*@(T1, AB, KWDS)
. haemorrhag*@(TI, AB, KWDS)
.5,6,7,8.9,10,0r 11

.4and 12

CURRENT CONTENTS SEARCH STRATEGY

Acute Normovclemic Hemodilution

N AELND -

(hemodilution or haemodilution).ab,ti,kw,kp
transfusion$.ab,ti,kw,kp

hemmorhage. ab,ti,kw,.kp

bleeds. ab,ti,kw,kp

blood loss$. ab,t kw.kp

or/2-5

land 6

Appendix A-2



APPENDIX B

JADAD SCORE FOR QUALITY OF REPORTING OF TRIAL METHODS

Trial Characteristics Yes | No | Bonus

Was the study described as randomized?

This includes the use of words such as random, randomly, and
randomization.

Was the study described as double-blind?

Was there a description of withdrawals? N/A

Total Score =

Scoring the items:

Give a score of 1 point for each “yes” and a score of O points for each “no”. There are no in-
between marks.

Give 1 additional point if:

For question 1, the method of randomization was described and was appropriate (random
numbers table, computer generated schedule, coin toss)

For question 2, the method of double-blinding was described and was appropriate (identical
placebo, active placebo, dummy, etc.)

Deduct 1 point if

For question 1, the method of randomization was described and was inappropriate. (alternating
allocation, date of birth, chart number, etc.)

For question 2, The method of double-blinding was described and was inappropriate
(comparison of injectable and oral preparations without a “double dummy”)

Appendix B - 1



APPENDIX B (CONTINUED)

JADAD SCORE FOR QUALITY OF REPORTING OF TRIAL METHODS

Guidelines for Assessment

Randomization

A method to generate the sequence of randomization will be regarded as appropriate if it allowed
each study participant to have the same chance of receiving each intervention and the
investigators could not predict which intervention was next. Methods of allocation using date of
birth, date of admission, hospital numbers, or alternation should not be regarded as appropriate.

Double-blinding

A study must be regarded as double-blind if the word double-blind is used. The method will be
regarded as appropriate if it is stated that neither the person doing the assessments nor the study
participant could identify the intervention being assessed, or if in the absence of such a statement
the use of active placebos, identical placebos, or dummies is mentioned.

Withdrawals and drop-outs

Participants who were included in the study but did not complete the observation period or who
were not included in the analysis must be described. The number and the reasons for withdrawal
in each group must be stated. If there were no withdrawals, it should be stated in the article. If

there is no statement on withdrawals, this item must be given no points.
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APPENDIX C. STATISTICAL METHODS

1. Introduction

Meta-analysis attempts to summarize previously published data to determine if
there is a meaningful association between a treatment and its desired effect in a nurmiber
of independent trials. Fleiss (1) suggests that three questions should be asked in such an
exercise:

1. Is there evidence that the degree of association, whatever its magnitude, is consistent
from one group to another?

2. Assuming that the degree of association is found to be consistent, is the common
degree of association statistically significant?

3. Assuming that the common degree of association is significant, what is the best
estimate of the common value for the measure of association? What is its standard
error? How does one construct a confidence interval for the underlying measure?

All meta-analytic techniques share a similar framework. This discussion will begin
with a general approach to meta-analysis and will then highlight the different techniques
used in this study.

2. A General Approach to Meta-Analysis

A number of trials (K) comparing a treated group (t) with a control group (c) have
been assembled. In the ith tral (i = 1,...K) some measure of association (y;) between
treatment and the outcome of interest has been calculated. At this point, it is unnecessary
to state whether the outcome is nominal, continuous or ordinal in nature.

Let w; represent the weight attached to yi.

1
W . 2.1

' Fe(yF
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The standard error (s.e.)) represents the precision of the estimate of yi. A
weighting scheme based on the squared reciprocal of s.e.; will give more weight to trials
with precise estimates with correspondingly small s.e.s and less weight to trials with less
precise estimates and larger s.e.s.

To test the hypothesis that a consistent treatment effect exists in trial i let the
value of yi = O when no association between treatment and outcome exists. When the
hypothesis of no association is true the quantity (x;) has a standard normal distribution,

Y 22
Xi = m = YE'JW_E

and the quantity x;* has a chi square distribution with one degree of freedom.

xiz = "ViYi2 23

If the hypothesis of no association is false then the value of x;* is large and the null

hypothesis is rejected when the chi squared test is applied.

