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Abstract

Selected orthopedic surgical procedures, such astotal joint arthroplasty and spinal instrumentation,
have some of the highest perioperative transfusion rates of all surgical procedures. Blood transfusions
carry the risk of complications, including the transmission of disease, immunomodulation, and
hemolytic and non-hemolytic reactions. Strategies that reduce or remove the risk of alogeneic transfu-
sion include preoperative autol ogous donation, acute normovolemic hemodilution, perioperative cell
salvage techniques, deliberate hypotension, and pharmacologic interventions. This paper will review
the current status of these therapiesin the orthopedic surgical patient.
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Preoper ative Autologous Donation

PATIENTS MAY cHOOSE to have their own (i.e.,
autologous) blood processed and stored in the
weeks prior to their intended surgery. While
advanced age had been considered a relative
contraindication to predonation because of the
presence of anemia and concurrent diseases, a
study of 1,073 patients over 65 years of age re-
vealed an incidence of cardiac and vasovagal
complications of only 0.6% (1). In fact, studies
of predictors of vasovagal reactions during
blood donations reveal that younger age, lower
weight, and first-time donations, rather than re-
peat donations, were the independent predictors
for the risk of vasovagal reactions (2). Anginal
and vasovagal events requiring hospitalization
after blood donation do occur at a 12-fold
higher rate for autologous donation (0.006%b)
than for allogeneic donation (0.0005%), with
first time donation in the autologous group
being, again, identified as arisk factor (3).

The availability of autologous blood does
not ensure that the patient will not experience
adverse reactions associated with transfusion.
Over a 6-year period, the experience of one
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large academic medical center revealed that 12
of 27,859 (0.0435%) transfusion reactions were
associated with preoperative autologous dona-
tion (PAD) and transfusion. These reactions in-
cluded one episode of acute hemolytic transfu-
sion reaction secondary to clerical error and
four allergic transfusion reactions (two of
which occurred in patients who had a history of
allergy to plastic and/or latex, which are found
in blood collection bags). Five febrile non-he-
molytic reactions and two non-febrile, non-he-
molytic reactions occurred, but were not associ-
ated with positive blood cultures (4).

PAD has been shown to alter transfusion
patterns. Early studies demonstrated that the
availability of autologous red cells resulted in
more conservative approaches to transfusion.
PAD was effective in protecting 77.6% of 134
patients undergoing orthopedic surgical proce-
dures from exposure to allogeneic blood (5).
More recently, several studies have found that
even though allogeneic transfusion rates were
greater in patients who did not predonate blood,
overall transfusion occurred more frequently in
those who had PAD than in those who did not
(6, 7). Thisis probably related to lower preop-
erative hematocrits in those patients who predo-
nated, and may reflect a more liberal transfu-
sion policy when autologous blood is available.
The Practice Guidelines for blood component
therapy (8), developed by the American Society
of Anesthesiologists Task Force, state that “the
indications for transfusion of autologous red
blood cells may be more liberal than for allo-
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geneic red blood cells because of the lower (but
still significant) risks associated with the former.”

PAD in orthopedic procedures has not been
determined to be cost effective, with a calcu-
lated cost of $235,000 per quality-adjusted
year of life saved by avoidance of transfusion-
associated infectious disease (9). It is more ex-
pensive to produce an autologous unit, due to
the costs involved with collection (scheduling
donations, longer screening interviews of pa-
tients with complicated histories), special la-
beling, and storage considerations. Costs are
also incurred with the disposal of unused PAD
units, more than half of which are discarded.
Patients may not meet requirements of commu-
nity volunteer donors. Units may become out-
dated since they are donated weeks before the
planned procedure and must be available until
the patient is discharged from the hospital.
Healy et al. found PAD to be cost-effective if
one considers the expense incurred by longer
hospitalizations necessary to treat postopera-
tive infections that result from the immunosup-
pressive effects of allogeneic blood (10). The
incal culable benefits associated with decreased
anxiety of patients regarding allogeneic trans-
fusion will continue to make PAD a principal
intervention.

