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INTRODUCTION

The frequency of orthopedic surgery, especially hip and
knee arthroplasty, is increasing in Korea. This
phenomenon may be related with the trend toward an
aging society in Korea. Total hip arthroplasty (THA) is
associated with a large amount of blood loss. According to
Sehat et al.1), THA patients had a mean total true blood
loss of 1,510 mL, with a calculated hidden loss of 471 mL.

Perioperative blood transfusions are common in total
hip and knee arthroplasty because of preoperative

anemia and perioperative blood loss. It is well known
that hip and knee replacement arthroplasty is a
representative surgery needing substantial transfusion.
According to Browne et al.2) in the United States,
transfusion rates following THA have consistently
increased from 18.12% in 2005 to 21.21% in 2008. In
general, there is no difference in blood management
between the two surgeries. However, intra-operative
blood management may be more important in case of
THA than the total knee arthroplasty (TKA), because a
tourniquet can be used in TKA surgery. In contrast to
the advances in knowledge of blood management,
efforts for reducing blood transfusion have reached a
standstill in practice. As orthopedic surgeons have
recognized the presence of adverse surgical outcomes,
patient blood management has become a new challenge
in orthopedic surgery.

NEED FOR PATIENT BLOOD MANAGEMENT

Preoperative and postoperative anemia is common in
surgical patients3). Also anemic patients are more likely to
receive blood transfusion than non-anemic patients4,5).
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What is the effect of allogenic blood transfusion on human
immune function? Allogeneic blood transfusions generally
cause up regulation of humoral immunity and down
regulation of macrophage and T-cell immunity. Increased
alloantibody formation to human leukocyte antigen-A and
B (major histocompatibility complex class I) antigens and
decreased cutaneous delayed-type hypersensitivity, T-cell
proliferation, and natural killer cell function are observed
in transfused patients and experimental animals6). Blood
transfusions have been found to increase the rate of
glucose and glutamine metabolism, nucleotide
triphosphate concentrations, and the level of adenosine
deaminase activity. This increased level of lymphocyte
metabolism in the face of immunosuppression appears to
indicate the occurrence of transfusion-induced
immunosuppression7). Moreover, allogeneic transfusion
decreases the phagocytic activity of macrophages and
elevates glucocorticoid level; this can suppress the human
immune system. A hemolytic transfusion reaction is a
serious complication that can occur after a transfusion of
blood. Febrile reaction, anaphylaxis, transfusion related
acute lung injury, and graft-versus-host disease can also
occur after a transfusion8).

There is a high incidence of preoperative and
postoperative anemia in surgical patients, with a
coincident increase in blood utilization. These factors
are associated with an increased risk for perioperative
infection and adverse outcome (mortality) in surgical
patients. According to Dunne et al.9), increased blood
transfusion rates were associated with increased
mortality, increased postoperative pneumonia, and
increased hospital length of stay. Perioperative anemia
and the need for allogeneic blood transfusion are related
with increased morbidity. According to Husted et al.10),
blood transfusion was the most important predictor of
discharge around the third day of admission, as patients
receiving blood had a three-fold increased risk of

staying more than 3 days.
Peri-prosthetic joint infection (PJI) is one of the most

challenging complications of joint arthroplasty. Because of
the economic and psychological burden of this
complication, strategies to minimize or prevent PJI may be
needed. It has been well documented that preoperative
anemia and increased transfusion rates were independently
associated with an increased risk of perioperative adverse
outcomes, such as increased postoperative infections. In a
study about PJI, Pulido et al.11) reported that of 9,245
patients who underwent TKA or THA, the quantity of
allogeneic blood units that was transfused was an
independent predictor of PJI after primary joint arthroplasty.

THE OLD CONCEPT OF TRANSFUSION

Many physicians do yet have a old concept of Adam
and Lundi’s rule (hemoglobin [Hb] level <10 g/dL,
hematocrit <30%)12). Although Adams and Lundi’s
10/30 rule has been reported as an inadequate
transfusion trigger, physicians and other healthcare
providers have unconsciously thought that the oxygen
transport might be impaired if Hb falls below 10 g/dL or
the hematocrit is below 30%. They hold to the attitude
that blood transfusion saves life and continue to have a
firm belief regarding the need for transfusion. Too few
have changed from the transfusion-based culture.
Postoperative Hb level was consistently much lower
(mean, 4 g/dL) than before surgery after total arthroplasty.
Therefore, efforts to maintain preoperative Hb levels at
13 g/dL or greater seems to be recommended for reducing
postoperative transfusion. Strategies for early detection,
evaluation, and management of preoperative anemia
should be identified. However, the significance regarding
preoperative correction of anemia and optimization of
red cell mass is easily overlooked.