In meta-analyses the results from the ith trial are not as important as the results
from all groups together. The summary analysis begins with calculation of a total chi

square.

2 K 2
Ktotal = lei}'i 2.4
1=

The total chi square is partitioned into two components: one representing the
association between treatment and outcome (xwsoc) and another representing the

consistency or homogeneity of effect (Phomog) across K studies.
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The overall measure of association (y) is calculated as the weighted average of the K
individual measures with weights defined above.

K

_ g WiY;

Y= 2.5
2 W

i=l

The standard error of the overall estimate of effect may be calculated by

1
s.e = ——
(") = a6
W
i=!
The x* for association may be calculated by
K 2
2 (:Zl v iyl) 2.7
xassoc = - <
2 W;
i=1
Confidence limits on our overall estimate of effect then be constructed by
95% CI (y) =y £1.96 xs.e(y) 28

Lastly an estimate of the homogeneity of treatment effect may be calculated by

simply subtracting x%assoc from X% w1 or more directly by

2 LS 2
xhom og = gwx(yu _Y) 2.9
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We now have answered the three questions posed earlier. First, the value of
X’homog May be used to determine if the degree of association is consistent from one group
to another. WNext, statistical significance of the association may be determined using
X%assoe. Last, an overall estimate of the degree of association () with its standard error
and 95% confidence limits may be determined.

3. Fixed Versus Random Effects Models

The general approach to meta-analysis described above assumes that all
variability in the estimate of treatment effect is present in the studies pooled. Models
with this perspective are described as fixed-effects models and effectively Ilimit
inferences about the treatment effect to those studies in hand. If an unknown population
of trials exists, then the variability within the included studies cannot account for all
possible variability in the estimate of effect. The random effects approach assumes that
the trials in hand represent a broader population of studies. By adding among-study
variability to within-study variability the random effects model allows inferences to be
made about the hypothetical population of studies from those in hand.

Practically speaking, the main difference between fixed and random effects
models is in the calculation of the weights applied to y. An additional term A*
representing among-study variability is added to w; to calculate a new weight w*;. Using
the X*homog Calculated above, A> may be determined as follows:

2
xhox:n o _(K —1)
A? = max | 0, - 5

K 3.1
W, — 2 W.z 2 W
i=1 i=1 i=1

Appendix C - 4



The value for w*; may now be calculated as follows:

. 1 32
wl+ A

This new weight replaces w; in the formulae derived to answer the questions
posed in the previous section.

From this basic framework the individual methods used in this systematic
overview may be described. The remaining discussion will highlight differences in the

nature and calculation of y;and w; for each of the methods employed.

4. Binary Outcomes - Relative Risk
Assume a number of trials (K) comparing a treated group (t) with a control group

(c) have been assembled. A 2x2 table may be constructed for a dichotomous outcome

occurring in the ith trial.

Outcome | No Outcome Total
Treated A; B; Nu
Control C; D; Noi
Mi; Moi T;

The rate of an outcome occurring in the treated (p;) and control (p:) groups may

be calculated by:

4.1
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To summarize this information, the relative risk (RR) for the ith trial is calculated

as follows:

Ai
: A.+ B.
RRizpnz lC 1 4.2
P i
C.+D

The Mantel Haenszel fixed effects model for combining relative risks (RRuvu)
differs from the general meta-analysis model in the application of weights to the
individual trials (2). Rather than calculate a trial specific relative risk and weight it
during the pooling procedure, the summary RRyy is calculated and weighted (wi =

CiN1/T)) in a single step.

> AN, /T, 43
RR,, =2~
2CN, /T,

i=l

Variance of the RRyuy is then calculated using the following formula:

f:(MliNIiNoi _AiCiTi)/TiZ
var[In(RR )] = H—— 4.4
itNai i+Yoi

27T & T

1

Confidence intervals may then be calculated by:

exp[In(RR 4 1= ZJ var[In(RR ;)] 4.5

The DerSimonian & Laird random effects model more closely follows the general

meta-analytic design described earlier (3). Tral-specific relative risks are calculated
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using equation 4.2 and the standard error used in the weighting procedure is calculated

using the following formula:

SE[In(RR)] = \/(Ai}_ +c?\ir J 46

The weight applied to the ith trial is now determined using formulae 2.1, 3.1 and
3.2. Recall the weighting term form 2.1 reflects within-study variance and the weight
from 3.1 reflects between-study variance. The overall weight for the ith trial is calculated
using 3.2. From this point forward the DerSimonian and Laird random effects model

follows the general meta-anlytic frame work described in Section 2.