Acute Nor movolemic Hemodilution

Acute normovolemic hemodilution (ANH)
requires the withdrawal of whole blood at the
beginning of a surgical procedure and its simul-
taneous replacement with crystalloid or colloid
solution, to maintain intravascular volume.
Blood is removed into sterile citrate-containing
bags according to the formula by Gross:

volume to be removed =

EBV x initial Hct - minimum allowable Hct

average Hct

where EBV is estimated blood volume and Hct
is hematocrit (11).

The units of whole blood are stored with the
patient, thereby eliminating the possibility of
clerical error. It is thought that dilution de-
creases the number of red cells lost for each
volume of blood shed during surgery. Thus,
ANH conserves red blood cells. Thistechnique
is inexpensive and convenient, and it preserves
all of the components of autologous blood.

Decreased viscosity of blood with a hemat-
ocrit of 5 g/dL is associated with decreased sys-
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temic vascular resistance and increases in heart
rate, stroke volume and cardiac index in healthy
volunteers (12). Reductions of hemoglobin to 7
g/dL resulted in no detectable changes in cogni-
tive function in 9 healthy volunteers, but further
reductions to 5 g/dL did cause reversible in-
creases in reaction times and impairments in
immediate and delayed memory (13).

Patients undergoing surgery, with or with-
out ANH, experience small changes in pro-
thrombin time and partial thromboplastin time,
and increased concentrations of prothrombin
fragment 132 and thrombin-antithrombin I11I
complex (markers for coagulation), and D-
dimer and plasmin-alpha 2-antiplasmin com-
plex (markers for fibrinolysis). Surgery itself
can activate both the coagulation and fibri-
nolytic systems secondary to inflammation and
to the mobilization of fat and bone debris.
Thus, ANH has not been implicated in the de-
rangement of hemostasis that accompanies it
(14). Interestingly, Bombardini et al. found a
13-fold reduction in fatal pulmonary throm-
boembolism in 4,653 patients who underwent
elective orthopedic surgery with ANH, to he-
moglobin levels > 6 g/dL, compared with a non-
ANH cohort (15). This may be secondary to the
depletion of coagulation factors, increased re-
gional blood flow or improved rheological
properties of the blood.

Ness et al. randomized 50 patients to donate
PAD of 3 units of red blood cells or to undergo
ANH prior to radical retropubic prostatectomy
(16). They found that ANH could safely re-
place or augment PAD as a means of decreasing
the use of allogeneic blood, and they consider
their results applicable to any surgical proce-
dure in which a 1,000 mL blood loss is antici-
pated. In arandomized trial of patients under-
going total knee arthroplasty who predonated
either one unit of blood for unilateral, or two
units for bilateral knee procedures, or who un-
derwent ANH to a hematocrit of 28%, Good-
nough et al. found no differences in the amount
of allogeneic blood transfusions among the
PAD and ANH cohorts, for all 32 patients (17).
Conversely, a meta-analysis of al 24 eligible
prospective randomized trials (1,218 patients)
comparing ANH with control groups was un-
dertaken. ANH effectively reduced the likeli-
hood of exposure to at least 1 unit of allogeneic
blood in cardiac and miscellaneous procedures,
but not in orthopedic surgery. The overall re-
sults of this analysis were inconclusive since
sample sizes in the trials were small, variable
amounts of blood were withdrawn (18), and tri-
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alsinvolving different surgical procedures had
to be pooled.