Table 1. Risk Factors of Allotransfusion

Factor Odds ratio (95% confidence interval)

Sex, female 2.1 (1.97-2.26)
Age, above 85 yr 2.9 (2.71-3.08)
Medicare payer status 1.6 (1.39-1.81)
Preoperative anemia 1.6 (1.41-1.82)
One or more comorbidities 1.3 (1.17-1.43)
Higher Charlson index score 2.2 (2.04-2.41)
Medication (low molecular weight heparin) 2.67 (relative risk)
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RISK FACTORS OF ALLOTRANSFUSION

There are many studies about risks of transfusion.
Generally, blood transfusion has been associated with
increasing age, female sex, co-morbidities, low pre- and
post-operative Hb levels, increased ASA (American
Society of Anesthesiologists) score, and the use of anti-
coagulation medication13). We consider these risk factors
prior to proceeding with THA (Table 1).

BLOOD CONSERVATION STRATEGIES

1. Optimization of Preoperative Hemoglobin Levels

Postoperative morbidity and mortality are significantly
associated with the presence of preoperative anemia14).

One of those factors, a pre-operative Hb level of less than
12 g/dL, increases the likelihood of transfusion three-fold
in THA patients. In addition, according to our previously
mentioned study, to reduce perioperative allogeneic blood
transfusion, keeping the preoperative Hb level above 12.0
g/dL is important in orthopedic patients15). In orthopedic
surgery, hematologic evaluation and treatment for anemia
is recommended 3-4 weeks before the operation, thus
allowing time for the correction of anemia before surgery.
If patients have anemia, laboratory testing will be
performed for further evaluation of nutritional
deficiencies, chronic renal insufficiency, and/or chronic
inflammatory disease. If a screening blood count detects
anemia, evaluation should begin with an assessment of
iron status. Moreover, serum iron, transferrin, and ferritin
levels can also be evaluated. When absolute iron
deficiency is detected, referral to a gastroenterologist is

FFiigg..  11.. Example of preoperative patient blood management. GP: general practitioner, ABT: allogenic blood transfusion, FBC:
full blood count, Hb: hemoglobin, EPO: erythropoietin, I.V.: intravenous.
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indicated to rule out gastrointestinal malignancy as a
source of chronic blood loss. If laboratory evaluation or a
diagnostic trial of iron therapy rules out absolute iron
deficiency, measurement of serum creatinine and
glomerular filtration rate may indicate chronic kidney
disease and the need for referral to a nephrologist.

Iron supplementation is indicated in the presence of
confirmed iron deficiency anemia. The effectiveness of
oral iron in the management of preoperative anemia has
been demonstrated in patients undergoing orthopedic and
colorectal cancer surgery; patients with preoperative
anemia due to iron deficiency or chronic disease should
receive preoperative treatment with oral or intravenous
iron, depending on the time scale before surgery, tolerance
of oral iron, and iron status. We also consider the amount
of iron, absorption rate, body weight, and Hb levels.

The use of erythropoietin-stimulating agent (ESA)
therapy in patients undergoing major, elective surgery is
well established on the basis of randomized controlled
trials and is approved for use in this setting. A meta-
analysis of 41 published studies (eight studies of ESA
therapy alone, 22 studies of ESA therapy augmented with
preoperative autologous blood donation [PABD], seven
studies of ESA therapy compared with PABD, and four
studies of ESA therapy and other comparators) was
performed. Pooled estimates of transfusion exposure
demonstrated a clinically important benefit for both
recombinant human erythropoietin (rHuEPO) alone
(relative risk [RR], 0.44; 95% confidence interval [CI],
0.31-0.64) and rHuEPO augmented with PABD (RR, 0.61;
95% CI, 0.49-0.75)16). With erythropoietin (EPO; n=339),
mean erythrocyte use was 0.50 U/patient with a transfusion
rate of 16%; without EPO (n=344), values were 0.71
U/patient and 26%, respectively17). It is more effective if
EPO is administered with oral or intravenous iron18,19).

However, this implementation and management is
difficult for Korean physicians, because Korean patients
have a tendency to not allow enough weeks for the
correction of preoperative anemia. Recent studies
demonstrate that a very short-term treatment with ESA
and intravenous iron initiated only two days before
surgery helps reduce perioperative red blood cell
transfusions20,21). An example of preoperative patient
blood management is as follows22) (Fig. 1).