5. Continuous Variables — Weighted Mean Difference
In a hypothetical population of K (i = 1,...K) trials in which a continuous
outcome is described with a mean and standard deviation in treated (% + sd:) and control

(xc £ sdc) groups of sample size n; and n. respectively, let the estimate of treatment effect

yi be calculated by:

Yi =Xg — X 5.1

[+4

Similarly let the weight of ith trial (w;) be calculated as

_ 1

W, 5
sd§+sd§i 52
n, n,

a (=1

The summary estimate of effect, standard error, and % for heterogeneity may be

calculated using the general formula for fixed effects models defined in Section 2 (2).
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The random effects model for analysis of continuous variables is largely similar to
the fixed effects model but also incorporates between study variance into the weighting
of the ith trial. For continuous variables the w; and A are determined using Equations
5.2 and 3.1, respectively. The random effects weight of the ith trial, wi, is then
determined using Equation 3.2. From this point y; and w’; are entered into the general
meta-analytic model described in Section 2.

6. Ordinal Variables — Proportional Odds Model

The proportion odds model described by Whitehead (4) was used to summarize
volume of allogeneic blood transfused as an ordinal varniable. Let the patient responses
fall into m(i) ordered categories Cg,....Cngi The categories are ordered in terms of
desirability such that Cj is the best outcome and Cugy the worst.. Now let p;; represent
the probability that a patient in the ith study given the experimental treatment has a
response in category j, where j = 1,....m(i) and let pj; be similarly defined for the control
group. Data from these ordinal responses can be reduced to binary responses by
combining categories. Responses in categories C; to Cji could be termed successes while
responses in categories Cg+1)i to Cmgi would represent treatment failures.

Three studies identified in this systematic overview provided data describing the
volume of allogeneic blood transfused to individual patients (5) (6) (7). Each patient was

assigned to one of five ordered categories reflecting their transfusion exposure. The five

categories were:

No allogeneic transfusion

One unit of allogeneic blood

Two units of allogeneic blood

Three units of allogeneic blood

Four or more units of allogeneic blood

NPhWN -~

Appendix C-8



Summary data from the three eligible trials is presented in Tabie 1 Cell counts
represent the number of individual patients in the given group in each category.

Table 1. Volume of Allogeneic Blood Transfused Expressed as an Ordinal Variable

Study Group Number of Subjects
Units 0]l 1 1213 ] 4+
Category | 1 | 2 |3 | 4 5 Total
Moyes ANH 6 (11211 0 10
Control 31 1312 1 10
Boldt ANH 15/ 0 0] O 0 15
Control 13 2 1010 0 15
Bennett | ANH 13/ 3 |21 1 20
Control 13 2 |2 ]2 1 20

The threshold for treatment success , j;, was varied with cut-points set at no

allogeneic blood transfused, one unit transfused, two units transfused and three units

transfused.

Treatment effect was assessed using a log odds ratio calculated by the following

formula where Qji = pis +....+ pjs and Qjei = p1ci +----Pjai:

(1 - .
o, =g | Qu (= Qs) o1
Q joi (1-0Q jti )
Assuming a common odds ratio across all values of j, such that 8;; =065 = ... =8;

the parameter 0; can be considered the log odds of treatment success relative to control
for the ith study regardless of how the ordered categories were divided.
6; was estimated using the linear logistic regression model available in PROC

LOGISTIC in SAS. Programming details are provided in Appendix D.
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The model may be described in general terms by:

log[Q /(1-Q)]=a;+6, 6.2
log [Q 1z /(1- Qo) ]=0;

Once the value of 6; is known for the ith trial it may be entered as y; into the

general framework for meta-analysis described in Section 2.

The value of w; is the inverse of the asymptotic variance of 6; calculated in the
logistic regression procedure. The method of calculating variance of estimated
coefficients in logistic regression is derived from maximum likelihood estimation and is

described in detail in Hosmer and Lemeshow (8).
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APPENDIX D — SAS FILES FOR ORDINAL VARIABLE ANALYSIS

data studyl;

set dir.meta2;

if study_co=1;

run;

proc logistic data=studyl;
model units = group_co;
run;

data study2;

set dir. meta2;

if study co=2;

run;

proc logistic data=study2;
model units = group_co;
run;

data study3;

set dir.meta2;
if study co =3;
run;
proc logistic data=study3;
model units = group_co;
run;
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The SAS System 3
21:13 Tuesday, August 4, 1998