Perioperative Red Cell Salvage

Perioperative red cell salvage (PCS) is a
technique that has been widely used in the United
States and Europe since the 1970s. It involves
the collection and reinfusion of red cells lost dur-
ing and after surgery. Intraoperative salvage dur-
ing orthopedic surgical procedures involves
washing prior to reinfusion to remove the bone,
fat, hemolytic byproducts, methylmethacrylate
monomer, and other debris. The use of this tech-
nology had been shown to be effective in reduc-
ing allogeneic blood use, and also reducing the
risk of transmission of infectious disease and pre-
serving the allogeneic blood reserves (19). The
use of allogeneic blood was investigated in a
meta-analysis of 16 studies in which patients
were randomized either to undergo, or not to un-
dergo, PCS for orthopedic surgery. Huet et al.
found that devices that wash, or do not wash, sal-
vaged blood both decrease the proportion of pa-
tients who require allogeneic transfusion (20).

Advantages of PCS include avoiding the
cost and inconvenience of repeated preoperative
donations and of discarding blood. Its use is
precluded when blood is contaminated with bac-
teria or tumor. Hansen et al. recovered malig-
nant cells in blood salvaged from 57 of 61 pa-
tients undergoing oncologic surgery; only 26%
of those patients had evidence of circulating ma-
lignant cells (21). He showed, in vitro, that ir-
radiation of salvaged blood with gamma radia-
tion was effective in inactivating tumor cells
from salvaged blood (22). Continued research
may provide a basis for the use of cell salvage
during orthopedic oncologic procedures.

Postoperative blood salvage devices collect
blood from surgical drains, with reinfusion
without processing; this blood may contain cy-
tokines, free hemoglobin and debris. The util-
ity of postoperative devices had been chal-
lenged by Umlas et al.(23), who found that in
51 patients undergoing hip or knee arthroplasty,
the red blood content of drainage of the first 6
postoperative hours was small (55 = 29 mL for
hip and 121 + 50 mL for knee replacements).
They determined that the potential annual na-
tional expenditure for 6-hour collections of this
low volume of blood return would be approxi-
mately $31-35.5 million dollars. Thus, the
cost of the devices does not justify routine use,
and may only be indicated for use during bilat-
eral joint replacements.
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Deliberate Hypotension

Controlled hypotensive anesthesia can be
achieved by decreasing vascular tone or cardiac
output. The reduction in mean arterial pressure
(MAP) has been associated with reduced blood
loss and relatively bloodless operative fields,
which may contribute to decreased operative
times. In orthopedic procedures, another poten-
tial advantage is that the reduced amount of
blood in the cement-bone interface during total
joint arthroplasty may improve the quality of
fixation of the prosthesis to the bone.

Hypotensive techniques have been shown to
be particularly effective in reducing transfusion
requirements in patients undergoing spinal
surgery. One hundred forty-five patients under-
going spinal surgery, in whom the mean arterial
pressure (MAP) was reduced by 20 mm Hg, ex-
perienced a 50% reduction in blood loss and a
36% reduction in the need for blood replace-
ment (24). Lawhon et al. studied 264 posterior
spinal fusionsin adults in whom hypotension to
aMAP less than 80 mm Hg was achieved using
nitroprusside or trimethaphan; they found that
blood loss was reduced by 33% (25).

Greater levels of hypotensive anesthesia
have been advocated to further decrease blood
loss. Sharrock et al. (26) randomized 40 pa-
tients undergoing primary total hip arthroplasty
to target MAPs of 50 or 60 mm Hg. They found
a significant decrease in intraoperative blood
loss in the 50 mm Hg group, with subjective im-
provements in the amount of surgical bleeding
during the dissection of the hip joint and ream-
ing of the femur and acetabulum. Hypotensive
epidural anesthesiato MAPs of 45-55 mm Hg
has been shown not to affect cognitive function,
including memory, psychomotor and language
skills, in a study of elderly patients undergoing
elective primary total hip replacement (27).