2. Reduce Intraoperative Blood Loss

There is a need to investigate the bleeding tendency of

a patient, whether there is a medical history such as von
Willebrand disease, or if the patient is taking medication
such as aspirin or warfarin. A meticulous surgical
technique, use of a pneumatic tourniquet, hypotensive
anesthesia, adequate positioning of the patient, and
maintenance of the patient’s body temperature during
surgery significantly contributes to minimizing blood
loss. Simply by keeping the patient’s body temperature
at normal levels, the patient not only loses 20-25% less
blood, but also has improved wound healing. When a
patient becomes hypothermic, a profound hemostatic
defect develops. This is caused by platelet dysfunction.
According to Schmied et al.23),  warming may be
beneficial in patients undergoing THA. There is some
debate regarding the number, thickness, shape, and
duration in closed suction wound drainage to reduce
blood loss. According to Parker et al.24), closed suction
surgical wound drainage after orthopedic surgery does
not help to reduce blood loss and allogeneic blood
transfusion. It is better to make decisions based on the
patient’s condition and each surgeon’s preferences.

As a lysine analog, tranexamic acid suppresses
fibrinolytic activity by competitively inhibiting the
binding of plasminogen and plasmin to fibrin. By
blocking access to the fibrin template, this substantially
decreases the kinetic rate of plasmin formation as well
as the plasmin-mediated degradation of fibrin and
fibrinogen25).

In some meta-analyses, patients treated with
intravenous tranexamic acid were less likely to require
allogeneic blood transfusion than those treated with
placebo (11 randomized controlled trials; pooled odds
ratio [OR] 0.16, 95% CI 0.09-0.26). Furthermore,
tranexamic acid reduces the total amount of blood loss
(weighted mean difference [WMD], 460 mL; 95% CI,
274-626 mL) and the total number of units of allogeneic
blood transfused (WMD, 0.85 U; 95% CI, 0.36-1.33
U)26,27). Meanwhile, in a study evaluating the efficacy of
topical tranexamic acid in THA, the final reduction in Hb
and hematocrit in the tranexamic acid group was less than
that in the control group (P=0.01). In addition, the blood
transfusion rate was lower in the tranexamic acid group
(17%) than that in the control group (35%) (P<0.001)28).

There are still concerns with regards to the increased
risk of thromboembolic events with the use of
tranexamic acid. Tranexamic acid does not increase the
risk of thromboembolic complications such as deep vein
thrombosis (DVT), pulmonary embolism, thrombotic
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cerebral vascular accident, or myocardial infarction26,27).
Another study evaluating 701 patients showed that
preoperative use of tranexamic acid in primary THA and
TKA does not increase the incidence of DVT and
pulmonary embolism. In a large case study, a total of
13,262 elective TKA or THA procedures in 11,175
unique patients were analyzed. A total of 196 venous
thromboembolic (VTE) events were identified for an
overall frequency of 1.48%. Thirty-seven VTE events
(1.3%) were identified among 2,785 procedures in
which patients received tranexamic acid, while 159 VTE
events (1.5%) were identified among 10,477 procedures
in which patients did not receive tranexamic acid. There
was no statistical difference in the adjusted odds of a
clinically significant VTE event in patients that did or
did not receive tranexamic acid (OR, 0.98; 95% CI,
0.67-1.45; P=0.939)29,30).

There is some disagreement, but in most intravenous
injection cases, 10-20 mg/kg is given 30 minutes before
surgery or before tourniquet deflation, and an additional
10-15 mg/kg is given every 8 hours for 24 hours or
every 24 hours for 3 days. In the case of oral
administration, 1 g is given before surgery and 1 g is
given every 6 hours for 18 hours after surgery. With
topical administration, an intraoperative or postoperative
intra-articular injection will be given using 1 to 3 g
tranexamic acid in 100 mL normal saline31). An exact
comparison among intravenous, oral, and topical
treatment is not possible. It is thought that a good
decision is based on the patient’s condition and each
surgeon’s preferences. Moreover, it is important to
consider the patient’s underlying disease, such as liver
cirrhosis, chronic kidney disease, or cerebrovascular
accident. Many studies show that tranexamic acid does
not increase the risk of DVT, but that there is a need for
extra care when the patient has a medical history such as
DVT or myocardial infarction.