The LOGISTIC Procedure

Data Set: WORK.STUDY
Response Variable: UNITS
Response Levels: 5

Number of Observations: 20
Link Function: Logit

Response Profile
Ordered Value Units Count

BB W N -
AW~ O
— W Wwn DO

Score Test for the Proportional Odds Assumption
Chi-Square =0.3173 with 3 DF (p=0.9567)
Criterion  Intercept Only  Intercept and Covariates

AIC 62.821 62.447

SC 66.804 67.426

2LOGL 54.821 52.447
Score

Analysis of Maximum Likelihood Estimates

Variable DF Parameter  Standard Wald

Estimate Error Chi-Sqaure
INTERCP1 1 -0.8804 0.6440 1.8688
INTERCP2 1 -0.4386 0.6191 0.5019
INTERCP3 L 0.8427 0.6489 1.6865
INTERCP4 1 2.4613 1.0596 5.3954
GROUP_CO L 1.3020 0.8665 2.2576

Chi-Square for Covariates

2.373 with 1 DF (p=0.1234)
2.311 with 1 DF (p=0.1285)

Pr>

Chi-Square

0.1716
0.4787
0.1941
0.0202
0.1330

Association of Predicted Probabilities and Observed Responses

Concordant =39.3%  Somers’ D =0.264
Discordant = 12.9% Gamma = 0.507
Tied =47.9% Tau-a=0.195
(140 pairs) C=0.632
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Estimate Ratio
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The SAS System 5
21:13 Tuesday, August 4, 1998

The LOGISTIC Procedure

Data Set: WORK.STUDY2
Response Variable: UNITS
Response Levels: 2

Number of Observations: 154
Link Function: Logit

Response Profile

Ordered Value Units Count
1 0 142
2 1 12

Model Fitting Information and Testing Global Null Hypothesis BETA=0

Criterion  Intercept Only Intercept and Covariates Chi-Square for Covariates

AIC 86.289 84.439
SC 89.326 90.512
2LOGL 84.289 80.439 3.850 with 1 DF (p=0.0497)
Score 3.600 with 1 DF (p=0.0578)

Analysis of Maximum Likelihood Estimates

Variable DF Parameter Standard Wald Pr> Standardized QOdds
Estimate Error Chi-Sqaure  Chi-Square Estimate Ratio
INTERCP1 1 1.9895 0.3545 31.5055 0.0001
GROUP_CO 1 1.2320 0.6803 3.2791 0.0702 0.357552 3428

Association of Predicted Probabilities and Observed Responses

Concordant =452%  Somers’ D =0.332%
Discordant = 12.1% Gamma = 0.578
Tied =42 7% Tau-a = 0.048

(1704 pairs) C=0.666
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The SAS System 6
21:13 Tuesday, August 4, 1998

The LOGISTIC Procedure

Data Set: WORK.STUDY3
Response Variable: UNITS
Response Levels: 5
Number of Observations: 40
Link Function: Logit

Response Profile
Ordered Value Units Count
1 0 26
2 1 5
3 2 4
4 3 3
5 4 2

Score Test for the Proportional Gdds Assumption
Chi-Square = 0.5426 with 3 DF {(p=0.9094)

Model Fitting Information and Testing Global Null Hypothesis BETA=0
Criterion  Intercept Only Intercept and Covariates Chi-Square for Covariates

AIC 97.140 99.124

SC 103.896 107.568
2LOGL 89.140 89.124 0.017 with 1 DF (p=0.8974)
Score 0.017 with 1 DF (p=0.8974)

Analysis of Maximum Likelihood Estimates

Variable DF Parameter  Standard Wald Pr> Standardized Odds
Estimate Error Chi-Sqaure ~ Chi-Square Estimate Ratio
INTERCP1 1 0.5766 0.4593 1.5762 0.2093
INTERCP2 1 1.1944 0.4930 5.8688 0.0154
INTERCP3 1 1.9045 0.5721 11.0823 0.0009
INTERCP4 1 2.9037 0.7902 13.5040 0.0002
GROUP_CO 1 0.0832 0.6447 0.0167 0.8973 0.023225 1.087

Association of Predicted Probabilities and Observed Responses

Concordant =26.0%  Somers’ D =0.018
Discordant = 24.1% Gamma = 0.037
Tied =49.9% Tau-a==0.010
(435 pairs) C=0.509
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IMAGE EVALUATION
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