Complications of hypotensive techniques
include reactionary hemorrhage, persistent hy-
potension, and cardiac ischemic injury. Is
chemic optic neuropathy (ION) has been de-
scribed following orthopedic (particularly
spinal) surgery (28-30). Etiologies of ION
may include lower mean blood pressure (from
deliberate hypotension) and increases in in-
traocular pressure (from positioning) which
could result in lower perfusion pressureto the
optic nerve head. Hypoxialeads to destruction
of axonal integrity, and free radicals that accu-
mulate during reperfusion from ischemia may
further damage the optic nerve. Patients who
have a small cup-to-disk ratio (associated with
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compression of structures secondary to swelling)
may be anatomically predisposed to developing
ION (31). The American Society of Anesthesi-
ologists has created a postoperative visual 1oss
registry to collect information regarding ocular
complications from non-ophthalmologic surgery
in an attempt to determine the parameters that
contribute to the occurrence of ION.

Phar macological I nterventions

Recombinant human erythropoietin is a gly-
coprotein that stimulates erythropoiesis. Four
hundred ninety patients who were scheduled to
undergo total joint arthroplasty were random-
ized to either preoperative erythropoietin or
PAD groups (32). The patients who received
erythropoietin had fewer transfusions with allo-
geneic blood and had significantly higher mean
hemoglobin levels both preoperatively and on
the first postoperative day. The widespread use
of erythropoietin, however, is limited by its
high cost. Economic analysis revealed that use
of erythropoietin alone in orthopedic surgery
patients led to only modest incremental benefit
compared with no intervention. Thus, the rou-
tine use of erythropoietin is not justified (33).

Antifibrinolytic agents have been employed
to reduce blood loss during orthopedic surgery.
A single dose of 10 mg/kg of tranexamic acid
administered to patients undergoing total knee
arthroplasty, prior to the release of the tourni-
quet, was associated with a significantly de-
creased mean blood loss and the need for fewer
transfusions (34, 35). Aprotinin, a serine pro-
tease inhibitor, is usually administered as 2 mil-
lion kallikrein inhibitor units (KIU) prior to
surgery. Lower doses have proven effectivein
reducing blood loss during cardiac surgery (36),
but doses of 20,000 KIU/kg do not seem to be
effective for patients undergoing primary uni-
lateral hip arthroplasty (37).

Combination Therapies

Multiple studies have looked at the advan-
tages of combining blood conservation strate-
gies. The use of erythropoietin allows the safe
predonation of more autologous units of blood
than can be deposited without it (38). The
combined use of PCS, PAD, and hypotensive
anesthesia prevented the need for allogeneic
blood in 50 patients who underwent spinal in-
strumentation and fusion (39). Blais et al.
added the use of apheresis (red cells, plasma
and platelet concentrates) to ANH and intraop-
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erative cell salvage, and compared this combi-
nation of techniques to both the use of intraop-
erative cell salvage alone and to aretrospective
cohort of patients who received conventional
transfusion therapy. They found that the com-
bination of strategies decreased the quantity not
only of allogeneic red cells transfused, but also
of other blood products in those patients under-
going reconstructive spinal surgery (40).
Schmied et al. (41) looked at the effect of red
cell scavenging, hemodilution and active warm-
ing in 821 elective total joint arthroplasties.
Both univariate and regression analyses indi-
cated that each treatment contributed to a more
than twofold reduction in transfusion require-
ments. By combining PAD, PCS, and hemodi-
lution, Borghi et al. were able to restrict the use
of allogeneic blood to only 184 of 2,303 (8%)
of patients undergoing major orthopedic proce-
dures over the last twenty years (42).

In the future, combined therapies may in-
clude “augmented acute normovolemic hemod-
ilution.” This term describes the use of one of
the new oxygen-carrying solutions (either
stroma-free hemoglobin or perfluorocarbon
emulsions) instead of currently-available crys-
talloids and colloids for maintaining intravascu-
lar volume during ANH.

Conclusions

Many therapies and techniques are avail-
able to prevent or reclaim the blood lost during
orthopedic surgical procedures. Understanding
the advantages and limitations of these inter-
ventions permits their rational use and can
markedly decrease or obviate the need for allo-
geneic transfusion. Cooperation between anes-
thesiologists and surgeons in identifying and
enrolling patients is an integral part of a suc-
cessful blood conservation program.
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