However, unlike most studies, in some studies, only
intraoperative and total blood loss were shown to be
significantly reduced in comparison to a placebo. The
other outcome measures, including units of blood
transfused and the proportion of patients requiring
allogeneic transfusions, were not statistically significant
compared with placebo32). Future studies should evaluate
the effectiveness of tranexamic acid in reducing
allogeneic blood transfusions as well as the cost-
effectiveness of tranexamic acid.

Intraoperative blood salvage is a good indication for
selective cases, especially if any massive hemorrhaging
is expected during surgery. Accordingly, intraoperative
cell salvage is useful for a revision arthroplasty or
simultaneous bilateral primary TKA with an anticipated
blood loss of more than 1,000 mL. According to
Greenky et al.33), advanced age (P=0.03), higher body
mass index (P=0.01), revision requiring exchange of
both the femoral and acetabular components (P<0.01),
and revision surgeries with a trochanteric osteotomy
(P<0.02) were all associated with successful postoperative
reinfusion with intraoperative blood salvage.

Postoperative cell salvage is not always effective,
because an accurate estimate of blood loss is not
possible. Nonetheless, it is effective if the patient has a
small total blood volume. Based on a prospective
randomized controlled trial by Amin et al.34), there was
no difference in the need for allogeneic blood between a
control group (15.1%) and a retransfusion group (13%;
P=0.439). The incidence of postoperative complications,
such as wound infection, DVT, and chest infection, was
also comparable between the groups. There were no
adverse reactions associated with the retransfusion of
autologous blood34). However, according to Smith35),
significantly fewer patients with postoperative Hb
values less than 9.0 g/dL and significantly fewer patients
who required transfusion of homologous blood in the

Table 2. Application of Each Drug

Drug Examples of usage

Iron Oral 40 mg, once or twice/day
Iron IV 100-200 mg, two or three times/week
EPO Preoperative: 300-600 U/kg/week, once weekly for 3 weeks
Tranexamic acid IV IV injection: 10-20 mg/kg, 30 minutes before surgery or before tourniquet deflation

plus 10-15 mg/kg every 8 hours for 24 hours or every 24 hours for 3 days
Tranexamic acid oral 1 g before surgery and 1 g every 6 hours for 18 hours after surgery
Tranexamic acid topical Intra-articular injection: 1-3 g/100 mL normal saline during closure

IV; intravenous, EPO: erythropoietin.
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retransfusion group. Maximize effectiveness can be
achieved through the selective use.

PABD was found to significantly reduce the requirement
for allogeneic blood transfusions36,37). However, there is a
disadvantage: because the procedure is complex, it may
have low compliance. Several studies regarding
autologous retransfusion in THA showed allogeneic
transfusion rates of 6-15%35,38,39). Notwithstanding, this is
still a very low level compared to other studies in which
the allogeneic transfusion rate was 57% in THA without
the retransfusion of autologous blood40) (Table 2).

3. Postoperative Patient Blood Management

As a transfusion trigger, low Hb is another important
target to reduce the transfusion rate. Allogeneic blood
transfusion is inappropriate if the Hb is >8.0 g/dL in the

absence of symptoms attributable to tissue oxygen
deficit or continuing bleeding. Low Hb transfusion
triggers, such as <7.0 g/dL in general surgical patients
and <8.0 g/dL in elderly high-risk patients, are well
tolerated with adequate fluid management. Judicious
fluid management enables the low Hb trigger. Careful
monitoring of a patient’s physical condition is essential,
including pulse rate, blood pressure, and the presence of
dyspnea symptoms41) (Table 3, Fig. 2).

CONCLUSION

To reduce transfusion rates, patient blood management
needs a comprehensive preoperative, intraoperative, and
postoperative approach, considering the state of each
patient. Because blood management is closely connected
with prognosis, it has become a new challenge in

orthopedic surgery. Among other things, blood

Table 3. Blood Conservation Strategies-Three Steps

Preoperative Intraoperative Postoperative

Correcting anemia Acute normovolemic hemodilution Postoperative cell salvage
- Iron supplements
- Erythropoietin

Preoperative autologous blood donation Intraoperative cell salvage Re-infusion drain
No drain use

Ceasing antiplatelet and anticoagulant Tranexamic acid Tranexamic acid
medications -Intravenous -Intravenous

-Topical -Oral
-Oral

FFiigg..  22.. Algorithm about the postoperative patient blood management. Hb: hemoglobin, pt.: patient, F/U: follow up.
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management is useful for artificial joint replacement
surgery.
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